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HOW RCA ELECTRON TUBES

Link the Voices of the World

The radio “hot line’” between Washington
and the Kremlin stands sentinel against
the risk of accidental war. High-speed
radioteletype flashes market data to a
dozen world trade centers. Through the
magic of radio facsimile, photographs
taken across the world appear in your
newspaper the very same day.

Powerful RCA electron tubes make relia-
ble world-wide communications like these
possible and practicable. These tubes
amplify electronic impulses at the radio
transmitter . . . hundreds . . . thousands
... even millions of times, to produce the

high-frequency power it takes to bridge
ocean and continent.

Via vast radiotelegraph, radiophone, fac-
simile, marine, and video networks, these
electron tubes enable man to talk to man,
business to communicate with business,
government to keep in touch with govern-
ment—from virtually any point on earth.

Linking the voices of man around the
globe is another dramatic way in which
RCA electronic components and devices
play an indispensable role—in world
commerce, in science and in international
understanding.

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics

© 1963 SCIENTIFIC AMERICAN, INC

RCA electron power tubes. .. heart of modern
radio transmitters...make it possible to send
messages round the world.




This is a -brush
Angular Position, Contactless It keeps this pen honest.

Transducer with 0.1% Accuracy.

(modern oscillography will never be the same)

This super-sensor is one of several Brush innovations that change previous notions about

today’s direct writing recording. It’s called the Metrisite and helps produce permanent Mark 200
chart records. . .so accurate, so crisp, so readable, so economical. .. you’ll never believe it

unless you see for yourself. The Metrisite continuously senses the pen position. If the input signal
is not precisely matched, instant self-correction is applied . ..and no springs attached!

Add a unique pen-linkage that converts rotary motion to a straight line that’s 0.1% accurate

(this is true rectilinear motion)...a pressurized ink system that forever eliminates spatter or smear
...and you’ll understand why the rule book of oscillography is changing. Many models

are available for many jobs. Your letterhead request will bring the complete, exciting story.
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For a complimentary color reprint of this Artzybasheff illustration, write: Avco, Dept. SA7, 750 Third Avenue, New York 17, N. Y.

Avco manipulates molecules into new and useful shapes. Today, we’'re getting a help-
ful spin-off from yesterday’s space projects. For example, the arc-jet process developed
by Avco’s Research and Advanced Development Division. It successfully simulated the
superheat encountered in reentering the earth’s atmosphere. Now, this same space-
oriented technology is being used to synthesize chemicals and petrochemicalsin the lab-
oratory. New compounds are being created that can benefit mankind. Again, Avco opens
avenues of research and development into new products and materials for everyday uses.

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS... REGARDLESS OF RACE, CREEDA vcc
COLOR, OR NATIONAL ORIGIN...WRITE AVCO TODAY. AVCO CORPORATION, 750 THIRD AVE., NEW YORK, N.Y. 10017,
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MEASURES
75,000
MILLION
MEGOHMS!

The Mid-Eastern 710V Megatrometer is
the only unit accurate enough for labora-
tory research yet simple enough for use by
production personnel. It permits excep-
tionally accurate measurements in testing
volume resistivity under various environ-
ments, and in the analysis of the effects
on insulating, semiconductor and other
materials of humidity, surface leakage,
ion migration, moisture content, nuclear
radiation, test potential variation, me-
chanical stress and temperature.

Because of its safety and simplicity of
operation, the 710V is ideal for produc-
tion testing, incoming inspection and
quality control of resistors, capacitors,
transducers, integrated circuits and en-
tire electronic assemblies.

The 710V offers the following exclusive

advantages:

® Wide measuring range— 140K to 7.5 x
1076 Ohms.

® Continuously variable test potential
from 0 to 1500 volts D.C.

® Completely self-contained, no addi-
tional equipment needed.

® Direct reading—no nulling required.

@ Built-in 10 megohm 0.2% calibration
standard.

® Excellent resolution of measurement
—8 decade resistance range.

$1995.00

Volume Resistivity Jig, Teflon Ex-
tension Cables, Faraday Cham-
ber are available as accessories

Also Certified Resistor Standards
up to 10 million Megohms, trace-
able to Nat. Bur. of Stds.

Please write for detailed specification sheets.

Instrumetrics Division
MID-EASTERN
E ELECTRONICS, INC.

THE COVER

The painting on the cover shows a monkey being tested in a laboratory at
the California Institute of Technology for sensory and motor abilities and
eye-hand co-ordination. The monkey has a “split brain”: its corpus cal-
losum, a cable connecting the two cerebral hemispheres, has been severed
(see “The Great Cerebral Commissure,” page 42). Such animals function
well in general but behave as if they had two separate brains; what is
learned by one side of the brain is not learned by the other. The test en-
closure has windows with which the monkey’s vision and its arms can be
restricted. In the situation depicted in the painting the monkey is able
to see with both eyes but it can only manipulate the levers with one hand.

32 Commerce St., Springfield, N. J.
Phone: Area Code 201-376-7130
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It’s a SAAB. And this one belongs to ski champions Egon and Penny Pitou Zimmermann.

Wity sy catiensl ot asirs cont

If there’s such a thing as a winter car,
you're looking at it.

Egon and Penny Pitou Zimmermann need a good winter car. They live in
the heart of New Hampshire ski country. Actually, their SAAB is designed
to bite through the unbelievably tough winters of Sweden. Over there,
deep drifts pile up on rutted, unpaved roads; every curve or corner is
icy and dangerous; at night, it dips down towards 40° below. Imagine
how a car like this takes an American winter in stride.

SAAB’s unusual 3-cylinder, 2-stroke powerplant* kicks over instantly.
SAAB's front-wheel drive gives sure traction on snowy roads and skiddy
corners; it pulls you through. And when you want to stop, depend on
SAAB’s new braking system (dual independent master cylinders with
hydraulic lines that diagonally connect front and rear wheels). No matter
how bad winter gets, SAAB starts fast, goes reliably, and stops safely.
Not all cars do.

Also, SAAB standard cold-weather equipment keeps you comfortable. A
unique grill shade shuts icy blasts out of the engine compartment for
faster warmup. A superefficient heater and defroster system warms
you and lets you see out all the windows all the time. No matter how
bad winter gets outside, SAAB stays comfortable inside. It's very cozy.
Test-drive a real winter car at your SAAB dealer. Only $1,895, P.O.E.

*Engine, transmission and differential warranted for 2 years or 24,000 miles.
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SWEDEN’S WINTER WONDER-CAR

LARGE,
SUPEREFFICIENT
HEATER #

NEW EXTRA-SAFE
MAGONAL BRAYING SYSTEM

Py
QUICK-STARTING
2-5TROKE ENGINE

AOAD-HUGGING
FRONT WHEEL DRIVE

Shopping imports? Write for full descriptive litera-
ture on SAAB. SAAB Overseas, Inc., Department
101, 405 Park Ave., New York, N.Y.

, M B STURDY o STYLISH ® SWEDISH
New York « New Haven o Denver o Jacksonville



At Northrop Nortronics we’ve learned that to think big is to
build small. As aerospace technology probes farther out, the
demand is for ever-greater capability compressed into ever-
decreasing space.

Our NDC-1000 computer, now in the final stages of develop-
ment, illustrates the point. It occupies less than 1 cubic foot,
weighs a mere 55 pounds. Yet packed inside is the equivalent
of nearly one million components.

It’s a versatile little box. It is designed as an off-shelf item
which can be integrated into almost any aerospace system.

Feed it information (linear and non-linear) from any num-
ber of subsystems. The NDC-1000 will digest it, then trans-
mit orders to activate and direct other subsystems.

It will perform in almost any aerospace system environ-
ment: in the atmosphere or outer space, in extremes of
temperature and pressure, in a weightless vacuum or under
the stresses of acceleration and vibration.

Systems are our business. And computers are the brains of
systems. We design and produce computers to meet specific
problems of system integration.
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This aerospace computer measures 10.18x10.5x13.8 inches.
\ general purpose computer with the same capabilities would fill this entire room.

That is our forte, and has been since 1947. That year we
rere handed a problem in all-weather navigation, then a new
nd uncharted field. To solve it, we invented the digital differ-
ntial analyzer and then combined that with a magnetic-drum
1emory for a genuine breakthrough.

For the SM-62 missile guidance system, we designed the
irst solid-state airborne digital computer. A dramatic
chievement in missilery, this system had to operate continu-
usly for as long as 11 hours, with no control or correction
rom the ground.

To integrate still another system, GAM-87, we came up
with a solid-state unit, 2 cubic feet in size, which was 5 com-
puters in one: two general purpose computers, two digital
differential analyzers, and a star tracker computer. It inter-
faced, reliably, with 11 other subsystems.

This is the kind of imaginative thinking and inventiveness
you can call on when you put a systems integration problem
up to Northrop Nortronics.

NORTHROP NORTRONICS
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with the aid of 3 Tektronix Oscilloscope
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Photo courtesy of TRW Space Technology Laboratories, Redondo Beach, California.

At TRW Space Technology Laboratories—in pre-flight tests under simulated
space conditions—an engineer uses a Tektronix Type 585A Oscilloscope and
dual-trace plug-in unit to check performance of the new spacecraft receiver
for NASA's Orbiting Geophysical Observatory (OGO).

Testing under conditions similar to those encountered in flight, the engineer
monitors equipment performance simply and reliably, keeps an accurate log
of performance characteristics, and thus can effectively evaluate operational
features of the OGO spacecraft receiver.

here’s why:

Il Wide-band characteristics of the Type 585A/82 combination —from dc-to-80
Mc at 10 mv/cm — permit accurate waveform displays of true amplitude vs. time
relationships.

Il Dual-trace capability lends itself to precise phase comparisons between
stages in receiver/transmitter assemblies.

Il Flexible triggering system —with internal and external triggering to beyond
150 Mc—permits even the high-frequency carrier wave to be locked in and
observed.

Il And the high-frequency sync mode provides a stable presentation of signals
from 5 Mc to 250 Mc, with only a fraction of a cm of displayed amplitude.

_______ illustrated . . . . Type 585A Oscilloscope . . . . . . $1725
I canvour | Type 82 Dual-Trace Unit. . . . . . ... 650
| Tektronix Fietd | also available . . Type RM585A Oscilloscope ... . $1825

Engineerfora | Type 86 Single-Trace Unit . . . . . . . . 350
| demonstration | | s saieq prices Type 81 Plug -In Adapter. N
=TT TTTTTTT tfob.

Beaverton, Oregon (allows insertion of Tektronix letter-series plug-ins)

Tektronix, Inc.

P.0.BOX 500 «- BEAVERTON, OREGON 97005 - Phone: (Area Code 503) Mitchell 4-0161 - Telex: 036-691
TWX:503-291-6805 - Cable: TEKTRONIX - OVERSEAS DISTRIBUTORS IN 25 COUNTRIES
TEKTRONIX FIELD OFFICES in principal cities in United Stales. Consult Telephone Directory
Tektronix Australia Pty. Limited, Sydney, N.S.W. « Tektronix Canada Ltd., Montreal; Toronto
Tektronix International A.G., Zug, Switzerland « Tektronix Limited, Guernsey, Channel Islands
Tektronix U. K. Ltd., London, England
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LETTERS

I found Edward J. Sachar’s article
“Behavioral Science and Criminal Law”
[ScienTiFiIc  AMmERICAN, November,
1963] most intriguing. Surely Sachar has
put the differences between the law-
yers and the behaviorists most clearly and
succinctly—the former have traditionally
been interested in upholding morality
chiefly through the use of punishment
as a “deterrent”; the latter have argued
that any technique that induces a felon
to change his behavior is to be preferred
to punishment (which chiefly makes the
moralists feel revenged but doesn’t alter
the felon’s way of life very much). ...

It is odd, however, that Sachar fails
to present what are surely the most en-
couraging types of technique for the con-
trol of human behavior, leaning instead
far too heavily on the chiefly untested
and rather pedestrian psychiatric tech-
niques. Surely there is precious little
experimental evidence (of the sort to
pleasure hardheaded scientists) that
“talkative” psychotherapy, be it group or
individual in nature, is a very effective
way of changing human behavior. . ..
The behavioral scientist has in his reper-
tory many much more efficacious meth-
ods of shaping behavior than psycho-
therapy—why should we not be honest
and say so? Perhaps the lawyer, stanch

- ]
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defender of the traditional that he is, is
wise in not shedding punishment as his
chief weapon when he’s offered only con-
ventional psychotherapy as a substitute.
Perhaps when scientists of a nonpsy-
chiatric bent, such as D. O. Hebb and
B. F. Skinner, are encouraged to bring
their critical intelligence to this problem,
a more suitable and powerful arsenal of
téchniques for changing felons can be
given to the lawyer.

JamEes V. McCoNNELL

University of Michigan
Ann Arbor, Mich.

Sirs:

I appreciate Dr. McConnell’s interest
in my article, but his comments suggest
that I should clarify some points that
perhaps were not sufficiently stressed.

I made a distinction between punish-
ment as an expression of moral wrath
and punishments (or penalties) meted
out for the practical purpose of shaping
behavior. Contrary to Dr. McConnell’s
implication, in regard to this latter aim
the psychiatrist has no objection to a
penalty system, although the psychiatrist
believes that such a system alone is in-
adequate to purposes of effective be-
havior change. As I stated in my article,
a firm disciplinary system is considered
essential for any “therapeutic” prison.
Only when antisocial behavior is firmly
controlled can the emotional tensions
that prompt such behavior become ac-
cessible to psychotherapy.

Dr. McConnell doubts the effective-
ness of psychotherapy in general and, in
particular, its usefulness for the relative-
ly nonverbal prison population. Certain-
ly a major goal of psychotherapy with
such prisoners would be to teach them
to put feelings into words rather than
actions. Furthermore, as is the accepted
practice with sicker patients, psycho-
therapy would focus more on developing
a trusting doctor-patient relation than on
achieving insight in the classical sense.

Although he does not specify them,
Dr. McConnell believes that there are
other techniques of behavioral science
that might be more usefully adapted for
treating prisoners. If the methods he has
in mind are compatible with the rights
and integrity of the individual, I hope
Dr. McConnell will join me in encourag-
ing comparative research in this area.

Epwarp J. SacHar, M.D.

Massachusetts Mental Health Center
Boston, Mass.

This is the

Developed from the basic design of the well-known Wild M 20 Research
Microscope, the M 21 incorporates important features which contribute
to increased precision, versatility and ease of use. Stand: Accommodates
every useful accessory for research, including Wild phase contrast and
photo attachments. Optics: Analyzer is above tube support, eliminating
depolarizing effect of inclined tubes. Bertrand lenses-in monoculars for
conoscopic observation. Polarizing filters have excellent extinction prop-
erties. Light Source: llluminator *'S", 6V/20W is built in, centerable and
powerful. Facilitates Koehler illumination. Stage: Pre-centered, rotatable,
and graduated 360° with vernier reading to 0.1°.

Features a dustproof guiding slot for quartz wedges and compensators.
An optional synchronizing bracket couples polarizer and analyzer.
Write for booklet M 21.

*The first name in Surveying Instrumeifits,
Photogrammetric Equipment and Microscopes.

© 1963 SCIENTIFIC AMERICAN, INC



10.

11.

CAN YOU

PASS THIS |
AIR TRAVEL

QUIZ?

(ANSWERS AT LOWER RIGHT) )

Which airline has the world’s largest jet fleet?

UNITED [_] TwA [] AMERICAN ]

Which airline serves the most U.S. cities by jet?
uniTED [] Twa [] AMERICAN []

Which airline operates the only commercial jet ever to fly faster than
the speed of sound...the DC-8? UNITED [_| TWA [ ] AMERICAN []

Which airline offers flights with a single class of service that com-
bines a first class feeling with a close-to-coach price?

UNITED [_] TWA [_] AMERICAN [_]
Which airline flies the quietest jet in the world, the Caravelle?

UNITED [_] TWA [_] AMERICAN [_]
Which airline was the first to take delivery of the tri-jet Boeing 727,
the newest airliner in the world? UNITED [_] TWA [_] AMERICAN [ ]
Which airline operates the most complete variety of jets?

UNITED [_] TWA [_] AMERICAN [ ]
Which airline flies the jet that holds the long-distance record for
nonstop flight, the DC-8? UNITED [_] TWA [_] AMERICAN []
Which airline offers the most jet service throughout the nation?

UNITED [_] TWA [_] AMERICAN [_]
Which airline serves the most U.S. vacation areas, including Hawaii?

UNITED [_| TWA [_| AMERICAN [ |
Which airline is chosen by more people than any other airline in the
world? UNITED [_] TWA [_] AMERICAN []

gAnswer to questions 1 through 11: United Air Lines.}
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on target with tomorrow’s ASW power. Target: To win industry-wide U.S. Navy competition for the
design and development of a regenerative turboprop engine. Award won, contract signed. Major reasons:
Highly successful experience with T56 turboprop engines that has brought Allison world leadership in
this technology; plus ten years’ component development on the regenerative cycle using both fixed and
rotary types of regenerators. A significant advance in the state of the art, the T78 greatly extends capa-
bility and long-time usefulness of turboprops in present and future ASW, AEW and transport planes.

Allison

THE ENERGY CONVERSION DIVISION OF
GENERAL MOTORS, INDIANAPOLIS, IND.
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HOW KEYS
TO OUTER SPACE SECRETS
WERE FOUND ON EARTH

When Eimac built its first vacuum power tube many years ago, we
had no idea we were starting on a path that would lead us one day to
outer space secrets. But we were. B A surprising number of materials
that are now coming into prominence in aerospace hardware are well
known at Eimac. For more than ten years we have kept a metallurgy
laboratory busy dealing with the behavior of metals like titanium,
tungsten, rhenium, columbium, and zirconium, in a vacuum and at
extreme temperatures. Eimac was the first to exploit the desirable
electrical and physical properties of ceramics for electron power tubes,
and remains today their largest manufacturer.! At Eimac, the once
black art of uniting metals and ceramics has become a science. This
experience makes it possible for Eimac to design aerospace structures
that will retain their strength in such highly corrosive environments
as liquid potassium, caesium, and even lithium. ® Among Eimac’s
notable accomplishments in the aerospace field are the development of
hermetically sealed ceramic-metal plugs which give ready plug-in
access to thermocouples to read temperature inside klystrons (or
rockets)...nuclear batteries...bore seals to isolate reactive elements
in nuclear generators...sapphire-to-metal bonding of rf and optical
windows. These are but a few of Eimac’s new contributions to aero-
space technology which have resulted from years of capability in
vacuum tube manufacturing. B We recently successfully designed
rugged new electro-explosive devices? for rocket use. And we did it
in less than four months. Reaction this quickly was possible only
because we had the basic technology already at hand. Pin-to-ceramic
and ceramic-to-body bonds are brazes of vacuum tube quality proved
reliable in more than ten years’ manufacturing history. These Eimac
exploding bridge wire devices are now being flown on the new Polaris
A-3 developed by Lockheed Missile and Space Company, Sunnyvale,
California, for the U.S. Navy. B In short, through long experience
designing and building electron power tubes, Eimac has created keys
to new aerospace technologies, because we had to find out many
answers that weren’t generally available. We’re taking these tech-
nologies out of our pockets to help unlock more of the mysteries of
outer space, helping to open the way to new aerospace developments.

1. We have a booklet crammed with strong facts about our ceramic-metal capabil-
ities. It’s yours for the asking.

2. They’re detonators and squibs. Want details? We’'ll be happy to send you more
information.

EITEL-MCSCULLOUGH, INC.

SAN CARLOS, CALIFORNIA
Subsidiaries: National Electronics, Inc., Geneva, Illinois
Eitel-McCullough, S. A., Geneva, Switzerland
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20 AND 100
YEARS AGO

SIciENTIFIC] AIMERICAN

JANUARY, 1914: “The opening of
the year 1914 finds the United States in
the humiliating position of a third-rate
naval power—third-rate in so far as the
strength of its first fighting line is con-
cerned. This is because of two things.
First, the revolution in naval rating
which has been brought about by the
advent of the ‘dreadnought,” and second,
the disposition of congressmen to play
politics with naval policies and cut down
national in favor of local appropriations.
There is one first-rate power—Great Brit-
tain, with 42 dreadnoughts built and
building; there is one second-rate power
—Germany, with 26 such ships built and
building; there are three third-rate pow-
ers—the United States, France and
Japan, respectively with 12, 11 and 10
dreadnoughts built and building. Alto-
gether, the year 1913 must be considered
as finding the naval-diplomatic situation
as regards this country in a critical con-
dition, with its navy sunk to the third-
rate rank at a time when the Administra-
tion is adopting a policy with regard to
neighboring states which for audacity
and grave portent has never been
equaled in the history of the country.”

“By far the most important astronomi-
cal announcement of the year came from
Prof. George E. Hale, director of the
Mount Wilson Solar Observatory. It will
be remembered that some years ago
Prof. Hale discovered the Zeeman effect
in sunspots, thereby conclusively prov-
ing that sunspots must rotate and estab-
lishing a field of magnetic influence on
the sun. Even more important was the
later discovery to which we refer, which
is nothing more or less than the fact that
the entire sun may be regarded as a
rapidly rotating magnet.”

“The most powerful electromagnet in
the world was recently installed in the
laboratory of Prof. Jean Becquerel, in the
Paris Museum of Natural History. This
electromagnet, which was constructed
by Prof. Pierre Weiss of the Zurich
Polytechnicum, is capable of producing
a magnetic field of 50,000 gauss at least.



Report from

BELL
LABORATORIES

New armorless deep-sea cable (upper

TUCKERTON
NEW JERSEV

CORNWALL
ENGLAND

f—————as0OMLES ———— -1

NAUTICAL MILES

New approaches to cable laying—taking into account the
dynamic characteristics of the cable, the motion of the

right) is of simpler construction, and
has lower transmission losses than pre-
vious cables of the same overall diameter
(lower left). Unlike armored cable, it
twists very little during laying.

New type of deep-sea amplifier amplifies signals 100,000
times. A 3500-mile route requires 180 such amplifiers,
including more than 36,000 electronic components. Each
component is designed for stability and reliability

far in excess of the requirements for land systems.

ship, and the contours of the ocean bottom—make it
possible to use a minimum length of cable to follow
the mountains and valleys of the ocean floor. Care is
taken to avoid mechanical strains and deformations
that might cause changes in transmission performance.

o FEL - TT i

New type of shipboard cable engine holds both small-
diameter cable and large-diameter amplifiers between flex-
ible tracks. The engine pays out cable and amplifiers smoothly

at a constant rate, permitting close implementation of the
engineering approaches discussed above.

To energize the amplifiers, a new highly
reliable 6000-volt d.c. shore-based power
supply was developed. It sends precisely
regulated current along the same coaxial
conductors that carry the communication
channels, despite varying earth potentials
between the continents or islands on which
the terminals are located.

New high-vacuum tube so designed that its
characteristics will not change significantly over
a twenty-year life-span. Essential to this long-
life performance is a new cathode material con-
sisting of nickel with two percent tungsten and
two hundredths of one percent magnesium.

Latest ocean cable system made possible by new developments

These new developments, along with others, and
the scientific advances behind them, made pos-
sible our most recent telephone cable system across
the Atlantic Ocean. In service beginning October 14,
1963, it transmits 128 simultaneous two-way tele-
phone conversations. In 1964, a cable of this kind

will be laid between Hawaii and Japan, providing
an extension across the Pacific Ocean of the tele-
phone cable system now in service to Hawaii.

BELL TELEPHONE LABORATORIES

World centerof communications research and development
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Engineers
and
statisticians

This calculator squares numbers and
extracts square roots automatically

And it’s the only desk calculator in
the world that does: the Friden
SRQ Calculator.

To square a number, simply enter
it on the keyboard, and touch one
key. The answer appears in the
upper dials.

To extract a square root, simply
enter the number on the keyboard,
and touch one key. Your answer
then appears in the lower dials.

These exclusive features, plus
Friden fully automatic division
and touch-one-key multiplication,
free you for important tasks. The

Friden fully automatic Calculator
performs more figurework steps
automatically than any other desk
calculator you can buy.

No engineer or statistician should
be without a Friden SRQ.

For a 10-minute, no-obligation
demonstration, call your local
Friden man. Or write: Friden,
Inc., San Leandro, California.

ITiden

Sales, Service and Instruction Throughout the World
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| The first experiments that Prof. Bec-

querel purposes making with this power-

ful apparatus will have for their object

the elucidation of some obscure points

in the theory of the Zeeman effect. ‘It is
| well known,” Prof. Becquerel said, ‘that
‘ there is something yet unknown in this

phenomenon, something that is at the
limit of visibility with our present instru-
ments. With the aid of my new electro-
magnet and its few thousand additional
gauss, I hope that I shall be able to
make visible this phenomenon, which ex-
plains the intimate structure of matter.
Molecular and atomic life will reveal,
perhaps, part of its secret. When these
experiments have been completed, I
shall continue the study of the effects
of magnetic force on matter in rapid
conditions of temperature and pressure.” ”

“The decision which has been handed
down by the Circuit Court of Appeals in
the infringement suit brought by the
Wright Company settles once and for all,
in this country at least, the question:
Who invented the flying machine? To be
sure, there was never any doubt in the
popular mind. Practical achievement
counts for so much and paper discussion
for so little that the inventor who rises
above the mere theoretical presentation
of his ideas is inevitably glorified. The
decision of the Circuit Court of Appeals
stamps the popular verdict with ap-
proval and recognizes Orville and Wil-
bur Wright as the inventors of the man-
carrying, motor-driven aeroplane.”

“The present transatlantic record is
four days 10 hours from the coast of
Ireland to the entrance to Ambrose
Channel, New York. It was made by the
Mauretania. The Lusitania on her last
westward passage, in spite of strong
winds and head seas for the whole voy-
age, crossed in four days 18 hours five
minutes. This performance gives promise
of the Lusitania’s surpassing the record
of her sister ship under favorable weather
conditions, for during the above-men-
tioned trip, for a period of eight hours,
she made 197 revolutions and averaged
| 27 knots. It is likely that during the
present year the record average speed
across the Atlantic of 26.01 knots will be
| considerably exceeded.”

JANUARY, 1864: “The production of
steel from pig iron by what is called the
| ‘Bessemer process’ is rapidly extending



THERE ARE FEW LANGUAGES
in which Allis-Chalmers products are
not known today. By helping nations of
the free world to achieve better stand-
ards of living through increased produc-

tivity ALLIS-CHALMERS does its

share to help you share in a better future.

* As they say in Hindi “We will be happy to work with you in any language”
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IF PHENOLICS CAN DO IT PLENCO CAN PROVIDE IT—AND DOES—FOR MICHIGAN MAGNETICS

when

i
put
their
heads
‘together
g they

- use
PLENCO

These are tape recorder heads. Their intricate molded
parts are made of our #308 G.P. Black, a phenolic com-
pound with exceptionally high heat-resistant properties
for a general-purpose material.

The Plenco 308 is molded in tooling which demands,
and receives, extremely high accuracy and stability. Pole
piecesand coils are inserted into the molded halves. These
are lapped and clamped together, forming the finished
7H17 record/play head you see here (left, with external
shield) and the quarter-track stereo erase head.

Michigan Magnetics, Inc., Vermontville, Mich., has
manufactured and sold well over 5,000,000 of these highly
efficient, hi-fidelity, multi-track heads. Like this fine com-
pany, a whole roster of other firms look to help from
Plenco materials and Plenco experience.

Call us at any time and let’s “put our heads together”
about your molding problem.

in Europe. This metal is employed for
making tires for locomotive wheels and
is coming into general use for rails. After
careful experiments with iron and steel
rails, it has been found that the latter
are about five times more durable than
the former, and several great railway
companies in England have adopted
them exclusively. Such rails will effect
a great saving in the cost of maintaining
railways, and we can expect to see them
come into extensive use in America. One
establishment in Troy, N.Y., is engaged
in the manufacture of this metal for such
purposes.”

“The following extracts are from the
Lancet (London) and the British and
Foreign Medical and Chirurgical Review:
‘Dr. Mackenzie, in his great work on
ophthalmology, expresses his belief that
tobacco is a frequent cause of amaurosis
and adds that “one of the best proofs of
tobacco being the cause of amaurosis is
in the great improvement in vision—
sometimes complete restoration—which
ensues on giving up the use of this
poison.” M. Sichel observes that among
cerebral amaurosis there are two forms
but little known. One of these, observed
in drinkers, he himself described as
symptomatic of delirium tremens several
years ago. The other, due to the use of
tobacco and first indicated by Macken-
zie, he once doubted the existence of.
Subsequent experience has, however,
convinced him of its reality; so much so
that he is now of opinion that there
are few persons who have smoked dur-
ing a long period more than five
drachms of tobacco per diem without
having their vision and frequently their
memory enfeebled. M. Mercier, in cor-
roboration of the unsuspected effects of
tobacco in generating disease, related a
case in which a cough, which had per-
sisted for a year, and purpura, which had
lasted for seven months, soon yielded
after the cessation of smoking, which
had been excessive.”

