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THE COMFORT AND LOW COST of this urethane foam mattress were both made possible by M&T Catalyst T-9, one of many stannous and organotin catalysts
developed by M&T for use in the new “one-shot” foam process. Tin chemicals have proved to be unusually versatile as catalysts and stabilizers, and biocidally
active organotins are finding rapidly widening application as bacteriostats, fungicides, algicides, textile purifiers and as repellents for rodents and marine growth.

HIGH TEMPERATURES ARE ROUTINE as zirconium, antimony and tin opaci- BUILT-IN FIRE PROTECTION is provided for plastics and organic coatings by
fiers are evaluated in M&T’s newly expanded Ceramics Research Center. Plant specially processed Thermoguard® grades of M&T Antimony Oxide. Antimony-
conditions are simulated in the firing of glazes and enamels to determine based M&T Flame Retarder which has only one-fifth the tinting strength of Sb,0;
optimum formulations. The Ceramics laboratories are just one of the many is also available for use in translucent plastics, or in deeply colored plastics
specialized research and development facilities working for M&T customers. where the high white-tinting strength of antimony oxide is highly undesirable.

Work in inorganic tin chemicals led to organic tin chemicals. These in turn led to other organo- h - I

metallics until M&T now operates a versatile plant that produces the largest variety of organotins @ e m l c u s
and organometallics in the country. From this modern M&T plant come stabilizers, catalysis oo
and biocides on which entirely new products and new manufacturing methods have been based. Si Ti zr

organometallics
and inorganics

METAL & THERMIT CORPORATION GENERAL OFFICES: RAHWAY, NEW JERSEY IN CANADA: MaT PRODUCTS OF CANADA LTD., REXDALE, ONT.
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Is your computer tape truly clean?
(If so, you must be using Ampex)

Ampex is the first truly clean computer
tape! It’s produced in a controlled atmos-
phere, under the most rigid precautions.
Every roll must pass intensive electrical
and physical tests before packing.

Then, when Ampex engineers are al-
most sure it’s perfect, they take another
step to insure it’s truly clean. They
‘““bathe” it in a special chemical bath that
removes all extraneous matter that might
cause even a “‘temporary dropout.”

But that’snot all. Every inch of Ampex
Computer Tape is digitally checked to
make sure every reel is completely error-
free before it leaves the plant. What’s
more, it’s tested on systems compatible
with those it will be used on.

Another thing about truly clean
Ampex tape is that it keeps your system

cleaner, too! The exclusive Ferro-Sheen
process insures a smooth, clean surface
that reduces headwear and oxide build-
up . ..so you have less costly downtime
for cleaning! Ampex performs better and
runs cleaner than any other tape!

Some people say we take excessive
precautions in making sure our tapes are
truly clean and error-free. But this is the
kind of deliberate excess that makes prod-
ucts superior enough to be called Ampex,
a name that’s known for perfection!

To test Ampex superiority, compare
our computer tape, at 556 BPI, against
any other tape made. See for yourself
what Ampex can do!

Incidentally, as you may have guessed,
it just naturally follows that our Instru-
mentation Tapes are the finest available!

AMPEX MAGNETIC TAPE PRODUCTS
Opelika, Alabama
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A report on basic research at Sun Oil Company

Utilizing shock waves to study
gases at extreme temperatures

Dr. James L. Lauer,
Research Associate
Temple Univ., A.B.,
M.A., Chemistry,
Univ. of Pennsylvania,
Ph.D., Physics, 1948,
ACS, APS, Combus-
tion Inst., SAS,
Sigma Xi

Photograph of shock tube showing propaga-
tion of a luminous front.

Using equipment similar in type to that
sometimes associated with atomic fusion
research, Dr. Lauer, Sun Oil physicist, is
exploring the composition of gases at
temperatures above 1500 degrees F. He
obtains these temperatures at low pres-
sures for micro-seconds by using hydro-
magnetic shock wave apparatus of his
own design. Pressures and temperatures
in the wake of a shock wave can be
varied over a wide range by changing
condenser discharge voltages, relative
gas pressures, distances, and other
parameters. Analyses are carried out
spectroscopically and by other rapid in-
strumental methods. Accurate rates of
composition change and identification
of intermediates, e.g., free radicals, are
the principal objectives.

“There is enough chemical kinetics at
high temperatures to be profitably
studied to keep a scientist busy for
years,” reports an associate. “The analy-
sis of the fluid mechanics involved, and
study of the interactions of charged
particles in magnetic and electrical fields
should result in important contributions
to basic science.”

Some of Dr. Lauer’s studies to date
include the formation of nitric acid from
air, acetylene from natural gas, and better
understanding of the ignition and com-
bustion of hydrocarbon gases.* The use
of shock wave techniques shortens week-
long experiments to minutes.

*Presented before the Division of Fuel
Chemistry, American Chemical Society,
St. Louis meeting, March, 1961.

Oscilloscopetrace
shows the travel
of shock waves
in hydromagnetic
shock tube: The
first deflection
(approx. 1 milli-
sec.) indicates the initial shock wave as
it passes the pressure detector approx-
imately half way down the shock tube.
The second and succeeding deflections
(approx. 2V5, 415, 615, 9 millisec. resp.)
show the shock wave after reflections
from the end of the shock tube. The
increase in time between alternate de-
flections (shock wave traveling in same
direction on alternate deflections), indi-
cates velocity attenuation, and decrease
in strength of the shock between suc-
cessive deflections.

Taking Combustion Apart

Dr.Paul E. Oberdorfer,
Section Chief

Ohio State Univ., B.S.
Ohio State Univ., Ph.
D., Chemistry, 1954
ACS, SAE, API, Com-
bustion Inst.

Dr. Paul Oberdorfer’s experiments on
the burningofvaporized fuelsare yielding
very interesting results. He used a high-
compression diesel engine driven by an
electric motor as a reactor.* This per-
mitted unique time, pressure and tem-
perature relationships. Thus he was able
to simulate the first stages of combus-
tion without having the products de-
stroyed by the high temperatures of
subsequent stages. One interesting early
stage phenomenon is the “cool flame™
in which a low intensity flame is gener-
ated with only a 100-200 degree F.
temperature rise.

The future significance of this line of
experimentation lies in two areas. First,
there are the possibilities of producing
petro-chemicals directly from hydro-
carbon gases. Second, it may be possible
toimprove thecombustioncharacteristics
of fuels by having a better understanding
of the physics and chemistry in the inter-
mediate steps of the burning process.

*Published in INDUSTRIAL & ENGI-
NEERING CHEMISTRY, January,
1961.

Research and Development at
Sun Oil Company

Sun management believes nothing is
more important to the success of an
R&D program than the climate in which
it operates.

PROMOTING PROGRESS THROUGH RESEARCH

©COPYRIGHT 1961, SUN OIL COMPANY
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Sun R & D Laboratories.

To assure an intellectual climate con-
ducive to research they are supporting
the R&D program by employing leading
scientists and providing the facilities
necessary to make it one of the high
quality programs of the industry. To
begin with, R&D is fully represented in
top management by a vice president.

Sun encourages its R&D personnel to
have the broadest possible exchange of
ideas with other areas of research. The
company is a member of academic in-
dustrial liaison programs. Technical soci-
ety membership and meeting attendance
is encouraged and supported. Leading
scientists from universities are engaged
as visiting lecturers and as consultants.
When desirable, specific projects are
conducted by universities.

Sun’s research interests are very broad
with basic and applied research in chem-
istry, physics, and chemical engineering.
Projects are underway in electrochem-
istry, new organic and organo-metallic
chemistry, polymerization, the surface
chemistry of catalysts, films and lubri-
cants, and oxidation.

The R&D organization permits each
scientist to know what his associates are
working on . . . resulting in a stimulating
cross-fertilization of ideas.

The research facilities include the latest
in laboratory equipment and apparatus
especially designed for the work at hand.
Further expansion is now underway.

SUN OIL COMPANY
Philadelphia 3, Pa.

1608 Walinut Street
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AIR POLLUTION AND PUBLIC HEALTH, by Walsh MeDermott

New studies are confirming the suspicion that smog has harmful effects on health.

GAS CHROMATOGRAPHY, by Roy A. Keller

It is a sensitive means of analyzing mixtures of things that are very much alike.
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This type of imperfection in a crystal lattice can now be viewed in various ways.

ISIMILA: A PALEOLITHIC SITE IN AFRICA, by I. Clark Howell

How ancient man lived is clarified by finding his tools exactly where he left them.

AUDITORY LOCALIZATION, by Mark R. Rosenzweig

How does the brain use the signals from two ears to tell the direction of sounds?
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Magnetometers towed behind ships detect a puzzling pattern in the earth’s crust.
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VALUE. .. given-and-received, is meas-

ured in precise terms by those who depend on
quality interpretation of close tolerance specifica-
tions in the cold drawing of stainless steel and
special alloy tubing. The better the tubing . . . the
better the performance and the profit potential!
TMI tubing customers confirm that axiom and
support the reputation of our unique ability in this
important service to precision metalworking. Real
VALUE in tubing means absolute accuracy, in the
integrity and constancy of QUALITY . . . in a prod-
uct that keeps its performance promises from
start to finish.

WE ARE READY to put our

specialized cold drawing talents to work for you:
remember, for tried-and-true applications . ..
or for never-been tried challenges—

Pioneering
Doors

Are Always
Wide Open

Sizes .050" to 1.250”
O.D. in Cold Drawn
Stainless Steel, Exotic
Metals and Special Alloy
Tubing. Nationwide and
Canadian Distribution.
Phone, Write or Wire.

TUBE METHODS INC.
Bridgeport
Montgomery County, Pa.

THE COVER

The photomicrograph on the cover shows spiral growth figures on a crystal
of silicon carbide. The spirals originate in the vicinity of screw dislocations,
and their presence provides one means of observing directly the location
and behavior of these tiny imperfections in the regular structure of a
crystal lattice (see page 107). The cover picture was made with a visible-
light microscope using vertical illumination; the magnification is 1,650
diameters. The brightly colored splotches and streaks at the sides of the
picture show the presence of impurities or oxidized areas on the surface of
the crystal. During the past decade a number of techniques have been
developed that make possible similarly detailed studies of dislocations.
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Westinghouse
puts the future
in your hands

e

&

A phenomenon of modern America is the so=-called
"think company." It owns no factories, manufactures
no products and makes no shipments, but just "thinks"
about problems, and comes up with brilliant solutions.
We have a number of "think companies" at Westinghouse.
One of them is a group of scientists in the research labora-
tories near Pittsburgh who do almost nothing but seek basic
knowledge, like the production of light by solids, and the origin
of magnetism. Other Westinghouse scientists in Baltimore apply
basic knowledge to that most demanding of all problems ... national
defense. And at Cheswick, Pa., there is still another group whose
principal job is to think about what products will be needed in the
American home 10 or 15 years from now.
Out of this kind of thinking at Westinghouse have come startling
advances in atomic power, the launching system for Polaris,
thermoelectric generators and other Westinghouse developments
The achievements of Westinghouse scientists in the past
are the best guarantee of new ones in the future.

You can be sure ... if it's WeSﬂnghOUSE

© 1961 SCIENTIFIC AMERICAN, INC
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STOP THAT MISSILE -
AND THE NEXT ONE T0O!

In probing uncharted areas of electronics to solve the
critical anti-missile problem, our scientists and engi-
neers have developed advanced early warning systems
of vital significance to national security.

For example, our work on ballistic missile defense
systems has led to the development of a unique method
for performing a great many dissimilar radar functions
simultaneously and from one antenna. This technique
—known as multifunction phased array radar—allows
one advanced radar to replace many conventional
radars. It permits long-range detection and selective
tracking and targeting of numbers of small high-speed
objects, including satellites, other space vehicles, mis-
siles and warheads.

Since tracking beams can be positioned in a fraction
of a microsecond, it is possible to track a great many
targets while continuously searching for additional
missile threats. And because phased array radar beams
are electronically steered, the antennas do not rotate;
and there is no chance for mechanical failure.

Major advances such as phased array radar are typical
of the work being done by the scientists and engineers
of the entire General Telephone & Electronics corporate
family. The vast communications and electronics capa-
bilities of GT&E, directed through Sylvania Electronic
Systems, can research, design, produce, install and serv-
ice complete systems. These include the entire range
from detection and tracking, electronic warfare, intelli-
gence and reconnaissance through communications,
data processing and display.

That is why we say —the many worlds of defense elec-
tronics meet at Sylvania Electronic Systems, division of
Sylvania Electric Products Inc., 40 Sylvan Road,
Waltham 54, Massachusetts.

GENERAL TELEPHONE
SHELTROMIES

Total Communications from a single source through

SYLVANIA ELECTRONIC SYSTEMS

Including: Automatic Electric « Electronic Secretary
Industries « General Telephone & Electronics International
General Telephone & Electronics Laboratories « Leich
Electric « Lenkurt Electric « Sylvania Electric Products

™
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High-energy density electron-beam welding techniques,
recently developed by the Zeiss Foundation of West
Germany and the Hamilton-Standard Division of United
Aircraft, markedly improved packaging density and pro-
duction methods in the field of microelectronics.

In microcircuitry, for example, packaged circuits no
bigger than a thumbnail can now be reliably produced.
Electron-beam equipment now welds microelectronic
components into circuits with pinpoint precision, mak-
ing intra- and inter-circuit connection, and hermetically
encapsulating the completed micromodule.

Only electron-beam welding, performed in a high vac-
uum, can offer these significant advantages for the

field of microelectronics: virtual elimination of con- €

tamination; a close control of penetration; low thermal
distortion; and close dimensional control. The upper
illustration shows weldments of 0.002” thick copper
leads to 0.002” thick nickel-plated ceramic substrate.
In the field of thin films difficult welds are possible
with this revolutionary new equipment such as 0.002”
gold tabs to chromium-gold films 3000-A° thick.

Another important use of electron-beam equipment is
the welding of ceramics used in vacuum tubes which

require extremely high temperature performance. For

these procedures, tight ceramic-to-ceramic bonds are

necessary — bonds available only through high-energy

density electron-beam welding. The lower illustration is

a 12 X magnification of two aluminum oxide ceramic

wafers 12" x %" x .010” thick edge-welded by deflect-

ing the high energy density beam of a Hamilton-Zeiss
electron beam welder across the edge surface.

® " ® Hamilton-Standard, with over twenty years of metal-

now lurgical experience and meeting rigid government spec-

ifications, has exhaustively tested the welds produced

through with Hamilton-Zeiss equipment. The data, which are

available for your inspection, demonstrate conclusively

|ectl‘0n- beam that the Hamilton-Zeiss method produces welds in mini-

= ature workpieces that are as strong as the original
welding

materials themselves. Such results are possible only

Electronic
Giants
no bigger
than your
thumbnail

by the use of high energy density and precision focus-
ing by the Zeiss magnetic lens system which are ex-
clusive features of the Hamilton-Zeiss equipment. Find
out what this revolutionary equipment can mean in your
business. For full information call Hamilton-Electrona,
Inc., exclusive marketing agent for Hamilton-Zeiss
equipment in the United States and Canada.

HAMILTON-ELECTRONA,INC.

TIME-LIFE BUILDING, ROCKEFELLER CENTER, NEW YORK 20, N.Y.

| ©1961 SCIENTIFIC AMERICAN, INC
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Research is to dream...to take | wonder” and produce *‘| know’. But there’s another im-
portant phase of the battle for survival in today’s technically-oriented world. If research is the
dreamer, then it is engineering’s talented hands that translate these dreams into products.
It is the practical, balanced combination of these two skills that gives the best results... At
General Cable, science and engineering work hand in hand, achieving the transition from
“‘can we”’? to “can do”’! with a full gamut of wire and cable products for every electronic
and electrical application. General Cable Corporation, 730 Third Avenue, New York 17, N.Y.

CABLE CORPORATION

I+ 3 THE WORLD
MANUFACTURERS OF THE MOST DIVERSIFIED LINE OF ELECTRICAL WIRES i AND CABLES IN

© 1961 SCIENTIFIC AMERICAN, INC
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Knowledgeable tape users realize that magnetic tapes are
not all alike—that it takes specific constructions to meet
the needs of specific applications. And they’ve learned to
rely on “ScorcH” BRAND to supply the one right tape for
each application. Not only does “ScorcH” BRAND offer a
complete line, it offers that something extra that makes all
the difference in performance—the uniformity and reli-
ability that result from 3M’s experience, technical skill,
and continuing research. Make the “ScorcH” BRAND label
your guide in buying instrumentation tapes. Your 3M
Representative is close at hand in all major cities—a con-
venient source of supply and information. For details,
consult him or write Magnetic Products Division, 3M Co.,
St. Paul 6, Minnesota. © 1961, 3M Company

PPZ Ao
IM:nnesora NIining ano J\JANUFACTURING comuuv‘(;m

«..WHERE RESEARCH IS THE KEY TO TOMORROW\Q\A .
eSS

X B

SCOTCH® BRAND MAGNETIC INSTRUMENTATION TAPES
OFFER A RIGHT TAPE FOR EVERY APPLICATION

\J
4

The wide “ScoTCH” BRAND line provides many tapes, including these
broad classifications:

SANDWICH TAPES 488 and 489—exclusive with “ScOTCH” BRAND, of-
fering 30 times the wear of standard tapes, drastic eductions in head
wear, elimination of oxide rub-off. In standard or extra-play lengths.
HIGH RESOLUTION TAPES 458 and 459—offering superior resolution in
high frequencies, greater pulse density in digital recording. In stand-
ard and extra-play lengths.

HEAVY DUTY TAPES 498 and 499—offering exceptional life, good
resolution, high resistance to temperature and humidity, reduction
in the build-up of static charge. In standard and extra-play lengths.
HIGH OUTPUT TAPE 428—offering top output in low frequencies.
Performs well even in temperature extremes.

STANDARD TAPES 403 and 408—offering the good all-round per-
formance at low relative cost which has made them the standards
of the instrumentation field.

)y ““SCOTCH” BRAND MAGNETIC TAPES FOR INSTRUMENTATION
2

“ScoTcH and the Plaid Design are registered trademarks of 3M Company, St. Paul 6, Minnesota. Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario.

10
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GUIDANCE COMPUTER
for NASA'S CENTAUR

Sometime this year, CENTAUR will be spaceborne. Already, the projected uses of CENTAUR bear
fascinating implications for the future. .. placing a satellite in an orbit so exacting that it will remain
in one spot over the earth’s surface. .. soft landings on lunar and planetary bodies. ..timed launchings
of several satellites from a single vehicle. Several major guidance functions will be performed in
CENTAUR by a compact digital computer system from Librascope. It weighs 62 pounds, occupies
little more than 3/ cubic foot. A note to Librascope outlining your control problems will bring a prompt
answer from the country’s most versatile manufacturer of computer control systems.

@ CENERAL
PRECISION

that pace man’s expanding mind

LIBRASCOPE DIVISION | GENERAL PRECISION INC, GLENDALE 1, CALIFORNIA

© 1961 SCIENTIFIC AMERICAN, INC



from INDIANA GENERAL CORPORA]

M
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Hysteresis Loop for FERRAMIC® Q-1

GNETI

TO SHARPEN ELECTRONIC FIDELITY

Here are three examples of how Indiana General ferrites,
technical ceramics and permanent magnets are helping
manufacturers improve the eyes, ears and voices of
entertainment instruments.

Our General Ceramics Division’s research in ferrite mate-
rials for radio resulted in FERrRAMIC® Q-1. This material

made possible the first practical ferrite radio antennas, and
is the standard of the industry today. Superiority is due
to properties like a Q factor as high as 370, a typical tem-

perature co-efficient of permeability of .049,/°C max., and
unequaled resistance to changes in permeability and Q
factor due to aging.

The miniature FERRAMIC bobbin and threaded cup core
combination is another General Ceramics “first.” It is
ideal for II* transformers and all miniature inductors
requiring high Q (as high as 70 at 200 mc for Q-3 material),

high permeability and an adjustable tuning feature which
keeps Q variance at a minimum. General Ceramics has also
pioneered improvements in low-loss power ferrite materials
for flyback transformers used in television receivers.

Permanent magnet materials introduced by our Indiana
Steel Products Division have brought major television and
radio design improvements. INpox V ceramic speaker
magnets with a guaranteed minimum energy product of
3.25 million BH max. have enabled manufacturers to cut

magnet costs by 139, speaker weight by 259, speaker
length by 469,

The above is just a sampling of the advanced materials
and designs Indiana General offers in the field of entertain-
ment electronics. Our design engineers welcome the oppor-
tunity to work directly with you on your "
development program. Write us outlining :
your requirements. .

INDIANA GENERAL CORPORATION vacraraiso, INDIANA

Permanent Magnets e Ferrites ® Technical Ceramics e

Memory Products e

Magnetic Separation and Handling Equipment

© 1961 SCIENTIFIC AMERICAN, INC
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Garrett is now developing Dyna-Soar’s thermal
control system—again demonstrating its 20-year
leadership in the pioneering of airborne cooling
methods by its AiResearch Manufacturing Divisions.
An important contribution to the rapid over-all
development of the Boeing Dyna-Soar manned space
glider, the compact, lightweight system will cool the
pilot and his equipment, economically utilizing the

THE

din-airborne cooling.

DYNA-SOAI

r ("_
DA B!

Boeing Dyna-Soar Manned Space Glider

cryogenic hydrogen fuel of the accessory power system.
The development of this hydrogen system exemplifies
Garrett’s continuing advancements in airborne cooling,
including air cycle and Freon refrigeration systems, zero
gravity gas and liquid systems, and new developments
in space radiators and other systems using exotic liquids
and metals...all leading to the development of more
advanced thermal control techniques for spacecraft.

CORPORATION

AiResearch Manufacturing Divisions

Los Angeles 45, California » Phoenix, Arizona
Sys[ems and Componpn[s fOI‘.' AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS

© 1961 SCIENTIFIC AMERICAN, INC
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Countdown on
Univac III—the world’s most

: powerful large-scale business computer
o
T

_—

This is UN1vac® III. In November 1961, this new com-
puter completes systems test and goes ‘“‘on the air’” as an
operating system—ahead of schedule. Ahead of schedule
because of automated development techniques* perfected
by Univac.

Univac in action. ..

Univac III provides more output at lower unit cost
than any other system available today. Renting from
$18,000 to $22,000 a month, it delivers more power than
computers in the $30,000 to $40,000 class!

Its central processor contains enough main memory
storage for a program of up to 32,768 commands. And it
takesonly 4 microseconds—one milliontimesfaster than
you can read this sentence—to complete a computer
cycle. Add time? 8 microseconds.

Need mass storage for large-scale batch data process-
ing? Up to 32 new Uniservo III tape units can be used
to meet your requirements. A new character packing
technique permits you to store 48 million digits on a
single reel of tape—over a billion and a half digits in all.

Looking for speed? This new Uniservo I1I tape can be
read and written at the rate of 200,000 digits per second.
Fully modular, UNivac III can handle four of these
tapes concurrently — 800,000 digits per second.

Want easier operation? With Univac III, there’s a
minimum of operator intervention, a minimum of tape
change-over. For example, you can read, write, and com-
pute concurrently with up to 8 different input-output
operations. A unique multiple program-interrupt feature
assures their compatibility.

Univac III also provides “‘open-end design.”” Its 8 gen-
eral-purpose, bi-directional channels can accommodate
any new or improved peripheral equipment, on-line or
off. They won’t compete with the computer.

You get simplified programming, too. A variety of auto-
matic coding techniques is available to suit your needs.

A continuation in design concept of the incomparable
LARC computer, UNivac III brings you economy and
flexibility, accurate performance and high computing
speeds. Because of this advanced logical design,
Univac 111 memory can be made to handle bigger jobs
if your future needs require it. You just add the neces-
sary memory module.

Only with UNn1vac III will you find all these advantages
combined in a single system. Why not call your Univac
representative for full details?

*UnNivac I was used to design, test and prepare all diagnostic pro-
grams as well as for backboard wiring layouts during development
of UnNivac III. Software and hardware were produced simultane-
ously . .. a major factor in the accelerated schedule of this powerful
new computer.

= UNIVAC
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O Without
the right servo. ..

No satellite orbits
No optical maser aims
No telescope probes the sky
No missile locks on target
No tool responds to tape

For distinguished servo service,
the unique Civmtrol Acradrive
22 cu. 1., 8 cylinder radial

Hydraulic Servo Motor

500 psi, 500 to 1/60,000 rpm; 22
cu. in./rev. displacement; 55 cu.
in. contained oil; 98 per cent effi-
ciency at full capacity; acceler-
ation up to 40,000 radians per sec.
per sec.; only $2,000 off the shelf
now. Write for Bulletin M-2281A

Cimtrol Division

The Cincinnati Milling Machine Co.
Cincinnati 9, Ohio

LETTERS

I read with interest the article “The
Social Life of Baboons,” by S. L. Wash-
burn and Irven DeVore, in the June issue
of SCIENTIFIC AMERICAN.

I have spent a number of years hunt-
ing this fascinating animal in ‘the heavily
p()pul.lted area due north of the Kavi-
rondo Gulf of Lake Victoria in Kenva,
where baboons have become a signifi-
cant problem to the local peasant farm-
ers, taking grain and livestock in ever
increasing (uantities to meet the needs
of their expanding troops. At the same
time the human population grows at an
alarming pace and the extent of arable
land decreases annually because it is
overworked and poorlv maintained. The
two species find themselves in direct
competition.

As an antisocial counterpoint to the
theme of this fine article I recall one
enormous old male I hunted for months
and never did get. He no longer lived
with the troop but batched it alone and
did verv well for himself. In the game
of lnmtmg and being hunted he was
tar superior to anv animal, including
man, [ have ever encountered. As 1 de-
pleted a number of the troops by fair
percentages, he is not being idly pmlsed
There were also a number of le()p(uds in
this area, and they are particularly fond
of baboon. This is one animal that the
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baboon cannot escape by tree-climbing.

1 did not observe the following point
to verify it. However, the locals told
me that this particular chap, when corn
came into season, would bind a rope or
vine about his middle and as he raided
a field or storage bin would insert corn
under the belt and make a far larger
haul than he could with his two hands—
particularly as he would usually have to
leave in a rather big hurry.

I did see him on one occasion ambush
two women on their way to market with
baskets of grain on their heads. He con-
tronted them in the path making terrify-
ing noises and gestures at them. This
immediatelv had what appeared to be
the desired effect on the two women;
they panicked and fled, leaving their
produce scattered along the path. The
old gent ate well that day.

CHARLES P. Skopa

Headquarters
First Cavalry
New York, N.Y.

Sirs:

I read with great interest vour article
on the calculus of finite differences
[“Mathematical Games,” SCIENTIFIC
AnERICAN, August]. It occurs to me that
one of the most interesting applications
of Newton’s formula is one 1 discovered
tor myself long betore T had reached the
caleulus. This is simply applying the
method of finite differences to series
of powers. In experimenting with fig-
ures, I noticed that if you wrote a series
of squares such as 4, 9, 16, 25, 36, 49
and subtracted them from each other
as vou went along, vou got a series that
vou could similarly subtract once again
and come up with a finite difference.

So then I tried cubes and fourth
powers and evolved a formula to the
effect that it n is the power, vou must
subtract n times, and your constant dif-
ference will be factorial n. I asked my
tather about this (he was for many vears
director of the Strawbridge Memorial
Observatorv at Haverford College and
teacher of mathematics). In good Quak-
er language he said: “Why, John, thee
has discovered the calculus of finite
differences.”

Joux F. GUMMERE

Headmaster

William Penn Charter
School

Philadelphia, Pa.



EXPLORING
HYDROSPACE? Call WESTERN GEAR

The engineers and scientists of our Systems Management Division, Space Materials Laboratories, are

skilled at providing practical electromechanical equipment in answer to exotic problems created by the
exploration of both hydrospace and outer space. Recent projects involved specialized equipment suitable
for sampling lunar soil and, at the other extreme, for hydrospace explorations. ® If you are perplexed by
problems of the last earthly frontier, hydrospace, why not turn to us for help in solving your oceanographic
problems? Consultation can be arranged conveniently and without obligation.

COPYRIGHT 1961 WESTERN GEAR CORPORATION

WESTERN GEAR CORPORATION
Systems Management Division

P.O. Box 182, Lynwood, California
Cable Address: WESTGEAR, Lynwood
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...with high speed performance...
...the powerful compuier...microsecond
operation...an expandable plug-in memory...the
CINCH interpreter...a full complement of peripheral
equipment...for systems or scientific use.
pb Packard Bell Computer

A Subsidiary of Packard Bell Electronics
1905 Armacost Avenue, Los Angeles 25, California
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TORRINGTON NEEDLE BEARINGS
FEATURE:

[ Unique unit construction

[ Full complement of retained rollers

[ Unequalled radial-load capacity

[ Low coefficient of starting and
running friction

[ Low unit cost

[ Long service life

[ Compactness and light weight

[ Run directly on hardened shafts

O Permit use of larger and stiffer
shafts

progress through precision

It’s easy as 1—2—3 with. ..

Low-cOoST TORRINGTON NEEDLE BEARINGS! They can be installed easier and
faster than any other type of anti-friction bearing. There’s no waste time . . . no
waste motion. No collars, shoulders or retaining rings to complicate assembly.
Just one quick ram stroke . . . and the Torrington Needle Bearing is completely
and firmly installed.

These exceptionally low-unit-cost and assembly advantages are yours whether
you’re geared for large volume, high-speed runs on automated machines . . . or
lower volume, lower-speed assembly on simple arbor presses. Either way, you’ll
find it pays to specify Torrington Needle Bearings.

Torrington Needle Bearings offer other outstanding design and performance
benefits. For details on how they can help you, call or write us today.

TORRINGTON BEARINGS

THE TORRINGTON CONMPANY

Torrington, Conn. » South Bend 21, Indiana
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The task of Aerojet-General's
Ordnance Division

is the sophisticated
manipulation of force.

Our ordnance research,
development, test,

and manufacturing facilities
are the finest

in American industry.

WARHEADS [ SAFETY AND FUZING SYSTEMS | COUNTERMEASURES
EXPLOSIVE FORMING [ IGNITION SYSTEMS | CHEMICAL KINETICS
SEPARATION AND DESTRUCT SYSTEMS [ AEROSOL PHYSICS
HYPERVELOCITY SYSTEMS AND RESEARCH

explosives control

OF
. 8
ORDNANCE DIVISION + DOWNEY, CALIFORNIA %Wfﬂ/ﬁi"é:?/{&/’d .

Engineers, scientists: Investigate outstanding opportunities at Aerojet
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SUBSIDIARY

AND

CORPORATION RUBBER

COMPANY
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MAKES COPIES OF SINGLE SHEETS, BOOKS,
BLUEPRINTS, CHARTS, ETC., ANYWHERE
FOR: lawyers e engineers e architects e li-
brarians e accountants e investigators e stu-
dents e writers e many more! Ideal for company,
association, institution, and public libraries.

ILLUSTRATED ABOVE: TWO UNITS IN ONE: The
Standard Attaché with its built in exposure and de-
veloper sections plus the removable Book Copier.

ANKEN CHEMICAL AND FILM CORP
NEWTON. N. J.

ANKEN ATTACHE

CONTOURA

World’s most versatile photocopier designed to travel

Why be stumped when you want to make photocopies
of pages out of hard-bound books, any over-size ma-
terials, as well as standard single sheets! It’s no longer
a problem! The new Anken Attaché Contoura gives you
all the advantages of a completely portable photocopier
plus the extra versatility of the Contoura Book Copier.
It copies all printed, written, typed or photographed
materials. And there’s never any damage to originals
or book bindings. That’s the amazing versatility that
goes with you to meetings, on office calls, to job sites,
into libraries, aboard trains and planes. Write for the
full story of how to copy on the go — without exception.
ALSO AVAILABLE: ANKEN ATTACHE STANDARD

HANDSOME! Natural luggage finish — in brown.
COMPACT! 17%” x 1234” x 634”. Lightweight, too.

———————— MAIL COUPON NOW!-—-——-=

Anken Chemical and Film Corporation, Newton, N. J.
I like the idea of the Anken Attaché Contoure.
Tell me more!

Set up demonstration Send me literature

Name
Company Phone.
Address.

City Zone State.
SA
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] n
thlngs are happenlng m m ® from northwest Florida down the

Gulf Coast to Key West. This is the Eglin Gulf Test Range: a complex system of long-range tracking
radar, modern telemetry receivers, microwave networks and data-handling equipment. Its mission:
testing the latest in medium and short-range missiles, space probes and advanced electronic counter-
measures. Vitro operates the EGTR for the USAF Systems Command. O This is Vitro — 1961.

Vifro

VITRO CORPORATION OF AMERICA / NEW YORK + WASHINGTON + LOS ANGELES / OVERSEAS: MILAN « ROME « BOMBAY
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CALL

LIQUIDOMETER

for imaginative mstrumentatlun
—electronic and electromechanical

Liquidometer’s long experience in electronic and electromechanical instrument and control systems, coupled
with the will and the facilities to pioneer, offers all industry unmatched measurement and control.

Let’s talk about how we can supply imaginative instrumentation to support your full range of

projects. Our ability in design, development, and production for a variety of applications in

aero-space, marine, railroad, and industrial areas has already established Liquidometer responsibility.

This revealing new brochure describes Liquidometer’'s comprehensive capabilities . . . just write.

THE LIQUIDOMETER corPr.

DEPT. W, LONG ISLAND CITY 1, NEW YORK
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W. E. engineers build computer-controlled line
to make precision resistors of high reliability

An outstanding advance in automated manufacture has
been achieved by Western Electric engineers . .. a com-
pletely computer-controlled production line for making
deposited carbon resistors.

The heart of the process is a digital computer that
combines, for the first time, statistical quality control
with programmed production control.

Western Electric developed the automated line to
meet the accelerating demand for deposited carbon re-
sistors in larger numbers and with greatly increased
reliability. Our engineers met this challenge with a
line that turns out resistors with a failure rate of one
per 200 million component hours of usage.

Using the methods of quality control, the computer
—a digital model with a 4096-word magnetic drum
memory — analyzes data plotted at three critical points
in the automated process and applies statistical tests
to determine if a trend is developing. The engineers
redesigned the computer by adding the input and output
circuits required to control the programming, setup
and feedback control of individual machines. The com-
puter schedules and programs the work — up to a

MANUFACTURING AND SUPPLY

month’s requirements at a time — and arranges it ac-
cording to four resistor power sizes and an almost infi-
nite number of possible resistance values.

The computer uses statistical quality control to ana-
lyze control data, to apply statistical tests to determine
if a trend is developing, and to detect and correct any
drift away from accepted manufacturing tolerances.

This unusual application of statistical quality control
in combination with the rigid inspection procedures
makes it almost impossible for an unacceptable resistor
to complete its run through the eight fabricating
machines and three test points on the line.

In addition to controlling the eleven stations of the
line, the computer also estimates the percentage of
rejects to be expected in a given run and compensates
for them by automatically programming the extra num-
ber of resistors to meet production quotas.

This sophisticated use of a computer to control a
manufacturing process is another example of how
Western Electric engineers are constantly working to
make better products faster and with greater accuracy
for Bell System communications and defense systems.

=
@ UNIT OF THE BELL SYSTEM
v
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«+WRITE AVCO TODAY,

REGARDLESS OF RACE, CREED, COLOR OR NATIONAL ORIGIN,

QUALIFIED SCIENTISTS AND ENGINEERS..

Propelling a satellite by electric power. Development of the electric arc
jet as a propulsion engine for satellites in space moves ahead at Avco. Most recent
advance: a radically new uncooled engine which dissipates 10,000° F. temperature
by radiation alone. Performance in specific impulse and thrust is strikingly im-
proved. Simplified design greatly increases reliability. Continuous operation for
one hundred hours under simulated space conditions has been achieved at
Avco's Research and Advanced Development Division.

UNUSUAL CAREER OPPORTUNITIES FOR

Aveco

AvVvcCo CORPORATION, 750 THIRD AVENUE, NEW VYORK 17, NEW YORK
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GAS

25,000,000 cubic feet of oxygen stored as a pressurized gas (6 atmos-
pheres) requires a vessel 200 feet in diameter that weighs 2,000 tons.

:087°1.29000

LIQUID

\ The same 25,000,000 cubic feet of
oxygen stored as a liquid (at
atmospheric pressure) requires a
vessel only 47 feet in diameter
that weighs only 145 tons.

c0ST: 2$|00,000

|l A

£ A

How to get around a natural law
to store gases safely

PV = P’V’ (temperature constant)
expresses the law defining the action
of compression. Stored as a gas,
25,000,000 cubic feet of oxygen
under 6 atmospheres compression
(above left), has the explosive
equivalent of 15,000 pounds of TNT.

However, if the temperature of a gas
is lowered to a specific point, the gas
changes phase and becomes a liquid.
As a liquid, the energy of compres-
sion is eliminated, and liquid gases
can be stored in much smaller ves-
sels . . . safely.

Instead of tying up over a million
dollars in storage costs, 25,000,000
cubic feet of oxygen stored as a liquid
(above right), now requires a vessel
costing only $100,000.

But, many conventional metals — if

26

subjected to cryogenic temperatures
—embirittle and even shatter. Disas-
trous failures of engineering struc-
tures have been attributed to this
cause.

But now alloys are available that
stand up to very low temperatures.
These alloys have helped bring
about fuel tanks for missiles that can
be airlifted all over the world...the
use of one ship instead of forty to
ship natural gas...the storage of an
entire hospital’s oxygen supply in a
six-foot tank.

Nickel-steels are found to be so
practical for cryogenic service. Steels

alloyed with Nickel have the prop-
erties to withstand the embrittling
effects of super cold and, at the same
time, represent the most economical
choice.

If your operations involve tempera-
tures from —20° to —454°F,, why
not write to Inco to find out which
Nickel Alloy can best meet your
needs economically and safely. All
your requirements for cryogenic ap-
plications can be fulfilled from the
family of nickel-containing alloys.

THE INTERNATIONAL NICKEL COMPANY, INC.

%Y
|NCO New York 5, N. Y.

67 Wall Street

INCO NICKEL

MAKES STEELS PERFORM BETTER LONGER
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Particle size of high

solids latex resin
emulsion inthe Glidden
water-reducible primer
is kept below 0.3 mi-
cron. This assures
maximum dispersion of
weather-protective
resins, producing low-
viscosity primers suit-
able for dipping, flow-
coating, and spraying.

To make sure that Glidden-

developed water-reducible
primers would withstand corrosive
road chemicals, test panels were
exposed for 500 hours to severe
5% soluticns in the Glidden lab
salt-spray cabinets.

AND UNDERNEATH,

PAINT MADE WITH WATER
KEEPS HIS CAR FROM RUSTING

You're going to see fewer cars suffering from rust damage...

even almost-unreachable crannies in unitized bodies
are fully protected against weather and road chemicals by
immersion-dipping in new water-base primers.

Formulated by Glidden especially for unitized construction,

these special single-coat water-reducible coatings cover all nooks and
crannies, eliminate “solvent wash-off,” avoid unprimed pockets

that can rust and weaken load-bearing panels.

Glidden chemists took new-type water-reducible resins,

combined them with pigments, dispersants and emulsifiers,

added Glidden experience in finishing application methods...
created a new, better, safer priming system for the automobile
manufacturer...and helped him give car buyers more for their dollar.

Glidden field technicians assist the

automobile finishing-line people in
adjusting speed of dip-tank travel, and
bake-oven temperature to produce ideal
preprimer and primer coats.

To satisfy exacting coating

standards, Glidden produces its
own resins in latest-type universal
reactors. Here, technician checks
sample of resin for water-reducible
primer...one of more than 100
tests made between initial produc-
tion and final tank-wagon shipment.

If your product requires a finish, a coating, or a resin,
Glidden is ready to work with you. To obtain the formulation
best suited to your product and application methods, write or phone:

| GLIDDEN

THE GLIDDEN COMPANY o« COATINGS AND RESINS DIVISION
900 UNION COMMERCE BUILDING « CLEVELAND 14, OHIO
In Canada: The Glidden Company, Ltd., Toronto, Ontario
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What’s News in Rubber...

X " . 0 -,
ARCHITECTS: SMITH., HINCHMAN & GRYLLS ASSOCIATES, INC., DETROIT, MICH.

New Butyl Latex roofs the heavens

Butyl rubber in a new form —
Enjay Butyl Latex—will help this
dome withstand years of weath-
ering as it roofs the heavens at
Longway Planetarium, Flint,
Michigan. Built of thin-shell con-
crete with decorative metal rib-
bing, the dome is weatherproofed

with a system entirely dependent
upon Butyl Latex — mastic, im-
pregnated glass cloth and top
coating.

On other surfaces such as tex-
tiles and paper, Butyl Latex coat-
ings and saturants impart mois-
ture resistance, improve printa-

bility and make excellent binders.
Enjay now supplies a family of
hard-working Butyl rubbers. For
information on how they can help
improve your products, write to
Enjay, 15 West 51st Street, New
York 19, New York.

EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY

ENJAY CHEMICAL COMPANY

A DIVISION OF HUMBLE OIL & REFINING COMPANY
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20 AND 100
YEARS AGO

OCTOBER, 1911: “One of the promi-

nent automobiles for 1912 will be
equipped with a generator and storage
battery normally used for lighting the
lamps and igniting the engine, but with
the generator so arranged that it may
also be used as a motor to ‘turn over’ the
engine, thus obviating the necessity of
cranking by hand. When the operator
pushes the clutch pedal, a gear wheel on
the electric motor will engage with teeth
on the flywheel, and the motor will be
operated by current from the storage
battery, to turn the flywheel and start the
engine. When the engine starts, the
motor becomes a dynamo and generates
current to be used for charging the stor-
age battery and for ignition purposes.”

“The total number of ships of the all-
big-gun type now built, building or pro-
vided for in the current year is exactly
100. Great Britain leads with 32 (which
includes two cruisers building at the cost
of Australia and New Zealand), followed
by Germany with 21 and the United
States with 12. Japan, having this year
placed orders for no fewer than five ships
of the type (one building in England
and four to be laid down in Japan),
has increased her total to seven. Russia,
France, Italy and Austria have four ships
apiece, none being yet completed, and
the first-named power proposes as soon
as possible to raise her total to 12. Brazil
and Spain each possess three ‘Dread-
noughts,” only two of the Brazilian being
finished; and the list is completed by the
Argentine Republic, with two ships on
the stocks; Turkey with two ordered
in England; and Chile with two that are
shortly to be placed out to contract.”

“The character of the bids that are
being asked for work on the Panama
Canal indicates how nearly this great
work is approaching its final stage. Pro-
posals have been asked for materials for
the heavy chain fenders for preventing
ships from running into the lock gates
with which all the locks will be pro-
vided. Ships will not be allowed to navi-
gate the locks under their own steam;

but should they escape from the con-
trol of the towing locomotives they will
be prevented from running into the gates
by massive chains stretched across the
lock and controlled by powerful hy-
draulic cylinders, which will exert a re-
sistance represented by 750 pounds to
the square inch on the pistons. A 10,000-
ton ship running at four knots an hour,
striking the fender chain, would be |
stopped in a distance of 72 feet 6 inches.”

OCTOBER, 1861: “The steamship
Great Eastern, with a large number of
passengers, left Liverpool for New York
on Tuesday, Sept. 10, and continued on
her course for two days, when she en-
countered a terrific gale, and the beat-
ing of the waves against the broad rud-
der soon broke her rudder post, when
she fell off into the trough of the sea
and rolled frightfully, tossing her pas-
sengers from side to side and breaking
the limbs of a considerable number. It
is a fact woithy to be widely circulated
that the ship was saved by the timely
skill and ingenuity of an American en-
gineer—Hamilton E. Towle of Boston. It
will be recollected that in consequence
of the breaking of the rudder shaft the
ship became wholly unmanageable and
was thus left to the mercy of the restless
sea. While the Great Eastern was lying
disabled in the trough of the sea, the
angle through which she rolled was care-
tully measured by Mr. Towle, till it
reached 35° each way, making an oscil-
lation through 70°. It was five o’clock
in the evening of Saturday when Mr.
Towle commenced his operations, the
awful scenes aboard the wallowing ship
having continued for more than two days
and nights. Mr. Towle devised an ingen-
ious arrangement, which was adopted
by the officers in command, and the
vessel was soon put on her way back 0
the port of Cork, Ireland, where she ar-
rived off Queenstown on Tuesday after-
noon, the 17th of September, at four
o’clock.”

“Count Rumford was an American
savant but a Tory. He left $5,000 in
trust for the encouragement of scientific
discovery in his native country. The in-
terest of this sum was to be applied ev-
ery second year as a premium for the
most useful and important discovery in
light and heat. This premium was to be
bestowed in a gold and silver medal,
called the ‘Rumford Medal,” and the
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WHAT’'S NEWS AT ENJAY

New product development
at Enjay means product
improvements for you...

At the Enjay laboratories, there is a ratio
of one technical lab man for every field
salesman. Specialists carefully search for
the answers to manufacturers’ product
problems by employing the latest com-
mercial and scientific equipment:

FOR BUTYL RUBBER; mills, mixers and
vulcanizing machinery permit com-
pounding and processing of this ver-
satile man-made polymer.

FOR PLASTICS; Enjay hasinjection and
compression molding equipment, ex-
truders, water bath and chill roll film
machinery.

FOR CHEMICALS; modern laboratory
facilities are put to use for measur-
ing, analyzing, and duplicating con-
ditions of product performance.

FOR ADDITIVES; huge diesel and gaso-
line engines are continuously in
operation to evaluate and test fuels
and lubricants.

A separate group of experienced person-
nel are available to discuss new products
in the market development stage. In
addition, convenient coast-to-coast dis-
tribution points provide customers with
prompt delivery. Thirteen Enjay sales of-
fices offer immediate handling of orders
and requests for technical assistance.
Whenever you do business with Enjay,
you are assured of expert service backed
by one of the world’s largest petroleum
research organizations.

ENJAY CHEMICAL COMPANY

A DIVISION OF HUMBLE OIL & REFINING COMPANY
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Another “impossible” job
done by the Airbrasive?..

emm—he @:utting semicunducto@

- —————— |

abrading « cutting « debuming « stripping « drilling « cleaning « scribing

Hughes cuts fancy figures in silicon.
Reports “Airbrasive is the only tool
capable of handling the process!”

Hughes Aircraft uses the Industrial Airbrasive linked to a pantograph
to cut intricate patterns and shapes in semiconductor wafers. And
what’s more they are doing it accurately and with complete safety
to the fragile part.

The secret of this unique tool is a superfine jet of abrasive particles
and dry gas, directed through a carbide nozzle. The resulting cutting
action in hard brittle materials is cool, rapid, precise, and completely
shockless.

The Airbrasive is being used to solve hundreds of seemingly
impossible jobs. .. precision deburring. . .to remove surface deposits
...form and adjust microminiaturized circuits...cut glass, germa-
nium, tungsten, ferrites, and others.

Low in cost too. For under $1,000.00 you can set up your own
Airbrasive cutting unit!

Send us samples of your “impossible” jobs and we will
test them for you at no cost.

SEND FOR BULLETIN 6006 ...complete information.

il

S. S. White Industrial Division
Dept. SA 10 East 40th Street, New York 16, N.Y.

New adual
Model D!
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| American Academy of Arts and Sciences

was appointed trustee of the Count’s
will in 1796. We do not know what has
been done with the interest of the dona-
tion. At 7 per cent per annum the sum,
at simple interest, should now amount
to $45,500.”

“For several years a Pneumatic Dis-
patch Company has been in operation in
London, pipes of a few inches in diam-
eter being laid through which small par-
cels were sent to various parts of the city.
The company, finding the system to
work well, have decided to enlarge the
tubes to a hight of two feet nine inches
and to a width of two feet six inches, and
ultimately extend their system through-
out the whole metropolis. Trucks six or
seven feet long are sent through these
tubes with loads of one or two tuns. But
the most interesting incident is that two
gentlemen have already ridden through
the tube on one of the trucks, thus per-
haps inaugurating a new system of pas-
senger traffic.”

“Since the charges, so extensively cir-
culated against a portion of our Army
clothing contractors, of making the sol-
diers” uniform of shoddy, the word has
become a synonym for everything that
is false. The article has an actual exist-
ence, and several persons are engaged in
its manufacture. There are now no less
than six shoddy mills in full operation
in this State. It is said that they are doing
a large and handsomely paying business.
Woollen rags are $5 and $10 per tun for

| making shoddy cloth. Fine black scraps

are worth $100 to $150 per tun. The
shoddy manufacturer passes them
through a rag machine, which tears the
rag to wool and cleans it of dust. When
reduced to soft wool, the shoddy is satu-

| rated with oil or milk and mixed with

new wool in as large proportion as pos-
sible. Shoddy in the cloth of a coat will
soon rub out of the cloth and accumulate
between it and the lining.”

“Amid our national troubles the public
seem to have forgotten the expedition of
Dr. Hays and his companions to the Arc-
tic regions in search of more definite in-
formation regarding the open polar sea
of Dr. Kane. Since the fall of 1860, when
the explorers were at Uppernavic, noth-
ing has been heard of them. In the dis-
mal regions of perpetual snow these
heroic Americans are struggling to ex-
tend geographical science amid the
icebergs of the north, altogether uncon-
scious of the more painful struggles be-
tween man and man now taking place
in their native land.”



At Bell Telephone Laboratories, mathematician Sidney Darlington
has contributed notably in developing the art of circuit analysis.

IT HAPPENS IN THE MIND...

... It 1s essentially a thing of the mind for it works through concepts, symbols and
relationships . . . it helps man to analyze and synthesize the complex phenomena of the
universe and himself . . . it works in many ways to advance electrical communications:

IT IS CALLED MATHEMATICS

At Bell Telephone Laboratories mathe-
matics works powerfully to solve problems
involving complex data. For example, engi-
neers must design and synthesize complex
systems to process specific signals in precisely
controlled ways. At the same time the tech-
nology provides a wide choice of circuits and
components. Mathematical circuit analysis
reveals the circuits which can do the job
most efficiently and economically.

Intriguingly, too, the mathematical ap-
proach leads to basically new knowledge. For
example, it led to the invention of the electric
wave filter . . . disclosed a kind of wave trans-

% J
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mission which may some day carry huge
amounts of information in waveguide systems
... foretold the feasibility of modern quality
control...led to a scientific technique for de-
termining how many circuits must be pro-
vided for good service without having costly
equipment lie idle.

In the continuing creation of new devices,
technologies and systems, Bell Laboratories
utilizes whatever serves best—mathematical
analysis, laboratory experimentation, simula-
tion with electronic computers. Together
they assure the economical advancement of
all Bell System communications services.

é) BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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IF YOURE
LOOKING FOR
THE LATEST

The latest in office copiers is this new Bruning Duet.
Actually two machines in one, the Duet combines the best of both
methods: 1) photocopy, with its ability to copy anything; 2) diazo,

with its renowned speed and economy. Full information on request.

CLEARLY
YOUR
CHOICE
1S

Charles Bruning Co., Inc.
( BRI.IIIIIIQ) Mount Prospect linois
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THE NEW AGE OF COMMUNICATION

low cost global strategy ...
EDUCATIONAL TV VIA SATELLITE

"To those peoples in the huts and villages across the globe strug-
gling to break the bonds of mass misery, we pledge our best efforts
to help them help themselves . . . not because the Communists may
be doing it, not because we seek their votes, but because it is right.”
—President John F. Kennedy, Inaugural Address.

In keeping with President Kennedy's pledge, we can help our
neighbors in the manner pictured above. For 'though this re-
mote village doesn't have TV today — doesn't even have a
school — you see it in the not distant future. You see it when
communications satellites will enable us to bring mass educa-
tion to the emerging peoples of the world. The kind of education
they want and need most: vocational guidance in agriculture,
sanitation, the mechanical trades.

In terms of its powerful influence on men's minds, this kind

of foreign aid will cost very little; indeed it will be largely a
bonus of tomorrow's global communications system. Satellites
will open up thousands of new microwave channels. Commerce
and industry will use these channels, paying communication
tolls no higher than today's. But many frequencies will be
available for the struggle against ignorance and poverty —
and tyranny.

RADIATION Incorporated designs and builds the tools of the
New Age of Communication: data acquisition and processing
systems for satellites and missiles; radar and telemetering trans-
mitters; communications and tracking antennas.

For more information about our capabilities, address Dept.
SA10, Radiation Incorporated, Melbourne, Florida.

ADIATION

INCORPORATED

Main offices and plants are located at Melbourne and Orlando, Florida, Palo Alto, California, and Philadelphia, Pennsylvania
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To break the asymptotic barrier

Military Electronics Division

All qualified applicants will receive consideration for employment
without regard for race, creed, color, or national origin

! BT
S

X ¥

INTRINSIC CHANGES to molecular engineering
techniques are required to break the asymptotic
barrier of systems complexity versus systems
reliability. The basis for Motorola’s solid state
electronics capability has been as carefully laid down
as the vapor phase formation of an epitaxially
grown, single-layer crystal. % At Motorola, scientists
and engineers have been brought together in
one superbly equipped organization under single
leadership.These molecular specialists have at
their command the disciplines associated with semi-
conductors, epitaxial growth crystals, deposition,
thin-films, surface passivation and encapsulation,

electronic ceramics,and equipment and

systems design.They are pioneers in the design of

solid state equipment and systems of superior

reliability and performance. ¥ Motorola-integrated
circuit research and development, using thin-

film and semiconductor hybrids and pure

morphological circuit structures, have opened new

areas of microscopic technology to practical
application. st If your application problems lie
within the parameters of solid state electronics,
look to Motorola for practical solutions.

MOTOROLA

CHICAGO 51, lllinois, 1450 North Cicero Avenue
SCOTTSDALE, Arizona, 8201 East Mc Dowell Road
RIVERSIDE, California, 8330 Indiana Avenue
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HOW MUCH SASS IN A GLASS OF LEMONADE?

Call it lemony tingle, refreshment, or citric acid. If you’re sensing element and measure stomach acid at its source.

in the soft drink business, keeping the acidity of your
product precisely uniform is vital. Easy—with a Beckman
instrument —which measures acidity with a sensitivity the
most expert taster can never match.

monitor the acidity of milk and cream to assure the finest
quality of your fresh dairy products. You can test soil to

achieve maximum crop yields. Or, if you are catering to If you have a problem in analysis, measurement, or control,

Other Beckman instruments measure electrical current to
one hundred-millionth of an ampere or help a pilot maneuver
your jetliner with finger-tip control. Beckman instruments,
systems, and components are at work throughout the world

With a similar Beckman instrument you can continuously in laboratories, production lines, and defense installations.

Remarkable what you — and a Beckman instrument can do.

an ulcer, you can even swallow the instrument’s delicate write to our Director of Marketing.

Beckman®

© 1961 SCIENTIFIC AMERICAN, INC

INSTRUMENTS, INC.

Fullerton, California
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Grinding Ceramic Wafers (below) for
nuvistor tubes. Two diamond wheels finish
2000 wafers per hour for Electron Tube
Division of RCA. Wheels remove 0.003"

stock from each surface simultaneously.
Previous method using abrasive belts
ground only one surface at a time, result-
ing in nonuniform results and stoppages.
Expected life of wheels: 5,000,000 wafers.

A 4

Servicing High-Speed Carbide
Dies (above). Jacoby Bender Inc. makes
expansion watch bands. Their dies are for
precious and semiprecious metals, as well
as stainless steel. Finished products must
have flawless finish. Small diamond quills
from size 020" to 4" diameter are used
to build and service carbide dies. Grinders
also cut decorative relief in some dies.

Industrial diamonds cut practically everything . .. especially your production costs
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Polishing Drawing Dies (above) 4
for Chase Brass & Copper. Die-polishing
job that once required 2 to 6 hours’ hand-
work is now finished in 15 minutes with
diamond belt polisher. Accuracies and sur-
face finishes are also greatly improved.
Belts are impregnated with 100, 200 or 300
mesh natural diamond grit. Up to 200
dies have been serviced by a single belt.

{ Industrial Distributors (Sales), Ltd.

Putting Mirror Finish (below) on hard-
ened steel part for a forming die at Jacoby
Bender. The natural diamond micron pow-
der is applied with a wooden lap. The
diamond paste speeds up the polishing op-
eration, and has less tendency to distort
the true form of the tool-steel than methods
previously used. v

© 1961 SCIENTIFIC AMERICAN, INC

Considering

how well

natural diamonds
do these jobs

may give you ideas

The four grinding and polishing
jobs shown here span the

fields of electronics, jewelry
making, and metalworking.

But they have one thing in common:
in every case, natural industrial
diamonds are doing the job
quickly, economically and well.

In diamonds, you find this

unique combination of properties:
excellent cutting ability

coupled with fantastic endurance.

Result: your diamond tools

last longer than any other tools
you can use. Your people
spend more time producing,
less time changing tools.

If you cut, sharpen or smooth

in your business, you quite
probably can use natural diamonds
to advantage. Test them against
the method you’re now using.
You will see how efficient —

and economical—a diamond can be,
especially now.

Best grit for metal-bond wheels
developed by the Diamond Research
Laboratory in Johannesburg

A new impact crushing method

for natural diamonds is now
producing the strongest and most
durable diamond grit ever obtained
for metal-bond wheels. Your tool
and wheel manufacturer is ready

to help you select the diamond tool
that’s right for your job.
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FLAYBACK

ON OFF

RECORD PLAYBACK

THIS IS THE TOP VIEW

OF THE DICTET TAPE RECORDER

ACTUAL SIZE

Dictet is a small (2" x 414" x 6 5/16"), high-quality, precision-

made tape recorder.

It weighs only 2 Ibs. 11 oz. It can be used anywhere without

plug-in. The controls (shown above) are so neatly organized,

they are a snap to use, even with heavy protective gloves.

Dictet avoids tape-threading with a simple slip-in magazine.
It records for a full hour. Mercury batteries last for 20-plus

hours of recording. Service is available everywhere.

Dictet has proven itself so useful for executives, engineers,
lab and field men that many have discarded pen and note-pad.
They use Dictet instead to record field and lab data, on-the-
spotideas and as an electronic memo pad from which they or

their secretaries can transcribe.

Dictet is invaluable for recording data in extreme cold or
heat, in tight, confined places—anywhere, in fact, where it is

easier to talk than to write.

Companies using Dictetread like a bluebook of our new space-
age technology. They are involved in telemetering, guidance-
systems, opticsand many other exactingaspects of space flight.
Many Dictets are in use by a number of Government agencies.

With good reason. They have all discovered that when you
give a man a Dictet, he becomes a team of men. Judge for
yourself. Write FREE TRIAL on your business card, send it to
Dept. SA, Dictaphone Corp., 730 Third Avenue, New York 17,

N. Y. for a 3-day free trial.

- ®
ch'anho ne CORPORATION
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WALSH McDERMOTT (“Air Pollu-
tion and Public Health”) is Livingston
Farrand Professor of Public Health and
Preventive Medicine at the Cornell Uni-
versity Medical College. He received a
B.A. from Princeton University in 1930
and an M.D. degree from Columbia Uni-
versity in 1934. Tuberculosis interrupted
his residency at New York Hospital
for a year, and he found that almost the
only position available to him at the
time was in a newly created syphilis
clinic at Cornell. His subsequent work
with microbial diseases and the various
antimicrobial drugs introduced to com-
bat them gradually led McDermott into
the field of public health. For the past
16 years McDermott has been editor of
The American Review of Respiratory
Diseases; for approximately the same
length of time he has served as an asso-
ciate editor of the Cecil-Loeb Textbook
of Medicine, and more recently, with
Paul B. Beeson, as coeditor. For the past
year he has also been chairman of the
President’s Science Advisory Committee
Panel on Development Assistance.

ROY A. KELLER (“Gas Chroma-
tography”) is assistant professor of
chemistry at the University of Arizona.
Born in Davenport, Iowa, in 1928, he
received a B.Sc. from Arizona in 1950
and an M.S. in chemistry in 1952.
Keller then went to the University of
Utah, where he studied under the direc-
tion of Henry Eyring. It was Eyring who
first suggested that Keller do research in
chromatography. Keller obtained his
Ph.D. from Utah in 1956 and joined the
faculty of Arizona later that year.

LAWRENCE W. SWAN (“The
Ecology of the High Himalayas™) is asso-
ciate professor of biology at San Fran-
cisco State College. He was born in
1922 in Darjeeling, India, where he
attended Mount Hermon School until
1937. Swan came to the U.S. the follow-
ing year to study at the University of
Wisconsin, acquiring a Ph.B. in zoology
there in 1942. From 1942 to 1946 he
served in the Army as a research officer
at the Climatic Research Laboratory in
Lawrence, Mass. He took two degrees in
biology at Stanford University, an M.A.
in 1947 and a Ph.D. in 1952. After a
year as an instructor at the University
of Santa Clara, he joined the faculty of
San Francisco State College in 1954.
| An honorary research associate of the



Visicorder and | |
record shown | |
approx. Y5 ||
actual size.