“The steamship Great Eastern has
changed owners and is advertised to sail
from Liverpool on January 14, 1864. The
career of this vessel heretofore has been
| one of financial misfortune. Perhaps a
change of owners may lead to superior
management and success. As a work of
engineering skill the Great Eastern has
been a success. She was bufteted by a

I L E N C o terrific tempest for a long time, without

PHENOLIC MOLDING COMPOUNDS a rudder; she struck upon a sunken rock

PLASTICS ENGINEERING COMPANY, SHEBOYGAN, WISCONSIN | at Montauk Point and had 36 feet of her

Providing a wide range of ready-made or custom-formulated thermoset molding plates ripped off, and yet no symptoms
compounds, as well as industrial and coating resins . .. through Plenco research. of weakness were exhibited in any part

of her hull.”
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The magic lamp that tastes the difference

It’s a rare connoisseur who
candistinguish betweentwo
vintage years of a fine wine.
But when metals cause a
difference in taste, Perkin-
Elmer has a lamp that can’t
be fooled. Not about vin-
tage wines or blood samples
or the minute amount of iron

worn from the engine sur-
face of a diesel and carried
in the lubricating oil. Not
abouta whole host of critical
trace metals analyses. And
it performs them in minutes
instead of hours or days.
The “magic lamp” is an
atomic absorption spectro-

photometer that projects a
beam of light from a cath-
ode of the same metal being
sought in the analysis. The
ground-state atoms of this
metal in the sample absorb
measurable amounts of pho-
tons from the light source.
This spectrophotometer,

based on a new instrumen-
tation method, is an example
of Perkin-Elmer’s dedica-
tion to the development of
instruments and techniques
of precise measurement for
industry, for science and for
defense. The Perkin-Elmer
Corp., Norwalk, Conn.

PERKIN-ELMER
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BEFORE HYCAR 4021,
NO RUBBER
COULD PASS THIS TEST

When oil temperatures pass the 300°F
mark, exposed rubber parts get hard and
useless within a few hours, with one ex-
ception—those parts molded of Hycar
polyacrylic rubber.

The seal shown above in oil at 400°F
is made of Hycar 4021. This remarkable
polymer stays flexible, does its job in hot
oils, including sulfur-bearing extreme-
pressure lubricants, in oil-field service,
and anywhere that heat, oil, sulfur, and

oxygen make ordinary rubber impractical. |

If this sounds like your problem, find '

out about Hycar 4021 rubber. Write to
B.F.Goodrich Chemical Company, Depart-
ment EA-1, 3135 Euclid Ave., Cleveland,

Ohio 44115. In Canada: =
Kitchener, Ontario. ”yga"
Rubber and Latez

B.F.Goodrich Chemical

a division of The B.F.Goodrich Company
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A. J. HAAGEN-SMIT (“The Control
of Air Pollution”) is professor of bio-
organic chemistry at the California In-
stitute of Technology. He was born in
the Netherlands in 1900 and obtained an
A.B. and a Ph.D. from the University of
Utrecht in 1922 and 1929 respectively.
After seven years of teaching organic
chemistry at Utrecht he joined the
faculty of Harvard University in 1936;
the following year he went to Cal Tech.
In 1950 he received the Fritzsche
Award of the American Chemical So-
ciety for his work on essential oils and in
1958 he won the Chambers Award of
the Air Pollution Control Association. He
is a consultant to the Los Angeles Air
Pollution District, California’s State Mo-
tor Vehicle Pollution Control Board and
various other state and county agencies
dealing with atmospheric sanitation.

BART J. BOK (“The Large Cloud of
Magellan™) is director of the Mount
Stromlo Observatory in Australia and
professor of astronomy at the Australian
National University. A native of the
Netherlands, Bok was educated at the
universities of Leiden and Groningen.
He came to Harvard University in 1929
as a fellow in astronomy and joined the
faculty in 1933. He was in charge of
installing the Baker-Schmidt telescope
at Harvard’s Boyden Station in South
Africa, where he studied the southern
skies during 1950 and 1951. When he
left the Harvard facvlty in 1957 to go
to Australia, Bok was Robert Wheeler
Willson Professor of Astronomy. During
the past few years he has been active
in trying to bring a 150-inch reflecting
telescope to Australia in order to obtain
a better view of the Clouds of Magellan
and of other celestial objects visible only
from the Southern Hemisphere.

R. W. SPERRY (“The Great Cerebral
Commissure”) is Hixon Professor of
Psychobiology at the California Insti-
tute of Technology. Sperry received an
A.B. and an M.A. in psychology from
Oberlin College in 1935 and 1937 re-
spectively and a Ph.D. in zoology from
the University of Chicago in 1941. He
did research at Harvard University and
at the Yerkes Laboratories of Primate
Biology before joining the Chicago fac-
ulty in 1946. From 1952 to 1954 he was
chief of developmental neurology for,
the National Institutes of Health. He has
been at Cal Tech since 1954. Sperry’s |
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STICKY PROBLEMS
DRIVING COSTS UP,
EFFICIENCY DOWN?

hoto
courtesy
of

Conolite,
Inc.

Highly adhesive materials improperly con-
tained or separated can cause serious pro-
duction stoppages. Eliminate such produc-
tion headaches with KVP Sutherland Re-
leasing Papers. Their superior releasing
qualities are attested by their use in a
broad range of applications by numerous
companies.

Photo courtesy of Conolite, Inc.
Won't stick under heat

Inoneof manyroles,a KVPSutherland
Releasing Paper carries a highly ad-
hesive plastic laminate through a
280° curing process. Even then the
paper strips clean, leaving the lami-
nate fiber free.

Photo courtesy of The Rubber Corporation of California

Strength under pressure

Another KVP Sutherland Releasing
Paper keeps multiple layers of sticky,
uncured rubber separated when die
cut. Despite the high pressure, the
paper doesn't stick or fracture.

Tailored to your need

There is most likely an existing KVP
Sutherland Paper to fit your needs.
If not, we'll develop one that will. May
we solve your sticky problem?

the poper prople, @ |
KVP SUTHERLAND

PAPER COMPANY, Kalamazoo, Mich.




work has covered various aspects of the
central nervous system, including the
mechanisms involved in perception,
learning and memory.

DAVID E. GREEN (“The Mitochon-
drion”) is professor of enzyme chemis-
try and codirector of the Institute for
Enzyme Research at the University of
Wisconsin. A graduate of New York
University, Green acquired a Ph.D. in
biochemistry from the University of
Cambridge in 1934. He did research at
Cambridge from 1934 until 1940, when
he returned to this country to continue
his work at the Harvard Medical School.
In 1941 he joined the staff of the College
of Physicians and Surgeons of Columbia
University, where he later became head
of the enzyme laboratory. He joined the
Wisconsin faculty in 1948.

GEORGES H. WERNER, BACHI-
SIO LATTE and ANDREA CONTINI
(“Trachoma”) work in France and Italy
on different aspects of the blinding eye
disease. They met during the summer of
1962 in Sardinia, one of the last areas of
western Europe where trachoma is still
prevalent, and decided to combine their
knowledge to write the present article.

Werner is head of the Virus Research |

Division of the Rhone-Poulenc Chemical
Company near Paris. A native of France,
he received a Ph.D. in biology from the
University of Geneva and a diploma in
bacteriology from the Pasteur Institute
in 1949. He did research for a year at the
Public Health Research Institute in New
York before joining the faculty of the
New York Downstate Medical Center
in 1951. He taught microbiology at the

University of Pennsylvania School of |

Medicine and did research at the Wistar
Institute of Anatomy and Biology in
Philadelphia from 1954 until 1958, when
he took up his present post. His work
on chemotherapeutic agents for the mass
treatment of trachoma and on the patho-
genic and immunizing properties of the
trachoma virus brought him to the is-
land of Sardinia, where Latte and Con-
tini do their work. Latte is an expert
on the clinical and epidemiological as-
pects of trachoma and has done much
research on these problems. Contini,
who succeeded in isolating the trachoma
virus from Sardinian patients a short
time after Chinese and British investiga-
tors announced their success in this ef-
fort, is continuing his work on the virus.

A. G. MASSEY (“Boron”) is lecturer
in inorganic chemistry at Queen Mary
College of the University of London.
Massey was born in Wigan, Lancashire,

can read this...

you’re zooming through a whole range of
continuously variable magnifications.

. And with 7 kinds of illumination available, you have exactly the
rlght magnification with exactly the right light. Only DynaZoom
Microscopes bring you a whole new dimension in micro-vision. Only
DynaZoom can show specimens at all magnifications from 17.5X
to 1940 X . . . with the unequalled resolution of the new 1.30 N.A.
objective . .. and 10 to 20 times brighter light than ever before. Prove
it by a demonstration, using your own hardest-to-see slides, right
in your own laboratory. Ask your instrument dealer or write to
Bausch & Lomb Incorporated, 75801 Bausch Street, Rochester 2, N. Y.

First major advancement in microscopy in 60 years. .. WZW
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“How do FLUKE differential voltmeters
measure so accurately?”

“Left me demonstrate,

-
\

)

4w
e

“Take the Model 823A. It’s accu-
rate to 0.01% DC, 0.1% AC. Like all
Fluke voltmeters, it employs the
basic principle of balancing the un-
known input voltage against an ex-
actly known internal reference.”

““You mean it's like the beam balance to measure
weight?”’

“Yes. You connect the voltage to be
measured to the input binding posts.
That puts the unknown quantity on
one side. Then you dial up, on a
five-decade divider, accurately
known amounts of voltage to bal-
ance the other side. When the volt-
ages on each side are equal, the
meter shows zero deflection.”

“‘Can the instrument also operate as a conventional
vacuum tube voltmeter?”’

“Yes. In fact, you use the “VITVM’
position of the null switch to first
find the unknown voltage within
+3% . This rough reading is used
for the initial setting of the voltage
dial.”

“How do you arrive at the exact measurement?’”’

“You enter the ‘differential’ mode
of operation by switching through
the 10, 1, 0.1, 0.01 and 0.001 volt
null ranges. In each successive null
position you adjust the meter needle

step by step...”

to zero. Null voltage ranges are full
scale left or right meter deflections,
depending upon whether the un-
known is above or below the dial
reference.”

“‘How do you read the final voltage measurement?”’

“Directly from the five in-line digits,
which change as you switch the volt-
age divider decades. The decimal
point is placed and lighted auto-
matically.”

““What happens if the voltage being measured
changes?”’

“With the null switch in the 0.001
volt position, a change of as little as
1/2000 of a volt will deflect the
needle by one-half of full scale. Fluc-
tuations of input voltage are im-
mediately apparent.”

““What’s the significance of infinite DC input im-
pedance?”’

“It’s a unique advantage of differen-
tial measurement. When the meter
needle rests on zero, there is abso-
lutely no loading of the voltage be-
ing measured. Therefore no compu-
tations are necessary for source load-
ing error over the entire 0-500 volt
range of the instrument.”

Seven models of Fluke differential voltmeters let you choose the degree of accuracy
you need for standards lab, research or test applications. Send for Catalog Digest.

John Fluke Mfg. Co., Inc., Dept. 164,
P. O. Box 7428, Seattle, Wash. 98133

* NEW FLUKE MODEL 313A
: VOLTAGE CALIBRATOR
L]

L]

L]

L ]

L]

L]

L]

. ALL SOLID STATE

L] ® & & 0 o o ¢ o o
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Provides up to two amps from 0 to 50
volts with a calibration accuracy of 0.01%
of six digit in-line readout. Resolution is
10 uv (5V range) and 100 uv (50V range).
Stability is 0.002% per hour and 0.005%
per month. Line and load regulation are
0.0005% with less than 50 uv rms ripple.
Remote programming, remote sensing,
continuously adjustable current limiting.
Price, f.o.b. factory, $1,295.
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in 1935 and was graduated with honors
in chemistry from the University of Liv-
erpool in 1957. He obtained a Ph.D.
from Liverpool in 1959 for his work on
the boron subchlorides. He taught for
the next three years at Liverpool and at
the University of Cambridge before tak-
ing up his present post in 1962.

EUGENE S. FERGUSON (“The
Origins of the Steam Engine”) is profes-
sor of mechanical engineering at the
Iowa State University of Science and
Technology, where he also teaches
courses in the history of technology. Fer-
guson received a B.S. in mechanical en-
gineering from the Carnegie Institute of
Technology in 1937 and an M.S. from
Iowa State in 1955. He joined the Iowa
State faculty in 1946. In 1958 he became
curator of the Division of Mechanical
and Civil Engineering in the Smithsonian
Institution’s new Museum of History and
Technology. He returned to Iowa State
in 1961 to introduce undergraduate
courses in the history of technology.
About this subject he writes: “Believ-
ing with Eric Ashby that ‘the path to

| culture should be through a man’s spe-

cialism, not by bypassing it I have
assumed the challenge of showing stu-
dents the relevance of their engineer-
ing heritage and of the interactions of
technology and the culture in which it
develops.”

W. P. DYKE (“Advances in Field
Emission”) is president of the Field
Emission Corporation in McMinnville,
Ore. A graduate of Linfield College in
McMinnville, Dyke acquired a Ph.D. in
physics from the University of Washing-
ton in 1946. During World War II he did
research on air-borne radar at the Radi-
ation Laboratory of the Massachusetts
Institute of Technology; following the
war he was awarded the Presidential
Certificate of Merit for this work. He re-
turned to Linfield College in 1946 as
professor of physics and director of re-
search. In 1955 he founded and became
director of the Linfield Research Cor-
poration Institute, a nonprofit, corporate
subsidiary of Linfield College engaged
mostly in research on field emission de-
vices. He founded the Field Emission
Corporation in 1958.

LEON H. KEYSERLING, who in this
issue reviews Gunnar Myrdal’s Chal-
lenge to Affluence, is a consulting econ-
omist and lawyer who has written ex-
tensively on employment, taxation and
economic growth. From 1950 to 1953
he was chairman of the President’s Coun-
cil of Economic Advisers.



no amount of testing can ever take the place of this proof of superiority—

not one catastrophic failure in over ten billion
Allen-Bradiley Hot Molded Resistors now in service

—_————
TYPE TR 1/10 WATT MIL TYPE RC 06

TYPE CB 1/4 WATT MIL TyPE RC 07

TYPE EB 1/2 WATT __..

MIL TyPE RC 20

TYPE GB 1 WATT 'l MIL TyPE RC 32
TYyPE HB 2 WaTTS -' MIL TYPE RC 42

ALLEN-BRADLEY HOT MOLDED FIXED RESISTORS are avail-
able in all standard EIA and MIL-R-11 resistance
values and tolerances.

B What more positive proof of complete reliability can there be —
certainly no ‘‘testing program” could produce an equivalent
answer. Similarly, many years of large volume production has
demonstrated to our customers the “uniformity’’ of Allen-Bradley
hot molded resistors —not only from order to order but from one
year to the next. This uniformity has been the same for at least 25
years! Such remarkable performance —exclusive with Allen-Bradley
composition resistors—is the result of the unique hot molding
process — perfected and used only by Allen-Bradley. It produces
such uniformity in resistors that their long term performance
can be accurately predicted. A convenient conscience may per-
mit spouting claims—but the actual quality of performance of
Allen-Bradley composition resistors is supported by the billions of
these resistors now in service.

Specify Allen-Bradley hot molded resistors for your equipment
and you are automatically assured of the ultimate in resistor
reliability ! Please write for Technical Bulletin 5050: Allen-Bradley
Co., 1204 South Third Street, Milwaukee, Wisconsin 53204. In
Canada: Allen-Bradley Canada Ltd., Galt, Ontario.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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Who says all females are alike?

All females are supposed to be un-
predictable, unreliable, and hard to

handle.

Here’s one that isn't. It's the “better
half” of Amphenol’s new Ultra-Mate*
connector.

GO/NO-GO RELIABILITY

The Ultra-Mate connector is more
than predictable. You can bet your
life on it—which is exactly what
astronauts do each time they soar
away from the launch pad. Ultra-Mate
will mate only if every pin fits snugly
into every socket. No mis-connection
intermittencies.

EASY TO HANDLE, TOO

Ultra-Mate gets its go/no-go reliabil-
ity from the female half's hard faced,
closed entry receptacle. Ultra-Mate is
the only truly environmental, space
age connector that combines a hard
dielectric with front servicing. Any
stubby-fingered technician can assem-
ble or disassemble an Ultra-Mate con-
nector in mere seconds.

How did we do it?

Take a close look at the female
Ultra-Mate. You'll see 55 funnel-
shaped openings, one for each contact.
These hard-dielectric entryways guide
contact-pins smoothly into their
sockets. Like Figure 1 at the right. If
pins are bent out of line, the con-
nector halves just won’t mate.

Now, look a little closer. See those
tiny slots fanning out of each entry-
way? These are the secret of Ultra-
Mate’s front release system.

Only the standard removal tool will
fit into these slots. No wrong-size con-
tacts. No oversize test prods. Ultra-
Mate is idiot-proof. And it’s fast. Con-
tact positions are clearly marked in
front of the dielectric.

MIL-C-26500 PERFORMANCE

For the first time, an environmental
connector combines tamper-proof
safety and service features with MIL-
C-26500 performance. Ultra-Mate also
meets the requirements of MIL-C-
38300, a recently issued Air Force
specification that retains the rigid en-
vironmental and temperature standards
of MIL-C-26500, but specifies either a
hard closed-entry or soft dielectric. It
also employs, as does MIL-C-26500,
front removal of contacts and incor-
porates new reliability requirements
never included in connector specifi-
cations to date.

Here's what you get with a fully
pressurized Ultra-Mate connector:

1. Operates continuously, with current
load, at 200°C ambient.

Figure 1. Slight misalignment is self-cor-
rected by the beveled entry of the Ultra-
Mate connector. Badly bent pins will prevent
mating until they are replaced.

*Ultra-Mate is a Trademark of Amphenol-Borg Electronics Corporation

ﬂmphsnot A DIVISION OF AMPHENOL-BORG ELECTRONICS CORPORATION
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2. Undamaged by 50 g's shock.

3.. Withstands thermal shock, 5 cycles
between —55°C and +260°C.

4. Carries 1,500 volts RMS submerged
in salt water while pressure is al-
ternated between sea level and
75,000-ft. altitude equivalents.

5. Handles 1,000 volts RMS at alti-
tudes up to 110,000 feet.

6. Insulation resistance exceeds 5,000
megohms.

7. Unaffected by exposure to hydrau-
lic fluid, lubricating oil, ozone, and
moisture.

ULTRA-MATE AVAILABILITY

You can specify Ultra-Mate con-
nectors now in all basic sizes refer-
enced in MIL-C-26500. Bayonet or
threaded couplings. Any Amphenol
Sales Engineer can give you the com-
plete specs and engineering data. Or,
write to: Dick Hall, Vice-President,
Marketing, Amphenol, 1830 S. 54th
Avenue, Chicago 50, Illinois.

Figure 2. Standard removal tool depresses
activation sleeve (1) which spreads tangs of
retention clip (2) apart. Tool (3) never di-
rectly touches clip.
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The Control of Air Pollution

It is now clear that smog is not only annoying but also injurious to

health. Los Angeles is a leading example of a city that has analyzed

the sources of its smog and taken steps to bring them under control

he past decade has seen a change
I in the public’s attitude toward air
pollution. Formerly the tendency
was to deplore smog but to regard it as
one of the inescapable adjuncts of urban
life. Now there is a growing realization
that smog, beyond being a vexatious nui-
sance, may indeed present hazards to
health, and that in any case the pollution
of the air will inevitably grow worse un-
less something is done about it. As a re-
sult many communities have created
agencies to deal with air pollution and
have, with varying degrees of effective-
ness, backed the agencies with laws.
Going considerably beyond these ef-
forts is the program in Los Angeles, a
city rather widely regarded as the smog
capital of the U.S. There the authorities
have adopted the attitude that it is not
enough to know smog exists; they have
undertaken extensive studies to ascertain
its components and to understand some-
thing of the complex processes by which
it is created. Moreover, with help from
the state they have taken pioneering
steps toward curbing the emissions of
the automobile, which is both a major
cause of air pollution and a far more diffi-
cult source to control than such station-
ary installations as petroleum refineries

LOS ANGELES SMOG, shown in photo-
graph on opposite page, casts thick pall
over city. Persistence and severity of smogs
led the city to undertake pioneering and
extensive programs to curb air pollution.

by A. J. Haagen-Smit

and electric power plants. As a result of
California’s activities a device to con-
trol the emissions from the crankcases of
automobiles is now standard equipment
on all new cars in the U.S. The state is
also working toward a program that will
result in a measure of control over emis-
sions from the automobile exhaust.

Complaints about polluted air go far
back in time. As long ago as 1661 the
English diarist John Evelyn declared in
a tract entitled Fumifugium, or the in-
convenience of the Aer and Smoak of
London that the city “resembles the face
Rather of Mount Aetna, the Court of
Vulcan, Stromboli, or the Suburbs of
Hell than an Assembly of Rational Crea-
tures and the Imperial seat of our In-
comparable Monarch.” Air pollution has
drawn similar complaints in many cities
over the centuries.

For a long time, however, these com-
plaints were like voices in the wilderness.
Among the few exceptions in the U.S.
were St. Louis and Pittsburgh, where
the residents decided at last that they
had inhaled enough soot and chemicals
and took steps several years ago to re-
duce air pollution, primarily by regulat-
ing the use of coal. These, however, were
isolated cases that did not deeply pene-
trate the consciousness of people in other
parts of the country.

It was probably the recurrence of
crises over smog in Los Angeles that
awakened more of the nation to the pos-
sibility that the same thing could happen
elsewhere and to the realization that air,
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like water, should be considered a
precious resource that cannot be used
indiscriminately as a dump for waste
materials. By the time residents of
Washington, D.C., complained of eye
irritation and neighboring tobacco grow-
ers suffered extensive crop damage, it
was clear that Los Angeles smog was
not just a subject for jokes but a serious
problem requiring diligent efforts at
control. As a result the pace of antipollu-
tion activity has quickened at all levels
of government. In addition to the com-
munity efforts already mentioned, a
national air-sampling network now exists
to assemble data on the extent of air
pollution, and extensive studies of the
effects of smog on health and the econ-
omy are under way.

Still, these efforts seem modest when
viewed against the size of the problem.
Surgeon General Luther L. Terry spoke
at the second National Conference on
Air Pollution late in 1962 of “how far
we have to go.” He said: “Approximate-
ly 90 per cent of the urban population
live in localities with air-pollution prob-
lems—a total of about 6,000 communi-
ties. But only half of this population is
served by local control programs with
full-time staffs. There are now about 100
such programs, serving 342 local politi-
cal jurisdictions. The median annual ex-
penditure is about 10 cents per capita,
an amount clearly inadequate to do the
job that is necessary.”

Enough has been done, however, to
demonstrate that a concerted attack on
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the smog problem can produce a clear-
ing of the air. Los Angeles, which Terry
has called “the area in the United States
that’s devoting more money and more
effort toward combating the problem
than any other city,” provides an ex-
ample of the possibilities, the difficulties
and the potential of such an attack.

Ios Angeles certainly qualifies as a com-
~< munity where air pollution has
created an annoying and at times dan-
gerous situation. Two-thirds of the year

smog is evident through eye irritation,
peculiar bleachlike odors and a decrease
in visibility that coincides with the ap-
pearance of a brownish haze. According
to the California Department of Public
Health, 80 per cent of the population in
Los Angeles County is affected to some
extent.

The city’s decision to attack the smog
problem dates from a report made in
1947 by Raymond R. Tucker, who as an
investigator of air-pollution problems
played a major role in the St. Louis smog

SMOG CURTALIN falls over the view from the campus of the California Institute of Tech-

nology. At top is the scene on a weekday morning; at bottom, the same scene that afternoon.
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battle and is now the mayor of that city.
His report on Los Angeles enumerated
the sources of pollution attributable to
industry and to individuals through the
use of automobiles and the burning of
trash. The report recommended imme-
diate control of known sources of pollu-
tion and a research program to deter-
mine if there were any other things in the
air that should be controlled.

Largely on the basis of the Tucker
report, The Los Angeles Times started
with the aid of civic groups a campaign
to inform and arouse the public about
smog. As a result the state legislature in
1948 passed a law permitting the forma-
tion of air-pollution control districts em-
powered to formulate rules for curbing
smog and endowed with the necessary
police power for enforcement of the
rules. Los Angeles County created such
a district the same year.

The district began by limiting the
dust and fumes emitted by steel facto-
ries, refineries and hundreds of smaller
industries. It terminated the use of a
million home incinerators and forbade
the widespread practice of burning in
public dumps. These moves reduced
dustfall, which in some areas had been
as much as 100 tons per square mile per
month, by two-thirds, bringing it back
to about the level that existed in 1940
before smog became a serious problem
in the community. That achievement
should be measured against the fact that
since 1940 the population of Los Angeles
and the number of industries in the city
have doubled.

Although the attack on dustfall pro-
duced a considerable improvement in
visibility, the typical smog symptoms of
eye irritation and plant damage re-
mained. The district therefore undertook
a research program to ascertain the
origin and nature of the substances that
caused the symptoms. One significant
finding was that the Los Angeles atmos-
phere differs radically from that of most
other heavily polluted communities. Or-
dinarily polluted air is made strongly
reducing by sulfur dioxide, a product of
the combustion of coal and heavy oil.
Los Angeles air, on the other hand, is
often strongly oxidizing. The oxidant is
mostly ozone, with smaller contributions
from oxides of nitrogen and organic
peroxides.

During smog attacks the ozone con-
tent of the Los Angeles air reaches a
level 10 to 20 times higher than that else-
where. Concentrations of half a part of
ozone per million of air have repeatedly
been measured during heavy smogs. To
establish such a concentration directly
would require the dispersal of about



1,000 tons of ozone in the Los Angeles
basin. No industry releases significant
amounts of ozone; discharges from elec-
tric power lines are also negligible,
amounting to less than a ton a day. A
considerable amount of ozone is formed
in the upper atmosphere by the action
of short ultraviolet rays, but that ozone
does not descend to earth during smog
conditions because of the very tempera-
ture inversion that intensifies smog. In
such an inversion warm air lies atop the
cold air near the ground; this stable sys-
tem forms a barrier not only to the rise
of pollutants but also to the descent of
ozone.

Exclusion of these possibilities leaves
sunlight as the only suspect in the crea-
tion of the Los Angeles ozone. The
cause cannot be direct formation of
ozone by sunlight at the earth’s surface
because that requires radiation of wave-
lengths shorter than 2,000 angstrom
units, which does not penetrate the at-
mosphere to ground level. There was a
compelling reason, however, to look for
an indirect connection between smog
and the action of sunlight: high oxidant
or ozone values are found only during
daylight hours. Apparently a photo-
chemical reaction was taking place when
one or more ingredients of smog were
exposed to sunlight—which is of course
abundant in the Los Angeles area.

In order for a substance to be affected
by light it has to absorb the light, and the
energy of the light quanta has to be suf-
ficiently high to rupture the chemical
bonds of the substance. A likely candi-
date for such a photochemical reaction
in smog is nitrogen dioxide. This dioxide
is formed from nitrogen oxide, which
originates in all high-temperature com-
bustion through a combining of the
nitrogen and oxygen of the air. Nitrogen
dioxide has a brownish color and ab-
sorbs light in the region of the spectrum
from the blue to the near ultraviolet.
Radiation from the sun can readily dis-
sociate nitrogen dioxide into nitric oxide
and atomic oxygen. This reactive oxygen
attacks organic material, of which there
is much in the unburned hydrocarbons
remaining in automobile exhaust. The
result is the formation of ozone and vari-
ous other oxidation products. Some of
these products, notably peracylnitrates
and formaldehyde, are eye irritants.
Peracylnitrates and ozone also cause
plant damage. Moreover, the oxidation
reactions are usually accompanied by
the formation of aerosols, or hazes, and
this combination aggravates the effects
of the individual components in the
smog complex.

The answer to the puzzle of the oxi-
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dizing smog of the Los Angeles area thus
lay in the combination of heavy automo-
bile traffic and copious sunlight. Similar
photochemical reactions can of course
occur in other cities, and the large-scale
phenomenon appears to be spreading.

The more or less temporary effects of
smog alone would make a good case
for air-pollution control; there is in addi-
tion the strong likelihood that smog has
adverse long-range effects on human
health [see “Air Pollution and Public
Health,” by Walsh McDermott; Sciex-
TIFIC AMERICAN, October, 1961]. Work-
ers of the U.S. Public Health Service and
Vanderbilt University reported to the
American Public Health Association in
November that a study they have been
conducting in Nashville, Tenn., has
established clear evidence that deaths
from respiratory diseases rise in propor-
tion to the degree of air pollution.
For the control of air pollution it is
of central importance to know that
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organic substances—olefins, unsaturated
hydrocarbons, aromatic hydrocarbons
and the derivatives of these various
kinds of molecules—can give rise to
ozone and one or more of the other
typical manifestations of smog. Control
measures must be directed against the
release of these volatile substances and
of the other component of the smog re-
action: the oxides of nitrogen. The or-
ganic substances originate with the
evaporation or incomplete combustion of
gasoline in motor vehicles, with the
evaporative losses of the petroleum in-
dustry and with the use of solvents. A
survey by the Los Angeles Air Pollution
Control District in 1951 showed that
losses at the refineries were more than
400 tons a day; these have since been re-
duced to an estimated 85 tons.

This reduction of one source was off-
set, however, by an increase in the emis-
sions from motor vehicles. In 1940 there
were about 1.2 million vehicles in the
Los Angeles area; in 1950 there were
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POLLUTION LEVELS in Los Angeles are plotted on scale (left) where I is 1947 level, 2
double and 3 triple that. 4 represents state pollution control law; B, control over refineries;
C, motor vehicle controls. Broken lines indicate smog potential without new controls (1),
with hydrocarbon controls (2) and with both hydrocarbon and nitrogen oxide controls (3).

two million; today there are 3.5 million.
These vehicles burn about seven million
gallons, or 21,500 tons, of gasoline a day.
They emit 1,800 tons of unburned hy-
drocarbons, 500 tons of oxides of nitro-
gen and 9,000 tons of carbon monoxide
daily. These emissions outweigh those
from all other sources.

When motor vehicles emerged as a
major source of air pollution, it was evi-
dent that state rather than local govern-
ment could best cope with these moving
sources. As a first step, and a pioneering
one for the US., the California Depart-
ment of Public Health adopted com-
munity standards for the quality of the
air [see top illustration on page 31].

The adoption of these standards pro-
vided a sound basis for a program of

controlling automobile emissions. Of spe-
cial importance for that program was
the establishment of the figure of .15
part per million by volume as the harm-
ful level of oxidant. Years of observation
have demonstrated that when the oxi-
dant goes above .15 part per million, a
significant segment of the population
complains of eye irritation, and plant
damage is readily noticeable. The stand-
ards also set the harmful level for carbon
monoxide at 30 parts per million by vol-
ume for eight hours, on the basis of ob-
servations that under those conditions 5
per cent of the human body’s hemo-
globin is inactivated. A further stipula-
tion of the standards was that these
oxidant and carbon monoxide levels
should not be reached on more than
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EXHAUST CONTROL, directed at hydrocarbon emissions of automobile, involves reburn-
ing in an afterburner. Shown here is a type of direct-flame afterburner now being tested.

SECOND TYPE of afterburner involves leading exhaust gases through a catalyst bed; they
can then be burned at lower temperatures than are possible in a direct-flame afterburner.
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four days a year. To attain such a goal in
Los Angeles by 1970 would require the
reduction of hydrocarbons and carbon
monoxide by 80 and 60 per cent.

On the basis of these standards the
California legislature in 1960 adopted
the nation’s first law designed to require
control devices on motor vehicles. The
law created a Motor Vehicle Pollution
Control Board to set specifications and
test the resulting devices. In its work the
board has been concerned with two
kinds of vehicular emission: that from
the engine and that from the exhaust.

\bout 30 per cent of the total emission
"\ of the car, or 2 per cent of the
supplied fuel, escapes from the engine.
This “blowby” loss results from seepage
of gasoline past piston rings into the
crankcase; it occurs even in new cars.
Evaporation from the carburetor and
even from the fuel tank is substantial,
particularly on hot days. Until recently
crankcase emissions were vented to the
outside through a tube. California’s
Motor Vehicle Polution Control Board
began in 1960 a process leading to a
requirement that all new cars sold in
the state have by 1963 a device that car-
ries the emissions back into the engine
for recombustion. The automobile indus-
try thereupon installed the blowby de-
vices in all 1963 models, so that gradual-
ly crankcase emissions will come under
control throughout the U.S. California
is going a step further: blowby devices
will have to be installed soon on certain
used cars and commercial vehicles.
Two-thirds of the total automobile
emission, or 5.4 per cent of the supplied
fuel, leaves through the tail pipe as a
result of incomplete combustion. For
complete combustion, which would pro-
duce harmless gases, the air-fuel ratio
should be about 15 to 1. Most cars are
built to operate on a richer mixture, con-
taining more gasoline, for smoother
operation and maximum power; con-
sequently not all the gasoline can be
burned in the various driving cycles.
The exhaust gases consist mainly of
nitrogen, oxygen, carbon dioxide and
water vapor. In addition there are lesser
quantities of carbon monoxide, partially
oxidized hydrocarbons and their oxida-
tion products, and oxides of nitrogen
and sulfur. Most proposals for control
of these gases rely on the addition of
an afterburner to the muffler. Two ap-
proaches appear most promising. The di-
rect-flame approach uses a spark plug
or pilot light to ignite the unburned
gases. The catalytic type passes them
through a catalyst bed that burns them
at lower temperatures than are possible



with direct-flame burners [see bottom
illustrations on opposite page].

Building a successful afterburner pre-
sents several problems. The high tem-
peratures require more costly materials,
thereby increasing initial and replace-
ment costs. Complications in operation
arise from the burning of a mixture of
gases and air of highly variable concen-
tration. During deceleration the mixture
may be so rich that without a bypass
ceramics and catalysts will melt. In other
cycles of operation there may not be
enough fuel to keep the flame going.
Moreover, the California law on exhaust-
control devices stipulates that they must
not be a fire hazard, make excessive noise
or adversely affect the operation of the
engine by back pressure.

Nine makes of afterburner—six catalyt-
ic and three direct-flame—are now un-
der test by the California Motor Vehicle
Pollution Control Board. Much testing
and modification will be necessary before
they are ready for the rough treatment
to which they will be subjected when
they are attached to all cars. Even after
they have been installed a rigorous in-
spection program will be necessary to
make certain that they are properly
maintained and periodically replaced.

A preferable method of controlling
hydrocarbon emissions from automobile
tail pipes would be better combustion
in the engine. Automobile engineers
have indicated that engines of greater
combustion efficiency will appear in
the next few years. How efficient these
engines will be remains to be seen; so
does the effect of the prospective changes
on emissions of oxides of nitrogen.

'[*‘rom all the emissions of an automobile

the total loss in fuel energy is about
15 per cent; in the U.S. that represents
a loss of about $3 billion annually. It is
remarkable that the automobile industry,
which has a reputation for efficiency,
allows such fuel waste. Perhaps pressure
for greater efficiency and for control of
air pollution will eventually produce a
relatively smogless car.

In any case it appears that the proposed
80 per cent control over motor vehicle
emissions is a long way off. An alterna-
tive is to accept temporary controls at
lower levels of effectiveness. It is possi-
ble to reduce unburned hydrocarbons
and carbon monoxide by modification of
the carburetor in order to limit the flow
of fuel during deceleration, and by
changing the timing of the ignition
spark. Proper maintenance can reduce
emissions by 25 to 50 per cent, de-
pending on the condition of the car.

Accepting more practical but less ef-

ficient means of curbing vehicular emis-
sions requires making up the deficiency
in the smog control program some other
way. This can be done by control of the
other smog ingredient: oxides of nitro-
gen. At one time it was thought that con-
trol of these oxides would be very diffi-
cult, and that was why the California law
concentrated on curbing emissions of
hydrocarbons. It has now been shown,
however, that control of oxides of nitro-
gen, from stationary sources as well as

from motor vehicles, is feasible. Oil-
burning electric power plants have re-
duced their contribution by about 50
per cent through the use of a special
two-phase combustion system. Research
on automobiles has shown that a sub-
stantial reduction of oxides of nitrogen
is feasible with a relatively simple
method of recirculating some of the ex-
haust gases through the engine.

To arrive at an acceptable quality of
air through the limitation of hydrocar-

CARBURETOR

[ AIR CLEANER

RECYCLE CONTROL VALVE

|
EXHAUST-HEAT RISER

OXIDES OF NITROGEN emitted by automobiles may be curbed by this system, which takes

exhaust gases before they leave the engine and recycles them through the combustion process.
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BURNERS

INDUSTRIAL FURNACES have curbed emissions of oxides of nitrogen by two-phase com-
bustion. It lowers temperatures by introducing air at two stages of the burning process.
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right, light line shows actual and potential levels of hydrocarbons;
dark line similarly represents oxides of nitrogen. Rises in spite of
controls reflect growth of population and number of vehicles.

bons alone would require a reduction in
the hydrocarbons of about 80 per cent,
which could be achieved only with
rigorous and efficient controls. The
plateau of clean air can aiso be reached,
however, by dealing with both hydro-
carbons and oxides of nitrogen. The ad-
vantage of such an approach is that each
one of the reductions would have to be
less complete. An over-all reduction of
the two major smog components by half
would achieve the desired air quality
[see bottom illustration on opposite
pagel.

This combined approach offers the
only practically feasible way to return to
a reasonably smog-free atmosphere in
Los Angeles as well as in other metro-
politan areas plagued by photochemi-
cal smog. The California Department of
Public Health is now considering the ex-

pansion of the smog control program to
include curbs on emission of oxides of
nitrogen. For such a program to succeed,
however, there would have to be regular
inspection of motor vehicles, control of
carburetor and fuel tank losses, stringent
additional controls over industry and the
co-operation of citizens. Moreover, these
efforts must be organized in such a way
that they take into account the area’s
rapid population growth, which will
mean proportionate rises in motor vehi-
cle and industrial emissions.

Beyond the efforts to control industries

and vehicles lie some other possi-
bilities, all of which would have the
bread objective of reducing the amount
of gasoline burned in the area. They in-
clude electric propulsion, economy cars,
increased use of public transportation

SULFUR DIOXIDE

and improvement of traffic flow. A strong
argument for resorting to some of or all
these possibilities can be found in an
examination of the carbon monoxide
readings at a monitoring station in down-
town Los Angeles. The readings show
clear peaks resulting from commuter
traffic. The carbon monoxide increase
during a rush period is about 200 tons,
representing the emission of about 100,-
000 cars. That figure agrees well with
vehicular counts made during the hours
of heavy commuting.

Greater use of public transportation
would produce a considerable reduction
of peak pollution levels. So would im-
proved traffic flow, both on the main
commuter arteries and on the roads that
connect with them. Reduction of the fre-
quent idling, acceleration and decelera-
tion characteristic of stop-and-go driving

SULFUR TRIOXIDE —————> HAZE

Lme>

SUNLIGHT ——= NITROGEN DIOXIDE ———={

ATOMIC OXYGEN
EXCITED OXYGEN
PEROXYL RADICALS
OZONE

HYDROCARBONS
OXIDATION PRODUCTS

——= PLANT DAMAGE
———> EYE IRRITATION
———> ODOR

= RUBBER CRACKING

PHOTOCHEMICAL REACTION playing a major role in smog
formation begins with sunlight acting on nitrogen dioxide, a prod-
uct of combustion, to yield oxidants (gray box). They attack hydro-
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carbons, which come mainly from automobile exhausts, to pro-
duce irritating materials. Oxidants also attack sulfur dioxide, a
product of coal and oil burning. Broken lines indicate interactions.
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—the very cycles that produce the most
hydrocarbons and oxides of nitrogen—
could curb vehicular emissions by 50 per
cent or more over a given distance.
Detroit has a system of computing the
optimum speed on certain freeways ac-
cording to the density and flow of traffic;
the speed is then indicated on large
lighted signs. The result is a smoother
flow. More techniques of this kind, more
imaginative thinking about transporta-
tion in general, are necessary for a suc-
cessful attack on smog.

"I here can be no doubt that the smogs
- of Los Angeles represent an extreme
manifestation of a problem that is grow-
ing in every heavily populated area.
Similarly, the control steps taken by Los
Angeles will have to be duplicated to
some degree in other cities. In those
cities, as in Los Angeles, there will be
difficulties. One is the cost of air-pollu-
tion control for communities that al-
ready find their budgets stretched; the
Detroit City Council annually votes
down an ordinance to ban the burning
of leaves because it believes the city
cannot afford the estimated cost of $500,-
000 for carting the leaves off to dumps.
Industry also may balk at smog controls
out of concern for maintaining a com-
petitive position. There is a related prob-
lem of co-ordination: industries are re-
luctant to install devices for curbing
smoke while the city burns trash in open
dumps.

Another problem involves mobilizing
the public behind air-pollution control
programs. Even though smog looks un-
pleasant, is occasionally offensive to the
smell and irritating to the eye, and
sometimes precipitates a public health
disaster (as in Donora, Pa., in 1948 and
in London in 1952), it nonetheless tends
to be regarded as a fact of urban life and
something that communities can live
with if they must. Moreover, so many
political jurisdictions must be involved
in an effective attack on air pollution that
any one community attempting a clean-
up may find its efforts vitiated by another
community’s smog.

Nevertheless, a growing segment of
the public is alert to the dangers of air
pollution and determined to do some-
thing about it. If anything effective is
to be done, however, it will require in-
telligent planning, aggressive public-
education programs and resoluteness on
the part of public officials. Then leader-
ship by government and civic groups at
all levels, united behind well-designed
plans, could generate progress toward
the goal of cleaner air.

PARTS PER MILLION FOR ONE HOUR

POLLUTANT
“ADVERSE" LEVEL “SERIOUS" LEVEL “EMERGENCY" LEVEL
_CARBON MONOXIDE 120 240 i
ETHYLENF 5 ' ’
HYDROGEN SULFID! A

AIR-QUALITY STANDARDS adopted by California set three levels of pollution: “ad-
verse,” at which sensory irritation and damage to vegetation occur; “serious,” where there
is danger of altered bodily function or chronic disease; “emergency,” where acute sickness
or death may occur in groups of sensitive persons. Blanks mean “not applicable.” Pollutants
listed in colored type are involved in or are the products of photochemical reaction. These
standards, the first adopted by any state, provided a basis for pollution control measures.

SEVERE

MEDIUM
- EYE IRRITATION s

LIGHT

NONE

OXIDES OF NITROGEN
(PARTS PER MILLION)

CONTROL POTENTIALS are depicted. Los Angeles is at 4 in degree of eye irritation on
a day of heavy smog. Controls reducing hydrocarbons by 50 per cent would bring city down
the slope to B, still not in clear zone shown in white. Hydrocarbon controls to C are im-
practical; control of both hydrocarbons and oxides of nitrogen would attain clear zone at D.
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The Large Cloud of Magellan

One of a pair of small galaxies visible only in the Southern

Hemisphere, it 1s so near our own galaxy that it is a unique

laboratory for the study of the birth and

ar to the south of the celestial
Fequator, out of the reach of all the

world’s largest telescopes, lie two
great treasures of astronomy: the twin
assemblages of stars known as the
Clouds of Magellan. These satellite sys-
tems of our galaxy are unique laborato-
ries for the study of the birth and evolu-
tion of stars and therefore for increasing
our understanding of the structure and
dynamics of galaxies in general. The
most luminous supergiant stars—young
and rapidly evolving types that are hard
to identify in our galaxy—are spread out
in rich array in the Clouds of Magellan,
often surrounded by glowing masses of
hydrogen in which new stars are in
process of formation. The Clouds are only
about 180,000 light-years away, a tenth
of the distance of the Great Nebula in
Andromeda, the spiral galaxy so inten-
sively examined with the 200-inch re-
flector on Palomar Mountain and the
other large telescopes of the Northern
Hemisphere. In investigating the Clouds
a telescope with a mirror 20 inches in
diameter equals the performance of the
200-inch reflector at the distance of the
Andromeda galaxy. One can thus see
why an astronomer’s eyes glisten when
he considers what a 150-inch reflector in
the Southern Hemisphere might do for
astronomical research. The Clouds of
Magellan have still another major attrac-
tion: they are not obscured by the cosmic
dust that blocks our view of much of the
Milky Way, the star-rich central plane
of our galaxy.

T Yhe Clouds bear the name of the ex-

plorer Ferdinand Magellan, whose
chronicler mentioned them in his log
of 1521 during the first circumnavigation
of the globe. Although they have been
known for more than four centuries, it
is only during the past 60 years that they
have come to be recognized as prime
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astronomical resources. Until a decade
ago the Harvard College Observatory
and its Boyden Station in South Africa
had a virtual monopoly in research on
the Clouds. Early in the century Henri-
etta S. Leavitt of the Harvard Observa-
tory discovered in the Clouds hundreds
of the pulsating stars known as cepheid
variables. It was found that the period
of pulsation of each cepheid is directly
related to its luminosity; in general, the
longer the period, the brighter the star.
The relation could not have been demon-
strated with cepheid variables in our
galaxy because one could not tell their
absolute magnitude, or luminosity cor-
rected for distance; a star of a given
brightness in the sky can be either a faint
star that is relatively close or a bright
star that is farther away. This problem
does not arise with respect to the Clouds
of Magellan because their stars are all
at roughly the same distance from us.
Once the period-luminosity relation was
established, it could be used to deter-
mine the absolute magnitude of cepheid
variables in our galaxy and others. By
comparing the absolute magnitude of a
variable with its apparent magnitude,
the distance of the star could be calcu-
lated, and the cepheid variables became
valuable milestones for measuring the
universe. Although complications such
as the discovery of different types of
cepheids have called the period-luminos-
ity relation into question, new techniques
of light measurement are reinstating it.
Under the leadership of Harlow Shapley,
numerous Harvard investigators, notably
Jenka Mohr and Virginia McKibben
Nail, did much useful spadework on the
variables and other aspects of the
Clouds.

Since the early 1950’s several other
observatories have entered the field. Be-
tween 1951 and 1958 A. D. Thackeray
and A. J. Wesselink of the Radcliffe Ob-
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evolution of stars

servatory in South Africa discovered in
the clouds a number of RR Lyrae varia-
bles: pulsating stars with periods of less
than a day. The apparent magnitude of
these stars is so faint that they are just
within the reach of the best telescopes in
the Southern Hemisphere, but they are

LARGE CLOUD OF MAGELLAN, photo-
graphed with an emulsion sensitive to infra-
red radiation (left) ,displays “broad bar”and



receiving much attention. They provide
the best distance scale to the clouds; in-
deed, it is from observations of a few of
them that we have concluded that the
clouds are 180,000 light-years away. The
period-luminosity relation of RR Lyrae
variables in our galaxy has been clearly
established, and if it can be proved that
the variables in the Clouds are of the
same type as those in our galaxy, we
can be quite certain of our figure for the
distance to the Clouds.

Today all aspects of the study of the
Clouds of Magellan have become so im-
portant that astronomers operating the
two largest telescopes in the Southern
Hemisphere, the 74-inch reflectors at the
Radcliffe Observatory and at our observ-
atory on Mount Stromlo in Australia,
concentrate largely on the Clouds from
August to March, the most favorable
months for observation. The 210-foot
radio telescope at Parkes in Australia, the
largest fully steerable antenna in the
hemisphere and one of the world’s finest,
also scans the Clouds frequently.

other regions of older stars. When a filter is used to pass only ultra-
violet radiation, the young and evolving blue-white stars and glow-
ing gas clouds stand out (right). The Tarantula Nebula is at lower

In this article I shall be concerned for
the most part with the Large Cloud
of Magellan. It lies some 68 degrees
south of the celestial equator; on moon-
less nights both the Large Cloud and the
Small Cloud are clearly visible to the
unaided eye, resembling little misplaced
patches of the Milky Way. They appear
to have an angular diameter of six and
three degrees respectively, but photo-
graphs show that the Large Cloud, in-
cluding its outlying clusters of stars, has
a diameter of about 12 degrees, or 40,-
000 light-years. The main body, how-
ever, is no more than 20,000 light-years
across. (Our galaxy is about 100,000
light-years in diameter.) Although the
eye sees the two Clouds separated by a
generous 25 degrees, they probably con-
stitute one system; in photographs a
faint bridge of star clusters, blue-white
supergiant stars and gas seems to con-
nect them. Radio observations by the
Radiophysics Laboratory of the Com-
monwealth Scientific and Industrial Re-
search Organisation in Australia indi-

© 1963 SCIENTIFIC AMERICAN, INC

cate that both clouds are embedded in a
common envelope of neutral (un-ion-
ized) atomic hydrogen and are appar-
ently connected by a tenuous bridge of
gas [see illustration on page 36]. Even
more striking, the contour-like lines of
equal radiation intensity at a radio wave-
length of 21 centimeters are crowded to-
gether on the edge of each Cloud that
faces away from the other Cloud. F. J.
Kerr of the Radiophysics Laboratory has
suggested that it looks as though the
two Clouds are rushing away from each
other.

* first glance the Clouds appear to be
+ X irregular, or structureless, galaxies,
but a growing body of evidence favors
the hypothesis that they are really thin,
rotating disks like our galaxy. Gérard de
Vaucouleurs of the University of Texas
has provided increasingly convincing
evidence that the Large Cloud in par-
ticular is a barred spiral galaxy with a
single well-developed spiral arm [see
“The Clouds of Magellan,” by Gérard

left in each photograph. Constellation I, shown also on page 41, is
above center. These photographs were made by B.E. Westerlund with
the Schmidt telescope at Mount Stromlo Observatory in Australia.
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de Vaucouleurs; SCIENTIFIC AMERICAN,
April, 1956]. In photographs separate
features stand out nicely from their sur-
roundings; I know of no instance in
which two distinct features overlap, as
they would in an irregular galaxy or a
spheroidal one. Measurements of the
radial velocity of recession, or move-
ment along the line of sight, of objects
in the Large Cloud supply convincing
dynamical evidence that it is thin. When
the position of various objects across the
face of the galaxy is plotted on a graph
against the velocity of each object, a
smooth curve connects the points; there

is little evidence of major differences in
average velocity for neighboring fea-
tures. An irregular or spheroidal galaxy
would have a far more random distribu-
tion of radial velocities. The plane of the
disk of the Large Cloud is tilted to our
line of sight at an angle of about 30 de-
grees (according to De Vaucouleurs) or
as much as 45 degrees (according to
B. E. Westerlund of the Mount Stromlo
Observatory).

The uncertainty in the angle makes
it impossible to arrive at an exact figure
for the total mass of the Large Cloud.
The mass of a galaxy is derived from

measurements of the velocity of its rota-
tion, which reflects the amount of force
necessary to keep the galaxy from col-
lapsing from the mutual gravitational at-
traction of its constituents and is there-
fore directly related to its mass. The best
estimates place the mass of the Large
Cloud at about a tenth that of our galaxy.
Radio observations indicate that gas
alone, mostly neutral atomic hydrogen,
makes up about 7 per cent of the entire
mass. This gives the galaxy a far greater
potential for the formation of new stars
than is possessed by our galaxy, in which
the gas represents more nearly 2 per

SOUTHERN HEMISPHERE STAR CHART displays constella-
tions, Milky Way (light colored band) and Clouds of Magellan
(light patches) . The two concentric circles between center and edge
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of chart mark declinations 30 degrees and 60 degrees south on the
celestial sphere. Roman numerals indicate right ascension. The
South Celestial Pole, in the center of the chart, is marked hy a cross.



cent of the mass. A small fraction of the
gas in the Large Cloud is ionized hydro-
gen; an even smaller fraction, helium
and heavier elements. A putative con-
stituent of the gas, molecular hydrogen
(Hy), cannot be measured in any galaxy
because it radiates mostly in parts of the
electromagnetic spectrum that do not
penetrate the earth’s atmosphere. There
may be a great deal in the Large Cloud
or very little.

Although the astronomer has a clear
view of the Large Cloud, he re-
peatedly encounters the problem of sort-
ing the foreground of stars in our galaxy
from those of the Cloud, particularly in
the more open regions of the Cloud. If
radial velocity can be measured, that set-
tles the problem; the motion of the sun
and earth around the center of our
galaxy makes most stars in the Large
Cloud appear to recede at 250 to 300
kilometers per second, whereas stars in
our galaxy rarely exceed 50 kilometers
per second. Obtaining stellar spectra for
measurements of radial velocity is diffi-
cult in some parts of the Cloud, but re-
cently Charles Fehrenbach, Marcelle
Duflot and their associates at the Mar-
seilles Observatory have made the task
easier by employing the technique of
mass measurement, in which the spectra
of a large number of stars are recorded
on a single plate. Where stars are crowd-
ed, however, the spectra overlap. In an-
other promising approach Sir Richard
Woolley, the British Astronomer Royal,
superimposes photographs of certain re-
gions made in South Africa early in the
century with photographs of the same
regions made recently. He then meas-
ures the proper, or crosswise, motion of
the stars in seconds of arc per year. The
foreground stars show perceptible mo-
tion but stars in the Cloud show none;
they are so far away that a proper motion
of 50 kilometers per second gives rise
to a shift of only one second of arc in
6,000 years. A third technique of sorting
the Cloud stars from the foreground stars
involves the determination of color at
several wavelengths. After such deter-
minations have been made, a star that
was assumed to be in our galaxy but is
actually in the Cloud, or vice versa, will
often appear to have some quite odd
characteristics because of the great dif-
ference in its assumed and actual dis-
tance. Th. and J. Walraven applied this
technique successfully when they were
at the Leiden Observatory’s Southern
Station in South Africa.
The illustrations on pages 32 and 33
provide a good over-all view of the struc-
ture of the Large Cloud. The photograph

TARANTULA NEBULA, the most massive gas cloud known, is shown in photo-
graph made by A. R. Hogg with the 74-inch reflector at Mount Stromlo Observatory. The
plate recorded primarily the red light of the “alpha” line in the spectrum of hydrogen.

HEART OF TARANTULA NEBULA holds the giant blue-white stars shown here in
photograph made by Westerlund with the same telescope. He used a filter that eliminated
virtually all light emitted by the gas. The field is smaller than in the top photograph.
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COMMON HYDROGEN ENVELOPE of Large Cloud (left) and Small Cloud (right) is
apparent on radio map. Contours represent equal brightness for radiation at the wavelength
of 21 centimeters, emitted by neutral atomic hydrogen. Observations were made by J. V.
Hindman, F. J. Kerr and R. X. McGee with 210-foot radio telescope at Parkes in Australia.

at left was made with an emulsion sensi-
tive to infrared radiation; the photograph
at right, which covers exactly the same
central portion of the Cloud, was made
with a special filter that passes only ultra-
violet radiation. The infrared photograph
shows primarily the distribution of older
stars, particularly the red giants that
appear in such fantastic concentration in
the “broad bar” of the Cloud. The ultra-
violet photograph brings out the large
numbers of young and rapidly evolving
blue-white stars that populate regions
outside the bar, as well as the magnificent
emission nebulae, or glowing clouds of
gas, that surround many of these stars.
The nebulae emit light because the gas
has been excited by ultraviolet radiation
from the stars. By far the most remark-
able of these gas clouds is the bright
region at the lower left in the ultraviolet
photograph: the Tarantula Nebula, also
known as the Loop Nebula and the 30
Doradus Nebula. It is practically the
only nebula strong enough to come
through at all on the infrared photo-
graph.

A plate sensitive primarily to the red
light of the “alpha” line in the spectrum
of hydrogen [see top illustration on pre-
ceding page] brings out the fine detail of
this nebula. The diameter of the nebula
is some 15 minutes of arc, or 800 light-
years! Our galaxy possesses no object like
it. The familiar Great Nebula in Orion,
which is only 25 light-years across, is a
mere pygmy in comparison. The total
mass of the Tarantula Nebula is 500,000
times greater than that of our sun,
whereas the Orion nebula has a mass of
only 100 suns. If the Tarantula Nebula
were at the distance of the Orion nebula
(1,600 light-years), we would see it as a
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permanent luminous cloud covering 25
to 30 degrees of the sky and having
a total brightness two or three times
greater than that of Venus at its bright-
est. It unquestionably ranks as the larg-
est and most massive gas complex within
reach of the astronomer.

A filter that suppresses all the radia-
tion from the gas reveals the remarkably
beautiful cluster of stars at the center of
the nebula [see bottom illustration on
preceding page]. The cluster was first
photographed at the Boyden Station in
1937 by Shapley and J. S. Paraskevo-
poulos, who pointed out that the major-
ity of the stars are blue-white super-
giants. These young stars and their rich
environment of interstellar gas indicate
that the Tarantula Nebula is a major site
of stellar birth and evolution.

On the radio map of the Large Cloud

[see illustration on opposite page]
the Tarantula Nebula is by all odds the
most prominent object. Many of the oth-
er outstanding features of the ultraviolet
photograph are also emphasized. The
broad bar, however, hardly appears, be-
cause it consists mostly of stars and con-
tains little gas. Surprisingly, radio studies
show that the center of rotation of the
Cloud is not in the bar, as is the case in
other galaxies classified as barred spirals.
Instead the center of rotation is well
north of the bar in a relatively empty
region. It is even farther from the Taran-
tula Nebula, which has some of the char-
acteristics often associated with the cen-
tral regions of a galaxy.

Recently B. Y. Mills and C. A. Shain of
the Radiophysics Laboratory of the Com-
monwealth Scientific and Industrial
Research Organisation have detected
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celestial radio waves at wavelengths of
about a meter. The origin of this radia-
tion is uncertain, but it may well come
from electrons spiraling around lines of
magnetic force in space. The magnetic
fields involved should measurably polar-
ize light, and the search for such polar-
ization is a primary current assignment
for the optical astronomer. Preliminary
observations by N. Visvanathan at Mount
Stromlo has already demonstrated polar-
ization of from 2 to 5 per cent in the light
of some stars of the Large Cloud, but the
work is only beginning. It is important to
seek and study galactic magnetic fields;
along with gravity they may act strongly
on gas clouds and exert a pronounced
influence on the structure and develop-
ment of a galaxy.

Quite conspicuous in the Large Cloud
and distributed in a highly irregular
manner across it is radiation at the radio
wavelengths near 20 centimeters. Most
of it is thermal radiation, which origi-
nates when free electrons pass near the
bare nuclei of ionized hydrogen atoms.
Since the radiation comes from ionized
hydrogen, it is not surprising, although
it is extremely satisfying, to find that
many points of strongest emission at 20
centimeters can be identified with known
regions of ionized hydrogen, which ap-
pear as emission nebulae on ultraviolet
photographs. D. S. Mathewson and . R.
Healey of the Radiophysics Laboratory
have identified 43 of 145 observed 20-
centimeter radio sources with optically
visible regions of ionized hydrogen.

Further proof of the irregular dis-
tribution of the interstellar gas in the
Cloud comes from studies by R. X. Mc-
Gee of the Radiophysics Laboratory,
who analyzed 21-centimeter observa-
tions of neutral atomic hydrogen. The
data were obtained with the 210-foot
radio telescope at Parkes and a 48-chan-
nel receiver. It turns out that most of the
regions of ionized hydrogen are em-
bedded in larger and presumably more
massive regions of neutral atomic hydro-
gen, which suggests that the beautiful
nebulae are only the kernels of far more
extended hydrogen complexes. Alto-
gether most of the optical and radio ob-
servations lead to the idea that, although
the Large Cloud contains objects of all
ages, young stars and young groups of
stars associated with gas are preponder-
ant. Offhand it would appear that the
Cloud is a galaxy suffering from retarded
star birth and evolution.