“MASTER CLOCK”

for the missile range uses 15
| Honeywell Visicorder oscillographs

= v

— e .

. The Timing Operations Center designed and built by
| Epsco-West for the Navy’s Pacific Missile Range is now
, in use at Point Mugu, California. It makes use of 15
1 Honeywell Visicorders to read out (as shown on the un-
i retouched record at left) the modulated timing codes dis-

Yo 66

| tributed as balanced outputs to the Center’s ‘“‘customers.””

‘ The solid-state Epsco-West TOC generates up to 11 sep-
| arate timing signals, one or all of which may be delivered
] to any of 36 users.

‘ The 906B Visicorder also performs a supplementary func-

tion as a monitor on the timing and test-patch panel, and
as permanent ‘‘record-keeper’’ for the built-in indicators
. and test oscilloscopes. Visicorders were selected for their
| " jobs with the TOC because of their versatility, reliability,
| low cost, and compact size (10" x 10" x 15%2"; weight,
37 lbs.).

| | Pioneer and acknowledged standard in the field of high
L frequency direct-recording oscillography, the Visicorder is

| available in several models, from 6 to 36 channels, DC to
| 5000 cps response, up to 50,000”/sec writing speed. Honey-
well engineering is at your service through 120 field offices
for help in applying one Visicorder or a full system to your
data acquisition program; or a quantity of Visicorders for
OEM application in your products.

Call your local Honeywell office now or write today for Cata-
logs HC906B, 1012, 1108, and 1406 to Minneapolis-
Honeywell, Heiland Division, 5200 East Evans Avenue,

Recon; speed 1 Denver 22, Colorado. Our telephone is SKyline 6-3681, Area
g a"‘?@d Code 303.
during
recording. |

Honeywell
@ Fut e Coitiel

I 2= —gell wmrws | mince 1ans
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TEKTRONIX DUAL-BEAM OSCILLUSCUPE

with
Sweep Delay

Independent

X and Y Deflection
DC-to-30 MC,
12-nanosecond risetime
with fast-rise

plug-in units

Photographed at Bonneville Power Administration, Porlland, Oregon,

FOR WAVEFORM-COMPARISON ANALYSES

‘J:ﬂ—( At Bonneville Power Administration—in one of many
) ;“"‘ continuing studies with their transient analyzer—a
) 3 System Engineer uses a Tektronix Type 555 Oscillo-
scope to display fast switching transients occurring
in each phase of a transmission system. By observing
the three switching-transient traces with a timing
trace, he can quickly and easily compare magnitudes, phase relationships, tran-
sient times, and accurately determine overvoltage characteristics of the system.

Although invaluable in displaying up to four traces at once—with Tektronix dual-
trace units in both channels—the Type 555 adapts easily to almost every oscillo-
scope application in the dc-to-30 mc range.

For example, you can control either or both beams with either time-base generator.
You can operate one time-base unit as a delay generator—hold off the start of any
sweep generated by the other for a precise interval from one-half microsecond to
50 seconds—and observe both the original display and the delayed display at the
same time. You can interchange any combination of 17 *'letter-series” plug-in units
for signal-handling ease and versatility in waveform-comparison analyses, such
as dual-beam pulse-sampling . . . transistor-risetime testing . . . semiconductor-
diode-recovery-time studies . . . strain gage and other transducer measurements

. differential-comparator applications . . . as well as multiple-trace work in
general laboratory experiments.

Type 555 (without preamplifiers) . .. . $2600

Includes Indicator Unit, Power Unit, 2 Time-Base Units,

4 Probes, Time-Base Extension, 7 other accessories.
Price f.0.b. factory

FOR A DEMONSTRATION OF THE CAPABILITIES OF A TYPE 555 IN

YOUR OWN WAVEFORM-COMPARISON ANALYSES, PLEASE CALL
YOUR TEKTRONIX FIELD ENGINEER.

Tektronix, Inc.

P. 0. BOX 500 - BEAVERTON, OREGON / Mitchell 4-0161 « TWX—BEAV 311 + Cable:TEKTRONIX

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Ga. + Baltimore (Towson) Md. « Boston (Lexington)
Mass. « Buffalo, N.Y. e« Chicago (Park Ridge) Ill. « Cleveland, Ohio « Dallas, Texas « Dayton, Ohio « Denver, Colo. « Detroit
(Lathrup Village) Mich. « Endicott (Endwell) N.Y. e+ Greensboro, N.C.s Houston, Texas e Indianapolis, Ind. « Kansas City
(Mission) Kan. « Los Angeles, Calif. Area (East L.A. « Encino « West L.A.) « Minneapolis, Minn. « Montreal, Quebec, Canada
New York City Area (Albertson, L.I., N.Y. « Stamford, Conn. « Union, N.J.) « Orlando, Fla. « Philadelphia, Pa. « Phoenix
(Scottsdale) Ariz. « Portland, Oreg. « Poughkeepsie, N.Y. « San Diego, Calif. « San Francisco, Calif. Area (Lafayette, Palo Alto)
« Seattle, Wash. « Syracuse, N.Y. « Toronto (Willowdale) Ont., Canada « Washington, D.C. (Annandale, Va.)

ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented in twenty-five
overseas countries by qualified engineering organizations.

European and African countries, the countries of Lebanon and TFurkey, please contact TEKTRONIX INTERNATIONAL
A.G,, Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representative.

Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. O. Box 500,
Beaverton, Oregon, U.S.A. Cable:TEKTRONIX.
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| California Academy of Sciences, Swan
| has participated in several expeditions
to study ecology at high altitudes. In
| 1946 and 1949 he visited volcanoes
in Mexico; in 1954 he accompanied
the American Himalayan Expedition to
Makalu, a peak of 27,790 feet in eastern
Nepal; and last year he accompanied the
Himalayan Scientific and Mountaineer-
ing Expedition led by Sir Edmund
Hillary.

JOHN R. PIERCE (“Communication
| Satellites™) is executive director of re-
| search in the communications principles
division of the Bell Telephone Labora-
tories. Born in Des Moines, lowa, in
1910, Pierce took three degrees at the
California Institute of Technology, re-
ceiving a Ph.D. in electrical engineering
in 1936. Since joining Bell Laboratories
in 1936 he has done research on mi-
crowaves, high-current electron guns,
satellite communication and psycho-
physical phenomena.

W. C. DASH and A. G. TWEET
(“Observing Dislocations in Crystals™)
are both members of the General Physics
Research Department of the General
Electric Research Laboratory in Sche-
nectady, N.Y. Dash took a B.S. in engi-
neering physics at Lehigh University in
| 1946 and a Ph.D. in physics at Cornell
University in 1952. He then joined the
General Electric Research Laboratory,
where he began investigating the optical,
electrical and structural properties of
semiconductors. In the course of his
work he developed a technique for the
direct observation of dislocations in
silicon crystals by infrared microscopy.
This technique, which is discussed in
the present article, subsequently led to
an understanding of the mechanisms
that introduce dislocations into growing
crystals, and ultimately to a method
of growing dislocation-free crystals of
germanium and silicon. Tweet did un-
dergraduate work in physics at Harvard
University, receiving his B.A. in 1948,
and graduate work at the University of
Wisconsin, where he obtained his Ph.D.
in 1953. He immediately joined the
General Electric Research Laboratory
to work on semiconductors and has de-
voted most of his effort to studying the
effects of crystalline imperfections on the
electrical properties of semiconductors.
This fall he is also teaching a graduate
course on semiconductors at Rensselaer
Polytechnic Institute.

F. CLARK HOWELL (“Isimila: A
Paleolithic Site in Africa”) is associate
professor of paleoanthropology at the

———
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Precise position? Precise time? Loran C provides both. For
example, three million square miles of the Pacific’s unexplored
areas are today being charted with an accuracy never before
possible—by two U. S. Coast and Geodetic Survey ships navigating
with an advanced Sperry Loran C system. By measuring to
fractional microseconds the arrival time of radio signals, it gives
oceanographers their precise position constantly in all weather.

Used in conjunction with the Naval Observatory’s Atomic
Clock, the National Bureau of Standards has proven Loran C to
be the nation’s most accurate long range time distribution
system. It will play a vital role in inter-range missile and satellite
tracking. General offices: Great Neck, N.Y.

oy v
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3 =~ = ‘:;_.-'_'__‘l:‘ - | ———

= 1 - Y gz e e MR
Some other uses of Loran C: air traffic control; anti-submarine s Y
warfare; air-sea rescue; airborne early warning station keeping.
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PANELESCENT® ELECTROLUMINESCENT PANELS

win

A '“_

b

Cesal T

new clarity for
readout displays-
new economy, too!

If data-display machines play an important role in your business activity, here’s
how Sylvania electroluminescent readout panels can improve your firm’s competi-
tive position. For the user: they speed up readability, “slow down” maintenance
costs. For the manufacturer: they reduce equipment costs, enhance styling to put a
possessive gleam in your customer’s eye.

Panelescent El readouts are exceedingly thin, flat and reliable solid-state devices.
They lend themselves readily to very compact, attractive displays. Not subject to
sudden failures, they can be maintained on a planned (rather than emergency)
basis. Power requirements are negligible, circuitry is relatively simple. Economies,
therefore, are substantial. As for their life span, tests to date indicate they’ll put in
a full 40-hour week for two years before retirement.

Immediately available are styles that produce the complete English alphabet, 0-9
numerics and selected symbols, 38” to 4” high. A variety of other patterns and sizes
are available for your specific needs. A wide range of crossed-grid panels with
resolutions as high as 50 lines per inch are in stock and available now.

If you’re manufacturing (or using) cash registers, calculators, tote boards, dispatch
boards, adding machines, digital voltmeters and other measuring equipment, you’ll
find the free booklet, “Sylvania Electroluminescent Display Devices,” extremely
informative. If you’d like extra copies for your engineering staff, just note the
quantity needed on the coupon below.

@Panelescent is a Registered Trademark

SYLVANIA ELECTRIC PRODUCTS INC.
Electronic Tubes Division
Dept. EL, Buffalo 9, N.Y.
Pleasesend me__

(number)
‘‘Sylvania Electroluminescent Display Devices.”

copies of your booklet

SUBSIDIARY OF

GENERAL TELEPHONE & FLECTRONICS

i
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| University of Chicago. Born in 1925,

he was graduated from high school dur-
ing World War II and served with the
Navy in the Pacific. At the end of the
war Howell went to Chicago, where he
took three degrees, receiving his Ph.D.
in 1953. From 1953 to 1955 he taught
human anatomy at the Washington Uni-
versity School of Medicine. Howell’s
interest in primate evolution, especially
in human evolution, has led him to do
research and field work in Africa, Europe
and Israel. He is at present preparing for
excavations at Torralba in Spain, and
next year he plans a trip to northwest
India in search of the remains of Pliocene
and early Pleistocene apes and pre-men.

MARK R. ROSENZWEIG (“Audi-
tory Localization”) is professor of psy-
chology at the University of California.
He received B.A. and M.A. degrees from
the University of Rochester in 1943 and

| 1944 respectively. He spent the next two

years in the Navy before continuing his
work in the Psycho-acoustic Laboratory
at Harvard University, where he ac-
quired a Ph.D. in 1949. Joining the
faculty of California as a physiological
psychologist in 1950, Rosenzweig con-
tinued the research on the physiological
mechanisms of auditory localization he
had begun earlier at Harvard. His origi-
nal interest in auditory perception has
since led him to study various problems
in speech, communication and the psy-
chology of language. At the present time
he is investigating the relationships be-
tween learning behavior and brain
chemistry, a field of research he first en-
tered in 1953.

ARTHUR D. RAFF (“The Magnet-
ism of the Ocean Floor”) is a physical
oceanographer at the Scripps Institution
of Oceanography. His family moved to a
farm near Abilene, Kan., from Caracas,
Venezuela, in 1928, when Raff was 11
years - old. He received a B.A. from
Union College in Lincoln, Neb., in 1940
and from 1941 to 1945 he served in the
Army. After joining the Scripps Institu-
tion in 1946, Raff concentrated chiefly
on two research problems. The first was
to find a method of receiving and re-
cording on shipboard seismic-refraction
signals from the deep ocean. The tech-
nique he developed is now generally
used for seismic studies by the research
ships of both the U.S. and the U.S.S.R.
The second problem was to develop a
reliable technique for towing a mag-
netometer from a ship for many months
at a time. Using these methods, Raff
gathered most of the magnetic data dis-
cussed in his article.



Servant to the Electronics Industry

!)“\‘ ;

AMERICAN-MARIETTA

Epoxy Molding Compounds

The Adhesive, Resin and Chemical Division of American-Marietta, one of the
leaders in the development and production of unique and versatile plastic materials,
helps to satisfy the electronics industry’s demand for automated encapsulation of
precision components.

The result of more than five years of research, supported by extensive military and
industrial evaluations, EMC epoxy molding compounds have the inherent physical,
chemical and electrical properties which make possible new fields of design and new
manufacturing techniques in the electronics fields.

Whether it be the launching of a rocket, the imponderable calculations of a com-
puter or a breeze of fresh music from the nearest stereo set, A-M’s advanced epoxy
molding compounds assure trouble-free operation of vital electronic components.

PAINTS « CHEMICAL COATINGS « SYNTHETIC RESINS
ADHESIVES « SEALANTS «- METALLURGICAL PRODUCTS
PRINTING INKS - DYES « HOUSEHOLD PRODUCTS « LIME
REFRACTORIES « CONSTRUCTION MATERIALS « CEMENT
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Progress
through
Research

M

American-Marietta
Company
Chicago 11, lllinois
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Missile or meteor?

GM’s DSD tracks down the answer!

In the unique Flight Physics Laboratory of General Motors Defense
Systems Division, studies are now in progress on hyper-velocity
projectiles. Projectiles travel as fast as 31,000 feet per second
through DSD’s light gas gun. It is expected that speeds up to 40,000
feet per second will soon be attained. These studies provide clues
to new missile detection methods and instruments which will
identify the distinctive signatures of missiles and meteors. They
will prove in seconds which they are and where they come from.
Scientific areas now under study: Aero-Space - Sea Operations
- Land Operations - Biological Systems « Technical Specialties

L " A
Two Light Gas Guns permit flight of hyper-velocity
projectiles . . . including studies of high-speed impact,
properties of ionized gases, new methods of detection and
identification. If you can use facilities like these, contact DSD.

GENERAL MOTORS

DEFENSE SYSTEMS DIVISION
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This space chamber is part of The Bendix Corporation’s new Space Laboratories

now nearing completion at our Systems Division, Ann Arbor, Michigan. By simulating

the many conditions a satellite or spacecraft will encounter in outer space, it will

offer a precise means of previewing space vehicle performance. B Full-size vehicles
S

will operate in the new Bendix ‘“space house’ as they would in actual orbit. They will
be subjected to solar glare, to the super-cold of space darkness, and to severe structural and thermal loads. Ml This

is the latest addition to our series of chambers and facilities for space system development, assembly, and test.

[ ] A%
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CREATIVE ENGINEERING IN:

THE 7% dl ele‘ct'r_onics e missiles & space
aviation * sonar * marine

CORPORATION automotive * computer

machine tools * nmucleonics
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INGENIO“ Finding ways to make
communications more
efficient is an ITT specialty. In Belgium,
France and Switzerland, ITT companies
engineered and builtthe world’s first nation-
wide and international subscriber-to-
subscriber dialing systems. And for the Paris
network, ITT developed the world’s first fully
electronic automatic private branch tele-
phone exchange. Here at home, ITT is a
major supplier to nearly 1,000 U.S. independ-
ent phone companies for equipment ranging
from PAX systems and handsets of every
variety to cablé and huge switching systems.
All in all, more than 10 million lines of ITT
System automatic and manual switching
equipment are in use this minute serving
communications needs around the world.

INTERNATIONAL .ice oran

zation includes divisions and subsidiaries
throughout the United States and in the
following countries and territories in
Europe, Latin America, North America,
and the Far East: Argentina, Australia,
Austria, Belgium, Bolivia, Brazil, Canada,
Chile, Denmark, Finland, France,
Germany, Hong Kong, Iran, Italy, Mexico,
Netherlands, New Zealand, Norway, Peru,
Philippines, Portugal, Puerto Rico,
Republic of South Africa, Spain, Sweden,
Switzerland, Turkey, United Kingdom,
Venezuela, Virgin Islands.

© 1961 SCIENTIFIC AMERICAN, INC



I“ TOT We are communications spe-

cialists. Our systems and
equipment span the earth, traverse its oceans,
orbit through its surrounding spaces. For
example: ITT companies design and make
electronic components; manage communica-
tions networks throughout the world; maintain
military warning systems; plan security counter-
measures; even produce and merchandise
consumer products. Chances are if the job
is in electronics/telecommunications an ITT
company has a role in it somewhere. Our full
name: International Telephone and Telegraph
Corporation. Address: 320 Park Avenue, New
York 22, New York.
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Charles Judson Herrick...on

“Dogmatism has no place in science, and dogmatism
about the unknown is especia[ly reprehensib]e. We live
by faith, faith in the order of nature, faith in ourselves,
and faith in our fellow men. This faith is our most preva-
Ient motivation, and it is a reliable guide for behavior just
in so far as it is founded on knowledge. Where knowl-
edge is lacI(ing we may extrapolate with due regard for
the uncertainties arising from the incompleteness of our
knowledge. The mystics too often neglect this caution.
The naturalists must not, and they find within the

THE RAND CORPORATION,

SANTA

dogmatism

bounties of nature amp[e scope for their best endeavors
and for the satisfaction of their highest aspirations.

“We are citizens of the universe. This universe is
dynamic and intrinsically creative at all levels of organi
zation. This native creativity is amplified in the domain
of organic evolution and glorified when aware of itself in
human purposive planning. The sublimity of this concep-
tion of man’s place in nature commands our reverence
and our utmost effort to meet the demands imposed upon
us by that nature which is our alma mater.”

—~Evolution of Human Nature, 1956

MONICA, CALIFORNIA

A nonproﬂt organization engaged in a program of research in the physica' sciences, economics, mathematics, and the social sciences.
RanD mathematicians develop new tools with which (hey. and scientists in every quarter, attack the urgent prob]ems of the world
of toclay and tomorrow; these applications, in turn, cha"enge them to the invention of even sharper tools.
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Air Pollution and Public Health

New investigations are confirming the suspicion that over

a period of time the accumulated products of combustion

have a subtly harmful effect on the health of city dwellers

he first sign of a city visible from

I an airplane on a fine day is the

thick brownish haze that envelops

it. While still in the air one asks: “How

can anyone go on breathing that stuff?”

On the ground, however, people do not

notice anything unusual. They blame

the weather for “just another gray day”
and go right on breathing.

Air pollution has nonetheless begun
to arouse the concern of the public and
of public officials. An increasing num-
ber of cities in this country have been
recording an increasing frequency of
days of severe “smog.” The attendant
irritation of the eyes and ruination of
nylon stockings are taken as evidence
that the pollutants cannot be good for
the health. In Los Angeles, the most
notably afflicted community, the prohib-
iting of domestic trash-burning has al-
ready improved the visibility of the
mountains that crowd that city against
the sea; local industries have been per-
suaded and compelled to minimize their
contribution to the smog, and the
compulsory installation of exhaust-pipe
“afterburners” and crankcase “blow-by”
scavengers on all automobiles in the state
at the end of the year promises to reduce
the atmospheric concentration of the
substances most positively identified
with eye irritation. Other communities
are beginning to follow suit, and it ap-
pears that the effort to reduce the emis-
sions from automobiles may soon become
nationwide. The Secretary of Health,
Education and Welfare, Abraham A.

by Walsh McDermott

Ribicoff, has asked the automotive in-
dustry to agree to the installation of
pollution-abating devices as standard
equipment on all 1964 vehicles and has
threatened to ask Congress for a law
requiring such installation.

Whether air pollution is to be endured
as a nuisance or suppressed by vigorous
civic action, it must be reckoned as an
unpleasant and expensive consequence
of urban and industrial civilization. But
is air pollution in fact a menace to pub-
lic health? The first place to look for
damage by unclean air would be the
body surfaces exposed to air: the skin,
which is hardy and mainly covered by
clothing, and the respiratory passages,
which are not covered at all. There is
evidence that a commonplace disorder of
the bronchial tubes and lungs—chronic
bronchitis and emphysema—is showing
an alarming increase in some places. At
the same time, it cannot be said that any
particular atmospheric pollutant is the
cause of bronchitis-emphysema or other
bronchopulmonary disease, in the legal
or scientific sense of the term.

If something is happening to the pub-
lic health from the widespread pollu-
tion of the air, it must be happening
to large numbers of people. Yet it
must be something that goes on undra-
matically in its individual manifesta-
tions; otherwise it would attract public
notice as an “epidemic.” Fortunately
the mysteriously lethal fogs that settled
on the Meuse Valley in Belgium in 1930,
on Donora, Pa., in 1948 and on London
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in 1952 remain isolated episodes. On
those occasions, strangely, there was no
recorded increase in the atmospheric
concentration of the usual pollutants;
the increase in the death rate involved
chiefly the aged and those with a
history of pulmonary disorder. But if a
substance or mixture of substances pres-
ent in low concentration can be highly
injurious to certain particularly suscepti-
ble people after only a few days’ ex-
posure, how can one know that two or
three decades of exposure to the same
low doses will not be injurious to many
more people? Such questions are not un-
known in public health research. With
respect to air pollution the answer is that
there is as yet no solid evidence that it
is a serious threat to the “healthy”
(meaning those without lung damage);
there are, however, ominous portents
that it may be such a threat.

Most of the pollutants get into the

air as a result of burning. Though
city dwellers seldom light their own fires
nowadays, their daily lives still depend
on the process of combustion. The spot-
less electric stove ultimately derives its
heat from the burning of coal, and some-
thing has to be burned to make the tele-
vision set function. In most cities the
garbage is burned; sometimes it is
burned twice, in the back yard and on
the city dump. Automobiles are highly
mobile “burners” throughout their active
lifetime, and when they are outmoded,
they too end up on the pyre. In short,
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LOS ANGELES SMOG is the result primarily of hydrocarbons and nitrous oxides from
automobile exhaust, chemically changed by exposure to sunlight and trapped by the city’s
frequent “thermal inversions,” which interfere with normal vertical air movements. The
top photograph shows downtown Los Angeles on a clear day. The same area is seen (middle)
as a light smog builds up against the inversion layer and (bottom) on a day of heavier smog.
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the energy of civilization is supplied by
burning, and most of its debris is likewise
burned.

The final products of a completed
combustion are water and carbon diox-
ide, which in the amounts involved in
urban life would be entirely harmless. In
general, however, fuel and debris are
only partially burned, and a wide variety
of chemical substances are thrown off
into the air. Some of this material is vis-
ible smoke, made up of particulate mat-
ter, including particles that one can see
and feel, such as fly ash or soot. Some
of the material entering the air is in-
visible, composed of complex chemicals,
and it is these substances that seem to
represent the greater menace to health.

Chemical analysis divides the polluted

atmospheres of the world’s cities
into two major types: the London type,
composed principally of sulfur com-
pounds from the burning of coal; and the
Los Angeles type, composed principally
of petroleum products, known loosely as
hydrocarbons. Given the commitment to
automobile transportation, all the cities
in this country suffer to some degree
from air pollution by hydrocarbons;
where coal is burned for power and
domestic space-heating, the air may in
addition be polluted with sulfur com-
pounds.

Outside of Los Angeles, however, the
term “smog” is usually a misnomer when
applied to the prevailing haze; the phys-
ics of the true Los Angeles smog is
somewhat different from that of the
more common London fog. As shown in
1951 by A. J. Haagen-Smit of the Cali-
fornia Institute of Technology, the hy-
drocarbons and nitrous oxides given off
by the combustion of petroleum are at
first neither visible nor irritating. But
when these substances are exposed to
sunlight for an hour or so, they undergo
important chemical changes, yielding
ozone and other reactive compounds.
These products of photochemistry are
the ones that irritate the eyes. As they
undergo further chemical change some
of them produce the characteristic haze.
In the Los Angeles smog, therefore, it
is sunlight acting chemically on petro-
leum products that obscures the blue
sky, whereas in most cities of the coun-
try it is a plain London type of fog that
traps the pollutants and suspends them
in theair. In each case the end result—
the irritation of certain cells of the body
—is probably much the same.

The automobile owes its supremacy
as a source of air pollution to the ineffi-
ciency with which it burns its fuel. The
U.S. consumer expects his automobile



engine to start instantly in all kinds of
weather and accelerate rapidly with no
engine knock. To meet these require-
ments manufacturers build large motors
with a high compression ratio that op-
erate best on high-octane gasoline, a
fuel that burns with low efficiency ex-
cept under optimum operating condi-
tions. Hydrocarbons escape both through
the exhaust and as vapors from the fuel
tank and carburetor vents. Emission
through the tail pipe varies considerably,
depending somewhat on engine size and
faithfulness of upkeep. It is highest dur-
ing low-speed driving such as occurs
twice each day at rush hour on the park-
ways. On a hot day in traffic the emis-
sion from the carburetor and fuel tank
approximates that of the tail pipe.
According to Leslie A. Chambers, re-
search director of the Los Angeles Air
Pollution Control District, the daily out-
put of every 1,000 operating automo-
biles in an urban community burdens
the air with 3.2 tons of carbon mon-
oxide, 400 to 800 pounds of organic
vapors (that is, hydrocarbons) and 100

to 300 pounds of nitrous oxides, plus
smaller amounts of sulfur and other
chemicals. The hydrocarbons and
nitrous oxides are highly important. To
what extent the 3.2 tons of carbon mon-
oxide are amenace is not known, but this
is beginning to cause concern. In gen-
eral, except in such closed surroundings
as a household garage, the carbon
monoxide given off to the air does not
usually rise above the 150 parts per mil-
lion that would represent a hazard. Since
carbon monoxide does not change its
chemical form in the air, measurement
of its presence there provides a good
index of the volume of automobile ex-
haust being poured into the atmosphere
at a given moment.

The automobile makes a further con-
tribution to air pollution in the form of
highly pulverized rubber and asphalt,
generated by abrasion of tires upon
streets. This aspect of the situation has
not been studied in much detail, but
there is reason to believe that contamina-
tion from rubber and asphalt is appre-
ciable.

In metropolitan regions all over the
country municipal installations, house-
holds, industrial plants and automobiles
(to list them in ascending order of rank
as sources of pollution) give off approxi-
mately the same combination and rela-
tive volume of chemicals to the air.
Whether the contamination becomes a
community problem at any one time de-
pends on population density and the
weather. The strong breezes that attend
the movement of great air masses over
the continent regularly bring fresh air
into most U.S. cities, and in the absence
of breezes the air may be cleaned by
updrafts that dilute and carry away both
the smoke and the vaporized chemicals.
Not infrequently these natural ventila-
tion processes fail, and there may be no
movement of air over a particular area
for a matter of hours and sometimes
days. One mechanism that stops air
movement is the “thermal inversion.”
Ordinarily the air is warmer at the
ground and colder above; indeed, the
updrafts so essential for air cleansing
arise from this temperature gradient. In

MAN-MADE HAZE lies in a layer over New York City on an other-
wise clear day. Skyscrapers protrude above the smog, which is held
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down by a thermal inversion. A thin haze like this obscures vision
only at some distance, and residents may be quite unaware of it.
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a thermal inversion a layer of warm air
forms at higher altitude and traps a layer
of cold air at the ground. When an in-
version roofs over the atmosphere of
a heavily populated region, the same air
must accumulate a much higher concen-
tration of pollutants. This can happen
in almost any season of the year to most
of the cities in this country; it is the
chronic situation in Los Angeles.

Los Angeles suffers from its smogs
not because its natives are unusually
careless but because there are so many
of them in a place where the cleansing
of the air is so frequently interrupted.
There six million people with three mil-
lion cars burn 5.5 million gallons of gaso-
line each day on a narrow strip of sunny
seacoast backed up by mountains. Ther-
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mal inversions occur about 100 days
each year. The Los Angeles case may
seem extreme, and it is the extreme at
this moment. But two of the three factors
that prevail there—rapid population
growth and heavy hydrocarbon emis-
sion—are not peculiar to Los Angeles.
The third factor—thermal inversion—can
come into play elsewhere as well. What
has happened to Los Angeles, therefore,
is already happening to certain other
urban regions and may have consider-
able future significance for the nation
as a whole.

The facts about air pollution are plain

enough. But when it comes to assess-
ing the effects of unclean air on the pub-
lic health, the ground becomes uncertain.

THERMAL INVERSION, common in Los Angeles, is the main

meteorological factor in smog formation. Except in an inversion,

INVERSION SETS IN when cool sea air moves in under warm
desert air and is trapped. The normal temperature gradient is re-

AT LA TLA AL T AT A AL AT A AL LA S A A AR R AR R RN

INVERSION PERSISTS until the weather changes, as when the
warm air is high enough to permit the cool sea air to escape and
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What British physicians call chronic
bronchitis and its complications is now
the leading cause of death in men over
45 in that country and the fourth leading
cause of death for the population as a
whole. For reasons related to the nature
and course of the disease, the corre-
sponding figures for chronic bronchitis-
emphysema in the U.S. cannot be stated
exactly, but it appears to be on the in-
crease. It is not enough, however, merely
to show that the incidence of pulmonary
disease has been rising along with pollu-
tion. The conscientious investigator must
seek out the chain of cause and effect.
And the responsible public health official
needs better evidence to justify the so-
cial cost of control measures.

Until recently chronic bronchitis-em-

air temperature decreases with height (darker tones indicate
cooler air) ; the warm surface air rises, carrying pollutants away.

versed in the inversion layer, the base of which (at the surface in
this drawing) forms a lid over the city, concentrating pollutants.

carry away the accumulated smog. Thermal inversions occur in Los
Angeles about 100 days a year, but they are also common elsewhere.



physema has been considered a rather
“dull” disease by medical students and
young physicians, and research on the
subject has been correspondingly neg-
Jected in university circles. The chronic
cough and progressive loss of breathing
function may be completely incapacitat-
ing and lead eventually to failure of the
heart. But the course of the disease is
usually quite prolonged and undramatic,
and not much can be done about it.

The aspect of the disease referred to
under the heading of emphysema in-
volves its effect on the millions of tiny
air sacs in the lungs, where the transfer
of oxygen to the blood takes place. In
emphysema several of these tiny sacs
merge to form a larger sac, just as small
bubbles coalesce into larger bubbles.
The single larger sac, of course, offers
less surface area for respiratory gas-ex-
change than the half-dozen or so smaller
sacs from which it is formed. This em-
physema process occurs throughout both
lungs, eventually causing severe impair-
ment of the individual’s ability to
breathe. The situation is further aggra-
vated by anarrowing of the tiny branches
of the bronchial tree through which the
air passes on its way to the individual
breathing unit. The narrowing may be
due to a spasm or it may be permanent.
This is the “bronchitis” part of chronic
bronchitis-emphysema [see illustration
on page 57]. Whether the bronchitis rep-
resents the cart or the horse is a matter of
amiable scientific controversy. In Wil-
liam Osler’s day emphysema was attrib-
uted to “airway resistance” and as such
was regarded as an occupational disease
of trombone players—individuals who
certainly have to breathe out against
resistance!

When the emphysema has become
sufficiently advanced throughout the
lungs, a heavy load is thrown on the
heart, which now must pump the same
volume of blood through the far fewer
channels available in the greatly reduced
air-sac lining of the lung. From this extra
work the heart enlarges and eventually
fails. Recent research indicates that the
cause of the cardiac failure is not quite
so simple, but this type of heart disease
has been recognized for more than a
century as cor pulmonale, or pulmonary
heart.

Just how the disease gets its start is not
known. The process apparently be-
gins one or two decades before symp-
toms of breathlessness are first noticed.
Since the bronchi are in direct communi-
cation with the outside air, they are ex-
posed to everything in it. Fortunately
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HEIGHT OF INVERSION BASE affects smog density; ordinarily the lower the base,
the worse the smog. These charts relate inversion base altitude in the Los Angeles
area in the first and last weeks of June, 1961, with smog density as measured by the ozone
maximum in the area. The height of the bars indicates the inversion altitude on each day,
and the tone of color used for each bar shows the smog density (darker tones represent
higher ozone concentrations). Actual daily ozone values are given at the top of the charts.
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the lining of the bronchi has a consider-
able capacity for restoration after acute
damage, as the convalescent from a bout
of influenza is grateful to discover. In
some cases, however, presumably as a
result of a steady irritation of the bronchi
and breathing sacs, minute damage to
the tissues becomes irreversible. Once
this happens a circular process begins.
The slightly damaged bronchopulmo-
nary structures are less able to operate
the mechanisms that normally protect
the essentially clean lung from the
microorganisms in the nose and throat.
Both the lung and the bronchi tend to
become repeatedly infected. Each infec-
tion damages the tissue still further,
eventually producing the full bronchitis-
emphysema.

A hereditary susceptibility may be in-
volved, and it may be that the disease
represents a fundamental aging process.
Men are three to five times more fre-
quently affected than women; both the
illness rate and the death rate go up
sharply after 45, death being caused by
heart failure or pneumonia.

It is not difficult to conceive of a
role for air pollution in the disease proc-
ess. Both the hydrocarbon and the sul-
furic compounds are highly irritating,
and the bronchi are continuously ex-
posed to them during periods of high
pollution. Natural exposure to either
type of smog and experimental exposure
to low concentrations of smog consti-
tuents have produced tissue damage in
plants and in cultures of animal cells and
scarring of the lungs of laboratory ani-
mals. Plant damage in California has oc-
curred in a noticeable swath bordering
highways; ozone effects on growing
tobacco leaves have been noted in
Connecticut. Mary O. Amdur and her
colleagues at the Harvard University
School of Public Health have shown that
inhalation of small amounts of the sul-
fur components of smog causes interfer-
ence with the free passage of air in and
out of the lungs of guinea pigs and nor-
mal humans. Effects of this type, if
recurrent, would definitely aggravate
bronchitis-emphysema and might actual-
ly initiate it. Some authorities suspect
that two or more components of smog
may act synergistically in the lung to
cause damage that might not result from
exposure to any one of them. So far, how-
ever, there is no direct evidence that
continued exposure to urban air can start
the disease. On the other hand, once the
process does get its start, there is excel-
lent evidence that both kinds of urban
smog influence it adversely.

Bronchitis-emphysema is considerably
more common among city dwellers than
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country people. There is some indication,
however, that the advantages of country
living can be canceled by cigarette
smoking, which is, in effect, a portable
form of air pollution. In Great Britain it
has been shown that the larger the city,
the higher the incidence of bronchitis-
emphysema. D. D. Reid of the London
School of Hygiene and Tropical Medi-
cine was able to find, in careful studies
of the absenteeism and permanent dis-
ability rates of post-office workers in
Greater London, that the workers em-
ployed indoors have considerably lower
rates than the postmen who worked
almost exclusively outdoors. He also
showed that the postmen who work in
the central and northeastern sections,
where air pollution is highest, have a
bronchitis rate almost twice that of the
men who delivered the mail in the
cleaner parts of the city.

Hurley L. Motley and his associates

at the University of Southern Cali-
fornia School of Medicine have made
detailed studies of 100 patients with
various grades of chronic bronchitis
and emphysema, first when they were
breathing ordinary Los Angeles air and
then when they were breathing air from
which the chemical pollutants had been
removed by charcoal filters. They re-
ported that in the purer air the patients
showed a striking improvement in lung
function, those with the greatest disabil-
ity showing the most progress. Signifi-
cantly, several days of breathing pure
air were needed before any change be-
came detectable. This suggests that the
effect of the contaminants on damaged
bronchopulmonary tissues is less tran-
sient than those produced by smoking a
cigarette, for example.

The aggravation of chronic bronchitis-
emphysema by air pollution has been
most drastically demonstrated in the few
epidemics of acute illness attributed to
air pollution. In the cases of the Donora
“disaster” and the London episode of
1952 the evidence is decisive. The air at
Donora, on a bend of the Monongahela
River with high hills on all sides, must
take up the smoke and fume of blast
furnaces, steel mills, sulfuric acid mills
and slag-processing plants. In October,
1948, a thermal inversion occurred over
most of the U.S., including the Donora
basin. There the usual smog, instead of
lifting each day at noon as was its cus-
tom, remained unabated. By the third
day of constant smog, 5,910 persons
were reported ill. More than 60 per cent
of the inhabitants 65 and older were
affected, and almost half of these were
seriously ill. In all, 20 persons died, 17
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of the deaths occurring on the third day
of unremitting smog. Then a heavy rain
fell, the smog disappeared and the epi-
demic stopped immediately. In London
in 1952 there was an “excess” mortality
of 4,000 to 5,000 persons during one
week. The deaths in both London and
Donora occurred almost exclusively
among those with previous bronchopul-
monary disease. Indeed, the veteran
bronchitis patients in the London clinics
served almost as the canaries that miners
once carried to detect noxious gases:
they noted discomfort six to 12 hours
before it was evident to others that an
episode of smog was at hand.

The smog in these two situations was
of the sulfur type, but there is no reason
to doubt that a hydrocarbon smog could
have the same effect. Perhaps the most
significant finding is that no single smog
component in either disaster was present
in a higher concentration than usual.
This may merely reflect faulty analysis
of what may have been rapidly changing
situations. But the finding points to the
ugly conclusion that the same smog
breathed by everyone a day or two at a
time without immediate or apparent ill
effect may be highly injurious to sub-
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INDUSTRIAL DISCHARGE can be cleaned
up appreciably by elaborate installations
of the type diagramed here. Exhaust from
furnaces enters at the left, where some of
the heavy particles settle out because of



stantial numbers of people when it is
breathed continuously for only a few
days more.

Even more disquieting is the subse-
(uent experience of those involved in the
Donora disaster. Before the episode res-
idents of Donora appeared to have the
same health status as people in the rest
of the country. In the first nine years
thereafter, however, those who became
ill and recovered showed a higher mor-
tality and incidence of illness than those
who were present but unaffected at the
time of the smog. To some extent this
difference can be taken as reflecting the
adverse effect of the smog on those with
damage to their lungs and hearts ante-
ceding the disaster. This is not the whole
story; even those Donora residents who
had no history of heart disease prior
to the dark days of 1948 but became ill
in this period of smog have had a higher

sudsequent illness rate.

Yhe deferred consequences of the
Donora episode are among the scanty
pieces of epidemiological evidence that
contaminated air may actually initiate
disease in man. In this connection the
recent experience with an asthma-like

disease observed in Yokohama deserves i

mention. “Yokohama asthma” has be- | .

come one of the major causes of illness ' .

among the personnel of the U.S. armed | .

forces and their dependents in the | :

Tokyo-Yokohama region. Those afflicted g >

obtain prompt relief when moved short

distances from this region. Even going ' e

up in an airplane 5,000 feet gives com-

plete relief, only to be followed by a re-

turn of the symptoms within minutes of i o

landing at the airport. Evidence is ac- ! .|

cumulating that permanent damage can .

occur if the illness is prolonged. Harvey | . ]

W. Phelps and his associates in the U.S. '

Army Medical Corps have noted that the f ol

incidence of the disease is limited to a

heavily industrialized area where con-

ditions are ideal for the formation and .

retention of smog, and that increase in STACK | ° -

the attack rate can be correlated with an

increase in the smog. A similar disease

that appears to be correlated with at-

mospheric contamination has been re- !

ported in New Orleans. .
One other observation suggests that A

urban air is related to bronchopulmonary -

disease. This has to do with the type | ' .

of lung cancer so closely related to :

cigarettes. It is known that this form . 1
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gravity. Entering the cyclonic separator, the smoke is forced static precipitator. Here a powerful electric field is established
downward into a series of cylinders (A4) past vanes that whirl it between discharge electrodes (weighted wires, C) and collecting
rapidly; centrifugal force throws some of the suspended parti- electrodes (plates, D) . The gas passing through the field is ionized;
cles out to the walls of the cylinders, and the partially cleaned the ions attach themselves to ash particles, which are in turn charged
gas moves up through collecting tubes (B) and on to the electro- and attracted to the collecting electrode, later to be removed.
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of lung cancer is significantly less fre-
quent in rural areas than in cities. But
in the country, where cigarettes are a
threat to barns, smoking is a less uni-
versal habit. To isolate the effect of ur-
ban air on smokers one should have the
figures on groups of cigarette smokers
who have moved en masse from city to
country. Something of the sort is sup-
plied by British emigration to New
Zealand. The incidence of lung cancer is
reported to be higher among cigarette
smokers who lived their first 40 years
in Great Britain than among smokers
born and brought up in New Zealand.
Essentially similar results have been re-
ported for British emigrants to South
Africa.

In view of the increasing pollution
of the urban atmosphere and with the
Donora episode in mind, it would be
well to know how large a portion of the
population has had a history of bronchi-
tis-emphysema and other forms of pul-
monary damage. The figures are scat-
tered and uncertain. In the California
State Board of Public Health survey of
1954-1955, bronchitis and asthma were
found to be among the 10 most frequent-

ly disabling chronic diseases, account-
ing for 6 per cent of the total days of
disability. In 1957, for the country as
a whole, emphysema ranked second
among the diseases in men for whom
disability was allowed under the Social
Security Act. During the past decade the
California death rate from emphysema
has risen 400 per cent, from 1.5 per
100,000 in 1950 to 5.8 per 100,000 in
1957. Presumably some portion of this
increase represents better diagnosis re-
flecting increased medical interest, but
it may also be taken as indicating a
rising incidence of the disease. Quite
aside from any possible role of smog in
actual initiation of the disease, the num-
ber of people with chronic bronchitis-
emphysema is bound to increase. The
reason for this is that our population
contains a steadily expanding pool of
people who have weathered acute
bronchopulmonary illnesses. Only 25
years ago almost one of three people
with the commonest forms of bacterial
pneumonia would succumb to it. Today
the fatality rate of the disease would be
1 or 2 per cent.

Large numbers of people are, there-
fore, alive today in all age groups who
would not have been alive in the days
before antimicrobial therapy. So long as
all goes well, they may show no signs of
ill health. But when something untoward
happens, as when the air fails to clean
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AUTOMOBILE EXHAUST is a large contributor to air pollution.
Two devices have been developed to cut down this source. One is a
“blow-by” pipe (4), which takes unburned gases from the crank-
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itself, they can become seriously ill and
may die.

Some idea of the number of people
who are in special danger from smog
may be had from the recent experience
with Asian influenza. This country had
its certified epidemic of Asian influenza
in the autumn of 1957, “certified” in the
sense that the disease was then front-
page news. What is not generally known
is that more people in the U.S. died as
a result of Asian influenza after that
epidemic than during it. These deaths
were reflected in two peaks of excess
mortality: one in the first three months
of 1958, the other in the first three
months of 1960. Indeed, in the course of
the 1960 wave of influenza 26,000 ex-
cess deaths were recorded, a larger toll
than that of the 1957 epidemic that had
been so widely publicized. In large
measure these 26,000 excess deaths were
those of people with damaged broncho-
pulmonary structures or chronic heart
disease. Speaking broadly, these are the
same people who are in danger of seri-
ous illness from continued exposure to
heavily contaminated air. It is true that
they can be protected against the risk of
influenza by vaccination. But how can
they avoid continued damage from pol-
luted air?

The control of environmental con-
tamination—whether of air, water or
food—raises formidable problems. The

case back to the combustion chambers. The other is an “after-
burner” (B), a special muffler that oxidizes carbon monoxide and
unburned fuel in the exhaust gases through a catalytic process.



contamination is not the work of evil
men or even slovenly neighbors, as were
the contaminations of 50 years ago. To-
day’s contaminations are the impersonal
consequences of a highly industrialized
society. Corrective measures must in-
evitably set up tremors across the whole
delicate network of that society. Public
health officials alone cannot be expected
to secure the acquiescence of the host of
private and public interests, business-
men, public officials, consumers and
taxpayers in the considerable expense
and effort that is necessarily involved.
What is needed is a citizens’ movement
in the environmental-pollution field like
the conservation movement of Theodore
Roosevelt’s day. The plant manager is
reluctant to raise the factory smoke-
stack 50 feet if nothing is done about
the open burning at the city dump, and
the city manager faces the same problem
in reverse. A citizens’ movement is
needed, above all, to secure the co-
operation of citizens—in minimizing pol-
lution by automobile, for example, by
proper engine maintenance. An aroused
public opinion has brought the establish-
ment of air-pollution control boards in
a number of communities across the
country, some of them interstate. In New
York and Los Angeles these boards op-
erate laboratories and have access to en-
forcement powers.

The formulation of effective public
policy on the problem of air pollution
requires an expanded research effort.
For some years the U.S. Public Health
Service has conducted a modest pro-
gram of high quality, covering the
sources and control of pollution at its
Robert A. Taft Sanitary Engineering
Center, in Cincinnati, Ohio, and seeking
epidemiological data through commu-
nity surveys such as are now in progress
in New Orleans, La., and Nashville,
Tenn. This work has gathered new im-
petus from the establishment of the Di-
vision of Environmental Health as one of
the major operating units of the Public
Health Service, with its own Environ-
mental Health Center to be set up along-
side the Service’s other great research
institutes. As a result one may now antic-
ipate a quickening of interest in this field
among medical scientists in the univer-
sities. The literature should soon show
the data so much needed on the preva-
lence of bronchitis-emphysema and pul-
monary heart disease. With an adequate
estimate of the cost to health of air
pollution, the public will be in a better
position to assume and allocate the social
cost of cleaning up the country’s urban
atmosphere.

BRONCHITIS-EMPHYSEMA is a chronic lung disease that is apparently aggravated by
air pollution. In the normal lung the air passes through the bronchial tubes to enter millions
of alveoli (A4), tiny cells in which the oxygen is transferred to the blood. In a diseased
lung the walls of many of the alveoli break down (B), causing a reduction in the amount
of membrane available to carry out the oxygen transfer. At the same time there is a narrow-
ing of the smallest branches of the bronchial tree (C), further restricting air exchange.
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GAS CHROMATOGRAPHY

A simple analytical method sharply separates components

of complex mixtures. When used to characterize perfumes
P P

and flavors, its sensitivity rivals that of the human nose

he most pervasive problem in

I chemistry and biochemistry is that
of determining the composition

of complex mixtures of matter. The re-
search chemist would like to know at
all times exactly what his test tubes and
flasks contain; the industrial chemist has
an equally urgent need to know the com-
position of materials flowing through re-
action vessels and distillation columns

by Roy A. Keller

and into product tanks. Within the past
20 to 30 years, in response to this need
for fast and accurate analyses, a number
of powerful analytical tools have been
developed. They include instruments
that measure how compounds absorb
ultraviolet and infrared radiation, in-
struments that determine atomic or
molecular mass and instruments that de-
termine how the magnetic properties of

SAMPLE IS INJECTED into a gas chromatograph by means of a syringe that can deliver
liquid samples as small as one hundred-thousandth of a cubic centimeter. Gas samples re-
quire a special valve arrangement to meter the sample through a chamber of known volume.
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atomic nuclei are influenced by different
molecular configurations.

One of the newest and most versa-
tile analytical techniques is gas-liquid
chromatography, usually referred to sim-
ply as gas chromatography. The name
is somewhat misleading; there is nothing
chromatic about the method or its re-
sults. The name comes from the original
method of liquid-solid chromatography
described in 1906 by Michael Tswett, a
Russian botanist. Tswett found that
when a solution of chlorophyll was al-
lowed to filter through a column firmly
packed with pulverized calcium carbon-
ate, the various fractions of the chloro-
phyll mixture separated into distinctive-
ly colored bands. He called the result a
chromatogram [see “Chromatography,”
by William H. Stein and Stanford Moore;
SCIENTIFIC AMERICAN, March, 1951]. A
useful variation of Tswett’s original con-
cept is paper chromatography, in which
compounds in solution migrate at dif-
ferent speeds across a sheet of porous
paper.

In gas chromatography the com-
pounds in a mixture migrate at differing
speeds when carried along by an inert gas
through a tube that has been packed or
treated in a special way. The method
was first suggested in 1941 by the
British chemists A. T. James and A. . P.
Martin. The method underwent develop-
ment in many laboratories beginning
around 1950, and the first commercial
instrument came on the market in 1955.
Today some 40 models of gas chromato-
graphs are being built by 20 U.S. and
a dozen European manufacturers. The
instruments are widely used for analyz-
ing complex organic mixtures such as
those commonly found in petroleum
products, essential oils, perfumes, flavors
and other substances of biological origin.
Samples containing as many as 76 dif-



TWO TYPES OF GAS CHROMATOGRAPH differ in the design
of the column where fractionation takes place. The instrument
at left uses the original type of column, a quarter-inch in diameter
and one to several meters long, packed with a pulverized inert
substance. The column illustrated is four meters long and is folded

.

4

twice. Instrument at right uses a capillary column, 150 to 300 feet
long, without packing, proposed by Marcel J. E. Golay, a consultant
to the Perkin-Elmer Corporation. A nonvolatile liquid carried
on the packing, or on the inside wall of the capillary tube, acts
as a partitioning agent and promotes fractionation of the sample.
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PREPARATION OF CHROMATOGRAPHIC COLUMN begins (top) with pulverized
diatomaceous earth, to which is added a viscous partitioning liquid dissolved in a volatile
carrier. The solvent is evaporated by heat while the coated powder is gently agitated (mid-
dle). The dried coated powder is packed into a tube with the aid of a vibrator (bottom).
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ferent substances have been successfully
analyzed in one pass. Analysis time is
typically a few minutes and sometimes
only a few seconds. Samples usually
range in size from a few hundredths to
a few thousandths of a gram. Some in-
struments can handle samples weighing
not much more than a millionth of a
gram, and in such samples they can
detect the presence of substances that
weigh no more than a trillionth of a
gram—about the weight of a single bac-
terium.

The fractionating column of a typical
gas chromatograph consists of a copper
or stainless steel tube about a quarter
of an inch in diameter and from one to
four meters long, though occasionally
much longer tubes are used. The tube is
packed with an inert material such as
firebrick or diatomaceous earth that has
been pulverized and coated with a non-
volatile liquid called a partitioner
[see illustration at left]. After the tube
has been packed it is usually bent
into a series of U turns or wound into
a helix so that it can be fitted easily
into an insulated box, the tempera-
ture of which is thermostatically con-
trolled.

The liquid selected as the partitioner
largely determines the performance of
the chromatograph. The partitioner must
not react with the sample being analyzed
and it must not be volatilized by the
stream of carrier gas that propels the
sample through the column. Above all,
the partitioner must show different af-
finities (to use an old-fashioned term)
for each of the substances likely to be
found in the sample mixture.

Partitioners that work well with one
type of sample may be completely use-
less for another type. As the sample is
moved through the column by the car-
rier gas, the partitioner must interfere
in a selective fashion with the progress
of each compound present, slowing up
the progress of some and letting others
travel through the column more swift-
ly. At the outlet of the column a de-
tecting device signals the emergence of
each different compound by activating
a recording pen on a strip chart.

In the search for good partitioners,
builders of gas chromatographs have
experimented with virtually every vis-
cous fluid, grease and low-melting-point
solid in the laboratory, including such
substances as silicone rubber, stopcock
grease and hydrogenated shark oil. This
eclecticism has sometimes had unhappy
results when excellent separations were
achieved with substances that could
never be duplicated, even when re-
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CHROMATOGRAPHIC SEPARATION takes place when a sample
mixture (black and colored balls) is driven by an inert gas through
a capillary tube coated with an immobile liquid called a partitioner.
In the original form of gas-liquid chromatography the partitioner

was deposited on a pulverized packing. The role of the partitioner
is to dissolve (and adsorb) various components of the sample in
differential fashion. After fractionation the separated components
pass through a detector, whose output is recorded on a chart.
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SIMPLICITY OF GAS CHROMATOGRAPH is among the virtues
of the instrument. The sample is swept by a carrier gas through a
specially treated column in which various components of the sam-

ordered by the same lot or batch num-
ber. In order to deposit the viscous par-
titioner on the pulverized support, the
partitioner is usually dissolved in a vola-
tile solvent that can be evaporated,
leaving the partitioner behind. Normally
the partitioner weighs from about a
quarter to a third as much as the pul-
verized packing in the column. The
coated particles should flow freely, and
there is some advantage in holding the
amount of partitioner to a minimum.

Et us now look more closely at what

happens to a collection of molecules
injected into the carrier gas moving
through the column of a gas chromato-
graph. Some of the molecules rapidly
dissolve in the liquid partitioner, and a
dynamic equilibrium is soon established
as they pass back and forth between the
liquid and vapor filling the interstices of
the column packing. At equilibrium the
concentration of molecules of each type
is a constant ratio in the two phases.
Molecules of compound A, for example,
may partition themselves equally be-
tween the liquid and vapor phase; mole-
cules of compound B, on the other hand,
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may be highly soluble in the liquid phase
and therefore relatively few of them will
be found in the vapor phase once equi-
librium is reached. In this case the mov-
ing gas will tend to sweep molecules of
compound A down the tube, leaving
those of compound B behind in the
liquid. Once the molecules of A have
been carried to a region containing fresh
liquid, however, some of them will re-
dissolve until a new equilibrium is
reached. By the same token, when fresh
gas passes over the liquid containing
molecules of B in solution, some of the B
molecules will enter the gas phase in
order to establish equilibrium. If we re-
gard the sample as a plug of molecules
moving through the column, we can
visualize a sort of molecular leapfrog.
The volatile molecules are continuously
being swept to the head of the plug,
where they redissolve; the less volatile
molecules fall to the tail of the plug, but
they too are continuously being picked
up and inched forward by the gas stream
pressing from behind. Eventually, if con-
ditions are right, all the molecules of
the more volatile components will be
carried clear ahead of those of the less
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ple migrate at different speeds. A detector measures the electrical
conductivity of the gas leaving the column as well as that of the
carrier gas entering the column. The difference, as determined by

volatile and a clean separation will be
achieved.

A major problem in the early days of
gas chromatography was to find a de-
tector that would respond quickly as the
separated compounds emerged in rapid
succession from the end of the fractionat-
ing column. The job of the detector is not
to identify the emerging compound but
merely to signal when the output gas is
carrying foreign molecules and when it
is not. Once this is known it is easy
enough to calibrate the output readings
by feeding samples of known composi-
tion into the instrument.

In their original gas chromatography
of fatty acids or amines (which are
organic bases) James and Martin passed
the output of their column through a
solvent that extracted the acids or
amines from the effluent gas. The collect-
ing was done in a series of small batches
so that the time of emergence from the
column could be recorded. Using a color
indicator, James and Martin could tell
when an acid or an amine emerged from
the column. They then titrated each
sample to determine how much acid or
base was present. The job not only was
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a Wheatstone bridge, is recorded on a strip
chart. The instrument can be calibrated by
analyzing samples of known composition.

laborious but also it lent itself to titrat-
able samples only.

A much simpler and more universal
solution to the detection problem was
finally found in the thermal-conductivity
cell. The cell utilizes the fact that the
electrical resistance of a heated wire
varies with its temperature. If a gas of
constant composition and flow rate is al-
lowed to pass over a heated wire, the
wire will be cooled a constant amount
and so register a constant resistance. If
a gas of different thermal conductivity
appears in the stream striking the wire,
the wire will change in temperature and
in electrical resistance, and this change
can be recorded in ink on a strip chart.

At least two other detection devices
have been developed for gas chromatog-
raphy. In both devices a change in gas
composition is signaled by a change in
the ionization—and hence the electrical
conductivity—of the gas stream. In one
device the gas stream is ionized (broken
up into electrically charged fragments)
by being passed through a hydrogen
flame; in the other device the stream is
ionized by bombardment with radia-
tion from a bit of radioactive material.

To obtain sharply defined gas-chro-
matograph records, called fractograms,
the instrument designer can vary the
pressure and flow rate of the carrier
gas, the operating temperature of the
column, the structure and particle size
of the column packing and, of course,
the nature of the liquid partitioner. A
considerable body of theory and em-
pirical art has grown up around the
solute-solvent interactions that underlie
effective partitioning.

For example, if one wishes to separate
a hydrocarbon and an alcohol having
nearly the same boiling point (e.g., 3-
methylpentane and methyl alcohol, both
of which boil at about 64 degrees centi-
grade), it is desirable to use a parti-
tioner that resembles the alcohol in con-
taining hydroxyl (OH) groups in its
structure. The hydrogen atom of the
hydroxyl group in the alcohol will tend
to form a bond with the oxygen atom
of the hydroxyl group in the partitioner.
The hydrocarbon will not form such a
bond and will therefore move through
the column faster. A relatively nonvola-
tile liquid containing hydroxyl groups
that can be used for this separation is
polyethylene glycol.

Offhand one might think that a parti-
tioner, to be effective, should show a
differential solvent action on each com-
ponent in a sample mixture. One might
then conclude that the solutes would
be retained by a partitioner in order
of their solubility. In practice, however,
this is not always true. The reason is
that solubility as conventionally meas-
ured with solvents in bulk—say in a lab-
oratory beaker—is quite different from
the solubility shown when a solvent is
thinly distributed over an enormous sur-
face area, as it is in a chromatographic
column. In the latter case a new factor
appears: the effect of surface adsorption.
A solute is said to be adsorbed if its con-
centration in the immediate region of
the surface exceeds that in the bulk
liquid. Adsorption can arise either at the
interface between the solid support and
the partitioning liquid, or at the inter-
face between liquid and gas, or it can
occur in both regions. Sometimes adsorp-
tion enhances the desired separation; at
other times it interferes with it. For ex-
ample, when alcohols are chromato-
graphed on a hydrocarbon partitioner,
they tend to displace the hydrocarbon
and fasten themselves to the support.

Considerable work has been done on
gas chromatographs that achieve sepa-
rations strictly by differential adsorption
on the solid packing, without help from
a liquid partitioner. This is called gas-
solid chromatography, and for certain
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sample mixtures in which the molecules
have much the same architecture it pro-
duces even sharper separations than gas-
liquid chromatography.

Until recently gas-liquid chromatog-
raphy was successful only with sample
mixtures whose components boiled with-
in about 50 degrees C. of one another.
When the boiling range was greater than
that, it was usually impossible to choose
a column operating temperature that
would sharply resolve both the least
volatile and most volatile components.
If the temperature was held low, the
more volatile substances would be re-
solved, but the less volatile would lag
behind and become spread out by dif-
fusion. By raising the temperature the
resolution of the less volatile could be
sharpened, but the more volatile would
then rush through the column and
emerge in a poorly resolved bunch. The

IONIZATION DETECTOR, one of three
principal types of detector used in gas chro-
matography, employs a hydrogen flame
to break up chemical compounds into elec-
trically charged fragments (ions). By meas-
uring the electrical conductivity of the ion-
ized gas at the column exit the detector
signals the passage of various fractions of
the sample. In this photograph the cover of
the detector has been removed and the nor-
mally colorless flame has been made visible.
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SEPARATION OF FOUR-CARBON HYDROCARBONS, which ated by different partitioning liquids: dimethylsulfolane (zop),

boil within a narrow range, is a familiar problem in the oil and silver nitrate in diethylene glycol (middle) and hexanedione (bot-
synthetic rubber industries. The molecular structure and boiling tom). The upper two fractograms were made on columns four
points of the principal four-carbon hydrocarbons appear at right. meters long operated at 25 degrees centigrade. Bottom fractogram
The fractograms (left) show how these compounds are fraction- was made on a column two meters long operated at zero degrees.
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answer to this problem has been found
in “temperature programing,” which
simply means starting the separation at
a low temperature and raising it in regu-
lar steps until the job is done. By this
procedure one can fractionate mixtures
whose components have a boiling range
as broad as 200 degrees C.

Actually it is not necessary for the
components of a sample to be anywhere
near their boiling points for gas chro-
matography to work. At the University
of Arizona we have analyzed samples of
volatile inorganic halides (for example,
niobium chloride) at temperatures near
their melting point, or in the vicinity
of 250 degrees C. Other investigators
have operated machines at 500 degrees
C. that will chromatograph compounds
boiling as high as 625 degrees C.

’Xn important advance in the design
+ X of gas chromatographs was made
about 1956 by Marcel ]J. E. Golay, a
consultant to the Perkin-Elmer Corpora-
tion. Golay, a student of information
theory, conceived the improvement after
making a theoretical study of the migra-
tion of a solute through a packed col-
umn. In the fashion characteristic of
theorists he sought a simplified model to
substitute for the actual highly complex
situation prevailing in a tube packed
with porous particles of random shapes
and sizes. He selected for his model a
bundle of capillary tubes, equal in diam-
eter to the granule size of the packing,
which were evenly coated with the
partitioning medium. Upon analyzing
his calculations Golay concluded that
a single, very long coated -capillary
tube would achieve separations equiva-
lent, if not superior, to those produced
by packed columns and do so in a
much shorter time and under less severe
conditions of temperature and driv-
ing pressure. Golay met his skeptics
by preparing some of the first col-
umns himself. They amply fulfilled his
predictions.

Commercial columns of his design
usually employ a capillary tube having
an inside diameter of .01 inch. The
tubes, ranging from 150 to 1,000 feet in
length, are coiled into a compact helix
[see illustration at right on page 59]. If
these fine capillary columns are not to
be flooded, the sample size must be
extremely small, usually about five-mil-
lionths of a cubic centimeter in liquid
volume, or about five-thousandths of a
cubic centimeter after vaporization. To
obtain such minute volumes a sample
some 20 times larger is vaporized and
shot through a stream splitter that ad-
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PERFORMANCE OF OLD AND NEW INSTRUMENTS is demonstrated by fractograms
of two similar essential oils: the terpene fractions of lemon oil and lime oil. When analyzed
on a standard two-meter packed column, the two oils produced the upper pair of fractograms.
When analyzed on a 175-foot capillary (Golay) column, they produced the detailed lower
pair. The peaks labeled “6” are made by limonene (C,,H,¢), which has a lemon-like odor.
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FRACTOGRAMS OF POTABLE SPIRITS provide a sensitive measure of volatile com-
ponents that influence taste and aroma. These analyses confirm that Scotch and gin contain
fewer such components than bourbon. (Isoamyl alcohol is fusel oil.) Samples were run
on a two-meter packed column. Peaks were identified by adding various known compounds
to a whiskey that had previously been analyzed. Analyses were made by Robert B. Carroll,
a chemical consultant, and Lawrence C. O’Brien, then at the Perkin-Elmer Corporation.
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mits about 5 per cent to the column and
discards the remainder. Ordinarily a few
minutes to half an hour are required for
such samples to migrate through the
column. As an extreme example of what
can be achieved with a capillary column
and a highly sensitive detector, it has
been possible to record 14 peaks—each
representing a separate compound in a
sample of closely related hydrocarbons
—in less than two seconds.

-'I‘he areas under different peaks in a
fractogram are roughly proportional
to the fractional amounts of each sub-
stance in the original sample. With care
the method is accurate to about 2 per
cent. In general the investigator has two
methods for discovering exactly what
substance is represented by a particular
peak. The commonest method is to use
samples of known composition to cali-
brate the machine. Alternatively he may
isolate the column effluent that produced
a given peak and characterize it by some
suitable analytical technique, for exam-
ple by using an infrared spectrophotom-
eter or a mass spectrometer. The gas
chromatograph will separate not only
compounds with closely similar proper-
ties but also various forms of individual
compounds. In organic chemistry almost
all but the simplest compounds can exist
in two or more forms known as isomers.
These are molecules containing the same
number and kind of atoms fitted to-
gether in different geometrical arrange-
ments [see illustration on page 64].

In some cases gas chromatography
provides direct clues to compound iden-
tification. The volume of gas, called the
retention volume, that precedes a partic-
ular solute through the column depends
on the nature of the solute, the choice of
partitioner and the temperature. Within
limits, retention volume is not overly
sensitive to length of column, driving
pressure, flow rate or the amount of par-
titioner employed. As a result one can
determine retention volumes for various
compounds of interest and use these vol-
umes for identifying unknown samples
[see illustration on opposite page]. A
considerable effort is now being made
to utilize gas chromatography for de-
termining the structure of molecules by



relating retention volume to particular
molecular configurations.

Much of the explosive growth of gas
chromatography can be attributed to the
petroleum industry, which has to deal
with materials of extraordinary complex-
ity. Crude oils commonly contain more
than 150 different hydrocarbons, many
of them isomers of each other. For sepa-
rating them gas chromatography has
proved a powerful tool. Oil firms have
now begun to use gas chromatographs
for continuous monitoring of process
streams in the refinery. Chromatographic
analyses will be transmitted to a com-
puter, which will automatically calculate
the optimum operating conditions for
catalytic cracking towers. Gas chroma-
tography is almost the only method
available for detecting certain catalytic
poisons that impair the polymerization
process when present in concentrations
of only 50 parts per million.

Automotive engineers use gas chroma-
tography for analyzing the exhaust of
engines under a variety of operating
conditions with various fuels. The re-
sults are used to improve both engines
and fuels and also contribute to a reduc-
tion in the air pollution created by en-
gine exhausts.

Elsewhere, fractograms are rapidly re-
placing the opinions of “sniff and taste”
panels as a method of assaying the uni-
formity of instant coffees, blends of
whiskey and many other products whose
commercial acceptance depends on sub-
tle flavors and aromas. In such products
gas chromatography can often detect
trace components present in only one
part per billion. It is, in fact, the first
analytical instrument to rival the human
nose in sensitivity.

Before long one can reasonably expect
that gas chromatography will be used
not only as an analytical tool but also as
a method of preparing ultrapure mate-
rials. Columns are now operating that
can refine and separate the components
in batches about one ounce in size. If
the process can be made continuous, it
should be able to provide laboratory
chemicals and even commercial com-
pounds having a wholly new order of
purity.

Recently Donald E. Johnson, Sara
Jo Scott and Alton Meister of Tufts
University announced success in a long-
sought goal: separation by gas chroma-
tography of derivatives of the amino
acids. The method may prove superior to
the liquid-solid chromatographic meth-
od, employing a column packed with
ion-exchange resins, that has been wide-
ly used for the analysis of the amino
acids in proteins [see “The Chemical

Structure of Proteins,” by Wiliiam H.
Stein and Stanford Moore; SCIENTIFIC
AMERICAN, February].

A gas chromatograph of remarkable
capabilities is now being developed by
the Aerojet-General Corporation and the
Jet Propulsion Laboratory of the Cali-
fornia Institute of Technology; it will be
placed aboard the Surveyor moon probe
scheduled for launching in 1963. Upon
reaching the moon the probe will pick
up samples of lunar crust, grind them
and feed them into a heater, where they
will be pyrolized. The gas chromato-
graph will include two types of detector
to analyze samples pyrolized at 150,
325, 500 and 1,000 degrees C. The heat-
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er and chromatograph must consume no
more than 10 watts of current. The
whole apparatus must weigh no more
than 11.5 pounds and must fit inside a
box measuring 8 by 8 by 10 inches.
Finally, to withstand the shock of land-
ing on the moon, it must tolerate a de-
celeration force equivalent to 100 times
the force of gravity on the earth. An
important objective of the lunar chro-
matograph is to learn whether or not
the moon’s crust contains complex or-
ganic compounds of the type associated
with living matter. This is an impres-
sive assignment for an analytical tool
that has come into general use only
within the past five or six vears.

NORMAL ALKYL ALCOHOLS

4 5 6

CARBON NUMBER

COMPOUND IDENTIFICATION is often possible with gas chromatography when the
sample is known to contain one of a limited number of compounds. For example, normal
alkyl alcohols, whose carbon atoms form a straight chain, require a greater volume of car-
rier gas to drive them through a given column than isoalkyl alcohols having the same num-
ber of carbon atoms in a branched chain. Thus if an unknown four-carbon alcohol has a
retention volume of 750 cubic centimeters of carrier gas (square), one can be sure it is
isobutanol and not normal butanol, which would have a retention volume of about 1,000 c.c.
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The Ecology of the High Himalayas

Around 15,000 feet the slopes below Mount Everest support a typical

alpine community of plants and animals. Above this altitude there is

a unique community that is founded on wind-blown organic matter

r I Vhe several parties of adventurous
climbers who have stood on the
summit of Mount Everest during

the past decade have not tarried there
long enough to find out whether or not
the top of the earth harbors any per-
manent inhabitants. It may be that the
upper limit of the settled community of
life lies somewhere below on the flanks
of the mountain. Little is known about
the ecology of the high Himalayas un-
der the lofty peaks of Everest, Kanchen-
junga, Makalu and Cho Oyu. This area,
embracing some 2,000 square miles of
wilderness high above the tree line, is
without vehicles or laboratories. The in-
vestigator is only as good as his lungs,
legs and endurance; he must walk and
climb for a month to acclimatize himself,
and even then, in the thin air among the
barren rocks, he finds it difficult to shake
the impression that he is only one step
from the moon.

Lack of air sets the primary ceiling
on the altitude to which a man may climb
and function. But the black, yellow-
billed birds called choughs (Pyrrhocorax
graculus) visited the high camps of early
Everest expeditions at nearly 27,000
feet, and last year the Indian expedition
to Everest found the frozen carcass of
an eagle at over 25,000 feet. The British
explorer George Lowe, who has spent
as much time as anyone at mountain
altitudes above 23,000 feet, has told
me of watching from the slopes of
Everest while a flock of bar-headed
geese (Eulabeia indica) flew in eche-
lon directly over the summit. On an
April night from a camp at 15,000
feet on Barun Glacier, I myself have
heard the distant honking of these birds
flying miles above me unseen against
the stars over Makalu, on their way to
the lakes of Tibet. It is known that the
bar-headed geese start from the lakes of
India at sea level and complete their
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spring migration in a single majestic
flight; one can only speculate on what
adaptations permit them to accomplish
this feat. All of these birds, however,
must be reckoned along with men as no
more than occasional and transient visi-
tors to the high places of the Himalayas.

The first creature credited as a per-
manent resident of the extreme heights
of these mountains was a species of
jumping spider (family Salticidae).
Several immature specimens were col-
lected at 22,000 feet on Mount Everest
by members of a British expedition
in 1924. For many years this find was
a subject of controversy. Small spi-
ders can be carried great distances by
their air-borne threads, and it was ar-
gued by some that the Everest spiders
had been carried up the side of the
mountain by the wind. Those who in-
sisted that the spiders had been col-
lected from their native habitat had to
solve a problem of logic. Spiders are
universally predaceous; it was necessary
to show that there were insects as well
as spiders at 22,000 feet. Furthermore,
there would have to be plant food for
the insects. The collectors had seen
neither plants nor insects, only rock and
ice. One partisan advanced the self-
defeating notion that the spiders ate
other spiders. Spiders do eat other spi-
ders, but this would scarcely provide the
basis for a permanent population, at
any altitude.

[_\s a student of the ecology of the

alpine regions of North America, I
had my first opportunity to look into the
enigma of the jumping spiders of Mount
Everest in 1954 when I accompanied
the American Himalayan Expedition to
Makalu. (Last year I made a second trip
to the region, on an expedition led by
Sir Edmund Hillary and sponsored by
the World Book Encyclopedia.) At first
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it seemed that these spiders were truly a
wind-blown myth. There were no jump-
ing spiders of any species seen during my
first month of acclimatization on the
lower slopes of the mountain.

Spiders of many other kinds, how-
ever, were observed occupying easily un-
derstandable environmental niches. Be-
low the tree line, at 13,500 feet, in the
sheltering fir and rhododendron forests,
there were orb-weaving spiders. For
some distance above the tree line the
irregular webs of theridiid spiders were
common, but these disappeared with the
shrubs. In the higher regions I collected
grass spiders of the family Agelenidae.
Still higher there were ground-hunting
wolf spiders of the family Lycosidae, but
these became scattered and infrequent
in the rock-strewn slopes at 17,000 feet.
Above this level there were some plants
and hidden insects, but spiders—even
wind-blown spiders—were not to be
seen. At higher levels the south-facing
slopes of the range were sheathed in
massive ice.

The alpine zone of the Himalayas,
above the tree line and below the upper
limit of green plants, supports the com-
plete sort of biological community that is
observed in other comparable regions of
the world. The heights to which it
reaches are a function, from place to
place, of local conditions, determined
especially by the altitude of the snow
line, the character of the soil, the avail-
ability of water in the liquid state and
the exposure of the mountain slope to
sunlight. Up to 17,000 feet there is still
what can be called a plant cover, domi-
nated by dwarf rhododendron (Rhodo-
dendron setosum and R. anthopogon)
and juniper (Juniperus squamata) and
including various grasses, sedges, buck-
wheats, gentians and small primulas,
plus the sandwort (Arenaria), edelweiss
(Leontopodium ), rock jasmines, (Andro-
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CAMP IN THE HIMALAYAS was pitched at 18,000 feet on Barun white peak in background is Lhotse; next highest to right is Everest.
Glacier during 1954 American Himalayan Expedition. The highest Photographs on this and following page were made by the author.

HIGHEST KNOWN PLANT, a cushion plant (Stellaria decum- PINKS (Parrya lanuginosa), named for their color, were found
bens), was found at 20,130 feet on the northern slope of Makalu. at 18,500 feet on Makalu. At upper left is a small brown sedge.
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PATCH OF PLANT LIFE growing on a “shelf” of a slope appears view is down the slope. The shelf is an area of water drainage.
as a dark oval at right in this photograph taken at 19,300 feet. The The snow seen farther down the slope is part of Barun Glacier.

BARREN ARID ZONE below a snowcap is seen from 20,000 feet. rise to surface water or streams. Although no plants were found,
The barrenness of the area indicates that the snowcap does not give there were springtails (small wingless insects) under the rocks.
70
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sace), sagebrush (Artemisia) and joint
pines (Ephedra).

Insects are common in this region up
to 16,000 feet. At these altitudes I have
collected ants, bees, wasps, flies, butter-
flies, moths, beetles, true bugs, aphids,
leaf hoppers, stone flies, May flies, thrips
and grasshoppers. The behavior pattern
of many of the insects illustrates a spe-
cial feature of the environment at high
altitudes: the sudden and extreme tem-
perature changes that produce a variety
of microclimates, which change from
hour to hour in the course of a day. Fly-
ing insects disappear at night into crev-
ices and holes. When the sun is shining,
they are remarkably active; in cloudy
weather they behave erratically. It is a
common sight to see bumblebees and
flies running on the ground or actually
lying torpid beside a rock. More strik-
ing is the behavior of some butterflies:
they not only come to earth during
cloudy weather but lie on their sides in a
manner most unbecoming to butterflies.

The common ground-hunting wolf
spiders appear to be more resistant to
cold than their insect prey. I have seen
them active in the open when the snow
was falling. They were carrying captured
insects. To all appearances they had tak-
en advantage of the sunless hours to seize
ordinarily more active prey in the state
of numbness and torpidity brought on
by the cold. These observations are ex-
plained by the temperature curves that
determine the changing microclimates
[see illustration on page 73]. In the late
afternoon, when the sun has sunk below
the surrounding mountains, the warmest
available environment is the surface of
the ground. It is at this time, when flying
insects are seeking night shelter, that
the ground spiders go abroad.

The temperature of melting snow
hovers around 32 degrees Fahrenheit in
sun or shade. I have seen daddy longlegs
(phalangids) running on snow in the sun;
their activity showed that their body
temperature was much higher. I found
one phalangid that had somehow been
trapped in the snow. The heat of its black
body had melted the snow and the help-
less creature, in spite of its long legs, had
slowly descended into a self-made hole,
where it had frozen. In the sunlight on
snow a black phalangid may have a body
temperature approaching 90 degrees F.;
fortunately its long legs keep its body
away from the snow. A black insect on
the snow, unless it could live on the film
of melting surface water, may well be
doomed to sink into the snow.

At night a black-bulb thermometer SUMMIT OF EVEREST (center) is seen from southwest in this aerial photograph. Rock near
EXpOSGd to the Sky records a lower tem-  summitis exposed and wide snowless areas on mountains to the north extend up to 22,000 feet.
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perature than a sheltered instrument.
This is a measure of the intense re-
radiation of heat to the night sky. Hence
the environment of nocturnal animals is
very cold. Mammals such as mice, foxes
and snow leopards find their lairs or
shelters below ground, where the daily
temperature variation (as indicated by
the curve for ground temperature at a
depth of six inches) is much narrower.
This is the warmest available secluded
environment; if the nocturnal mammals
slept in the sun, they could well be too
warm. On the same mountainsides,
therefore, insects live in a tropical en-
vironment side by side with mammals
that lead their active lives in an arc-
tic world of subfreezing temperatures.
These are the extremes, and the habits
of other animals fall between them. In-
dividual differences in behavior and abil-
ity to move from one place to another
thus provide opportunity for members of
the alpine community to find a wide
variety of environments.

Since most reports of the Himalayan
snow line refer to an elevation of about
17,000 feet, it may not be apparent how

life can extend upward to more than
20,000 feet. The southern faces of the
eastern Himalayas are exposed to a
snowy deluge between June and Sep-
tember, and the snow on the outlying
peaks may accumulate at 15,000 to
16,000 feet. Deeper in the range—to-
ward Tibet—the precipitation drops off
rapidly. Beyond the highest crest, in
Tibet itself, it may decline to less than
15 inches. The northern gradient of the
lighter snowfall gradually lifts the alti-
tude of the snow line. In the innermost
Himalayas, where there is less cloudi-
ness and correspondingly a greater in-
tensity of sunlight, the very term “snow
line” becomes inappropriate. Tongues
of snow descend to 18,000 feet, but vast
areas are snowless with rocky extensions
rising to great altitudes. If there is a con-
tinuous slope, and if the mountain mass
is sufficiently large, the snowless rock
may reach to 23,000 feet.

Near the end of May in 1954 our ex-
plorations led us up the glaciers toward
the northern slopes of Makalu. Here,
near the crest of the Himalayas, where
the heaplike ridges of Tibet stand in
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LIFE AT EXTREME ALTITUDES of 19,000 to 22,000 feet in the
Himalayas is represented on this map by a group of small black
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sharp contrast to the more heavily
snowed slopes to the south, the environ-
ment changed abruptly. At the upper
limits of the alpine zone there were large
regions bare of snow. And we could see,
on the northern shoulders of Mount
Everest, the same rock and snow but-
tresses where the jumping spiders had
been collected 30 years before. In this
setting, at 18,000 feet on the bare rocks
beside the glacier, my eye was caught by
the unmistakable bouncing and hesitat-
ing movements of a small black salticid
spider. From this point to above 20,000
feet they were the only spiders collected.
They were indeed permanent resi-
dents of a most unusual and desolate re-
gion.

After some study it became apparent
that the spiders had available as prey a
sparse population of anthomyiids: little
flies that resemble the common house-
fly. These they stalked in the sun. When
the sun was obscured by clouds, the
spiders retreated under the rocks. Here
they preyed on springtails: crawling and
jumping insects of the order Collembola.
Anthomyiid flies and springtails are for

= A -\ EAST PAKISTAR -

areas. The gray areas are lakes. The land area above 13,000 feet
is in color. The numbers in parentheses indicate altitude in feet.



the most part fungus-eaters or live on
rotting vegetation. Plants and the fungi
that promote their decay, although scarce
and scattered, still persist at these alti-
tudes.

In addition to the anthomyiid flies and
springtails, the salticid spider may have
another prey; the pupal case of a fly
found on one occasion under a rock car-
ried the neat round emergence hole of
an unknown insect parasite. The salticid,
in any event, is the primary predator
of this supremely simple food chain.
Herbivorous and predaceous mites, to-
gether with small centipedes, may range
above 19,500 feet, but they were not col-
lected above 19,300 feet. Once I found
the nest and eggs of a snow partridge
at nearly 19,000 feet; this bird feeds on
roots and leaves far above that eleva-
tion. All other animals observed at these
altitudes appeared to be transients.
Among them are scavengers such as
choughs, lammergeiers (Gyptaétus bar-
batus) and Himalayan griffon vultures
(Gyps himalayensis) that follow man
and his domestic animals wherever they
go. Domesticated yaks and sheep will

wander wherever plants are available,
and the same is true for wild sheep such
as the bharal (Pseudois nahura). These
animals are preyed on by snow leopards,
which together with wolves and foxes
may pursue them in their wanderings to
very high altitudes. The small Tibetan
weasel (Mustela altaica), which seeks
out the eggs of snow partridges, is capa-
ble of raiding over wide areas wherever
snow partridges are found. Mice of
various kinds and small mouse hares, or
pikas (Ochotona ladacensis), have been
recorded at 19,500 feet, but they are
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more characteristic of the lower-altitude
communities, where they provide a basic
tood for predators.

t about 20,000 feet the community
« X of life thins out drastically. Plants
become restricted to two general types
of niche. They congregate where there
is some subsurface drainage of water
from a higher snow field, and they grow
around the base of rocks. Plants such
as the sandwort, edelweiss, the flufly
Saussurea and gentian, which are more
general at 16,000 feet, appear to grow

SOIL TEMPERATURE (SIX INCHES BELOW SURFACE)
GROUND-SURFACE TEMPERATURE
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FLYING INSECTS (ACTIVE)

NOCTURNAL MAMMALS (ACTIVE)
NOCTURNAL MAMMALS (INACTIVE)
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ACTIVITY OF INSECTS AND MAMMALS at 16,000 feet on
Ripimu Glacier in eastern Nepal was recorded by the author
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on October 10, 1960. The “Exposed-black-bulb temperature” is
most representative of the environmental temperature of insects,
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MAKALU AND VICINITY were visited by the 1954 American
Himalayan Expedition, in which the author participated. The map,
keyed to legend at right, shows the distribution of plant life in the
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region around Makalu and the location of the salticid spiders found
by the author, as well as the route of the expedition (colored broken
lines) and its camps (roman numerals). Numbers indicate altitude
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only in the rock-base niche at these high-
er elevations. The grasses and sedges,
which are hardier, become circumscribed
to the same niche but at correspondingly
higher elevations. At 20,130 feet I found
a small cushion plant (Stellaria decum-
bens) and in this area no evidence of
other plants. It seemed that this was near
the upper limit for flowering plants; in
all likelihood 20,130 feet stands as the
highest altitude at which any living plant
has been collected. There were, how-
ever, many additional slopes I did not
succeed in exploring; it is reasonable to
expect that flowering plants can be
found still higher.

Lichens, so often considered a char-
acteristic feature of high altitudes, are
scarce, small and often dead at eleva-
tions of above 18,000 feet in the Hima-
layas. These plants are dependent on
surface water, and their miniature size
and infrequency point clearly to the
dessicated state of the environment.
Water as a liquid is largely confined to
the subsurface and, except for glacial
pools or snow fields covering an imper-
vious base, is rarely seen. In addition,
the extremely small quantities of water
vapor in the air may preclude the forma-
tion of dew. On the dry, rocky slopes the
availability of water is perhaps the
major limiting factor for life. The con-
centration of plants in wetter spots be-
low the drainage points of snow fields
brings the lichens once more into evi-
dence. But the lichens do not appear
here in their usual role as pioneers on
rocks; they occur rather as secondary

AEOLIAN: NO FLOWERING PLANTS

ALTO-ALPINE: ROCK-BASE PLANTS

e XEROPHYTIC ALPINE:
SLOPE AND SCREE PLANTS

e DRY
WET

DWARF RHODODENDRON
(AND JUNIPER)

SHRUB RHODODENDRON

TREE-RHODODENDRON
AND CONIFER FOREST

SALTICID SPIDERS

in feet. The aeolian zone, which is discussed
in the text, is a new life zone containing
insects and other organisms but no plants.

growths, entangled in the spongy heads
of prostrate rooted plants. Their position
and form are mute testimony to the pres-
ence of subsurface water.

A small patch of yellow or pink flow-
ers on a barren, rock-strewn slope calls
attention dramatically to the rock-base
niche. It is obviously a favored locality,
but it has been somewhat neglected in
ecological studies. Whereas this niche
may be a conventional matter at lower
elevations and in the family garden, at
high altitudes it is something special.
Some of these unusual qualities become
evident after a snowfall. Rocks tend to
protrude from the snow and, in contrast
with the snow, which reflects the light,
the bare rock surface absorbs radiant en-
ergy from the sun. Snow in the sun at
high altitudes sublimates into vapor
rather rapidly and melting is dimin-
ished. Next to the rock, however, the
temperature increase is such that the
snow melts rapidly and the water seeps
under the rock, where its evaporation
is slowed.

In addition to these manifest advan-
tages, the rock-base niche possesses a
more subtle attribute. The lee side of
the rock is an efficient trap for wind-
blown debris. Dead insects blown high
onto snow fields indicate clearly that
winds transport larger materials, but the
most significant debris is pollen. Juni-
per bushes produce huge quantities of
pollen, and tents pitched some distance
away from these shrubs may acquire a
yellowish cast. In addition, the many
high-altitude flowers seem to carry more
pollen than equivalent species at lower
altitudes, and the relatively large num-
ber of pollinating insects emphasizes
this apparent abundance.

I was not able to verify the actual trap-

ping of wind-blown pollen by rocks.
But the quantities of dust and soil fill-
ing the spaces beneath tilted rocks
seemed to suggest that pollen could not
avoid being captured by the reverse
wind currents on the lee side of obsta-
cles. The most convincing evidence was
a collection of fluffy seeds under a rock
situated far beyond the highest level of
growth for the plant. It seems that much
more organic debris is blown onto a
mountain than off it. The rough slopes
transform the whole range into a sort of
immense debris separator.

Springtails generally turned up under
rocks wherever there were plants or
some indication of plant remains. Yet
under rocks on totally barren slopes at
nearly 20,000 feet, on which there was
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no visible indication of plants, past or
present, some springtails could still be
found. In such a location the presence
of these tiny insects clearly suggests that
they subsist on wind-blown organic
debris. If so, they must surely be pres-
ent at still higher altitudes, far above the
level at which flowering plants can sur-
vive. Thus in the fastness of the Hima-
layas, beyond the true alpine zone that is
delimited by the presence of green
plants, there is a new ecological system
to be explored: the supra-alpine or aeo-
lian community, sustained by wind-
blown debris.

The springtails and the salticids and
whatever other creatures share this
realm with them would require some
moisture and therefore periods of time
when the rock-base niche experiences
temperatures above freezing, but a con-
sistent and prolonged growing season
would not be necessary. Surprisingly,
the maximum temperature recorded on
a sunny day may be higher at higher
altitudes. At 18,000 feet I have recorded
92 degrees F. on the rock surface and 60
degrees F. at a six-inch depth in sandy
soil. The air temperature in the shade
was 55 degrees F. All these temperatures
were higher than equivalent recordings
at 16,000 feet. With increasing altitude
there is less atmospheric absorption of
transmitted radiant energy, and in gen-
eral at these highest altitudes there is
less effective cloudiness. Furthermore,
since the higher slopes and ridges are
less frequently in the shade of still higher
ridges, in good weather they receive
more intense sunlight for longer periods.
It may be less obvious why the high
peaks also become so cold. The answer is
that, with decreased density, the air no
longer delays the heat loss by reradiation
during intervals of darkness and cloudi-
ness; snow and ice eventually supervene,
and the hottest sun cannot reach the
energy-trapping rock base through this
reflecting surface.

Nevertheless, where the concentration
of winds or the angle of slope prevents
the accumulation of snow, surface tem-
peratures above freezing may be ex-
pected at enormous altitudes. Certainly
the Everest spiders bear this out: they
were not frozen at 22,000 feet. Icicles
hanging from rock faces at even higher
elevations confirm the fact that thawing
temperatures do occur. Climbers have
told of experiencing uncomfortable
warmth at great altitudes. Jung Marmet
and Ernst Schmidt, who climbed Ever-
est in 1956, actually removed their
down-filled clothing because of the heat
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at an altitude of 28,000 feet. Such con-
ditions can only prevail in sunshine and
when the wind is reduced, but they are
not infrequent on mountain summits.
Photographs made on the summit of
Everest by Sir Edmund Hillary in 1953
and Adolf Reist in 1956 (one of two
men of the Swiss expedition to reach the
summit) reveal a snowless expanse of
rock and scree on a gentle slope only a
few feet from the highest point. It is
interesting to speculate whether spring-
tails could survive here. There would in
all likelihood be some organic debris
even in this outermost part of the earth,
and temperatures above freezing on
occasion in some favored, wind-sheltered
cranny might well occur. If springtails
could not survive for lack of moisture,
perhaps fungi or fungus-like bacteria,
acting on microscopic quantities of
pollen, may be present.

Barren and hostile to life as the aeolian

province appears, a more forbid-
ding environment is that which is pre-
sented at lower altitudes by the freshly
cut rock rubble that covers a glacier.
Here the angular slabs move and tum-
ble, leaving gaping chasms and black
voids between the boulders. A rest-
ing bird or an occasional transient fly
seems to come from another world
where there is life. Terrestrial man,
when he dares to enter this domain,
moves slowly and dangerously. It is a
place to shun.

In just this sort of ungenial waste-
land I was astonished to find at alti-
tudes between 17,500 and 19,000 feet
some large and active insects that are
apparently confined to this incredible
niche. They were dark-colored glacier
fleas (Machilanus) belonging to the
family Machilidae in the order Thysa-
nura. Machilids are supposedly scaven-
gers; this species could live, therefore,
on wind-blown debris. They would sun
themselves on the rocks until ap-
proached, and then, by strong flexing
movements of their bodies, they would
leap in random bounds to avoid capture.
Time and again they would fall off the
rocks and disappear into the dark gulfs
deep in the glacier. It seemed as if they
could never return to the surface.

It is curious that the animals that
survive in the most inhospitable places
and are pioneers in the zones beyond
plant life are members of the orders
Thysanura and Collembola, the oldest
and most primitive insects. Perhaps
there is a distant analogy between the
highest altitudes and the sterile land
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of the Silurian period, when air-breath-
ing arthropods evolved from their
aquatic ancestors. These same primi-
tive insect types may have been among
the vanguard of animals on land, and
it may be that the first land animals
fed on the wind-blown debris that ac-

LAMMERGEIER (Gyptaétus barbatus), seen here with a fledgling,
is one of the largest flying birds. A scavenger that resembles both

78

cumulated among the barren rocks of
the world beyond the fringe of shore
plants.

There is also an analogy between high
altitudes and the deep sea. Both environ-
ments range beyond the limits of photo-
synthetic plants, and the inhabitants of
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these opposite realms survive on debris.
Estimating on the basis of the abun-
dance of life, it would seem that the
ocean bottom, with its efficient gravity
feeding system, is less hostile than the
dry and frigid peaks that are provisioned
by wind.
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eagles and vultures, it is found in mountainous regions from the
Pyrenees to northern India. Photograph was made by Eric Hosking.



Kodak reports on:

time-lapse at the professional,level. .. the pencil that enrages the mind...
Ektaline, sweet Ektaline . . . playing tag and other games

Clear, steady movies

This is a professional mo-
tion picture camera. It is
T called the Kodak Reflex
4 Special Camera (16mm). Its
price is $1895. (Any ama-
teur who buys it imperils
hisamateur status, but that’s
his lookout, not ours.) For
a professional camera the
price is remarkably low,
particularly since it is the
latest and most versatile of
professional 16mm cameras
and everybody knows that
the cost of professional
equipment in most fieids rarely goes in any other direction
than up. The base price includes a removable synchronous
motor for 24 frames/sec, both 400- and [00-foot film
chambers, and a Kodak Cine Ekton Lens, 25mm f/1.4. An
accessory is available for any kind of time-lapse photog-
raphy. Another accessory records synchronized sound.
Etc., etc.

However long this recital were spun out, we doubt that the per-
son for whom we spent 10 years making this camera is the kind
who would commit himself on the strength of this ad. If he will
signify his interest to Eastman Kodak Company, Motion Picture
Film Department, Rochester 4, N. Y., we shall work out some
arrangement to bring him, the camera, and its accessories together.

Forced drafting

The truly creative mind tends to shy away from the petty
problems of the drafting room. Then the creative mind gets
angry and upset when damnable antiquated drafting pro-
cedures impede the swift and smooth transformation of its
output into physical reality. Perhaps the petty problems are
worth a few moments of the creative mind’s time. They have
solutions like

* speeding revision of drawings by picking up photographi-
cally everything from the existing drawing that is to appear
in the revision

e converting drawings into rigid, dimensionally stable, non-
staining, non-glaring, long-wearing overlays for contour
projector screens

e making working drawings out of photographs of existing
equipment instead of drawing everything

« photographic templates for standard or repeating elements
in a drawing

e photographic intermediates for protecting original draw-
ings, restoring old and worn ones, or avoiding waits for
extra prints.

The Kodak Compass is an irregular publication that will be sent
free to whoever in your organization ought to be concerned with
such matters. The first issue deals very plainly with pencils, irks,
and eradication techniques for the new Estar Base drawing-repro-
duction films. Submit names to Eastman Kodak Company, Graphic
Reproduction Division, Rochester 4, N. Y. Same address for quic
answers to questions stirred up by these remarks.

THIS paper

“My husband sells oscillograph paper. Competition is fierce.
He comes home beat every night.”

Few overhearing her would know what the poor soul is
talking about, yet she speaks the truth. With research and
development activity now constituting such a respectable
fraction of the Gross National Product, oscillographs prob-
ably outnumber pickle barrels in this country at the present

This is another advertisement where Eastman Kodak Company probes at random for mutual interests

time. Oscillographers are correspondingly numerous. Meth-
ods that one sect of osciilographers prefers above all else
another sect can’t see for dirt. One sect prefers automatic
oscillogram processors. Paper manufacturers like us find
their favor worth competing for. Therefore we announce a
new advance in media for their use.

An advance in the old art of papermaking came first. Then
new emulsions were devised to work properly with the new
base. Then proper processing chemicals were devised for the
new emulsions. Then the combination was extensively proved
out under practical conditions of use by parties interested
only in end results and hardly at all in the how and why.
They found that
1. THIS paper dries thoroughly at high processor speeds
without creases. 180 in./min. is not too fast.

2. THIS paper gives trace lines that stand out as black as
the ace of spades. Background is nice and clean.

3. THIS paper isn’t fussy about how long it sits around be-
fore use. O.K. to keep plenty on hand.

4. THIS paper is rugged. No cracking, no crumbling.

5. THIS paper holds its dimensions. Justifies careful meas-
urement.

“THIS won’t do for a trademark.(The code name for the field trials
was “Kind 1534.) Let’s call it Kodak Ektaline Paper. It comes in
the two usual speeds for oscillographs, Kodak Ektaline 16 Paper
and Kodak Ektaline 18 Paper. Kodak Ektaline Chemicals come
as liquids. The stabilization principle used in the automatic oscillo-
gram processors came from Kodak, too. An inquiry to Eastman
Kodak Company, Photorecording Methods Division, Rochester 4,
N. Y., puts everything in place right up to the moment.

A speculation in indium
H}C—- ?:CH-%_ CH3
(o] 0

_ . N
RV 2 i
CH
RS &
HSC—C—-O \0=C_.CH3

We may look back upon Tris(2,4-pentanediono)indium (East-
man 8015) as marking one more stage along chemistry’s
road from cookbook to quantum mechanics. Must be close
to half way by now.

Our story about the indium chelate of acetylacetone starts
with a strong kitchen flavor. We made it as a tag for tagging
silicone lubricants to facilitate spectrographic identification
of suspicious spots. Such detective stunts are part of the
way of life in a film factory. Then it occurred to us that
others—perhaps some engaged in the mysteries of setting
up catalyst beds—might like an indium compound of definite
composition and solubility properties. Perhaps they think
more in terms of electron configuration than of recipes.
Perhaps they might find the effect of enolate resonance on
the normal 5s25p! configuration of the indium atom puts it
in the right condition to join the rest of a catalyst system,
after which the organic accoutrement of the indium is
burned off and reaction rates shoot way, way up and every-
body has a wonderful time. Perhaps and perhaps not.

Some 3900 Eastman Organic Chemicals can be ordered from
Distillation Products Industries, Rochester 3, N. Y. (Division of
Eastman Kodak Company), who will gladly supply a catalog of
them. The reasons why it seemed necessary to add a given com-
pound to the catalog are sometimes a little hard to follow.

Price subject to change without notice.

K(o/dfalk

TRADE MARK

and occasionally a little revenue from those whese work kas something to do with science
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a vacuum pump
as compact as

Yes, designed for compact-
ness . . . and with no costly
extras to buy. Saves up to
509 of your valuable floor
space. But these are just a
few of the revolutionary fea-
tures of the new Stokes
Series H Microvac pump.

Find out why. Stokes offers
you more pumping perform-
ance per dollar. Just write:
Vacuum Equipment Division,
F. J. STOKES CORPORATION,
5500 TABOR RD., PHILA. 20, PA.

SEND TODAY
for your free
Vacuum Slide Calculator!

Wore Bombs

he first blast set off by the U.S.S.R.
| over Siberia last month marked
the end of a hopeful epoch. For
three years the major atomic powers had
refrained from playing actively with nu-
clear fire. President Kwame Nkrumah of
Ghana, addressing the Belgrade meeting
of “nonaligned” powers, spoke for many
aligned individuals as well when he said:
“It is a shock which forcibly brings home
to us the supreme danger facing man-
kind.”

The U.S.S.R’s avowed intention of
developing rocket-carried “superpower-
ful nuclear bombs of 20, 30, 50 and 100
million tons of TNT” underscored the
size of the potential conflagration. Big
nuclear bombs are incendiary weapons:
the heat radiation from the Hiroshima
bomb, which was equivalent to about
20,000 tons of TNT, caused fatal burns
at distances up to nearly a mile—about
the same as the radius of the destructive
blast. Since the effective range of radia-
tion increases as the square root of the
explosive energy, whereas blast increases
only as the cube root [see “The Hydro-
gen Bomb: II,” by Hans A. Bethe;
SciENTIFIC AMERICAN, April, 19507, the
deadly heat of a 100-megaton bomb
would reach out some 70 miles: a single
bomb that flattened New York City could
incinerate people from Bridgeport to
Trenton, covering an area of about
15,000 square miles. Whatever the size
of the weapons used—as several observ-
ers have pointed out, four 25-megaton
bombs would cover the same area—the
ability of men to burn up whole metro-
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SGIENGE AND

politan regions seemed about to be
realized.

New Atomic Weights

Carbon 12 has replaced oxygen as the

official standard for atomic weights
as the result of action taken a year ago
by the International Union of Pure and
Applied Physics and now concurred in
by the International Union of Pure and
Applied Chemistry. The shift means a
recalculation of the scale of atomic
weights, and the new figures will differ
slightly but significantly from the present
values; oxygen, for example, will be
15.9994 instead of 16.0000.

Until now two different scales have
been in use. The “chemical scale” took
the average mass of natural oxygen, a
mixture of three isotopes, as being equal
to 16 units. The “physical scale” assigned
the value of 16 specifically to the isotope
oxygen 16, the most abundant isotope.
Among both groups there were substan-
tial as well as parochial objections to
abandoning either scale in favor of the
other. Such a shift would have changed
the atomic weights enough to have re-
quired revision of many physicochemi-
cal constants.

In recent years, however, new deter-
minations of the relative abundance of
the oxygen isotopes have made chemists
willing to improve the accuracy of their
tables. The adoption of carbon 12 as the
new base requires a change of only 37
parts per million in the present chemical
scale of atomic weights. From the physi-
cist’s point of view carbon 12 is a good
base because of its importance in mass
spectroscopy.

Worrisome Wires

rrhc International Astronomical Un-
ion has recorded its official opposi-
tion to Project West Ford, an Air Force
plan to place 350 million hairlike wires,
each three-quarters of an inch long, in
an orbit some 2,000 miles above the
earth. The needles would serve as pas-
sive reflectors for space communication
experiments [see “Communication Satel-
lites,” by John R. Pierce, page 90].
Both optical and radio astronomers
have objected to the scheme since it was
first proposed about two years ago by



|
| High Voltage Engineering Corporation . . .

“CHARGED PARTICLES”

THE GITIZEN

workers at the Lincoln Laboratory of the
Massachusetts Institute of Technology.
Optical astronomers feared that the nee-
dles, by reflecting sunlight, would in-
crease the brightness level of the night
sky and spoil observations of faint astro-
nomical objects lying behind the needles’
orbit. Radio astronomers worried that
the needles might reflect enough of the
thermal radiation given off by the earth
to obscure faint radio signals from dis-
tant objects. Sponsors of the West Ford
project have replied that the interference
would be negligible and that in any case
the needles would be sent into an orbit
specially chosen so that pressure of sun-
light would drive them down into the
earth’s atmosphere, where they would
burn up within a few years. Early in
August the Space Science Board of the
National Academy of Sciences endorsed
the project, assuring the scientific com-
munity that the Government planned no
further launchings of wires until the re-
sults of the West Ford experiment had
been fully analyzed.

The International Astronomical Un-
ion, at its meeting late in August, issued
the statement that it would remain
opposed to the West Ford launching
“until the question of permanence [of
the wires] is clearly settled in published
scientific papers, with adequate time
being allowed for their study.” The state-
ment added that if something went
wrong with the launching, the details of
which are classified, the wires might re-
main in orbit indefinitely and prove
“disastrous to future observations.”

Proteins from Light

Photosynthesis is beginning to look like
an all-purpose biochemical manufac-
turing process. Green plants are now
found to use the energy from sunlight to
convert carbon not only into starches
and sugar but also into amino acids.

At last summer’s Fifth International
Biochemical Congress in Moscow, J. A.
Bassham of the University of California
described a series of carbon 14 tracer
experiments on the green alga Chlorella.
Fully 30 per cent of the tagged carbon
supplied to the plants turned up directly
in amino acids rather than in carbohy-
drate. Labeled acids have not been
traced any further, but the rate at which

Nuclear Radiations and Material Evaluation

Chemists and metallurgists have
been quick to adopt experimental
techniques first used for fundamental
nuclear physics research. Today,
they are exploiting the character-
istics of intense ion beams and
neutron fluxes for applied research,
engineering and analysis. Already,
important results have been obtained
using nuclear radiations for trace
analysis, wear studies, semiconduc-
tor modification and similar appli-
cations where interactions of positive
ions or neutrons create desired, pre-
dictable and measurable effects.

Although a number of positive-ion
accelerators have been installed
specifically for this kind of develop-
mental work, we believe that the use
of particle beams for materials eval-
uation is just getting started, and that
many programs are dormant be-
cause of the cost and skill-require-
ment of owning and operating an
accelerator facility.

Van de Graalf
Accelerator

Beam analyzing
and stabilining system

- Targets

lon Beams and Neutrons for Hire

We think we have an answer to
this problem for those who wish to
explore activation analysis or re-
search involving accelerated positive
ions or neutrons. Here in Burlington,
we have a fully-equipped and
expertly-staffed Positive Ion Service
Facility, employing a 2-Mev Van de
Graaff accelerator and neutron
source as the central research instru-
ment. Both the facility and the assist-
ance of the staff are now available for
independent research and analyses by out-
side organizations on a rental or contract
basis, offering hydrogen or deuterium
ton beams with currents up to 100 micro-

amperes in continuous or pulsed operation.
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The facility is fully instrumented,
including a 200-channel pulse height
analyzer for scintillation spectrom-
etry and decay-scheme studies, a
remotely-operated sample changer,
and neutron moderator.

You may want to use the facility
to carry out specific analyses . . . or
investigate the feasibility of a certain
technique . .
terials-evaluation problem. Other
particle
neutron-induced reactions;

. or solve a knotty ma-

research possibilities are:
interactions;
production of short-lived isotopes; instru-
ment calibration; environmental research;
radiation damage and shielding param-
eters; solid state surface studies;
radiobiology.

Users plan and evaluate all work.
We provide an operator. If it bothers
you to carry out what may be pro-
prietary development programs in
somebody else’s house, have no fear.
If the use of accelerators is encour-
aged, we are content. You may draw
the shades tightly on any techniques
used, and, of course, the results are
strictly your own business. If, how-
ever, you would like to take advan-
tage of some knowledge we have, a
staff physicist is on hand to help.

If the requirement is perfectly
straightforward, such as
analysis, ship us the sample, and
we’ll do the work. We will supply
cost estimates for any program con-
templated on a project or continu-
ous use basis. For more informa-
tion, write for our Bulletin N-1.

routine

Of course, if the rentee gets car-
ried away with the possibilities of this
work and wants to buy an acceler-
ator, that’s all right. Van de Graaffs
are available from 0.4 to 4 Mev,
producing up to 400 microamperes
of current for monoenergetic neutron
production. For really high neutron
fluxes, the microwave linear acceler-
ator excels. We can recommend a
package of suitable instrumentation
and would be glad to give counsel on
installation and shielding.

HIGH VOLTAGE ENGINEERING
CORPORATION

BURLINGTON, MASSACHUSETTS, U.S.A.
APPLIED RADIATION CORPORATION
HIGH VOLTAGE ENGINEERING (EUROPA) N.V.
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SIGMA DEVELOPS
PRECISE NEW DEVICES
FOR CONTROLLING

TEMPERATURES &5

We’ve had any number of people call us
up and ask what we might have at a rea-
sonable price that would dependably and
repeatedly turn on a light or a motor or
something else, in response to fraction-of-
a-degree temperature changes. Confident-
ly, we have said we had just such a
package in one of our magnetic amplifier
relays. Enough of these applications have
now had a happy ending (Sigma magnetic
amplifier controls designed into custom-
ers’ products) that we thought some of
them deserved mention, as a possible
source of helpful ideas to other people
who have similar problems. (Altruism is
our Standard Company Policy, § 9.2.26.)

Sigma Thermistor Temperature Controls
are now:

— — Precisely sensing and controlling
temperatures in surgical proce-
dures where the patient’s blood
temperature is rapidly lowered
and later slowly and accurately
returned to normal.

Controlling within £0.5°C refrig-
erating systems for cooling high-
speed laboratory centrifuges.
("Package” supplied by Sigma
consists of Magnetic Amplifier
Relay, regulated DC supply, sen-
sor probe, set potentiometer and
temperature indicating meter.)

Detecting air in the coolant of
atomic liquid pumps, by respond-

ing to temperature unbalance be-
tween a pair of thermocouples.

Turning off aircraft de-icing sys-
tems after ice is removed, to con-
fine re-formation of ice to the
wing areas where de-icing equip-
ment is located.

Maintaining stable temperatures
in delay lines.

Operating servo motors and in-
. . . . 1
dicating lightsin outdoor” weather
. " .
reporting  billboards.

In many cases standard Series 8000 60-
cycle units, with SPDT relays for 1 or 5
amp loads, have been used directly; in
others, we’ve supplied the Controls with
special enclosures, with related items such
as sensing elements, lights, meters, etc., or
with other variations in “packaging.”
Other Sigma Magnetic Amplifier Relays
are available for 60-cycle operation on
signals as small as 0.02 microwatt, and for
400-cycle sources on 0.2 microwatt signals.
Even though we’re pushing temperature
this month, these devices are also very
handy for monitoring and controlling ra-
diation, light level, pressure, line voltage,
vacuum and such. They all have a quality
of workmanship equal to or better than
the best hot water bottle or pitchfork you
can buy. Bulletins on request.

N B
%o .

e

SIGCGMA INSTRUMBNTS, INC,

40 PEARL ST., SO.
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I they disappear indicates that they must

be incorporated into protein,

| Although evidence is not yet conclu-
sive, Bassham and his colleagues believe
that photosynthesis also uses some car-
bon for the synthesis of fatty acids and
probably a number of other compounds

| as well.
[

Second Biggest Dish

| "Ihe world’s farthest seeing steerable

radio telescope went into operation
in Australia during the summer. Its
antenna, a parabolic dish measuring 210
feet across, is 40 feet smaller than the
largest steerable reflector at Jodrell
Bank in England. But the wire mesh
“mirror” is more accurately shaped—to
a tolerance of half an inch, compared
with four inches for the English instru-
ment. This should give the new telescope
a tenfold advantage in range; it is ex-
pected to penetrate about a billion light-
years into space. Although its perform-
ance will soon be surpassed by still
larger reflectors now under construction,
it will long occupy a position of unique
importance as the largest steerable tele-
scope in the Southern Hemisphere.

Designed to operate at wavelengths
down to 10 centimeters, the instrument
will be tuned most often to 21 centi-
meters, the wavelength emitted by neu-
tral hvdrogen in space. Among the first
projects for which it will be used are
fine-scale mapping of the spiral arms of
our galaxy and the Great Nebula in An-
dromeda, and. a radio survey of the
Clouds of Magellan.

Coatless Viruses
“,’—\ new dimension” has recently been
4+ X added to the picture of virus dis-
ease processes, says a biochemist at
Johns Hopkins University. Writing in
Science, Roger M. Herriott points to the
discovery that laboratory preparations of
the bare nucleic acid cores of many
viruses can invade cells and cause in-
fection. He proposes that viral nucleic
acid may play a similar part in natural
infections, which would account for
several puzzling features of these dis-
eases.

Whole virus particles consist of a
nucleic acid core inside a protein “over-
coat.” According to the current view the
protein acts as a minute hypodermic
needle, injecting its core into susceptible
cells. Once inside, the viral nucleic acid
takes over the metabolism of the cell,
forcing it to synthesize new nucleic acid
| and new protein coats. Eventually the




Brainchild

“$125! How good can it be?”

You can’t blame a businessman who pays $500
to $1,000 for an office calculator for being skepti-
cal about what he can get for $125.* And for
looking twice at our Brainchild that claims to do
just about everything the big, expensive machines
do...and a couple of things they can’t.

The big machines add, subtract, multiply and
divide.

So does the Bohn Contex.

The expensive machines give a running total,
include an automatic decimal indicator and hold
a constant.

So does the Bohn Contex.

They can’t double as high-speed 10-key adding-
subtracting machines.

The Bohn Contex can.

They can’t be operated by anyone after just a
few minutes instruction.

The Bohn Contex can.

Most important of all, the Bohn Contex is the
first compact, 10-key calculator that’s truly port-
able. Brainchild of top international designers, it
weighs only six pounds and is no bigger than your
telephone. Slips into a briefcase and goes to work
anywhere. Executive office, accounting depart-
ment, out in the field, on business trips, plane,

Now here’s what the big calculators can’t do.  train, home...anywhere.

Bohn Contex Calculator

Akron, Summerville’s * Amarillo, Russell Stationery * Atlanta, DeKalb Office Equip. * Bakersfield, Valley Office Supply * Baltimore, Lucas Bros. * Birming-
ham, Standard Duplicating Machines * Boston, Thorp & Martin * Bridgeport, Frank McGuire * Buffalo, Office Automation * Charlotte, Pound & Moore *
Chicago, Horder’s * Cincinnati sford’s * C Broome Bus. Mach. * Columbia, R. L. Bryan Co. * Corpus Christi, Maverick-Clarke * Dallas,
S. L. Ewing * Des Moines, Berry-Myron * Detroit, Macauley’s * El Paso, Office Service Center * Evansville, Smith & Butterfield * Ft. Wayne, Needham's
 Ft. Worth, Specialty Service * Fresno, Stanton Office Machine * Greensboro, S. T. Wyrick * Hartford, Plimpton’s * Houston, Maverick-Clarke *
Indianapolis, Rex Bus. Mach. * Jackson, Miss., Office Supply Co. * Kansas City, Kansas City Loose Leaf * Los Angeles, Office Machines Inc. * Long
Beach, Calif., California Calculator * Louisville, Fetter's * Lubbock, Hester’s * Madison, Blied * Memphis, S. C. Toof * Miami, Accurate Bus. Mach.
 Milwaukee, Clark Bus. Mach. * Minneapolis, Farnham's * Mobile, Len Meyer « Newark, New Jersey Office Supply * New Haven, Edward Granfield *
New Orleans, Amann Bus. Mach. * New York, Bohn Duplicator Co.; Collister Corp.; Mineola, L. I., D. Waldner * Newport News, Geo. L. Smith * Oak-
tand, Win Phillips *+ Omaha, Bishop Bus. Equip. * Orlando, George Stuart * Palo Alto, Delmer Israel * Pasadena, Anderson Typewriter * Paterson,
Pitcher’s * Peoria, Acme Cash Register * Philadelphia, Pomerantz * Phoenix, Heinze, Bowen & Harrington * Pittsburgh, Milton Wiener * Portland,
Oregon Typewriter * d Office Appliance Co, * Dunphrey Duplicating * St. Louis, Von Soosten & Co. * Salt Lake City, Salt Lake
Desk * San Antonio, Maverick-Clarke * San Diego, Nelson Bus. Mach. * San Francisco, Quality Office Mach. + San Jose, Kennedy Bus. Mach. * San
Juan, Real Hermanos * Santa Ana, Tiernan's * Seattle, J. K. Gill & Lowman-Hanford + Sioux City, Standard Office Equip. * Spokane, John W. Graham
« Stockton, Turner Bus. Mach. * Tacoma, Allied Bus. Mach. * Toledo, Toledo Bus. Mach. * Trenton, Valentines * Washington, D. C., Ginn's, Stockett-
Fiske * Wilmi Hilyard's  Winston-Salem, Hinkle's + Worcester, Mass., G. E. Stimpson * In Canada, Scandinavian Bus. Mach., Montreal
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Businessmen, salesmen, engineers, architects,
students, housewives find the Bohn Contex the
easiest, fastest way to figure bills, invoices, per-
centages, extensions, estimates, income tax...

All this for only $125*! No wonder they were
skeptical.

And for hour-after-hour use, the Bohn Contex
Electric.Same size, same features. Greater speed and
ease because the motor does the work.Only $235.*

Borrow a Bohn Contex and see for yourself how
good it can be. Any dealer listed below will lend
you a hand (or electric) model.

If the dealer in your city is not listed, or you're
not in a borrowing mood, just mail the coupon.

Bohn Duplicator Company, Dept. M-10
444 Park Avenue South, New York 16, N. Y.
Send detailed “specs” on your Brainchild (] manual
O electric. [0 Send name of nearest dealer.

NAME.

FIRM

ADDRES!

STATE

CITY




Tomorrow’s tubing technology—today

Superior’s Profile of Quality in Volume

The profile of Superior Tube is that of a tubing mill with the ‘“‘tubeXperi-
ence,’”’ production capacity, quality control organization, and testing facili-
ties to produce tubing of high quality and reliability, with precise duplication
of tubing to exacting specifications, from lot-to-lot and order-to-order, in
quantities from 50 to over 1,000,000 ft.

Superior now offers more than 120 analyses, including reactive metals.
We have maintained a better than 859, performance record in shipping
orders on the day promised. We have established a quality control system,
using such precision equipment as air gages, optical comparators, torsion
balances and ultrasonic gaging devices—all calibrated true to standards
—to assure high quality, close tolerance tubing.

Depending on how critical the end use of the tubing is, Superior is equipped
to perform standard metallographic, mechanical and chemical tests, plus
any of the following nondestructive tests singly or in combination: eddy
current, dye penetrant, fluorescent dye penetrant, ultrasonic, radiographic,
hydrostatic, boroscopic and magnetic particle inspection.

Whatever your quantity requirements for standard or special tubing or
tubing of unusual analysis for experimental research, Superior can help
you. Our field specialists will be glad to work with you in solving any
problem involving small-diameter tubing. Write for Bulletin 42. Superior
Tube Company, 2052 Germantown Ave., Norristown, Pa.

Superior Tube

The big name in small tubing
NORRISTOWN, PA.

West Coast: Pacific Tube Company, Los Angeles, California
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cell breaks open, releasing whole virus
particles, which then attack other cells.

In the body’s system of defense
against this process the chief weapon—
the immune reaction—acts only on the
protein. Highly specific antibodies are
manufactured that combine with the
viral protein and thereby destroy its abil-
ity to attack cells.

Although these facts are established
beyond doubt, there is considerable evi-
dence that they do not tell the whole
story. Part of it may lie with the nucleic
acid, now known to be infectious even
without a protein overcoat. Herriott
mentions several experiments indica'ting
but not proving that infected cells spew
out bare cores as well as finished virus
particles. There is even a possibility that
some of the cores are provided with a
covering of other material, such as fat,
against which no antibody is manufac-
tured. Nucleic acids are attacked by an
enzyme in the blood known as nuclease,
but the reaction is not instantaneous.
Some of the newly released bare cores
(as well as any protected by fatty coats)
may be able to enter other cells before
they are destroyed.

Herriott discusses several phenomena
that can be explained by such a process:
(1) The long-lasting immunity that fol-
lows many virus diseases depends on a
continued production of antibodies. The
production could be stimulated by a low-
level infection, maintained by bare nu-
cleic acid, which produces just enough
whole virus to keep the mechanism of
immunity operating. (2) In the course
of certain infections in man and other
animals, infective agents are found in
the blood together with high concentra-
tions of antibody. These agents could be
viral nucleic acid. (3) Some diseases,
such as serum hepatitis, are character-
ized by long periods (up to 50 days)
of viremia (virus in the blood) before
the onset of symptoms. If the viruses
were covered with protein, they should
stimulate the production of enough anti-
body to destroy them in this length of
time. (4) Viruses are being found re-
sponsible for a growing list of cancers
in animals, but “few such agents, if any,
have been found associated with malig-
nant growth in man.” Perhaps the agents
consist of nucleic acid “which functions
in situ but, when transferred to another
host, is so slow in infecting other cells
that it is destroyed by the nucleases.”

One way to test some of his hypothe-
ses, Herriott suggests, is to inject viral
nucleic acid into animals previously im-
munized with killed-virus vaccine. In
these vaccines the nucleic acid has been
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Less than 2uv of drift for over 400 hours of contin-
uous operation! That’s just one of the many outstand-
ing features of KINTEL’S new 112A wideband DC
amplifier —the unit that is the successor to KiN TEL'S
111 series DC amplifiers. Frequency response is from
DC to beyond 40 ke, output capability up to 45
volts. It has an integral power supply, fits the same
cabinets and modules, and can be used to replace any
KiN TEL Model 111 amplifier.

HIGH ACCURACY. The 112A amplifies microvolt-level
signals from DC to 2 kc with a gain accuracy of
+0.5% on any gain setting, better than +0.01% accu-
racy on individual gain settings by means of the
Micro-Gain adjustment.

RELIABILITY. Overall dissipation has been reduced and
reliability enhanced by replacing the tubes used in
the 111 amplifier power supply with silicon rectifiers
in the 112A. Special heat-conducting shields, heat
sinks, and an improved mechanical layout further

5725 Kearny Villa Road, San Diego 11, California, Phone: BRowning 7-6700

~...OVER

145 146 147 148 149 150 151 152 153 154 I35 156
173 174 175 116 177 178 180
200
226
352

278

357
379 380 34! 382 383
405 D6 407 408 409

T

400 HOURS
OF
AMPLIFICATION!

improve cooling efficiency. Polystyrene capacitors
are used in all critical areas. Rugged, militarized
components are used wherever compatible with
required performance characteristics. Write
today for technical information or demonstration.

PRICES:

112A Amplifier with a 112A-A plug-in unit that
provides 10 gain steps from 20 to 1000 with 1 to 2
times vernier adjustment at each step... $625
112A Amplifier with a 112A-A0 unit having the same
10 gains plus provisions for an external summing,
integrating, or other operational network...$635
112A Amplifier with a 112A-B plug-in unit

that converts the amplifier to a +1 unit having

an input impedance over 10,000 megohms, a gain
accuracy within £0.0019%...$615

112A Amplifier with a 112A-O empty plug-in

unit for installing an internal summing, integrating,
or other operational network. .. $575

Immediate delivery from stock in reasonable quantities.
Representatives in all major cities.
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ELECTROSTATIC GENERATORS

Utilized Worldwide for Applications in:

Nuclear Physics, Insulation Testing,
Electron Microscopy, Mineral Separation,
Electrostatic Precipitation

Provide High-Voltage Power Supplies in a
Wide Range of Models...Featuring:

Essentially pure DC output
Voltages to 600 KV, infinitely variable
Current to 14 ma

Medium or High Stability, to 0.19% hr.
drift

Easily adjustable, closely regulated out-
put voltages to .001%

Simplified maintenance, long life

Extreme safety: Low output capacitance,
Minimal short-circuit & overload currents,
Remote adjustment & shut down

Write now for new Catalog 100 covering the com-
plete line of Sames Electrostatic Generators.

arnne)

Dept. 10-A, 30 Broad St., New York 4, N.Y.

the

pleasures

of
DYNAKIT HI-FI

MUSICAL — Sheer listening pleasure
for you and your family. The delights
of the original performance are re-
created in accurate detail and per-
spective, without noise or distortion.

MANUAL — Satisfy your creative in-
terests and savor the rewards of build-
ing your own music system. EASY
... FUN... EDUCATIONAL.

TECHNICAL —— You who appreciate
excellence will acknowledge the su-
periority of DYNAKIT’s advanced
engineering designs and premium
components combined with functional
simplicity.

FINANCIAL — Substantial savings on
high fidelity components of unques-
tioned technological superiority and
unparalleled listening satisfaction.

Ask your High Fidelity Specialist
Send for complete literature

DYNACO INC.
3914 Powelton Ave., Phila. 4, Pa.
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ROPES
FOR
SPACE
TECHNOLOGY?

Do you need ropes of high or low
modulus of elasticity, ropes to
withstand severe temperature
changes, extensive stresses and
shock? Do you have engineering
problems requiring use of rope?

PURITAN
HAS THE
SOLUTION!