In the remainder of this article I shall

discuss some of these young stellar
groups as they compare with other
groups, young and old, in the Large



Cloud and in our galaxy. From studies
of the comparatively few young blue-
giant stars visible to us in our galaxy,
we know that although they may be
only 100 or 1,000 times more massive
than the sun, their intrinsic brightness is
100,000 or even a million times greater.
Since all stars generate energy by build-
ing heavier elements out of lighter ones
and can use less than 1 per cent of their
mass in the process, these massive stars
are eating up their fuel at a prodigious
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RADIO MAP OF LARGE CLOUD consists of contours of equal
intensity at 20 centimeters (black) and at 21 centimeters (color).
The former is the “thermal” radiation that comes from ionized
hydrogen excited to emit radiation by ultraviolet radiation from
stars embedded in gas clouds. Increasing intensity of 21-centimeter

rate. Our sun has existed in its present
form for five billion years and will last
for another five billion, but some blue
giants can have a lifetime of only a mil-
lion years, and the largest can endure
for perhaps a mere 100,000 years.

M. W. Feast, Thackeray and Wes-
selink have made a special study of the
brightest stars in the Large Cloud. These
are four blue-white supergiants and four
red supergiants, with apparent magni-
tudes between nine and 10 (extremely
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bright at the distance of the Large
Cloud). The intrinsic brightness of the
dimmest of these stars is 100,000 times
greater than that of the sun; the bright-
est approaches the million mark. Astro-
physicists believe these stars are be-
tween 60 and 100 times more massive
than the sun, which means that they are
consuming their substance 1,000 to 10,-
000 times faster than the sun is. Since
they could not last even a million years
—some probably only a tenth of that
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radiation is shown by deeper colored shading. It is apparent that the
ionized hydrogen is surrounded by far larger clouds of neutral
atomic hydrogen, which emits at 21 centimeters. Tarantula Nebula
(left, below center) dominates picture. Data were obtained by
McGee, D. S. Mathewson and J. R. Healey with Parkes antenna.
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BLUE-MINUS-VISUAL COLOR INDEX

COLOR-MAGNITUDE ARRAY provides basic information on
evolution of stars. Intrinsic brightness is given on vertical scale at
left in terms of sun’s luminosity. Vertical scale at right is total
lifetime of stars. Horizontal scale at bottom is color index (ex-
plained in text) . It can be correlated with temperature at surface of
stars (scale at top) and with their color. Stars spend most of their
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existence on the main sequence (long shaded curve). Five stars
(white dots) and their masses in terms of sun’s mass (which is 1)
are shown. The giant branch (hatched) represents path of evo-
lution away from main sequence for stars in a typical globular
cluster of our galaxy. The broken arrows are similar paths taken by
larger stars. The diagram above is based on one by Westerlund.
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time—it again becomes clear that in the
Large Cloud stellar birth and evolution
go on continuously before our eyes.

For his basic information on stellar
evolution the modern astronomer em-
ploys color-magnitude arrays, which are
variations of the celebrated Hertz-
sprung-Russell diagram. In one type of
array the absolute visual magnitude of
a star is plotted vertically and the star’s
color index horizontally [see illustration
on opposite page]. The latter is defined
as the logarithmic difference between the
brightness of the star as measured in
blue (“photographic”) light and in yel-
low (“visual”) light. As a star evolves
it moves across the array, and it spends
most of its lifetime on the curve called
the main sequence. The most massive
stars pass the largest part of their brief
lives near the top of the curve; the less
massive, less bright and longer lasting
stars are farther down the curve. It is
probable that stars with an absolute
magnitude of minus five (extremely
bright) are on the main sequence for
less than 10 million years and those rare
stars that are even brighter, with abso-
lute magnitude of minus seven or eight,
for less than a million years. The various
types of stars also move along different
paths and at different speeds in enter-
ing and leaving the main sequence. From
the characteristics of a star and its posi-
tion on the color-magnitude array one
can estimate its age.

In our galaxy there are two types of
star clusters: “globular” and “galactic.”
The 100 or so known globular clusters,
each a compact spheroidal assemblage
of 10,000 to a million stars and each
about 10 billion years old according to
color-magnitude arrays, form a “halo”
above and below the plane of the galac-
tic disk. Their stars are rich in hydrogen
and poor in heavier elements, which sug-
gests that they formed when the galaxy
was young; stars that contain heavier
elements are believed to belong to sec-
ond or later generations of stars made
out of the debris of earlier generations.
The galactic clusters are more numerous
assemblages of 20 to perhaps 2,000 stars;
they are either loose or compact and
have various ages. The Large Cloud of
Magellan contains both types of cluster
(although its globular clusters do not
form a halo, a further indication of
youth) and in addition a type unknown
in our galaxy: globular clusters of blue-
giant stars. These clusters were first
studied 10 years ago by S. C. B. Gas-
coigne of the Mount Stromlo Observa-
tory and G. E. Kron of the Lick Ob-
servatory of the University of California.

About 35 of the globular clusters in
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BLUE-MINUS-VISUAL COLOR INDEX

TWO CLUSTERS in Large Cloud have different color-magnitude arrays. NGC 1983 (stars
in black) is a young cluster with mostly blue-white stars. NGC 1783 (stars in color) is older
and the stars fall along the same giant branch as those in globular clusters in our galaxy.
The array in black was plotted by Westerlund, the other was plotted by S. C. B. Gascoigne.
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GIANT BRANCHES of seven globular clusters in the Clouds of Magellan are shown by
these curves. NGC 1466 and 2257 are most like globular clusters in our galaxy but still have
slightly bluer (younger) giant branches. NGC 2231 is quite unlike our globular clusters.
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FIELD OF STAR CLUSTERS south of the Tarantula Nebula in the Large Cloud also con-
tains dust. Gascoigne made the photograph with the 74-inch reflector on Mount Stromlo.

the Large Cloud closely resemble those
in our galaxy. A color-magnitude array
for one of them plotted by Gascoigne
[see top illustration on preceding page]
has a nicely delineated branch of giant
stars evolving away from the main se-
quence on the same path taken by stars
in globular clusters in our galaxy. It is,
however, only about a billion years old.
Curiously, the stars in this cluster are
rich in hydrogen and poor in metallic
elements, whereas metal-poor clusters in
our galaxy are 10 billion years old.
Metallic elements are synthesized in the
successive birth, explosion and rebirth
of stars, and, as one might expect, the
million-year-old stars in the Large Cloud
have a full complement of these ele-
ments. Why, then, are they absent from
the billion-year-old stars? It has been
thought that a billion years is too short
a time for the synthesis of metals, yet in
the Large Cloud either they have ap-
peared in that time or the gas in the
cloud is not well mixed—some regions
contain metals and others do not. Only
further study will solve this puzzle.

A comparison of the giant-star branch
in the color-magnitude diagrams of sev-
eral globular clusters in the Clouds of
Magellan [see bottom illustration on pre-
ceding page] shows that for the most
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part they are evolving like stars in the
clusters of our galaxy. Even the oldest
of these clusters, however, contain giant
stars that are slightly bluer—and hence
younger—than their counterparts in our
galaxy. Gascoigne has concluded that
the Large Cloud of Magellan contains no
globularclusters as old as 10 billion years
and that in the Large Cloud globular
clusters are still being formed. It will be
of great interest to find out why the
Cloud differs so markedly in this respect
from our galaxy.

The Large Cloud is rich in young clus-
ters; the color-magnitude array for the
cluster NGC 1983 by Westerlund [see
top illustration on preceding page] is
characteristic of them. The principal
features of the array are the vertical main
sequence of white stars running to very
great intrinsic brightness, a lack of stars
with color indexes between 0 and .7 and
a few red stars with color indexes in ex-
cess of .7. If one may assume that the stars
in the last group are true members of the
cluster, they are probably giants and
supergiants that have evolved away
from the main sequence. Westerlund,
Priscilla F. Bok, Jane M. Basinski and I
have studied at least 20 of these young
clusters in the Large Cloud and find that
most of them are irregularly shaped and
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are embedded in emission nebulosity.
There are also some that are highly
regular in appearance, almost globular;
they have no associated nebulosity but
still have the characteristic vertical main
sequence indicating comparative youth.
Three of these unusual clusters have the
same color-magnitude array as the ir-
regular young clusters, according to
studies by Woolley, Olin J. Eggen of
the California Institute of Technology
and Allan R. Sandage of the Mount Wil-
son and Palomar Observatories.

] should point out that we have not

investigated a fair sample of the star
clusters in the Large Cloud. Clusters to
be studied are selected from photo-
graphs such as those on pages 32 and 33;
as a result the astronomer favors the ex-
tended clusters containing bright stars
and the dense globular clusters of fairly
large dimensions. A star cluster in our
galaxy such as the Pleiades, with a total
absolute magnitude close to minus 4
and a diameter of less than 15 light-
years, would, at the distance of the
Large Cloud of Magellan, be an object
of the 15th magnitude with a diameter
of less than 20 seconds of arc. It would
even be difficult to detect as a cluster
and would not readily be selected for
study. A cluster such as the Hyades
would fare worse, because its total
brightness is almost two magnitudes
fainter than that of the Pleiades. Kappa
Crucis, the “Jewel Box” in the constella-
tion the Southern Cross, might make the
grade; at the distance of the Large Cloud
it would be an object close to the 12th
magnitude with a diameter of 30 sec-
onds of arc. Undoubtedly there are
hordes of inconspicuous star clusters in
the Large Cloud, but most of them
must await investigation until we have
in the Southern Hemisphere a 150-inch
reflector.

Paul W. Hodge of the Harvard Ob-
servatory has nevertheless made a start
by studying some of the smaller and less
conspicuous open clusters. He finds that
they are basically much like the more
heavily populated young blue globular
clusters. Woolley and Elizabeth Epps of
the Royal Greenwich Observatory have
recently investigated one star-poor and
fairly open galactic cluster in the Large
Cloud that appears to be of intermediate
age. Its color-magnitude array resembles
the arrays of clusters in our own galaxy
that are thought to be about 100 million
years old.

Since the assortment of objects in the
Large Cloud is much like that in our
galaxy, we have wondered if the relative
abundances of the chemical elements in



the two galaxies are the same. The spec-
tra of stars in the Large Cloud show the
same abundances of elements as the
spectra of stars in our galaxy, and the
abundances of elements in the Taran-
tula Nebula are similar to those in the
Orion nebula. Detailed investigations of
50 nebulae by Helene R. Dickel, L. H.
Aller and D. J. Faulkner at the Mount
Stromlo Observatory and the Mount Bin-
gar Field Station in Australia, and work
on the Tarantula Nebula by Faulkner,
indicate that these nebulae contain at
most 30 per cent less helium and oxygen
with respect to hydrogen than emission
nebulae in our galaxy. On the whole the
Large Cloud and our galaxy seem to be
made of the same basic stuff.

When Shapley and his co-workers
made a survey of the Large Cloud in
1953, they recorded for special further
study a number of conspicuous assem-
blages of stars associated with nebulos-
ity; to these assemblages Shapley ap-
plied the label “constellations.” He had
already noted that most of the brighter
stars in the constellations were exceed-
ingly blue and had vouchsafed the opin-
ion that these were the places where stars
are now being born and where the
evolutionary pots are boiling fiercely. His
assertions have all proved to be true,
and I should like to conclude with a de-
scription of Shapley’s fascinating Con-
stellation I [see illustration at right].

Practically all the stars measured so

far in this assemblage are exceedingly
blue. The constellation is even bluer than
it seems to be; it is embedded in dust
that tends to redden it slightly. It prob-
ably contains no red supergiants at all.
It is located near right ascension five
hours 22 minutes and declination minus
68 degrees, and it can be seen quite
plainly on the radio map of the Large
Cloud in both 20- and 21-centimeter
contours.

Constellation I appears to have a
diameter of 500 light-years. Mrs. Basinski
and I have estimated the total mass of its
stars at about 24,000 solar masses, with
an uncertainty of no more than 20 per
cent. Faulkner has estimated the total
mass of ionized hydrogen in it from spec-
tra obtained at the Mount Stromlo Ob-
servatory and Mathewson has estimated
this mass from radio data. With remark-
able agreement, they find that the mass
of ionized hydrogen is equivalent to be-
tween 50,000 and 60,000 solar masses.
This is a large mass, but the mass of neu-
tral hydrogen in the constellation is ex-
traordinary. McGee has estimated it at
five million solar masses, mostly con-
tained within a diameter of 1,100 light-

years. We thus find a few hundred stars,
all formed less than 10 million years ago,
located in the midst of a huge hydrogen
cloud 200 times more massive than all
the stars combined.

If one may ignore the unlikely hy-
pothesis that the association of stars
and gas is a chance one, the conclusion
that Constellation I is expanding seems
almost inescapable. On photographic
plates we can see few, if any, faint or
red—that is, older—stars within the con-
fines of the grouping. If the birth of
stars in the constellation is a continuing
process, and if the older stars were re-
tained by the constellation, then a mini-
mum of 6,000 older stars should accumu-
late in a billion years. Obviously no such
numbers are observed. The gas in the
constellation can supply building mate-
rial for an additional 200 generations of
stars similar to the ones we see. Hence

we have concluded that stars are con-
tinually being formed from the gas, pre-
sumably at a fairly steady rate, and that
these stars at the time of their formation
are already moving fast enough to enable
them to escape from the parent cluster.
A little more than five kilometers per sec-
ond—nothing extravagant—would suffice.
At this speed it will take a star only
something of the order of 25 million
years to get well beyond. the limits of
the constellation. The escaped stars
gradually evolve to become red giants
and supergiants, then intrinsically faint
stars. Therefore assemblages such as
Constellation I may well be the steady
suppliers of ordinary stars older than 25
million years in the Large Cloud. No-
where in our galaxy do we find the proc-
esses of star birth and evolution so neatly
portrayed as they are in the Large Cloud
of Magellan.

CONSTELLATION I in the Large Cloud was photographed by the author with the 74-inch

reflector. These very young, extremely massive stars are embedded in a huge cloud of gas.
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THE GREAT CEREBRAL COMMISSURE

This broad nerve cable and lesser bridges connect the two halves

of the mammalian brain. If the connections are cut, the organism

functions quite well but behaves much as though 1t had two brains

r I Yhe body plan of a mammal pro-
vides for two lungs, two kidneys
and paired organs such as eyes,

ears and limbs. In a sense it also provides

for a paired brain. In structural detail
and functional capacity the two halves
of the mammalian brain are mirror twins,
each with a full set of centers for the
sensory and motor activities of the body:
vision, hearing, muscular movement and
so on. Each hemisphere of the brain is
mainly associated with one side of the
body, the right brain presiding over the
left side and the left brain over the right
side. Each hemisphere’s influence is not,
however, always restricted in this way:
when an area in one hemisphere is dam-
aged, the corresponding area in the other
often can take over its work and so con-
trol the functions involved for both sides
of the body. In short, either half of the

brain can to a large extent serve as a

whole brain.

Anatomically, of course, the two
halves of the brain are linked together
and normally function as one organ.
They are united not only by the common
stem that descends from the brain into
the spinal cord but also by a number of
cross bridges between the hemispheres.
Especially striking is the system of con-
nections between the two halves of the
cerebrum: the upper part of the brain.
The cerebral hemispheres are linked by
discrete bundles of nerve fibers, called
commissures, that form reciprocal con-
nections between parallel centers in the
two hemispheres. By far the most promi-
nent of these bridges is a broad cable
known as the great cerebral commissure
or, more technically, as the corpus cal-
losum [see illustration on pages 44 and
45]. This massive structure, which is
particularly large in primates and largest
in man, contains most of the millions of
nerve fibers that connect the two halves
of the cerebral cortex, which is the
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highest integrating organ of the brain.

The size and obviously important
position of the corpus callosum suggest
that it must be crucial for the proper per-
formance of the brain’s functions. Many
years ago, however, brain surgeons dis-
covered to their surprise that when the
corpus callosum was cut into (as it
sometimes had to be for medical rea-
sons), this severing of fiber connections
between the cerebral cortices produced
little or no noticeable change in the
patients’ capacities. The same was true
in the rare cases of individuals who
lacked the corpus callosum because of
a congenital failure in development. Ex-
periments in severing the corpus cal-
losum in monkeys tended to confirm the
apparent harmlessness of the operation.
Accordingly in the late 1930’s surgeons
tried cutting the entire corpus callosum
in some cases of severe epilepsy as a
measure to prevent the spread of epilep-
tic seizures from one brain hemisphere
to the other. Efforts to pinpoint losses of
function in this series of cases were again
unsuccessful.

Exactly what purpose the corpus cal-
losum served became more and more a
mystery. In 1940 the nerve physiologist
Warren S. McCulloch, then working at
the Yale University School of Medicine,
summarized the situation with the re-
mark that its only proved role seemed
to be “to aid in the transmission of
epileptic seizures from one to the other
side of the body.” As recently as 1951
the psychologist Karl S. Lashley, director
of the Yerkes Laboratories of Primate
Biology, was still offering his own jocular
surmise that the corpus callosum’s pur-
pose “must be mainly mechanical...i.e.,
to keep the hemispheres from sagging.”
The curious capacity of the brain to carry
on undisturbed after the destruction of
what is by far its largest central fiber
system came to be cited rather widely
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in support of some of the more mystical
views in brain theory.

Intrigued by the problem of the great

cerebral commissure and the theoreti-
cal implications of this problem, my col-
leagues and I began an intensive inves-
tigation of the matter, starting in the
early 1950’s at the University of Chicago
and continuing after 1954 at the Cali-
fornia Institute of Technology. This re-
search, carried on by many workers at
Cal Tech and elsewhere, has now large-
ly resolved the mystery of the corpus
callosum; today this bundle of fibers is
probably the best understood of any of
the large central association systems of
the brain. The investigation has gone
considerably beyond the question of the
corpus callosum’s functions. From it has
emerged a new technique for analyzing
the organization and operation of the
brain; this approach has already yielded
much interesting information and prom-
ises to open up for detailed study many
heretofore inaccessible features of brain
activity.

The technique essentially consists in
the study or application, in various ways,
of the split brain: a brain divided surgi-
cally so that the performance of each
half can be tested separately. It has
entailed a series of experiments with ani-
mals, starting with cats and continuing
with monkeys and chimpanzees. The
findings are not confined to animals;
there has also been opportunity to study
human patients who had been operated
on for severe epilepsy and emerged from
the operation with a split brain but
freed of convulsive attacks and still in
possession of most of their faculties.

The split-brain studies have borne out
the earlier observation that the cutting
of the entire corpus callosum causes
little disturbance of ordinary behavior.
This is generally true even when the



operation severs not only the corpus cal-
losum but also all the other connections
between the right and left sides of the
brain down through the upper part of
the brain stem. Cats and monkeys with
split brains can hardly be distinguished
from normal animals in most of their ac-
tivities. They show no noticeable dis-
turbance of co-ordination, maintain
their internal functions, are alert and
active, respond to situations in the usual
manner and perform just about as well
as normal animals in standard tests of
learning ability. Their individual traits
of personality and temperament remain
the same.

It required specially designed tests to
show that the split brain is not, after all,
entirely normal in its function. The first
convincing demonstration was provided
by Ronald E. Myers, in his doctoral re-
search started in 1951 in our laboratory
at the University of Chicago and con-
tinued at Cal Tech. Testing the perform-
ance of the two brain halves separately,
he found that when the corpus callosum
was cut, what was learned by one side
of the brain was not transferred to the

other side. In fact, the two sides could
learn diametrically opposed solutions to
the same experimental problem, so that
the animal’s response in a given situation
depended on which side of the brain was
receiving the triggering stimulus. It was
as though each hemisphere were a sepa-
rate mental domain operating with com-
plete disregard—indeed, with a complete
lack of awareness—of what went on in
the other. The split-brain animal be-
haved in the test situation as if it had
two entirely separate brains.

he initial experiment involved seg-
4 regating each eye with half of the
brain as a separate system. This was ac-
complishing by cutting both the corpus
callosum and the structure called the
optic chiasm, in which half the nerve
fibers from each eye cross over to the
brain hemisphere on the opposite side
of the head [see illustration on page 46].
The effect of this combined operation
is to leave each eye feeding its messages
solely to the hemisphere on the same side
of the head.

The animal was then trained to solve

a problem presented only to one eye,
the other eye being covered with a patch.
The problem might be, for example, to
discriminate between a square and a
circle; if the animal pushed a panel bear-
ing the correct symbol, say the square,
it got a reward of food. After it had
learned to make the correct choice with
one hemisphere, the problem was then
presented to the other eye and hemi-
sphere, the first eye now being blind-
folded. When the subject used the sec-
ond eye, it reacted as if it had never been
faced with the problem before. The
number of trials required to relearn the
problem with the second eye showed
that no benefit carried over from the
earlier learning with the first eye. The
transfer of learning and memory from
one hemisphere to the other occurred
readily in animals with the corpus cal-
losum intact but failed completely in
those with the corpus callosum cut. Each
hemisphere, and its associated eye, was
independent of the other.

This was again demonstrated when
the two hemispheres were trained to
make opposite choices. The animal was

EFFECT OF BRAIN DIVISION is tested on animals trained
to perform a variety of tasks in response to visual or tactile
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cues. In this test designed by the author the monkey must pull
one or the other of two levers with differently shaped handles.
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halves of the mammalian brain. The drawings on these two pages

first trained to choose the square when
the pair of symbols was seen through
one eye. After learning was complete the
eye patch was shifted and the animal
was taught with the other eye to reject
the square and pick the circle. This
reversed training through the separate
eyes gave rise to no sign of interference
or conflict, as it does in an animal with
an intact corpus callosum.

Subsequent studies, many dealing
with forms of learning other than the
visual—discrimimation by touch, motor
learning and so on—support the same
conclusion. For example, in a special
training box in which the animals could
not see what their forepaws were doing,
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LEFT HEMISPHERE

HABENULAR COMMISSURE

_ PLATE
PONS

John S. Stamm and I trained cats to get
food by using a paw to choose correctly
between a hard pedal and a soft one, or
a rough pedal and a smooth one, or two
pedals of different shapes [see illustra-
tion on page 47]. With the corpus cal-
losum intact, an animal trained to use
one paw is generally able to carry out the
learned performance when it is made to
use the untrained paw; normally the
training transfers from one side to the
other. But when the corpus callosum has
been cut beforehand, the training of one
paw does not help the other; on shifting
from the first paw to the second the cat
has to learn discrimination by touch all
over again. The same applies to the
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show the brains of a cat (left), a monkey (center) and a human
being (right). In each case the top drawing shows the top of the

learning of a motor task, such as the pat-
tern of finger or paw movements neces-
sary to push a lever or open the hasp and
cover of a food well. What is learned
with one hand or paw fails, as a rule,
to carry over to the other when the cor-
pus callosum has been severed, be it in
a cat, a monkey, a chimpanzee or a man.

In short, it appears from the accumu-

lated evidence that learning in one
hemisphere is usually inaccessible to the
other hemisphere if the commissures be-
tween the hemispheres are missing.
This means that the corpus callosum has
the important function of allowing the
two hemispheres to share learning and
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cerebral hemispheres, with the position of the corpus callosum in-
dicated in color. The bottom drawings are sectional views of the

memory. It can do this in either of two
ways: by transmitting the information
at the time the learning takes place,
or by supplying it on demand later. In
the first case the engrams, or memory
traces, of what is learned are laid down
both in the directly trained hemisphere
and, by way of the corpus callosum, in
the other hemisphere as well. In other
words, intercommunication via the cor-
pus callosum at the time of learning re-
sults in the formation of a double set of
memory traces, one in each half of the
brain. In the second case a set of engrams
is established only in the directly trained
half, but this information is available
to the other hemisphere, when it is re-
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quired, by way of the corpus callosum.

By cutting the corpus callosum after
learning, and by other methods of in-
vestigation, it is possible to determine
which of these two memory systems is
used in different learning situations and
in different species. It appears from pres-
ent evidence that the cat tends to form
engrams in both hemispheres when it is
learning something. In man, where one
hemisphere is nearly always dominant,
the single-engram system tends to pre-
vail, particularly in all memory relating
to language. The monkey seems to fall
somewhere in between. It sometimes
uses the double-engram system, but un-
der other conditions it may lay down en-
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right half of the brain as seen from the mid-line; the connecting
structures cut in split-brain investigations are designated in color.

grams in only one of its hemispheres.

Thanks to a wide variety of experi-
ments with cats and monkeys, involving
one-side training and testing of various
eye-limb and other combinations, we are
now beginning to get a fairly detailed
picture of the functions of the corpus
callosum. It is needed for correlating
images in the left and right halves of
the visual field; for integrating sensations
from paired limbs, or for learning that re-
quires motor co-ordination of the limbs;
for unifying the cerebral processes of at-
tention and awareness, and for a number
of other specific activities that involve
direct interaction of the hemispheres.
Furthermore, the corpus callosum seems
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of the monkey brain. Cutting optic chiasm and corpus callosum leaves each eye feeding in-

formation to one side of the brain only and eliminates the normal overlap of visual fields.

to play important roles of a more gen-
eral nature. Its absence slows down the
rate of learning, at least in some situa-
tions. And, like other large nerve-fiber
tracts, it has a general tonic effect on the
brain cells to which it feeds impulses.

\ Iany of these findings in animals have
. been checked and confirmed re-
cently in studies conducted on a human
patient in whom the hemispheres were
surgically separated in an effort to con-
trol intractable epileptic convulsions.
The seizures had been building up for
10 years in this man after a brain injury
sustained in World War II. Philip ]
Vogel and Joseph E. Bogen, surgeons at
the Institute of Nervous Diseases of
Loma Linda University in Los Angeles,
cut through the corpus callosum and
other commissures. The operation was
remarkably successful in ending the at-
tacks. Moreover, the patient, a 49-year-
old man above average in intelligence,
was left without any gross changes in his
personality or level of intellect. In the
months after the operation he comment-
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ed repeatedly that he felt much better
than he had in many years. In casual
conversation over a cup of coffee and a
cigarette one would hardly suspect that
there was anything at all unusual about
him.

With the collaboration of the patient
and his physician, Michael S. Gazzaniga
of our laboratory has carried out a series
of careful tests probing the man’s per-
formances with one or both sides of the
brain and body. Like most people, the
patient is right-handed, and his domi-
nant cerebral hemisphere is the left one.
He 1s able to perform quite normally
most activities involving only the left
brain and right side of the body. For
example, he can easily read material in
the right half of his visual field, name
and locate objects in that half, execute
commands with his right hand or foot
and so on. He does, however, have cer-
tain difficulties with activities on his
left side.

Up to a point the left side of his body
can function normally: he appears to see

clearly in the left half of his visual field
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and has good sensitivity to touch and
good motor function on his left side. But
in any task that requires judgment or
interpretation based on language, which
is stored only in his left cerebral hemi-
sphere, he clearly shows the eftects of the
cerebral disconnection. He cannot read
any material that falls in the left half of
his visual field, so that when he reads
with full vision he has difficulty and tires
easily, Nor can he write anything at all
meaningful with his left hand. As a rule
he cannot carry out verbal commands
with his left hand or left leg, When an
object is presented solely in the left half
of his visual field, he may react to it ap-
propriately but he cannot name or de-
scribe it. The same is true of an object
placed in his left hand when he is blind-
folded. While blindfolded he is unable
to say where he has been touched on
the left side of the body or to describe
the position or movements of his own
left hand. In fact, if the dominant hemi-
sphere of his brain is occupied with a
task, anything happening to the left side
of his body may go completely un-
noticed. When his dominant left hemi-
sphere is questioned about nonverbal
activities that have just been carried out
successfully by the left hand via the
right hemisphere, it cannot recall them;
this is often the case even when both of
his eyes have been open and their visual
fields unrestricted. Evidently the domi-
nant hemisphere of the brain neither
knows nor remembers anything about
the experiences and activities of the oth-
er hemisphere.

The separation of the two hemispheres
is further indicated by certain specific
tests. For instance, when the skin on
one side of the subject’s body is lightly
tapped with the point of a pencil, he
can locate the point touched with the
hand on that side but not with the other
hand. When a spot of light is flashed on
a screen in one half of the patient’s
visual field, he can point to it only with
the hand on the same side. In general-
ized motor activities his left hand usual-
ly co-operates with the right, but not al-
ways. At times the left hand may go oft
in a distracted way on independent and
even antagonistic activities of its own,
which can be troublesome.

'r hese findings are generally confirmed

in work begun with a second patient
who has more recently recovered from
the same kind of brain operation. The
results in this individual are not com-
plicated by an earlier brain injury, and
two months after the operation the over-
all recovery picture is even better than it
was for the first patient. In particular,



motor control of the left hand is not so
markedly impaired.

It should be noted again that most of
the impairments of brain function from
such surgery do not show up in the com-
mon activities of daily life. They are
detected only under special testing con-
ditions, such as blindfolding the subject,
restricting his movements to one or the
other hand, using quick-flash projection
to confine vision to half of the visual field
and so on. One can hope that where the
impairments do cause difficulty in ordi-
nary activities, they will be correctible by
re-education and other measures as fur-
ther investigation adds to our under-
standing of the properties and capacities
of the bisected brain.

In any case, it is now clear that the
loss of the commissural connections be-
tween the two halves of the cerebrum
does have important and well-marked
effects on the functioning of the brain.
If the corpus callosum fails to develop
at all because of some congenital acci-
dent, centers for language and other
functions may develop in compensation
on both sides of the brain. This seems
to have occurred in a nine-year-old boy
lacking a corpus callosum, whom we re-
cently tested. As in some earlier cases in
the medical literature, he shows almost
none of the impairments we observe in
the two adult patients.

In other older cases distinct impair-
ments were observed, but they were

ascribed to damage in brain areas near

the corpus callosum. In the light of pres-
ent knowledge these cases reinforce the
view that damage to the corpus callo-
sum interferes with normal functioning
in a number of clearly defined ways. For
example, Norman Geschwind of the
Veterans Administration Hospital in
Boston has recently noted that a patient
with a damaged corpus callosum, and
similar individuals in the medical litera-
ture, have shown effects such as word-
blindness, word-deafness and faulty
communication between the right and
left hands.

Once the enigma of the great cerebral
commissure was cleared up and it
was firmly established that the commis-
sure really does serve important com-
munication purposes, our interest shifted
to more general questions that might be
explored by investigation of the bisected
brain. Such a brain offered an extraordi-
nary ()pportunity to examine the many
functions and interrelations of parts of
the brain, structure by structure and
control center by control center.
Bisection of the brain leaves each
hemisphere virtually undisturbed. Each
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TACTILE DISCRIMINATION is tested with the apparatus shown in the photograph (top)
and in the diagram (bottom). The animal is trained to distinguish between two pedals with

different shapes or surface textures. In a normal cat, whatever is learned with one paw is
transferred to the other one. But in a split-brain animal each side must learn a task anew.
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half preserves intact its internal organ-
ization, the inflow of sensory messages
and the outflow of motor commands.
Each retains its full set of cerebral con-
trol centers and the potentiality for per-
forming nearly all the functions of a
whole brain. Even the human brain, in
spite of the normal dominance of one
side, can adapt itself to carry on fairly
well when one hemisphere is eliminated
early in life because of a tumor or an
injury. A monkey with one cerebral
hemisphere removed gets along better
than a man in a comparable condition,
and a cat does much better than a mon-
key.

Because of the independence of the
two halves of the bisected brain, it is
possible to study nearly all brain func-
tions by concentrating on one half while
the animal carries on normally with the
other half. The situation #%ords certain
uniquely helpful experimental condi-
tions. Since the experiments are per-
formed with one hemisphere, the iden-
tical opposite hemisphere can serve as a

ADJUSTABLE
HEAD RESTRAINTS

built-in control for comparison. More-
0\%1‘, the fact that one half of the brain
suffices to deal with the animal’s needs
makes it possible to remove or isolate
parts of the experimental half, without
disabling aftereffects to the animal, in
order to identify the functions of each
part.

A first question to arise in this con-
nection is: How far can the brain be
divided without grossly disrupting
brain-mediated processes? We have al-
ready noted that cutting the cerebral
commissures does not seriously interfere
with the functioning of the two hemi-
spheres. In monkeys the bisection has
been carried down through the roof of
the brain stem and completely through
the cerebellum, leaving intact for cross
communication only the tegmentum, or
floor of the brain stem [see illustration
on opposite page]. Such monkeys show
some motor unsteadiness, weakness and
uncertainty, but they eventually recover
their strength and stability. Deeper splits
through the tegmentum into the upper
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PERCEPTUAL CONFLICT in split-brain monkeys is tested with the apparatus shown in
the top drawing. It presents a different image to each eye, as seen in the bottom diagram.
While one of the animal’s isolated eye-brain systems learns that pushing the panel with the
cross is rewarded by food, the other eye-brain system learns to push the circle instead.
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part of the pons have been made in the
cat by Theodore Voneida of our labora-
tory. A curious blindness ensued, but it
cleared up after several weeks and the
animals made a good recovery. The ef-
fects on learning and perception of these
deepest bisections have not yet been
studied in detail. In general, however,
it can be said that the two halves of the
brain function well even when they are
divided down into the upper regions of
the brain stem, provided that only cross
connections are cut.

The effect on behavior of severing the
cross connections between the two
halves of the brain is not always simple
and unambiguous. An animal with a
split brain sometimes behaves as if the
two hemispheres were still in direct
communication in one way or another.
Some of these cases can be explained
without difficulty; others are puzzling
and call for further investigation.

One case involved the ability to re-
spond to differences in the brightness
of light. Thomas H. Meikle and Jeri A.
Sechzer of the University of Pennsyl-
vania School of Medicine trained cats to
discriminate between brightness differ-
ences seen with one eye and then tested
them with the other eye. With the corpus
callosum severed the cats were able to
transfer this learning from one hemi-
sphere to the other when the brightness
distinctions were easy to make, but not
when they were fairly difficult. The
transfer disappeared, however, when
cross connections in the midbrain, as
well as the corpus callosum, were cut.
This case therefore appears to be ex-
plainable on the basis that in the cat the
process involved is simple enough to oc-
cur at a level lower than the corpus cal-
losum. In the monkey and in man, how-
ever, the corpus callosum seems to be
required for the transfer of even the sim-
plest brightness or color discrimination.

M here are types of cross communica-

tion that can take place in a split
brain because both sides of the brain are
directly connected to the motor system
or sensory organ involved. For example,
each brain hemisphere receives sensory
messages from both the right and the left
sides of the face and other parts of the
head; consequently the separation of the
hemispheres does not interrupt the com-
munication of sensations between the two
sides of the head. Hearing in each ear is
likewise extensively represented in both
cerebral hemispheres. The same may ap-
ply in lesser degree to certain sensations
in the limbs and the rest of the body;
this may explain why learning involving
hand and arm movements in monkeys



with split brains may on occasion trans-
fer from one side to the other.

There is also the possibility of in-
direct communication between the split
halves of the brain through feedback
from activity in the body. A motor ac-
tivity directed from one hemisphere may
involve widespread bodily movements
that will feed back messages to the op-
posite hemisphere as well as the active
one. For instance, an action performed
by one hand is likely to involve adjust-
ments in posture and muscular activity
that spread to the other side of the body
and thus make themselves known to
the other hemisphere. Unifying factors
of this sort help to account for the fact
that the two sides of the body do not act
more independently in a split-brain
situation. They do not, however, change
the general inference that the two brain
hemispheres are for the most part sepa-
rate realms of knowledge and awareness.

A special case of cross transfer that
was at first quite surprising was discov-
ered recently in our laboratory by Joseph
Bossom and Charles R. Hamilton. Their
experiments dealt with the way in which
the brain adjusts itself to overcome
the distortions produced by looking
through a wedge prism. Such a prism
so displaces the visual scene that in
reaching for an object the hand misses
its mark. With a little practice, however,
the eye-brain system soon achieves the
necessary corrections to hit the target ev-
ery time. Bossom and Hamilton trained
split-brain monkeys to adapt themselves
to the problem using one eye. After the
monkeys had learned to correct for the
displacement of the prism, they were
switched to using the other eye. The
learning was fully and immediately
transferred—even in monkeys with a
deep bisection through the brain-stem
roof and cerebellum. This seemed to con-
tradict the earlier experiments showing
a lack of transfer of learning from one
eye to the other. But when Hamilton fol-
lowed up with repetitions of the ex-
periments in which the monkey was
made to practice the prism adaptation
using only one hand, he found that cor-
rective adjustments achieved through
the one hand, in combination with either
eye, do not transfer to the other hand.
This suggested that the central adjust-
ment to deflections of a target by a prism
depends primarily on the brain centers
concerned with motor activity and bod-
ily sensations rather than on those in-
volved in vision. This interpretation has
now been supported in an extension of
the study to human subjects. It is still not
clear, however, how split-brain monkeys
achieve this adjustment so easily when
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DEGREE OF SEPARATION among the higher brain centers that is produced by the surgi-
cal procedures discussed by the author is shown in this semisectional diagram of the brain.

the visual inflow is confined to one hemi-
sphere and the only hand in use is the
one governed primarily from the other
hemisphere.

Certain other performances under
study in our laboratory that appear to
involve cross integration in the divided
brain are even harder to explain. For ex-
ample, Colwyn B. Trevarthen and I have
found that a split-brain monkey can
learn to select the larger (or smaller, as
the case may be) of two circles of dif-
ferent sizes presented separately to the
two brain hemispheres, the larger to one
and the smaller to the other. To make the
relative size count, the circles are select-
ed from a series of five graded sizes. It
would seem that to make the comparison
successfully the two hemispheres, al-
though cut apart, must collaborate in
some way. Similarly, I have found that
split-brain monkeys grasping two han-
dles separately, one in each hand, can
pick the larger or the rougher of the pair.
Here again five different sizes and five
degrees of roughness are paired in ran-
dom right-left position.

Difficult as it is to avoid the conclu-
sion that the two brain hemispheres are
working together in these cases, the
strong evidence of many experiments on
the independence of the divided hemi-
spheres suggests that one should seek
other explanations. It is conceivable, for
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example, that a combination of independ-
ent strategies used by the two hemi-
spheres might have produced a high
score without any real exchange of infor-
mation. The discrimination of handles by
touch might have been aided by cross
communication through related sensa-
tions of movement or from motor feed-
back. It is also possible that the appar-
ent communication between the hemi-
spheres may have been achieved by way
of interactions taking place in the lower
brain stem or even in the spinal cord.
These and other possibilities are being
investigated.

Alother group of observations revealed

an interesting and significant dif-
ference between animal and human
brains. The tests had to do with the abil-
ity of one side of the body to respond to
visual cues received only by the cerebral
hemisphere that directs the opposite side
of the body. For example, with the cor-
pus callosum divided and with vision re-
stricted to one hemisphere, the animal is
trained to reach out and pick by vision
the correct one of two objects; can the
subject do this when allowed to use only
the hand or paw that normally is asso-
ciated with the unseeing hemisphere?
The cat proved to be able to use either
forepaw under these conditions with
about equal ease. The monkey does not
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HAND-TO-HAND CO-ORDINATION is tested in this experiment. The split-brain monkey
cannot see the plastic divider that prevents contact between its hands. By groping, it finds a
peanut with its upper hand. It can retrieve the peanut only by poking it down through
a hole and catching it with its lower hand. The only cues it has for placing the lower hand
are based on a joint-and-muscle sense of the position and movement of the upper hand.

do so well; sometimes it can co-ordinate
its motor response with the visual mes-
sage and sometimes not. In human pa-
tients, on the other hand, this ability is
severely disrupted by the severing of the
corpus callosum. As we have already
noted, in the split-brain patient who was
extensively tested the left hand generally
is unable to respond correctly to com-
mands or visual stimuli presented only to
the left cerebral hemisphere. The patient
without prior brain injury does some-
what better, but even so the performance
is markedly poorer than that of the mon-
key.

The same applies to stimuli of other
kinds. For instance, when the human
patients are blindfolded and hold a pen-
cil in one hand, the other hand is un-
able to find the end of the pencil if the
hand holding the pencil shifts its angle or

changes its position in some other way.
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When monkeys whose corpus callosum
had been cut were put to similar tests by
Richard F. Mark and me, however, they
performed almost normally [see illustra-
tion above]. And when all the cross con-
nections down through the roof plate of
the midbrain, with the exception of the
corpus callosum, were cut, the perform-
ance also went well. Subsequent cutting
of the corpus callosum in this last situa-
tion finally abolishes the performance,
showing the participation of the corpus
callosum. Even so, the difference be-
tween man and monkey in the expend-
ability of the corpus callosum for such
hand-to-hand activities remains striking.

Here we are probably seeing a reflec-
tion of the evolution of the brain. The
appearance and development of the cor-
pus callosum in evolution parallels the
appearance and development of the
cerebral cortex. As in the course of evolu-
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tion central controls are shifted from
more primitive brain-stem areas to high-
er stations in the ballooning cerebral
cortex, the role of the corpus callosum
becomes more and more critical. So also
do the phenomena of dominance and
specialization in the hemispheres of the
cerebrum. In cats and lower animals the
two hemispheres seem to be essentially
symmetrical, each learning equally and
each capable of serving by itself almost
as a whole brain. In the monkey the two
hemispheres are apparently somewhat
more specialized. As the accumulation of
memories, or the storage of information,
becomes more important in the higher
animals, the duplication of memory files
in the two brain hemispheres is given up
for a more efficient system: the division
of labor by the assignment of specialized
files and functions to each hemisphere.
This evolution has culminated in the hu-
man brain. Here a distinct separation of
functions prevails: language is the task
of the dominant hemisphere and lesser
tasks are largely taken over by the other
hemisphere.

The question of dominance is crucial
for the effective functioning of the brain
as the master control system. Bear in
mind that the brain is composed of twin
hemispheres, with a full set of control
centers in each hemisphere that enables
it to take command and govern the gen-
eral behavior of the animal. What hap-
pens, then, if the two halves of an ani-
mal’s split brain are taught to give
completely conflicting responses to a giv-
en situation?

rI‘hc devices developed in our labora-

tory allow a great variety of experi-
ments, using all sorts of combinations of
brain control centers with the sensory
and motor organs of the body. They can
restrict the animal to the use of one eye
or the other with one hand or the other,
to the tactile sense without vision, to vi-
sion in one brain hemisphere and the
tactile sense in the other, and so on. A
representative apparatus for the monkey,
designed for experiments involving visu-
al stimuli and responses with the hand,
is shown in the illustration on page 43.
The monkey stations itself behind a bar-
rier that can be adjusted to let it see with
both eyes or the right eye or the left eye
or neither, and to let it use both hands
or only the right or the left. By the use
of light-polarizing filters, the visual stim-
ulus (for example a circle) can be split
and the two images projected separately
to the two halves of its visual field in or-
der to determine if the subject can in-
tegrate them. The monkey’s responses
consist in pressing buttons, pulling levers



and so forth; these responses are reward-
ed when they are correct. We can hook
up to this apparatus automatic equip-
ment that is programed to present any
of a number of different problems to the
animal. In that case the apparatus is at-
tached to its home cage as a kind of
porch where the monkey can station it-
self as the spirit moves it and work at
its leisure.

With this apparatus a split-brain
monkey can be trained, let us say, to
choose between a triangle and a square
as the rewarding stimulus. Looking
through its left eye, it learns to select
the triangle as the reward; through the
right eye, the square. It is trained for a
few trials with the left eye, then for
a few trials with the right, and this al-
ternation is continued until each eye
comes to give a nearly perfect perform-
ance, even though the responses with
the separate eyes are contradicting each
other. As we have already noted, the
animal usually evinces no conflict in
this paradoxical situation: the left eye
unhesitatingly chooses the triangle and

-

AUTOMATED EQUIPMENT is adapted to tabulating and record-

ing the data from a number of trials conducted with several mon-

the right eye the square. Here the split-
brain monkey learns, remembers and
performs as if it were two different in-
dividuals, its identity depending on
which hemisphere it happens to be us-
ing at the moment.

What if the two hemispheres are asked
to learn these mutually contradictory
answers simultaneously instead of one
at a time alternately? Can each hemi-
sphere attend to its own lesson and file
one answer in its memory while the
other is filing a conflicting answer in
its memory?

Trevarthen found a way to investigate
this question by introducing polarizing
filters to present reversed pictures simul-
taneously to a monkey with both eyes
open [see illustration on page 48]. A pair
of patterns (say a cross and a circle,
but any pair of patterns or colors will
do) is projected separately to the two
eyes. To one eye it appears that the
food reward is won by pushing the
cross; to the other eye it seems that the
circle is being pushed. In other words,
for one hemisphere the correct answer
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is “cross” and for the other it is “circle,”
but the panel that is pushed is the same
in both cases. After the monkey, us-
ing both eyes, has learned to push the
correct panel 90 per cent of the time, it
is tested with each eye separately.

It turns out that there is a strong
tendency for one hemisphere (usually
the one governing the arm that is first
used to push the panels) to learn the
answer sooner and more fully than the
other. This suggests that active atten-
tion by one hemisphere tends to weak-
en the attention of the second, although
the activities of the two have no direct
connection. Trevarthen has found, how-
ever, that sometimes both hemispheres
learn their respective answers fully and
simultaneously. That is, the split-brain
monkey in these cases divides its at-
tention between the two hemispheres, so
that it masters the two contradictory
problems in about the same time that
a normal, single-minded monkey would
be learning one problem.

This doubling of attention is also man-
ifest in Gazzaniga’s tests on the split-

keys over a period of time. The animals work at their tasks at their
leisure, moving to apparatus affixed to the rear of their cages.
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brain human patient discussed earlier.
The test consisted in asking the man
to pick a certain figure out of a pair
of figures flashed very briefly (for less
than a tenth of a second) and simul-
taneously in each of his visual fields—
one pair in the left field and one pair
in the right. The subject abruptly points
to the correct figure in the left field with
his left hand (governed by the non-
dominant hemisphere) and at the same
time indicates the correct figure in the
right field verbally or by pointing (this
act being governed by the dominant
hemisphere, which controls language
and speech). Discussing such responses
afterward, the patient typically has no
recollection of having pointed with his
left hand; the dominant hemisphere
seems completely ignorant of what went
on in the other one.

These remarkable indications of a
doubling of the psychic machinery in
the brain raise a number of new ques-
tions about the roles played in the learn-
ing process by attention, perception and
motivation. There are also many intri-
guing philosophical implications. When
the brain is bisected, we see two separate
“selves”—essentially a divided organism
with two mental units, each with its own
memories and its own will-competing
for control over the organism. One is
tempted to speculate on whether or
not the normally intact brain is some-
times subject to conflicts that are attrib-

utable to the brain’s double structure.

How does an animal with a split brain
resolve the dilemma of being conditioned
to two directly opposite answers to a
given problem? Suppose it is confronted
with a situation in which it must make
a choice between two “correct” answers?
Can it master the conflict or is it para-
lyzed like the proverbial donkey be-
tween a bag of oats and a bale of hay?

The kind of answer that is usually
obtained is illustrated in an extension
of the experiment with polarizing filters.
After the split-brain monkey has been
trained so that one hemisphere con-
siders as correct the panel marked by
a cross and the other hemisphere con-
siders as correct the panel marked by a
circle, one of the eye filters is turned 90
degrees. Now instead of the images be-
ing reversed in the two eyes, both eyes
see the pair of symbols in the same
way—say the cross on the left and the
circle on the right. Will the animal, with
both eyes open, choose the cross or the
circle or waver in confusion between
the two? In such tests the monkeys, after
only a little indecision and hesitation,
make a choice and adhere to it: they
consistently select the cross or the circle
for a series of trials. That is, one hemi-
sphere or the other takes command and
governs the monkey’s behavior. This
dominance may shift from time to time,
each hemisphere taking its turn at con-
trol, but it would appear that no serious

conflict disrupts any given movement.

Something more akin to conflict be-
tween the separated hemispheres is oc-
casionally seen in tests given the human
patients. Incorrect responses by the left
hand may so exasperate the more sophis-
ticated dominant hemisphere that it
reaches across with the right hand to
grab the left and force it to make the
correct choice. Or conversely, when the
literate hemisphere and right hand fail
in a block-arrangement test—one of the
few things that the left hand and non-
dominant hemisphere generally do bet-
ter—impatient twitches and starts oc-
cur in the left arm, which may have to
be restrained to keep it from intercept-
ing the right. As in split-brain cats and
monkeys, however, one hemisphere or
the other generally prevails at any giv-
en time. Any incompatible messages
coming down from the other hemisphere
must be inhibited or disregarded.

rrhe experiments discussed in this

article are a sample of the large vari-
ety of studies with the split brain that
are being carried on by our group at
Cal Tech and by others in laboratories
elsewhere. Work with the split brain has
enabled us to pinpoint various centers
of specific brain activity, has suggested
new concepts and new lines of thought
and has opened up a wealth of new pos-
sibilities for investigating the mysteries
of the mind.

RHESUS MONKEYS whose brains have been bisected perform well

in most general play and exercise tests. These animals with split
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brains are hardly distinguishable from normal monkeys in their
ability to move about, find and retrieve food and do acrobatics.
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Striped raw film

We can now supply raw 16mm movie negative
film with'a magnetic stripe on it. This announce-
ment is surprising only in its timing. You would
have expected it circa 1949. We didn’t make the
announcement then because we didn’t know
how to put down a stripe that would stick for
more than a few weeks, then carry through the
photographic processing, and then remain in
good condition on the negative for a long time.
Neither, apparently, did anybody else. Now we
know how.

What’s more, the stripe we now apply can
withstand modern movie processing. Modern
movie processing is not gentle. It is fast. It re-
quires less than 2 minutes to turn exposed film
into dry negative of better quality than hardly
anybody in the business had ever seen in 1949.
This happens inside a machine called an EAst-
MAN VISCOMAT Processor.

For putting both the picture and the sound on
this magnetically striped movie film we recom-

mend a Kopak Reflex Special Camera. We
would appreciate an opportunity to show you
that this is the finest 16mm professional camera
that money can currently buy on the open mar-
ket. If you already know that because you have
one but didn’t know we could adapt it for
sound, you now know that, too.

Back in 1949, most movie film was intended
forentertainment and most magnetic deposition
was intended to record sound. Things change.
If you are thinking more of analog or digital
data corresponding to the event that is pictured
on the film for the eye, you have just suffered a
brilliant flash of insight and we have to talk to
you about what kind of movie stock you want
striped.

Get in touch with Eastman Kodak Company, Motion
Picture Products Department, Rochester, N. Y. (Phone
716-562-6000, Ext. 6230), which is also in a position to sell
you the processor and camera but may not even mention
them unless you ask.

Thoughts while viewing a greasy thumbprint

Inthecase oftotalreflection,suchas
is going on here, one is taught that
1009 of the energy and not just
99.999+4 9 comes back. That may
possibly be good enough an asser-
tion for the average high school
physics course, where one can also
learn that scientists must never be
sloppy.

It is instructive, however, to in-
quire what the grease of the thumb-
print does: it ruins the perfection
of reflection.

This is no news but comes out
of James Clerk-Maxwell. The light
penetrates a short distance into
the lower-index medium. Only if not trapped
there does the energy turn around and all come
back. By sheer power of intellect without lifting
a pinky labwise, one can prove that the spectral
composition of the reflected light must be
affected by the absorbance encountered during
the brief skid outside. Penetration might be as
much as 10 wavelengths very near the critical
angle but quickly diminishes to a small fraction
of a wavelength for incidence angles only a few
degrees greater. As long as the absorbing sub-
stance is laid on thicker than that, the thickness
doesn’t matter. Get spectrophotometric curves.
Who cares about cell thickness? Who needs
cells? Why bother with tedious sample prep-
aration? Just smear it on. Find out what mys-
terious ingredient in your competitor’s brand of
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nail polish makes the ladies love it dangerously.

It would be well to do all this in the infrared,
where absorption bands are numerous, strong,
and enlightening. You could do process-stream
monitoring. But you had better be sure you
have a higher refractive index in the infrared
than that of any sample you are likely to be
examining.

Optical materials of high index and clean, extended in-
frared transmittance tend to be soft, soluble, both, or worse,
or good for just one-time use. One, IRTRAN 4, offers high
promise. We make it (from ZnSe). Excitement over the
method—called ATR, for attenuated total reflection—had
by September reached a pitch where ACS was able to put
on a whole afternoon of papers about it. If you wish, you
can use us as a sort of clearing house on the subject among
the anal ytical instrument manufacturers and more special-
ized groups. Call 716 - 562 - 6000. Ext 5166. If patient,
write Eastman Kodak Company, S pecial Products Division,
Rochester, N. Y. 14650.

EAsTMAN 9130, $4.50 for 1 g.

subset and that alone is newly offered any of these compounds
under the indicated EAsTMAN Organic Chemical number at the
indicated price from Distillation Products Industries, Roch-
ester, N. Y 14603 (Division of Eastman Kodak Company).
Other stuff in this advertisement may bore that subset stiff. There
are other subsets, however.

Prices subject to change without notice.
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The P.A.R. Lock-In Amplifier Sys-
tems provide the theoretically opti-
mum technique for measuring ex-
tremely weak signal intensities in
the presence of noise. They are
universal narrow band coherent de-
tectors and include: high Q continu-
ously tunable selective amplifiers,
phase sensitive detector, d.c. ampli-
fier, selective d.c. filtering, continu-
ous phase control, signal modulating
oscillator, meter monitor and re-
corder drive circuits.

Two completely transistorized mod-
els covering a frequency range from
1.5 cps to 150 kc are available and
are specified in our Bulletin 108. To
acquaint those interested in the
application of the Lock-In tech-
nique to experimental situations, we
are also offering our Application
Bulletin 109. Write to:

APRINCETON
S \APPLIED RESEARCH GORP.

Box 565/Princeton, New Jersey
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Particle Schemes

n recent months much of the search
I for new “elementary” particles has
| been guided by a theoretical con-
cept known formally as “SUj symmetry”
and informally as “the eightfold way.”
The concept indicates how multiplets,
or families of particles, that have ap-
proximately the same mass, such as the
neutron-proton doublet or the pi-meson
triplet, can be grouped into supermulti-
plets, or superfamilies. By specifying
the composition of supermultiplets, the
eightfold way makes it possible to pre-
dict the existence of missing members,
their approximate masses and certain
other properties. The scheme applies
only to strongly interacting particles,
the class that responds to the strong, or
nuclear, force, and that has proliferated
dramatically in the past half-dozen years.
The class now includes well over 50
members, many of them originally de-
scribed as “resonances” (see “Resonance
Particles,” by R. D. Hill; Scientiric
AMERICAN, January, 1963).

The eightfold way was conceived in-
dependently in 1961 by Murray Gell-
Mann of the California Institute of Tech-
nology and Y. Ne’eman, a colonel in the
Israeli army. At that time Ne’eman was
military attaché at the Israeli Embassy
in London and a part-time student at
the Imperial College of Science and
Technology. Gell-Mann provided the in-
formal name as an allusion to “the eight-
fold way that leads to the cessation of
pain,” a concept attributed to Buddha.

The term “eightfold way” refers to the
various ways in which a group of eight
elementary things can be mathematical-
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ly related. An important part of the
relation involves symmetrical transfor-
mations, which are of central importance
in quantum mechanics. The particular
mathematical relation used in the eight-
fold way is called SUz symmetry. The
eightfold way explains how strongly in-
teracting particles can differ in mass and
in other basic properties (such as “iso-
topic spin” and “strangeness”) and still
be members of a superfamily.

A concept that antedates the eightfold
way by about two years has also been
fruitful in showing relations between dif-
ferent particles and in guiding experi-
menters in their search for new ones.
Conceived by the Italian physicist Tullio
Regge in 1959, it describes a mathe-
matical function called a Regge trajec-
tory. According to this concept certain
particles that differ greatly in mass can
be regarded as different “rotational
states.” The term “rotational” is em-
ployed because the states differ in the
angular momentum of their spin.

Out of these and other theoretical
concepts the belief has been growing
that the proliferation of strongly interact-
ing particles simply represents the dis-
covery of a spectrum of energy states and
that no state is more fundamental, or
elementary, than any other. Speaking
in October at the centennial celebration
of the National Academy of Sciences,
Geoffrey Chew of the University of Cali-
fornia at Berkeley observed: “If there is
no need for aristocracy among strongly
interacting particles, may there not be
democracy?”

New Birth-Control Devices
number of simple plastic and metal

A devices that can be left inside the
uterus without harm for years at a time
are being tested in the U.S. and abroad
as inexpensive and reliable aids to birth
control. The devices, which must be put
in place by a physician, include rings
made of stainless steel or plastic or both,
and various configurations of polyethyl-
ene such as a double-triangle “bow,” a
double-S loop and a spiral. All seem to
have little effect on uterine function ex-
cept for the prevention of conception,
which all accomplish with high reliabil-
ity. Accidental pregnancies have num-
bered slightly more than one per 100
patient-years of use, a rate that is much
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lower than the rates achieved by tradi-
tional means of contraception and that
also surpasses the record of the hormone
birth-control tablets in groups other than
closely supervised experimental ones.

The devices are descendants of an
intra-uterine ring invented by a German
physician, Ernst Grifenberg, 35 years
ago. Although the Grifenberg ring,
which was made of silver, was success-
ful in early trials, wider experience with
it indicated that it frequently caused
bleeding and other difficulties; it was
accordingly abandoned. Interest in it
was revived, however, by studies in
Israel and Japan. The Japanese studies,
which involved a total of 19,000 women,
showed that a Japanese modification of
the Griifenberg ring could be left in the
uterus for as long as 20 years without
detectable harm. The “bow,” the spiral
and the double-S loop are recent U.S.
innovations. Together with variants of
the Grifenberg ring, they are now be-
ing investigated in a dozen studies co-
ordinated by the National Committee
on Maternal Health.

There is no agreement on how any
of the devices work. They do not block
the uterus; they are simply lodged in-
side it. The most widely held opinion
is that they encourage peristalsis of the
Fallopian tubes, with the result that the
ovum makes the journey from ovary to
womb in considerably less than the usual
72 hours. Thus even if the ovum has
been fertilized, it is immature and the
wall of the uterus is unprepared for its
implantation. The new devices have
caused no inflammation, few bleeding
difficulties and, when a pregnancy ac-
cidentally occurs, no malformations or
other apparent harm to the fetus. They
can easily be removed if pregnancy is
desired. Sheldon ]. Segal, medical di-
rector of the Population Council, be- |
lieves they are the most promising an-
swer yet to the problem of overpopula-
tion. The devices cost only a few cents ‘
each, and once in place they work with-
out any further concern on the part of
the couples using them.

Answers in Set Theory

T]‘wo central questions in the mathe-

matical theory of sets have been
answered by Paul J. Cohen of Stanford
University. The questions have to do |

STOKES TO BUILD SPACE TEST UNITS
FOR ADVANCED WEST COAST CENTER

Artist’s concept of Douglas Aircraft Environmental Test Center. Sketch shows test model
of vehicle attached to lid and being lowered into 39’ Stokes chamber. To the left are two
Stokes 5 x 5s.” One is shown with the solar simulator now being designed for it.