Puritan manufactures the largest
variety of ropes in the world in-
cluding ropes of special synthetic
and natural fiber. Your inquiry will
receive prompt attention. You can
depend on Puritan; others have!

PURITAN

CORDAGE MILLS, INC.
1205 E. Washington St.
Louisville 6, Kentucky
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| inactivated, but the protein retains its

ability to stimulate antibody production.
Since the vaccinated animal “presum-
ably has no tissue or local immunity and
possesses only antibodies which do not
inhibit the free nucleic acid, there is ev-
ery reason to expect some cells to be-
come infected.” If these infected cells
release only whole virus, “the antibodies
induced by the vaccine should stop the
infection promptly.” If infectious nucleic
acid is also released and “spreads the
infection to other cells and tissues, then
symptoms may be observed.”

Blitzen and Donner

1»10w hot is a stroke of lightning? Ac-

cording to Yu. N. Zhivlyuk and
S. L. Mandel'shtam of the Lebedev
Physics Institute in the U.S.S.R., who say
they have determined the temperature
for the first time, the answer is about
20,000 degrees centigrade. These meas-
urements, reported in the Soviet Journal

of Experimental and Theoretical Physics,
are based on spectra obtained by aiming
a spectrograph at the center of a thun-
derstorm and exposing a photographic
film to the light of several successive
flashes.

Knowing the temperature of the light-
ning, the physicists were then able to
make the first calculation of the force of
a thunderbolt—that is, of the pressure in
the shock wave produced by the dis-
charge. Directly ahead of the flash the
value can exceed 1,000 pounds per
square inch, and at a distance of 15 feet
it is still about 10 pounds per square
inch, strong enough to crack a nine-inch
brick wall.

|

Mutation by Injection

I;y injecting adult male fruit flies with
alien genetic material—deoxyribo-
nucleic acid (DNA) from other strains
of fruit flies and from rats—two British
investigators have succeeded in induc-
ing observable effects on the heredity of
the insects’ offspring. O. G. Fahmy and
Myrtle Fahmy of the Royal Cancer Hos-
| pital report in Nature that the progeny
do not incorporate any of the specific
genes of the injected DNA but show a
much higher rate of mutation (especially
in the production of a class of mutants
called Minutes) than do the progenv of
an untreated control group.

It was the transfer of specific heredi-
tary characteristics from one strain of
bacteria to another by the simple expo-
sure of one strain to the DNA of the other
in the classic experiment of Oswald T.
Avery, Colin M. MacLeod and Maclyn



Siegler spreads metals like butter

In implementing our aerospace and defense programs,
Siegler capabilities go beyond the field of electronics.
For example, Siegler pioneered the development of Spin
Forging in this country—a unique metal forming pro-
cess. In both volume and productive capacity, Siegler is
now the major source for Spin Forging requirements in
the United States, producing missile and space vehicle
components for all major aerospace programs.

Siegler’s new Spin Forge facility, largest in the world,
includes a 120” Spin Forge. This giant machine tool can
apply force in excess of a million pounds per square
inch, to form components up to 10 feet in diameter and
25 feet long. The process flows metals into surface of
revolution configurations such as cylinders, cones, ven-
turiis and domes—to extremely precise tolerances.

g
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Siegler has produced various Spin Forged components
from almost every known metal used in missile and
space applications. These include a wide variety of tool
steels, stainless steels, aluminum, Titanium, Molybde-
num, Tungsten, Beryllium and Mag-Thorium. Insofar
as is known, the process is applicable to all metals,
including exotic metals that cannot be formed by con-
ventional methods.

Siegler capabilities in Spin Forging are one of many ex-
amples of outstanding Siegler performance, deriving
from closest coordination of all Siegler divisions. Siegler
coordinated capabilities range from basic research
to production in military, industrial and consumer
electronics; aerospace components;
conditioning equipment.

heating and air
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McCarty in 1944 that established DNA

u ' | . ~ . . r .
|ns the carrier of genetic information.
l a u a n u I n Since then efforts to bring about such

working with bearings

HAMPSHIRE

88

Radial play — the displacement of
one ring with respect to the other
along the diameter of a bearing —
is important in the successful appli-
cation of precision bearings and
should be specified on orders. A
range of .0002” to .0005” is satisfac-
tory for most applications. The
minimum clearance should be .0001”
and the total spread from min. to
max. should be at least .0002”".

The use of flanged bearings can re-
duce expense in servomechanism
gearing, especially where plate or
cantilever construction is involved.
The flange eliminates the need for
bearing retainer plates and also
makes it unnecessary to blind depth
bore — an expensive time-consum-
ing operation at both manufactur-
ing and inspection. A blind hole also
tends to trap dirt which can find its
way into bearings.

DESIGN

Miniature and instrument bearings
must be protected in the user’s
plant so that the precision built into
them will be fully realized in an
assembled instrument. One form of
protection is the use of rubber
finger cotts by everyone handling
bearings to prevent the corrosion of
polished surfaces from skin acids —
a serious threat to optimum bearing
performance.
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These New Hampshire miniature
instrument bearings have extra-
large bores which permit an increase
in shaft diameter without increasing
bearing O.D. — adding strength yet
keeping center distances at a mini-
mum. They are available as plain,
flanged, double shielded or extended
inner bearings or in any combina-
ation of the latter three construc-
tions. Precision standard is ABEC
Class 7.

The design, manufacture and application of
miniature and instrument ball bearings,
because of the size and precision involved,
constitute a distinct and specialized tech-
nology. At New Hampshire Ball Bearings,

/" this technology has developed over a period

150-page Design and Pur-
chasing Manual is the most
comprehensive treatise on
miniature and instrument
bearings ever published.
Write for your copy — on
your company letterhead.

NEW

of ten years into a standard line of over 600
bearing types and sizes and a fund of appli-
cation knowledge in practically every area
concerned with precision rotation.

Because this is a dynamic technology, New
Hampshire maintains a staff of factory and
regional field engineers whose primary func-
tion is to provide component and system
designers with the latest information on
bearing design and application.

BALL BEARINGS, INC.

PETERBOROUGH, N. H.
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genetic transformation in higher organ-
isms have failed. The French investiga-
tors who reported in 1957 that they had
effected gene replacement in ducks were
later unable to confirm their results.

The Fahmys found rat DNA as effec-
tive in inducing mutations as DNA from
other fruit flies, and they found that

| their subjects were most likelv to pro-
duce mutated offspring if thev were in-
jected with DNA when their sperm cells
were approaching or had reached matur-
ity. From this and other evidence they
conclude that the injected DNA has gen-
eral rather than specific effects, increas-
ing the tendency to mutate among genes
| that occasionally mutate spontaneously.
The DNA incorporated into the germ
cells is transferred, along with the male
chromosomes, to the egg; the induction
of mutations takes place during chromo-
some replication, in the first cleavage of
the fertilized ovum.

Artificial Stress

If nervous tension helps to cause heart

disease, as has long been suspected,
how does it produce its effects? An ex-
periment performed at the Harvard
Medical School suggests that at least
part of the mechanism involves the di-
rect chemical action of “stress hormones”
on cardiovascular tissue.

A. C. Barger, ]. A. Herd and M. R.
Liebowitz, who reported their work in
the Proceedings of the Society for Ex-
perimental Biology and Medicine, have
studied the effects of adding the adrenal
hormone epinephrine to the blood flow-
ing through the hearts of living dogs. To
| do this they implanted a plastic tube in
the coronary artery through an incision
in the chest.

Ten days after the operation the elec-
trocardiogram of the five experimental
animals had returned to normal. After
another two weeks the experimenters be-
gan infusions of epinephrine through the
catheter. During the administration of
the hormone the wave shapes in the
electrocardiogram changed in a charac-
teristic way in all the animals. If an in-
fusion was continued for an hour or two
and then stopped, the acute pattern
gradually evolved into a different set of
wave forms, which persisted for from
seven to 10 days. The chronic pattern,
the investigators say, “closely resembles
the electrocardiographic pattern noted
in patients with so-called myocardial
ischemia” (deficiency in the blood sup-
| ply of the heart muscle).




SOUTH PLAINFIELD, N. J.,
CENTRAL RESEARCH LABORATORIES, USING SPECIAL
REFINING AND ANALYTICAL TECHNIQUES, HAVE
SUCCEEDED IN PURIFYING SELENIUM SO THAT NO
NICKEL OR IRON CAN BE DETECTED AT 5 PARTS IN
100,000,000. LEVELS OF OTHER IMPURITIES IN
ASARCO HIGH PURITY ELEMENTS CAN AT TIMES

BE MORE SPECIFICALLY LIMITED TO MEET

Oct. 1 — ASARCO

CUSTOMERS' SPECIAL REQUIREMENTS.

ASARGO HIGH PUR

TY ELEMENTS ANALYSES .o« OCT. 1, 1361

Impurities sometimes found at maximum levels in parts per million
(< denotes less than ppm indicated)

Element and Grade Bi Cu Fe As Pb Ag TI Sn Te Au Na CI Cd
ANTIMONY A-60 <1l|<1|<1 [|<K2]|K1

v ARSENIC  A-60 <1
BISMUTH A-58 2 1 1 2 <1
CADMIUM A-60 <1l| <1 1
COPPER A-58 No Impurities Detectable by Spectrographic Analysis
GOLD A-59 <l|<1 <l| 1
INDIUM A-58 <1 1 <l| 1
LEAD A-59 <l|<1 |1
SELENIUM A-58 <1 <1 1 <1
SILVER A-59 <1l |1 <1
SULFUR A-58 1 1
TELLURIUM A-58 <1l |1

v THALLIUM  A-60 1 |1 <1|<1 2 | <1
ZINC A-59 <1 | <1 <1 <1

v Denotes element improved since last published analyses.

=~

ASARCO

N

SININ313 ALldNd HIIH

The analyses above are among pertinent data compiled by Asarco’s
Central Research Laboratories in an up-to-date catalogue now available
to users of high purity elements. For a copy, write on your

company letterhead to American Smelting and Refining Company,

120 Broadway, New York 5, N. Y,
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COMMUNICATION SATELLITES

A summary of prospects for this .1'evol,uti0nary means of transmitting

telephone and television signals over the entire earth. It now seems

likely that the first such system will be operating within five years

he first transatlantic telegraph
cable was opened in 1866; the

first transatlantic radiotelephone
circuit, in 1927—a span of six decades.
Another two decades passed before the
unreliable radiotelephone circuits were
supplemented by a transatlantic tele-
phone cable. It now seems possible that
no more than a decade will pass between
the opening of the submarine telephone
cable in 1956 and the inauguration of
commercial communications using space
satellites. In orbit thousands of miles
above the earth, satellites will be able to
relay not only telegraph and telephone
messages but also television pictures,
and they will be able to relay them not
just between major countries but—as
President Kennedy noted in a recent
policy statement—to the farthest corner
of the globe.

It would be a mistake to minimize the
technical difficulties of creating a global
communication network in space. As we
shall see, they are formidable. Yet the
attractions of such a network are so
compelling that the incentives to get
the job done are great. The short radio
waves used in radiotelephony cross the
oceans only by reflection from the iono-
sphere. Short-wave transmission is often
of poor quality and sometimes it fails
completely when the ionosphere is dis-
turbed by solar storms. Submarine cables
are greatly superior to short-wave radio
for telephony, but they are only a little
more effective in providing broad-band
transmission capacity. The original 1956
cable between North America and Great
Britain had 36 voice channels, now in-
creased to 96 by a high-speed switching
device called TASI (for Time Assign-
ment Speech Interpolation) that fits the
additional channels into the pauses that
occur in normal conversations. A new

cable, to be finished in 1963, will be able

90

by John R. Pierce

to carry 128 voice channels without
the use of TASI, and about twice that
number with TASI, but their combined
band width is still far short of the 1,000
channels needed to carry a full television
signal. In fact, the total number of voice
channels now available—both radio and
cable—between North America and over-
seas points throughout the world is now
only about 550. In contrast the number
of transcontinental telephone circuits is
almost 2,300.

With 76 million telephones in North
America and 58 million in the rest of the
world, the demand for transoceanic cir-
cuits can be expected to grow rapidly,
even without considering the extraor-
dinary band-width needs of television.
Submarine cables now connect the U.S.
with Europe, Hawaii, Puerto Rico and
Cuba. Cables are being laid between
Puerto Rico and Antigua in the British
West Indies and between Florida and
Jamaica. The longest cable yet planned,
extending some 3,900 miles from Hawaii
to Japan, is scheduled for completion
in 1964. In addition, the British Com-
monwealth is building a world-wide
cable network, which will cost $250 mil-
lion. The band-width limitations of these
cables will be essentially the same as
those of the cables now in service.

The cables of large capacity that carry
television signals overland are special
coaxial cables consisting of a copper
wire supported by polyethylene spacers
inside a copper tube about three-eighths
of an inch in diameter. To preserve the
quality of the signal it must be boosted
by repeaters every four to eight miles.
The submarine cable is also coaxial, but
its watery environment and the necessity
for a long, trouble-free life enforce cer-
tain design restrictions. Partly because
power is limited to what can be supplied
at the two land terminals and partly
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because reliability must be emphasized,
the repeaters are spaced about 45 miles
apart. As a result the capacity of the
present submarine cable is only about
one-fiftieth that of the land coaxial
cables.

The other overland communication
system with broad-band capacity is the
microwave relay, in which radio beams
with frequencies between 4,000 and
12,000 megacycles are transmitted be-
tween line-of-sight relay towers. Es-
sentially it is this system that would be
extended to provide signal links between
ground stations and satellites and back
to earth again.

The Growth of an Idea

The idea of using satellites for com-
munication is at least 16 years old.
Arthur C. Clarke, a British science
writer, proposed satellites for relaying
and broadcasting in an article in The
Wireless World in 1945. He pointed
out that a satellite in an orbit 22,300
miles above the surface of the earth
would complete one circuit of the earth
in one sidereal day. If such a satellite
were to move in the plane of the Equator
and in the same direction as that of the
rotation of the earth, it would hang sta-
tionary in the sky. If three such satel-
lites were equally spaced in the same
orbit, one or another of them would al-
ways be visible everywhere on the
earth’s surface except for a relatively
small and virtually unpopulated region
near each pole. Clarke proposed placing
manned space stations in such an orbit
and equipping them with radio broad-
casting and relaying equipment.

When I first wrote about satellite com-
munication in 1955, I proposed “pas-
sive” reflecting spheres such as the
satellite Echo I, or oriented reflecting



mirrors, as well as “active” satellites
equipped with radio receivers and
transmitters. I suggested that such satel-
lites might be placed either in 22,300-
mile-high “stationary” orbits or in lower
orbits, where they would move more
rapidly. In the latter case one would
need to launch more than 30 satellites in
order to assure that at least one of them
would be visible at two ground terminal
points almost all the time. The ground
antennas would have to track such satel-
lites as they moved across the sky.

e L L L T T

RANDOM-ORBIT SYSTEM, of the type proposed by American
Telephone and Telegraph Company, could provide communi-
cation service 99.9 per cent of the time to any region on the earth’s
surface. The system would require 40 satellite repeaters (relay

In a paper delivered in London in
1960 at a meeting of the International
Scientific Radio Union, Walter E. Mor-
row, Jr., of the Lincoln Laboratory of
the Massachusetts Institute of Technol-
ogy proposed a simpler sort of satellite
system: a belt of fine wires half a radio
wavelength long, circling the earth like
the ring of Saturn. The ground-terminal
antennas would point at a common por-
tion of the belt, and the wires at that
point would reflect a signal from the
transmitter to the receiver. Different
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orbiting wires would of course serve as
reflectors at different times. The position
of the belt of wires could be stationary
but not the positions of the wires form-
ing it. A global system would require
only two belts, one passing over the
poles, the other circling the Equator [see
illustration on page 93].

Both Clarke and I overlooked one
important matter in connection with
22,300-mile-high stationary satellites:
the finite speed of radio waves. The
propagation time to and from a 22,300-
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stations) in random polar orbits and 15 in equatorial orbits at
an altitude of about 7,000 miles. With one-third more satellites
the grade of service could be raised to 99.99 per cent; the average
daily outage of 10 seconds could be predicted days in advance.

9l
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mile-high repeater is about a quarter of
a second. Therefore a speaker cannot re-
ceive a reply to a remark for about half
a second. Tests indicate that this delay
may not interfere with a telephone con-
versation if a four-wire circuit is used;
that is, if completely independent paths
are provided from each telephone trans-
mitter to each telephone receiver.
Actual telephone circuits, however,
are always limited to two wire links,
over which one both talks and listens.
When a round-trip delay of half a second

“STATIONARY”-ORBIT SYSTEM would require only three
satellite repeaters (and perhaps a stand-by for each) equally spaced
above the Equator at an altitude of 22,300 miles. Rotating east-
ward at the same apparent speed as the earth, they would seem to

92

is introduced into such a circuit, an in-
tolerable echo occurs. To get rid of the
echo it is necessary to use an echo sup-
pressor, which interrupts transmission at
one end while the person at the other
end is talking.

Echo suppressors do not seriously in-
terfere with a conversation when the
round-trip delay is less than a tenth of
a second. Some preliminary experiments
indicate that circuits with a delay of half
a second and echo suppressors may be
objectionable to a large fraction of users,
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and that conversation is sometimes
brought to a halt when both users speak
at once. Only further investigation will
show how serious this really is.

The Satellites Themselves

It is a long step between proposing
communication satellites and actually
building them and making them work.
A professional poet once told an ama-
teur: “Sonnets are made of words, not
of ideas.” The realization of satellite

stand motionless in the sky. Since they would drift out of position
periodically they would have to carry small rockets or gas jets
that could be used to re-establish the proper orbit. A few extra satel-
lites in polar orbits would be needed to serve the polar regions.



communication depends on the exploita-
tion of two arts. One is the new, ex-
pensive and uncertain art of rocketry
and space flight. To date only about half
of US. satellite launchings have been
successful. Satellite communication can
come into being only through this art,
and through the use of vehicles that have
already been developed at great cost
by the Government primarily for other
purposes.

The other art is the mature one of
electronics. So long as we stay on the
ground, it can provide us with powerful
transmitters, sensitive receivers, huge
antennas, complex computers and track-
ing systems, and subtle methods of
signal reception. The electronic space
payload itself, however, is another mat-
ter. Repeated operational failures show
us that it presents new problems.

I shall say nothing further concerning
the problems of launching and guid-
ance. Let us consider related problems
that are very important to some types
of satellite communication: maintaining
the satellite in an appropriate orbit
(called “station-keeping”) and maintain-
ing it in its appropriate orientation in
space.

If a 22,300-mile-high satellite is to
hang stationary in the sky, periodic re-
adjustments in orbit will be necessary.
These can be made by gas jets or other
impulse-producing means under radio
control from the ground. Because of the
distances involved the satellite should
be equipped with a directional antenna
that will beam power only to the disk
of the earth, and this too will require
periodic adjustment. Small adjustments
could be made by spinning small fly-
wheels in the satellite, thereby causing
the satellite itself to turn in the opposite
direction. Larger changes could be made
with gas jets. Beyond this, if solar cells
are used for power, one might wish to
orient the solar cells with respect to the
sun. All such adjustments could be made
either automatically, by devices aboard
the satellite, or by commands given from
the earth.

What is the state of the art of station-
keeping and orientation? Nose cones of
Atlas rockets have been successfully
oriented for tens of minutes. Satellites of
the Discoverer series have been oriented
for several days. If communication satel-
lites are to compare economically with
cables, they must be oriented for at least
two years.

Over this period of time gas valves
may leak, bearings may freeze, some
brief malfunction of orientation gear
may set the satellite spinning. If orien-
tation and station-keeping gear depend

REFLECTING-WIRE SYSTEM, proposed by Lincoln Laboratory of the Massachusetts
Institute of Technology, could provide global communications with only two tenuous rings,
one polar and one equatorial, composed of millions of tiny wires about an inch long. The
wires would circle the earth at an altitude of 3,000 to 4,000 miles. Ground stations in the
northerly and southerly regions of the earth would communicate by bouncing signals off
the wires traveling over the poles. Stations near the Equator would use the equatorial belt.

on commands from earth, can we really
count on its responding to our com-
mands and being unaffected by signals
of other origin? We will be able to an-
swer such questions only on the basis of
experiments and experience.

What one would like to find, of course,
is some way to exploit natural forces to
keep a satellite oriented automatically.
One possibility is to use the earth’s mag-
netic field, at least for medium-altitude
satellites. At altitudes of a few thousand
miles the earth’s field is strong enough
to serve as a reference and could even
provide enough force to orient a space
craft. At an altitude of 22,300 miles the
field is not only small but also changes
with time, since it depends in part on the
flow of charged particles from the sun.

Still other natural forces might be ex-
ploited at low altitudes. For a given
angular velocity centrifugal force in-
creases with increasing radius of orbit,
whereas the force due to gravity de-
creases with increasing radius. Imagine a
satellite consisting of two equal weights
tied together with a wire and aligned
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so that the wire points to the center of
the earth. The centrifugal force will be
greater on the outer weight, and the
force of gravity will be greater on the
inner weight. There will be a small ten-
sion in the wire. If the system is dis-
placed, it will tend to return to its radial
orientation.

But how small the force is! If the two
weights are 100 pounds each and are 10
feet apart in an orbit 2,000 miles high,
the tension in the connecting wire would
be only about 20 milligrams. This is
large, however, compared with some
competing forces. Sunlight exerts a pres-
sure of only about a tenth of a milli-
gram for every square foot of shiny
surface. The real problem is not lack
of adequate force but the difficulty of
damping out the slow oscillations that
would keep the wired system from
settling down in its desired orientation.

Simple spin orientation, used in the
Tiros weather satellites, will keep the
spin axis of a satellite pointed in one
direction for a time. As a satellite travels
through the earth’s magnetic field, how-
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ECHO 11, 135 feet in diameter, is a larger and more rigid version of the first balloon
satellite, Echo I, launched in August, 1960, and still in orbit. Made of plastic film about
0005 inch thick, vapor-coated with aluminum, Echo I became badly wrinkled within six
months. For greater rigidity the plastic film of Echo II is laminated between two thin sheets
of aluminum foil. It can be packed into a canister 41 inches in diameter for launching.

A.T.&T. EXPERIMENTAL SATELLITE, 34 inches in diameter, is being developed by
Bell Telephone Laboratories. Antennas circle the satellite in two belts; solar cells are
arrayed elsewhere on the surface. The National Aeronautics and Space Administration
will launch the device next spring for a fee of about $6 million, to be paid by A.T.&T.
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ever, small electric currents are gener-
ated within it and gradually retard its
rate of spin. Such a satellite must be
respun from time to time.

The Problem of the Van Allen Belt

Space poses problems beyond keep-
ing satellites in place and oriented. One
of the most serious is the effect of high-
energy protons circulating in the inner
Van Allen belt, which is most intense at
an altitude of around 2,000 miles and
which extends, with some diminution,
to perhaps 5,000 miles. Electronic de-
vices housed within the satellite will
be reasonably well shielded from this
proton radiation, but solar cells cannot
easily be protected. Covering the solar
cells with thin plates of sapphire, about
a tenth of an inch thick, will shield them
from the electrons of the outer Van
Allen belt, which is most intense some
13,000 miles up, but it is not practi-
cal to use enough sapphire to protect
them completely against the more en-
ergetic protons. Because of uncertainties
in the extent, intensity and composition
of radiation in the inner Van Allen belt,
we are uncertain as to when the effi-
ciency of a solar cell will fall to some
preset design limit, say 5 per cent. The
best present estimate is that in the cen-
ter of the inner Van Allen belt solar cells
will retain more than half of their origi-
nal efficiency of 13 per cent for about
10 years.

Other problems are concerned with vi-
bration and acceleration during launch-
ing, temperature control once in orbit
(where heat can be dissipated only by
radiation), leakage of pressurized con-
tainers and so on. In sum, the practical-
ity of satellite communication depends
on obtaining long service life in the novel
environment of space.

Transmission and Reception

Let us now turn to another class of
problems: those concerned with the
transmission and reception of signals.
Because it is costly to put weight in
orbit, satellite transmitters must be kept
low in power. The weight of electronic
circuitry itself is negligible. The chief
source of weight is the power supply:
solar cells and storage batteries. (Nu-
clear power sources may eventually offer
weight savings, but this remains to be
shown.) In designing an economic satel-
lite communication system, therefore,
one must use the lowest power consonant
with highly reliable service. This power
is determined not only by the sensitivity



of receivers but also by the strength of
competing signals—that is, by noise.

In evaluating the effects of noise we
need some scale of measurement. A con-
venient scale is one based on the electro-
magnetic radiation emitted by hot ob-
jects. For example, the filament of an
incandescent lamp glowing at a temper-
ature of a few thousand degrees Kelvin
(degrees centigrade above absolute
zero) produces about the same amount
of noise as that added to the signal by
a good microwave receiver of 1950 de-
sign. Since then maser amplifiers have
been developed with a noise level so
low that it corresponds to a temperature
of only about 10 degrees Kelvin. Hence
it is now possible to detect signals that
would have been hopelessly drowned
in the noise produced by receivers of
10 years ago.

When we aim a ground antenna at a
satellite sending signals from space, we
must contend with background noise
from a variety of sources. First there is
the general cosmic noise discovered by
Karl G. Jansky in 1932, which has led to
the development of radio astronomy.
This noise varies not only from point to
point in the sky but also with frequency.
Fortunately at microwave frequencies
cosmic noise is not a serious problem.

The sun, however, has a microwave
noise temperature of about 6,000 de-
grees K. and the moon a noise tempera-
ture of about 70 degrees K. This means
that one cannot receive signals from a
satellite passing directly in front of the
sun, and the signals will be somewhat
noisy when the satellite is in front of
the moon.

A more pervasive source of noise is

the earth’s atmosphere itself, which has
a temperature of about 300 degrees K.
Calculations and observations made by
D. C. Hogg of the Bell Telephone Labo-
ratories show that fortunately atmos-
pheric noise is acceptably low for
transmission frequencies lying between
1,000 and 10,000 megacycles, provided
that receiving antennas are not pointed
lower than 7 degrees above the horizon
[see bottom illustration on page 98]. It
would be undesirable in any case to aim
antennas closer to the horizon, since they
might then begin pulling in signals from
ground microwave systems.

The solid earth also emits noise at a
temperature of about 300 degrees K.
A parabolic dish antenna pointed straight
up receives, around the edge of the dish,
noise corresponding to a temperature
of about 50 degrees K. This residual

HORN-REFLECTOR ANTENNA, built by Bell Telephone Labora-
tories at Holmdel, N.J., is about 10 million times more sensitive to
radio waves reaching it from in front than to radiation striking it
from behind. Thus background noise contributed by thermal radia-
tion from the earth’s surface is minimized. The horn has been used
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to receive signals reflected from Echo I. The signals enter the open
window in the horn and strike the aluminum reflecting surface at
far right, whose curvature corresponds to an edge section cut from
a parabolic dish. The reflector focuses the signals on a sensitive
maser receiver housed at left. The antenna is about 50 feet long.
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VISIBILITY RANGE OF SATELLITES is a major factor affecting
the design of a space communication system. The areas shaded
in color show where satellites traveling at various altitudes must

ground noise can be still further reduced
by using a horn-reflector antenna [see
illustration on preceding page]. This is
an antenna whose reflecting surface is
paraboloidal, corresponding to an edge
section cut from a parabolic dish. The
receiver is placed at the focus, and
a metal horn extends from the focus
to enclose the paraboloidal reflector. A
window in one side of the horn permits
the incoming radio waves to reach the
reflector. Such an antenna is only about
one ten-millionth as sensitive to radia-
tion from behind as it is to radiation
from in front. The horn reflector and
maser receiver built to detect signals
from the satellite Echo I achieved a
noise level corresponding to a tempera-
ture of 24 degrees K. A noise tempera-
ture of 15 degrees K. seems attainable
in the near future, and a value of less
than 10 degrees K. seems possible.

One other atmospheric source of noise
remains to cause trouble: microwave
noise arising from the heat of rain.
Hogg has observed noise exceeding 100
degrees K. at 6,000 megacycles for a
few minutes during a heavy storm, and
noise as high as 70 degrees K. when
no rain ever reached the ground. We
cannot say how often rain noise might
interrupt service in a satellite communi-
cation system. Interruptions could be
minimized by using two receiving sites
instead of one and spacing them far
enough apart so that heavy rain would
seldom be generating noise at each.

Having established the noise tempera-
ture of the sky, earth and atmosphere,
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the communication engineer next con-
siders how noise is related to the band
width of the signal he wishes to transmit
and receive. The total noise power reach-
ing a microwave receiver is proportional
to the band width of the signal. There-
fore the total noise power in a television
channel will be about 1,000 times that
in a telephone channel, because the tele-
vision channel has about 1,000 times the
band width of the telephone channel.

If this were all, one would merely
need 1,000 times more power to trans-
mit one television signal or 1,000 voice
signals than to transmit one voice signal.
Unhappily matters are much more com-
plicated. A large number of people can
talk simultaneously on one broad-band
channel. One person talks only part of
the time, and he talks loudly an even
smaller fraction of the time. Thus the
composite signal generated by 1,000
talkers has a peak power considerably
less than 1,000 times that generated by
one talker. It is clear that the amount of
transmitter power required to provide a
satisfactory received signal depends on
the kind of signal to be transmitted as
well as on the noise temperature and the
band width.

The power required depends also on
something else: the method of signal-
ing, or modulation. Nearly everyone now
knows that commercial radio employs
two modulation methods: amplitude
modulation (AM) and frequency modu-
lation (FM). AM uses a narrow-band-
width transmitter whose output is varied
in amplitude in response to the original
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pass to lie within radio “view” of both New York and Paris. The
four altitudes depicted are, left to right: 1,040, 3,960, 6,450 and
12,550 miles, corresponding to orbital periods of 2, 4, 6 and 12

signal. In broad-band FM the transmit-
ter frequency is varied, in response to
the signal, over a frequency range that
is many times the band width trans-
mitted at any instant. If the frequency
is varied up and down from the center
frequency by 10 times the band width,
the improvement in signal-to-noise ratio
is about 100 times.

A rough, qualitative explanation of
the improvement is as follows. Noise
implies an uncertainty in measuring, at
the receiving end, either the amplitude
or frequency (or both) of the signal
being transmitted at a given instant. In
AM we are concerned only with the
amplitude of the received signal, in FM
only with its frequency. In AM we can
vary the amplitude of the signal only
from zero to twice its average value, and
it is against this range of variation that
we must measure the magnitude of the
noise. To increase the signal-to-noise
ratio in AM the sole recourse is to in-
crease the average amplitude, which
means raising the power of the trans-
mitter. In FM, however, we can improve
the signal-to-noise ratio by varying the
frequency of the signal over an arbi-
trarily wide range. In sending a signal
having a frequency of, say, 5,000 cycles
per second we can, for example, vary
the frequency of the transmitted signal
back and forth over a range of 50,000
cycles per second, 100,000 cycles per
second or even more than that. Since
the uncertainty that noise introduces in
our frequency measurement, at the re-
ceiver, remains more or less constant,



hours. The shaded areas exclude satellite positions closer to the
horizon than 7.5 degrees, where signal reception would be impaired
by background noise. In a two-hour orbit a satellite would spend at

it becomes a smaller and smaller fraction
of the total frequency band over which
the transmitted FM signal is swept.

Ordinarily in receiving an FM signal
a receiver must have a band width as
wide as the total range of frequencies
covered by the transmitted signal. More-
over, for the receiver to operate at all
in the presence of noise the signal must
be about 20 times more powerful than
the noise. If the receiver band width is
broadened to receive a wide-deviation
FM signal, the receiver picks up noise
across the entire band, and this mini-
mum ratio of signal to noise may be hard
to obtain.

Fortunately in 1939 J. G. Chaffee of
the Bell Telephone Laboratories de-
scribed a receiver for FM signals with
a band width small compared with
the range of frequencies over which the
transmitter sweeps. In this receiver the
output is “fed back” to alter the tuning
of a comparatively narrow-band receiv-
er, so that the receiver is always tuned
to the received signal, regardless of how
the signal frequency is swept back and
forth. The use of Chaffee’s FM-with-
teedback receiver substantially reduces
the transmitter power required in a
satellite communication system. There
are, of course, still other forms of broad-
band modulation, including various
pulse-modulation systems, that can pro-
vide a signal-to-noise advantage compa-
rable to that gained with wide-deviation
FM and an FM-with-feedback receiver.

Now let us sum up the power require-
ments for a communication satellite,

taking into account the various sources
of noise, the capabilities of a maser re-
ceiver and the advantages of broad-band
modulation. What power is required to
transmit a television signal or between
600 and 1,000 telephone signals? We
will assume a horn-reflector antenna
with an aperture 60 feet square. For an
unoriented satellite radiating equally in
all directions at a height of from 2,000
to 3,000 miles, the required power is
about two watts. Almost exactly the
same power will serve for an oriented
satellite at any greater altitude, up to

most only seven minutes within radio range of New York and
Paris; in a 12-hour orbit it could be in range 4.5 hours. The calcula-
tions for these charts were made by Space Technology Laboratories.

and including one at 22,300 miles, if the
satellite is equipped with a directional
antenna that beams a signal just over
the disk of the earth.

This is a particularly fortunate power
level. In tests in progress, a type of
microwave generator called a traveling-
wave tube has continuously supplied
somewhat more than five watts of power
for more than four years and is still
going strong. I believe that two-watt
traveling-wave tubes could last for more
than a decade in space.

Moreover, a broad-band two-watt sig-
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ALTITUDE OF ECHO 1 has varied curiously since its launching over a year ago. At
first the slight pressure of sunlight raised the maximum altitude (apogee) while lowering
the perigee. Later apogee and perigee came together; now the two are diverging again.
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]O’OOO’OOO; - i —— 7 — —— nal will not interfere with conventional
ground microwave receivers over which
it may pass. Nor, because of the im-
proved signal-to-noise ratio afforded by
broad-band modulation, will the signal
from a satellite in one part of the sky
interfere with the simultaneous recep-
tion of a signal from a satellite in an-
other part of the sky. The directivity
of antennas will allow the simultaneous
use of many satellites operating on the
same frequency.

1,000,000

The Ground Stations

Compared with the problems already
discussed, the problems associated with
ground terminals are less serious. Some

~ of them are well illustrated in Project
Echo. Echo is a National Aeronautics

and Space Administration satellite com-
munication project in which Bell Labo-
ratories has participated. A 100-foot,
130-pound aluminized plastic balloon
10,000 _ was launched on August 12, 1960, in an
1925 1930 1935 1940 1945 1950 1955 1940 1965 1970  orbit about 1,000 miles high, reaching

OVERSEAS TELEPHONE TRAFFIC has increased almost exponentially since the first an .extreme latitude of 48 degrees. ,T.he
radiotelephone circuit was opened hetween New York and London in 1927. In 1956 the orbit of Echo I has Changed 1'ap1dly,
first transatlantic telephone cable was p'aced in service with a capacity of 36 voice channels, Chieﬂy because of the intermittent pres-
since raised to 96. To all overseas points there are now some 550 radio and cable circuits. Sure of the sunlight and in part because
of atmospheric drag [see illustration at
bottom of preceding pagel].
{ The Echo balloon carries, for tracking
[ 1l purposes, two 108-megacycle transis-
||| torized transmitters powered by solar
| cells. (The transmitters are now dead.)
Tl For communication purposes the bal-
loon was illuminated by signals from a
number of groune stations. The prin-
cipal exchange of signals took place
between the Holmdel station of the Bell
Telephone Laboratories in New Jersey
and the Goldstone station in California
operated by the Jet Propulsion Labora-
tory of the California Institute of Tech-
nology. Holmdel transmitted at 960.05
megacycles using a 10-kilowatt trans-
mitter feeding into a dish antenna 60
feet in diameter. Goldstone illuminated
the balloon at 2,390 megacycles with
an 85-foot dish antenna and received
Holmdel’s reflected signals with the
same antenna. Holmdel used a horn-
reflector antenna to receive Goldstone’s
signals.

A rather elaborate system was de-
vised for pointing the Holmdel and
L 1 Lol ] -+ Goldstone antennas accurately at Echo

Il | 1. Signals from the balloon were re-

. / fl-!,,j.k_-._.-p_-- l NOISE | ceived by the Minitrack network of the

11 GO 8 T ERERN National Aeronautics and Space Admin-
100 500 1,000 5,000 10,000 50,000 istration, and in addition the balloon was
FREQUENCY [MEGACYCLES PER SECOND) tracked by radar. Radar data and data

NOISE INTERFERENCE with space communications is minimal at frequencies be- fr(.)m Minitrack stations were trfms-
tween 1,000 and 10,000 megacycles. Cosmic noise is radio noise from deep space. The five mitted tO. the C‘Oddar.d Space .thht
curves show the atmospheric noise reaching an antenna at various degrees of elevation. Computation Center in \VﬂShmgtOH-
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BULLETIN
SIZE 3
STARTER

BULLETIN 706

COMBINATION
REVERSING
STARTER

SIZE 1

BULLETIN 712
SIZE 1
COMBINATION
STARTER

BULLETIN 715
SIZE 1
TWO-SPEED STARTER

Extra Interrupting Capacity

y and Extra Life

Give New Allen-Bradley Motor Controls

ALMOST UNBELIEVABLE RELIABILITY

The extra interrupting capacity that’s built into these
revolutionary new starters enables them to operate
with ease at maximum rated capacity for prolonged
periods—and still have ample reserve for emergency or
unusual operating conditions. As a result, these new
Allen-Bradley starters give almost unbelievable reliabil-
ity and long life—a precious benefit for the user!
Where space is a problem, this new line warrants your
interest —especially in the Size 2 and higher ratings.

ALLEN-BRADLEY

Member of NEMA

You’ll find that small size has not been obtained at the
sacrifice of “quality’’ or generous wiring room. In addi-
tion to the unmatched performance, you’ll be pleased
with the modern appearance of the enclosures. Brooks
Stevens, world famous industrial designer, has given
them the “‘eye appeal” which spells “‘quality’’ to the
buyer. Please write today for the full details in Publi-
cation 6100: Allen-Bradley Co., 1204 S. Third Street,
Milwaukee 4, Wisconsin.

Quality
Motor Control
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e
The
importance
of being

ITERATIVE

Broadly defined, iterative means “to
do again.” But the word has many
special meanings. For example, it
describes a new kind of analog
computer recently introduced by
Systron-Donner Corporation. The
iterative computer, shown in its
simplest form above, solves math-
ematical equations repeatedly at
high speeds, “refining” the solution
each time to produce higher accu-
racies than heretofore possible. It
can solve certain kinds of problems
which are economically feasible only
by using iterative techniques. And
it can solve simple problems, too.

ITERATIVE, in the sense of ‘“to do
again,”’ is also descriptive of Sys-
tron-Donner and its three divisions,
Donner, Greenleaf and Systron.
Their products — computers, accel-
erometers, gyroscopes, flight control
devices and data handling systems
—are state of the art or better be-
cause of the constant refinement in-
herent in “doing again.” Donner’s
iterative computer illustrates this
point. It is the fourth completely
new computer generation developed
by this division, each more useful,
precise and flexible than the last.
It can be honestly stated that the
fourth generation model is, at pres-
ent, the best in its-class.

Through repeated solutions to the
complex problems of today’s tech-
nology, Systron-Donner has ac-
quired sophisticated technical capa-
bilities spanning digital and analog
techniques, computer logic, trans-
ducer knowledge and precision
measurement skills, But more im-
portant, these are iterative, not
static capabilities...subject to the
continual refinement of “doing
again.”

—Lvsrron —TIONNER

Concord, California
100

| The center computed the satellite’s

orbit and also the data needed for point-
ing the antennas. The pointing data
were transmitted to Holmdel and Gold-

* | stone by teletypewriter and received on

punched tapes. At four-second intervals
the tapes provided data for time, azi-
muth, elevation and rate of change for
both asimuth and elevation. The tapes

HONOLULU TO SYDNEY

were fed into a digital-to-analogue con-
verter, which then controlled the aiming
of the antennas. The errors usually ran
to about 10 minutes of arc, which cor-
responds to about one-third of the visual
diameter of the moon. Optical and radar
tracking were available to correct or re-
place the computed tracking.
Goldstone’s 85-foot antenna and asso-
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NUMBER OF SATELLITES required to provide service 99.9 per cent of the time between
typical pairs of cities declines sharply as satellite altitude increases (also see illustration
at top of pages 96 and 97). The black and gray curves are for satellites in random polar
orbits. For connecting cities lying close to the Equator, or on opposite sides of it, satellites
in equatorial orbit (colored curves) are much more effective than satellites in polar orbit.

© 1961 SCIENTIFIC AMERICAN, INC



ciated receiver, employing a parametric
amplifier, had a noise temperature of
about 300 degrees K., compared with
24 degrees K. for Holmmdel’s more sensi-
tive maser receiver and horn-reflector
combination. When the Echo balloon
was in the most favorable part of its
orbit, the signal received at Goldstone

was about 24 decibels, or about 250 |

times, above the noise in a six-kilocycle
band; the signal at Holmdel, about 34
decibels, or 2,500 times, above the noise.
When the balloon was in the most un-
favorable position for sender and re-
ceiver, the signal-to-noise ratios deteri-
orated by a factor of almost 10. If a
narrow-band form of modulation (for
example, AM) had been used, these
lower signal-to-noise ratios would have
been too low to provide a good tele-
phone circuit. The signals were actually
transmitted in broad-band FM and re-
ceived by FM-with-feedback, and in
general achieved the high quality ex-
pected. Two-way telephone conversa-
tions were conducted between Holmdel
and Goldstone, and telephone pictures
and “speedmail” were successfully trans-
mitted. Clear signals reflected from Echo
were also received in Europe.

In spite of the technical success of the
Echo experiment, one must conclude
that signal reflection from this passive
type of satellite is only marginally prac-
tical as a means of communica-
tion. The balloon became increasingly
wrinkled during its first six months in
orbit, and as a result the reflected power
began to fluctuate over a range of more
than 10 to 1. Development of a rigid
balloon might solve this problem, but
there are other difficulties. To achieve a
five-megacycle band width, which would
be suitable for carrying 1,000 telephone
circuits or one television channel, it
would be necessary to use transmitters
with 50 to 100 kilowatts of power and
receiving antennas more than 100 feet
in diameter.

Proposed Experiments

Until more experience has been gained
with various types of satellite it is im-
possible to predict when a practical
satellite communication system will ar-
rive and what form it will take. It is
proper, therefore, that vigorous experi-
mentation be conducted.

The goal of the Army’s Advent pro-
gram is a system using 22,300-mile-high
satellites with orientation control and
station-keeping. Although this system
may suit military requirements, the sig-
nal travel time to such distant satellites

The language of electromagnetism is
a familiar one here at Sangamo. We
began speaking it in 1927 when we
designed and made our first inductive component. And we’ve spoken it ever
since. Embellished it. Helped make it a living language.
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That’s why, if you're concerned with selecting a signal, isolating a circuit, or
gating a current, you’ll find the component you need among our wide-ranging
line of filters, transformers, magnetic amplifiers, inductors, delay lines, and
other specialized items.

While the language of electromagnetism is a familiar one hereabouts, it’s never
become ‘“‘old hat”. We search constantly for better ways to separate, channel,
select, reject, couple, isolate, convert, amplify, diminish or control electrical
signals. For example, we use our computer to help design filters. Our engineers
work directly with customer system engineers to quickly unravel knotty prob-
lems in electromagnetism.

Speaking of electromagnetic problems, what can we do for you? Our engineering
staff is at your service. And ... our laboratory facilities have military approval
for in-plant testing.
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may prove unacceptable for commercial
telephone service.

The Air Force plans an experimental
launching of a belt of wires, which would
provide a simple and effective communi-
cation system of limited band width.
Astronomers have objected that the belt,
being relatively fixed in space, might im-
pair both optical and radio observations
of the sky in a way that a moving satellite
would not [see “Science and the Citizen”
| in this issue]. In any event, the initial

belt will be placed low enough so that
| the wires will re-enter the atmosphere
‘ and be destroyed within a year or two.

Experiments at higher altitudes could
be conducted with wires that would
disintegrate in a specified time.
| As an alternative to high-altitude
satellites, belts of wires and balloons,
‘ the American Telephone and Telegraph
Company has proposed a system using
‘ between 50 and 120 simple active satel-
lites in orbits about 7,000 miles high.
With the large rockets now being de-
veloped, a dozen or more of these satel-
lites could be placed in orbit in a single
| launching. In a relatively short time
their orbits would assume random paths
crossing—or nearly crossing—the poles.

10

POLAR ORBIT]
N
(@)
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N

For efficient coverage between ground
stations at low latitudes, a number of
satellites should also be placed in orbit
around the Equator. A system of 40
satellites in polar orbits and 15 in equa-
torial orbits would provide service 99.9
per cent of the time between any two
points on earth. A T.&T. has proposed
that the system contain about 25 ground
stations so placed as to provide global
coverage. Bell Telephone Laboratories
is building an experimental satellite to
test the feasibility of such a system;
NASA has agreed to launch it early
next year for a fee of about $6 mil-
lion, to be paid by A.T.&T.

The cost of a global satellite com-
munication system will be large—on the
order of $500 million—but no larger
than the cost of undersea cables that
could provide the same geographical
coverage. (One cannot say the “same
service,” because undersea cables do not
yet provide the band width needed for
television.) Assuming that the experi-
ments of the next few years are encour-
aging, there should be no lack of capital,
domestic and foreign, to share the cost
of a world-wide satellite communication

system.
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GRADE OF SERVICE (PER CENT)
QUALITY OF SERVICE is proportional to the number of satellites used. The curves are for
random polar orbits at an altitude of 7,000 miles. A service grade of 99.9 per cent means that
communication will be interrupted .1 per cent of the time, or an average of 1.4 minutes
per day, usually made up of several much briefer periods predictable well in advance.



plop-drip-n-slurp!

No matter—petrochemicals master disasters

Imagine relaxing when your toddler played or ate
anywhere nearyourauto before petrochemicals! Not
likely. Upholsteryscuffed and stained on touch, glass
smashed into smithereens, unpadded dashboards
spelled danger. o Today’s cars look and run better
longer because of petrochemicals...in carefree latex
paints . . . in attractive polystyrene instrument
clusters...in permanent glycol antifreezes. ..

in tougher synthetic tires. 1965 models will be

even easier to care for, because twice as

much petrochemicals will be used in them.

o In the automotive industry, as in many of today’s
growth businesses, products from petrochemicals are
proving their worth in beauty, economy, profitabil-
ity. Gulf supplies the chemical industry with basic
petrochemicals that make these new products pos-
sible. See how Gulf can help your drive toward in-
creased sales and earnings. Write our Sales Office,
360 Lexington Avenue, New York 17, N. Y.

QUALITY PETROCHEMICALS TO BEGIN WITH

Benzene - Cyclohexane - Ethylene - Sulfur - Propylene
PropyleneTrimerand Tetramer-OxoAlcohols-Toluene

PETROCHEMICALS DEPARTMENT,GULF OIL CORPORATION, PITTSBURGH, PENNSYLVANIA
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CREATIVE ELECTRONICS BY RCA
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NORAD ON THE ALERT

Inputs from BMEWS Provide Instantaneous Missile Data Direct to NORAD Headquarters

From our vast outer defense perimeter, over thousands of miles,
to the nerve center of the North American Air Defense Command
at Colorado Springs, the most advanced concept of data handling
and checkout is being utilized in the BMEWS system. The
stakes are high, for the purpose is defense of the North American
Continent.

At BMEWS installations operated by USAF Air Defense Com-
mand, computers read out missile tracking data from giant
radars. This information is simultaneously relayed to NORAD’s
Combat Operations Center.

The Radio Corporation of America is prime systems contrac-

tor for BMEWS. At the COC, RCA’s Display Information
Processor computing equipment automatically evaluates missile
sightings, launch sites and target areas. By means of data proc-
essing and projection equipment installed by RCA and a team of
other electronics manufacturers, the findings are displayed on
huge, two-story high map-screens in coded color symbols, pro-
viding the NORAD battle staff with an electronic panorama
of the North American and Eurasian land masses.

The handling of BMEWS inputs at NORAD is an example of
how RCA data processing capabilities are assuring the high de-
gree of reliability so vital to continental defense.

© 1961 SCIENTIFIC AMERICAN, INC
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At NORAD Headquarters, RCA computing equip-
ment, the Display Information Processor (control
console shown here) receives sightings data from

BMEWS three-site radar network whose probing
BMEWS and processes it for automatic readout.

electronic fingers reach deep into space to pro-
vide early warning of missile attacks.

Out of the defense needs of today a new generation of RCA electronic data
processing equipments has been born. For tomorrow’s needs RCA offers one of
the nation’s foremost capabilities in research, design, development and produc-
tion of data processing equipment for space and missile projects. For information

on these and other new RCA scientific developments, write Dept. 434, Defense
Electronic Products, Radio Corporation of America, Camden, N. J.
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RCA is prime system contractor for the sprawling
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RCA's Automatic Checkout & Monitoring equip-
ment continuously tests and checks performance
of portions of the system and alerts an operator
when a monitored signal exceeds certain limits.

The Most Trusted Name
in Electronics

RADIO CORPORATION OF AMERICA
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Machines converse at
hundreds of thousands
©of bits per second!
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Automation through communications

works wonders in letting machines
talk “person to person”

Communications is entering a new era—one
that promises to revolutionize business opera-
tions. With recent advancements in electronics,
it is now possible for machines to converse over
distances in a language of their own.

As a leading specialist in video, voice and data
transmission systems, Lenkurt Electric is work-
ing wonders in this new and growing field of
~automation through communications.

For instance, available systems with enormous
traffic capacity enable many types of machines

to transmit large volumes of business data—to
control other machines at remote points—to
observe and supervise operations and processes
from a central station. And the same systems
can be used simultaneously for telephone and
teletype.

Lenkurt Electric is working in close alliance
with the telephone industry, railroads, pipeline
companies and electric utilities in the utiliza-
tion of microwave and carrier communications
to cut costs and increase operating efficiencies.

Lenkurt Electric Co., Inc., San Carlos, Calif.

LENKURT ELECTRIC

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS (&%)

Specialists in VIDEO, VOICE and DATA TRANSMISSION

© 1961 SCIENTIFIC AMERICAN, INC




Observing Dislocations in Crystals

These significant imperfections in the regular latticework

of a crvstal were first proposed on theoretical grounds.

Now they can be directly observed in a number of ways

he past 25 years have seen an

l enormous advance in the under-
standing of crystalline solids. No
small share of the credit for this progress
belongs to one basically simple concept:
the dislocation. When first proposed in
1934, the dislocation was wholly a prod-
uct of scientific imagination—a picture
of a hypothetical imperfection in the ar-
rangement of atoms in a crystal lattice.
The success of the dislocation in explain-

by W. C. Dash and \. G. Tweet

ing some puzzling properties of crystals
soon won it general acceptance, although
for a long time there were authorities
who doubted its reality. During the past
decade, a number of methods have been
developed for making dislocations ob-
servable. The question of reality is now
settled, and it has become possible to
study directly a feature that for a long
time eluded investigators because of its
small scale. At present some exciting

practical possibilities are beginning to
emerge from the work.

Dislocations were proposed to explain
the weakness of metals. Calculations
based on the assumption of perfect crys-
tal lattices indicated that metals should
be hundreds of times stronger than they
are. It was therefore independently sug-
gested by Geoffrey I. Taylor in England,
Egon Orowan in Germany and Michael
Polanyi in England that real crystals con-

DISLOCATIONS IN SILICON are visualized by two techniques
in these micrographs by W. C. Dash. The top picture shows “etch
pits” eaten into the surface of a crystal at the site of emerging dislo-

© 1961 SCIENTIFIC AMERICAN, INC

cations. The cross section at bottom, made by transmitted infrared
radiation, shows the same pits in silhouette. The loops connect-
ing them have been made visible by “decoration” with copper.
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The atoms are all situated at the corners of cubic cells.

arrangement of atoms in an idealized cubic crystal such as sodium

chloride.
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characteristic of crystals. This diagram shows schematically the

ORDERLY ARRAY of atoms in a regularly repeated lattice is

is an edge dislocation. The dislocation moves across the crystal
(lower drawings), deforming it in a series of discrete steps.

right). An “extra” plane of atoms appears; the region at its base

© 1961 SCIENTIFIC AMERICAN, INC

drawing of a perfect crystal like the one at the top of the page. Un-
der stress part of the crystal is squeezed one atomic spacing (upper

EDGE DISLOCATION is diagramed. At upper left is a simplified

108



tain regions of mismatch, in which the
atoms are not lined up in perfect array.
The mismatch they envisaged is the
type that would result if part of the
upper half of a crystal had slipped a
distance of one atomic spacing over the
lower half [see illustration at bottom
of opposite page]. At the end of the re-
gion of slip the upper part of the crystal
contains an extra plane, or sheet, of
atoms. Along the bottom edge of this
plane runs what is called an edge dislo-
cation, and the atomic bonds for some
distance around it are either stretched
or compressed.

As Taylor and the others pointed out,
a crystal containing edge dislocations
would yield much more readily than a
perfect crystal to a shearing stress. The
force would push the extra sheet of
atoms through the crystal; it could break
the bonds between atoms row by row
instead of all at once [see “Disloca-
tions in Metals,” by Frank B. Cuff, Jr.,
and L. McD. Schetky; ScientiFic
AMERICAN, July, 1955]. Moreover, the
model agreed with the fact that crystals
usually deform along individual “glide
planes.”

Soon afterward J. M. Burgers,a Dutch
physicist, proposed a second kind of
dislocation, in which two parts of the
crystal are slipped parallel to the line
of dislocation rather than perpendicular-
ly to it, as in the edge dislocation. This
in effect converts a stack of parallel
atomic planes into a spiral ramp wind-
ing through the crystal around the dis-
location line [see illustration at top of
this page], whence the name “screw dis-
location.” Subsequently it was realized
that the edge and screw types are simply
limiting cases of a continuum, in which
the dislocation line can assume various
angles to the direction of atomic dis-
placement. In other words, most dis-
locations contain both a screw and an
edge component [see illustration at
right]. The important point about all dis-
locations is that they are regions of dis-
tortion in the lattice and move rather
easily when subjected to a force.

The concept accounted for the weak-

ness of metals. But the macroscopic
behavior of a crystal is the result of the
motion of a great number of dislocations
and the interactions among them. It
was therefore difficult to establish the
quantitative relationship between ex-
perimental results and the properties of
individual dislocations, which the theo-
rists were studying with simplified
models. On the other hand, the atomic
details of lattice distortions could not be
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SCREW DISLOCATION occurs when planes of atoms (represented here by small cubes)
are slipped past each other along the dislocation line instead of perpendicularly to it as in
an edge dislocation. The result is a spiral ramp through the crystal, visible at the surface.
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EDGE AND SCREW DISLOCATIONS merge continuously with one another, and most
actual dislocations are mixtures of the two. This dislocation line (arc AB) begins as a
screw at point 4 and ends up as a pure edge dislocation by the time it reaches point B.
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made visible in themselves. The spacing
between atoms in a crystal is of the order
of three angstrom units (one angstrom
unit is a ten-millionth of a millimeter);
only in the past few years have electron
microscopes been capable of resolving
objects as small as 10 angstrom units
across.

The first direct evidence for indi-
vidual dislocations came from studies of
crystal growth. When atoms from a
liquid or vapor alight on the surface of a
growing crystal, they attach themselves
most easily to the lattice if they can form
bonds with other atoms already on the
surface as well as with those in the com-
plete layer below. As a new layer grows,
its boundary forms a step one atom
high, against which new arrivals can fit
and incorporate themselves into the lat-
tice. In 1949 F. C. Frank of the Uni-
versity of Bristol realized that screw dis-
locations provide a step where the ramp
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SPIRAL GROWTH PATTERN is produced by a screw dislocation.
The emerging ramp of the dislocation (left) provides a step, where
newly arriving atoms attach themselves in preference to other sites

v

FRANK-READ MECHANISM explains how a crystal can continue
to deform, apparently indefinitely, in a small region instead of
reaching the surface and leaving a perfect lattice, as in the bottom

110

emerges at the surface. Furthermore, the
step can perpetuate itself indefinitely.
As new atoms arrive along its length,
they wind it into an ever growing spiral
ramp [see upper illustration on these
two pages]. Frank’s theory soon re-
ceived experimental proof. L. J. Griffin
of the University of London made a
micrograph of growth spirals on beryl
crystals [see top illustration on page
112], and many such observations have
been made since.

A growth spiral, however, results
from a random process, and whether one
will be observable on a given crystal
surface is a matter of luck. F. Hub-
bard Horn, Ernest F. Fullam and
John S. Kasper of the General Electric
Research Laboratory found a more
dependable way to make screw disloca-
tions visible. In the course of some work
with aluminum boride crystals they
discovered that certain reagents attack

/
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growth spirals on the surface, dissolving
a hole through the thin crystal platelets
at the center of the spiral. Evidently
the core of a screw dislocation is chemi-
cally more reactive than the perfect
parts of a crystal.

Upon treating other crystals with ap-
propriate reagents they saw that the
holes, or “etch pits,” would form even
where there were no spirals. Presumably
these pits marked points at which dislo-
cations intersected the surface. Proof of
the idea was provided by F. Lincoln
Vogel, W. G. Pfann, H. E. Corey and
E. E. Thomas of the Bell Telephone
Laboratories. They had etched a ger-
manium crystal and obtained a row of
closely spaced pits. By means of X-ray
analysis they demonstrated that the row
lay along the boundary between two
crystal grains. Such a boundary is in ef-
fect a series of edge dislocations, and
Burgers had calculated that the distance

on the crystal surface. Since the rate of attachment is approximately
the same everywhere along the step, the new atoms wind them-
selves into a spiral, perpetuating the step as a spiral ramp. This

illustration on page 108. Under stress (arrows) segment BC of dis-
location line ABC begins to move. But it is anchored at point B
and therefore pivots around B, leaving an offset of one atomic



between dislocations should depend on
the angle between the grains. The Bell
Laboratories group measured the angle
and the spacing of the pits and found
that they agreed with Burgers” formula.

Etching is now a standard technique.
It has been used to verify a number of
predictions of dislocation theory. For
example, John J. Gilman and William G.
Johnston of the General Electric Re-
search Laboratory have confirmed that
glide planes contain many dislocations.

The same workers also learned to use
etch pits for tracing the motion of dis-
locations. They observed that the pit
formed at the site of a dislocation has
sharply pyramidal sides. If the disloca-
tion is moved by applying a force and
the crystal is etched again, a new,
sharply pointed pit forms. At the same
time the old pit smooths out and be-
comes flat-bottomed because it no longer
contains a core that is preferentially
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method of crystal growth was proposed by
F. C. Frank to explain how crystals can grow
from vapor or solution as fast as they do.
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spacing each time around. Diagonal hatch-
ing indicates area that has slipped one spac-
ing; crosshatched area has slipped twice.

attacked. Repeated etching therefore
makes it possible to observe the direc-
tion and velocity of dislocations moving
in response to stress [see bottom illustra-
tion on next page].

Applying pulses of force ranging in
duration from .001 second to one day,
Johnston and Gilman studied the rela-
tion between stress and velocity in
lithium fluoride. For velocities less than
about 1 per cent of the velocity of sound
(the maximum speed at which disloca-
tions can move through a crystal), the
velocity increases very sharply: doubling
the stress increases the velocity by as
much as a factor of 1,000,000.

\/Taluable as the etch-pit technique is,
it suffers from a serious limitation:
it traces the distribution and movement
of dislocations in only two dimensions—
that is, along the surface. To be sure,
by etching a sufficient number of times
the experimenter can penetrate to suc-
cessively deeper layers of a crystal and
so map out the third dimension. But
this is a tedious way to try to follow a
complicated group of dislocations.

In transparent crystals three-dimen-
sional patterns are much more readily
observed by a method known as decora-
tion. If a crystal is supersaturated with
atoms of certain foreign materials, the
impurity tends to precipitate out as col-
loidal specks. The specks grow more
readily in regions of distortion and so
they concentrate along dislocation lines
like beads on a string. Light passing
through a transparent crystal is scattered
and absorbed by the specks, which are
therefore visible at moderate magnifica-
tions. S. Amelinckx and his co-workers
at the University of Ghent used dec-
oration to study dislocations in rock salt,
calcium fluoride and other transparent
materials. One of their photomicro-
graphs, showing a net of dislocations
in potassium chloride, is reproduced at
the upper left on page 113. Amelinckx
was able to show that the complicated
geometry of the network agrees in detail
with the mathematical theory.