Douglas Aircraft Company’s new
privately-financed Space System
Center at Huntington Beach, Cali-
fornia, will be the largest and most
technically advanced facility of its
kind on the West Coast, and an
integral part of the company’s
Missile and Space System Division.

Key elements of this test complex
dedicated to manned space flight
are three Stokes space environ-
mental chambers. The largest, 39
ft. in diameter, will be used in
checking out fully assembled
spacecraft, such as stages in the
Saturn program, and lunar and
planetary probe vehicles. These
chambers, capable of simulating
the most sophisticated combina-
tions of spacial conditions on com-
pletion, will be designed for future
updating to even higher test pa-
rameters. Stokes units similar to
those scheduled for this facility
are currently attaining vacuums

in the 10-!° Torr. range (altitudes
of approximately 400 miles). High-
speed cryopumping at 20°K will
be used on all three chambers to
obtain true orbital vacuums even
under high gas load conditions.

Stokes was chosen as prime con-
tractor for this assignment on the
basis of its successful design, fabri-
cation and installation of most of
the large, ultra-high vacuum simu-
lation chambers in use today.

If vacuum plays a part in your
business, whether in increasingly
demanding space environmental
facilities, or in food and metal
processing, vacuum drying, im-
pregnating, or metallizing, it would
pay you to take advantage of the
full scope of vacuum capability
represented by the F. J. Stokes
Corporation. Outline your require-
ments to: Vacuum Equipment Divi-
sion, F. J. Stokes Corporation, 5500
Tabor Road, Philadelphia 20, Pa.

| STOKES

F. J. STOKES CORPORATION: PHILADELPHIA [ LONDON / TORONTO

Leader in Vacuum Technology...Compacting... Plastics Molding
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with the “continuum hypothesis” and
the “axiom of choice.”

A set is a group of things considered
together, just as the word is normally
understood. The players on a base-
ball team are a set, as is the number of
nickels in a dollar or the array of all
whole numbers. Over the past century
the study of sets, and of the relations
between sets, has evolved into a theoreti-
cal structure that is one of the main
branches of mathematics. Set theory is
widely used in teaching to demonstrate
how things can be grouped and how
groups are related to one another; it has
also proved useful in the definitions and
investigations of all mathematics.

Every set has a cardinal number,
which is the number of things in the set:
nine for the baseball team, 20 for the
nickels in a dollar and the name “aleph-
null” for the infinite array of whole
numbers. The German mathematician
Georg Cantor, who was the originator
of set theory, showed that there can be
sets with a larger cardinal number than
aleph-null, for example the set of points
on a line. He used ¢ (for continuum) to
denote that cardinal number. Mathe-
maticians have debated whether or not
there are intermediate infinite sets, hav-
ing cardinal numbers between aleph-null
and ¢. The assumption that there are
such sets has been known as the con-
tinuum hypothesis.

Kurt Godel of the Institute for Ad-
vanced Study in Princeton, N. J., showed
in 1938 that the continuum hypothesis
could not be disproved with the existing
axioms of set theory. One of the two
long-standing questions in set theory has
been whether or not the hypothesis could
be proved with those axioms. Cohen has
found a model of the axioms of set theory
in which the continuum hypothesis is
untrue. Therefore he argues that the
hypothesis cannot be proved with the
existing axioms of set theory.

The other question to which Cohen
addressed himself was whether or not
it is possible to prove the “axiom of
choice.” That axiom, an important math-
ematical tool, states that given any non-
overlapping collection of sets it is pos-
sible to form a new set containing one
element from each. Godel showed that
this axiom, like the continuum hy-
pothesis, could not be disproved with the
existing axioms of set theory. Cohen has
shown that set theory cannot prove the
axiom. An important extension of Co-
hen’s assertion is that even assuming that
the axiom of choice is true, one cannot
prove the continuum hypothesis from it.

Thus set theory, in spite of its value
in mathematics, continues to lack the
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completeness that investigators seek in
any theoretical structure. It appears
probable that the lack can be supplied
only by fundamentally new axioms, if
such are indeed attainable.

A Viking Settlement in America

rI‘he first acceptable archaeological

- evidence that the Vikings reached
America before Columbus has been re-
ported by Helge Ingstad, a Norwegian
explorer. Ingstad and his colleagues,
working under the sponsorship of the
National Geographic Society, have dis-
covered in Newfoundland the ruins of
what they believe to be a Viking settle-
ment dating back to about a.p. 1000.

Icelandic sagas relate how Leif Eric-
son and other Norsemen sailed westward
from Greenland at about that time and
discovered a new land they called Vin-
land. Many searchers have claimed the
discovery of a Norse settlement, at sites
ranging from Chesapeake Bay to Hud-
son Bay. According to the National
Geographic Society no previous claim
of a pre-Columbian Norse site has had
the support of ruins or burials, the only
kind of archaeological evidence that
could indisputably date from the time of
settlement.

Ingstad had the idea, based on studies
of the sagas and an old Icelandic map,
that Vinland was farther north than any
of the sites previously claimed. He ex-
amined the coast by airplane and boat,
eventually finding traces of an ancient
settlement at L’Anse au Meadow on the
northwestern tip of Newfoundland. Ex-
cavations there turned up the remains of
nine houses and a primitive smithy.

The discoverers cite three types of
evidence for the authenticity of the site.
Some of the house sites have ember pits,
which were characteristic of Norse
homes of the period in Greenland. More-
over, the smithy was apparently used to
refine iron deposits found in nearby
bogs; the technique was unknown to
Eskimos and Indians and too primitive
for Europeans of a period later than
Ericson’s. Finally, radiocarbon dating
of charcoal from the ruins puts the date
of occupancy at about a.p. 1000. A lead-
ing student of American archaeology,
Junius Bird of the American Museum of
Natural History, said that the site “is
without question of pre-Columbian
Norse origin.”

St. Paul and the Computer
\ Presbyterian minister who subjected

the 14 Pauline Epistles of the New
Testament to computer analysis has de-
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cided that St. Paul actually wrote only
five of them and that the others were the
work of at least five different authors.
The Reverend A. Q. Morton of the
Church of Scotland reported his findings
in an article in The Observer and in lec-
tures at the University of Chicago in
November.

The authorship of many of the Epis-
tles has been questioned for some time.
In 1957 Morton and the late G. H. C.
MacGregor of the University of Glasgow
undertook to combine computer tech-
niques with textual analysis in an ef-
fort to approach the problem objectively.
They decided first to establish a number
of literary habits so characteristic of an
author that they would in effect finger-
print all his work, and then to test each
of the Epistles for the occurrence of
these habits. The habits they selected
were simple and subject to counting: the
frequency with which sentences of vari-
ous lengths appeared and the frequency
with which an author used six common
Greek words (the Epistles were written
in Greek)—the equivalents of “and,”
“but” and “in,” the definite article, the
personal pronoun and the verb “to be.”
Applying these seven tests to a number
of Greek authors, Morton and Mac-
Gregor proved their hypothesis: they
found that the tests would identify an
individual’s work regardless of subject
matter or time of writing. Applied to the
Epistles, all seven tests showed that only
Romans, First and Second Corinthians,
Galatians and Philemon were written by
the same hand. Since Paul’s authorship
of Galatians seems to be firmly estab-
lished, Morton said, “we concluded with-
out any shadow of doubt that these are
the genuine Pauline Epistles.”

Morton’s findings have been received
with skepticism by many clerics. Some
Catholic and Protestant scholars in this
country said it was already generally
accepted that at least three of the
Epistles were not written by Paul and
that Morton’s evidence on the others is
not conclusive—that it may reflect dif-
terent circumstances of writing or dicta-
tion to different scribes. Morton, how-
ever, says his results are “quite open and
shut” and constitute “a direct confronta-
tion between science and religion every
bit as far-reaching in its effects as the
clash between T. H. Huxley and the
bishops in the 19th century.”

The Smiles of Men and Monkeys

48 \’,7'hen men are amused, they draw

back the corners of their mouth
and emit a series of quavering grunts.
Why should they make this quite arbi-



How to keep a Corporation Young

Everyone wants to be mature,but no one wants to growold.
The task of being a mature corporate citizen in a rapidly
expanding technically-oriented economy entails several
areas of responsibility.
It implies, on the one hand, the ability to impose on
oneself a variety of demanding disciplines—scientific,
administrative, financial. And, on the other hand, to gen-

erate and encourage an unquenched spirit of inquiry, of

challenge, of willingness to try new ways of doing things.

At Celanese, we try to nourish the forces of innovation
within a framework of corporate and scientific discipline.
This policy is deliberately designed to encourage diverse
points of view within the Corporation and to provide an
environment in which continuous rejuvenation can occur,
better to serve our customers, our employees, our share-

holders and the economy as a whole. Celanese®
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““POLAROID ** AND ““POLACOLOR” ®

Polaroid’s eighth film is remarkable.

© 1963 SCIENTIFIC AMERICAN, INC



But it will never replace the other 7.

Last year we brought out
our long-awaited Polacolor film.
It represents the reduction of
a 22-step, 93-minute process for
conventional color film into a
one-step process that takes less
than a minute.

Polacolor film is now avail-
ableinthreeforms.Asarollfilm,
it fits all older model Polaroid
Land cameras. It also comes in
flat packs for our new Color
Pack Camera and in sheets for
4x5 cameras. All of them give
you the finished color print in
50 seconds.

Though it opens up enormous
new opportunities for on-the-
spot recording in full color,
Polacolor film can’t possibly re-
place the special capabilities of
our seven other films.

Here is a primer on those
films you may want to keep for
future reference.

Type 42 is a panchromatic
roll film rated at
A.S.A.200 and is
used for scientif-
ic work as well as
for snapshots. It
produces a fine-
grain print in
just 10 seconds.

This same emulsion is also
available as Type 52, a sheet
film for any 4x5 camera which
has a Graphic or similar back.

Typeb5P/N
is one of four
kindsof Land
film that can
give you on-
the-spot pic-
tures with al-
most any 4x5
camera. This

=2 —zi‘

film, with an,

A.S.A. equivalent rating of 50,
gives you a fine quality, usable
negative and a positive print.
Both develop outside the cam-
era, outside the darkroom in 20
seconds.Youcan enlargetheneg-
ative up to 25 times original size
withalmostnoevidence of grain.
Type 57 is our 4x5 film for
shooting in low light levels with
fast shutter speeds. It is rated
at 3200 A.S.A. and you get your
finished print in 10 seconds. The
same emulsion is available as
Type 47 (roll film) and Type
107 (pack film)
and is our most
widely used gen-
eral purpose film.
It is sensitive
enough for virtu-
ally all scientific
assignments.
Because it can be used in-
doors or out in unposed, natural
light situations, it also makes
wonderful pictures of the kids,
around the house on weekends
Type 410 is
the world’s fast-
est film. It has
an A.S.A.equiv-
alent rating of
10,000. Thisis a
high-contrast
film which can
record transient oscilloscope
traces in the nanosecond range
... literally too fast for your eye
to see. The prints develop in 10
seconds.

Type146-Lis
one of a pair of
Polaroid Land
filmswhichgive
il you black and
white transparencies instead of
prints. Within moments after
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you click the shutter you can
project them as lantern slides.
This one, rated at A.S.A. 120,
is best suited for line work and
develops in 10 seconds.

Type 46-L is
our other trans-
parency film. It

; Ls makesbeautiful
= «! continuous tone
slides with great detail. It is rat-
edat A.S.A. 800 and develops in
2 minutes. You have only to dip
Polaroid Land transparencies
in a hardening solution before
mounting them in plastic snap-
together frames.

Type 3000 X film is probably
the most un-
usual of our
films.

Exposed
in a conven-
tional X-ray
machine, it B 4~
produces a 10”x12” positive
X-ray image in just 10 seconds.
The film not only develops fast-
er than conventional X-rays,
it’s more sensitive. It requires
20% or less of the radiation
normally required to make an
X-ray picture.

These eight Polaroid Land
films are now being used in al-
most every field of industry,
medicine, science and educa-
tion. And more uses for on-the-
spot pictures are being discov-
ered all the time.

If you’d like more informa-
tion on characteristics or uses
of any of these films, we’ll be
glad to supply it.

Write: Polaroid Corporation,
Technical Sales Department,
Cambridge, Mass. 02139.

You'll get a prompt reply.

""POLAROID’”” AND ““POLACOLOR” ®




Presenting Du Pont

BAYMAL

A new inorganic colloid with unique
properties and broad application

From Du Pont research comes
“Baymal” colloidal alumina, a new
material with a. versatility that chal-
lenges your imagination.

A white powder, “Baymal” consists
of clusters of submicroscopic, crystal-
line fibrils of boehmite alumina
(ALOOH) . The powder disperses eas-
ily in water, yielding a stable, posi-

tively charged sol composed of the
discrete, ultimate fibrils. It has a high
specific surface area (275 sq. meters/
gram); from solution it can be ex-
hausted onto negative surfaces to pro-
duce mono- or multi-layer films; it can
be combined with minerals, pigments,
fibers, and other materials to form coat-
ings and shapes; or it can be formed
into porous or fused bodies directly
from its original dry state.

Now you canbegin to see what makes
“Baymal”’ colloidal alumina so unique.

ACTUAL AND SUGGESTED FUNCTIONS OF ‘“BAYMAL”
IN SOME INDUSTRIES
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trary gesture, rather than some other
one, to show friendliness and pleasure?”
With these words R. J. Andrew, a Yale
University biologist, begins an article in
Science inquiring into the evolution of
tacial expression.

Andrew finds that man’s basic reper-

| tory of facial displays is clearly related

to that of the apes and that its evolution
has been parallel to the evolution of simi-
lar displays in other primates. Whereas
expressions do communicate information
about an animal’s motivations and in-

| tentions, expressions did not originate as

reflections of drives or emotions. They
stem rather from such simple responses

{ as those associated with the protection

of vulnerable areas of the head, prepa-
ration for biting, vigorous respiration,
grooming and so on. In the course of
evolution increased facial mobility due
to changes in musculature, coupled with
an increased need among social animals
for displays conveying information, has
“facilitated” these responses; they seem
to have become less tied to a physical
response and to have acquired more gen-
eralized meanings. Parting the lips and
flicking out the tongue, for example, is a
preliminary to grooming in social pri-
mates; in some advanced primates lip-
smacking may become a generalized
form of greeting.

Tracing the “grin,” or retraction of the
corners of the mouth, Andrew notes its
occurrence in various primates and man.
Originally it was apparently a protective

| response to a threat to the animal’s head

or a preparation for biting. In more ad-
vanced primates it becomes a general-

| ized “startle” response. A man, Andrew

writes, may grin while he is being criti-
cized by a superior, while he is fighting
or engaged in other physical exertion and
even “during periods when some un-
desirable event seems likely to occur
suddenly”—as when he is making fine
adjustments in a delicate mechanism.
Speculating on the connection between
smiles and feelings of pleasure, Andrew

| reports that a large change in stimula-

tion is generally considered unpleasant
and evokes a protective response. With
“facilitation” the grin—now a smile—may
have come to be evoked by a small
change in stimulation. Such a change, he
points out, is considered pleasurable and
is, indeed, one of the conditions of a
successful joke.

Satellite Gravity Measurements

\,l easurement of the paths followed by
4 man-made satellites may provide
new evidence for the existence of con-



vection currents in the earth’s mantle,
the hot layer of rock immediately below
the crust. Over the past several years
satellite measurements have been em-
ployed to reveal irregularities in the
earth’s gravitational field The irregulari-
ties have generally been interpreted as
signifying that the earth is slightly out
of round on a plane through the Equator
and slightly pear-shaped on a plane
through the poles. S. K. Runcorn of the
University of Newcastle upon Tyne be-
lieves, however, that the gravitational
irregularities can be explained with
equal ease and greater plausibility as
resulting from convection currents in the
mantle.

Writing in Nature, Runcorn notes
that the maintenance of irregularities of
shape over great periods of time would
require the earth to have an extremely
rigid mantle. If the irregularities date
back three billion years or more (as has
been suggested), the mantle would have
to have a creep of less than a millionth
of a millionth of a millionth (1071%) of
a per cent per second. Runcorn com-
ments: “It is remarkable that our geo-
physical colleagues have not made wide-
ly known to engineers their technological
breakthrough in discovering a material
which, at elevated temperatures, has a
creep rate only one millionth millionth of
those encountered in the laboratory.”

On the other hand, rising and de-
scending convection currents in the man-
tle could produce changes in the density
of various parts of the mantle sufficient
to account for the irregularities in the
earth’s gravitational field. Moreover,
when the satellite-observed irregularities
are plotted on a map of the world, a
remarkable coincidence is observed.
All five areas of low gravity detected
by satellite coincide quite closely with
regions of the Mid-Ocean Ridge: the
globe-girdling chain of mountains that is
believed to be characterized by rising
convection currents. Such currents mark
zones of expansion in the mantle and
could be expected to produce regions of
low gravity. Satellite observations have
also revealed four areas of abnormally
high gravity. Two of them coincide with
zones of compression and probable de-
scending currents in southern Europe
and the Andes. The other two regions of
high gravity—below South Africa and in
the Pacific north and east of Australia
—are not so easily matched to the earth’s
present topographic features. But Run-
corn, an advocate of the theory of con-
tinental drift, suggests that continental
movements may provide a clue to these
and related puzzles.

How to get lasting precision in laboratory data recording

Precise data recording takes a precise
data recorder. Most recorders are pre-
cise when shipped. After a few months
on the line, most aren’t. Pl changed all
that by designing a full-scale lab re-
corder with studied simplifications that
give it the most sophisticated tape-han-
dling system in the general data field.
We call it the PI-400A. It starts out pre-
cise and stays precise. So does your
data. Here’s how we did it.

First requirement was permanently
precise tape guiding. And first thing
rejected was the concept of an edge-
hinged frame with all its inherent tor-
sions, stresses and progressive distor-
tions. In its place came a stress-relieved,
heavily-ribbed, cast-aluminum box frame
5 inches deep. Everything fits inside, in-
cluding printed-circuit motors s the
length and weight of conventional mo-
tors. This frame is pivoted, too, but
through its center of gravity, on its verti-
cal axis. Just like the symbol above. Per-
fectly balanced. Simple. Logical. Heads
are perpendicular to the tape axis within
one minute of arc. They stay that way.
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Second requirement was repeatable
accuracy of tape timing. Out went belts,
pulleys and the like. The motor shaft is
the capstan, with 7 bi-directional, crys-
tal/servo-controlled, electrically-switch-
able speeds. With its closed-loop tape
circuit, it has a timing accuracy of .02%.
And all done with just 8 moving parts in
the tape path, excluding reel hubs.

Third requirement was gentle tape
handling, because distorted tape means
distorted data. This took full-servo ten-
sioning and full-dynamic braking. It
achieves 6-ounce tape tension outside
the loop — 2 within. Half that of other re-
corders. Control logic engages tape,
capstan and pinch rollers only when all
three are fully stopped. Operator-proof.

Our engineers took 23 pages of text
and diagrams to explain the system. Our
marketing staff did it in 12. We’'ll send
you either or both reports if you are in-
terested in the how and why of lasting
precision in data recording. Just write.
Precision Instrument Company,
Stanford Industrial Park, GI}
Palo Alto 12, California.
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PROCESSES. Thin film circuits, a major step forward in miniaturized electronics,
are now replacing capacitors and resistors in the Bell telephone network.Western
Electric had the unique and difficult job of mechanizing the vacuum operations
required for thin film deposits of tantalum and other metals. From our Engineer-
ing Research Center at Princeton came the answer: A machine that continu-
ously moves a glass or ceramic substrate through chambers with vacuums
lower than a hundredth of a millionth of the earth’s atmosphere. The machine
passes substrates through separate zones for out-gassing, preheating and
metal-sputtering. This makes thin film production economical and practical —
producing high-quality, uniform metal deposits as thin as 4 millionths of an inch.
Whether making thin film circuits or Princess telephones, coming up with new
and better manufacturing techniques is a Western Electric habit that helps
bring Americans the finest communications in the world. WESTERN ELECTRIC
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THE MITOCHONDRION

This small ])ody within the hiving cell 1s the site of the chemical

events that supply energy to the cell. The molecular architecture

that underlies this function has 1'ece11tly been revealed m detail

Ithough we do not know what the
A first forms of life on the earth
were like, we do know the nature

of the equipment that started them on
the road to survival. Life was no more
than an experiment of nature, in danger
of being snuffed out at any time, until
the proto-organisms developed depend-
able machinery to perform two basic
functions: (1) reproduce themselves
and (2) generate energy in a form usa-
ble for an organism’s various require-
ments. It is clear what that machinery
must have been even in the first suc-
cessful living creatures some two billion

MITOCHONDRIA are the dark, oblong objects lined up end to
end from top left to bottom right in this electron micrograph of a

by David E. Green

years ago, because all forms of life on
our planet have basically the same sys-
tems for these two purposes. They are
summed up in the familiar initials DNA
and ATP.

DNA stands for the genetic apparatus
that is responsible for the replication of
the kev substances of life: proteins and
the nucleic acids themselves—deoxyribo-
nucleic acid (DNA) and ribonucleic
acid (RNA). Fully as important as DNA
is adenosine triphosphate, or ATP. This
molecule supplies the energy for all the
processes of life, including replication;
in fact, as it is shaped by evolution, the

1Al e
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replicating process is designed to be en-
ergized by ATP.

The energy-generating system of liv-
ing things depends on two related ac-
tions: oxidation and the synthesis of
ATP. The function of oxidation is to re-
lease electrons, which act as the agents
for the storage and transformation of en-
ergy. In the absence of oxygen other
methods of electron release can serve,
and there are many cells and organisms
that carry out “oxidation” in these sub-
stitute ways. In all cases, however, the
goal of the process is the formation of
ATP, which acts as a kind of storage

wasp’s flight-muscle fiber, made by David S. Smith of the Uni-
versity of Virginia. Magnification is approximately 9,500 diameters.
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battery feeding energy to the cell as it
is needed.

Living’ organisms have developed
three different systems for generating
energy in the form of ATP- the various
enzymes that catalyze the process of
glycolysis and the intracellular particles
known as the chloroplast and the mito-
chondrion. The most primitive of these
is glycolysis; it is the breakdown of sug-
ar by enzymes in the absence of free
oxygen. The system is comparatively in-
efficient, yielding only one molecule of
ATP for each pair of electrons released.
The mitochondrion produces three mole-
cules of ATP for each pair of electrons
released by oxidation; the chloroplast
possibly produces the same number of
ATP molecules for each pair of electrons
released by light. This threefold gain in
efficiency makes the chloroplast and the
mitochondrion the favored power plants
of living things—the chloroplast in the
world of green plants and the mitochon-
drion in the world of animal cells. In
principle both are variations on the same
theme.

The mitochondrion is often called the
powerhouse of the cell. It is a good
deal more than that; it carries out func-
tions other than generating energy. In-
deed, its basic design seems to be copied
by all other systems in the cell that have
to do with the transformation or use of
energy, such as those responsible for the

CUTAWAY DRAWING of a typical mitochondrion shows the two
membrane layers separated by a fluid-filled space called the intra-
structure space. The space within the inner membrane is called the
interstructure space. The invaginations of the inner membrane are
the cristae. The stalkless particles distributed over the outer surface
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transport of materials through mem-
branes, for the contraction of muscle and
so on. Thus the mitochondrion can serve
as a Rosetta stone for deciphering the
modus operandi of all the energy-trans-
forming processes in cells. This article
will discuss the mitochondrion’s chemi-
cal structure and operations, now known
in considerable detail, in that light.

The Structure of the Mitochondrion

Let us first look at the structure of this
tiny body. In the average cell there are
several hundred mitochondria. An aver-
age mitochondrion would be a sausage-
shaped object about 15,000 angstrom
units long and 5,000 angstroms in diame-
ter. (An angstrom unit is a ten-millionth
of a millimeter.) Rather like a Thermos
bottle, it has a two-layered wrapping: an
outer and an inner membrane with a
watery fluid filling the space between
them. Extending from the inner mem-
brane into the interior of the sausage are
a number of sacs called cristae. The sur-
faces of both membranes are sprinkled
with thousands of smaller particles; they
are anchored to the outside surface of
the outer membrane and the inside sur-
tace of the inner membrane. These par-
ticles are the elementary units that carry
out the chemical activities of the mito-
chondrion. The fluid between the mem-
branes also participates, providing com-
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munication between the layers and sup-
plying the enzymes in the membranes
with the auxiliary catalysts known as
coenzymes.

The two membranes serve as struc-
tural backbones for the mitochondrion.
From the structural standpoint they have
three notable properties: good tensile
strength, stability and flexibility (The
mitochondrion is by no means a rigid
body.) One of the fascinating develop-
ments in the analysis of the mitochon-
drion was the discovery of the chemi-
cal arrangement that accounts for these
properties.

Each membrane is made up of two
materials apart from its attached parti-
cles. The principal material, accounting
for about four-fifths of the weight of the
membrane, is a structural protein that
has recently been identified in our lab-
oratory at the University of Wisconsin.
In its usual form the protein is complete-
ly insoluble in water. Analysis of its con-
stituent amino acids showed that half
of them have paraffin-like side chains,
that is, side chains insoluble in water.
When such chains join together, they
do so by virtue of what is known as a
hydrophobic bond. The bond is fairly
weak, but the large number of bonds
involved in the joining of chains gives
it a high degree of stability. As we shall
see, the hydrophobic bond is a kev to
the structure and functions of the mito-

of the outer membrane are involved in various oxidation reactiors
that supply electrons to the interior of the mitochondrion. The par-
ticles extending inward on short stalks from the inner surface of
the inner membrane transfer the electrons along a chain of com-
plexes that synthesize molecules of adenosine triphosphate (ATP).



chondrion; we can call it one of the
motifs of the mitochondrial theme.

The structural protein can be broken
down into monomers, or subunits, by
various reagents such as lauryl sulfate,
alkali or acetic acid. They weaken the
hydrophobic bond, either by increasing
the number of electrically charged
groups on the molecules or by a deter-
gent action. The monomer, whose mo-
lecular weight is 22,000, is soluble in
water. If the reagents are removed from
the solution, the smaller units spontane-
ously rejoin to form the insoluble pol-
ymer.

The second material in the mito-
chondrial membranes, constituting about
a fifth of their weight, is lipid, or fatty
material, almost entirely in the form of
the molecules known as phospholipids.
We can picture a phospholipid molecule
as having the shape of a clothespin, the
head consisting of an electrically charged
group of atoms and the two legs made
up of long-chain fatty acid [see upper
illustration on page 66]. By itself this
molecule is insoluble in water. In a struc-
tural combination known as a micelle,
however, a group of phospholipid mole-
cules becomes soluble. Imagine two rows
of the clothespin-shaped molecules—
hundreds or thousands of them—lined
up back to back so that the heads of
the clothespins all face outward. On
the opposite, or inward, side of the rows
the fatty-acid chains forming the legs
of the molecules nest together and are
joined by hydrophobic bonds. The re-
sulting micelle is a stable structure,
and the behavior of the phospholipid
is determined by the properties of the
micelle as a whole rather than by those
of the individual molecule. By virtue
of the fact that in water the electrically
charged heads of all the molecules in
the micelle face the water, the micelle is
soluble.

It is a combination of structural pro-
tein and phospholipid micelles, then,
that forms the membranes of the mito-
chondrion. We can picture the mem-
brane as a network consisting of alternat-
ing protein and micelle units linked by
hydrophobic bonds [see lower illustra-
tion on next page]. This model would
account for the relative proportions of
protein and phospholipid in the mem-
brane and for the membrane’s physical
properties; its tensile strength presum-
ably is derived from the structural pro-
tein, and its flexibility from the phos-
pholipid micelle. The outer and inner
membranes of the mitochondrion are
not quite alike; the outer one shows
some properties the inner one does not
have. Probably components other than

LONGITUDINAL CROSS SECTION of a beef-heart mitochondrion is magnified about 60,
000 diameters in this electron micrograph made by Humberto Fernindez-Moran, now at the
University of Chicago. This particular mitochondrion is about 29,000 angstrom units long
and 7,000 angstrom units in diameter, after having been flattened out on a grid for viewing.

structural protein and phospholipid are
responsible for these properties.

The Mitochondrial Particles

Let us now examine the particles that
perform the various functions of the
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mitochondrion. Electron micrographs
show that each mitochondrion has many
thousands of these particles; they are
distributed, as we have noted, over the
outside surface of the outer membrane
and the inside surface of the inner mem-
brane. The particles have three different
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functions: (1) carrying out the oxidation
reactions that supply electrons, (2)
transferring the electrons along a chain
of complexes that synthesize ATP, (3)
catalyzing synthetic reactions that are
powered by ATP.

The available evidence indicates that
the particles concerned with the first
and third of these functions are all locat-
ed on the outer membrane, and that
those concerned with electron transfers
leading to the synthesis of ATP are on
the inner membrane. (For example,
bombardment of mitochondria with ul-
trasonic radiation does not disturb the
electron-transfer particles but does dis-
lodge most of the others, presumably
because they are on the outer and more
fragile surface.) It appears that the elec-
tron-transfer job is carried out by a parti-

cle of a particular kind that contains the
entire set of catalysts that make up the
chain.

The general picture of electron trans-
mission seems to be somewhat as fol-
lows. On the outer membrane certain
particles responsible for providing “en-
ergetic” electrons (some four to six dif-
ferent particles are involved) do so by
implementing oxidation reactions such
as those of the so-called citric acid cycle
and the oxidation of fatty acids. They
pass on the released electrons to the
coenzyme diphosphopyridine nucleo-
tide, or DPN, which shuttles them across
the liquid-filled space between the mem-
branes to the particles on the inner mem-
brane. In accepting the electrons the
DPN molecule is reduced (and is then
called DPNH); in turning them over

to the inner-membrane particles it is
oxidized.