By taking advantage of the unique
photosensitive properties of silver bro-
mide and silver chloride, J. W. Mitchell,
now at the University of Virginia, has
studied dislocations in these two salts.
Specks of colloidal silver are formed
along dislocation lines when these crys-
tals are exposed to light. Among the ex-
periments Mitchell and his students
have performed with photosensitive salts
is one that helps to demonstrate the ef-
fects of internal stresses. They embedded
tiny glass spheres in growing crystals of

© 1961 SCIENTIFIC AMERICAN, INC

COPPER CRYSTAL, stressed by pulling at
both ends, is heavily deformed by multiple
atomic offsets along its preferred glide
planes. Such behavior of metals under stress
supports dislocation theory. This photo-
micrograph was made by S. S. Brenner at
the General Electric Research Laboratory.



FIRST EVIDENCE for the existence of screw dislocations, and confirmation of Frank’s
growth theory, was this photomicrograph, made by L. J. Griffin at the University of London,
of two ramps (from a left-hand and a right-hand screw dislocation) on a beryl crystal.

ETCH-PIT METHOD of observing dislocations is illustrated by these photomicrographs
taken by John J. Gilman and William G. Johnston at the General Electric Research Labora-
tory. In the upper picture a reagent has eaten rows of tiny pits on a lithium fluoride erystal
along the glide planes in which dislocations are concentrated. Lower picture shows how a
sharp pit (right) is formed at the site of a dislocation and more rounded ones at former sites.
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silver chloride. Glass contracts more
slowly on cooling than silver chloride
does, so that as the crystals cooled re-
gions of compressive stress were created
around the spheres. The force generated
a series of dislocation loops that moved
outward from the spheres like smoke
rings [see illustration at upper right on
opposite page].

One of the authors (Dash) has ex-
tended the decoration method to silicon,
which is opaque to visible light but
transparent to infrared. It is possible to
grow silicon crystals that contain very
few imperfections, and therefore to
study individual dislocations in detail.
Moreover, dislocations in silicon are mo-
bile above 600 degrees centigrade but
almost immobile at room temperature.
As a result a crystal can be deformed at
high temperatures and the resulting dis-
locations can be “frozen” for examina-
tion at room temperature.

An etching technique for silicon has
also been developed, and so the two
methods of visualizing dislocations can
be compared. In one experiment a crys-
tal was treated in such a way as to gen-
erate dislocations in a small region of
one surface; the dislocations formed a
series of expanding loops within the
crystal. Etching created pits where each
of the dislocations intersected the sur-
face, and decoration with copper de-
lineated these interior loops. Under
infrared illumination the decorated dis-
location lines were seen to be continua-
tions of the etch pits [see illustrations on
page 1071].

More general tools of crystal analysis
—electron diffraction and X-ray diffrac-
tion—have also been brought to bear on
the problem of observing dislocations. In
a sense they are more direct: the way in
which a beam of electrons or X rays is
reflected from the planes of atoms in
a crystal depends quite simply on the
geometry of the planes. Therefore a dis-
turbance in the diffraction pattern is
directly related to the very disarray that
constitutes a dislocation.

One of the most powerful of the dif-
fraction techniques was developed
by P. B. Hirsch and his co-workers at
the University of Cambridge. They work
with specimens about 1,000 angstrom
units thick, formed by electropolishing a
metal foil. When these films are put in
an electron microscope, the electron
beam passes through them, and the
image formed by diffraction is recorded
on photographic film. Electron diffrac-
tion makes it possible to observe disloca-
tions in motion when a specimen is



stressed or heated; from motion-picture
films made by Hirsch’s group and others
a good deal has been learned about the
interactions of dislocations with each
other, with other imperfections and with
the surface of crystals.

In principle X-ray diffraction works

in the same way as electron diffraction.
Because X rays are more penetrating
they can be used on thicker specimens
and therefore on a wider range of sub-
stances. Moreover, with the X-ray dif-
fraction method it is easy to determine
the direction of the atomic displacement

in a dislocation. On the other hand,
X-ray diffraction does not magnify and
it requires longer exposure times; hence
it is not well adapted to following the
motion of dislocations.

It should be emphasized again that
neither electrons nor X rays form an

e\‘:
.

DECORATION TECHNIQUE reveals the imperfections in a trans-
parent crystal because the decorating substance (silver in this case)
precipitates along dislocation lines. This photomicrograph of potas-
sium chloride was made by S. Amelinckx at the University of Ghent.

FRANK-READ DISLOCATION, a spiral of the type diagramed
at the bottom of pages 110 and 111, was observed by Dash in this
photomicrograph of a silicon crystal decorated with copper. Infra-
red light was used because silicon is opaque to visible light.

“SMOKE RING” dislocation loops appeared in silver chloride
when silver, concentrating along dislocations formed as the glass
bead (bottom) cooled, became visible upon exposure to light.
Micrograph was made by J. W. Mitchell at the University of Bristol.

ELECTRON MICROSCOPE provides a more direct method of ob-
serving the strains caused by a dislocation. This electron micro-
graph of dislocations in aluminum, magnified 60,000 diameters, is
by P. B. Hirsch and co-workers at the University of Cambridge.
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MULTIPLICATION OF DISLOCATIONS in the manner proposed
by Frank and Read was photographed as it occurred in this series

actual picture of dislocations in an
atomic crystal. The dimensions are too
small. There are some crystals composed
of large molecules, however, in which
the separation between lattice planes is
much larger than it is in most inorganic
crystals such as metals and salts. Plati-
num phthalocyanine is one such crystal;
having a lattice spacing of 12 angstroms,
it is just within the resolving power of
the electron microscope. J. W. Menter of
the Tube Investments Research Labora-
tories in England has made an electron
micrograph of this material in which the
extra planes of three edge dislocations
are visible [see illustration below]. Here
is the ultimate direct proof that disloca-
tions exist, and they look just as their
inventors thought they would.

Indeed, a number of the theorists’

wonderfully ingenious conjectures have
been confirmed by the techniques de-
scribed in this article. A striking ex-
ample is the Frank-Read mechanism
for multiplying dislocations. To under-
stand why such a mechanism is neces-
sary, consider again the motion of a
dislocation through a crystal. The earlier
brief discussion glossed over a crucial
point. When a moving dislocation line
reaches the surface of the crystal, the
dislocation disappears, leaving behind a
more nearly perfect array. In the process
the parts of the crystal have slipped only
one atom spacing. Even if a sample con-
tained a very large number of disloca-
tions, it would seem that a distorting
force should quickly push them all out
to the surface. Thereafter the material
should be extremely strong. Yet in fact

——

ACTUAL PICTURE of dislocations is possible with crystals the lattice sites of which are
occupied by large molecules. Extra planes are visible (as diagramed in the drawing at right)

in this electron micrograph by J. W. Menter of Tube Investments Research Laboratories.
The crystal is platinum phthalocyanine; the distance between planes is 12 angstrom units.
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of electron micrographs by H. G. F. Wilsdorf of the Franklin In-
stitute. The specimen, a thin foil of stainless steel, has been en-

a crystal can deform almost indefinitely
even along a few limited glide planes.

In 1950 Frank and W. T. Read, Jr.,
of the Bell Laboratories proposed a way
out of the difficulty. It was already
known that if one dislocation intersected
another or encountered a large impurity
atom, its motion would be impeded or
stopped. Suppose, Frank and Read sug-
gested, that the dislocation was snagged
at one end and that the rest of it was free
to move. Then a continued application
of force would make it sweep around
over its glide plane, producing an offset
of one atomic spacing each time around
[see illustration at bottom of pages 110
and 111]. Similarly, if the lines were
anchored at two points, the portion in
between would bend out and sweep
around in a series of closed loops, in a
manner resembling the motion of the
hands of a swimmer doing the breast
stroke. Six years after the idea was put
forward, Dash succeeded in photograph-
ing a Frank-Read loop source in opera-
tion in a silicon crystal. Since then simi-
lar patterns have been observed in other
crystalline materials.

he work on silicon has provided a

more detailed picture of how dis-
locations multiply and propagate in the
material, and this in turn has led to a
method of producing crystals that con-
tain no dislocations whatever. The
process for making them is adapted
from one developed by Spyro Kyropou-
los at the University of Gattingen.
Silicon is melted in a crucible heated
from below so that the temperature
of the liquid decreases from bottom to
top. The end of a small “seed” crystal
is dipped into the surface of the melt,



larged about 65,000 diameters. The expand-
ing dislocation loops are clearly visible.

and the liquid begins to solidify on it.
Then, very gradually, the seed is with-
drawn, pulling the growing crystal after
it [see illustration on next page].

In its original version Kyropoulos’
method produces a large, pure crystal
but one containing as many as 100,000
to 100,000,000 dislocation lines per
sqquare centimeter. They come originally
from dislocations in the seed. As atoms
add themselves to the lattice, the imper-
fections are extended into the newly
grown region. Then, as the solid is with-
drawn from the melt, the dislocations
multiply. The reason for this is that the
outside of the crystal, cooling faster than
the inside, tends to shrink and so to
squeeze the material in the interior. The
stress causes dislocations to spread
through the body of the crystal and mul-
tiply by processes such as the Frank-
Read mechanism.

By controlling the rate of surface
cooling with the aid of a properly placed
heating element, the thermal stress can
be ecliminated and the number of dis-
locations drastically reduced. But the
ones from the seed are still there. Recent
studies in our laboratory have shown
how they too can be eliminated.

It was found that dislocations in both
silicon and germanium tend to propa-
gate along certain preferred directions
in the cubic crystal lattice. If any of
these directions runs down the long axis
of a seed crystal, dislocations in the
seed move easily into the new material
below it. If, however, the seed is care-
fully cut so that none of the preferred
directions are parallel to the axis, dis-
locations tend to grow laterally but not
downward. As the growing crystal is
pulled out of the melt, the dislocations
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Cool Eye

ON A
Hot Star

... from Perkin-Elmer

One of the first instrumented probes in
the NASA/Princeton stellar-ultraviolet
radiation study will use a newly developed
UV spectrometer from Perkin-Elmer to
scan Spica, a brilliant First Magnitude Star.

Carried aboard an Aerobee 150A rocket,
the instrument will provide advanced
information for an ultimate Orbiting
Astronomical Observatory program.

Although the rocket’s attitude control is
accurate to at least ==1.5 deg., the
Perkin-Elmer spectrometer has its own
line positioning capability to a cool eyed
accuracy of better than =10 sec. of arc.

Challenges equal to the Spica
probe are available for Senior
Engineers and Scientists with
capabilities in:

W ELECTRONIC SYSTEMS
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MECHANICAL SYSTEMS
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Mr. R. H. Byles

Perkin-Elmer
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MAIN AVE. « ROUTE 7' NORWALK, CONN.

All qualified applicants will be considered
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move out to the sides and stop. After a
short time they have all been left be-
hind, and the material now solidifies in
a perfect crystal. From this point on even
severe temperature fluctuations do not
generate new dislocations. Perfect sili-
con and germanium crystals weighing as
much as 50 grams have already been
made; in principle, at least, the method
should be capable of producing much

larger ones.

Experiments are now under way to
determine whether dislocation-free
crystals are as strong as theory predicts
they should be. Preliminary results in-
dicate that perfect silicon crystals are
about 30 times stronger than ordinary

ones at 900 degrees C. (The effect of
dislocations on the strength of silicon
must be tested at high temperature be-
cause of the low mobility of dislocations
in this crystal when it is cool.)

The early experiments have demon-
strated another fact: These perfect crys-
tals do not stay perfect for long under
ordinary conditions. Minute imperfec-
tions on the surface—oxidized spots, for
example, or places accidentally touched
by another object—are sources of dislo-
cations that propagate throughout the
body when it is heated. With further
study it may be possible to devise a way
to keep out dislocations permanently,
and to realize the tremendous potential
strength of crystalline solids.
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MOLYBDENUM SHAFT
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DISLOCATION-FREE SILICON is produced by the method diagramed above. Silicon is
melted in a furnace; heat, applied at the bottom (arrows), decreases with height above the
melt. A “seed” crystal is dipped into the melt and slowly withdrawn. Proper orientation of
the seed and control of temperature make it possible to eliminate all dislocations. The dis-
location-free crystals that result are found to be far stronger than ordinary silicon crystals.
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two cleavers, knife, scraper, “discoid,” pick, core scraper, chopper
and “spheroid.” The hand axes are 11 inches long. Chopper and
spheroid are made of quartz; all others, of the mineral mylonite.

STONE TOOLS at Isimila were made some 75,000 years ago. Their
diversity in size, shape and material suggests each type had its own
use. Shown here, from top left to bottom right, are: two hand axes,
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Isimila: A Paleolithic Site in Africa

The stone tools of early man have seldom been found exactly where

he left them. Now excavations in Tanganyika have exposed campsites

littered with tools that provide clues to their users’ way of life

he prehistorian who studies the
earlier part of the Old Stone Age

is attempting to reconstruct the
habits and behavior of peoples dead for
more than 75,000 years. In going about
the task he is not encumbered by an over-
supply of evidence: the total inventory
comprises a few fragments of human
skeletons; some bones of the animals that
the early hunters killed (and vice versa);
pieces of wooden implements, preserved
through rare accidents; and large num-
bers of the chipped stones with which
man then carved, scraped and battered
out his living.

If one is to extract much valid infor-
mation about the way of life these arti-
facts represent, one must examine
them in the settings in which they were
used—in “archaeological context.” For a
long time, when Europe was the main
theater of archaeological exploration,
stone tools dating from the early Paleo-
lithic period were not seen this way.
Abandoned at the exposed sites where
their makers had lived (men did not
become cave dwellers until rather late
in the Old Stone Age), the tools were
subsequently disturbed and even trans-
ported over considerable distances dur-
ing the glaciations of the Pleistocene
epoch. During the past 30 years or so
much research on early man has been
conducted in the unglaciated landscape
of central Africa. A number of undis-
turbed, open living sites have been
turned up. One of these, at Isimila in
southern Tanganyika, has provided an
assortment of Paleolithic tools in archae-
ological context. Together with my col-
leagues Maxine R. Kleindienst and
Glen H. Cole, I have spent a consider-
able part of the past several years exca-
vating and analyzing the material. It has
provided valuable new insights into the
activities of early man.

by F. Clark Howell

A number of the undisturbed sites are
situated in or are adjacent to the Great
Rift Valley of eastern central Africa.
These include Kariandusi and Olorge-
sailie in Kenya and Olduvai Gorge in
northern Tanganyika. Olduvai Gorge
presents the longest known sequence of
Pleistocene living sites. There L. S. B.
Leakey of the Coryndon Museum in
Nairobi has recently discovered remains
of the oldest known toolmakers, dating
back some 1,750,000 years. The Isimila
site is situated not in the Rift Valley but
in the Iringa highlands of southern
Tanganyika, and the tools there are not
nearly so old. They belong to the style
of manufacture known as Acheulean,
after the place in northern France where
an abundance of such tools has been
found. Current estimates place the be-

’ ! | .‘__’::-_' '.‘.'.%-

EXCAVATION SITE was dotted with tools and rubble, exposed by erosion of Isimila beds.

ginning of the Acheulean industry about
300,000 years ago, in the middle of the
Pleistocene, and the end about 75,000
years ago, toward the end of the last
interglacial period. Judging by the geo-
logical formations represented there,
Isimila seems to have been inhabited
for only a few thousand years near the
end of the long span of the Acheulean
period.

1‘he geological history of the site was

- traced for us by Edward G. Halde-
mann and Ray Pickering of the Depart-
ment of Geological Survey of Tangan-
yika. Millions of years ago the place
was a major river valley. Then a series of
upward and downward geological move-
ments transformed the landscape, leav-
ing the old valley as a small trough at an

.'*‘ Ee

Nine living sites were excavated in three upper levels. One was excavated in fourth.
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AERIAL VIEW of Isimila, looking northeast, shows main areas of sheet erosion. Trenches
at middle right are excavation H20 in Level 4, the only bed containing fossil animal bones.

120

© 1961 SCIENTIFIC AMERICAN, INC

elevation of 5,400 feet, drained only by
a small stream. During a period of in-
creased rainfall in the middle of the
Pleistocene the surrounding hills were
covered with trees. Later the climate
became drier and scrub vegetation re-
placed the woodland. Soil slipped and
washed down from the deforested hills,
choking the outlet of the basin and dam-
ming up an elongated body of water.
This was alternately a marsh and a shal-
low pond, sometimes with an overflow. A
steady deposition of silt in this basin
eventually filled it to a depth of more
than 60 feet with alternating beds of fine
clay and coarser sandy sediment. The
whole silting process seems to have re-
quired a few thousand years at most, and
during this time early Stone Age hunters
camped around the water hole.

There are five distinct beds of coarse
sediment. Recent erosion has bared a
good part of the upper three, and we
have excavated them extensively. They
contain an extraordinary number of liv-
ing areas, all of them littered with tools.
Indeed, it is hardly possible to walk over
the site in any direction without stepping
over uantities of finished and partly fin-
ished tools and waste chips. Since these
upper layers are quite acid, no bone (ex-
cept for a single hippopotamus tooth)
has been found in them. In the fourth
layer, however, we found bones of a
number of animals, representing both
extinct and still existing species. The
skeleton of a hippopotamus, with the
head and legs missing, looks very much
as though it had been slaughtered or
scavenged by human beings. The lower
layers also yielded tools, but very few
living areas to provide context.

With artifacts scattered so liberally
through the three upper layers, the de-
limitation of a living area is somewhat
arbitrary. In certain places, however,
the pieces lie at the bottom of the sandy
bed, on the surface of the underlying
clay or within an inch or two of it.
Horizontally they are densely distributed
in a central region, becoming sparser
with distance from the center. Although
the boundaries may be uncertain, it
seems (uite clear that these assemblages
mark out a site occupied for some time.

Nine living areas have been extensive-
ly excavated in the upper three levels,
and one in the fourth bed has been par-
tially exposed. The existence of several
occupation areas on each level provides
the first opportunity to compare different
assemblages of tools known to be rough-
ly contemporaneous. At other sites it
has been possible only to compare them
with those from different strata. Con-



HIPPOPOTAMUS BONES found in Level 4 form skeleton lacking scavenged by early man. This level contained fossil animal bones,
head and extremities. The animal may have been slaughtered or of both extinct and extant species. No human bones were found.

HAND AXES found on Level 1 were resting on edge, as their users resting in this position. It has been suggested that implements left
left them. Only one other Paleolithic site in Africa yielded tools lying thus were used for a specialized purpose, as yet unknown.
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sequently the work at Isimila is forcing
a revision of some widely held notions
about the earlier Old Stone Age.

Our method of studying the occupa-
tion site was simple enough in prin-
ciple but tedious and exacting in prac-
tice. After carefully excavating an area,
we examined, classified and tabulated
each one of the hundreds of tools that
were exposed, as well as the numerous
bits of rubble and waste chips. From
these counts we were able to prepare
charts showing the relative frequency of
each type of object at each place [see
illustration on pages 126 and 127].

Of what use is all this detail? In part
the answer is still uncertain. When the
same sort of analysis has been carried out
at other sites, a comparison of the data
may bring out new facts and relations.
At Isimila alone, however, there was
enough diversity to provide an entirely
new idea of the full range of the Acheu-
lean tool complex and to reveal an un-
suspected degree of specialization.

Before proceeding to a description of
what we found, a word about the dif-
ferent kinds of tool is in order. Unlike

earlier toolmakers, the Acheulean crafts-
men did not merely trim up likely look-
ing stones that were ready to hand. Thev
knew how to strike flakes from boulders
or large stones and then fashion the
blanks into a wide variety of standard-
ized shapes. The kinds of rock with
which they worked—mylonite (a strong-
ly coherent rock containing fine mineral
grains), granite, quartz and quartzite—
show that they had mastered the most
intractable raw materials.

The stone artifacts at Isimila fall into
several classes. These include large and
small shaped tools, pieces that were
modified or slightly trimmed, pieces that
were used but not trimmed and waste
products. Within these classes various
types of tool can be recognized and dif-
ferentiated on the basis of the kind and
the treatment of edges, the nature of the
secondary trimming and so on. The tool
types also exhibit different shapes or
forms, and these vary between assem-
blages from the same site as well as be-
tween those from different sites. The
large shaped tools with sharp cutting
edges are usually made of mylonite and
occasionally of quartz or quartzite. Ac-

- J

LOCATION OF ISIMILA is shown by the blue dot at right of center on this map of Africa.
Most of the continent escaped glaciation during the ice age and still preserves some of the
open-air sites at which early man camped in the period before he began to inhabit caves.
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cording to their shape and type of edge |
they are designated as hand axes, cleav-
ers, knives, flake scrapers and “discoids”
[see illustration on page 118]. The list of
the blunter large pieces—generally of
granite, quartz or quartzite—includes
picks, core scrapers, choppers and
“spheroids.” Small tools are most often
quartz, and their worked edges are fre-
quently notched or otherwise shaped
for scraping or perhaps for piercing.

Although many of the names suggest
that the purposes for which the different
tools were used are known, this is not
at all true. In some cases, however, the
most common guesses seem fairly plausi-
ble. It appears likely that the large blunt
tools, which were always made of par-
ticularly durable varieties of stone, were
meant for heavy duty. The small tools
may have been used for working wood.

The hand ax was formerly thought to ‘
be an all-purpose tool, used for cutting,
skinning, digging and so on, but the evi- |
dence from the undisturbed living sites
at Isimila and elsewhere contradicts this
notion. The sharp edges of the hand axes
and some of the other large tools suggest
beyond doubt that they were used only
on soft substances. Recently some au-
thorities have suggested that certain of
the large sharp pieces were used for |
skinning and  dismembering  thick-
skinned animals.

There is no proof for any of these hy-
potheses. Some of the evidence is dis-
tinctly mysterious. For example, both at
Isimila and at another East African site
several hand axes were found resting on
one edge. Were they merely stuck in the
ground after their users had finished
their work or does their position indi-
cate some specialized application? With
further research such questions may be
answered. Meanwhile the list of names
serves to describe an assortment of well-
defined tool types, whatever their pur-
pose. The conventional labels furnish
the prehistorian with an essential system
of classification.

_Xmong the various living areas at Isi-
+ X mila we could distinguish three dis-
tinct types of tool assemblage. The first
type, represented in six places, has been
traditionally regarded as the typical
Acheulean tool kit. It consists mostly (up
to 70 per cent and in one case even
more) of large, sharp-edged tools—nota-
bly hand axes, cleavers and knives. The
rest of the collection is divided about

equally into large blunt tools and small l
flake tools. There are few waste prod- ‘

ucts. The second type, of which there

are two examples, is just the reverse: |

Where
else
can
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small tools predominate (40 to 60 per
cent). Here there are few large cutting-
edged tools and a fairly large quantity
of waste products.

Both of these general categories have
been observed in other Paleolithic sites
in East Africa. The third type is new.
Found at one place in the third level,

it contains a few small tools and a few
large cutting-edged ones, the latter of an
unusual shape. About half of the total is
made up of large, heavy-duty tools—
principally picks, core scrapers and
choppers.

Before the excavations at Isimila were
undertaken, different styles of individual

tools and different tool kits had always
been found at separate sites, or in sepa-
rate levels of the same site. Therefore
they were usually held to reflect the
passage of time and changes in culture
or technology. Some authorities have at-
tributed the first two types of tool kit
we found at Isimila to distinct “cultures”
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RIFT VALLEY AREA holds most of the human occupation sites
recently excavated in eastern Central Africa. Shown here as black
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dots, from Kenya in the north to Rhodesia in the south, are Karian-
dusi, Olorgesailie, Olduvai Gorge, Isimila and Kalambo Falls.
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with different ecological adjustments
and subsistence patterns. There has even
been talk of two different species of
man.

The results at Isimila make such in-
terpretations highly questionable. The
place was occupied for a relatively short
time. Yet a wide variety of tools and tool
kits appears at different places within a
single level. It seems most likely that in
this case differences in tool kits reflect
different activities. Members of the same
group may well have been simultaneous-
ly performing different tasks requiring
different tools.

On the other hand, variations in in-

dividual styles in similar assemblages
also found at Isimila may mean that more
than one band of early men occupied the
site at about the same time. For example,
in one living area most of the hand axes
are shaped like spearheads, in another
most are egg-shaped. In one tool kit
the sides of many of the cleavers con-
verge; in a similar one they are largely
parallel. Miss Kleindienst has discovered
regional differences in the workmanship
of certain tools at a number of East Af-
rican Acheulean sites. Perhaps groups
from different localities may have con-
centrated at the same campsite together.
Stylistic variations had been known in
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TOOL ASSEMBLAGES at nine sites in the three upper levels of
the Isimila beds are shown in this chart based on an analysis by
Maxine R. Kleindienst. At six sites (K14, H9-J8, Upper J6-J7, K6,
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the tools of hunters and gatherers of the
present day and of Neolithic times, but
it was interesting to find them so much
earlier.

Similarly, there are differences in ma-
terials from one occupation site to an-
other even in the same level. In some
locations the full range of raw materials
is represented; in others, only one or two
varieties. The mylonite used for large
cutting-edged tools also varies from site
to site in color, hardness and flaking
qualities. To some extent the variation
may simply reflect the sources that were
available at a given time. But it could
also mean that the toolmakers selected
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J12, K19) large sharp tools predominate. At two (Lower K18, Low-
er J6-J7) small tools are numerous. At one (Lower H15) large
blunt tools form the majority. This assemblage is unique for this
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their materials from a number of ex-
posed deposits, choosing the kinds best
suited to the pieces they were working
on. Conceivably different bands may
even have enjoyed exclusive rights of
exploitation to sources they had discov-
ered. This would account for differences
between the varieties of stone used at
different sites in the same level.

The pattern of stone rubble found at
- different locations varies with the
type of tool kit and tells its own story.
Where there are small tools there is usu-
ally a good deal of rubble, most of it
chips of the tool material. Evidently

LOWER J6-17

SANDSTONE 2
s N

these pieces were fashioned at the living
sites where they were used. In the case
of large tools, on the other hand, the liv-
ing areas contain relatively few waste
products of the same materials. Such
waste as is there looks as though it was
the product of minimal reworking or
sharpening. Most of the tools were evi-
dently made elsewhere.

One factory site has been uncovered
at Isimila. The frequencies of both tools
and waste products there are quite un-
like those at any living place. The work-
shop contains few finished, or even semi-
finished, large tools. There are some
roughed-out specimens and some fresh

=

n2 K19
(88) (40) (90)
l |
|
0 10 20 30 0 10 20 30 40 50 0 10 2 30 40 50

PER CENT

period in East Africa. It had been thought that each kit represented
a different time or culture. But all kits are present on Level 3, at
roughly contemporaneous sites. It may be that they were made by
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blanks. Most of the inventory consists
of large flakes of mylonite struck off in
shaping the blocks of raw material from
which the blanks were subsequently pro-
duced.

Certain of the living areas contain a
puzzling distribution of stone pieces:
a good many large tools and, as usual,
little or no factory waste products but
a large amount of extraneous rubble. In
these places the inhabitants must have
deliberately amassed stone rubble. What
they wanted it for we have no idea, but
there is little doubt that they went out
and collected it. Other open sites in East
Africa as well as some caves in Europe

SANDSTONE 3
LOWER K18

:
B

LOWER H15
(41)

1 LN

O

N

o

10 20 30

o
o

20 40

the same people and each was used for a different task. At all sites
except one (Lower J6-J7) a few tools are omitted from the count.
These were broken and too damaged to be identified by name.
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reveal evidence of the same activity.

At Isimila we found no wood or any
evidence of fire. Both have been uncov-
ered at other Acheulean sites, however. |
Pieces of wood preserved at Kalambo |
Falls in Rhodesia and at three European
deposits—in Germany, Spain and Eng-
land—indicate that men in the earlier
Old Stone Age made wooden imple-
ments and weapons, including hard-
wood spears and what are probably
clubs and throwing sticks. Charred
wood, charcoal and ash at Kalambo Falls
and in two African caves testify to the
use of fire during the latter part of the
Acheulean period.

l?rom the recent work at Isimila, as

well as at other undisturbed open-air
sites, a much fuller picture of the life
of Paleolithic man has begun to emerge.
It shows a more varied and specialized
technology and perhaps a higher degree
of social organization than had been en-
visaged before. As always, the new in-
formation suggests still further ques-
tions: How large were the groups that
camped at the open-air sites? Were
there several different families in the
same band? Were there different bands?
How long did the people stay? Days?
Weeks? Did they come back several
times a year?

The very profusion of the remains at
Isimila constitutes a puzzle in itself.
What did the people want with all those
tools? To be sure, the objects are not
hard to make; a skilled prehistorian can
turn one out in a few minutes. It is likely
that the cutting-edged tools were dis-
carded and replaced as soon as they lost
their edge. Even so, the quantity seems
out of proportion to any conceiv-
able need.

Not all the problems may be solvable.
But further studies of evidence in the
archaeological context of the earlier Old
Stone Age cannot fail to enlarge our
understanding of man’s place in nature.

PLAN OF ISIMILA VALLEY, looking
north, shows the location of the excavated
living sites and the extent of each of the
five Isimila beds. The heavy black line rep-
resents the stream now running through the
valley. The notched line indicates the limit
of erosion. The beds were deposited in a
pond around which early man made his
camps. As the basin silted up, the campsites
were buried. The pond gradually shrank
until it was the size of bed I«’ and the region
was no longer suitable for habitation. The
schematic cross sections at right show five
levels of the Isimila beds at points corre-
sponding to those marked on the plan.
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Why is Technical Digest published?
To inform those who are interested in technology, scientific and industrial progress in
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countries.
What does Technical Digest contain?
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CRYOBIOLOGY

LONG TERM PRESERVATION
OF BIOLOGICAL SPECIMENS
IN LIQUID N, AT -320° F.

FREE from Radio Shack

America’s most complete, exciting

1962 ELECTRONICS CATALOG

plus all other issues for 1 full year

Our bigger, better catalogs are the nation’s standard

Today, liquid nitrogen is used for storage of
viruses, bacteria, cancer cells, tissue, sperm and
blood. CRYENCO specializes in providing equip-
ment for your low temperature investigation and
work.

Now, we are producing a complete line of
low temperature biological storage dewars (Bio-
stats)—from 325 cu. in. to 17.5 cu. ft. Ease of
operation and convenience are featured. Operation
| is economical with safe, long storage time-—you
fill only every 30 to 90 days, depending on unit
and use.

Write for our complete catalog on CRYENCO
BIOSTATS, company letterhead, please.

CRY ENCO
CRYOGENIC ENGINEERING COMPANY
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Low Temperature, High Vacuum Equipment
and Engineering
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Let’s step indoors

for a breath of fresh air!

You know the old expression about step-
ping outdoors for a breath of fresh air?
‘We just retired it.

Borg-Warner has been delving deeply
into the air you breathe for quite a spell
(probably the most intensive study of ““the
neglected element” ever undertaken by
industry). Now, specialistsin air quality at
B-W’s Roy C. Ingersoll Research Center
have given indoor air a startling competi-
tive edge over outdoor air.

They have accomplished this by devel-
oping a solid deodorant, in the form of
pea-sized pellets, which reacts chemically
with and destroys odor molecules and
odor-causingbacteria. Notdisguises,mind
you. Destroys! When exposed to these
pellets in an air conditioner filter, stale
indoor air becomes as healthful and clean
as Nature’s own.

And this major new advance in comfort
is just around the calendar. These pellets
will be sandwiched within filters in the
1962 line of air conditioners made by the
York Division of Borg-Warner.

Odor removal is just the first achieve-
ment in our campaign to improve the air.
We’re up to our noses in the study of
man’s own contamination of city air.
We’re tackling the air freshness problem
of submarine living. We’re at work to help
conquer airborne viruses.
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Our involvement in the air you breathe
is a good example of the research-minded
nature of Borg-Warner. We’re alert to the
improvement of present products, always
in pursuit of new ones. With'such results!
A catalog of patents in automotive parts.
A history of ““firsts” in household appli-
ances. The development of many essential
components to probe for oil, penetrate
outer space, operate industrial machinery,
improve farm productivity.

In fact, research rates near-top priority
with Borg-Warner in all our major fields
of activity. As repre-
sented by the 7 Hats
of Borg-Warner, they
are (in the top row)
national defense; oil,
steel and chemicals;
(middle) agriculture;
industrial machinery;
aviation; (bottom)
automotive industry;
home equipment.

At Borg-Warner, research is far more
than electronic microscopes and vacuum
chambers and analog computers. It is an
attitude, an awareness, a sensitivity—a
coordinated and dynamic effort to spear-
head growth of industry and improve
standards of living around the globe.
Borg-Warner Corporation, 200 South
Michigan Avenue, Chicago 4, Illinois.

;1.) BORG-WARNER.

Better products through creative research and engineering



AUDITORY LOCALIZATION

It 1s well known that the al)ility to determine the direction

of sound depends on having two ears. But how does the brain

use the information from the ears to make the determination?

nyone who has ever gone temporar-
A ily deaf in one ear can testify to
the advantages of binaural hear-
ing. Sounds heard through one ear only
are difficult or impossible to localize, and
they lose their quality of depth. For hu-
man beings the ability to localize sound
is more than a convenience; for some
animals it is a necessity. Two ears are
better than one if a person is trying to
understand one voice against a back-
ground of other voices. (This is what
acoustical engineers call the cocktail-
party problem.) Two ears provide bats
and certain night-flying birds with their
fantastically sensitive location system.

That a pair of separated receivers
should facilitate localization is reason-
able enough. Each ear receives a slightly
different sound pattern from a given
source. The difference is somehow
used by the brain to fix the position of
the source. For more than 150 years
investigators have been trying to find
out how. Recently there has been con-
siderable progress, but the process is
still far from completely understood.

So far as the records show, the first
person to look into the matter was the
Italian physicist Giovanni Battista Ven-
turi (1746-1822). Nowadays Venturi is
remembered for his research in fluid
dynamics. In fact, his name has become
a common noun: the venturi, or venturi
tube, is a standard device for measuring
the flow of fluids. Venturi also turned
his talents to many problems outside of
physics. He studied visual and auditory
perception, wrote on economics and his-
tory and was active in politics during the
Napoleonic period.

In his work on auditory localization
Venturi stationed a blindfolded subject
in the middle of an unobstructed mead-
ow. Circling around the subject at a dis-
tance of about 150 feet, the experimenter
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by Mark R. Rosenzweig

periodically sounded a note on a flute
or rang a bell. When the sound came
from a direction at right angles to
“straight ahead,” the listener could
easily identify the direction. If he kept
his head still, he often confused sounds
coming from directly in front of him
with sounds coming from behind him.
When the source was diagonally in front
of him or diagonally in back of him on
the same side, the subject frequently was
unable to distinguish front from back,
but he never had any trouble with right
and left. If the test sound was sustained
for a few seconds and the listener was
allowed to turn his head, he did not
make these mistakes.

Venturi also found that a person with
one deaf ear could localize sounds, but
only if he turned his head while the
sound continued. The subject simply
turned until the sound was loudest, at
which time his good ear directly faced
the source. The experimenter noted that
subjects with one deaf ear never local-
ized brief sounds accurately.

Venturi concluded that a listener uses
the relative intensities of the stimuli ar-
riving at his ears to localize sound. He
believed, furthermore, that the process
involves judgment, and he denied the
possibility of physiological interaction of
the neural messages from the ears. “Since
we distinguish the two simultaneous sen-
sations of the two ears,” he wrote, “and
since their different intensities furnish us
knowledge of the true direction of the
sound, therefore one must conclude that
the two sound impressions do not mix
together inside the skull.” This interpre-
tation was to prevail for more than a
century.

Notwithstanding the fact that Ven-
turi published his findings no less than
four times between 1796 and 1801—
twice in German and once each in
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French and Italian—they made remark-
ably little impression. His observations
and conclusions were occasionally men-
tioned in early 19th-century texts, but
they were not credited to him. Later they
were forgotten altogether. In the 1870’s
the British physicist Lord Rayleigh re-
peated essentially the same experiments,
with the same results, apparently with
no knowledge of Venturi’s work. He be-
lieved that the observations supported
the common view that localization is
judged on the basis of the relative in-
tensities of stimulation at the two ears.

Shortly after 1900 a German physician

named Stenger devised an ingenious
clinical hearing test that effectively de-
molished the ordinary view of localiza-
tion, although no one seems to have real-
ized it at the time. The test, which is still
in use, was designed to expose people
feigning deafness in one ear. Anyone
who pretends to be deaf in kis right ear,
for example, will report hearing a tone
if it is presented to his left ear through an
earphone. What happens if the tone is
now presented to the left ear and simul-
taneously but more intensely to the right
ear? The listener hears the sound as
coming from the right. The malingerer
will therefore give himself away by
saying that he does not hear any
sound, in spite of the fact that it is just
as intense as before at his admittedly
good left ear. The effectiveness of this
test makes it clear that the listener hears
only a single localized sound and does
not compare separate sensations arising
at the two ears. Unfortunately the ob-
vious meaning of the clinical discovery
was ignored by students of auditory per-
ception.

In 1911 there was published the first
suggestion that a different mechanism—
small differences in the time of arrival



AUDITORY
CORTEX

CEREBRAL HEMISPHERES
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~ LEFT COCHLEA

AUDITORY-NERVE PATHWAYS connect the cochlea of each ear
with the auditory areas of the cerebral cortex. At the lowest level
of the auditory system (the auditory nerves and cochlear nuclei)
the pathways are completely separate. (In this greatly simplified
diagram of the system the pathways from the left ear are shown
in black; those from the right ear are shown in gray.) At the next
level (the olivary nucleus in the medulla) some of the nerve fibers

E
l
1 OLIVARY NUCLEUS
{ COCHLEAR NUCLEUS

RIGHT COCHLEA

from the cochlear nuclei of both ears converge on the same nerve
cells. These cells, which thus carry messages from both ears, are
shown in color. At successively higher levels of the system there
is increasing convergence, and increasing interaction, between
messages from the two ears, as is indicated by the larger proportion
of cells in color. The majority of nerve pathways starting in
one cochlear nucleus cross to the opposite side of the brain.
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of a sound at the two ears—might influ-
ence the apparent location of the source.
A sound originating directly to the right
side of the head reaches the right ear
about .0005 second before it reaches
the left ear. A sound originating five de-
grees to the right of straight ahead or
straight back reaches the right ear only
00004 second earlier than the left ear.
Could perception of location be based
on such minute time differences? During
World War I the question was inves-
tigated secretly, both in France and
Germany, in connection with the devel-
opment of sound locators to detect air-
planes. The tests showed that time dif-
ferences of the order of .0001 second
(with no accompanying differences in
intensity) do indeed serve to locate the

STIMULUS
GENERATOR

RESPONSES OF AUDITORY CORTEX, recorded through open-
ings in the skull of an anesthetized cat, vary according to the stimu-
lus conditions. Four electrical response curves for the cortex of the
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source of sound. Such intervals are far
too small to allow the sound to be heard
as separate stimuli by the two ears.

When the results were made public
after the war, the judgment theory of lo-
calization was finally abandoned and a
search was begun for the neural mech-
anisms underlying the process. During
the 1920’s there was a good deal of
speculation about possible mechanisms.
The 1930’s saw the beginning of a
mounting volume of experimentation on
the electrical activity of the nervous sys-
tem in response to auditory stimulation,
as well as a revival of studies of the ef-
fect of brain damage on localization. The
latter investigations had first been con-
ducted in the 1880’s.

Whenever a nerve conducts messages,

AMPLIFIER A

AMPLIFIER B
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small changes in electrical potential
travel along the fibers of its constituent
cells. With suitable equipment experi-
menters can tap the electrical signals as
they travel from each ear up the audi-
tory pathways to the auditory cortex
[see illustration on preceding page]. My
colleagues and I have pursued this line
of research for a number of years, first at
Harvard University and later at the
University of California.

Our subjects were anesthetized cats.
As sources of stimuli we used inde-
pendent earphones, one at each ear. Tiny
electrodes inserted at various points in
the auditory neural pathways fed signals
into our amplifier and recorder.
Stimulating the cats’ ears with a brief,

CLCK TO
RIGHT EAR

[l|ll|l||l|l||

0 10 20 30

TIME (MILLISECONDS)

right hemisphere appear at top; those for the left cortex, at bottom.
When only the right ear is stimulated, there are responses in the
auditory cortex on both sides of the brain; response from the left
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sharp click produced characteristically
different electrical responses at each of
the levels of the auditory system. More-
over, we found that, at every level in the
neural pathways serving each half of the
brain, an input to the ear on the opposite
side of the body elicited a larger response
than it did on the same side [see illus-
tration on these two pages]. Most of the
neural systems of the body run contra-
laterally in this way: from one side of
the brain to the opposite side of the body.
This asymmetry is less pronounced in the
auditory system than in most others, but
it is clearly present. Because of the asym-
metry we could always tell which ear
had been stimulated by comparing the
responses at the two sides of the brain. A
basis for an elementary localization—

CLICK TO
LEFT EAR

J

discrimination of right from left—ap-
peared clearly in the neural responses.
These first experiments corroborated
some earlier findings, obtained in a dif-
ferent way. It has been known for many
years that nerve cells can be stimulated
to activity by small electric currents.
In the 1870’s physiologists began to map
the functional regions of the brain by ap-
plying currents to portions of the exposed
brain and observing the different bodily
responses that were evoked. In this way
the British neurologist Sir David Ferrier
delimited several sensory regions of the
cerebral cortex, including an area de-
voted to hearing. When Ferrier touched
an electrode to the auditory cortex on
one side of a monkey’s brain, the ear on
the other side of the head pricked up,

CLICKS TO -
BOTH EARS

|

(RIGHT PRECEDES LEFT BY .0002 SECOND)

side is larger. When only the left ear is stimulated, the response
from the right side is greater. When both ears are stimulated with a
small time interval between clicks, the response tends to resemble
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and the animal often turned its eyes or
head to that side. In Ferrier’s descrip-
tion it was as if a shrill note had been
sounded in the ear. Moreover, the
“sound” was always on the opposite side
of the head from the stimulus.

In the past 25 years or so human testi-
mony has confirmed Ferrier’s observa-
tions. Patients whose cortex was be-
ing mapped in preparation for brain
surgery have reported what they felt
when electric current was applied to dif-
ferent regions of the brain. A great deal
of such information has been obtained
by Wilder Penfield and his associates at
the Montreal Neurological Institute.
When the auditory area is stimulated,
patients say they hear sounds, even
though no sound waves have reached

CLICKS TO
BOTH EARS

|

(LEFT PRECEDES RIGHT BY .0002 SECOND)

the response to the prior stimulus alone. Thus when a click to the
right ear precedes one to the left by .0002 second, the response from
the left side is slightly larger than that from the right,and vice versa.
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How to turn
a new lace mto [
an-old hand

New employee’s learning time cut 759!
Production increased 509!
Rejects reduced 559!

Today at Hughes these levels of improve-
ment have become the norm in manufac-
turing. New employees who don’t know
a transistor from a thimble become skilled
assemblers in days instead of weeks. They
start almost immediately to help build
some of the most complex electronic sys-
tems ever developed.

More importantly, they can build them
right the first time. And they can meet
tight schedules while keeping costs down.

The secret is Videosonic* systems, devel-

*Trademark Hughes Aircraft Company

oped and perfected in Hughes plants.
Videosonic systems apply proven audio-
visual methods in new and highly devel-
oped ways. Recorded instructions and
slides guide workers step by step. They see
what they are to do, as they hear how to
do it. Each work station is integrated into
over-all operations—pace is maintained,
flow is smoothed.

Videosonic systems also give immediate
measurable results in other areas where
efficiency is demanded. Clerical workers
can quickly learn new methods. Product
testing can be speeded. Engineering activ-
ities can be made more effective.

© 1961 SCIENTIFIC AMERICAN, INC

R
Videosonic systems have proven their
merit in 5 years of use in Hughes plants in
El Segundo and Fullerton, California and
Tucson, Arizona. Today, they assure the
reliability and speed production of Polaris
missiles, electronic armament systems, Fal-
con missiles, electronic air defense control

systems, and advanced computer systems.

Interested in Videosonic systems for your opera-
tion? Hughes has prepared a special booklet
detailing the advantages of Videosonic systems.
For your copy, please contact: Manager, Video-
sonic Systems, Hughes Ground Systems Group,
Building 381-K, Fullerton, California.

Creating a new world with electronics

HUGHES AIRCRAFT COMPANY




their ears. When the right side of the
brain is stimulated, the patient usually
hears the sound as coming from his left;
when the left side is stimulated, he hears
it as coming from his right. Occasionally
the sound seems to come from both sides,
but never only from the same side as
that on which the brain is stimulated.

All the experiments point to the same
conclusion: each ear is represented more
strongly in the opposite side of the brain
than in the same side, and a sound de-
livered to one ear alone excites more
neural activity in the opposite side than
in the same side.

Under normal hearing conditions, of

CELLS OF OLIVARY NUCLEUS normally receive connections from the cochlear nuclei
of both ears (see illustration on page 133). In a normal cell (drawing at top) the incoming
fibers (thin black lines) from the cochlear nuclei terminate on the dendritic “poles” of the
cell. When the cochlear nucleus on one side of the brain stem is destroyed, the fibers leaving
that nucleus degenerate; cells of the olivary nucleus lose almost all their connections on that
side, demonstrating that each pole receives its connections from the ear on the same side.
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Ever since Eniac, digital computers have grown in complexity, capacity
and ability to benefit man in his quest for understanding and interpretation
of the world around him. The rapid advance in computer technology has
made readily apparent the need for a medium-priced computer simulator.
MINIVAC 601 was designed in answer to this need.

Created as a private project of Dr. Claude E. Shannon, now Donner
Professor of Science, Massachusetts Institute of Technology, the Minivac
duplicates all the operations of a large scale computer.

The six instruction manuals which accompany the Minivac contain ex-
periments demonstrating the principles, concepts, and techniques under-
lying the operation of electronic digital computers.

Priced at eighty-five dollars, the MINIVAC 601 provides an unusual op-
portunity for anyone with an inquiring mind to explore the field of digital
computers, their applications, potentials, and limitations.

For more information, write for the brochure, <This is MINIVAC 601°°.
SCIENTIFIC DEVELOPMENT CORPORATION
Electronic Products Division
372 Malin Street Watertown 72, Massachusetts
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course, both ears receive sound, not
just one at a time. We extended our ex-
periments with cats by stimulating both
ears and recording the electrical activity
along the auditory pathways. When we
began, it was generally doubted that
small differences in the time of arrival of
a sound wave at the two ears could be
preserved in the neural messages during
the 10 milliseconds required for them to
travel from the ear to the cerebral cor-
tex. We soon discovered, however, that
the electrical pattern does reflect such
differences. If the interval was a few
milliseconds, long enough so that the
two electrical responses showed up sepa-
rately, the response to the earlier stimu-
lus partially inhibited the response to the
later one. With shorter intervals the elec-
trical responses fused into one, but the
amplitude was chiefly determined by the
first stimulus. Stimulating the ears in
the order left-right produced a larger
response on the right side of the brain;
stimulating in the order right-left, a
larger response on the left side. This re-
mained true down to intervals of a tenth
of a millisecond, although differences be-
tween responses became harder to de-
tect as the interval grew smaller.

DiHerences in the intensity of stimu-
lation at the two ears were found to
produce comparable effects. Feeding a
more intense sound to the right ear
evoked larger responses on the left side

| of the brain, and the other way around.

The patterns in the nervous system there-
fore reflect all the differences in the pat-
tern of stimulation—temporal order of
stimulation, time interval, and relative

| intensities of the stimuli at the two ears.

(Under ordinary circumstances the tem-
poral and intensity cues reinforce each
other. The ear on the side opposite to the
source of sound receives not only a later
signal but also one of lower intensity,
because of the shadowing effect of the
head.)

We next carried our investigation
down the auditory pathway from the
cortex toward the ears. The interaction
between the two sides was found to de-
crease steadily the lower we went. Some
interaction can be traced, however,
down as far as the olivary nucleus, a
group of nerve cells in the medulla that
is the next to the last station before each
ear. In these nuclei the anatomist W. A.
Stotler of the University of Oregon
Medical School has found cells that re-
ceive connections from both ears [see
illustration on preceding page]. At the
Walter Reed Army Institute of Research,
Robert Galambos and his associates have



Born to 1it!

Board fences are hard to find these days.
And it’s a pity, too.
Boys are born to balance on them.

Take the little guy over yonder.

Like all boys,

he has a highly sophisticated
system of control—one that’s outrageously useful
on a board fence.

He has sensing devices

to signal just the right muscles,
and muscle mechanisms

to take just the right action—
even if it amounts only to
wiggling his toes

in his sneakers.

A lot of former walkers of board fences
are today looking ahead to new challenge
out in a vast region

called space.

Some are here with us . . . designing and building
control systems for space vehicles.

Instead of imparting motion to sneaker-clad feet,
we’ve got to move control surfaces,

nozzles, even entire rocket powerplants.
And instead of wiggling toes,

we’ve got to steer space craft by reaction—
developing small thrust pulses

at their sides.

Just as boys have an affinity for fences,
we feel we are born to assignments

like these.

Control is our business.

For assistance with your control and
control system problems, contact
Mr. L. G. Burns, Vice President

CHANDLER EVANS CORPORATION
West Hartford 1,
Connecticut

/ “!
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\RAITHEON

EXCELLENCE IN ELECTRONICS

e =

From popular navigational aids for pleas-
ure boats to complex sonar systems for
nuclear submarines, Raytheon spans the
spectrum of marine electronics.

In shallow waters, Fathometer depth
sounders and other Raytheon devices are
used to make boating safer and more fun.
Fathometers tell boatmen exactly how
much water is under the hull . . . even help
locate fish.

In the ocean depths, powerful sonar

RAYTHEON

.>.

systems developed by Raytheon are used
for underseas detection and ranging. With
these super-sensitive “ears,” U.S. nuclear
submarines can locate and track intruding
subs or surface vessels, or safely cruise
uncharted passages beneath the sea.

Almost everywhere, Raytheon electron-
ics are at work—strengthening our de-
fenses, making industry more efficient,
increasing our comforts and extending
the scope of our knowledge.
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LEXINGTON, MASSACHUSETTS

:f J L]
© 1961 SCIENTIFIC AMERICAN, INC ﬂ
T OIS R >

L

' Ay
8 R

o




recently been able to record the activity [
of single nerve cells in the olivary nucle-
us. They found that some of the cells re-
spond differently according to which
ear receives the earlier stimulus. At the
last station before the ear—the cochlear
nucleus—there is no indication of binau-
ral interaction.

The picture of increasing interconnec-
tion of pathways as they go from lower
to higher centers suggests that the higher
brain centers may be required for audi-
tory localization. The first direct attempt
to test the matter goes back 80 years to
the work of an Italian physiologist, Luigi
Luciani. Experimenting on dogs, he re-
moved the part of the brain then consid-
ered to constitute the auditory cortex.
To test the effect on localization he
blindfolded the animals and tossed small
bits of food on the floor near them, ob-
serving how promptly and accurately
they retrieved the food. When the opera-
tion was performed on only one cerebral
hemisphere, the ability to localize was
impaired, particularly in the case of
sounds originating on the other side of
the head. A bilateral operation disrupted
localization completely. In the course of
time Luciani’s studies were generally
forgotten. Seen from the vantage point
of the present, his results lead to the |
right answer, but in themselves they are
not conclusive. The dogs’ ability to lo-
calize recovered somewhat several weeks
after the operation, perhaps because
Luciani never cut away all of what is
now known to constitute the auditory
cortex.

[n the 1930’s interest in Luciani’s ap-

proach revived. Two independent
groups reported that cats with the entire
cerebral cortex removed could still local-
ize sound. In both experiments, however,
the test sound was sustained for several
seconds, and the animals were allowed |
to move their heads. More recent studies
by William D. Neff and his collaborators
at the University of Chicago served to
indicate that the cortex is necessary for
auditory localization. From the design
of the experiments, however, it was not
clear whether the cats had actually lost
the ability to localize or had merely lost
the ability to keep their attention fixed
on the task.

Finally, in 1959, Walter Riss of the |
State University of New York Downstate
Medical Center reported a series of more
conclusive experiments. Also working |
with cats, he removed the auditory cor-
tex in some of the animals and other re-
gions of the cortex in a group of control |
animals. Both groups were tested with

1

Did you know that perfect telescopes like Questar will show you tiny lines some
nine times smaller than their theoretical resolving power? We hesitate to put a figure
on it since the miraculous living tissue of the eye is the final lens of any visual
optical system. This extraordinary phenomenon often makes terrestrial observing
dramatic and exciting. For example, no photograph of these old timbers taken from
a third of a mile away could show the tiny grain and hairline cracks that were so
plainly visible through Questar. This interesting preference of the human eye for
linear detail explains why we can sometimes see impossibly minute hairs on distant
animals or too much detail in feathers. It also holds when we turn Questar’s full
astronomical powers on things only a few feet away and use it as the first
long-distance microscope to reveal a whole new world to our astonished eyes.

The superfine Questar, with its normally erect images and the fingertip controls
of its convertible mounting, is expressly made for such work. It is sold only direct

from the factory and costs $995 Q U E S T f R

complete in fitted English leather
case. Send for our 32-page book-
let which tells our complete story. BOX 20 NEW HOPE, PENNSYLVANIA
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xpansion of a small group

within the Research Labo-

ratories has created a need
for research specialists who will simultaneously
carry out their own individually chosen research
programs and also provide direction, according to
their background and experience, on technical
feasibility studies of new product concepts. The
requirement for a diversity of backgrounds on this
staff places emphasis on the professional maturity
of the individual.

Positions are available within the group for expe-
rienced people on the doctoral level in the fields of
electronic physics, solid-state physics, theoretical
nuclear reactor physics, and advanced nuclear
engineering.

Facilities and assistance are available for numer-
ical computation and experimental work. Publi-
cation of papers and close contact with related
university research are encouraged.

We invite you to send your inquiry to Mr.W. H.Walsh

RESEARCH LABORATORIES

UNITED AIRCRAFT CORPORATION
400 Main Street, East Hartford 8, Conn.

All qualified applicants will receive consideration for employ-
ment without regard to race, creed, color or national origin.
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| two types of stimulus, one very brief and

the other sustained. The brief noise was
produced by dropping a food pellet on
the platform on which the animal stood;
the sustained noise, by rapping the pellet
repeatedly against the edge of the plat-
form. He compared the performance of
the two groups, recording the accuracy
with which the animals turned their
heads to face the sound and also meas-
uring the time that they took to reach
the food.

In tests with the single brief stimulus
the animals without an auditory cortex
performed at a random level. The con-

| trol cats; on the other hand, turned

their heads promptly toward the sound
every time. With the repetitive stimuli,
the performance of the experimental
cats was somewhat better. They seemed
to sample the sound field by movements
of the head and ears. Their first reaction
was correct in half the trials. Throughout
the tests the experimental animals
showed no deficiency of attention, so
their poor performance could not be at-
tributed to impairment of this faculty.
Riss came to the conclusion that the
auditory cortex is necessary for localizing
the instantaneous position of a sound—
the performance that is characteristic of
binaural perception.

What emerges from all the studies
so far is a physiological picture—in the
higher mammals at least—that partially
accounts for the ability to locate a source
of sound. Starting at each ear and lead-
ing to the cerebral cortex is a chain of
neurons. There are several stations along
the chain where some neurons end and
others begin. At all but the very lowest
of these stations the pathways from the
two ears overlap to some extent, the de-
gree of overlap increasing as the path-
ways ascend. Neural impulses from one
ear consequently have an increasing
probability of encountering impulses

| from the other as they approach the cor-

tex. Depending on the conditions of
stimulation, which in turn depend on
the relative positions of the listener and
the source of sound, the converging im-
pulses make some groups of nerve cells
become more active and others less so.
The different patterns of activity that re-
sult in the auditory cortex are correlated
with different locations of auditory
stimuli.

Here, for the present, the story ends.
Of course, the cortex in its turn must
send neural impulses to further centers
so that localization ultimately evokes
different patterns of behavior. Exploring
this part of the neural pathway is a job
for the future,
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NEW ITT DIGITAL SYSTEM

IS READY FOR THE

WORLDWIDE COMMUNICATION NETWORKS
OF THE 1970’'s. When it comes to meeting
the complex needs of modern communications
systems, the new ITT-025 is a long

stride ahead of its field. This sophisticated
data processor and message switching
center is designed to meet the automation
requirements of the communications

and data processing systems of the future.

The ITT-025, already in use as the heart

of the Strategic Air Command’s global
communications system, stands ready to
make major contributions in areas

where efficiency and speed are critical.

Air traffic control, automatic check-out
systems, complex simulator systems and
automatic message processing and switching
are examples of its wide range of application.
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For ultra-fast data processing of
complex multiple inputs and outputs, the
ITT-025 features solid state-logic, stored
program and multisequence operation
accommodating 256 interleaved jobs! It
services 128 input and 128 output lines at
multikilobit rates, storing 400 million bits
. for transmission and system operation.
Automatic alternate routing, complete
error-checking including correction by
automatic retransmission, and receipting
of all messages are inherent in the design.

The ITT-025 typifies the comprehensive
capabilities of ITT for managing complete
programs simultaneously under the

Air Force's concept of concurrency.

ITT Federal Laboratories moves faster than the
times, achieving an absolute minimum lead time
between initial concept and delivered results.

FEDERAL LABORATORIES
500 WASHINGTON AVENUE, NUTLEY, NEW JERSEY

CLIFTON, N. J. - FORT WAYNE, IND. - SAN FERNANDO & PALO ALTO, CAL.
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THIS IS
THE AROMA
OF INSTANT
COFFELE

The human nose is so sensitive that it detects.odors in con-
centrations as low as parts per billion! But what about odor
memory? Can the human being remember an aroma after a
month or a year—so precisely as to insure uniform flavor in
a food product? A recording instrument that has the same
degree of sensitivity as the human nose is needed.

Gas chromatography answers this need. Perkin-Elmer’s
Vapor Fractometer, based on this analytical technique, sepa-
rates the most complex mixtures into their component parts
and measures the concentration of each.

The Schlieren photograph above shows the density of the
aroma-bearing vapors rising from a cup of coffee. The chart
at the right, made with a Vapor Fractometer, shows the com-
ponents of coffee vapor sampled directly from a jar of instant
coffee. Each pure component, recorded as a peak, can be
trapped and separated by the Vapor Fractometer for identi-
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Photograph courtesy Air Reduction Company, Inc., Murray Hill, N. J.
fication by infrared spectroscopy —another field in which

Perkin-Elmer is pre-eminent.

Before chromatography was perfected, chemists could not
begin to describe the make-up of many complex compounds.
Now, within minutes, a technician can run a complete record,
comparing it with standards for identification. Gas chroma-
tography has opened up many new avenues of research and
process control in food, petroleum, cryogenics, chemicals.

This is another example of Perkin-Elmer instruments for
scientific measurement. P-E’s experience with precise measure-
ment techniques is also applied to building complex electronic-

°
optical systems. These do vital jobs such as missile aiming Perkln'Elmer

and tracking. For a new brochure that outlines P-E’s products &I .

and capabilities for industry, science and defense, write to 62@"—

Pu})hc Relatlons Departmenta Perk]n'Elmer Corporatlon, Qualified scientists and engineers interested in careers with
800 Main Avenue, Norwalk, Connecticut, Perkin-Elmer are invited to write the Director of Industrial Relations.
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THE MAGNETISM OF THE OCEAN FLOOR

A sensitive magnetometer towed behind a ship detects small variations

i the earth’s magnetic field. The variations present a puzzling new

picture of that part of the earth’s crust which lies beneath the sea

n 1952 Ronald G. Mason of the
I Scripps Institution of Oceanography

tied a magnetometer to the stern of
a research ship and towed it halfway
across the Pacific, from Samoa to San
Diego. That was the first time anyone
at the Scripps Institution had measured
precisely the earth’s magnetic field over
a broad reach of ocean. The results
proved quite interesting because the
field showed much greater local varia-
tions than would have been expected
from the topography of the ocean floor.
Since then Mason and several more of
us at Scripps have continued the work.
We have discovered a vast expanse of
geomagnetic anomaly that is different
from the anomaly elsewhere. The strange
pattern of the oceanic field has yielded
some valuable geological information
and has raised some fascinating new
uestions about the structure and history
of the earth.

The pattern has been obtained by
measuring with great precision the
strength of the earth’s total field along a
series of closely spaced parallel lines.
Except during magnetic storms (when
observations are ignored) the total field
is made up essentially of two parts: (1)
the earth’s general field, which varies
smoothly from about 25,000 gammas
(.25 gauss in ordinary magnetic units)
near the magnetic equator to 65,000
gammas near the magnetic poles; (2) a
local, or anomalous, component arising
from magnetic rocks and minerals in the
earth’s crust. The difference between the
calculated strength of the general field
at any point and the actual strength
measured there is an indication of the
anomalous component. This value re-
flects the composition and formation of
the crust down to the level where its
temperature reaches the Curie point,
that is, the temperature above which
the earth’s substance is too hot to be
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by Arthur D. Raff

magnetized. Under the continents this
level is about 15 miles down; under the
oceans, about 28 miles.

By the time of Mason’s first cruise
prospectors were already carrying out
extensive magnetic surveys over dry
land, looking for minerals and petroleum
[see “The Airborne Magnetometer,” by
Homer Jensen; SCIENTIFIC AMERICAN,
June]. There was no such economic in-
centive to chart the oceans. Our investi-
gation grew out of sheer curiosity.

Mason had borrowed his original mag-
netometer from the Lamont Geological
Observatory of Columbia University.
After looking at the records we made a
magnetometer of our own, adapting a
submarine detector, and towed it on sev-
eral Pacific cruises. In all of them we
found strong magnetic anomalies that
we could not correlate with the topog-
raphy, except over certain ridges and
widely scattered sea mounts (undersea
volcanoes). Like most volcanic moun-
tains, sea mounts consist of strongly
magnetic rock. Aside from confirming
the general magnetic “roughness,” we
were learning very little from these
measurements over isolated routes and
our enthusiasm was waning fast.

r[‘hen in 1955 the U.S. Coast and Geo-

detic Survey assigned the ship Pio-
neer to a research project in deep water
off the West Coast. It was to steam along
east-west track lines five miles apart,
holding to the prescribed course within
150 yards. The Survey was willing to
tow our magnetometer so long as we did
not interfere with their work. We al-
most passed up the opportunity, but
we finally decided to give it a try for
a couple of months.

When we had enough magnetic pro-
files, Mason drew up a contour map.
Such a chart resembles a weather map,
except that the lines trace out paths of
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equal magnetic intensity rather than
constant barometric pressure. A single
glance was enough to show that we had
something (juite new in geophysics. Over
the whole map the anomalies ran roughly
parallel to one another and in a north-
south direction. No dry-land surveys had
ever revealed a lineation that ap-
proached this one in uniformity and ex-
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LINEATED PATTERN produced by mag-
netic anomalies in the earth’s crust under
the northeast Pacific Ocean is startlingly
apparent when the positive anomalies are
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shown in gray and the negative anomalies in white. The Murray
fault is marked by A4 and A4; the vertical broken lines show the
displacement of one anomaly. The Mendocino fault lies at approxi-
mately 40 degrees north latitude and the Pioneer fault at about 38
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degrees. The lineated pattern at the right was discovered in the
Pioneer survey. The pattern extending to the left was found in later
surveys along the Mendocino and Pioneer faults. The lineations
strongly resemble stress patierns that appear in certain plastics.
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tent. Now we persuaded a number of
people to take turns at the monotonous
task of riding the Pioneer back and forth
over the ocean in order to attend the
magnetometer. By late 1956 the ship had
surveyed a strip of ocean several hun-
dred miles wide extending from Mexico
1,400 miles north to the Queen Char-
lotte Islands, off British Columbia. The
north-south magnetic lineation appeared
throughout the area. In several places
the pattern was sharply broken along an
east-west line, so that the striations
above and below it did not match [see
illustration on pages 146 and 147].
Although the significance of the linea-
tion was—and still is—a mystery, the
meaning of the discontinuities was im-
mediately clear. Whenever a geologist
sees such a break in a lineated struc-
ture, he knows he is looking at a fault.
This is a place where the earth’s crust
has cracked, and one side has slipped
in some direction with respect to the
other side. Of the three major discon-
tinuities on our map, the southernmost
coincided with the Murray fault, a frac-
ture that had been discovered several
years earlier. Examining the striations
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MENDOCINO FAULT on the Pioneer magnetic survey is as appar-
ent as it is on topographic charts of the ocean bottom, where it is
characterized by a great undersea cliff. The magnetic “contours”
here are drawn through points of equal magnetic intensity. Con-
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more closely, we saw that if those on the
north side of the break were shifted some
80 nautical miles to the west, the two
patterns would match. Evidently the
magnetic lineation had been frozen into
the crust before the faulting occurred. It
now provided a measure, the only reli-
able one available, of the amount of dis-
placement along the shear line of the
undersea fault.

The other two large breaks we had
found represented the Pioneer fault,
discovered on this survey, and the Men-
docino fault, well known for its great
undersea cliff rising 6,000 to 9,000 feet
above the ocean floor. When we tried
to match the contour lines of these faults,
we were unable to do so no matter how
far we shifted them.

Our colleague Victor Vacquier sug-
gested that the slippages might extend
beyond the western limits of the Pioneer
survey. Accordingly in 1958 Vacquier
and I took magnetic readings farther
west on a few tracks north and south of
the Pioneer fault [see illustration on
pages 152 and 153]. We finally found a
match that revealed a displacement of
more than 130 nautical miles, with the

126 W.

north side of the fault slipped to the
west with respect to the south side.
The next year, with the Scripps ship
Baird, we extended our magnetic survey
several hundred miles to the west, north
and south of the Mendocino fault, but
without locating a match. The following
spring Vacquier and Robert E. Warren
stubbornly pushed the measurements
still farther west. Their effort paid off.
They finally found the corresponding
sections of the pattern, which showed
that the north side had slipped to the
west with respect to the south side by
approximately 600 miles. Furthermore,
the slippage of the Mendocino is added
to that of the Pioneer, giving a total
displacement of well over 700 miles
between the blocks of crust south of the
Pioneer and north of the Mendocino.

Horizontally displaced faults have al-

ways presented a puzzle: no dis-
tinctive topographic features mark their
ends; the cracks simply stop. What hap-
pened to all the crust that was moved?
At one end or the other it should have
thrust upward, folded or sunk down,
but there is usually no trace of any
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tour interval is 100 gammas. Positive anomalies are shaded darker
gray than negative anomalies. On this map the earth’s smooth
magnetic field has been subtracted, leaving only local irregulari-
ties. A typical sea mount is at far left along the line of the fault.



Discussing a system for space target detection (left to right): Dr. R. W. Bickmore, Technical Assistant to the President;
Laboratory managers H. E. Shanks and M. G. Chernin; and M. D. Adcock, Director of the Electromagnetic Systems Division.

A Report from American Systems Incorporated...

Multiple Space-Target Detection

One of the key tasks of modern sensor technology is
the determination of the positions and velocities of
aerospace vehicles. A particularly important aspect of
this problem, now being studied by American Systems
Incorporated, is the radar detection of multiple targets.
Usually such targets move in relatively small clusters,
at high altitude and extremely high velocities. To
track the individual objects making up a cluster, new
antenna array techniques are under consideration.

This study is being conducted by the Electromag-
netic Systems Division, the activities of which encom-
pass research in electromagnetic physics, development
of complete sensor systems, and design of special
microwave components. Among the scientists and engi-
neers contributing to this work are Dr. R. W. Bickmore
and H. E. Shanks, inventors of Time Domain Radi-
ation, and M. G. Chernin, microwave specialist. With
active contracts in a number of important areas, the
Division is contributing both to basic research, and to
the creation of special microwave systems.

The Division’s programs include Time Domain and
Doppler approaches to measurement of the radiation
patterns of large antenna systems, investigation of
signal interference problems in areas of high density
radio and radar installations, and the development of
passive reflectors providing coded target returns.

Front line technical efforts are also under way in six
other Divisions of the Company.
INFORMATION SCIENCES

Mathematical and statistical research; computer
programming, and advanced programming systems;

computation services; digital system studies; logical
design; advanced systems analysis.

DATA PROCESSING

Data processing subsystems research and develop-
ment; logic of command and control complexes; optical
recognition systems.

RESEARCH LABORATORIES

Solid state physics and systems; magnetic thin-film
research and subsystems; advanced components for
information processing.

INSTRUMENTS

Research and development in analytical instruments;
detection and monitoring of toxic high-energy missile
fuel vapors; gas leak and water vapor detection; on-
stream and process control instrumentation.

COMPONENT DEVELOPMENT

Advanced component technology ; materials and proc-
esses; computer component development; chemical
deposition of magnetic surfaces on drums, disks, rods.
AUDIO-VISUAL
Audio-visual (INSTRUCTRON) devices for assembly line

and instructional applications; production of work sta-
tions designed on human factors principles.

Qualified scientists and engineers o my
who are interested and experienced « o
in these fields of activity are en- fA I %
couraged to investigate opportu- - .
nities with American Systems, an 1 S
equal opportunity employer.

AMERICAN SYSTEMS Incorporated
1625 East 126th Street, Hawthorne, California
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Fieberling 1 and Fieberling 2. 4 and 4
denote the Murray fault; broken lines
mark matching anomalies across the fault.

of these processes. The enormous dis-
placements of the undersea faults rep-
resent just so much more material to ac-
count for.

The magnetic measurements indicate
that the Murray and Pioneer faults dis-
appear short of the continental shelf.
The Mendocino fault stops abruptly at
the shelf, and, as a matter of fact, an
east-west fault inland from it seems to
have a shear in the opposite direction.
Conceivably the oceanic crustal material
of the Mendocino fracture slipped under
the continental crust. It has also been
suggested that all the movement was
away from the continent, with material
from the interior welling up to replace |
material that slipped way. This is little
help; it merely transfers the missing ma-
terial to the other end of the fault, wher-
ever that is. Another problem is posed
by the clean shear line of these large
faults. All the movementapparently took
place along a single, well-lubricated
crack, and the crust even a short dis-
tance on each side is practically unaf-
fected. This is hardly what one would
expect in so tremendous a disturbance.

Whatever the answers, there seems
little doubt that the earth’s crust has
shifted as much as 700 miles. Perhaps
the idea of continental drift, which calls
for displacements of a few thousand
miles, is not so fantastic after all.

So far as faults are concerned, the
magnetic surveys have underscored
some old questions but have not raised
new questions. The over-all north-south
lineations are another matter. If the
faults did not interrupt the contour lines,
some of the striations could be followed
for more than a thousand miles. No one
supposes that the Pioneer survey reached |
either the ends of the pattern or its west-
ern boundary. What is the underlying
structure that produces it? The only oth-
er geological features that approach the
pattern in uniformity and extent are
mountain ranges, but it is unlikely that
they have much to do with it.

Interpreting magnetic anomalies is a
process of trial and error. The geophysi-
cist tries to visualize all the formations,
no matter how farfetched, that couldl
conceivably produce the observed pat-
tern. Then he checks the model against
other evidence. For example, a compli-
cated system of electric currents in the
crust and the ocean could account for
our lineation. Not a shred of other evi-
dence supports such an idea, however.

All the other models involve structures
in the crustal rock, and there is little
doubt that a lot of it must be basalt.
This is the most highly magnetic of all
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NEW
POLYMER
HELPS
IMPROVE
300 PRODUCTS
IN 3 YEARS

A new class of thermoplastic polymers
— the LEXAN® polycarbonate resins —
has been used over the past three
years to make: business machine card
guides with dimensions that stay with-
in =0.005 inches under service condi-
tions; pump impellers that defy
impact damage; block insulators in
magnetic counters which provide good
electrical insulation and dimensional
precision; light housings on jet air-
craft wings that resist wind erosion
and maintain high strength at high
temperatures.

Outstanding Properties

These are only 4 of over 300 instances
in which polycarbonate resins have
given better performance than other
engineering materials in one or a com-
bination of critical areas: impact re-
sistance; dimensional stability; elec-
trical performance; heat resistance.

The polycarbonates are particularly
valuable where high impact is encoun-
tered—withstanding 12-16 foot-pounds
per inch of notch in Izod tests on
Y%-inch bar. No other polymer can
take such a beating. Before the devel-
opment of polycarbonates, only metals
could be used in this kind of service.

G.E. Pioneered

General Electric introduced the poly-
carbonates 3 years ago as pilot plant
materials. Today, a commercial plant
for G.E.’s polycarbonate — LEXAN —is
on-stream, and the company is offer-
ing a complete program of technical
aid and literature.

For a better picture of where poly-
carbonate resin fits in your industry,
send for “LEXAN Polycarbonate Resin”
brochure No. A-1, charting properties
in detail and illustrating many exist-
ing applications.

LEXAN®

Polycarbonate Resin

GENERAL @D ELECTRIC

Chemical Materials Dept., Sect. SA-6, Pittsfield, Mass.
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the common rocks. (Granite is next;
limestone is almost entirely nonmag-
netic.) Many of the anomalies we have
recorded are so large that they could
arise only from basaltic rock near the
upper limit of its range of magnetic
strength. The picture is consistent with
evidence, accumulated over the years,
that the earth’s crust under the ocean
consists primarily of basalt and that the
continents consist of granite. Moreover,
Mason and I have recently examined
the many rocks dredged up from the
Pacific by Scripps expeditions and have

140 W. 139 W.

MATCHING MAGNETIC PROFILES across the Mendocino and
Pioneer faults show how the amount of displacement along their
shear lines was measured. The 10 vertical solid-color lines are
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found most of them to be basalt and
highly magnetic.

N we considered the great variations in

magnetic anomaly, we wondered
whether they might reflect correspond-
ing variations in the magnetization of the
basalt itself. An uneven crustal tempera-
ture, with alternate strips of rock above
and below the Curie point, would cause
such variation. But Richard P. Von
Herzen of the Scripps Institution, who
has measured the temperature of much of
the Pacific crust, believes it is too cool to

151 W, 150 W.
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support a “hot spot” theory. Again, the
right pattern of stress might do the job,
since the magnetization of some rocks
varies under stress. Calculation of the
necessary forces, however, showed them
to be highly unusual and unlikely.

The oniy possibilities we could think
of involve some sort of ridged or striated
pattern in the crustal rock, obscured
by the overlying sediment. Mason has
worked out several versions [see illus-
tration on page 154]. The first was com-
posed of thick strips of basalt, rectangu-
lar in cross section, thrust upward by

149 W. 148 W,

drawn through matching sections of the profiles. The top block
contains profiles taken north of the Mendocino fault; the middle
block, profiles south of the Mendocino and north of the Pioneer



faulting. Seismic tests appear to rule
out such large slabs. By detaching the
slabs from the underlying basalt, reduc-
ing their thickness, bringing them up
close to the ocean floor and increasing
their hypothetical magnetization nearly
to the limit, it is just possible to recon-
cile the seismic and magnetic data. In a
rather different type of model the strong-
ly positive anomalies are produced by
ribbons of highly magnetic, volcanic
basalt that flowed into previously formed
channels and solidified. Still another pro-
posal involves a thickening of strips in

146 W. 145W.

the main crustallayer combined with up-
thrust from below. The list is still longer,
and none of the models can yet be abso-
lutely ruled out. Of these models, how-
ever, the strips of solidified lava seem to
us the most likely.

Whatever their exact form, these
widespread and uniform striations in the
earth’s crust challenge the geologist to
explain how they might have come
about. The map of the Pioneer survey
bears a striking resemblance to the pat-
terns that appear in Bakelite and Lucite
when they are placed under stress. This

144 W, 143 W.

suggests to us that the present structure
is the fossil record of ancient stresses. It
is possible to think of other processes
that could produce striations, but hardly
on so large a scale.

Assuming that stress is the answer, it
could have been either a north-south
shearing force or an east-west force of
tension or compression. Shearing would
mean that each striation is a fracture, a
notion that is not particularly appealing
because of the great number of stria-
tions. Shear systems usually consist of
one principal fault with a few lesser

141 W, 140 W.
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fault; and the bottom block, profiles south of the Pioneer fault.
Longitudes of each block show that the north side of both faults
shifted far to the west in relation to the south side. The total shift
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is more than 700 miles. Dashed profile in bottom block is the
topmost profile inserted for close comparison. Detailed surveys
are not necessary for this kind of matching; a few profiles suffice.
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parallel faults. Thus east-west stress
seems to be most probable.

Some geologists have suggested that
the undersea striations resulted from the
same stresses that built the mountains on
the west coast of the Americas. To be
sure, both systems run approximately

north and south, but the mountains
parallel the coast and the magnetic con-
tour lines seem to have little relation to
it. In fact, off California and Oregon the
magnetic contours look as though they
had been torn away from the over-all
pattern and directed toward the coast.

The north-south direction of the pat-
tern may well indicate a connection with
the spin of the earth on its axis. If sur-
veys in other regions also turn up exten-
sive lineation parallel to the lines of
longitude, the hypothesis will become
almost a certainty. Rotation could oper-
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would produce a similar curve. The first thin
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section, representing

© 1961 SCIENTIFIC AMERICAN, INC

CAUSE OF MAGNETIC ANOMALIES might be long rock slabs
having cross sections shown by light hatching. A typical magnetic-
anomaly profile is at top. The thick rectangular cross section

lava that flowed into a previously formed basin, would produce
the same curve, as would the bottom section, created by up-
thrust from below. All are hypothetical. The author feels that
lava flow probably produced the structures that cause the anomalies.



Why guess at management figures?

Are you relying on management figures
that are almost complete? Did you
know you can now have CURRENT
FACTS at your finger tips to assist you
in making decisions?

HOW? Through NCR Electronic
Data Processing Systems that provide
complete management facts and elimi-

Punched paper tape is created by NCR Accounting Machines, Cash
Registers and Adding Machines as an automatic by-product of nor-
mal operation. It is then fed into a computer to produce, at mini-
mum cost, the information you need for most profitable control.

nate costly guesswork. NCR Systems
go all the way from the original entry
to your desk—from cash register, ac-
counting machine, or adding machine
...through the computer, and the high-
speed report printer...to your final
reports.

ADVANTAGE? You can now have

THE NATIONAL CASH REGISTER COMPANY, payton 9, ohio

1039 OFFICES IN 121 COUNTRIES e 77 YEARS OF HELPING BUSINESS SAVE MONEY
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all the facts to evaluate every trend
...to control every cost factor...to
forecast every critical condition. .. and
to eliminate guesswork from every busi-
ness decision. In short, you get greater
executive command ... you get today’s
management facts today, in time to be
used most effectively.

S TRASEMANE —ETH. W 5. RAT. GFP.

NCR vz

ELECTRONIC DATA PROCESSING
ADDING MACHINES * CASH REGISTERS
ACCOUNTING MACHINES
NCR PAPER (NO CARBON REQUIRED)
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Faster way to
print directly
from cathode
ray tubes

Now you can make prints directly from the
face of a cathode ray tube without using
conventional lenses—and at speeds up to
50 timesfaster than before. Newly developed
AO Fiber Optics faceplates provide the
means.

AO Fiber Optics cathode ray tube face-
plates are composed of fine glass fibers that
have been clad and fused into a vacuum-
tight, distortion-free unit. This unit transfers
images from the internal phosphor surface
to the outside face of the tube.

Since the fibers are capable of receiving
light over a much larger angle than a high-
aperture lens system, the Fiber Optics face-
plate is highly efficient. In fact, it is possible
to make good, high-resolution recordings
using lower beam current, and the recording
equipment requires less space.

For those who wish to experiment in this
area, AO offers two Fiber Optics cathode
ray tube faceplates for immediate delivery.
One is an electrostatic deflection and focus
tube with a spot size of 20-25 mils and a
P-1 phosphor for visual observation. The
other is a high resolution, electromagnetic
tube with a one mil spot and a P-11 phosphor
for recording. Both tubes have a 234" x 14"
Fiber Optics area composed of one mil
fibers on one mil centers.

AO is in a position to supply Fiber Optics
for special applications requiring longer
strips and smaller fibers sealed in cathode
ray tube envelopes.

Complete details and specifications about
AO Fiber Optics faceplates are available
upon request . . . and, of course, AO engi-
neers will be glad to discuss any special
applications with you. For further informa-
tion, simply write or call:

Fibcr Optics Sales, Department B

American @ Optical

COMPANY
Southbridge, Massachusetts

Telephone Southbridge 764-3211,
Extension 323
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ate in several ways. Tidal action may
have slowed the rotation of the earth
enough in the time since the crust solidi-
fied to cause the equatorial circumfer-
ence to shrink as the flat poles rounded
up. Perhaps the thicker continents forced
the thinner ocean crust to yield. This
would have produced a squeeze type of
trough-and-ridge system of low relief,
permitting magma to rise through cracks
and form thin, highly magnetic slabs.
Another mechanism involves the earth
tides. Each day a six-inch tide sweeps
over the crust of the earth. Millions of
years of this action may have fatigued
the crust, making it fail along north-
south lines. Another possibility is that
long ago a period of severe earth tides
brought on such a failure.

One further line of speculation may
be mentioned. In the last few years a

world-wide system of ridges has been
discovered under the oceans [see “The
Rift in the Ocean Floor,” by Bruce C.
Heezen; ScienTiFic AMEeRIcaN, Oc-
tober, 1960]. The magnetic anomalies
in the area of the Pioneer survey and in
some other parts of the Pacific run gen-
erally parallel to the ridges there. It looks
as though the two are related. A few
scattered observations elsewhere have
turned up anomalies parallel to ridges
in some places but not in all.

Plans are now being made for detailed
surveys in all the oceans. Combining
magnetic observations with precise
measurements of gravity assists greatly
in delineating the structure of the crust
and explaining the magnetic pattern.
When the work is finished, it will add
substantially to knowledge of the earth’s
history.

MAGNETOMETER IN ITS CASING is lowered into the water. It is towed at least 500
feet behind ship so that hull will not seriously distort geomagnetic-field measurements.
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Proven Performer

THE BENDIX G-15 COMPUTER...is daily demonstrating
its ability to save time and money at hundreds of installations
in industry after industry...has established an overall relia-
bility record of 97.4%. Other reasons behind continuing
G-15 leadership: ease of use...over 1000 programs imme-
diately available at no charge...versatility and expandability
resulting from the widest selection of input-output acces-
sory units. Continuing systems support in depth and a
vigorous users EXCHANGE organization combine to
broaden application usefulness...assure maximum system

effectiveness at minimum cost. Speaking of cost, G-15
proven performance is yours for as little as $1,485 a month.
Investigate the Bendix G-15...prove to your own satisfac-
tion how its demonstrated superiority can bring important
time and dollar savings to your organization.

Call your Bendix Computer representative, or write:

Bendix Computer Division | &

CORPORATION

DEPT.C-35,LOS ANGELES 45, CALIFORNIA
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or high water

In 1959 the Army asked Aeronutronic Division of Ford Motor Company
to investigate the practicality of air cushion vehicles.

Today Aeronutronic has advanced designs for two such carriers. Both
will travel almost anywhere, skimming five feet above the surface,
unhampered by the weather or the extremes of climate.

Although planned for different payloads and missions, both are highly
maneuverable, simple to operate and easily and quickly serviced. They
are specific answers to the problems posed by the limitations of conven-
tional transportation.

The smaller of the two Aeronutronic-designed vehicles will weigh 8,000
pounds, carry a 2% ton payload, cruise at 40 mph. It will have a range
of 100 miles and a grade capability of 30%.

The big machine is a high-speed, heavy duty carrier. Weight: a hefty
44,500 pounds, payload: 22,000 pounds, speed: a fast 80 mph, range:
300 miles. It, too, will have a grade capability of 30%.

In spite of this evidence of accomplishment, Aeronutronic’s work in
the field has just begun. Army Transportation Command and Navy con-
tracts are speeding further studies into the potentialities of the new vehi-
cle. The ACV is destined to play a significant role in future military and
civilian transportation.

Further information regarding the air cushion vehicle, as well as other
exciting projects in work at Newport Beach, may be had by writing to
Aeronutronic.

@ AERONUTRONIC
AERONUTRONIC DIVISION %g{/(ﬁs{or%ﬂqmny, DEFENSE PRODUCTS GROUP

NEWPORT BEACH, CALIFORNIA

/d
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The development of
stereo from 1958 to
“phase 4 stereo”

Since the introduction of the revolutionary
stereo record in 1958, the art of recording has
undergone a rapid evolutionary process.

Phase 1 stereo: «concert Hall Realism.”
In this phase (1958 to 1961), stereo recordings
attempted to recreate a true stage presence.
The instruments of the orchestra were placed
‘“‘soundwise’’ in their normal positions, with
the result that for the home listener they ap-
peared to come from an imaginary sound-stage
spread between the listener’s two loudspeak-
ers. The record buyer no longer needed to be
content with listening to his favorite artists in
the restricted medium of ‘‘compressed’’ mono-
phonic sound. This type of stereo recordin

reflected the *‘purist” approach and applie

most generally to stereo recordings in the field
of classical music. When London Records intro-
duced its first stereo record in 1958, it had
years of preparation and refinement behind it.
The result was that London’s ‘‘ffss’’ (full fre-
quency stereophonic sound) offered the most
advanced and finest definition of ‘‘concert
hall"” sound ever heard on records.

Phase 2 stereo: “separation of Sound.”
In this phase (1959 to 1961), stereo recordings
proved that an orchestra could be “‘split in
half'’; that voices could be “full left"” while
the orchestra was ‘‘full right”’; that a ping-
pong ball could be heard hitting the table on
the left and then on the right, and that sounds
could be reproduced ‘‘left-right” without any
center ‘‘leakage.” Sounds emanating from
two loudspeakers lent themselves to a seem-
ingly endless variety of juxtaposition, separa-
tion, and other strictly mechanical processes,
and a fascinating display of unusual sound
pyrotechnics it was that followed . . . bongos
Jumped from left to right speakers while saxo-
ghones and trumpets answered back and forth

etween speakers: it was the technical ‘‘gim-
mick’’ that was in command, the technique was
the end-in-itself.

Phase 3 stereo: “Moving Sounds.” In this
phase (1961), it was demonstrated that the
sounds of a whole section of an orchestra or a
single instrument could be moved and followed
by the listener’'s ears as the sounds passed
through the space from left to right speakers
and back again electronically . . . In certain
opera, drama and musical comedy recordings,
the voices could be followed moving before
?lne’s ears as in a true-to-life stage presenta-
on.

“phase 4 stereo™s n this phase (1962), ar-
rangers and orchestrators re-score the music
to place the instruments where they are music-
ally most desired at any particular moment
and make use of direction and movement to
punctuate the musicality of sounds. The effect
is more sound—more interest—more listening
pleasure. ‘‘phase 4 stereo” recording (and
this term is used in its broadest sense here to
include the arrangements—the musicians—and
the engineers) allows you to enjoy the music
actively. Recording in this fashion was made
possible technically as a result of London’s
new 4 Track Master recording system. Now,
for the first time, the musical arranger was
given a whole new technical capacit{ with
which to work, and with which to create new
musical entertainment and enjoyment. To take
advantage of this new musical framework af-
forded him, the musical arranger now has to
envision the sounds he hears in his head as
they relate to each other in the extra dimen-
sion of space afforded by stereo reproduction:
the musical arranger has to create new forms
of musical annotation and scoring to convey
his full musical concept. Through a compli-
cated network of microphones, switches and
dials, the music envisioned by the arranger
comes into reality as the engineer captures on
4 Track Master tape, the complete and true
musical concept of the arranger. From the 4
Track Master tape, the four tracks of sound
have to be carefully rebalanced in the reduc-
tion to two channels of sound which eventually
reach the listener via his two-channel stereo
record groove, and ultimately through his two
loudspeakers.

Look for the stereo series featuring the ‘4’
design on the LP cover—it's your guarantee of
more sound—more interest—more entertain-
ment — more participation — more listening
pleasure.

stereo

LONDON RECORDS, INC.
633 W. 25 St., New York 1, N. Y.
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MATHEMATICAL GAMES

Diversions that involve the

mathematical constant

by Martin Gardner

ecreational aspects of pi and the
golden ratio, two fundamental
constants of mathematics, have
been discussed in this department. This
month the topic is e, a third great
constant. It is a constant that is less
familiar to laymen than the other two,
but for students of higher mathematics
it is a number of much greater ubiquity
and significance.

The fundamental nature of e can best
be made clear by considering two ways
in which a quantity can grow. Suppose
you put one dollar in a bank that pays
simple interest of 4 per cent a year.
Each year the bank adds four cents to
your dollar. At the end of 25 years your
dollar will have grown to two dollars. If,
however, the bank pays compound inter-
est, the dollar will grow faster because
each interest payment is added to the
capital, making the next payment a
trifle larger. The more often the interest
is compounded, the faster the growth.
If a dollar is compounded yearly, in 25
years it will grow to (1 + 1/25)25, or
$2.66+. If it is compounded every six
months (the interest is 4 per cent a year
so each payment will now be 2 per cent),
it will grow in 25 years to (1 + 1/50)3°,
or $2.69+.

Banks like to stress in their promotion-
al literature the frequency with which
they compound interest. This might lead
one to think that if interest were com-
pounded often enough, say a million
times a year, in 25 years a dollar might
grow into a sizable fortune. Far from
it. In 25 years a dollar will grow to (1 +
1/n)", where n is the number of times
interest is paid. As n approaches infinity,
the value of this expression approaches
a limit that is a mere $2.718..., less
than three cents more than what it
would be if interest were compounded
semiannually. This limit of 2.718... is
the number e. No matter what interest
the bank pays, in the same time that it
would take a dollar to double in value
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at simple interest the dollar will reach a
value of e if the interest is compounded
continuously at every instant throughout
the period. If the period is very long,
however, even a small interest rate can
grow to Gargantuan size. A dollar in-
vested at 4 per cent in the year 1 and
compounded annually would now be
worth $1.041960 a number of dollars
that runs to about 35 figures.

This type of growth is unique in the
following respect: at every instant its
rate is proportional to the size of the
growing quantity. In other words, the
rate of change at any moment is always
the same fraction of the quantity’s value
at that moment. Like a snowball tum-
bling down a hill, the larger it gets, the
faster it expands. This is often called
organic growth because so many organic
processes exhibit it. The present growth
of the world’s population is one dramatic
example. Thousands of other natural
phenomena—in physics, chemistry, bi-
ology and the social sciences—exhibit
a similar type of change.

All these processes are described by
formulas based on y = e®. This function
is so important that it is called the ex-
ponential function to distinguish it from
other exponential functions, such as
y = 2%, It is the only function that is
exactly the same as its own derivative,
a fact alone sufficient to explain €’s
omnipresence in the calculus. Natural
logarithms, used almost exclusively in
mathematical analysis (in contrast to
the 10-based logarithms of the engi-
neer), are based on e.

If you hold two ends of a flexible
chain, allowing it to hang in a loop, the
loop assumes the form of a catenary
curve [see illustration on page 162]. The
equation for this curve, in Cartesian co-
ordinates, contains e. The cross section
of sails bellying in the wind is also a
catenary, the horizontal wind having
the same effect on the canvas as vertical
gravity on the chain. The Gilbert, Mar-
shall and Caroline islands are the tops of
volcanic sea mounts: huge masses of
basalt that rest on the floor of the sea.
The average profile of the mounts is a
catenary. The catenary is not a conic-



Through the sophisticated use of hydraulics and air, IBM
engineers and scientists have developed the IBM 1301
disk storage. In this new disk memory, a hydraulic actua-
tor simultaneously positions 40 magnetic data heads to
read and write on magnetic disk surfaces. The special
design of the hydraulic actuator combines speed, accu-
racy and reliability. The magnetic heads glide on a self-
acting air bearing which requires no external air supply.
Heads float at precise distances above disk surfaces, sup-
ported only by air flow generated by the rotating disks.

With this random-access storage file, five units can be
grouped together in one memory system to provide a 280-
million-character capacity. With this capacity, “setup”
time between computer processing jobs can be virtually
eliminated. The memory can hold a library of all the vari-
ous programs needed for an installation. It also provides

information storage for handling vast files of data such
as insurance companies require for processing policies.

It takes engineers and scientists with both skill and
imagination to develop new systems like this to meet
increasingly complex data processing needs. Perhaps
you have been searching for a challenging opportunity
in one of the many fields where IBM is making impor-
tant advances such as: solid state physics, paper and
ink chemistry, closed-loop control, cryogenics, optics.
All qualified applicants will receive consideration for
employment without regard to race, creed, color or
national origin. Write to:

Manager of Technical Employment

IBM Corporation, Dept. 659K

590 Madison Avenue IBM
New York 22, New York

ADVANCED DISK STORAGE

random access through

use of hydraulics and air
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LAND
YACHTING

... the exciting

way to travel

Want to escape to quiet, sunny deserts?
Explore primitive native villages in Old
Mexico or just relax beside some inviting
stream? Perhaps you know a road some-
where you'd like to follow to the end. it's
all the same with an Airstream Land Yacht
— a personal highway cruiser outfitted
down to the smallest luxurious detail for
limitless road voyaging . . . good beds,
bathroom, hot and cold water, refrigera-
tion, heat and light independent of out-
side sources wherever you go — for a
night, a week, or a month. Airstream Land
Yachting means real travel independence

— no time-tables, tickets, packing. You |

just tow your Airstream lightly behind your
car and follow your travel whims wherever
they urge you to go. Yes, it’s the exciting,
better way to travel here in North America
or anywhere in the world.

write for interesting free booklet
“World At Your Doorstep’

AIRSTREAM INC.

600 CHURCH ST., JACKSON CENTER, OHIO
12804 E. FIRESTONE, SANTA FE SPRINGS 46, CALIF.
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A chain hangs in a catenary curve. Its graph equation is: y = % (et 4 ea)

section curve, although it is closely re-
lated to the parabola. If you cut a para-
bola out of cardboard and roll it along a
straight line, its focus traces a catenary.

No one has more eloquently described
the catenary’s appearance in nature than
the French entomologist Jean Henri
Fabre. “Here we have the abracadabric
number e reappearing, inscribed on a
spider’s thread,” he writes in The Life of
the Spider. “Let us examine, on a misty
morning, the meshwork that has been
constructed during the night. Owing to
their hygrometrical nature, the sticky
threads are laden with tiny drops, and,
bending under the burden, have become
so many catenaries, so many chaplets
arranged in exquisite order and follow-
ing the curve of a swing. If the sun pierce
the mist, the whole lights up with irides-
cent fires and becomes a resplendent
cluster of diamonds. The number e is in
its glory.”

Like pi, e is a transcendental number:
it cannot be expressed as the root of any
algebraic equation with rational coeffici-
ents. It can only be expressed as the limit
of an infinite series or as an endless con-
tinued fraction. The most familiar ex-
pression is the series obtained by ex-
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panding the formula (1 + 1/n)". It is
usually written:

The exclamation mark is the factorial
sign. (Factorial 3 is 1 X 2 X 3, or 6;
factorial 4is 1 X 2 X 3 X 4, or 24; and
so on.) The series converges rapidly,
making it as easy as pie—in fact, much
easier than pi—to calculate e to any de-
sired number of decimals. In 1952 an
electronic computer at the University of
Illinois, under the guiding eye of D. J.
Wheeler, carried e to the staggering total
of 60,000 decimals! (The exclamation
mark here is not a factorial sign.) Like
pi, the decimals never end, nor has any-
one yet detected an orderly pattern in
their arrangement.

Is there a relation between e and pi,
the two most famous transcendentals?
Yes, many simple formulas link them
together. The best known is Demoivre’s
formula:

eim+1=0

“Elegant, concise and full of mean:
ing,” write Edward Kasner and James R.



Basic Research at Honeywell

Research Center
Hopkins, Minnesota

Studies in the Magnetic Properties
of Thin Metallic Films

Temporary or transient memories of electronic computers
consist of small doughnut-shaped ferrite cores hand-
assembled into many complex matrices. Bulk, speed of
response and costly manufacture create inherent limita-
tions. It now appears possible to overcome these by
replacing ferrite cores with tiny spots of magnetic film
vapor deposited on a smooth flat surface.

Today’s electronic computer has a mem-
ory which is part of the brain of the
machine. Larger machines commonly have
two memories: one for permanent storage
of information, the other for temporary
storage of more transient information.
The temporary memory consists of a col-
lection of ferrite cores, each core shaped
like a tiny doughnut and having a number
of wires laced between it and other cores
forming a matrix or grid. The wires carry
either the pulse of electricity which mag-
netizes the core, or a similar pulse which
is the core’s response to interrogation.

A series of these pulses, handled in a
binary number system, have become the
language of the computer. To function
binumerically, circuits represent “0” by
not conducting current, and represent ““1”
by conducting. Each memory core can be
magnetized in one direction for “0”, the
opposite direction for ““1.” To avoid am-
biguities, cores are made so they are not
readily magnetized in any direction other
than these two.

Each small ferrite core can be mag-
netized or interrogated in about a micro-
second (one-millionth second). Unfor-
tunately, the assembly of ferrite cores dis-
courages automation processes, making
manufacture slow and costly. In addi-
tion, the tremendous bulk of many mil-
lions of cores properly assembled prohibits
machines requiring considerably larger
transient memories.

Current basic research indicates that
one of the most promising successors to
the ferrite core is a tiny spot of magnetic
film about 1,000 Angstroms (four mil-
lionths of an inch) thick, deposited on a

smooth flat surface. These films have been
prepared in Honeywell’s Research Labora-
tories from an alloy of nickel and iron by
heating the alloy until it vaporizes in a
vacuum. Each freed vapor particle travels
until it strikes a cooler surface. There it
condenses and stays, if the surface is
suitable and immaculately clean.

It might be assumed that the task would
be simple. However, as the vapor con-
denses and becomes solid, it seems to
become peculiarly sensitive to the nature
of the surface on which it is being de-
posited. Unless oriented by a magnetic
field (created by large coils that encircle
the vacuum chamber), the films could be
magnetized in a number of directions in-
stead of along the desired single line.
When we obtain uniformly bi-stable spots,
we are in effect duplicating the action of
ferrite cores. We also may use the same
cycle by which bits of information are
stored and extracted by reversing direc-
tion of the magnetic field.

The coercive force necessary to reverse
(or “flip”) the direction of magnetization
within a thin film is very low. Another
important advantage stems from the fact
that reversal may be accomplished either
by employing a rotational mechanism
(simultaneous rotation of all atomic mag-
netic moments) or a wall-motion mecha-
nism (sequential rotation of the atomic
magnetic moments in the form of a mov-
ing wall). Both may be induced through
application of a coercive force as small as
one Oersted. Of the two mechanisms,
rotational is much the faster; it makes
possible the reading and writing of 100,-
000,000 bits of information per second
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on a single spot, as compared to about
100,000 for ferrite cores.

Honeywell scientists have consistently
produced 256 bit (16x16) matrices uni-
form to plus or minus 5% of energy. Only
this uniformity makes it possible to use
the films in circuits, since a given small
electrical pulse applied to any film must
flip that film.

Uniformity has been achieved in part
through study of deposition techniques
and experiments both with various types
of substrata and with various methods
of cleaning them before deposition. It
has resulted also, through broader under-
standing of the mechanisms involved, in
causing reversal of the magnetic field.
Even more important, however, have been
detailed investigations into the factors
that lead to non-uniformity, and subse-
quent development of techniques that
tend to eliminate them.

The most difficult task remaining seems
to be linking the film spots with printed
circuits which will probably replace the
wires used with the ferrite cores.

Our research on thin films is both basic
and applied. Applied, since our scientists
are trying to create better, faster, smaller
memory systems for the commercial and
military computers our engineers design;
and basic, since they are trying to under-
stand and explain all the phenomena de-
scribed, as well as others that are com-
pletely baffling.

If you are engaged in magnetics re-
search and would like to know more about
Honeywell’s work on thin magnetic films,
you're invited to correspond with Dr.
Richard Prosen, Honeywell Research
Center, Hopkins, Minnesota. Or, if you
would like a simplified explanation of the
binary number system and how to per-
form standard mathematical manipu-
lations using this system, write to Honey-
well Research, Minneapolis 8, Minnesota.

Honeywell
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Newman in their book Mathematics and
the Imagination. “We can only repro-
duce it and not stop to inquire into its
implications. It appeals equally to the
mystic, the scientist, the philosopher, the
mathematician.” The formula unites five
basic quantities: 1, 0, pi, e and i (the
square root of minus one). Kasner and
Newman go on to tell how this for-
mula struck Benjamin Peirce (a Har-
vard mathematician and father of the
philosopher Charles Sanders Peirce)
with the force of a revelation. “Gentle-
men,” he said one day to his students
after chalking the formula on the black-
board, “that is surely true, it is absolute-
ly paradoxical; we cannot understand
it, and we don’t know what it means,
but we have proved it, and therefore, we
know it must be the truth.”

Because the factorial of a number n
gives the number of ways that n objects
can be permuted, it is not surprising to
find e popping up in probability prob-
lems that involve permutations. The
classic example is the problem of the
mixed-up hats. Ten men check their
hats. A careless hat-check girl scrambles
the checks before she hands them out.
When the men later call for their hats,
what is the probability of at least one
man getting his own hat back? (The
same problem is met in other forms. A
distracted secretary puts a number of
letters at random into addressed enve-
lopes. What is the probability of at least
one letter reaching the right person? All
the sailors on a ship go on liberty, return
inebriated and fall into bunks picked at
random. What are the chances of at least
one sailor sleeping in his own bunk?)

To solve this problem we must know
two quantities: the number of possible
permutations of 10 hats and how many

of them give each man a wrong hat. The
first quantity is simply 10!, or 3,628,800.
But who is going to list all these
permutations and then check off those
that contain 10 wrong hats? Fortunately
there is a simple, albeit whimsical, meth-
od of finding this number. The number
of “all wrong” permutations of n objects
is the integer that is the closest to n!
divided by e. In this case the integer is
1,334,961. The exact probability, there-
fore, of no man getting his hat back
is 1,334,961/3,628,800, or .367879...
This figure is very close to 10!/10!e.
The 10's cancel out, making the prob-
ability extremely close to 1/e. This is the
probability of all hats being wrong. Since
it is certain that the hats are either all
wrong or at least one is right, we sub-
tract 1/e from 1 (certainty) to obtain
.6321. .., the probability of at least one
man getting his own hat back. It is al-
most 2/3.

The odd thing about this problem is
that beyond six or seven hats an in-
crease in the number of hats has virtually
no effect on the answer. The probability
of one or more men getting back their
hats is .6321... regardless of whether
there are 10 men or 10 million men. The
chart below shows how quickly the
probability of no man getting back his
hat approaches the limit of 1/e, or
.3678794411... The decimal fraction in
the last column alternates endlessly be-
tween being a bit larger and a bit smaller.

A pleasant way to test the accuracy of
all this is by playing the following game
of solitaire. Shuffle a deck of cards, then
deal them face up. As you deal, recite
the names of all 52 cards in some pre-
viously determined order. (For example,
ace to king of spades, followed by ace
to king of hearts, diamonds and clubs.)

NUMBER OF
NUMBER PERMUTATIONS PROBABILITY OF

OF NUMBER OF IN WHICH NO MAN NO MAN GETTING
HATS PERMUTATIONS GETS HAT BACK HAT BACK

1 1 0 0

2 2 1 .5

3 6 2 .333333

4 24 9 .375000

5 120 44 .366666

6 720 265 .368055

7 5,040 1,854 367857

8 40,320 14,833 .367881

9 362,880 133,496 367879

10 3,628,800 1,334,961 .367879

1 39,916,800 14,684,570 367879

12 479,001,600 176,214,841 .367879

The problem of the men and their hats
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What is the moon made of?

No. Guess again.

Potassium, uranium, thorium? Closer, but still guesswork.
And guesses they’ll be until man puts scientific instruments on
the Moon to gather surface and sub-surface data and transmit
these data to Earth.

The right answers will come with unmanned lunar space-
craft projects directed by Caltech’s Jet Propulsion Laboratory for
the National Aeronautics and Space Administration.

The planned Lunar Exploration Program begins with JPL’s
Ranger Project that will soon hard-land 50-pound instrument
packages on the Moon to measure Moon quakes and temperature
and radio their findings back to Earth.

Following the Ranger, the Surveyor will soft-land several
hundred pounds of sensitive instruments on the Moon. Its ob-
Jectives are to measure the physical properties of the Moon and

analyze the composition of surface and sub-surface samples.
Knowledge from these projects is essential to eventual manned
landings on the Moon.

Under JPL direction, unmanned spacecraft for these projects
and probes to the planets are being designed. Many disciplines
are involved. Physics, electronic engineering, metallurgy . ..it’s
a long list.

It’s a big job. To do it right, JPL must have the best tech-
nical people in the country. People who want to know ...who
want to be part of the greatest experiment of mankind. If you’re
that kind of people, JPL is your kind of place. Write us today,

JET PROPULSION LABORATORY
4802 Oak Grove Drive, Pasadena, California
Operated by California Institute of Technology for the National Aeronautics and Space Administration

All qualified applicants will receive consideration for employment without resard to race. creed or national origin/ U.S. citizenship or current securily clearance required,
© 1961 SCIENTIFIC AMERICAN, INC
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COMPRESSED TIME...AND A NATION'S NEED

The time available between alarm and decision has shrunk to
minutes. In this compressed time, pertinent information must be
gathered, transmitted, evaluated and displayed to the commanders
through a variety of systems.

Design, development and evaluation of such command and con-
trol systems for the urgent present and the uncertain future is the
vital function of MITRE.

Systems such as SAGE, BMEWS, MIDAS, Strategic Air Com-
mand and Control System, NORAD Combat Operations Center
and others are all within the scope of MITRE’S system integra-
tion work for the Air Force Electronic Systems Division.

The job is challenging — the opportunity exists to break out of
a single specialty —— the reward is not confined to the financial.

Engineers and scientists interested in the vital field of command
and control technology are invited to inquire about openings in:
® SYSTEM ANALYSIS @ OPERATIONS RESEARCH
® COMMUNICATIONS @ ADVANCED SYSTEM DESIGN
® ECONOMICS ® MATHEMATICS
® ECONOMETRICS ® COMPUTER TECHNOLOGY
® HUMAN FACTORS @ RADAR SYSTEMS AND TECHNIQUES
® ANTENNA DESIGN — MICROWAVE COMPONENTS
® AIR TRAFFIC CONTROL SYSTEM DEVELOPMENT

‘Write in confidence to: Vice President Technical Operations,
The Mitre Corporation, P 0.Box 208, M26X, Bedford, Mass.

THE

MI'I'RE

CORPORATION

All qualified applicants will receive consideration for employment
without regard to race, creed, color or national origin
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You win the game if you turn up at least
one card that corresponds to the card
you name as you deal it. What are the
chances of winning and losing?

It is easy to see that this question is
identical to the question about the hats.
Intuitively one feels that the probability
of winning would be low—perhaps 1/2
at the most. Actually, as we have seen.
it is 1 minus 1/e, or almost 2/3. This
means that in the long run you can ex-
pect to have a lucky hit about two out of
every three games.

Carried to 20 decimals, e is 2.71828-
182845904523536. Various mnemonic
sentences have been devised for remem-
bering e, the number of letters in each

| word corresponding to the proper digit.

In the time since I published some of
these sentences (in the chapter on num-
ber memorizing in the first Scientific
American Book of Mathematical Puzzles
& Diversions) a number of readers have
sent in others. Maxey Brooke of Sweeny,
Tex., suggests: “I'm forming a mne-
monic to remember a function in
analysis.” Edward Conklin of New
Haven, Conn., went to 20 places with:
“In showing a painting to probably a
critical or venomous lady, anger domi-
nates. O take guard, or she raves and
shouts!”

There is a remarkable fraction,
355/113, that expresses pi accurately to
six decimal places. To express e to six
decimals a fraction must have at least

| four digits above the line and four below

(e.g., 2721/1001). It is possible, how-
ever, to form integral fractions for e,
with no more than three digits above and
below the line, that give e to four deci-

| mal places. Such fractions are not so easy

to come by, as the reader will quickly
discover if he makes the search. For
those who enjoy digital problems: What
fraction with no more than three digits
above the line and three below gives the
best possible approximation to e? The
answer will be given next month.

last month’s problem involved a picture
4 of a one-sided surface and the ques-
tion of whether its single edge was
knotted or not. If the surface is construct-
ed with paper and cut as explained, the
resulting endless strip will be free of any
knot. This proves that the surface’s single
edge is similarly unknotted. The surface
was designed so that its edge corre-
sponds to a pseudo knot known to con-
jurers as the Chefalo knot. It is formed
by first tying a square knot, then loop-
ing one end twice through the knot in
such a way that when both ends are
pulled, the knot vanishes.

The checker problem in July (moving
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If you are an experienced radar systems engineer inlerested
in working on the B-52 Bombing Navigational System Inte-
gration Program, please contacl Mr. G. F. Raasch, Director of
Scientific and Professional Employment, 7929 South Howell,
Milwaukee 1, Wisconsin. All qualified applicants will receive
consideration for employment withoul regard lo race, color,
creed or national origin.

TAMING THE WILD BLUE YONDER

Primary responsibility for research, development, produc-
tion, testing and evaluation of the Air Force's newest
weapons systems —this is the mission of the recently
created Air Force Systems Command, To its men—our

defense architects —this mission presents the eternal

challenge . . . that of taming the wild blue yonder.

In pursuit of this challenge AFSC must call upon the vast
resources of industry and of education, as well as those of
the military. AC Spark Plug is being called upon to develop
and produce the small, )-at highly accurate inertial guid-
ance system for the TITAN II. This is but one example of
American Industry and government working tonetl‘la_r 50

peoples of the world may live together —in peace.

3 AC SPARK PLUG T 2
. THE ELECTRONICS DIVISION £>

OF GENERAL MOTORS

MILWAUKEE « LOS ANGELES « BOSTON

AChiever inertial guidance systems for Titan II, Thor and
Mace. Bombing mv‘?gnnm sysiems for the B-52 and B-47.

© 1961 SCIENTIFIC AMERICAN, INC




FUEL
CELLS @
AND o
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(Exploded view of f
experimental fuel cell,

courtesy of Leesona-Moos
Laboratories, Leesona Corporation)

We know it’s not so, but it sometimes
looks like fuel cells were invented to
show off the unique properties of the
platinum group metals. Catalytic ac-
tivity, electrical conductivity, extreme
corrosion resistance, high melting
point:all these properties are available
here to the fuel cell designer.

One often overlooked but intriguing
quality is the synergistic effect that
one member of the platinum group has
on the catalytic activity of another.
For example, platinum-iridium, as an
alloy, results in catalytic activity
greater than with either metal alone.

If you’re looking for effective fuel
cell electrodes, don’t overlook the
noble metals or BISHOP’s century-
old know-how and abilities in the pro-
duction and fabrication of metals and
metal alloys of the platinum group.

MALVERN, PENNSYLVANIA
A JOHNSON MATTHEY ASSOCIATE

J.BISHOP & CO.
platinum works
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Position of checkers after 10 moves

12 checkers from one side of the board
to the other, using halma moves)
brought a heavy (but most welcome)
response from readers. At the time this
is written, 30 readers solved the problem
in 23 moves, 49 solved it in 22 moves,
31 in 21 moves and 14 in 20 moves. The
14 winners, in the order their letters are
dated, are: Edward J. Sheldon, Lexing-
ton, Mass.; Henry Laufer, New York,
N.Y.; Donald Vanderpool, Towanda,
Pa.; Corrado Bohm and Wolf Gross,
Rome, Italy; Otis Shuart, Syracuse, N.Y.;
Thomas Storer, Melrose, Fla.; Forrest
Vorks, Seattle, Wash.; Georgianna
March, Madison, Wis.; James Burrows,
Stanford, Calif.; G. W. Logemann, New
York, N.Y.; John Stout, New York, N.Y;
Robert Schmidt, State College, Pa.; G. L.
Lupfer, Solon, Ohio; and ]. R. Bird,
Toronto, Canada.

No proof that 20 is the minimum was
received, although many readers indicat-
ed a simple way to prove that at least 16
moves are required. At the start, eight
checkers are on odd rows 1 and 3, four
checkers on even row 2. At the finish,
eight checkers are on even rows 6 and 8,
four checkers on odd row 7. Clearly four
checkers must change their parity from
odd to even. This can be done only if
each of the four makes at least one jump
move and one slide move, thereby bring-
ing the total of required moves to 16.

It is hard to conceive that the check-
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ers could be transported in fewer than 20
moves, although I must confess that when
I presented the problem I found it equal-
ly hard to conceive that it could be
solved in as few as 20 moves. Assuming
that the black squares are numbered 1
to 32, left to right and top to bottom,
with a red square in the board’s upper
left corner, Sheldon’s 20-move solution
(the first answer to be received) is as
follows:

1. 21-17 11. 14-5
2. 30-14 12. 23-7
3. 25-9 13. 18-2
4. 29-25 14. 32-16
5. 25-18 15. 27-11
6. 22-6 16. 15-8
7. 17-1 17. 84
8. 31-15 18. 24-8
9. 26-10 19. 19-3
10. 28-19 20. 16-12

This solution is symmetrical. The illus-
tration above shows the position of the
checkers after the tenth move. If the
board is now inverted and the first 10
moves are repeated in reverse order, the
transfer is completed. So far as I know,
this is the first published solution in 20
moves. It is far from unique. Other
symmetrical 20-move solutions were re-
ceived, along with one wildly asym-
metrical one from Mrs. March, the only
woman reader to achieve the minimum.
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Do you share his driving determination to know?

An unsolved problem is a nagging challenge to him. The word “impossible’ is an impertinence.
Are you cut from the same cloth as this man? Then come to Northrop where you can work in
the fringe of the future on such projects as space guidance and astronertial navigation systems,
aerospace deceleration and landing systems, magnetogasdynamics, in-space rescue, repair and
refueling techniques, laminar flow control, automatic test equipment and world-wide communications
systems.
More than 70 such programs are now on the boards at Northrop, with many challenging problems
still to be solved, and new areas of activity constantly opening
up for creative research. Whatever your specialty, drop us a line N 0 P
now if you want to find out more about the Northrop challenge. Mo ™R0r G oo, BEX i tove, SALIFORNA
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taking the guesswork out of decision-making. .

e An exciting new profit-making application for the General Electric GE 225
Information Processing Computer

e From project personnel via arrow diagram and General Electric GE 225 to
mintmum time-cost schedules

o One more reason why you should investigate the possibilities of the
versatile GE 225
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PRECISE PROJECT PLANNING
WITH THE GE 225 AND CPM

@ To drastically reduce the need for managerial guesswork and to
deliver precise data required for timely decision-making, General
Electric now offers Critical Path Method (CPM) processing capa-
bility on the GE 225 computer.

® A new, advanced technique for project planning, scheduling and
control, CPM can pinpoint your critical jobs to prevent bottlenecks
before they result in costly and unnecessary delays.

® CPM is based on a pictorial project representation—an “Arrow
Diagram” or “Project Network”—which shows the relationship and
sequence of work to be done.* As employed by the GE 225, the
Critical Path Method can be used for all types of project problems
—from manufacturing, maintenance or construction planning to cor-
porate planning, product launching and missile countdown.

® The CPM program developed specifically for the GE 225 effi-
ciently processes both COST and TIME information on each job in
the project to obtain minimum time-cost schedules. As a result, man-
agement and project personnel alike obtain pertinent and timely
information on plans and schedules.

® The GE 225 CPM application is an advance providing for auto-

matic event re-numbering and direct priority weighting of each
project job in the most efficient manner.

® General Electric sales representatives, backed up by new General
Electric Computer Department Information Processing Centers, can
further explain this exciting and flexible use for a GE 225 and are
ready NOW, working with your consultants and management, to
integrate information handling equipment into your business.

® The application of the GE 225 to CPM represents one of many
new advances pioneered by General Electric. It would be a wise
move for you to investigate the benefits of the Critical Path Method,
GECOM and other General Electric advances—all available for the
GE 225. GECOM is the General Compiler which processes English
language statements (COBOL), Algebraic expressions (ALGOL),
Structured decision tables (TABSOL) and the File and Report In-
formation Processing Generators (FRINGE).

For more information, write to General Electric Company, Computer
Department, Section 65H10, Phoenix, Arizona, or contact your nearest
General Electric Computer Department District Office listed below.

Atlanta: 270 Peachtree St. N.W., 522-1611 ¢ Boston: 140 Federal St., HU 2-1800, Ext. 311 ¢ Chicago: 120 S. La Salle St., 782-5061 * Cleveland: Williamson Bldg., 215 Euclid
Ave., SU 1-6822 * Dallas: 3200 Maple Ave., Rl 8-0589 ¢ Detroit: 680 Antoinette St., TR 2-2600 * Houston: 4219 Richmond Ave., MO 7-3301 ¢ Kansas City, Mo.: 106 W. 14th
St., GR 1-2919 or GR 1-2920 * Los Angeles: 1010 S. Flower St., DU 1-3641 * Louisville: Bldg. 6, Appliance Pk., GL 4-7511 * Minneapolis: Plymouth Bldg., 6th & Hennepin,
FE 2-7569 * New York: 122 E. 42nd St., PL 1-1311, Ext. 3205 ¢ Philadelphia: 3 Penn Center Plaza, LO 8-1800 * Phoenix: Guaranty Bank Bldg., 3550 N. Central Ave., AM 4-3741-2
Pittsburgh: 1634 Oliver Bldg., Mellon Sq., AT 1-6400, Ext. 566 * San Francisco: The Russ Bldg., 235 Montgomery St., DO 2-3740 * Schenectady: Bldg. 2, 1 River Rd., FR 4-2211,
Ext. 5-4405 * Seattle: Dexter Horton Bldg., 710 Second Ave., MA 4-8300 ¢ St. Louis: Paul Brown Bldg., 818 Olive St., GE 6-4343 ¢ Syracuse: 1010 James St., GR 6-4411, Ext.
6141 or 6142 * Washington, D.C. Area: 7401 Wisconsin Ave., Suite 514, Bethesda, Md., OL 2-8100 * In Canada: Canadian General Electric Co., Ltd., Electronic Equipment
and Tube Dept., 830 Lansdowne Ave., Toronto, Ontario, Canada. Outside U.S.A. and Canada: Producer Goods Export

Department, International General Electric Company Division, 150 East 42nd Street, New York City, New York, U.S. A, @

#THIS METHOD WAS DEVELOPED BY MAUCHLY ASSOCIATES,
AMBLER, PENNSYLVANIA —TORONTO, CANADA,

INFORMATION PROCESSING

AUTOMATED BY GENERAL ELECTRK»

Progress [s Ovr Most Important Prodvct

GENERAL ELECTRIC

CPA-65(6-61)
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Conducted by C. L. Stong

! I Yo physical meteorologists fog and
haze are not merely nuisances or
hazards. They are also fascinating

aspects of weather that provide oppor-

tunities to observe how water vapor in
the air precipitates as droplets of water.

A water droplet cannot grow in the
atmosphere unless it contains a minimum
of about 5,000 molecules of water. The
probability of so many molecules assem-
bling in one place by mere chance is very
low. Physicists agree that condensation
must be triggered by a nucleus—a speck
of some material in the air that attracts
water molecules. If this is so, then every
one of the myriad droplets comprising
fog and haze and every drop of rain
that falls must start with a nucleus. Most
nuclei are crystals of sea salt. All rain,
even that which falls in the deep interior
of the continents, contains traces of salt
[see “Salt and Rain,” by A. H. Wood-
cock; ScieEntiFic AMERICAN, October,
1957]. But because the estimated vol-
ume of spray thrown into the air by
whitecaps and by surf breaking on
beaches does not appear to be great
enough to supply a salt crystal for every
droplet that forms in the air, the question
remains open.

The collection and analysis of the
water droplets is complicated by the
fact that no two fogs are exactly alike.
Moreover, they usually appear at irregu-
lar times and for unpredictable intervals.
In a few regions, however, a persistent
fog occurs as a regular feature of the
annual weather pattern. One example is
the deep haze that blankets Venezuela
every year, usually from early December
to the middle of April. The mystery
of how this haze forms is deepened by
the fact that it appears only during the
dry season, when the relative humidity
approaches that of a desert. This year
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~ THE AMATEUR SCIENTIST

An amateur investigates the origin of

Venezuela’s peculiar fog: the calina

Guillermo Zuloaga, a geologist of Ca-
racas who is chairman of the research
committee of the Creole Petroleum Cor-
poration, decided to turn amateur me-
teorologist long enough to make a study
of the fog.

“Traditionally,” Zuloaga writes, “peo-
ple have called our haze the calina, an
old Spanish word defined as ‘a thick hot
air, like a fog, which rises in very hot
weather and sets the air on fire.” Because
the presence of the calina coincides with
the time of burning of the dry pasture
lands and with brush fires, the general
belief is that it is caused by smoke.

“This year the calina was particularly
intense. From February to the end of
May visibility was seriously impaired,
and there were several grave conse-
quences. Air traffic in the interior was
hampered, with some airports closed for
days at a time. A squadron of jet fighters
flying from eastern Venezuela to its base
in Maracay became dispersed and sev-
eral aircraft were lost. Ships ran aground,
and several automobile accidents were
caused by the poor visibility. Many resi-
dents of Caracas, which lies in a narrow
valley surrounded by mountains, lost the
beautiful sight of Mount Avila, only four
or five kilometers to the north [see illus-
trations on opposite page].