The existence of a unit in which a
single, complete electron-transfer chain
is contained was implicit in studies con-
ducted in our laboratory over the past
10 years. The physicul unit, however,
was first discovered by Humberto Fer-
nandez-Moran, now at the University
of Chicago, during examination of mito-
chondria in the electron microscope. The
electron-transfer particle has proved to
be a momentous discovery, opening the
door to investigation of the activities of
the mitochondrion at the molecular level.

The chain traveled by the electrons
in this particle consists of a series of
catalysts arranged in a certain sequence,
each of which can undergo oxidation
and reduction. We can think of the chain
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PHOSPHOLIPID MOLECULE, one of the two materials that make

up the membranes of the mitochondrion, is shaped somewhat like

MEMBRANES OF MITOCHONDRION contain networks of alter-
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a clothespin. The head (left) consists of an electrically charged
group of atoms; the two legs (right) are long hydrocarbon chains.

T T
"|I|I |

M Y

ik
|

thick. The hydrophobic, or water-insoluble, bonding faces of both

nating protein and phospholipid units. The phospholipid molecules
are lined up back to back with their heads facing outward in long
rows known as micelles. The network is two protein molecules

the phospholipid and the structural protein molecules are in color.
This hypothetical model would account for the relative proportions
of protein and phospholipid in the mitochondrial membranes.
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“NCR ‘390’ Computer System saves 52%
on investment first year.”

"We converted a very efficient mech-
anized accounting system to NCR ‘390’
Electronic Data Processing little more
than a year ago. Our over-all objective
was to accommodate a rapid expansion
of production and factory personnel
with no corresponding increase in our
office personnel and space require-

NCR PROVIDES TOTAL SYSTEMS — FROM ORIGINAL ENTRY TO FINAL REPORT —
THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING
The National Cash Register Co. * 1,133 offices in 120 countries * 80 years of helping business save money

ments, and to obtain both additional and
quicker information from our system.
"Our experience has been amazing.
In this short time, the ‘390" System has
returned 52% on our investment — while
plant production has increased 150%.
"We believe our demand for fast, ac-
curate information couldn't possibly have
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— MOLDED FIBER GLASS BODY COMPANY, Ashtabula, Ohio

been met without our ‘390'. Growth
notwithstanding, it easily manages all
our records relating to labor, material,
inventory, sales analysis and payroll for
1,000 people.”

Fobot D Woissu,

Robert S. Morrison, President
Molded Fiber Glass Body Company

NCR

67




as a scale of notes that must be struck
in regular order, except that the notes
are struck not individually but in groups.
There are 11 different components in
the sequences (10 of them are proteins),
and they are grouped in four complexes,
or clusters. Complexes I and II are al-
ternates: the chain starts with Complex I
if the electrons come from the coenzyme

DPNH; it starts with Complex II if the
electrons are donated, as they may be,
by succinate, a product of the citric acid
cycle. In either case the electrons travel
on from Complex I or II to Complexes
III and IV, and eventually at the end
of the chain they are carried off by mole-
cules of oxygen.

The point of this arrangement is that

ENLARGEMENT of a small area at the upper left in the electron micrograph on page 65
shows the electron-transfer particles in greater detail. The base pieces of the particles form
a continuous layer around the crista. Magnification is approximately 400,000 diameters.
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each of the successive steps from Com-
plex I to the end produces ATP. The
transter of a pair of electrons from
DPNH to Complex I, then to Complex
IIT and then to Complex IV results in
the formation of a molecule of ATP at
each site, or three molecules altogether.
When ATP is synthesized, energy is
stored in the molecule in the form of a
high-energy bond, and this energy is
provided by the transferred electrons be-
cause of differences in potential between
the steps in the chain.

The four complexes are stationary and
are separated by lipid. From Complex
I (or II) electrons are shuttled across
a lipid layer to Complex III by a catalyst
known as coenzyme Q, and from Com-
plex III to IV the electrons are carried
by cytochrome ¢ [see upper illustration
on page 70]. The complexes are arranged
in a certain order; it has been found that
if the four complexes are isolated and
then dissolved in water, they will re-
assemble themselves in precisely the
same arrangement they have in the mito-
chondrion.

This general scheme shows how elec-
trons are transported from one complex
to the next, but it is not easy to see
how the traveling electrons can move
within a complex. The proteins making
up a complex are locked in fixed posi-
tions, which would seem to allow them
no means of transferring electrons from
one protein to another. Robert M. Bock
of the University of Wisconsin and Rich-
ard S. Criddle of the University of Cali-
fornia at Berkeley have proposed a bril-
liant explanation that seems to be borne
out by the evidence so far, namely that
the proteins make contact with one an-
other by means of swinging groups of
atoms, mounted on the respective pro-
teins by flexible arms, that transfer and
accept the electrons [see illustration on
pages 72 and 73].

Models of the Complexes

We now know all the components of
the electron-transfer chain (all except
coenzyme Q are proteins), the number
of molecules of each component, the
amount of lipid associated with the chain
(about 30 per cent of the total mass),
the approximate molecular weight of
each complex (between 250,000 and
600,000) and the approximate molec-
ular dimensions of the various parts
of the system and of the electron-transfer
particle as a whole. With this informa-
tion one can work out molecular models
of the complexes and the entire particle.
It appears that each complex, contain-
ing four to six protein molecules, must



New Rubber Compounds
Fabricated With
Low Shrinkage—

No Postcure!

Now, Union Carbide introduces the first
silicone rubber compounds that require
no postcuring—the first that can be fabri-
cated in molds used for ordinary rubber.

This is a notable advance for several
reasons. Anyone molding ordinary rub-
ber can now mold silicone rubber too
(or instead). Anyone designing silicone
rubber parts can get them without the
problems of special retooling. Parts
formerly made of ordinary rubber can
be made of silicone rubber—with a jump
in performance values. O-rings, grom-
mets, bellows, washers, and clip seals
are examples.

Breakthroughs in silicone technology
are fairly regular at Union Carbide. In
1955, Union Carbide introduced vinyl
groups on the dimethyl polymer to sim-
plify silicone rubber curing mechanisms
— a step recently discovered in Russia.

In silicone metal protectants, it was a
coating based on UNioN CareiDE Sili-
cones that the International Copper Re-
search Association developed as the op-
timum protectant for copper and brass.
And, development of L-520 organo-sili-
cone surfactant by Union Carbide made

COLOGY

ANNOUNCING: A Major Advance in Silicone Technology.

possible the one-shot system for mak-
ing flexible urethane foam —a process
which contributed greatly to the growth
of the urethane foam industry.

Back to the new silicone rubber com-
pounds—the UcarsiL K-1360 series. Their
exceptionally low shrinkage—1.2 to 1.6
per cent—is well within the range of or-
ganic compounds. Available in 50 to 80
durometer formulations, they meet AMS
3302 through 3305 and applicable “TA”
applications.

Lower cost of fabricated products is a
result of more efficient use of fillers in
the compounds and a reduction in proc-

A/N standard O-ring test proves low
shrinkage of new silicone rubber.

Shrinkage Ranges of K-1360 Series
vs. Organic and Other Silicone Rubbers

mEm K-1360 Single-Cure Series
I Typical Organic Compounds
K-1310 Low Shrink Series |

**Standard’’ Dimethyl Silicone
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essing costs, since no postcuring is
needed.

These single-cure compounds offer all
the advantages of standard silicone rub-
ber: outstanding resistance to heat, cold,
moisture, and weather, as well as su-
perior electrical properties.

But they require only a mold cure to
provide physicals comparable to con-
ventional postcured silicone rubber.
And oil resistance is significantly im-
proved. You can install a silicone rub-
ber part and forget it. Parts last longer.
With less teardown, rebuilding, and re-
design, you save where it really counts.

As the originator of the single-cure con-
cept and the leading innovator in sili-
cone technology, Union Carbide is con-
stantly developing new products to do a
better job. Check with your Silicones
Man for complete information.

And for technical data on the new sili-
cone rubber compounds, mail the cou-
pon below.

UNION

CARBIDE

SILIGONES

Union CARBIDE and UCARSIL are
trade marks of Union Carbide Corporation.

Silicones Division |
Union Carbide Corporation |
Dept. 4A84-9401, 30-20 Thomson Ave. |
Long Island City, New York 11101 |

In Canada: Union Carbide Canada, Ltd. |
Bakelite Division, Toronto 12. |

Please send me complete data on the |
new single-cure silicone rubber UcarsiL |
K-1360 series.

NAME

TITLE

COMPANY

ADDRESS

CITY.




have roughly the shape of a doughnut,
with the protein around the periphery
and phospholipid in the center [see illus-
tration on pages 72 and 73]. The pro-
teins are linked to one another and to the
phospholipid by hydrophobic bonds, as
in the over-all membranes of the mito-
chondrion. The functional—that is, elec-

molecules are probably directed toward
the hydrophobic interior of the lipid
core, which presumably is in the form
of phospholipid micelles. Lipid also
permeates the entire particle, providing
a medium for the shuttling of electrons
from one complex to another.

Sidney Fleischer and Gerald P. Brier-

demonstrated the essential role played
by the lipid in the transfer of electrons.
They delicately removed the lipid from
electron-transfer particles, using a sol-
vent composed of 90 per cent acetone
and 10 per cent water at low tempera-
ture to avoid damage to the functional
proteins. With the lipid extracted, the

tron—transferring—groups in the protein

DPNH

o
coenTYN

SUCCINATE

ELECTRON TRANSMISSION through a series of complexes in-
side the mitochondrion results in the formation of ATP, which
stores the energy produced in the mitochondrion and supplies it to
the cell when needed. Three molecules of ATP are formed in this

R

HYPOTHETICAL ARRANGEMENT of the four energy-generat-
ing complexes within the electron-transfer particle would reconcile
the disparity between the weight requirements of the proposed
electron-transmission system and the observed weight of the par-
ticle. According to this hypothesis Complexes I and II are in the
base piece, Complex III is in the stalk and Complex IV is in the
headpiece. Electrons are supplied by the stalkless outer particles

70

ley of our laboratory have elegantly

particles lost their ability to transfer

ATP : ATP
— "~ LoxyeeN——>

CYTOCHROME ¢

process. DPNH and succinate are produced during the operation
of the so-called citric acid cycle and also by the oxidation of fatty
acids. Black arrows accompanying colored arrows denote oxidation
reactions that donate electrons toward the formation of ATP.

(left) to molecules of DPNH and succinate at the inner surface of
the outer membrane. These coenzyme molecules then shuttle the
electrons across the intrastructure space to the outer surface of the
inner membrane, where they are donated to Complexes I or II. The
gray parts of the electron-transfer particle at right are protein and
the white parts are lipid. The fine structure of the electron-transfer
mechanism within a single complex is depicted on pages 72 and 73.
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Chalk this up to experience!

This is a functional way of looking at one of the largest concentrations of systems hardware and
software specialists in the nation. You can see why we don’t only pursue monumental military
programs like 465-L and NTDS. Some of our most interesting company-funded projects are small

.. but not their potential. Our approach to modern information systems design is at once theo-
retical, analytical and empirical. To our long and growing list of customers, we sell a “marriage”
of software skills, applications know-how, communications orientation, and hardware virtuosity.
This mix seems to be pretty appealing to high level contributors in our field as well. Maybe you?

Write Mr. E. A. Smith, Manager of Employment, Div. 93-MA, ITT Data and Information Systems
Division, Rt. 17 & Garden State Parkway, Paramus, New Jersey. (An Equal Opportunity Employer)
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electrons. Fleischer and Brierley then
restored the lipid by supplying phospho-
lipid micelles in a form that readily en-
tered the particles. Thus supplied, the
particles recovered full activity in elec-
tron transfer. In short, lipid is an ac-
tive partner, and there is accumulating
evidence that phospholipid micelles take
part in many catalytic activities in the
mitochondrion, in addition to serving as
a component of its membranes.

It is interesting to see that, structur-
ally speaking, the mitochondrion has
a striking resemblance to a virus. The
virus particle consists of a protein coat
and a nucleic acid core. When these
two parts are separated, they are in-
active; when they are combined again,
the virus completely recovers its capacity
for infection. In an analogous way the
mitochondrion completely loses its abil-
ity to transfer electrons when its pro-
tein and phospholipid parts are separat-
ed and regains this ability when they
recombine. In each case the partners
are incompetent when alone and become
active when coupled.

The Formation of ATP

How do the electron-transfer particles

produce ATP? Essentially their function
is to form ATP by joining a phosphorus
atom in a high-energy bond to adenosine
diphosphate (ADP). This is done in sev-
eral steps by a rather intricate process.
Let us examine how the process is car-
ried out in the interaction of Complex IV
and cytochrome ¢, where the details are
best known.

The crux of the process is the forma-
tion of the high-energy bond. Energy
for the bond is provided, as we have
noted, by virtue of a drop in potential
as electrons pass from one component in
the chain to the next. In Complex IV
these components are six protein mole-
cules. The difference in potential be-
tween any one protein and the adjacent
one is small—too small to supply enough
energy for the high-energy bond. The
total potential drop through the six mole-
cules, however, is large enough. The set
of six molecules does in fact function
as if they were acting in unison, there-
by assembling an energy package suf-
ficient for the bond, as six men pulling
on a rope together can move a weight
that none of them could move singly.

How is the flow of electrons trans-
lated into a high-energy bond in Com-
plex IV? George C. Webster of our lab-

oratory has shown that the electron-
bearing messenger, reduced cytochrome
¢, forms a compound with Complex IV;
the two are joined by a high-energy
bond, probably attached to the copper-
containing group in the Complex IV
protein molecule. Apparently one mole-
cule of reduced cytochrome ¢ donates
its spare electron to the complex, and
the reduced complex then interacts with
another cytochrome ¢ molecule and re-
ceives a second electron, which so to
speak seals the bond. After the com-
pound is formed it interacts with a com-
paratively small protein molecule called
the coupling factor, which splits off
Complex IV and forms a compound with
cytochrome ¢, still using the same high-
energy bond. Cytochrome ¢ is in turn
replaced by an inorganic phosphate
group that attaches itself to the coupling
factor by means of the high-energy bond.
Then follows a final reaction in which
a molecule of ADP bumps away the cou-
pling factor and joins up with the phos-
phate group, still retaining the high-en-
ergy bond, to form ATP. In short, ATP is
the end product of a series of reactions in
which cytochrome ¢ combines with
Complex 1V, the coupling factor replaces
Complex IV, inorganic phosphate re-

e

ELECTRONS ARE PROPELLED through a single complex (in
this case Complex I) from one protein to another by means of
swinging groups of atoms (black balls) that extend into the lipid
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core of the complex from the surrounding protein sheath (top).
The five-stage drawing across the bottom shows how an electron
is transferred and accepted by three of these protein groups; the



places cytochrome ¢, ADP replaces the
coupling factor and ADP and the phos-
phate addition at last come together
with a high-energy bond that has sur-
vived all the substitutions.

Imagine that the high-energy bond is
a coiled spring, stretched by a mole-
cule pulling at each end. Once it has
been stretched, the tension can be main-
tained by other molecules replacing
those pulling at the two ends, and the
combination may wind up with a pair
of partners entirely different from the
one that originally did the stretching.
This analogy essentially describes the
process by which ATP is formed not only
at Complex IV but also at the other
complexes. Gifford B. Pinchot at Johns
Hopkins University and Archie L. Smith
and Marc F. Hansen in our laboratory
have found that DPNH and Complex I
form a compound with a high-energy
bond; it can be assumed that coenzyme
Q and Complex III likewise form a high-
energy intermediate compound as a
preface to the production of ATP.

The virtue of this roundabout method
is that the series of substitutions serves
to separate the enzyme systems taking
part in the set of interactions so that
they do not get in one another’s way.
As we shall see, the mitochondrion uses
the same tactic (forming a high-energy
intermediate compound) in generating
energy for processes other than the syn-
thesis of ATP, notably for moving sub-
stances through its membranes.

Before we leave the electron-transfer
particle, let us note briefly the progress
that has been made toward identifying
it and locating its position in the mito-
chondrion. The particle, as first discov-
ered by Fernandez-Moran, seemed to
be a minute spherical body about 100
angstroms in diameter, present in large
numbers in the mitochondrion’s inner
membrane. A curious contradiction soon
emerged. On any reasonable assump-
tions about its contents, a particle of
that size would have a molecular weight
of no more than 400,000. Two kinds of

evidence later showed, however, that
the electron-transfer system must be a
great deal larger than that. In the first
place, according to calculations based
on the known components of the system
their total molecular weight must be in
the neighborhood of 1.3 million. This
figure received strong experimental sup-
port when in our laboratory we isolated
a particle that carried the electron-
transfer activity and proved to have a
molecular weight of about 1.4 million.
It seemed that this unit could not be
the same as the 100-angstrom particle
seen with the electron microscope on
the mitochondrion’s inner membrane.
How could a particle with a molecular-
weight capacity of no more than 400,000
accommodate a system with a weight
of about 1.4 million?

The situation was rescued from total
mystery when electron micrographs of
mitochondria were made at very high
resolution, first by Fernandez-Moran, and
later by others, particularly David S.
Smith, now at the University of Vir-
ginia. These showed that the particles
in the inner membrane were actually
made up of three parts: a spherical head-
piece (the tiny sphere that had been
seen earlier), a cylindrical base piece
and a cylindrical stalk connecting the
base and head. Together the three parts
could total about 1.3 million in molecular
weight.

The electron-transferring unit that our
group had isolated did not have this
shape; it was a sphere about 150 ang-
stroms in diameter. It would not be sur-
prising, however, to find that these
spheres had lost their natural shape on
being isolated; left alone, biological ma-
terial, particularly lipid, has a tendency
to round itself into a ball. Then Takuzo
Oda of the University of Okayama,
examining electron micrographs of
mitochondria in the cells of human
heart-muscle tissue, made the exciting
discovery that there the particles are
spherical and about 150 angstroms in
diameter. Our micrographs had been of

colored group in each stage is carrying the electron. This system of electron transfer within
the complexes was first proposed by Robert M. Bock of the Enzyme Research Institute of the
University of Wisconsin and Robert S. Criddle of the University of California at Berkeley.
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mitochondria in beef-heart cells. Appar-
ently, then, the electron-transfer particles
can take different shapes in different
cells: extended in some, compressed into
a ball in others. The three-part shape is
not inconsistent with the four-complex
picture of the electron-transfer chain:
Complexes I and II may be in the base
piece, Complex III in the stalk and Com-
plex IV in the headpiece.

The Larger Meaning of the Particle

Let us now see what the electron-
transfer particle has to offer as a Rosetta
stone—that is, what it can tell us about
other processes in the dynamics of the
cell. Consider, for instance, the move-
ment of substances through cell mem-
branes, an act that calls for the applica-
tion of propulsive energy. This activity
has been extremely difficult to study at
the chemical level; now the discoveries
concerning the electron-transfer particle
make it accessible to both theoretical and
experimental investigation.

Among the materials that penetrate
the mitochondrion and that play a role
in its activities are magnesium, calcium
and manganese. They make their entry
into the mitochondrion, through its out-
er membrane, as divalent ions (Mg*+,
Catt and Mn*t). In each case the en-
try is effected with a phosphate ion as an
escort; in other words, the movement is
by sets—a phosphate ion with a pair of
magnesium ions or calcium ions or man-
ganese ions. It turns out that this move-
ment through the membrane is energized
by a high-energy intermediate com-
pound, of the same kind as the inter-
mediates that lead to the synthesis of
ATP. One molecule of the compound
energizes the passage of one set of ions
into the mitochondrion. Once the ions
are there the high concentration they at-
tain leads to their precipitation as metal
phosphate, and as a result two hydro-
gen ions are released for each molecule
deposited. Gerald P. Brierley of our lab-
oratory, Albert L. Lehninger of Johns
Hopkins University and J. Brian Chap-
pell and Guy D. Greville of the Univer-
sity of Cambridge have independently
documented this transport of ions
through the membrane.

The synthesis of ATP and the move-
ment of ions both require the same high-
energy intermediate. What determines
which of the two activities will have
priority? Under ordinary conditions syn-
thesis wins by overwhelming odds. For
all practical purposes the movement of
ions stops cold when synthesis of ATP
is going on. Hector F. De Luca and
Howard Rasmussen of the University
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| of Wisconsin have made the exciting dis-
covery that one of the hormones of the
parathyroid gland can switch off syn-
| thesis and turn on the movement of ions.
We have here an instance of regulation
by a hormone at the level of the mito-
chondrial membrane.
How, exactly, is the set of ions pro-
| pelled through the membrane? The most
attractive hypothesis put forward so far
likens the propelling agent to a gun
placed in the outer membrane. We may
give this agent, presumably an enzyme,
the name “translocase.” To begin with,
the translocase must be loaded with the
right kind of projectile; only certain
pairs of ions will fit this gun. When it is
properly loaded, the translocase is fired

TRANSLOCASE “GUN” transports metallic
ions and phosphates across the outer mem-
brane of the mitochondrion from the exter-
nal medium to the intrastructure space. The
translocase molecule (oblong shape inside
membrane) is loaded with pairs of ions
(top) and is detonated, causing it to twist
around and face the interior of the mito-
chondrion. It then fires the ion pair and re-
turns to its original position (bottom). The
ions combine with the phosphate groups in
the intrastructure space to form crysials.
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by means of a detonating charge sup-
plied by the high-energy compound.
This firing causes the translocase to twist
around, face the interior of the mito-
chondrion and propel its ion-pair shell
through the membrane.

The features of the system have been
investigated in a number of laboratories.
These facts emerge. It has been shown
that the high-energy compound that pro-
vides the charge can be generated either
by the chain of electron transfers lead-
ing toward the synthesis of ATP or from
ATP itself by reversal of the process.
It has been shown further that the ion-
movingagent (the assumed translocase)
is in the outer membrane, because when
the mitochondrion is broken into frag-
ments by ultrasonic radiation, which
destroys the outer membrane, the frag-
ments are no longer able to move the
ions, although they can still synthesize
ATP.

What is translocase? Evidently it is
a contractile substance, probably de-
signed specifically for the propulsion of
ions rather than for developing tension
or the muscular type of contraction. Sev-
eral laboratories have succeeded in ex-
tracting from mitochondria a contractile
protein that on exposure to ATP under-
goes changes in the shape and size of
the molecule, which can catalyze the
breakdown of ATP to ADP and which
is greatly aided in this breakdown by
calcium—the ion that is most easily pro-
pelled through the mitochondrial mem-
brane. It remains to be determined if
this protein is actually translocase.

On all sides evidence is piling up
that the mitochondrion represents a gen-
eral blueprint that is characteristic of all
membrane systems—in fact, of all the
energy-transforming systems of the cell.
Membrane systems generally show the
same features as those exemplified by
the mitochondrion: two membranes sepa-
rated by a space, a membrane structure
composed of structural protein and phos-
pholipid in a network arrangement, the
presence of elementary functional par-
ticles in the membrane layers, the pres-
ence of a contractile protein system in
the outer membrane and the possession
of a system that can move ions. The basic
elements—a double membrane with
active, specialized giant molecules at-
tached to the membranes—seem to be
universal in all living systems.

Now that the energy-generating Sys-
tem of living things can be described in
molecular terms, we can expect an ac-
celerating tempo and revolutionary de-
velopments in all the fields of investiga-
tion bearing on this central problem of

biology.
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When the final section of Unisphere was hoisted into

place, a “shelf man” shouted good news from his perch on

the equator: the giant pieces of this twelve-story stain-
i : less steel “world” fit precise-
ly as planned.

The pieces had to fit: there
wasn't a replacement part on
earth, because this was the
first time in history that any-
thing like Unisphere had been
| attempted.
| Unisphere, which towers 140
[feet over a circular reflecting pool,
lis being presented by U.S. Steel to
the 1964-1965 New York World’s

Fair as the symbol of the Fair
and as a permanent monument
for Flushing Meadows Park.
replica of the earth ever con-
involved unprecedented design,
construction problems; yet it was
U.S.Steel five months ahead of

_/---

The largest
tructed, Unisphere
engineering, and
completed by
schedule.

A mile and a half of meridians, parallels, and orbit
rings frame this stainless steel planet and support its
continents. All told, more than 500 major structural
pieces were assembled to mount a 120-foot diameter
armillary sphere on a 20-foot base, at a total weight of
900,000 pounds.

All this stands as an open sculpture with virtually
every part exposed: exposed to view, and exposed to rain,
ice, salt-laden dampness, and the stiff gales that sweep
across Long Island.

For permanent, weatherproof beauty, the designers
chose USS 18-8S stainless steel (AISI 304). The three-
point base that supports the sphere is USS
COR-TEN Steel, a low-alloy high-
strength steel that has unusual
corrosion resistance. Each cor-
ner of the base is anchored
to the foundation with ten
23/,-inch diameter bolts of
USS “T-1” Steel, the re- |
markable constructional |
alloy steel with a minimum
yield strength of 100,000
pounds per square inch that
can create up to 50 per
cent savings in weight.

Structural support pre-
sented unusual problems.
The spherical shape would
impose enormous loads on curv-

ing structural members. Yet these members could not be
thick and could not be cross-braced without detracting
from Unisphere’s beauty. To fulfill the design concept,
slim meridians and parallels had to be spaced according
to map-making custom rather than engineering expedi-
ency and had to carry irregularly shaped, irregularly
spaced land masses. Even the pedestal that would sup-
port the entire sphere had to be gracefully slender.

But the most formidable problem was wind load. In
shaping convex land masses to fit the curvature of the
earth, U.S.Steel knew that concave inner surfaces would
trap wind like the spinnaker of a sailboat. Wind tunnel
tests of a scale model confirmed the enormity of this
problem: at wind velocity of 110 miles per hour, there
would be a total drag of 396,000 pounds.

All of these wind and weight factors had to be trans-
lated into a stress distribution pattern that would indi-
cate what structural strength each section would re-
quire: a computation so complex that 670 simultaneous
equations had to be solved for just one of three sets of
calculations. U.S.Steel called on advanced computing
equipment to supply the
answers in a matter of
weeks; without high-
speed computers, it
would have taken years.

In its final design,
Unisphere has ample
strength and stability
to stand up in a hurri-
cane.

North-South meridi-
ans are hollow rectangular sections, 6 inches wide and 12
inches deep above the Equator, and 10 inches wide by 14
inches deep below the Equator. Parallels are round tubes
from 103/-inch diameter up to the Equator, to6-inchnear
the North Pole. The Equator is an H-section
prestressed by 15/16-inch
stainless steel guys con-

nected to a floating tension
ring at the center of the
/ Unisphere.
\  In the area surrounding
the main supports, both
meridians and parallels
are heavy box sections
which taper to meet the
. normal size members.
In the Northern Hemi-
/ sphere, connections of
/" parallels to meridians are
" field bolted with stainless steel
bolts through shop-welded cap

" @ Uniind States Stawd
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plates. All connections for the Southern Hemisphere are
field welded. Three stylized orbit rings that circle Uni-
sphere are anchored by thin stainless steel aircraft cable,
barely visible from the ground.

These structural sections were fabricated by U.S.Steel
at Ambridge, Pa. Meridian pieces were butt-welded to-
gether in the shop, and each meridian quadrant—the
quarter circle from equator to pole—was shipped in two
sections. Already installed inside these members were
tubular and plate diaphragms positioned for the 360 inter-
sections of meridian and parallel.

Land masses were fabricated by U.S.Steel at Harris-
burg, Pa., after careful studies to find what surface
texture would look best at viewing distances of 90 feet
and more. Continents and major islands are made of
textured stainless steel sheets, mounted on a framework
of channels and angles. Land elevations are built up in
layer cake fashion, like a huge contour map. Since every
coastline and contour line is irregular and every land
mass must fit the earth’s curvature, fabrication became
a highly complex task in which no section was square in
any plane.

From beginning to end, Unisphere demanded entirely
new techniques to solve entirely new problems, even
after the unprecedented design and engineering ques-
tions had been settled. A few examples:

Standard bending equipment wouldn’t curve the orbital
rings without crimping or defacing them, so U.S.Steel
engineers designed a die that would do the job. Meridian
sections had to be welded together after they were pol-
ished, so the engineers worked out a method to remove
discoloration caused by welding. Working with polished
sections during fabrication also required a whole new

system of materials handling, using vacuum lifting
equipment, protective tapes, and nylon slings.

After tests of various surface materials including stain-
less steel mesh, land masses were made of a new non-
directional patterned stainless steel sheet designed espe-
cially for Unisphere. In construction, meridians and paral-
lels were connected by what is probably the first applica-
tion of inert gas shielded short-circuited arc welding to
heavy stainless steel structural members in the field. And
U.S.Steel construction engineers had to invent some new
hoisting techniques: to raise large curved sections of the
continents into place, they made a lift from a thirty-foot
piling section, angles, clamps, and a rolling hitch; to posi-
tion the huge orbital rings aloft, they welded each ring
completely together, surrounding the sphere on the
ground, then used four cranes to lift it in one piece and
hold it until anchor cables were placed.

At no point could U.S.Steel engineers go to the book
for their answers. There wasn’t any book. But when the
time came to put the pieces together, they fit. They fit
each other, they fit the theme of the New York World’s
Fair, and they fit the modern notion that no structural
design problem is too tough to solve, given the right
technical know-how, the right facilities, and the right
steels.

To quote Mr. Robert Moses, president, 1964-
661965 New York World’s Fair: What stronger,
more durable, and more appropriate metal

could be thought of than stainless steel? And
what builder more imaginative and competent”

than United States Steel?