“For several years I have been observ-
ing this phenomenon and wondering
what causes it. I noted first of all—as
apparently no one had before—that it
comes from the Caribbean Sea and is
carried by the wind toward the interior
of the country. In many flights I have
found the calina visible as far as 100
kilometers out to sea north of the Vene-
zuelan coast. The trade winds during the
dry season blow steadily from the north-
east toward the coast. If the calina were
smoke, one would scarcely expect to find
it upwind.

“As seen from the ground the calina
is bluish, but as one looks down on it
from a plane it appears brownish. The
calinalayer ends abruptly at about 9,000
feet and the upper level is remarkably
flat, so that it makes a horizon. It appears
to be absolutely independent of any

© 1961 SCIENTIFIC AMERICAN, INC

clouds that move through it and it con-
trasts sharply with them in color and
shape.

“Unlike ordinary fog, the calina is re-
markable for its uniformity and con-
stancy. It covers thousands of square
miles for months at a time: the valleys
and the mountains, the llanos (the great
plains in the interior of Venezuela) and
the marshes of the Maracaibo Basin. It
even extends at times as far as Bogota in
Colombia, over 600 miles southwest of
our Caribbean coast. For months on end
we have spectacular red sunsets, and
the moon looks yellowish when it is near
the horizon. The calina seems more in-
tense in the morning and evening and
seems to disappear during the night;
this is because it is more visible in lat-
eral lighting. The air feels heavy; people
complain of high humidity, whereas ac-
tually the air is abnormally dry.

“Puzzled by the calina and not finding
any satisfactory description in the litera-
ture, I decided to carry out systematic
observations to try to find its composition
and to explain its origin. I cleaned up
my old polarizing microscope, adapted
a camera to it and set out to discover
what sort of particles nucleate the caline
droplets.

“My observation that the calina came
from the sea naturally led me to believe
that it should contain microscopic crys-
tals of salt, and so my first efforts were
aimed at capturing such crystals in the
air. Previous attempts to do this, by
workers at the Woods Hole Oceano-
graphic Institution seeking to confirm
the presence of salt in cumulus clouds,
had been only partially successful. Be-
ing hygroscopic, the salt absorbed water
during the plane’s descent in the humid
atmosphere and tended to redissolve. It
occurred to me that the crystals could be
collected on microscope slides that had
been smeared with Canada balsam. This
mounting medium, commonly used for
mineral preparations, is anhydrous, and
salt is therefore insoluble in it. I prepared
the microscope slides by first placing a
small drop of balsam in the center of the
glass and spreading it to cover about one



Two views of Caracas, Venezuela, from the same point. The top photograph was taken during a calina, the lower one on a clear day
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micro, macro, astro
photography

Nikon F
the automatic
3omm reflex

Even beyond its role as an art form,
a news-gathering medium, a personal
record of people and places, photog-
raphy is a tool — an invaluable aid to
science, to industry, to education, and
to countless other endeavors which
make up the fabric of our modern
society and technology. And it is in this
realm especially that the Nikon F
reveals its fullest capabilities.

The Nikon F user can draw upon more
than twenty interchangeable lenses
with which to meet any picture prob-
lem. And he commands accessory aids
for every conceivable close-up and
copy requirement—photo micrography,
macro photography and telescopic
photography as well. The picture capa-
bilities of the Nikon F literally extend
from the infinitesimal to the infinite.

An accessory, battery-operated motor
drive offers completely automatic oper-
ation—in-hand or remote, wired or by
radio control. Any impulse can be used
to fire the motor-equipped Nikon F, and
any phenomenon can be used to orig-
inate the impulse. Rapid sequence,
time-lapse and motion photography,
automatic surveillance and data docu-
mentation — are obvious applications.

If you have a photographic problem
you consider especially challenging, let
us show you how capably it can be
handled with the Nikon F. For further
details, write to Dept. SA-10.

NIKON INC., 111 FIFTH AVE, N. Y. 3

makers of precision optical equipment for industry
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| square centimeter. Crystals were collect-

ed simply by exposing the prepared slide
to the air for a few seconds. The cover
glass was then pressed over the speci-
men, so that the particles caught in the
balsam were permanently preserved.

“When collecting from an airplane, I
exposed four slides at a time by holding
them with binder clips to a piece of
Ji-inch glass about 12 inches long and
the width of the microscope slides. I
was able to hold them out a few inches
into the slip stream even at speeds of 200
miles per hour. When working from an
automobile, I clipped the slides to a
piece of cardboard, which I then at-
tached to a ventilator window opened
to face the wind.

“Early in the study I found a few salt
crystals and immediately concluded that
I had hit the full explanation of the
calina. My theory was simple: The
strong, steady trade winds that blow
over the Caribbean, whipping up white-
caps and the large waves that break

| along the Venezuelan shore, raise a cloud

of droplets that make up the sea spray;
this spray is carried inland by the wind
in great volume; as the water evaporates
from the droplets in the atmosphere, tiny
salt crystals are formed that, being
very small, float away with the wind.
These crystals, I assumed, were the nu-
clei of the calina droplets.

“But, as usual in these cases, what at
first appeared simple became more com-
plex as I probed deeper into the problem.

Careful examination of the slides soon
disclosed that I was catching not only
salt crystals and other things to be ex-
pected in the air, such as grains of pollen,
dust, vegetable fibers and fragments of
insects, but also a great number of tiny
spherical particles evenly distributed on
the slides and almost invisible in the
Canada balsam. The particles were a few
microns in size (a micron is one thou-
sandth of a millimeter), too small for
identification by ordinary optical meth-
ods. They were present on all the slides.
My theory did not explain these particles.

“In an effort to gather more evidence
I sought the help of friends who were
flying or driving to the interior; I gave
them slides, cover glasses and balsam
and detailed instructions on how to col-
lect the particles. I made two special
flights over Caracas to gather more mate-
rial, take pictures and record the tem-
perature and relative humidity of the air
in the thick of the calina. The tempera-
ture was between 28 and 30 degrees
centigrade (82.4 to 86 degrees Fahren-
heit), and the relative humidity was 40
to 45 per cent at 5,000 feet—much hotter
and drier than normal. During the ‘non-
caling’ portion of the year the average
relative humidity in Caracas is 89 per
cent at 7:00 a.m., 64 per cent at 1:00
p-m., 89 per cent at 7:00 p.m. and 93 to
98 per cent during the night.

“It turned out that even the hot, dry
air over the llanos, near the ground, con-
tained salt crystals in suspension. Slides

Two salt crystals, with two “calina particles,” gathered in the llanos
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FLYING MISSILE LAUNCHER. New Boeing B-52H missile
bomber can take off faster, fly farther and strike harder than any
previous B-52. It’s shown here carrying models of four hypersonic
Skybolt air-launched ballistic missiles, a 1000-mile range weapon

THREE-ENGINE JET. Scale model of
America’s first short-range jetliner, the Boeing
727. Already, 117 Boeing 727s have been or-
dered by American, Eastern, Lufthansa and
United airlines for delivery beginning in 1963.

MINUTEMA N, first U. S. Air Force solid-fuel
intercontinental ballistic missile, scheduled to
be operational in 1962, will be stored ready for
quicE launching in underground silos. Boeing
is weapon system integrator for Minuteman.
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now under development. The Strategic Air Command B-52, most
versatile long-range weapon system in the U. S. Air Force arsenal,
can also carry supersonic Hound Dog missiles for inflight launch-
ing, in addition to its regular bomb-bay load of gravity bombs.

Capability has many faces at Boeing

MARS DEPARTURE. Artist’s concept of 8-
man space vehicle taking off from Mars for re-
turn to earth. This space transport system, based

on a Boeing study, would enable explorer
scientists to spend months on Mars with instru-
ments and life-support equipment. Boeing scien-
tists are at work on many pf]ases of space flight.

BOEING
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As first described in
SCIENTIFIC AMERICAN by MARTIN GARDNER
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Satellite calina particles surround a droplet containing a salt-crystal nucleus

prepared at a ranch in the inland state

of Cojedes contained small but perfect
| crystals [see illustration on page 174].

(Incidentally, if one square centimeter
of balsam captured two or three crystals,
then there must be millions of them in
the ambient air, and these crystals must
fall to the ground when the wind dies
down or when it rains. What will this
eventually do to the fertility of the soil?)
The extremely low relative humidity ap-
peared to be contrary to what one would
expect with salt in the air, which I then
thought should tend to increase the hu-
midity.

“This was another indication that I
had been jumping to conclusions. I had
to be more systematic and start again. I
began to keep records of the relative
humidity and noted that it had dropped
to levels never reported before: 50 per
cent at 7:00 a.m., 30 to 40 per cent in
the course of the afternoon. During the
night we did not even approach the dew
point, which in normal times is reached
every night. Intrigued by all this, I de-
cided to study the process of the forma-
tion of the calina from its very begin-
ning: at the seashore.

“At 7:00 am. on a Saturday I went
down to the shore at Catia de la Mar
(Caracas, although 1,000 meters above
sea level, is only some 15 miles from the
sea by a superhighway) and exposed
some slides for five minutes to the sea
spray: four without balsam and four with
balsam. The temperature of the air was
30 degrees C. and the relative humidity
| three meters from the surf and two

meters above it was only 77 per cent at
8:00 a.m. The trade wind from the

northeast was blowing moderately, and
| the waves were normal.
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“Then I took the road that goes east
along the shore toward Playa Grande;
here, over a stretch of about one kilo-
meter and some 100 meters away from
the water, I exposed another four slides
while driving against the wind. Sub-
sequently I went up the hill to the Playa
Grande terrace, where I was 60 meters
above sea level and some 200 meters
from the water (500 in the direction of
the wind), and exposed another four
slides.

“From this high point there is a pano-
ramic view of the shore, and I could see
the calina coming from the sea and being
blown up toward the mountains, blur-
ring both the horizon and the profile of
the coastal range. The temperature was
34 degrees C. and the relative humidity
was 54 per cent.

“Then I exposed a number of slides
along the autopista, the superhighway
between Caracas and the sea. Relative
humidity was between 40 and 45 per
cent, the temperature was around 34
degrees C. The series gave me an excel-
lent sampling of particles from the shore
up to 1,000 meters.

“With great curiosity I went to the
microscope to examine the slides. The
first surprise came when I found some
perfect salt crystals preserved in the
balsam of slides exposed near the surf.
How could they have crystallized out so
soon? I found them again and again,
associated with sea-water drops, in
slides exposed on the road along the
shore and in those exposed at the Playa
Grande terrace. There was no doubt: the
sea air, even close to the shore, contained
salt crystals. It could be, of course, that
air turbulence had brought these crystals
from a great height or a long distance.



How the USS LONG BEACH became Mr. Hinkle’'s

office-away-from-the-office

Charles J. Hinkle—38, an electronic engi-
neer, and head of the experimental branch of
the Navy’s HERO (Hazards of Electromagnetic
Radiation to Ordnance) program—has become a
familiar figure on board the USS LONG BEACH,
America’s first nuclear-powered missile cruiser.

He is responsible for making sure that the
shipboard environment of radio and radar trans-
mitters will be compatible with the Terrier and
Talos missile systems—that no RF energy output
will adversely affect the sensitive electro-explo-
sive components of these missiles under any
operating condition.

Making sure starts with basic research, re-
quires personal inspections and thorough labora-
tory and field tests by Mr. Hinkle and his asso-
ciates. In setting up safe operating procedures

for personnel aboard the Navy’s latest ships, and
in developing recommendations that will affect
the design of future electronic and ordnance
equipment, Mr. Hinkle spends a good deal of
time away from his office—on board the most
advanced naval vessels in the world.

His HERO compatibility studies represent
just a fraction of the research, test and evalua-
tion projects that carry Naval scientists and engi-
neers to the very heart of technological creativity.

Seapower—the Comprehensive Science of
Sea, Air and Space—requires the talents of vigor-
ous people who can adapt to different environ-
ments and disciplines. If you are this sort of
person, write to Thomas McKenna, Code 200,
Room 1000, Main Navy Building, Navy Depart-
ment, Washington 25, D. C.

The U. S. Department of the NAVY
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But their frequency made this unlikely.
Apparently crystallization takes place
over a verv short distance—a sort of
spray-drying caused by the atomization
of the sea-water drops into a relatively
drv atmosphere.

“Then, in the Playa Grande slides, I
found a most interesting thing: all the
stages of the process of formation of the
salt crystals (which are perfect cubes)
could be seen, starting with drops of sea
water and moving through the interme-
diate steps. Furthermore—and this was
particularly important—there were great
numbers of small, spherical droplets
around the large drops that contained
the salt crystals. These small droplets
resembled the mysterious spherical par-
ticles that universally accompanied the

| salt crystals on all slides of the calina.
The resemblance was not only in shape
but also in size. I was struck by one

| particularly fascinating detail that was
difficult to photograph because of the
extremely flat depth of field: the micro-
drops showed a tendency to cluster
around both the crystals and the drops
that were in process of crystallization
[see illustration on page 176].

“Greatly encouraged by having found

the characteristic way in which sea
‘ spray behaves during the crystallization
of its salts, and intrigued by the curious
sequence of associated events, I began
to study the slides made along the auto-
pista. They contained many dust parti-
cles, bits of carbon from the automobile
exhaust and minute pieces of glass, all

of which are to be expected in the vicin-
ity of a highway that carries heavy traf-
fic. I found little crystals of salt the
same size as those of Playa Grande. They
measured about two-hundredths of a
millimeter across and weighed on the
order of a milligram. In many cases the
crystals were surrounded by microdrops.

“The more I observed this phenom-
enon, the more puzzled I was. At first I
thought that the clusters were a ‘splash’
effect resulting from the impact of the
crystal, or the dr()p C(mtaining the crys-
tal, against the Canada balsam. But
when I saw the phenomenon repeated
time and again, I became convinced that
even in the air the microdrops were clus-
tered around the salt crystals like tiny
satellites.

“Pondering on this curious phenom-
enon, it occurred to me that the particles
might be charged with static electricity
and so be attracted to a crystal nucleus
of opposite charge. An obvious experi-
ment was to charge the microscope slides
by rubbing them with an electrifying
agent. This I did on the roof of our office
building, holding the slides with plastic
tongs and rubbing some with a silk hand-
kerchief and others with a camel’s-hair
brush. After 20 seconds of exposure to
the air the electrified slides were protect-
ed with cover slips held in place by
Scotch tape stuck along the edges. It was
a hot, dry afternoon (30 degrees C. and
28 per cent relative humidity in the
shade). The results were dramatic: not
only had I captured the particles in great

Calina particles aligned on a slide electrified by camel’s-hair brush strokes
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BY LEON SCHLOSSBERG

ica’s foremost medical artists comes
this remarkable plastic model of the
human skeleton. A calipered, 18-inch re-
production of an actual human skeleton, it
is accurate in every detail: it is fully W
articulated; it is the color and tex- g
ture of actual bone; yet it is un- i /A i
breakable, flexible, and washable. /
Every position of the human body - j‘f /
can be assumed by this model, and each

part has the correct physiologicalrelationship to all other parts of

FROM THE LABORATORY of one of Amer-

the model.
Developed through years of research at The Johns Hopkins

Hospital and Medical School, this model is a unique and remark-

able achievement.
The base for the model provides a chart depicting line drawings

of the skeleton with name labels for all the bones. Worth more
than a thousand pictures, this ensemble is a perfect aid for classes
in elementary school, high school, and college. It will be invalu-
able for lawyers, nurses, doctors, and artists. The student of
medicine and anatomy can now afford his own skeleton model,
practical, convenient, and inexpensive.

Leon Schlossberg is Medical Illustrator at The Johns Hopkins
Hospital and Instructor of Art as Applied to Medicine at The
Johns Hopkins University School of Medicine.

“Anatomically it is excellent. In my knowledge, it is a unique
achievement; for I know of nothing else of its sort which can be
classed with it.”’

—DRr. WiLLiam L. STRAUS JR., Professor of Anatomy and Physical
Anthropology, The Johns Hopkins University School of Medicine

18 inch model $20.00
THE

JOHNS HOPKINS

PRESS Baltimore 18, Maryland

© 1961 SCIENTIFIC AMERICAN, INC

SKELETON

Functional Model 4




180

LIMITED WARFARE

A CONTINUING SEARCH FOR
NEW KNOWLEDGE AT
CORNELL AERONAUTICAL
LABORATORY

Within recent months an ever increasing group of authoritative voices
has been heard in a plea for enhanced ability to stamp out limited wars
rapidly. Now recognized as that aspect of our preparedness in most
critical need of technological advancement, the demand is being felt for
new concepts in the areas of quick destruction, wide dispersal of small
forces, highly creative use of camouflage, great mobility of troops and
weapons, and the ability to capitalize on the cover afforded by night and
bad weather. Today, as for some 15 years past, an important segment of
CAL'’s technical effort is devoted to such tasks.

Current studies include tactical weapon systems, combat information
and control systems, reconnaissance and surveillance, combat force
mobility, CBR warfare, countermeasures, penetration aids, and new
munitions concepts. CAL’s searching look into the battlegrounds of the
future includes more than a dozen research and development projects
aimed at solving problems of limited warfare. They are problems that
offer attractive opportunities for engineers and scientists. If you are
interested in becoming a member of one of our small, closely knit research
teams working on far-reaching scientific and technological programs,
write today for a free copy of our factual, illustrated employment
prospectus entitled “A Community of Science.”

e CORNELL AERONAUTICAL LABORATORY, INC.
of Cornell University
Buffalo 21, N.Y.

J. S. Rentschler L.W.
CORNELL AERONAUTICAL LABORATORY, INC.
Buffalo 21, New York

Please send me a copy of ‘A Community of Science.”’

Name
FREE Street
REPORT City Zone State

[1 Please include employment information.

All qualified applicants will receive consideration for employment
without regard to race, creed, color or national origin.
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numbers, but also they had attached
themselves to the slides in the very spots
where the glass had been rubbed! On the
slides electrified with the camel’s-hair
brush trails of microdrops actually traced
the path of each hair [see illustration on
page 178]. I had captured almost ex-
clusively the microdrops, which, prob-
ably due to difference of charge inten-
sity, had divorced themselves from the
salt crystals.

“The dryness of the air again pointed
up the question of the composition of the
microdrops. How could they subsist,
without evaporating, in such a dry, hot
atmosphere?

“The season of the calina was now ap-
proaching its end and it was urgent to
gather enough drops for chemical analy-
sis. Some of my technical friends hur-
riedly built a small electrostatic sepa-
rator, obtaining the necessary 15,000
volts from a television set. With this
apparatus we were able to collect a few
milligrams of the microdrop material be-
fore the calina disappeared. Spectro-
graphic analysis of the metallic compo-
nents, which is all that could be done on
such a small sample, indicated the pres-
ence of sodium, magnesium and calcium
—along with copper from the electrical
apparatus and some aluminum, probably
from clay in the dust collected with the
calina particles.

“In the few remaining davs of the
season I prepared most of the slides
without balsam by electrifying the glass
with either the camel’s-hair brush or
with Saran Wrap, a plastic film [see illus-
tration on page 183]. This gave me dry
mounts of the particles. These particles
were more visible than those embedded
in balsam, and the salt crystals, simul-
taneously collected on the slides, lasted
many days before absorbing humidity.
In contrast with the behavior of the salt
crystals, the microdrops grew consider-
ably in size, indicating they were still
able to absorb water from the air.

“What may be reasoned from the
study of the slides? I have the impression
that the chemical composition of the
microdrops is that of a brine that remains
after the crystallization from the sea wa-
ter of the sodium chloride—a concen-
trated solution of sodium and magnesium
chlorides, magnesium sulfate and calcium
chloride, all quite soluble and hygro-
scopic salts. This might explain their re-
sistance to evaporation. The metallic
elements shown by spectrographic
analysis to be present in the micro-
drops are those one would expect to
find in the brine.

“It is, of course, possible that the
| salts in some of the droplets do crystal-



Why Westinghouse is
one of world’s leading
suppliers of nuclear
fuel elements and

complete cores

Fuel Development Laboratory. Each job is com-
pletely pre-engineered in a commercial fuel de-
velopment laboratory. This engineer is sintering
cermets in an experimental furnace with instru-
mented vacuum unit. Laboratory has equipment
for development work on all types of potential
fuel materials and processes.

Quality Control. High sensitivity, im-
mersion ultrasonic inspection of tubular
and plate fuel elements detects flaws
and simultaneously provides written
records. Other special quality control Rods and Assemblies. This technician is welding a stain-
equipment includes x-ray, chemical, and less steel fuel rod. Westinghouse successfully fabricates
metallographic laboratories, eddy cur- aluminum, zircaloy and stainless steel rods and assem-
rent and leak tesers, and panoramic blies. Rods can be up to 1” in diameter and up to 130” long.
cameras for filming internal surfaces. Assemblies can be up to several thousand pounds.

¥

Modern Equipment. Facilities include pre-sintering and sintering furnaces (shown above), special Atomic Fuel Department. Westinghouse provides
vacuum welding boxes, vacuum annealing and vacuum induction melting furnaces, autoclaves for industry with a completely equipped, integrated
corrosion testing, rolling mills for hot and cold rolling, brazing equipment, brake presses for tube form-  fuel fabrication facility, located at Cheswick, Pa.
ing and plate bending. Other special production equipment includes a 48’ high core assembly room Products include pellets in any enrichment, pellet
with complete optical alignment and gaging equipment. loaded and plate-type fuel elements, core com-

ponents and completely assembled nuclear cores.

High Quality Pellets. Westing-
house can produce solid, hollow
or spherical pellets, in sizes from
.100” to approximately 1”. A.F.D. Elactron Beam Welder. This 48” diameter, 28’ long vacuum chamber
has three compartmented pellet  encloses a 2 kw, 150 kv electron beam welding head. Unit is capa-
lines capable of simultancously ble of welding pieces up to 24” in diameter, 10’ long, at speeds up
producing UO; pellets of three to 100” per minute. Equipment is used for welding aluminum fuel
different enrichments. elements and permits closely controiled welds in refractory metals.
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He has

a hand In
planning for the
men in the moon

He’s one of a staff of AMF en-
gineers who are solving space
environment problems on a here-
and-now basis.

He has plans for an orbital
launch facility (picture, top left)
to help them get there in the first
place. Inside, in a shirt-sleeve
environment (top, right), a space
vehicle can be prepared for launch
to the moon itself. On the moon
(center), connected structures
above and below the surface are
required for the Advanced Habi-
tation Engineering needed to
support a permanent lunar base.
Lunar traverser (bottom) is used
to move men and materials and
assist in construction of a perma-
nent base.

Already, AMF has designs and
concepts which make those pic-
tured obsolete. As new knowledge
becomes available, AMF quickly
incorporates it into simpler, more
reliable, more easily fabricated
mechanisms.

AMF has completed and is now
carrying on studies and feasibility
investigations covering a wide
range of space environment prob-
lems in conjunction with space
vehicle manufacturers and for
several government departments.
Space environment, itself, is just
one of a virtually complete spec-
trum of AMF defense capabilities.

For more information, write
American Machine & Foundry
Company, Government Products
Group, AMF Building, 261 Madi-
son Avenue, New York 16, N. Y.

AMERICAN MACHINE & FOUNDRY COMPANY
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Calina particles around a nucleus on a slide uniformly electrified with Saran Wrap

lize out if they reach an exceedingly dry
atmosphere. The probability, in this
case, is that minute crystals of magne-
sium chloride hydrate (MgCl,—6H,0)
would be formed—and this is a very hy-
groscopic salt that would again rapidly
dissolve into droplets. We do not know,
of course, what chemical reaction the
droplets of brine actually undergo be-
cause of the action of the sun’s rays dur-
ing their travels with the wind.

“There are other circumstances re-
lated to the calina that are also puzzling.
Ordinary fog is supposed to start by con-
densation of water in the atmosphere
around small particles of hygroscopic
salts (or dust, or sulfur from fires)
even when the air is unsaturated. But
for condensation to continue, the rela-
tive humidity has to increase above the
value at which condensation started.
Since the effect of condensation is nor-
mally to dry the air by removal of water
vapor, thereby decreasing the relative
humidity, condensation cannot ordinar-
ily proceed unless somehow the relative
humidity increases by evaporation of
more water into the air or by cooling
of the air.

“But in the case of the calina, persist-
ent fog and dryness of the air appear to
go together. Could it be that the calina,
made up as it is of hygroscopic crystals
of sodium chloride and those droplets

| containing particularly thirsty salts, is

© 1961 SCIENTIFIC AMERICAN, INC

one factor contributing to the dryness?
At least this year the calina, an intense
and prolonged dry season (the worst in
40 years), and excessive heat have co-
existed. There may be a relationship of
cause and effect. Stronger trade winds
would produce more spray and hence
more calina, which would tend to dry
the air and retard the rains. It will take
further studies to confirm or prove
wrong all this theorizing.

“Venezuela is south of the hurricane
zone of the Caribbean Sea, and as a
general rule we do not have the big
changes in atmospheric pressure ob-
served at higher latitudes. We have
instead a remarkably uniform diurnal
pressure tide of small magnitude. This
stability of atmospheric pressure may
be one of the reasons why the calina
stays in the air for such long periods.

“One last point of some industrial in-
terest: the calina particles seem to be
a cause of short circuits on high-voltage
lines in Venezuela, not only near the
shore but in the interior. The high volt-
age attracts the particles, and the in-
sulators get covered with them. There
has been a serious increase of this kind
of accident this year.

“Now, at last, it is raining on the
parched soil of Venezuela. Between
showers the air is clear again and I can
enjoy the beautiful view of Mount Avila
from my office window.”
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That’s the toughest job. Somebody’s got to instruments to get the job done. Are you look-
pore over every ounce of research that’s gone ing for a place to start? Or ready to check out
before. And look into every possible an elusive clue now? Call in a man
place for a clue...or even a place to get ‘ EC from the CEC sales and service office
started. That’s where CEC comes in. nearest you. He might know a way.
That’s all CEC men do for a living—discovering CONSOLIDATED ELECTRODYNAMICS

the way or ways tO measure record and ana- PASADENA, CALIFORNIA ¢ A SUBSIDIARY OF BELL & HOWELL
’ ’ ’ ’ DATA RECORDERS DIVISION ¢ ANALYTICAL & CONTROL DIVISION + TRANSDUCER
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lyze what you have to know. And building the DIVISON « CONSOLIDATED SYSTEMS CORP. « CONSOLIDATED VACUUM CORP.
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research in a unique environment

The scientists of Aerospace Corporation’s Laboratories are in the fore-
front of research in the space sciences. They provide broad scientific
leadership to the scientific-industrial team developing space systems and
ballistic missiles. With the advantages of stable funding and a stimulating
environment, Aerospace Corporation scientists are conducting basic and
applied research and experimental investigations on a broad spectrum
of problems selected by staff members on the basis of their intrinsic
scientific interest, as well as on problems arising directly from space sys-
tems in development. Their singular role within this leadership group
installs the scientists of Aerospace Corporation in a position to make real
progress toward advancing the space sciences. Now, as new areas of
research are being considered, more men of high caliber are needed.
Such men who hold advanced degrees are urged to direct their inquiries
and resumes to Mr. George Herndon, Aerospace Corporation, Room 120,
P. O. Box 95081, Los Angeles 45, California.

Organized in the public interest and dedicated to providing objective leadership
in the advancement and application of space science and
technology for the United States Government.

AEROSPACE CORPORATION

All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin.
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by James R Newman

DaiLy LiFe 1N FLOREXCE IN THE TiME
oF THE MEpici, by J. Lucas-Dubreton.
The Macmillan Company ($4.50).

tupidity has its uses. Be mnot too
brave is a sound maxim; be not
too keen may be another. A cer-
tain degree of stupiditv, Walter Bagehot
argued, is needed if a nation is to have a
good and stable government. Exuber-
ance, imagination, vigor in a people are
to be admired. But patience, phlegm,
self-possession, the siesta. tending one’s
own garden are not to be despised. Gov-
ernment is a chancy thing. It must rule
and preserve freedom; it must command
obedience and nurture independence; it
must encourage and restrain; above all,
it must keep itself in being. A people too
docile and apathetic invites encroach-
ments on its liberties; but a people mer-
curial, impatient, ever ready to rise, to
break the cake of custom before it is
half-baked, is even easier prev for
tvrants. History affords many examples.

The republic of Florence was one.

The “City of Flowers” at the foot of
the lovely Fiesole hills, lving in the fer-
tile pldm of the Arno, was, it is thought,
an old Etruscan citv. Julius Caesar re-
built it as a Roman militarv camp, di-
vided into four quarters with a capital
and a forum. Under the Carolingian
emperors the Florentines prospered and
established a commune. For a time they
were great warriors, but they got over
this. Their métier lay elsewhere. The
Florentines established themselves early
as superb traders. They were artisans,
merchants, bankers; their handicrafts,
industries and commerce flourished;
trade and banking brought the city into
closer and closer relations with France,
the Papacy and southern Italy.

It must not be 1mag1ned however,
that this intensive economic develop-
ment ran a placid course. There were
factional fights and sanguinary rivalries.
Adherence to the Papacy gradually

BOOAS

How people lived during

the flowering of Florence

waned as self-interest and patriotism
came to the fore. The feudal lords in
their castles surrounding the town—the
men “of the towers”—lost their position
at the top of the social order. A new
class took their place: the wealthy mer-
chants. The aristocracy of the counter
marked the advent of capitalism.

But other powerful forces came in
time to check the merchants. These were
the arti, or trade guilds, the principal
art being the finishing and dyeing of
woolen fabrics. In 1293 an important
step was taken in Florentine politics.
There were promulgated the Ordina-
menti della Guistizia, which required
every citizen to enroll in a guild. If one
did not enroll one became a scioperato,
a second-class plebeian. No
exempt from this decree, not even the
nobleman. If he refrained from joining,
he remained a noble but had no right
to the title of citizen, was excluded from
government and had no vote in the coun-
cil. “To degrade a man, Florence left
him his social rank.”

Thus the Guelphs and the Republican
spirit triumphed, and the Ghibellines—
usually identified with the aristocrats
and the emperor—were cast down.

Nothing, however, was truly settled.
The city thrived and became more splen-
did. Grand churches, palaces and librar-
ies were built. By 1338 Florence pos-
sessed more than 200 factories which
produced annually more than 80,000
pieces of cloth. A silk industry sprang
up; the weaving of tapestry, an art in-
troduced by French and Flemish work-
men, was perfected. Florentine mer-
chants traveled through Europe, visiting
their warehouses and founding banks.
The Florentine florin was the strongest
and most sought-after currency. The
pleasances of pure art—painting, gold-
smithing, architecture and jewelry de-
sign—were cultivated. A college, the
Studio, was founded. Florence was al-
together an Eden of civilization.

But the serpent was there. Discord,
strife, feuding, periodic convulsions ac-
companied the growth of the city. Ev-
ery private dispute was a potentml
pubhc riot. A joyous festival might in a

one was
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moment be interrupted and turn into «
bloody brawl and panic. Conspiracies,
assassinations, insurrections were com-
mon. The small artisans revolted against
the merchants. The patricians drew
swords against the wealthy burghers.
Rival factions in subject towns had
monthly wars. Constitutions were drawn
up and then burned before the ink on
them was dry. To be a member of the
government was to be halfway to the
gallows: the Florentines thought string-
ing up an official was the most fun one
could have. (The chief of police was a
tavorite victim.) A stranger who once
visited Florence heard shouting and saw
pe()ple running al(mg the street with
drawn swords. “What is happening?” he
asked. “Oh, nothing serious. They are
simply sharing out the magistratures and
other public offices.” The Republic
“grew weaker and distrustful of itself”
even as her commerce expanded and she
became pre-eminent in intellectual and
artistic works. It is said that a house
divided against itself cannot stand. Flor-
ence fouted this assertion. Perhaps gov-
ermmment is less important than men are
t;‘.ught.

In 14534 the Medicis came to power.
For almost a century they held sway
while Florence “attained the summit of
its magnificence.” It is with this period
that Lucas-Dubreton’s book is primarily
concerned. First published in French in
the Hachette “Daily Life” series, it is
now offered in a capable English trans-
lation bv A. Lytton Sells. It is a discur-
sive, popular survey which deals with
Cosimo and Lorenzo the Magnificent,
culture and violence, the city and the
countryside, home life, the ways of
whores, intellectuals, gamblers, astrolo-
gers and sorcerers, notable churchmen,
the keeping of journals, the problems of
burghers, artisans and taxpayers, festivi-
ties and hangings, the theater, artists and
their works, Savonarola,
morals, vicissitudes of public life, war-
tare and sieges, tood and dress, connu-
bial bliss, treachery, famine, superstition,
the crimes of princes.

Under the Medici dictatorship Flor-
ence gained several decades of compara-

manners and
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tive tranquility. Cosimo was “a grim old
merchant” who knew how to hold power,
how to play his enemies off against each
other, how to compromise, when to be
tightfisted, when to be liberal and gen-
erous—at public expense. He gave the
Florentines both circuses and bread. He
tounded the first public library. He was
a Maecenas to scholars, thinkers, literary
men and to the artists from Brunelleschi
to Donatello.

What Cosimo began, his grandson
Lorenzo pertected. He was a more com-
plete tyrant than his grandfather, more
unscrupulous and ruthless, and an even
more lavish patron of art and letters.
Kindness and gentleness were not in his
complexion, but he was intelligent, well
educated, refined in his tastes and most
skillful in his dealings with men at every
level. There were murderous conspira-
cies against him (one in which his broth-
er Giuliano was assassinated was a very
tight squeak), but he survived them.
He burned his candle at both ends. Poli-
tics, holding the lid down on the caldron
of domestic discord, financial high jinks,
women—all consumed his energies. At
44 he was a decrepit old man. Sinister
omens heralded his death: a furious
hurricane during which the Medici
escutcheon was shattered; a lion in the
Magnifico’s private zoo devoured by
others; an ox “breathing fire through its
nostrils. .. pursuing a woman.” He lay in
torment with severe stomach pain. His
physician, Pier Leoni of Spoleto, minis-
tered to him in the style of the day.
(Science was not a Florentine strong
point.) He gave him a beverage con-
taining powdered diamonds—thought to
be a proper remedy for a great financier
—thus speeding Lorenzo on his way. He
died on April 8, 1492. It was a national
calamity. His successors were not his
equals. Under them Florence declined.
Never again was it to attain the heights,
the renown, the prosperity and the com-
parative domestic peacefulness it had
enjoyed under the Magnifico.

Let us try to catch glimpses of what
Florence was like in its golden age. It
was a city of walls with square towers
rising from crenelated ramparts. In the
Middle Ages there had been many more
towers, a crown standing out “in a
jagged silhouette,” but as the republic
was gradually swallowed by the prin-
cipate they were broken down and the
structures below turned into dwelling
houses. Four fine stone bridges spanned
the Arno, among them the famous Ponte
Vecchio, covered with shops and houses.
The streets were fairly wide, nearly all
paved with flagstones and fitted with
gutters to carry off the rain water. This
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kept the city clean, but in the summer
the flagstones radiated the heat, and if
one could manage it, one stayed indoors
from noon to evening enjoying the cool
of the wusually spacious ground-floor
rooms of the houses. Florence had its
famous gates and fortified barbicans;
magnificent palaces, of which no less
than 30 were raised between 1450 and
1478; hundreds of hospitals where men
and women were lodged and treated
free of charge; fine hostelries to which
citizens came for relaxation and amuse-
ment; playgrounds and a stadium where
young men practised jumping and
played at palla al calcio, or football.
Horse mcing was a favorite spectator
sport, the course running through the
entire city from the Porta al Prato to the
Porta Santa Croce.

The busiest center of this city of some
80,000 or 90,000 inhabitants (though
well versed in accountancy and statistics,
the Florentines kept no accurate record
of births and deaths, so that there is con-
siderable uncertainty as to population)
was the Mercato Vecchio, now the
Piazza della Repubblica. Here one could
see the greengrocers with their movable
booths, the butchers and their open
stalls, the fishmongers and touting inn-
keepers, the barbers shaving their clients
in the open (except on Sundays, when
barbering had to be performed in
shops). The din was like “that of a poul-
try yard; people hailing each other or
quarreling, and the barber threatening
the apothecary whom he looks on as a
competitor.” On surrounding streets
were printing presses, the palace of the
wool merchants, shops where silk and
textiles and secondhand clothes were
sold, where money-changers conducted
their affairs, hosiers’ establishments,
goldsmiths’ parlors and workrooms. Un-
der the Medicis the streets became
“more open and ornate,” buildings were
replaced with “a constant eye for beau-
ty,” and the older fortress dwellings
made way for houses in Renaissance
style, designed by Brunelleschi, Alberti
and their pupils. But there were also
“sombre spots” such as the well-named
Stinche, the state prison, described by
Machiavelli as “a stinking gaol where the
walls harbour vermin so huge and swol-
len that you might compare them to
butterflies.”

The normal Florentine way to live was
in the open. One conducted business out
of doors, talked politics, hatched con-
spiracies (combinazioni), ogled nice
girls and negotiated with tarts. In good
weather, which was abundant, the citi-
zen sat in the street, which served as the
outer room of the house, and played at
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chess or dice, with bystanders breath-
ing down his neck and offering the im-
memorially unwelcome advice. In this
teeming, excitable, pullulating crowd
any unusual incident or rumor might
occasion a panic. To have an old mare
break loose and trot off with its scream-
ing owner in pursuit was enough to turn
a peaceful scene into a riot. Men, women
and children went flying in all directions.
Merchants hastily closed their shops,
stalls and counters were overturned,
drapers threw their rolls of cloth into the
shelter of their booths, the doors of the
palace were bolted—obviously another
revolution had broken out—and the pub-
lic executioner, thinking that, if he sur-
vived, his services would be much in
demand, discreetly hid himself. But
soon after the squall was over everyone
resumed his place, and what passed for
peace and order was restored.

The city stretched far beyond its walls
and there life, whether that of the
peasant or the prosperous farmer or mer-
chant prince in his villa, was less hectic.
The landscape was pleasant, the view
trom the encircling hills enchanting, the
water pure and wholesome. Cereals and
vegetables were cultivated; the country
farm also provided cheese, wine, oil,
forage and wood. Gentlemen had dogs
and falcons and hunted hares and roe-
bucks. A philosopher such as Machiavelli
(who, when dismissed from his post in a
political upheaval, rusticated for some
years in a modest house) might go for
long walks, talk to wayfarers, listen to
gossip, take his ease at the local inn play-
ing cards or backgammon and in the
evening renew his mind and spirit by
reading the classics. Peasants lived as
peasants always have: laboring, com-
plaining, conniving—“professors of dis-
trust.” The burgher held the peasant in
low esteem, although he did not re-
gard him with “the perfect scorn of a
French lord for his villein.” But the
villano did not care a rap; he was as
much a citizen as anyone else, and he
could, so long as the harvest did not fail,
take care of himself. One of his simple
amusements, only mildly sadistic, ap-
peals to me. At a country fete he would
bring out a donkey with cymbals tied to
its back and a thistle fixed under its tail,
which would tickle the creature, make it
fidget and so provide music for dancing.

In medieval Florence a girl married at
the age of 20 or more. By the 15th cen-
tury she did not wait so long. Marriage
was arranged by the sensale, a go-
between, and there had to be a dowry
(3,000 florins, say, in the middle class),
which was officially recorded in the
“Great Book.” The fiancé gave a ring as
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a symbol of engagement, and other pres-
ents were exchanged. On the wedding
day there was a charming ceremony in
which the voung men stretched a ribbon
or a garland of flowers across the street,
the handsomest offered the bride a bou-
quet, and the bridegroom then broke
the obstacle. The marriage banquet was
as grand as one could afford. When a
minor Medici was wed, a succession of
guests were served for three davs run-
ning in a garden surrounded bv new silk
tapestries; 200 calves were con.sumed,
as well as kids, hares, capons, geese,
pheasants, peacocks and every other
kind of poultry.

All sorts of regulations attended the
running of a house. The servant was
often a slave, purchased in the market
at Venice for a price from 6 to 87 ducats,
according to age and ability. Slave or
not, she was treated like a slave. “Don’t
give her any leisure,” the young wife
was told; “as long as vou keep her on
the go, she will not remain leaning out of
the window.” There was much for the
servant to do, particularlv with the new
elegance and refinement that accom-
panied Florence’s prosperity. Whereas
formerly, even in the higher social cir-
cles, the bones of game or fish were
thrown under the table, the room was
cleaned onlv on Saturday and people
lived among their dnlmals now daily
house cleaning was in order, and the
animals, which included house dogs and
geese (the former to keep an eye on the
latter, and both to guard against bur-
glars), fallow deer and chamois, ostriches
and porcupines, were confined to the
gardens and courtyards, or, if one’s purse
permitted, in specially built menageries.
Florentine houses were equipped with
large beds for several persons, and one
slept naked. Tapestries covered the
walls; vases stood on sideboards; there
were big chests decorated with genre
paintings or marquetry. The Florentine,
“who regarded the German as the very
type of a dirty sloven,” changed his per-
sonal linen on Saturdays—which in that
climate could hardly have been too often
—and went to the public baths, of which
the city boasted four.

Mothers were expected to nurse their
own children, but if a wet nurse had to
be hired she could under no circum-
stances “belong to one of those savage
peoples, like the Tartars or Saracens.”
A child was left as much as possible out
of doors. If he cried he should be left
to cry. Education was, as always, a sub-
ject of controversy. Some sages held that
there was no point in teaching a child
under seven anything other than essen-
tials of language and the names of
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things: babbo (papa), mamma, pappo
(bread), bombo (wine), fare la nanna
(to sleep); others felt that small infu-
sions of knowledge were not positivelv
harmful, so that by the time the child
was 11 and handed over to a master, the
latter would not be tempted to throttle
it as a dunce. Use of the rod was not en-
couraged. “Onlv donkeys should be
beaten,” it was said, for beating leads to
resentment and withers “the natural af-
tection of the heart”—except, presum-
ably, in donkevs.

The schoolmaster t taught either in a
private home, where he was paid, or in
a public school, in which case the State
paid him. In neither case, however, was
he paid very well. “He was usually a
poor devil of a pedant, with his little
bonnet and his threadbare gown which
had seen at least five jubilees.” His prop-
erty often consisted of a bng containing
two shirts, four handkerchiefs and a
tew books—Donato’s grammar, the
Cornucopia and the Doctrinal, together
with some other Latin or Italian works.
Disdained, his trade considered the low-
est of all, characterized by satirists as at
once conceited and incurably stupid, the
teacher could be expected to give back
as good as he got.

Grammar, geometry and Latin were
administered to the young Florentine.
Ovid and Plutarch were staples. Many
hours were allowed for recreation and
gymnastic exercises. It was better, I dare
say, to be a rich man’s son than a poor
man’s son; still, it is surprising to learn
that in the time of the Medicis 8,000 to
10,000 children were learning reading,
1,000 to 2,000 arithmetic and 600 gram-
mar and logic. Even girls, formerly in-
structed only in spinning and sewing,
were now taught to read and write, and
they were exposed to a bit of Latin
to add to their charms. The hour
emancipation, as Lucas-Dubreton re-
marks, had indeed struck.

It was no longer required of a maiden
that she wear a topaz to quell her love
passions. Gloom and confinement were
not held to be essential in a female’s up-
bringing. “Before long, people would be
savmg the riskiest things in the presence
of ‘nice, respectable girls’; they would
be telling stories that would make a
gargovle blush.” Honi soit qui mal y
pense—or whatever the Italians say to
cover the circumstance.

A word about higher education.
Bologna and Padua had universities well
ahead of Florence, but in the 14th cen-
tury a Florentine university was estab-
lished, supported by an annual subsidy.
A staff of readers lectured on law; on
medicine, surgery and anatomy (for
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these specialists was reserved the regular
supplv of corpses taken down from the
gallows); on logic and philosophy; and,
of course, on rhetoric, a most highly re-
garded subject. The point is worth mak-
ing that the readers’ salaries, though
wretched, came entirelv from the State
and not the Church.

Home life in Florence deserves tur-
ther attention. The first familv meal was
taken between 9 and 10 in the morning,
the second before nightfall. Husband
and wife ate from the same dish and
drank from the same cup. Bread, herbs.
jam and fruit frequentlv made the menu.
The new elegance brought varietv.
Boiled kid or peacock were served, fol-
lowed bv colored scented jellies, made
of almond milk and other ingredients, in
the shape of little men or animals. At
table the fork was used (Florence was
ahead of France in this amenity), and
one was not to dip one’s fingers in the
gravv. At the rich merchant’s board
slices of melon were served, all kinds ot
boiled meats, sausages, stews, roasts,
fowl, fish, cakes. The average Florentine
did less to appease the weakness of the
flesh, but he dined well, nonetheless, on
salad, perhaps a small pigeon, liver sau-
sage, goat’s-milk cheese, fruit and pasta.
Wine was drunk, of the local vintages.
It was recommended by an eminent con-
temporary leech as an aid to the diges-
tion, an improver of the blood, a calmer
of the intellect, a stimulator of the appe-
tite and a sovereign expeller of wind.
Florence liked its food and drink, but
drunkards and gluttons were not in
favor. Most people practised “a delicate
epicureanism,” much to the amazement
of foreign visitors (in particular an Eng-
lish churchman who was accustomed to
seeing his fellow countrvmen swilling
and gourmandizing at the table for four
hours).

Rules of courtesy and good manners
were set forth in a manual, the Galateo,
by Giovanni della Casa. One was to
masticate quietly, not to crouch over
food as if one “were blowing a trumpet,’
not to hiccup, not to rub one’s teeth on
the napkin, not to scratch or spit (at
least only “reservedly”), not to sniff at
another’s glass or plate, not to walk
about with a toothpick in one’s mouth
(“which makes you look like a bird
carrying a twig to its nest”), not to wear
a toothpick in one’s collar (which, I con-
fess, would not have occurred to me),
not to wave one’s fork in affected expres-
sion (favellar in punto della forchetta),
not to give long descriptions of one’s
dreams or forever talk of one’s children,
not to nudge people with one’s elbow
and not to look in one’s handkerchief
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i take a
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the period of the Medicis brought manv
changes. The austere garments of
Dante’s time gave way, despite sumptu- engineering or related degree
ary laws, to variety and color. Men wore and a minimum of 3 years
ary laws, N ya C ‘n t ] direct industry experience.
long gowns, hoods or bonnets with rib- All qualified applicants will be
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. . X race, creed, color or national
out in a pink cape edged with a broad
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green,
moralists railed at the clothes, the jewels,
the high-heeled sandals, the cosmetics,
the curls and ringlets, the low-cut
dresses (“well below the arm-pits”), but
it did no good. Even Savonarola, who
managed to impose reforms in other
matters, got nowhere when he asked for
laws curbing excesses in feminine attire.

Music, always beloved of the Floren-

tines, increased its swav. Instruments
were improved and diversified: organ,
harpsichord, violin, lute, lyre, cello,

harp, horn, trombone. A school of har-
mony grew up in the entourage of
Lorenzo. Painters and sculptors who
were also musicians were included
this academyv. Recitals were given. Sev-
eral orchestras were formed and music
was allied to the drama, which it sup-
ported and developed. For a long time
exclusively religious, the stage now be-
came “definitelv secular, pagan and
realistic.” A most successful play was
Machiavelli’s Mandragora, presented in
1526 by the ° C()mpanv of the Trowel”;
it dealt with the troubles of a cuc]\()lded
husband, a casuistical monk and a wife
of “half-hearted virtue.” No less success-
ful were the ecclesiastical festivals and
the popular spectacles, which
brought oft in magnificence and splen-
dor and included such features as great
gilded towers borne on wagons, many-
colored standards and sundrv ingenious
mechanisms to produce motion in the
displays.

The spectacles, festivals and other de-
lights and comforts that the citizens of
Florence enjoyed in such profusion cost
money, and when the State paid the
State had to collect. Never was a people
more taxed. There were sales taxes,
municipal tolls collected at the city gates
and tithes of all kinds. Personal propertv
as well as real estate was subject to
levies. Taxation was used as an instru-
ment of policy—"as a dagger and a stick,”
in Guicciardini’s phrase—often to soak
the rich and so gain the applause of the
small burghers and the artisans. Income
taxes were introduced, accompanied in-
evitably by “fiscal inquisition.” Floren-
tines were known to cheat on their taxes
unless a close watch was kept over their
finances. The decima scalata was gradu-
ated from 10 per cent to 33! per cent,
which would not have been unreason-
able were it not for the practice of re-
imposing the tax two or three or more
times in a single vear. A man with an in-
come of 3()() ducats which was high,
might thus be forced to pay as much as
twice this amount in annual taxes. The

were

lower class thought this was dandy, but
the rich felt themselves “cut to the

red and scarlet. Preachers and |

A memo from Simon and Schuster about the

2nd SCIENTIFIC AMERICAN BOOK OF

MATHEMATICAL PUZZLES & DIVERSIONS

ARTIN GARDNER’S new book is just
M out — bigger than the first one and
therefore even more delightful.

In it: a new feast of mathematical en-
tertainments to charm both layman and
mathematician — puzzles and games that
have appeared in Scientific American
since Mr. Gardner prepared his first
collection. Plus new material never
before in print.

From Digital Roots
to Diabolic Doughnuts

Trains will be missed and sleep will
be postponed as you turn Flexatubes in-
side out . . . play Piet Hein’s game of
Soma . . . domesticate Digital Roots. . .

Time will vanish while you consider
the Mathematics of Cooling Coffee . . .
find your way through the Maze in the
garden of an English mathematician . . .
explore, while folding a bird, the mathe-
matics of Origami . . . divert yourself
with the Diabolic Doughnut . . . attack
the maddening puzzle of the Monkey
and the Coconuts.

Brain-teasers and
mind-expanders

Some of the problems are easy, some
tough. Some call for scissors and paste.
For most the only basic equipment need-
ed is an alert and curious mind. ALL are
connected, via the author’s clear and
lively commentary, to aspects of modern
mathematical thinking.

Play the new Induction Game of Eleusis

— with a standard deck of cards — and

you become a scientist outguessing the

universe.

Solve the new Smith-Jones-Robinson
problems and you experience the tri-
umphs of the logician.

An easily learned parlor trick provides
an introduction to the concept of Nu-
merical Congruence . . . And the reader
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Great Christmas gift
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2ND SCIENTIFIC AMERICAN Book oF
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under their Christmas trees. (And the
final chapter contains vital information
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a bonanza of brain-tingling entertain-
ment. Price $3.95. With 91 pictures.
Send for it on the coupon below.
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USEFUL RANGES OF HANDY & HARMAN
HIGH-TEMPERATURE BRAZING ALLOYS
i

2000

1500

1000

TEMPERATURE ©F
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LITHO- HI-TEMP PREMA- PREMA- PREMA-
BRAZE 30 BRAZE BRAZE BRAZE
925 128 130 101

HOW T0 LICK
JOINING PROBLEMS
when the heat’s on

Now, engineers can achieve strong, ductile brazed
joints in equipment for high-temperature use with-
out sacrifice of other properties. Handy & Harman
high-temperature brazing alloys are being uti-
lized to make joints that can absorb vibration
and stress while providing high resistance to oxi-
dation. Since they involve minimum solution and
penetration of the base metals, these alloys are
particularly advantageous in joining thin sections.
They effectively join stainless steels, low-alloy
steels, nickel-base alloys, cobalt-base alloys and
other elevated-temperature metals.

With this group of brazing alloys, manufacturers
are producing such equipment as jet engines,
rocket motors, honeycomb structures, heat ex-
changars and similar equipment with new freedom.
Some Typical High-Temperature Brazing Alloys are:
LITHOBRAZE 925 (92.5 Ag, 7.3 Cu, 0.2 Li)—For
short time operation to 900°F. Very ductile, vir-
tually no solution of base metal. Melting Point
1435°F; Flow Point 1635°F.

HI-TEMP 30 (7C in, 30 Ni)—For continuous service
900°-1000°F. Fairly ductile, moderate general so-
lution of base metal. MP. 1885°F; FP. 1920°F.
PREMABRAZE 128 (72 Au, 22 Ni, 6 Cr)—Continuous
service up to 1500°F. Ductile, moderate solution
of base metal. Tensile strength at 1600°F in 304
stainless steel is 20,000 psi (short time test).
Used in brazing Rene’ 41. MP. 1785°F; FP. 1900 °F.
PREMABRAZE 130 (82 Au, 18 Ni)—Same properties

as PREMABRAZE 128, but freer flowing and lower
brazing temperature. MP. and FP. 1740°F.
PREMABRAZE 101 (54 Pd, 36 Ni, 10 Cr)—Contin-
uous operation in 1800°-2000°F range (based on
limited oxidation tests). Ductile, moderate solu-
tion and penetration of the base metai. MP.
2250°F; FP. 2300°F.

Write for data sheets on any of the above alloys.

Your No. 1 Source of Supply
and Authority on Brazing Alloys

HANDY & HARMAN

General Offices: 850 Third Ave., New York 22, N.Y.
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| quick.” Recurrent crises in public finance
were closely linked with the general in-
stability of the Florentine government.

It would be well to end on a less
melancholy note. The Renaissance in
general and Florence in particular raised
the status of women. In the Middle Ages
a woman was widely regarded as having
the morals and rationality of a child.
Her task was to bear children, tell her
beads, mend the linen, cook, look after
the keys and keep her mouth shut. The
Florence of the Medicis liberated her
from this thralldom. Women had warm
advocates and “the old-fashioned type of
husband was thoroughly well trounced.”
It was now said that a woman did not in
mind and soul compare unfavorably with
a man. The ladies of Florence became

| conversant with moral and natural
philosophy and with logic and rhetoric.
They read Petrarch, Ariosto and such

| “light-minded” authors as Aretino. They

| cultivated and supported the arts. Ex-
tremists went so far as to argue that it

| would not be a bad thing to let women
govern cities, make laws and control
armies.

Ideals of feminine beauty were well
defined. The hair should be fair and
gold-tinted; blonde was the “queen of
colours” and could be obtained by artifice
(Venetian women were said to be expert
in this process). The eyes should be
large, “slightly protuberant,” and the
white of the eye slightly bluish. Eyelashes
should be “not too long or too thick or
too dark.” The nose should be slender.
The mouth should be small and “should
not display more than six teeth when
the lips...are half open.” The neck
should be long. The legs should be long
and slender, the feet small but not thin.
Fingernails should shine and not ex-
tend beyond the fingers “by more than
the breadth of the back of a knife.”
The bosom must be “ample and shining,
and not show any bones.” Altogether rea-
sonable.

To keep the skin white, almond oil

with white wax and a little camphor
were recommended. A well-bred Tady
was to wash herselt completelv every
day with warm pump water in which
sweet-smelling herbs had been boiled.
Cleanliness was important for itself, not
only for show. “There is nothing worse,”
it was said, “than to look clean where
vou are visible, and cross yourself as re-
gards the rest.” Exercise was considered
good for women; playing ball every day
was encouraged.

Women were to be modest and re-
served; yet it was proper to show a little
of one’s wares—especiallv those worth
showing. One wore gloves but displayed
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Smallwonder Lockheed's future in Space-
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energy, solid state, optics); hydrodynam-
ics; ocean systems; structural design
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Write today to Mr. E. W. Des Lauriers,
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Dept. 2910, 2405 N. Hollywood Way,
Burbank, California. An equal opportunity
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the hand, if pretty, while plaving chess |

or cards. One gave a glimpse of the leg
when walking, fishing, hunting or “leap-
ing some small ditch.” Be neither provoc-
ative nor too timid nor prudish was the
accepted maxim.

Love was most important. Without
love nothing mattered. Conjugal fidelity
was held desirable but not essential. The
experienced matron Raffaella advised
that a little “backsliding” now and then
is a safetv valve against the “despair
[which] will deliver vou bodily to the
devil.” Honor, after a]], rests on public
esteem, so it is important to avoid scan-
dal and to give no reason for gossip. “Sin
if vou can’t resist, but maintain your
good reputation.” In choosing a lover
avoid voung men of 20 “like the devil,”
because thevare apt to be indiscreet and
boast of their conquests. Old men are
no better, because they are prone to
jealousy and bacl\biting:’ Stay away—if
possible—from married men. Pick an
“honest and discreet fellow,” says Raf-
faella, “whom vou have opportunities of
meeting secretly.”

A final point. If the upper-class Flor-
entines hadn’t been such political wind-
bags, their wives might have been more
faithful. Winter and summer the hus-
bands remained in the Council till the
carly hours of the morning, (uarreling
and yapping at each other. What were
their wives to do, deprived of their right-
tul bliss and afforded the opportunity of
wrongful bliss? One of the inconveni-
ences, says Lucas-Dubreton, of a demo-
cratic regime.

“What I want,” said Mr. Gradgrind in
Hard Times, “is Facts...Facts alone are
wanted in life.” It could be said, not un-
justly, that this book has too many facts
and too little interpretation. The author
is more mason than architect. These pas-
sionate, sharp-witted, volatile, greedy,
immensely gifted people remain inher-
ently enigmatic. Once there was an
Athens, once a Florence; perhaps that is
all that can be said. Atany rate, one can-
not fault Lucas-Dubreton for failing to
provide the particulars, the minutiae, the
color, the incidents, the personalities, the
anecdotes. He contrives a living picture
—explain it as we may—of a marvelously
tumultuous and creative city and period.

Short Reviews

I< 1IGHTs, Ga)ks, AND DEBATEs, by

Anatol Rapoport. The University of
Michigan Press ($6.95). A provocative
study, by a mathematician who has
focused his interest on social and biolog-
ical questions, of the sources, nature and
possible control of human conflict in all

2 New Basic Books
for the Scientific Mind

SCIENCE AND THE NEW NATIONS
Edited by RUTH GRUBER

HERE IS THE INSIDE STORY of what is happening in the
underdeveloped countries of Africa, Asia and Latin America—
and a vivid picture of the impact of science on the modern world.

The book is an account of a conference, held at the Weizmann
Institute in Israel, at which leaders of most of the new nations
and many of the world’s leading scientists met to consider how
science could help the underdeveloped countries. As Abba Eban,
who presided, remarks in the volume, it brings together “those
who represent the two most decisive movements of our times—
scientific progress and national liberation.” $6.50

GROWTH IN LIVING SYSTEMS
Edited by M. X. ZARROW and Associates

THE LIVELIEST FRONTIER in science is the investigation of
the basic processes in life. Thirty-three biologists brought to-
gether from many countries to exchange notes in a recent sym-
posium at Purdue University, here present the latest discoveries.
Their sub]ects include genes, DNA, viruses, the activities of the
cell, aging, and, most particularly, the search for the secret of
cancer. $15.00

BASIC BOOKS, Inc., PUblishers, 59 Fourth Avenue, New York 3, N.Y.

SUBSCRIPTIONS AVAILABLE
TO CURRENT RUSSIAN
SCIENTIFIC MAGAZINES
. .. mailed direct from U. S. S. R.

Titles Translated from Russian Per Yr.
Atomic Energy (12 issues)....
Journal of Physical Chemistry (12 i<5u05)

Biophysics (6 issues) ... 10.00
Radio Engineering and Electronics (12 issues)  22.00
DEPARTMENT OF IAN-Mathematics (6 issues) .. 12.00
SCIENTIFIC AND Progress in Mathsmatics (6 issues). .. 13.00
Progress in Contemporary Biology (& issues) ,,,,, 6.00
INDUSTRIAL RESEARCH Astronomical Journal (6 issues) 13.00
Applications are invited from young Solid State Physics (12 issues)................ 4280
British honours graduates in science Physics of Metals and Metallography (12 issues).. 20.00
and technology at present in North Progress in Chemistry (6 issues) ... 13.00
America for postdoctoral Journal of Experimental and

Theoretical Physics (6 issues)........ ... 38.50

NATO and DSIR The Korsakov Journal of Neurupahology
and Psychiatry (12 issues) .. e 10.00
SCIENCE FELLOWSHIPS Soviet Medicine (12 issues) 7.00

Mail orders filled for above titles

tenable in UNIVERSITIES, COLLEGES

AND OTHER APPROVED LABORA.- MANY OTHER MAGAZINES (by yearly subscrip-
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195

© 1961 SCIENTIFIC AMERICAN, INC



Are you a British scientist in Canada, thinking of returning
to work in Britain? You may find what you are looking for,

its forms. It will be appreciated, espe-
cially in today’s uneasy world, that this
is a large, hideously complex subject,
second to none in importance, and that
anyone persevering and bold enough to
tackle it deserves the thanks of every-
one. The book divides into three parts,
each concerned with a different phase
of man’s propensity to engage in what
the author somewhat unhappily calls
“debates,” a catchall name comprising
conflicts ranging from mass-murder wars
to ticktacktoe.

The first section examines the ap-
proach to social behavior associated
primarily with the work of Lewis F.
Richardson, the British meteorologist
who devoted many years of his life to
the mathematical treatment of the dy-
namics of “fatal quarrels” on a large
scale; and considers related inquiries by
the mathematical biologist Nicolas Ra-
shevskv. To this work Rapoport gives the
name “social physics,” not because it is
concerned with finding analogies to
physical laws in social behavior but be-
cause the basic method, which is the-
oretical, deductive and makes use of
certain quantitative relations which may
underlie social behavior (for example,
frequency of wars and arms expendi-
tures), resembles the method of mathe-
matical physics.

The second part of the book, and in
many wavs the most re\varding, is a
primer of the mathematical theory of
games, explaining the origins of the
theory, the concept of strategy, the mix-
ing of strategies, games with collusion,
coalitions, the possible application of
the theory to nongame conflicts. This is
a brilliant performance, and anyone
who wishes to understand what this

without having to go home first, in the Civil Service or the = subjectis about, its uses and limitations,

United Kingdom Atomic Energy Authority.

Issued jointly by the Civil Service Commission and
the United Kingdom Atomic Energy Authority
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Research Fellowships

and Permanent Appointments

You are offered a very wide choice, in all branches
of science and engineering, at a large number of
centres where research ranges from the most funda-

mental to the most applied.

A panel of scientists will be coming
to Ottawa on 17th January 1962

If you would like to meet them, write

by 15th November 1961 to: Mr. N. R. Geary, 442
U.K.A.E.A. Representative c/o Atomic Energy of

Canada Ltd. Chalk River, Ontario.

An announcement to British scientists in
the U.S.A. will be made in December
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its true potentialities as well as the pre-
tensions of some of its overenthusiastic
proponents, is strongly advised to read
this refreshingly lucid exposé. The con-
cluding section, dealing with the “ethics
of debate,” presents a critical examina-
tion of the bases of disagreement, the
dangers of blind involvement, preju-
dice, the deliberate and unconscious
misuses of language, the ways of ra-
tional persuasion. Men disagree about
many things, and disagreement may
breed fear, hatred and violence. It is not
difficult to show that much disagree-
ment, particularly between large social
groups and nations, arises out of an in-
ability to communicate and a failure to
understand the opponent’s views, con-
victions, fears, objectives and the like.
Many philosophers, psvchologists, psy-
chiatrists and students of society have
| studied and pronounced on this aspect



of conflict, and Rapoport in this section
adds very little to what others have said.
But even his general and discursive ob-
servations deserve attention, for he is a
man of utmost good will, whose human-
ity and insistent searching for a way to
use reason and scientific knowledge as
solvents of social conflict make them-
selves felt throughout these pages. A set
of differential equations, as he freely
admits, is unlikely to explain an arms
race or the outbreak of war fever; the
theory of two-person games, even in its
most sophisticated form, may not serve
the diplomat so well as patience and an
ability to perceive that a tight shoe may
pinch his opponent as much as himself;
and an analysis, however persuasive, of
why masses of men come to hate each
other blindly may not overnight produce
world fraternity. Yet this book makes
the case strongly that the use of these
and other rational methods is certain to
broaden our outlook, to make us aware
of how often we take refuge in danger-
ous clichés and platitudes, how feebly
we draw on our intellectual resources in
meeting man-made crises. The sons who
were told to dig for buried treasure in
the vineyard found no treasure, but they
improved the soil. This, at least, as
Rapoport reminds us, is the reward to
be hoped for from a systematic study
of conflict.

\ IARC() PoLo’s Asia, bv Leonardo
a Olschki. University of California
Press ($10). In 1271, when Marco Polo
was 17, he set out from Venice with his
tather and uncle on one of the most pro-
digious journeys of all time. They trav-
eled for four years, down the Adriatic,
across the Mediterranean and the Black
Sea, through Armenia, Persia, Afghan-
istan, Turkestan, Tibet, over the great
desert of Gobi to Tangut, thence prob-
ably to Shangtu, where in 1275 they
found Kublai Khan in his summer resi-
dence. The father and uncle had on an
earlier journey, for commercial pur-
poses, met the Great Khan, had been
well received and had been sent by
him, armed with golden tablets of im-
perial command (which rendered their
person inviolable, under pain of death
and terrible reprisals, against any who
in the Khan’s vast kingdom should dis-
regard them), to the Pope with a re-
quest for 100 educated men to instruct
his subjects in Christianity and the arts
of the West. Their embassy was not
altogether successful, for they were
unable to persuade the Pope to supply
the instructors, but the Khan received
the Polos well, and Marco in particular
soon rose to high place in the court. He

An Unusual Opportunity to Re-Discover the

BACH

BRANDENBURG CONCERTOS

Never before have you heard the six BACH BRANDENBURG CONCERTOS as
they have just been brilliantly recorded by the New York Sinfonietta and outstand-
ing soloists, conducted by Max Goberman, on a remarkable 3-record set. For the

first time in recording history you can have

e Authentic music—recorded from the original presentation copy of the concertos
written by Bach himself. The music is completely authentic to hoth the
spirit and the letter of Bach’s original. You will receive with this set a
complete copy of the original scores in Bach’s handwriting, with easy-to-

follow printed scores as well.

e Original instrumentation—All the instruments called for by Bach, including
harpsichord, violino piccolo, high trumpet in F, recorders, viole da gamba—
a completely new and 'revealing listening experience.

e Unrecorded Bach Extra on the records is an exciting and previously unrecorded
alternate cadenza for Concerto No. 5. as well as Bach’s alternate versions

of other movements.

e Astonishing performances—hy the New York Sinfonietta and conductor Max
Goberman, who are making LRM's famous Vivaldi recordings (called by
l.eonard Bernstein, “Sheer listening joy!”). Available in both mono and

stereo.

All this at little more than the scores alone would cost! This new 3-record album is truly a

memorable achievement. You are invited to send for full details.

Write Today for Free Brochure ‘“BACH”
Library of Recorded Masterpieces. Dept. S-1, 150 W. 82nd St., N. Y. 24, N. Y.

Fascinating origins of science
HENRY E. SIGERIST

A History of Medicine

Early Greek, Hindu, and Persian Medi-
cine. In tracing the development of
Greek and Hindu medical science
through their ‘“Golden Ages,’”’ Dr.
Sigerist shows the significance of their
differing philosophies of knowledge:
how the Greek love of logic led to spe-
cializing in physical ills, while the
Hindu tendency towards mysticism de-
veloped a useful approach to mental
problems. 24 pages of halftones; line
drawings and maps. $11.00

B. L.
VAN DER WAERDEN

—

Science Awakening

Egyptian, Babylonian, and Greek Math-
ematics. One of Holland’s most emi-
nent mathematicians traces the history
of mathematics from the Egyptians as
the “‘inventors’’ of geometry through
the decline of Greek mathematics. ‘'A
beautiful book, written with clarity and
superb scholarship. .. There is no bet-
ter introduction . . . A book to read
with delight and keep as a permanent
reference.”” — MARTIN GARDNER. 28
halftones; text illustrations. $7.50

At all bookstores
OXFORD UNIVERSITY PRESS
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PHYSICIST

The International Nickel
Co., Inc. is seeking a
Physicist with Doctor’s
or Master’s degrees in
Physics or Metallurgy
with Physics minor for
their Research Labora-
tory in New Jersey. Pre-
vious experience desira-
ble but not essential.

Assignments  involve
studies of structures and
properties of metals and
alloys, employing X-ray
diffraction, X-ray fluo-
rescence, electron mi-
croscopy, electron probe
microanalysis, and other
advanced laboratory
techniques. Publication
of papers is encouraged.

Applicants should send
complete resume io:
Director of Research,
Dept. 22

THE INTERNATIONAL

HNICKH CO., INC.

67 Wall Street
New York 5, New York
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Ready now

LANCELOT LAW WHYTE’S

“on ATOMISM

From Democritus to 1960

The unique achievement of this book
is the presentation of a concise intro-
duction to the history and changing
concepts of atomism.

Mr. Whyte’s book reveals the incredi-
ble drama of the atom and makes read-
ily available for the first time to stu-
dents, teachers, and intellectually curi-
ous general readers an understanding
of the atomic concept.

“Puts within the reader’s grasp a cre-
ative insight into what may be the
physics of the future. Onlv Lancelot
Law Whyte could have written this
book.” —P. W. BripGMAN

Chronological table,
raphy. 108 pages.

annotated bibliog-
Clothbound $2.95

WESLEYAN UNIVERSITY

PRESS MIDDLETOWN, CONNECTICUT

“They Took Me for a Russian!”
says LINGUAPHONE Student in Moscow

.|I|1rHr_|\Lv.rr’a right at home!

QUICKLYSPEAK Spamsh French,
German . . . any of 34 World Languages |
by New RELAXED WAY at Home

Think how useful and exciting it is to |
speak another language like a native. The new
L1 AN DD scientific shorteut—Linguaphone—
makes it easy !

Almost owvernight you can
start speaking like a native in
Spanish, French, Italian, Rus-
sian, etc.—Find out how quick-
ly vou learn AT HOME with-
out any effort or obligation. Send for FREE

MAIL COUPON NOW Book Today.
_____________ Piease check yaur '
language interest:

Spanish

34 Languages
by Linguaphone
on FREE TRIAL.

Write for details

1 Dept. R-3101, Radio City, N. .20 _ (American)
ease send me: ook, panis i
| PI d FREE Book as h
| "Your Passport to Languages." (European) |
j [] Details of FREE TRIAL—no [J French |
obligation—no salesmanwill call [} gOdifn
ree
l Name [] German |
I Add [ Italian |
ress (] Russian
| . [J Japanese 1
| City. Zone____State___ Bther |
he e e ——— . — —— 4
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| was Widely used as an emissary, as an

observer, as a reporter; he had the op-
portunity to see and to get to know lands
and peoples that no Westerner had ever
encountered before. He spent 17 years
in China and finally, in 1292, laden with
priceless gifts and other marks of im-
perial favor, left with his father and
uncle for Venice, where he arrived three
years later. Taken prisoner in 1298 in
a battle between the Venetians and the
Genoese, he was detained for a time
in Genoa, and while there he dictated
to a fellow prisoner his recollections of
his travels and adventures. This writ-
ing, known in Italy as Il Milione, is a
wonderful account of the immenselv
varied life of man and nature in the
vast regions of the East. It became
enormously popular and it underwent,
in many different manuscripts, “re-
nowned for their incongruity,” a wide
variety of changes. For centuries schol-
ars have attempted to reconstruct the
authentic text; to ascertain not only
what Marco said about nature, about
Asiatic civilization, medicine and learn-
ing, about Asiatic politics, religion and
history, about historical and legendary
figures; but also to distinguish be-
tween those portions of his account
based on his personal experience and
those resting on hearsay. Critical editions
of Il Milione have appeared, the critical
apparatus vving in bulk with the text;
translations have been made; the re-
sources of Western and Oriental learning
have been pressed into service. The re-
sult is bewildering even for the trained
scholar. In Olschki’s book we have an
admirable and often fascinating review
of what is now known about Marco Polo;
the book is both a summary and a critical
evaluation that readers of every kind
will find to their taste. Il Milione, as
Olschki makes clear, was much more
than a great travel book, just as Marco
was more than a brilliantly observant
traveler. The man and the book have
often been misunderstood; the present
volume will help to dispel this misunder-

| standing. Excellent illustrations and a

map.

rl‘mz Basic WRITINGS OF BERTRAND

RusseLL, edited by Robert E. Egner
and Lester E. Denonn. Simon and
Schuster ($10). This compilation by a
teacher of philosophy and an attorney
(described as the “appointed bibliog-
rapher of Lord Russell”) consists of 81
essays and excerpts from the works of
Bertrand Russell. Anyone bold enough
to attempt such an epitome perhaps de-
serves a small salute, if for no other
reason than that he will almost certainly
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fail if his object is to give an ade-
quate portrait of the extraordinary mind
and extraordinary range of interests of
this extraordinary man. The editors, let
it be said directly, have failed. Even
with Russell’s guidance they have been
unable to bring the thing off. They have
failed, partly because within the limits
set the task is intrinsically too difficult,
partly because they lack the requisite
skill. It is not enough to have a burning
desire to be first chef at the Waldorf;
one must also know how to cook. It
would be unjust to assert, to be sure, that
the collection lacks first-rate reading
matter. Russell is here in many moods
and capacities: personal reminiscences,
his “Outline of Intellectual Rubbish,”
the famous essay “A Free Man’s Wor-
ship,” writings on the uses of language,
epistemology, the history of philosophy,
moral philosophy, education, politics,
economics, 1‘e1igi0n, science, interna-
tional affairs. But there are too many
bits and pieces and hurried glimpses,
like a half-hour tour of a great museum.
Inexcusable is the treatment of Russell’s
splendid achievement in mathematical
logic. This is represented by a series of
prefaces, summaries and introductions
to Principia Mathematica, which are all
but incomprehensible to the ordinary
reader and nonsensical for the special-
ist. The editors have not taken the
trouble even to attend properly to the
footnotes. For example, the excerpt on
mathematics and logic from Introduc-
tion to Mathematical Philosophy, writ-
ten in 1919, has a footnote which says:
“The importance of ‘tautology’ for a
definition of mathematics was pointed
out to me by my former pupil Ludwig
Wittgenstein, who was working on the
problem. I do not know whether he has
solved it, or even whether he is alive or
dead.” The editors know; Russell knows.
Wittgenstein died more than a decade
ago. To leave the note as it stands is
absurd. A sorry business.

YLASSICS IN

PsycuoLocy, edited by
4

Thorne Shipley. Philosophical Li-
brary, Inc. ($20). This jumbo of a book
contains 36 selections from writings of
leading psychologists and psychiatrists
of the past 150 years. Included are ex-
cerpts from the writings of Johann
Friedrich Herbart, Wilhelm Wundt,
Hermann von Helmholtz, Ernst Mach,
William James, Edward B. Titchener,
J. M. Charcot, Eugen Bleuler, Morton
Prince, Hughlings Jackson, Charles
Sherrington, Sigmund Freud, Alfred
Adler, Carl Gustav Jung, Ivan Pavlov,
John Watson, Alfred Binet and G. Stan-
leyv Hall. There is a brief biographical



New Releases!

DE56. MATHEMATICAL PHYSICS, D. Menzel. Unusual-
ly thorough, self-contained study of advanced technicues
in classical mechanics, electromagnetics, !‘eld[l\l(\ 422pp.

dn(rl)ound 52 00
DE220. MATHEMATICAL METHODS FOR SCIENTISTS
& ENGINEERS, L. Smith. One of clearest books ever \\nt-
ten on how advanced math is used to solve technical prob-

lems. Abundance of worked-out examples. Really useful!
100 diagrams. 438pp. Paperbound $2.00
DEI41. APPLIED MATHEMATICS FOR RADIO &

COMMUNICATIONS ENGINEERS, C. Smith. All essen-

tial math explained, illustrated, plus 75 pages of helpful
charts, tables, formulas. 140 examples with answers.
346pp. Paperbound $1.75

DE214. SUPERSONIC AERODYNAMICS, E. Miles. Best
theoretical introduction. Special attention to mathematical
tools, yet also emphasizes practical problems. 113 diagrams
and tables. 26Tpp. Paperbound $1.45
DE52. THE PRINCIPLES OF ELECTROCHEMISTRY,
D. Maclnnes. The basic equations for nearly all subtields
of electrochemistry developed from first principles. 137

tigures. 94 tables. 430pp. Paperbound $2.35
DE787-8. DIFFERENTIAL & INTEGRAL EQUATIONS
OF MATHEMATICS & PHYSICS (Die Differential-

und Integralgleichungen der Mechanik und Physik), edited
by P. Frank and R. von Mises. The major work in the
field. Encyclopedic in scope; each article by world-famous
authority: Caratheodory on calculus of variations, Courant
on boundary problems, Mises on potential theory, etc.
Over 2000 pages; every field of_ plns :s covered. Original
xerman text. Total of 2

26pp. 83%.

Two \olume ~el ulolhhouml $15.00
DE44. SUPERFLUIDS, Vol. I, F. London. The extended,
refined and mniost complete presentation of the macro-
scopic theory of superconductivity by the man who de-
veloped it. 191pp. 5% x ¥%. Paperbound $1.45
DE228. METHODS OF STATISTICS, L. Tippett. Detailed
English study of all basic statistical methods. Invaluable
in any field calling for a statistical approach. 96 tables, 22
figures. 395pp. 6 x 9 Clothbound $7.50
DE791. HYDRAULICS & ITS APPLICATIONS, A. Gib-
son. Famous, comprehensive British work on hydraulics
theory and applications includes nearly 400 pages of hy-

UNUSUAL Dover

DE756. AN ELEMENTARY SURVEY OF CELESTIAL
MECHANICS, Y. Ryabov. Only elementary math needed
to follow unusual Russian exposition of gravity, orbits, solar
system, natural and artificial satellites. 165pp

Paperbound $1.25

ELECTRICITY &

DE745. FUNDAMENTALS OF
MAGNETISM, L. Loeb. Lucid, yet exceptionally
thorough first course developed at U. of California. One-
third of book deals with modern developments. 664pp.

P’aperbound $2.75

DE747. ELEMENTARY CONCEPTS OF TOPOLOGY,
Paul Alexandroff. Long esteemed as finest intuitive in-

troduction for mathemati
translation ever printed!

an or scientist. First English
73pp. Paperbound $1.00
DE750-1. TEXTBOOK OF ALGEBRA, G. Chrystal. Not
survey or introduction, but classic of complete and ex-
haustive coverage for teachers and mathematicians. Total
of 1131pp. Two volume set, paperbound $4.70
DE727. THEORY & OPERATION OF THE SLIDE
RULE, J. Ellis. Not skimpy manual, but extensive course
developed at U. of Kansas. Full theory, fastest procedures,
every standard scale, plenty of examples and practice
problems. Save thousands of calculation hours. 321pp.
Paperbound $1.50

SPECIAL!

We have purchased the overstock of a well-known technical
publisher at an unusually low job-lot price and are able to
pass the savings directly on to you on individual books.
These are clothbound books, the latest editions, in perfect
condition, not shopworn or damaged in any way. Only a few
dozen to a few hundred copies of each, though, so be sure
to order early. When these are gone, you will have to pay
the full price for identical copies. If you can use these
books, here is a once-in-a-lifetime chance to get them at
tremendous savings.

OVI. AN INTRODUCTION TO FLUID DYNAMICS, F.
Bayley. 233pp. Cloth. List $4.85/here $2.25
0V2. PRINCIPLES & PROBLEMS IN ENERGETICS,
J. Broensted. 127pp. Cloth. List $5.00/here $2.00
0V3. FUNDAMENTALS OF ELECTROACOUSTICS, F.
Fischer. 1983pp. Cloth. List $6.00/here $2.25
0V4. RESEARCH IN PHOTOSYNTHESIS, H. Gaffron et
al, eds. 538pp. Cloth. List $12.00/here $4.95
0V5. THE DEFECT SOLID STATE, T. Gray et al.
519pp. Cloth. List $11.00/here $4.95
0V6. THE PECTIC SUBSTANCES, Z. Kertesz. 6i4pp.
Cloth. List $16.50/here $6.95
0OV7. MOLYBDENUM COMPOUNDS: Chemistry & Tech-
nology, D. Killeffer et al. 407pp. Cloth.

List $13.50/here $5.95
0V8. FUSION METHODS IN CHEMICAL MICROS-
COPY, W. McCrone, Jr. 308pp. Cloth. List $8.00/here $4.50
0V9. INTERNAL CONVERSION COEFFICIENTS, E.
Rose. 195pp. Cloth. List $6.25/here $2.95

0VI0. ELECTROMAGNETIC WAVES, G. Toraldo di
Francia. 320pp. Cloth. List $6.00/here $2.25
OVII. BIOPHYSICAL RESEARCH METHODS, F. Uber,

. 668pp. Cloth. List $11.00/here $5. 95
0VI2 MELTING & SOLIDIFICATION OF FATS
Bailey. 371pp. Cloth. List $10.00/here 54 75
0VI3. CHEMICAL METHODS IN INDUSTRIAL HY-
GIENE, F. Goldman, M. Jacobs. 274pp. Cloth.

List $4.50/here $1.50
OVi4. ELECTROMAGNETIC ISOTOPE SEPARATORS
and Applications of Eleetromagnetleally Enriched Isotopes,
J. Koch, ed. 327pp. Cloth. List $7.50/here $3.95
OVI5. ADVANCES IN COLLOID SCIENCE, Vol. III,
H. Mark, W. Verwey, eds. 396 pp. Cloth.

List $7.50/here $3. 95
OVI6. CELLULOSE NITRATE, F. Miles. 422pp. Clo

List $7.00/here $4 25

draulics machinery! 427 photographs and diagrams. 828 pp.
6 x 9. Clothwound $8.00
DEI2. CHARLES BABBAGE & HIS CALCULATING
ENGINES, edited by P. Morrison and E. Morrison. The
inventor of computer technology as seen by himself and
his 19th century contemporaries. w publication. 8 illus.
473pp. Paperbound $2.00

DE2(0. A SHORT HISTORY OF ASTRONOMY: from
Earliest Times through the (9th Century, Sir Arthur Berry.
L historical exposition. Over 100 portraits, photo-
18 and drawings. Scientific principles fully explained.
hlm) P’aperbound $2.00
DE730. A COLLECTION OF MODERN MATHEMATI-
CAL CLASSICS: ANALYSIS, R. Bellman, ed. 13 papers

T

that founded modern anal : Hermite, Hardy, Littlewood,
Fuchs, Neumann, etc. DPapers in language of original
publication. 304pp. Paperbound $2.00
DEI35. PROBLEMS & WORKED SOLUTIONS IN
VECTOR ANALYSIS, L. Shorter. Self-contained text
plus unusually large number of completely Ived ex-
amples. (Formerly: Intro. to Vector Anal ) 370pp.

Paperbound $2.00
DE2I8. LECTURES ON THE CALCULUS OF VARIA-
TIONS, Oskar Bolza. One of the soundest introductions to
the subject available. 278pp. Paperbound $1.65
DE78/. CONTINUOUS GROUPS OF TRANSFORMA-
TIONS, L. Eisenhart. Standard work on group theory and
its applications, by renowned mathematician. 310pp.

I’aperbound $1.85
DE21I. COLLEGE ALGEBRA, H. Fine. A classic
text: the first to give a systematic and deductive struc-
ture to introductory algebra. 1,560 problems. 614pp.
Paperbound $2.00

DEI77. AN INTRODUCTION TO THE THEORY OF
CANONICAL MATRICES, H. Turnbull, A. Aitken. All

the principal features in close detail. 214pp.

Paperbound $1.55
DE216. THEORY & APPLICATIONS OF FINITE
GROUPS, G. Miller, H. Blichfeldt, L. Dickson. Es-

teemed joint work by three leading group theory special-
ists. Hundreds of concrete illustrations, applications,
problems. 407pp. Paperbound $2.00

DE225. TABLES OF INDEFINITE INTEGRALS, G.
Petit Bois. Rare collection of more than 2,500 imlem te
integrals. Extraordinarily useful time-saver. 166pp. 6% X
I’aperbound $1.65

9%.
DE223. THE COMMON SPIDERS OF THE UNITED
STATES, J. Emerton. Standard guide. No previous
knowledge of entomology needed. Over 200 common spiders
discussed. 501 illustrations. Identification key. 244pp.
P’aperbound $1.35
HOW TO KNOW THE FERNS, F. Parsons.
learn habits, structure, etc. of any American
Non-technical. 61 illus., 42 full-page plates. 243pp.
Paperbound $1.25
DE338-9-0. THE MEMOIRS OF JACQUES CASANOVA,
tr. by Arthur Machen. Still the most complete edition in
print in English. TIllustrations by Rockwell Kent. Total of
2263pp. Three volume set, paperbound, hoxed $6.00

DE76!. THE EYES OF DISCOVERY, J. Bakeless. Quota-
tions from scores of early diaries, journals and letters
dramatically recreate America as it anpcarcd to the first
explorers who saw it. 68 illustrations. 439 pp.

TI’aperbound $2.00

DE94. THE EXPLORATION OF THE COLORADO
RIVER AND ITS CANYONS, J. . Powell. Major

D E740.
Identify,
fern.

Powell’s own account of 1861 9\pe<huun, an American
classic. 250 illustrations. 401pp. Paperbound $2.00
DE692. THE MARVELOUS LAND OF 0Z, L. Frank
Baum. Superb companion volume to Dover's full-color
Wizard of Oz. 141 illustrations in original color. 287pp.

I’aperbound $1.45
DE69I. THE WIZARD OF 0Z, L. Frank Baum. Only
edition with all 143 original illustrations in full color.
275pp. Paperbound $1.45

DE772. THE PURPLE COW & OTHER NONSENSE,
Gelett Burgess. Only edition in print of sophisticated wit
and fantasy of outstanding American humorist. 74 poems,
3 prose works. 123 illustrations by the author. 127pp.

Paperbound $1.00

VALUES IN HARD-TO-FIND BOOKS!

DE754. MECHANICS, J. P. Den Hartog, I’rof. of Mechani-
cal Engineering, M.LT. Noted for hundreds of om.'inevr—
ing problems that complement theory, presentation. \ ery
thoroughly recommended,”” Mechanical World. 471p

r anerhound 52 00

DE7Il. THE FOURTH DIMENSION SIMPLY EX.
PLAINED, H. Manning, ed. Best non-technical explana-
tion of 4th dimension available. 22 ditferent essays. 251pp

I’aperbound $1.35

DE713. PAPER FOLDING FOR BEGINNERS, hy
W. D. Murray and F. Rigney. $1.

Create scores of beautiful, unusual, amusing paper
objects with this remarkably clear Introduction to the
ancient Japanese art of ‘‘origami” or paper folding,
now sweeping America. We chose this book for inex-
pensive reprinting on the advice of America’s fore-
most origami experts as the simplest, clearest,
easiest-to-follow introduction. No more hours of trial
and error or hatflement over cryptic instructions. Just

follow clear directions to make place mats, cups,
intricate boxes, sailboats, planes, ladders, birds,
pagodas, roosters. over 35 other objects and figures in
3 dimensions. just by folding paper! Have hours of
fun, entertain children, etc. 95 pages.

279 diagrams
D

E713. I’aperbound $1.00

DE700-1. ORGANIC CHEMISTRY, F. Whitmore. One of
most valuable compilations of organic chemistry informa-
tion ever assembled. *Dr. \Whitmore deserves thanks and
congratulations,”” Industrial & Engineering Chemistry.
Total of 1013pp. Two volume set, paperbound $4.00
DE295. HOW TO CALCULATE QUICKLY, H. Sticker.
Not tricks, but solid course for developing your number
sense, doubling or tripling your calculation speed. 256pp.

I'aperbound $1.00
DE736. CALIBAN'S PROBLEM BOOK: Mathematical,
Inferential and Cryptographic Puzzles, H. Phillips, et al.
Superb mental amusement by greatest living puzzle creator.
192pp. Paperbound $1.25
DE731. MAZES & LABYRINTHS: A BOOK OF PUZ-
ZLES, W. Shepherd. Only duffers use a pencil on these
ingenious entertainments. 122pp. Paperbound $1.00
DE759. ODDITIES & CURIOSITIES OF WORDS &
LITERATURE, C. C. Bombaugh. New enlarged edition
edited by Martin Gardner. Almost legendary collection of

literary oddities, eccentrica, amusements; macaronic verse,
famous puns, notorious misprints, literary hoaxes, much
more. 368pp. Paperbound $1.50

DE749. THE BAD CHILD’'S BOOK OF BEASTS, MORE
BEASTS FOR WORSE CHILDREN, A MORAL ALPHA-

BET, Hilaire Belloc. Only edition of all three humor fa-
vorites. 1537Tpp. Paperbound $1.00
DE758. PHRASE & WORD ORIGINS: A Study of Fa-
miliar Expressions, A. Holt. ‘‘Let George du it,”” 1500
others traced to often surprising sources.

59p
dnerl)ound $1.35
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DE498. MATHEMATICAL PUZZLES OF SAM LOYD,
Martin Gardner, ed. 117 ingenious creations of America’s
greatest puzzler. 187pp. Paperbound $1.00
DE367. 10l PUZZLES IN THOUGHT & LOGIC, C. Wylie.
No math needed, only mental agility. Full solutions,
methods of solving. 128pp. PPaperbound $1.00
DE473. AMUSEMENTS IN MATHEMATICS, H. Dude-
ney. One of largest collections of math problems anywhere.
Double columns. 248pp. I’aperbound $1.25
DEI98. MATHEMATICAL PUZZLES FOR BEGINNERS
& ENTHUSIASTS, G. Mott-Smith. 188 puzzles, ranging
in difficulty. 248pp. Paperbound $1.00
DE6I3. GO & GO MOKU, Edward Lasker. Full principles,
strdteg\ of increasingly ])\qular Oriental board game that
chess as intellectual pastime. New much enlarged
on, by great chess and go teacher. 5

l’a])erl)ouml $1.45
DE739. GAMES ANCIENT & ORIENTAL and How to

Play Them, E. Falkener. Tells you how to play shogi,
‘Tamerlane’s chess, Kgyptian game of the bowl, Roman
latruncles, others. 5pp. I’aperbound $1.85

DEi. FLATLAND, E. Abbott. F
in two-dimensional world; also excellent introduction to
dimension concepts. 128pp. Paperbound $1.00
DE487. THE DEVIL'S DICTIONARY, Ambrose Bierce.
“‘Some of the most gorgeous witticisms in the English
language,”” H. L. Mencken. 144pp. Paperbound $1.00
DE523 HOW TO TELL THE BIRDS FROM THE FLOW-
ERS, R. Wood. Classic puns in drawing and verse, by
eminent physicist. 64pp. Paperbound 75¢
DE602. THE WIT & HUMOR OF OSCAR WILDE, A.
Redman, ed. 1,000 quotable epigrams of England’s wittiest
man. 260pp. P’aperbound $1.00
DE698. BARON MUNCHAUSEN, R. Raspe. Only com-
plete edition in print. Carswell edition, with 90 Dore
illustrations added. Z60pp. P’aperbound $1.00
DE639. THE COMPLETE KANO JIU-JITSU (JUDO
H. Hancock, K igashi. The finest book on the subjec
authentic IKano em, not hodge-podge. 487 stopped-action
photos; full text. 589pp. Paperbound $2.00
DE742. THE ENJOYMENT OF CHESS PROBLEMS,
K. Howard. Over 200 finest examples of exacting chess art,
full solutions. 212pp. Paperbound $1.25
DE528. CHESS STRATEGY, Edward Lasker. Principles,
not memory; long-range play, position, pawn structure, etc.
Taught. Keres, Fine. 282pp. Paperbound $1.50
All books 535 x 8, unless otherwise indicated.
% SE 0N M m .. - .. ----------‘
T pept. 372DE. DOVER PUBLICATIONS, INC.
§ (80 Varick Street, New York 14, New York

scinating classic of life

Please send me the following books (give number,
price) :

I am enclosing $...... in full payment. Payment
in full must accompa 11 orders except those from
libraries and public institutions, who may be billed.

]
1
1
1
1
]
]
1
1
1
g [Dlease add 10¢ per book for handling and postage on
]
1
]
1
1
]
]
1
1
1

orders less than $5.00. On prepaid orders of $5.00 or

more, Dover pays postage. Please print.

Name..
Address...

City.. ..Zone.......State...

GUARANTEE: All Dover books are unconditionally
guaranteed, and may be returned without explanation
within ten days of receipt for complete refund.
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Philco WDL has immediate
and challenging engineering
positions open in Discoverer,
Midas and Advent programs
in these categories:

Data systems engineering

Technical Staff — communica-
tions and data systems

Systems test planning
Systems reliability analysis

Design Engineering —surface
and vehicle electronics

Human factors and operations
analysis

Field tracking station activation

Tracking and control systems
design

Logistics and station support

And others

All qualified applicants will receive
consideration for employment without
regard to race, creed, color or national
origin; U. S. citizenship or current trans-
ferable Department of Defense clear-
ance required.

if your future is for growing...

People at Philco’s Western Development Laboratories are proud
of their achievements, secure in the steady growth of their
company, enthusiastic about their future.

In just four years, Philco WDL has expanded from a staff of

18 to more than 2,000. At the end of this year WDL will open a
new 250,000-square-foot facility which will accommodate

a continually expanding complement of engineers, scientists
and supporting staff members.

Philco WDL, the space organization which designed and built
the Courier satellite, conducts an ever-growing development
program in tracking, satellite instrumentation, communications,
data processing and command—moving hand in hand with the
federal government in space exploration and space age defense.

Your growth with a growing company, ideal living on the Northern
California Peninsula, professional and monetary advancement
commensurate with your own ability—these are some of

the advantages and satisfactions of working at Philco Western
Development Laboratories.

If yours is one of the fields listed at the left, write today to
Mr. W. E. Daly, in confidence, of course, Department S-10

This new 250,000-square-foot addition to Philco Western Development
Labs will open by the end of the year.

I
I
I
[
[

I
I
I
1
I
I
I
1
I
|
I

pH I LCQ WESTERN DEVELOPMENT LABORATORIES

B Taracws for Quality the Usrt Crer 3875 Fabian Way, Palo Alto, California
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note, and a few bibliographical items are
attached to each selection. Professionals
may disagree as to the editor’s principles
of selection, but all will agree that to il-
lustrate Freud’s thought by a single pa-
per on hysteria written in collaboration |
with Breuer is bizarre.

Robert M. Palter. The Noonday
Press ($3.90). A two-volume paper-
backed anthology of essays dealing with
various aspects of ancient, medieval
and Renaissance science. Included are
papers by Solomon Gandz on Egyptian
and Babylonian mathematics, O. E.
Neugebauer on exact science in an-
tiquity, Sir Thomas Heath on Greek
mathematics and astronomy, D’Arcy
Wentworth Thompson on Aristotle as a
biologist, Charles Singer on Galen,
Pierre Duhem on medieval physics,
Henry Sigerist on medieval medicine,
J. L. E. Dreyer on medieval astronomy,
R. ]J. Forbes on metallurgy in the Mid-
dle Ages, George Sarton' on scientific
progress in the Renaissance, Arturo
Castiglioni on the medical school at
Padua, Henry Morley on Vesalius. A
good item for students.

r[‘O\VARD MOoDpERN ScIENCE, edited by ‘ :

aLaxies, edited by Harlow Shapley.
¥ Harvard University Press ($5).
Revised edition of a book based on Shap-
ley’s Harris Lectures at Northwestern
University. The author takes cognizance
of the advances in the study of galaxies
since the first edition. The book does not
include, as he points out in the preface,
information gained from radio tele-
scopes, new spectroscopic analyses and
certain other recent developments, on
the grounds that “these fields are being
so busily developed at present that a
statement of today may be out-dated to-
morrow.” He has confined himself to the
material which will “better stand the
erosion of time.” Illustrations.

Notes

INTRODUCTION TO MATHEMATICAL
ProBaBiLITY, by J. V. Uspensky. Mc-
Graw-Hill Book Company ($2.95). A
paperback of Uspensky’s excellent text,
first published in 1937, which gives a
clear and rigorous account of the funda-
mental methods and results of mathe-
matical probability.

A BIBLIOGRAPHY OF THE HONORABLE
RoBeErT BoyLE, FELLOW OF THE RoyvaL
SocieTy, by John F. Fulton. Oxford
University Press ($8). Second edition
of the late John F. Fulton’s standard
bibliography of the great British chem-

If you love children, your heart will go out to Tommy
Littleraven, a 9-year-old American Indian boy who is
attending school off the reservation for the first time. Going
to school in town frightens Tommy. He is afraid that his
non-Indian schoolmates are laughing at-his tattered cloth-
ing, at his faulty English.

He yearns to join the school club, buy personal books,
clothing, go out for a soda with the other boys. But his
parents are too poor to give him pocket money. And so
Tommy wanders off by himself and dreams that someday
he will have the money to do what his non-Indian school-
mates do.

if you love children

Make a dream come true! You, your school or group can make this dream
come true for an Indian child like Tommy. Contribute $10 a month and provide one
Indian youngster with suitable clothing, personal books and a cash allowance. You will
receive the photograph and story of the child you help and enjoy a warm person-to-person
relationship through an exchange of letters. Please give one Indian youngster an even
break — and the sense of security and confidence he needs to join the mainstream of
American life.

&l

[ ——— . e e . s e — —_—
| Serving Children for 30 Years l
| SAVE THE CHILDREN FEDERATION |

Sv(wc the Child'rcn FC.(IL’YH— l NOI‘WHH(, Connecticut I

:]’(‘;r'l‘:S(;Chf[’"',ﬁ“’;twg;tfﬂ;l'r’;ﬂé’r‘;';‘g: I | wish to contribute $120.00 annually to help an American I

ization in the U. S., is regis- Indian g"! o I?oy U

tered with the U. S. State | Enclosed is my first payment: |

DG’S"”’"""‘? ‘l’ad‘t"w"’JF Com- l $10.00 a month [J $ 60.00 semi-annually [J l

mittee on Voluntary Foreign

Aid and is @ member of the I $30.00 a quarter [J . $120..00 annually O I

International Union For Child | cannot sponsor a child, enclosed is contribution of $

Welfare. The Federation’s I N N I

financial records are audited I am B

by Price, Waterhouse & Co. Address. l

City. Zone. State. l
| Contributiony ofe income tax deductible SA id-i I
| ————
ARIZONA
Phoenix

‘“‘Opportunity & ldeal Living”

GOODYEAR
AIRCRAFT
CORPORATION

Arizona Division
ELECTRONIC CIRCUITRY
Radar Circuitry, Data Processing,

Analog Computer Circuitry, Control
Systems.

THEORETICAL PHYSICIST
Background in Electromagnetic The-
ory and Plasma Physics, Ph.D Pre-
ferred.

EXPERIMENTAL PHYSICIST
Background in Physical Optics, Clas-
sical Mechanics, Microwaves, and In-
formation Theory or Quantum Me-
chanics and Statistical Mechanics, ki TN

Ph.D Preferred.
ELECTRONIC PACKAGING

"All qualified applicants will receive considera-
tion for employment without regard to race,
creed, color, or national origin''.

Amperes

Instant ice — and steam

i
g _ from a battery power-
ed device enables a lead-
ing aircraft maker to
produce better planes.
Better batteries? Buy
BURGESS — famous
for dependable, long-

Request Application or Send Resume to:
B. A. Watts, Engineering Personnel
Goodyear Aircraft Corp.
Litchfield Park, Arizona

Similar Positions at Goodyear Aircraft BURGESS BATTERY COMPANY
Corporation, Akron’ Ohio DIVISION OF SERVEL, INC.
FREEPORT, ILLINOIS NIAGARA FALLS, CAN.

lasting power !
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specialist
in
versatility

BOLEX
H-16 REX

“Jack-of-all-trades” is an understate-
ment when applied to the Bolex H-16
Rex and its adaptability to technologi-
cal uses. Better: “Jack of Trade, Science |
and Research.” Micro- and Macrocine-
matography, time lapse studies, training
and medical films . . . these are areas
where Bolex versatility is boundless.

Here are some big reasons why:

The Bolex Reflex System.

Through-the-lens viewing and focusing
insure exact centering of the subjects in
close-up work. Not only canyou see the
exact degree of magnification right on
the ground glass but also the depth of
field. Parallax—a major problem in
close-up work—is completely eliminated.

Controlled Exposure.

A new variable shutter makes possible
perfect fades and lap dissolves. Permits
short shutter speeds for sharper single-
frame sequences and washes out un-
wanted backgrounds.

Governed Speeds.

The Bolex H-16 has running speeds from
12 to 64 fps, and footage and frame indi-
cators. Fast moving subjects can be shot
in slow motion forcloser study and slow
moving subjects can be accelerated or
filmed in time lapse sequences.

Choice of Lenses.

The Bolex H-16 affords the widest selec-
tion of lenses. Extreme wide-angles, ex-
treme telephotos, extreme speed and
wide-range zoom lenses.

Add to these qualities lightweight com-
pactness, ruggedness and Swiss-preci-
sion manufacture and you know why
Bolex ranks so high with technicians as
a working tool. Priced from $450.00
with Lytar 1”7 f/1.8 lens. Write Dept.
BSA-10 today for literature and the
name of your Bolex dealer.

BOL.E>X

PAILLARD Incorporated, 100 Sixth Avenue, New York 13, N. Y.
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ist and physicist who died in 1691. The
first edition appeared in 1932, and
Fulton additions and revisions pick up
new studies and new information.

THE STRANGE STORY OF THE QUAN-
TUM, by Banesh Hoffmann. Dover Pub-
lications, Inc. ($1.45). A paper-backed
reissue of a sound popularization of
quantum mechanics, to which the author
has added a 1959 postscript dealing
with parity and other advances in higher
physics during the last decade.

Recions, REsources aAND Econoaic
GrowTH, by Harvey S. Perloff, Edgar S.
Dunn, Jr., Eric E. Lampard, Richard F.
Muth. The Johns Hopkins Press ($12).
Sponsored by Resources for the Future,
Inc., this study furnishes information
and insights contributing toward an un-
derstanding of the causes and patterns
of regional economic growth, with spe-
cial attention to the role of natural re-
sources in this development.

THE SpaNisH LABYRINTH, by Gerald
Brenan. Cambridge University Press
($1.95). Paper-backed edition of an ex-
cellent account of the social and political
background, from 1874 to 1936, of the
Spanish Civil War.

THE FOUNDATIONS OF ARITHMETIC,
by Gottlob Frege. Harper Torchbooks
($1.25). A reissue of the late |. L.
Austin’s translation of Frege’s great
work on the concept of number, one of
the landmarks of mathematical logic.
Paperback.

Macic SQuares axp Cusgs, by W.
S. Andrews. Dover Publications, Inc.
($1.85). An inexpensive reprint of An-
drews’ well-known work which explores
every corner of this special branch of
mathematical recreations.

NATURAL SELECTION AND HEREDITY,
by P. M. Sheppard. Harper Torchbooks
($1.35). Paper-backed reissue of an
attractive introduction to genetics and
genetical research.

SELECTED LECTURES IN MODERN
Puysics, edited by H. Messel. St. Mar-
tin’s Press, Inc. ($5.25). Refresher lec-
tures given to school science teachers
at a summer school held in Svdney,
Australia, in 1958. The topics include
nuclear energy, low-energy and high-en-
ergy nuclear physics, cosmicrays, strange
particles, solar activity, radio astron-
omy, laws of motion, space travel, rela-
tivity, transistors, measurement, the
concept of temperature, superfluids.
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Join The Team
That Designed
And Built

Project Mercury
Man-In-Space Capsule

204

MCDONNELL

New Openings To Fill Outstanding Positions In

* ELECTRONICS » DATA PROCESSING
* AIRCRAFT & SPACECRAFT DEVELOPMENT

ELECTRONIC MANAGERS

A limited number of manager-level posi-
tions exist in electronic systems and equip-
ment areas relating to Engineering, Manu-
facturing, and Services. All candidates
should have a degree, plus 10 years’ ex-
perience in design and development of
military electronic equipment.

DEPARTMENT MANAGER,
ADVANCED SYSTEMS —
ELECTRONICS

To direct and supervise staff of engineers
doing advanced studies in all areas of elec-
tronic systems including future concepts
and needs. Military electronic design and
systems experience necessary. Should have
minimum of 10 years in this area, plus MS
degree in Physics or EE,

GROUP ENGINEER—
RELIABILITY

Will direct engineers in reliability and qual-
ity assurance studies. Should be working
in the reliability field at this time with an
electronics, aircraft or missile manufac-
turer. Strong design background is essen-
tial. Knowledge of electronic systems de-
sired. Degree required.

DESIGN ENGINEERS

Openings exist in the fields of Structures,
Electronic Test Equipment, and Mechanical
applications. Degree, plus 2 to 5 years'
experience in the aircraft and missile in-
dustry. Some openings are of a senior level.

ELECTRONIC ENGINEERS

Have need for senior Electronic Engineers
for systems study and integration. Will be
responsible for conception, analytical de-
velopment and evaluation of new systems.
Should have degree and experience with
military electronic systems.

TEST ENGINEERS

For Wind Tunnel, Systems, Instrumentation,
or Structures. Degree required, plus design
and test experience within the aerospace
field.

MATHEMATICIANS

To work in Scientific Data Processing. Re-
quires BS or higher degree with experience
in computer applications. Engineering back-
ground helpful.

MAINTAINABILITY ENGINEERS

Will conduct and develop operational anal-
ysis studies in support and maintenance
areas. Engineering degree required, plus
experience in checkout of aircraft and
missile systems.

For full details, submit your resumé in complete confidence to:

MR. R. F. KALETTA, Professional Employment, Dept. SA

MCDONNELL

P.O. Box 516, St. Louis 66, Missouri

All qualified applicants will receive consideration for
employment without regard to race, creed, color or national origin.
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Qriginal painting by Louis Ribak, Taos, New Mexico

Contemporary education, like contemporary art,
continues to find expression in new areas

For employees at Los Alamos, a
curriculum in Engineering Science of
Materials has been added to these

in-residence MS degree programs:

2 e Nuclear Engineering, Chemistry,
Mathematics, Physics, Mechanical

| and Electrical Engineering.

Qualified applicants are invited
to send resumes fo:
Director of Personnel, Division 61-90

08 talamos

scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA
LOS ALAMOS, NEW MEXICO

All qualified applicants will receive consideration for employment without
regard to race, creed, color, or national origin. U.S. citizenship required.
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Increased technical responsibilities in
the field of range measurements have
required the creation of new positions
at the Lincoln Laboratory. We invite
inquiries from senior members of the
scientific community interested in par-
ticipating with us in solving problems
of the greatest urgency in the defense of
the Nation.

RADIO PHYSICS
and ASTRONOMY

RE-ENTRY PHYSICS

PENETRATION AIDS
DEVELOPMENT

TARGET IDENTIFICATION
RESEARCH

SYSTEMS: Space Surveillance

Strategic Communications
Integrated Data Networks

NEW RADAR TECHNIQUES
SYSTEM ANALYSIS

COMMUNICATIONS: Techniques

Psychology
Theory

INFORMATION PROCESSING

SOLID STATE Physics, Chemistry,
and Metallurgy

A more complete description of the Laboratory’s work will
be sent to you upon request.

ALL QUALIFIED APPLICANTS WILL RECEIVE CON-
SIDERATION FOR EMPLOYMENT WITHOUT REGARD TO
RACE, CREED, COLOR OR NATIONAL ORIGIN.

Research and Development

LINCOLN LABORATORY
Massachusetts Institute of Technology
‘ BOX 18

LEXINGTON 73,

MASSACHUSETTS
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Hill Book Company, Inc., 1960.

A MAGNETIC SURVEY OFF THE WEST
Coast oF THE UNITED STATES BE-
TWEEN LATITUDES 32° anD 36° N,
LonciTupes 121° anDp 128° W. R.G.
Mason in The Geophysical Journal
of the Royal Astronomical Society,
Vol. 1, No. 4, pages 320-329; Decem-

| Dber, 1958.
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and Methods, pages 18-19. Dover
Publications, Inc., 1959.
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Jeil=1sidkilled independence

l At Martin-Baltimore, we fully ap-
preciate the fact that the capable research en-
gineer or scientist is a very special kind of
person . .. characterized by scientific
independence.

He is dedicated to his work, but he must
work at his own pace . . . and in his own way.
He is disciplined, but it is his own, individual
discipline—rather than that of a group. He will
work long hours, to the point of exhaustion, on
a problem that challenges his curiosity . . . but
he must travel his own scientific by-ways.

Some scientists work best alone. Others
prefer to be in groups, where they can benefit
from mutual stimulation and compliment and
criticize one another.

Our top management is acutely aware of the
importance of independent research. It has
helped put Martin in a position of leadership
in the missile/space field . . . and it will help
keep us in the lead in the future. That is why
our Research Department has its own controls
and management policies.

Our Research Department is a separate en-
tity, with research as its sole purpose . . . yet
it is in a position of mutual cooperation with all
phases of the company’s activities. The research
scientist appreciates knowing that he is part of
the development of major space systems, and
Martin-Baltimore benefits from the stimulation
of the research scientist.

Right now, we are selectively staffing the
department. The men we need have advanced
degrees, have the qualities of scientific inde-
pendence and compelling curiosity and are ex-
perienced in such disciplines as metallurgy,
plastics and ceramics chemistry, general and
solid states physics, mechanics, aerophysics,
cryogenics, electronics, physiology (plant) and
thermodynamics.

If you fit this description and if you believe
—as we do—that your future can be stimulat-
ing and rewarding with Martin-Baltimore,
please write in the manner which you believe
best presents your qualifications to Mr. J. W.
Perry, Director of Executive Staffing, Dept.
R-10, The Martin Company, Baltimore 3,
Maryland.

RESEARCH DEPARTMENT
PR IR R

NY & FET 8N
BALT/IMORE

Martin is an equal opportunity employer.

207

© 1961 SCIENTIFIC AMERICAN, INC



AMAZING SCIENCE BUYS

"AND STUDY OF '”w Ewmg

DE LUXE
LAB KIT

SCIENCE
** PROGRAM

Gift of Gifts for Your Talented Son—Nephew

Economical and convenient solution to the science teaching
problem for all grades up to high school. Grade 1 through
9 NDEA approved. Self-contained unit provides all mate-
rial for an adequate science program. IKit includes 150
experiment manual correlated to state courses of study and
major text books with 17 to 60 experiments for each grade
level. Demonstrations and experiments cover air, electricity,
magnetism, living Llungs, etc., etc. No important phase of
science instruction is omitted. Every conceivable material
for performing experiments (even rubber bands) is includ-
ed. There are 178 different laboratory items. All contained
in attractive wooden cabinet (24”7 x 18%%” x 8%”) with
shelves for convenient access. Shipping weight 52 lbs. Ideal
for any school no matter how low the budget.

Stock No. 19,031-S $199.50 F.O.B.
Fort Lauderdale

TWICE LIFE SIZE MODEL

HUMAN HEART
12” high, easily assembled and disas-
sembled. All sections removable for
complete interior study. Kit includes
all necessary parts, full color anatomical
chart and complete instructions for as-
sembly and coloring. Extremely valu-
able educational aid available now for
unusually low price. Ideal for institu-
tions and students.

Stock MNe. 70,470-S.

$3.00 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 ohJectlves on rotating turret.
23X and 40X. 10 Day Free Trial.

Stock No. 85,056-S... 599 50

\-v‘ Barrington,

Laiw Power Supplementary Lem At‘taghmem for'abnve Stereo
—provides 15X down to 6X with clear, extra large 1%”
field at 6X.

Stock No. 30,276-S $7.50
DIRECT MEASURING ATTACHMENT—with regular
comparator reticle for on-the-spot checks of linear dimen-
sions, diameters, radii and angles—in millimeters and

inches.
Stock No. 40, 486- $10.00 Postpaid
MEAS ith sand meas-

DIRECT
urmg reu e for sand dnd soil analysis . . . or counting or
Postpaid

rilcles of matter.
510.00

ur
Stuch No. 10.5-1 -

See the Stars, Moon, Plonets Close Up!

3” ASTRONOMICAL REFLECTING TELESCOPE

Mt. Palomar Type! An Unusual Buy!
See the Rings of Saturn, the
fascinating planet Mars, huge
craters on the Moon. Equa-
torial mount with lock on both
axes. Aluminized and over-
coated 3” diameter high-speed
f/10 mirror. Telescope comes
equipped with a 60X eyepiece
and a mounted Barlow Lens.
Optical Finder Telescope in-
cluded. Hardwood, portable
tripod. FREE with_ Scope:
Valuable STAR CHART plus

272-page “HANDBOOK OF HEAVENS" plus “HOW TO
USE YOUR TELESCOPE” BOOK.
Stock No. 85,050-S.................. .te..$29.95 Postpaid

7x50 BINOCULARS—TREMENDOUS BUY!
War Surplus American-Made

Big savings! Brand new! Crystal
clear viewing—T7 power. Every opti-
cal element is coated. An excellent

night glass—the size recommended

for ite \1e\\mg Individual eye
focus t p\lpll Tmm. Approx. field
at 1,000 yds. is 376 ft. Carrying
case included. American 7 x 50’s

normally cost $274.50. Our war sur-
plus price saves you real money.

Stock No. 1544-5. only S‘H‘SG l’stud.
fox 40 Binocular Lmil T galn
Stock No. 763-5. .$33 00 Pstpd.

Tax included) l

ORDIR BY S5TOCK NUMBER .SEND CHICK OR MONIY DRDER .

LIFE SIZE VISIBLE HUMAN HEAD
Precise, Full Color, Toke-aport Model

Study the most complex organ easily, in-
expensively. Ideal for student, hobbyist,
professional. You will be amazed at the

detail. Molded from actual human skull.

Eyes, ears, and teeth easily removed

and disassembled for complete study.

Entire brain, spinal cord and organs of

mouth and throat presented in vivid

detail. Amazingly low price—conforms J
to rigid laboratory standards. 16-page fully I Ihis-
trated medical handbook included.

Stock No. 70,447-S

MIRACLE IN AN EGGSHELL

. . z ﬁ"’ﬂ! Easy—Exciting Meth-

$9.95 Postpaid

od to Teach Life Cycle

Visually demonstrates 7 most dramatic stages in develop-
ment. Actually observe the changes as they take place from
fertilized egg to hatched chick standing alone. Each stage
easily assembled and fitted into opaque half shell with
transparent cover. Special stand holds each stage in proper
order. Molded in four colors. Sturdily constructed for
extensive use.

Stock No.

16” VISIBLE MAN KIT

Amazing! You look right through it! Re-
veals the wonders of the human body in
exact scale with all vital organs preusely
detailed. Authentic laboratory model in-
cludes complete skeleton, skin, muscles, cir-
culatory system. Ingenious parts-within-
parts assembly permits examination of res-
piratory system, chambers of the heart,
interior of kidneys, etc. Internal organs de-
mountable for close inspection. Just 16”
high when assembled, but compares favor-
ably with expensive hand-made medical
school models. Ideal for researchers, labs,
doctors, teachers, students, hobbyists. Base
and 12-page INTRODUCTION TO A
ATOMY included.

Stock No, 70,228-S................. SO $4.98 Postpaid

¥ 152" VISIBLE WOMAN KIT

Astonishing counterpart of the famous VISI-
BLE MAN. Authentic, exact-scale, laboratory
model of female figure lets you look right
through transparent ‘‘skin”’—examine vital
organs, glands, nerves, veins, arteries. All
parts removable, replaceable. Articulated
skeleton permits inspection of 206 bones.
Separate group of internal parts shows 7-
months pregnancy. Ideal for students, doctors,
nurses, hobbyists. Compares favorably with ex-
pensive medical school models. Complete with
base. Authoritative 12-page book, INTRO-
DUCTION TO ANATOMY, included.

Stock No. 70.283-S $4.98 Postpaid

70,453-S $5.98 Postpaid

WOODEN SOLID PUZZLES

Here is a fascinating assort-
ment of wood puzzles that will
provide hours of pleasure.
Twelve different puzzles, ani-
mals and geometric forms to
take apart and reassemble,
give a chance for all the fami-
ly, young or old, to test skill,
patience, and, best of all to
stimulate ability to think and reason while
having lots of fun.

Stock No. 70,205-S.........cccceoveruenene $3.00 Postpaid

SCIENCE TREASURE CHESTS
For Boys—Girls—Adults!

Science Treasure Chest—Extra-pow-
erful magnets, polarizing filters, com-
pass, one-way-mirror film, prism, dif-
fraction grating, and lots of other
items for hundreds of thrilling experi-
ments, plus a Ten-Lens Kit for making telescopes,
microscopes, etc. Full instructions included.

Stock No. 70,342-S ..$5.00 Postpaid

Science Treasure Chest DeLuxe—Everything in Chest
above plus exciting additional items for more advanced
experiments including crystal-growing Kkit, electric motor,
molecular models set, first-surface mirrors, and lots more.

Stock No. 70,343-S........................$10.00 Postpaid
SATISFACTION GUARANTEID!

EDMUND SCIENTIFIC CO..BARRINGTON, N. J.
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FUN, PROFI'I'

LEARN HOW YOU SEE, HEAR,
TOUCH, TASTE AND SMELL

5 Scientific Twice Life Size Model Kits

Visually demonstrate the five
senses. Find out how and why
you experience sensation or
enjoy any phase of human
life. Lab models of the eye,
ear, nose, skin, tongue and
lower jaw. Eye model fea-
tures unique life movement of eye and
muscle. Ear offers full view of exterior
and interior ears—has see-through fea-
tures. Now for the first time available for
individual, student and professional use at
a reasonable price. Each kit includes full
color anatomy chart.
Stock No. 70,464-S All Five Senses..
Stock No. 70,465-S
Stock No. 70,466-S
Stock No. 70,467-S
Stock No. 70,468-S
Stock No. 70,469-S

Touch .
Smell ..
Taste

Wonderful Science School Project

Build your own Solar Furnace for
experimentation—many practical uses.

It’s easy—inexpensive. Use your scrap

wood. We furnish instruction booklet.

This sun powered furnace will gener-

ate terrific heat — 2000° to 3000°.

Fuses enamel to metal. Sets paper

aﬂdm§ lmlfls”econds Use our Fresnel Lens—14” dlameter

Stock No. 70,130-S....Fresnel Lens....$6.00 Pstpd.

50-150-300 POWER MICROSCOPE

Amazing Value—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 microscopes selling in this range.
Results are worth the difference! Fine
rack and pinion focusing.
Stock No. 70,008- S....$l4 95 Pstpd.
MOUNTED 500 POWER OBJECTIVE
Threaded for easy attachment on
above microscope. Achromatic lenses for
fine viewing. 3 mm. focal length.

Stock No. 30,197-S... cerererennenenns.$5.00 Pstpd.

“FISH” WITH A GIANT MAGNET
Bring Up Under-Water Treasures _.| L

Real fun! DProfitable, too! Simply trail
powerful 5 1b. Magnet out the stern of your
boat—retrieve outboard motors, fishing tackle,
anchors, other metal valuables. Alnico V-Type
Magnet has terrific lifting power-—2000 Gauss
rating—Ilifts over 125 lbs. on land—more under water.
Many industrial uses, too; recover tools and parts from
inaccessible spots, hold work in place, rid shop floors of

metal fragments, pins, etc.

Stock No. 70,183-S 5-lb. size............ $9.95 Pstpd.

Stock No. 70,416-S 32 Ib. size........ $7.95 Pstpd.
[WRITE g

FOR c A"’A

fREE CAT

SCIENTIFIC CO.
Barrington, N. J.

I

|

|

|

| 144 Pages! Over 1000 Bargains
| Huge selection of lenses, prisms,
|

|

|

|

war surplus optical instruments,
parts and accessories. Telescopes,
Microscopes, Binoculars, Sniper-
scopes, science experiment items,
math learning and teaching aids.
Request Catalog-S.

Name.........

| Address.
I City. . .



You are looking at the first page-width fiber optics cathode ray tube. The unretouched photo-

graph shows the extraordinary brightness and resolution of this General Dynamics/Electronics
development which results from combining an 8% x 1% inch fiber optics bundle with the
CHARACTRON® Shaped Beam Tube. Halation, light scatter, diffusion and complicated
optical systems are eliminated. Applications of the tube include high-speed line-at-a-time
printing and recording of computer data. For further information about fiber optics
or other advanced data processing devices, write General Dynamics/Electronics, Informa-

tion Technology Division, Department B-56, Post Office Box 2449, San Diego 12, California.

GAIEID

GENERAL DYNAMICS | ELECTRONICS
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MORRISON'S PATENT DOUBLE-ACTING STEAM HAMMER
THIS HAMMER WILL STRIKE A BLOW EQUAL TO 20 CWT. AND IT CAN BE EASILY
ADJUSTED TO SUCH A NICETY, THAT A WAFER CAN BE TAKEN OFF A WATCH WITHOUT BREAKING THE GLASS
AS ABOVE REPRESENTED, OR IT WILL CRACK A NUT WITHOUT INJURING THE KERNEL.
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DYNAPAK

Dissatisfaction
with the status quo is the

life-source of invention.

From this bedrock of discontent comes
the continual search for new concepts
which, when harnessed in product form,
will revolutionize the performance of

a particular task. 9 Such an eventuality
has resulted today in a dramatically
advanced means of forging metal
parts—and the machines known as
Dynapak® Metalworking Equipment.
Applying a high-energy rate forming
principle, a part can now be made

and put to immediate use with little or
no machining. 9 There are many
cases-in-point to prove the obvious
advantages of Dynapak® Metalworking
Equipment. They cover conventional

as well as exotic materials, simple and
complex shapes, hot and cold forming,.
And usually the parts have been
created by one dynamic stroke, with
substantially less die wear.

For information on this new and proven
equipment, write: Advanced Products
Department, Post Office Box 6231,

San Diego 0, California.

GIINID

GENERAL DYNAMICS