United States Steel
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CONTROL PROBLEMS?

AiResearch has the system...

All we need to know is your problem. Whether it requires a complete
Mach trim system for aircraft or a depth-controller for submarines,
Garrett-AiResearch can solve it.

Using its extensive analysis and design capability, AiResearch produces
complete systems for sensing and computing all parameters of vehicle control:
supersonic engine inlet controls, asymmetry detection systems, course and
depth keeping controls, hydropilots, automatic throttle controls, navigational
computers, artificial rudder and elevator ‘‘feel”” systems, hover controls,

and air data computer systems, for example.

These systems are highly modularized for simple maintenance. They
incorporate self-test and comprehensive failure monitoring features for more and
better information on integrity. AiResearch know-how in solid state electronics
produces constantly smaller and lighter systems, yet we can go to
electromechanical techniques if they solve your problem better.

Please direct inquiries to AiResearch Los Angeles Division.

AIRESEARCH MANUFACTURING DIVISIONS

SYSTEMS AND COMPONENTS FOR: AIRCRAFT, MISSILE, SPACECRAFT,

LOS ANGELES, CALIFORNIA ¢ PHOENIX, ARIZONA
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ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS



TRACHOMA

This blinding eye disease afflicts nearly 500 muillion people

n poorer parts of the world. Its virus-like agent was found

only six years ago; today a practical vaccine 1s being sought

by Georges H. Werner, Bachisio Latte and Andrea Contini

early 500 million people—more
than a sixth of the world’s popu-

lation—are infected with the
blinding eye disease known since ancient
Greek times as trachoma. Trachoma is
endemic in many parts of Asia, Africa,
Europe, South America and among In-
dians in the U.S. Afflicting mainly the
peoples of underdeveloped areas, the in-
fection could probably be eliminated by
the improvement of their hygiene, hous-
ing and nutrition. But the disease is a
cause as well as a consequence of their
poverty; it is part of the vicious circle
that makes the development of the un-
derdeveloped countries so difficult. A
successful medical attack on trachoma
would not only remove a vast burden of
human suffering but also help to put the
struggling nations on the road to a de-
cent level of living.

It is only within the past six years
that investigators have positively iden-
tified the cause of trachoma. The agent
of the disease is a virus, or near virus,
markedly similar to those responsible for
psittacosis (“parrot fever”) and the ve-
nereal disease lymphogranuloma vene-
reum. This knowledge offers the excit-
ing prospect that it may be possible to
control the disease by vaccination and
thus bring to an end its long career as a
major scourge of mankind.

Trachoma was given its name by the
first-century Greek physician Dioscorides
in his famous De Materia Medica. The
name comes from the Greek word
trachys, meaning “rough,” and this de-
scribes the most striking symptom of the
disease: a roughening of the conjunctiva,
the delicate lining of the eyelids. The
disease starts with a mild inflammation
of the conjunctiva of the upper eyelid.
It proceeds to form many small follicles;
these granulations may go on growing
until the conjunctiva is as rough and
pitted as the skin of an orange. Eventual-

ly the damage may extend to the eye’s
cornea and produce partial or total
blindness.

In countries where the infection is
prevalent it commonly attacks children
at an early age. Trachoma is highly con-
tagious, and it can be transmitted from
person to person by flies, in water or,
most often, by direct contact between
the members of a family. Some ethnic
groups seem to be more susceptible than
others; Arabs, for example, have a high-
er incidence of the disease than Negroes
in the same area. Climate also seems to
be a factor: trachoma is most common
in warm climates, near seacoasts and in
windy desert areas, where irritation of
the conjunctiva by sand particles in the
air may sensitize it to infection. None of
these conditions, however, plays a de-
cisive role. The one common denominator
that characterizes all the populations in
which the disease is widespread is a low
standard of living, with the accompani-
ments of undernourishment and insani-
tary conditions, such as ritual ablutions
by many people with the same water and
use of the same towel by all the members
of the family.

rr rachoma, easily identified by its

symptoms, was described by the
Sumerians in the fifth millennium s.c.
and is reported in records of ancient
China as early as the third millennium
B.C. It was probably the most common
eye disease in ancient Greece and in the
Roman Empire. Armies and traders
spread it from population to population.
During the Middle Ages, Arab invaders
and crusaders returning from the Middle
East kindled epidemics of trachoma in
Europe. Similarly, during the first half
of the 19th century a new European out-
break of the disease was generated by
Napoleon’s soldiers on their return from
his campaign in Egypt. Trachoma flared
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up again in some areas of eastern Europe
during World War T and II

Egypt is still a virulent focus of the
disease. The virus has infected most of
the inhabitants of that country: practi-
cally all the children in the villages get it
before they are a year old and 90 per
cent of the children in the city slums are
infected before the age of two. Egypt,
however, is only one of many countries
with a high incidence of trachoma [see
bottom illustration on next two pages].
It is prevalent throughout North Africa;
in Tunisia, for example, 40 per cent of
the population have trachoma and 10 per
cent of the desert people living in oases
are totally or almost totally blind, mainly
because of this disease. Trachoma is also
common in the rest of Africa, particularly
in the Bantu tribes of South Africa,
which have the highest proportion of
blind people in the world.

In China (according to available sta-
tistics, which describe conditions pre-
vailing about 20 years ago) trachoma
attacks nearly 50 per cent of the popula-
tion: at least 100 million Chinese have
had it in a severe form and 20 million
are practically blind. In Vietnam the dis-
ease infects 30 per cent of the popula-
tion and blinds nearly 10 per cent; in the
Rajasthan province of India 50 per cent
of the children are infected before they
enter school; in some areas of Iran the
entire population is affected. In Europe
trachoma is still a problem in Portugal,
southeastern Spain, Sardinia, Sicily,
Yugoslavia and southern Greece. In the
Western Hemisphere the disease has a
high incidence in parts of Brazil, Argen-
tina and northwestern Mexico, where 30
to 60 per cent of the school-age children
are infected. In the U.S. the disease has
all but disappeared from the “trachoma
belt” that used to extend from West Vir-
ginia to Oklahoma, but the incidence is
still high on some Indian reservations.
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The classic symptoms of trachoma
have been known for many centuries
to physicians throughout the world. In
a child who contracts the disease the first
signs are a mild conjunctivitis, watering
eyes, a feeling of heaviness of the upper
eyelids, a slight aversion to light and
frequent blinking. By turning out the
inner side of the upper eyelids one can
see small, whitish follicles in the lining
and a network of capillary blood vessels
forming around them. Sometimes the
disease progresses no further and the
conjunctivas heal spontaneously. In most
cases, however, the infection, if untreat-
ed, steadily produces more and more
damage, sometimes continuing through-
out the sufferer’s lifetime. The conjunc-
tiva becomes rougher and rougher, with
larger and more numerous follicles and
nodules. The growing network of blood
vessels invades the cornea and begins to
form an opaque covering (called the
pannus) over the eyeball. Scar tissue de-
velops in the conjunctiva and cornea,
further clouding the patient’s vision. The
eyelids become deformed and turn in-
ward, eyelashes and all, so that they irri-
tate the eyeball. Patients often suffer
excruciating pain, and the disease ends
in varying degrees of impairment of
vision up to total blindness. Another un-

WORLD DISTRIBUTION of trachoma is indicated by color in

areas where at least 10 per cent of school-age children are affected
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happy aspect of trachoma is that recov-
ery from an infection does not confer
immunity: the virus may repeatedly at-
tack the same individual with increasing-
ly serious effects.

The first clue to the nature of the
causative agent of trachoma was discov-
ered in 1907 by two Austrian physicians
named S. von Prowazek and L. Halber-
staedter, who studied the disease in Java.
They gently scraped some cells from the
conjunctivas of trachoma patients and
then stained the cells and examined
them under the microscope. In the
cytoplasm of the cells they found in-
clusions containing many tiny parti-
cles (“elementary bodies”), which they
judged to be the organisms responsible
for the disease. Their conclusion appar-
ently was confirmed when they inocu-
lated some of the scrapings from the
patients into the conjunctivas of apes as
an experiment: after a few days the apes’
conjunctival cells showed the same ele-
mentary bodies. The infectious particles
evidently had reproduced themselves in
the new host.

The French bacteriologist Charles
Nicolle followed up this finding. At the
Pasteur Institute of Tunis, of which he
was director, Nicolle and his associates
set out in 1912 to try to identify further
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CHANGES IN EYE that accompany tra-

choma are illustrated. In «, b and d the eye-

the trachoma organism. Suspecting that
it was a virus, they applied what was at
that time the standard test to determine
the question. They ground up the con-
junctival scrapings from a trachoma
patient, suspended the ground material
in liquid and passed it through a porce-
lain filter. The pore size of the filter was
small enough to stop bacteria and let

by the disease. Altogether nearly 500 million people of ail ages
throughout the world have trachoma. Many are blind from it. No



lids are turned back; in ¢ the eye is merely held open. The eye in
« is normal. In b typical trachoma follicles are shown. Pannus, a

through only smaller particles such as
viruses. Nicolle then inoculated the
filtrate in the conjunctivas of a chimpan-
zee and a macaque monkey. It produced
a mild conjunctivitis in both. When
scrapings from the eyelid linings of these
animals were inoculated on the con-
junctivas of human volunteers, the hu-
man subjects soon showed the typical

~ -

color shows in the area of the U.S. but the
disease occurs on a few Indian reservations.

early symptoms of trachoma. The Pro-
wazek-Halberstaedter particles turned
up in profusion in the volunteers’ con-
junctival cells.

The passage of the infection by means
of the filtrate from man to animal to man
gave strong evidence that the agent of
trachoma was a virus. Other experi-
menters later confirmed Nicolle’s results.
This, however, was still a long way from
identification of the virus. As in the case
of other viruses attacking only primate
animals (for example the virus of polio-
myelitis), little progress could be made
in investigating the agent of trachoma
until it could be grown in cell cultures
in the test tube or in relatively simple
systems such as the developing chick
embryo.

In the 1930’s and 1940’s virologists,
notably Sir Samuel Bedson of the Lon-
don Hospital and Karl F. Meyer of the
San Francisco Medical Center of the
University of California, learned that the
agents of psittacosis and lymphogranu-
loma venereum multiplied in cells in
much the same way as the agent of tra-
choma, producing similar bodies in the
cytoplasm. They also found ways to cul-
tivate those viruses in the yolk sac of
fertilized chicken eggs. For many years,
however, all attempts to grow the tra-
choma agent in the same way failed.
Then m 1957 four virologists at the Na-
tional Vaccine and Serum Institute in
Peking finally succeeded. These workers,
whose accomplishment can be ranked in
importance with that of John F. Enders
and his colleagues in achieving the test-
tube cultivation of the polio virus, were
F F Tang, H L. Chang, Y. T. Huang
and K. C. Wang

The key to the success of the Chinese
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network of blood vessels, has begun to cover the eyeball in c. The
white transversal scars of cicatricial trachoma are shown in d.

workers was their precaution in eliminat-
ing bacteria and other organisms in the
culture that would mask or prevent the
propagation of the trachoma agent itself.
Various bacteria are commonly present
in the human conjunctiva. T’ang and
his co-workers, after taking conjunctival
scrapings from trachoma patients, treat-
ed the material with streptomycin to in-
activate the bacteria. They then inocu-
lated the scrapings into the yolk sac of
chick embryos that had been incubated
for six to eight days. From a total of 93
such cultures they managed to produce
three that gave positive evidence of
propagation of the trachoma agent in the
cells of the yolk. The typical Prowazek-
Halberstaedter bodies, characteristic of
the trachoma infection, showed up clear-
ly in the cytoplasm of these cells [see
illustrations on next two pages]. Further-
more, this material, after a series of pas-
sages in chick embryos, produced con-
junctivitis in rhesus monkeys.

The following year two British bac-
teriologists, H. L. Collier and ]. Sowa of
the Lister Institute of Preventive Medi-
cine in London, confirmed and extended
the Chinese workers’ discovery Using
the same technique, they cultivated the
virus present in scrapings from trachoma
patients in the West African country of
Gambia. The material they cultured,
when tested in a blind human volunteer,
produced the characteristic clinical and
microscopic signs of trachoma.

Since 1958 many workers have iso-
lated the same agent from trachoma
patients in Israel, Saudi Arabia, Egypt,
Sardinia, California, Taiwan, Tunisia,
South Africa, Australia, Portugal, Japan,
India, Yugoslavia and other areas where
the disease is endemic. Armed with the
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TRACHOMA-AGENT LIFE CYCLE requires living host cell.
Cycle begins when agent sheds protein coat as its DNA enters cell
(1). An “eclipse phase” follows, when no infectious particle can be
recovered from the cell (2). After about three hours RNA particles
begin to appear in the cytoplasm (3) ; they grow until they form a

discovery that the organism can be
grown not only in the yolk sac of fertile
chicken eggs but also in human cells in
vitro, a number of laboratories are pur-
suing an intensive study of the biology of
the trachoma agent. In the past three
years investigations at the Lister Insti-
tute, the Hadassah Medical School in
Jerusalem, Tokushima University in
Japan and the medical schools of the
University of California, the University
of Texas, the University of Chicago and
Notre Dame University have shed much
light on the nature of the organism and
the way it multiplies in the living cell.

The trachoma agent has been found
to belong to a family of virus-like agents
called Bedsonia (after Bedson, who did
pioneering work on them). This group
includes both the organisms causing psit-
tacosis and lymphogranuloma venereum
and those responsible for certain pneu-
monias and other diseases of animals.
The Bedsonia agents meet the definition
of a virus because they can multiply only
in living cells. They are, however, some-
what larger than any other animal virus
and, unlike other viruses but like bac-
teria, they are sensitive to the effect of
sulfonamide drugs and antibiotics.

mass (4) called an inclusion body, which is found within a vacuole
that appears in the cytoplasm. Some 25 hours after infection
new DNA particles begin to appear in the inclusion bhodies (5).
Their number increases, the inclusion body grows (6) and finally
the body fills the whole cell (7) ; it crowds the nucleus against the

In its proliferation in the cell the tra-
choma agent shows all the characteristic
behavior of a virus. The organism con-
sists essentially of a core of deoxyribo-
nucleic acid (DNA) enclosed by a coat
of protein. In the act of penetrating the
cell the agent divests itself of its protein.
The naked DNA then initiates a se-
quence of chemical syntheses in the cell’s
cytoplasm. Particles of ribonucleic acid
(RNA) arise near the cell nucleus. As
they grow they form an “inclusion body”
that eventually engulfs practically all the
cytoplasm and produces a number of
new DNA particles. The DNA particles

INCLUSION BODIES in cells from eyelids of trachoma patients
are shown in photomicrographs by the authors. At left, they are
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the black spots near nuclei of cells. Next, three larger crescent-
shaped bodies are growing around a nucleus. The third photomicro-
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cell wall. The DN A particles acquire protein
coats at this stage, and then, 70 hours after
infection, they burst out of cell (8) and go
on to infect adjacent cells in a similar man.
ner. The process is typical of virus infections.

then clothe themselves in protein coats
and, some 70 hours after the invasion
of the original single particle, burst out
of the cell as viruses ready to infect
adjacent cells. Presumably the original
DNA acted as a template for the syn-
thesis first of RNA and then of the full-
fledged DNA-plus-protein virus.
Although the agent produces trachoma
only in man, experiments have shown
that it can develop toxic or pathological
effects of one kind or another in various
animals. For instance, Samuel D. Bell,
Jr., and his associates at the Harvard
Medical School have shown that some

strains of the trachoma agent will kill
mice within 24 hours after being injected
into the bloodstream and within a few
days after being injected into the brain.
In our laboratory at the Rhéne-Poulenc
Research Center we have noted that in-
jection of a very small dose of the agent
into the brain causes the mice to lose
weight rapidly. In white rabbits the
inoculation of some strains of the agent
into the skin causes inflammatory nodules
to form there.

Before 1938 the only treatment of
any value for trachoma was the applica-
tion of a solution of copper sulfate as a
wash for the conjunctiva. Since then
clinical investigators, following the pio-
neering work of G. B. Bietti of the Uni-
versity of Rome, have discovered, and
laboratory studies of the agent have
confirmed, that the organism is vulner-
able to sulfonamide drugs, to tetracycline
antibiotics (aureomycin, terramycin and
others) and to some other antibiotics
(erythromycin and spiramycin). The
sulfa drugs, taken orally, inhibit the
multiplication of the agent, and the anti-
biotics rapidly kill it when applied local-
ly to the eye in the form of drops or oint-
ment. The combined sulfonamide-anti-
biotic treatment is highly successful in
curing the disease if it is caught early,
particularly in children.

In Sardinia and other areas with suffi-
cient medical resources trachoma has
been all but halted by systematic treat-
ment of all infected school children with
the drugs. The World Health Organiza-
tion has undertaken to assist 15 countries
in programs of chemotherapeutic control
of the disease. The treatment of a patient
takes several weeks, however, and a
community-wide campaign is costly—
too costly for underdeveloped areas and
too difficult for nomadic populations.
Moreover, it is doubtful that even a
massive effort, assuming that funds are

available, could cope effectively with the
disease in countries where the standard
of living remains low. In such an en-
vironment a child is cured only to be
reinfected by his continuing contact with
the contaminated population.

Thus chemotherapy, effective as it is,
offers little hope at present for any
marked reduction of trachoma on a
world-wide basis. Immunization, on the
other hand, would surmount the prob-
lem of exposure to the agent and could
be applied on a large scale without great
cost. Much of the present research there-
fore is directed toward the goal of find-
ing an effective vaccine against trachoma.

This might seem a vain hope in view
of the fact that the infection normally
gives a patient no immunity against re-
peated reinfection. The common human
experience in this respect has been borne
out by experiments with other primates:
monkeys can be infected with the tra-
choma agent again and again, and each
time their conjunctivitis is no less severe
than the time before.

Yet such a situation need not discour-
age searchers for a vaccine; indeed, it
adds interest to the challenge. In the case
of trachoma the normal lack of immu-
nity is open to at least two possible ex-
planations that offer loopholes for attack-
ing the problem. First, the trachoma
agent may fail to evoke the manufacture
of defensive antibodies by the host be-
cause it is a local infection confined to
the tissues of the eye. In that case it
might be possible to stimulate the forma-
tion of antibodies by injecting the tra-
choma antigen intramuscularly or sub-
cutaneously. Second, there may be sev-
eral varieties of the trachoma organism,
each unaffected by the antibodies
against the others, so that each in effect
is a new infection. Indeed, it has been
established that the agent has several
strains and that there are at least two

graph shows large bodies surrounding nuclei like skullcaps. At
right a mature inclusion body, packed with new trachoma agents,
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fills a cell. Staining has made nucleus appear black. Magnifica-
tion in all four photographs is approximately 2,000 diameters.
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CHICK EMBRYO is widely used as culture medium for viral agents. The trachoma agent
grows well in the cells of the yolk sac. In this diagram the sac is shown being inoculated.

INFECTED CELLS (granular areas) of chick embryo are seen in this section of yolk sac.
Trachoma agents produce the grainy appearance. Magnification is about 1,700 diameters.

TRACHOMA INFECTION of cultures of human cancer cells has also been achieved in the
laboratory. The large ovoid is a cell nucleus; the small round spots, inclusion bodies.

84

ALBUMEN
SAC

© 1963 SCIENTIFIC AMERICAN, INC

distinctly different types from the stand-
point of antigenic structure.

By various stratagems investigators
have in fact succeeded in experimentally
immunizing animals against the tra-
choma agent. Bell's group at Harvard
inactivated the organism with formalin,
injected this vaccine intravenously in
mice and found that it protected the
mice against later injections of lethal
doses of the live agent. We have made
mice similarly immune to lethal or toxic
doses in the brain by vaccinating them
first with small intracerebral injections
of the live agent; we were able to protect
the mice, although less effectively, even
with injections of the formalin-inacti-
vated agent in the abdominal cavity.
Chandler R. Dawson and his asso-
ciates at the San Francisco Medical Cen-
ter of the University of California have
successfully vaccinated monkeys with
the live organism injected into muscle.
And Collier at the Lister Institute has
been able to weaken some strains of the
trachoma agent (by a series of passages
in chick-embryo cultures) so that they
produce no sign of disease when inocu-
lated in the conjunctiva of a baboon.

Some vaccination attempts against tra-
choma have already been made in
human patients with encouraging re-
sults. John C. Snyder and his co-workers
at the Harvard School of Public Health
made a small test with two volunteers.
They gave one a subcutaneous injection
of the formalin-inactivated organism,
and six months later they inoculated the
conjunctivas of both subjects with the
live agent. The trachoma symptoms of
the vaccinated individual were definitely
less severe than those of the unvacci-
nated one. In a similar trial in Ethiopia
A. Felici and R. Vozza of the Istituto
Superiore di Sanita in Rome also found
that vaccinated volunteers were more re-
sistant to the agent than unvaccinated
controls. J. Thomas Grayston and his
co-workers in a medical research unit of
the U.S. Navy in Taiwan applied a post-
infection vaccination to six volunteers.
All six were experimentally infected in
one eye with the live agent; two months
later three of the six were given an intra-
muscular injection of the formalin-inac-
tivated organism, whereas the other
three received only a placebo injection.
In the latter group the trachoma pro-
gressed and eventually involved both
eyes; in the vaccinated group it re-
mained limited to the one eye originally
infected.
Along with trachoma, a somewhat
similar infection known as “swimming-
pool conjunctivitis” has been clarified in



FIGURE OF

VARIABLE 1

Typical representation of figure of merit for a system with two adjust-
able variables. The path shows how the figure of merit is maximized
as the two variables are adjusted by an automatic controller.

Control Techniques for Optimizing Multi-variable Systems

A large number of important systems
or processes involve goal-seeking in
the presence of constraints. A system
may be defined as goal-seeking if, in
the process of performing a given task,
it has the additional objective of maxi-
mizing or minimizing some figure of
merit, such as cost, yield, or error.

The controller for such a system
must be capable of automatically ad-
justing the value of each input param-
eter according to some strategy in order
to maximize or minimize the figure of
merit. Mathematically, the problem
faced by the controller is equivalent to
maximizing a function of n variables,
where n is the number of adjustable
parameters involved. Geometrically,
the function may be thought of as a
surface in n+1 dimensional space,
consisting of an n-dimensional param-
eter space plus an additional dimension
along which the figure of merit is meas-
ured. The two-parameter case leads to
an easily visualized three-dimensional
surface or hill, as shown in the figure
above. All possible operating points of
the system are represented by points
on the surface of this hill.

Systems involving goal-seeking in
the presence of constraints encompass
a wide variety of practical situations.

Many examples may be found in the
manufacturing and process industries
where it is desired to produce some
part or substance according to prede-
termined specifications. In such cases
the goal might be to minimize the man-
ufacturing cost or to maximize the yield
of the process. Constraints would be
chosen to insure the desired physical or
chemical characteristics of the output,
as well as compatibility with any lim-
itations on physical capacity of the
plant or machinery. Adjustable param-
eters might include feeds and speeds
in a machining operation, compositions
and flow rates of inputs to a chemical
process, etc.

Ultimate realization of a goal-seek-
ing controller is clearly dependent upon
the development of advanced control
techniques. Such a controller would be
most useful in complex situations for
which the system input-output relation-
ships are either unknown or ill-defined,
and are changing with time and en-
vironment. In these situations straight-
forward computing and control tech-
niques are impractical, and advanced
techniques such as self-adaption and
experimental learning must be applied.

Recent research programs carried
out at the Bendix Research Laborato-

Research Laboratories Division
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ries have entailed investigation of con-
trol techniques applicable to such goal-
seeking systems. This work has uncov-
ered a number of engineering and
mathematical problems, and has re-
sulted in the formulation of basic
concepts for the development of a gen-
eralized goal-seeking control system.

Bendix research embraces a wide
range of technology including acous-
tics, nuclear, solid state physics, quan-
tum electronics, mass spectrometry,
photoelectronics, electron beam and
tube technology, measurement science,
applied mechanics, energy conversion
systems, dynamic controls, systems
analysis and computation, navigation
and guidance, microwaves, digital
techniques, data processing and con-
trol systems. Motivation: to develop
new techniques and hardware for The
Bendix Corporation to produce new
and better products and complete, in-
tegrated, advanced systems for aero-
space, defense, industrial, aviation, and
automotive applications. Inquiries are
invited. We also invite engineers and
scientists to discuss career position op-
portunities with us. An equal oppor-
tunity employer. Write Director, Ben-
dix Research Laboratories Division,
Southfield, Michigan.

WHERE IDEAS
UNLOCK
THE FUTURE

THE e”dl/

CORPORATION
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THIS IS THE WAY WE

"Qualify for
Quality"

WE ARE PIONEERS: Be sure
TMI methods pace the
technological advance of the
metalworking industry. Never
get caught in a ‘“‘trying to
catch up” position when serving
quality-minded customers.

WE CHOOSE EXPERIENCE
WISELY: In men, equipment
and methods . .. be highly
selective. Have the planning
courage and the long range
strength to accumulate quality
experience and reject
good-enough practices.

WE THINK FIRST of our
customers. As we increase the
quality of our customers’
products, we insure the ability
of our own trademark -to
grow in its quality stature.

WE NEVER COMPROMISE
quality standards nor dare to
assume that those standards
are static. Our success in the
cold drawing of small diameter
stainless and exotic alloy
tubing depends on our ability
to lead in the quality field.

VWHEN YOUR KEY
PEOPLE RECOMMEND
TMI TUBING THESE RULES
FOR QUALITY WORK
FOR YOU FULL TIME.

TUBE METHODS INC

METALLURGISTS » ENGINLERS « MANUFACTUFLRS
BRIDGEPORT (MONTGOMERY COUNTY , P2
PHOME: 215-279-7700

Stainless and
special alloys
.050” to 1.250”
O.D. drawn as
close as .0005”
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DECREASE OF TRACHOMA in Finland accompanied advent of modern sanitation and
better standard of living. Vertical scale represents per cent of patients at the Helsinki Oph-
thalmologic Clinic treated for trachoma. Disease disappeared from Finland in the 1950’s,

recent years as a by-product of the tra-
choma investigations. As its name sug-
gests, it is not particularly a disease of
underdeveloped areas or of populations
with a low standard of living; it is most
commonly picked up in contaminated
swimming pools. The infectious organism
is sometimes present in the genitourinary
tract (as the trachoma agent never is)
and is passed on from mothers to new-
born babies in that way. The disease is
quite different from trachoma. it pro-
duces no scars or blindness and is self-
limited and self-healing. And yet this
conjunctivitis, technically called inclu-
sion blennorrhea, turns out to be caused
by an agent remarkably like that of tra-
choma. The Lister Institute workers, who
first isolated this organism, have found
that under certain experimental circum-
stances it can produce trachoma and
that it is neutralized by trachoma anti-
bodies! How two agents so closely re-
lated to each other can behave so dif-
ferently in their effects on the host is a
question that is currently fascinating
virologists.

The investigation of trachoma has
now reached an exciting stage. Several
field trials of vaccines are under way in
areas where the disease is prevalent
The Harvard School of Public Health is
conducting such trials among American
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Indian school children and among in-
fants in Saudi Arabia. Grayston’s group
in Taiwan has found, in the first year of
a program of vaccinating preschool chil-
dren with formalin-inactivated material,
that the rate of trachoma infection
among these children is only half to a
third that among the unvaccinated. It
remains to be seen how long-lasting
the immunity will be and how effective
such programs can be in immunizing
large and differing populations. So far
all that can be said is that the outlook
is not discouraging.

]\Ieanwhile it should be remembered
-~V that trachoma is essentially a dis-
ease of poverty, overcrowding and igno-
rance. Wherever living conditions im-
prove, the prevalence of the infection de-
clines dramatically. A good case in point
is Finland. At the beginning of this cen-
tury the Finnish people had one of the
highest rates of trachoma in Europe.
Thanks to their industry and elevation
of their living conditions, they eliminated
the disease as a problem long before any
effective medical treatment became
available. The 500 million trachoma suf-
ferers who remain in the world are a
vivid reminder of the opportunities that
lie ahead for the application of science
and technology.
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GD/FW is currently engaged in many out-
standing projects involving atmospheric and
space vehicles and systems. Energetic, crea-
tive engineers and scientists are needed now,
to help solve the intriguing problems involved
in our many ambitious programs. ® FORT
WORTH is a modern, clean, interesting city.
The area has the second largest concentration
of aerospace industry in the nation. High qual-
ity homes—urban, suburban, and rural—are
available close to General Dynamics at sur-
prisingly low prices. ® Driving is easy; traffic
density is low. Freeways lead directly to the
ample parking facilities of General Dynamics/
Fort Worth, and nearly all residential areas
are less than 20 minutes away. There is no
fog, no smog, no smoke and no soot. ® More
than 100 parks cover a total of about 5,000
acres. There is a fine zoo, a famed botanic
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garden, swimming pools, tennis courts, base-
ball diamonds, picnic facilities, horseback rid-
ing, Southwest Conference and NFL football,
bowling, Casa Manana theater-in-the-round,
sports car races . . . and the world’s largest
indoor rodeo—the Southwestern Exposition
and Fat Stock Show. ® Six large lakes are
within minutes from downtown—three are in
the city limits. ® Fort Worth has one of the
nation’s better school systems. For higher
education, there is Texas Christian University,
Arlington State College, Southern Methodist
University, and several other colleges and uni-
versities in the area. ® To take advantage of
the opportunities offered, write Mr. J. B. Ellis,
Industrial Relations Administrator-Engineer-
ing, General Dynamics/Fort Worth, P. O. Box
748, Fort Worth, Texas, An equal opportunity
employer.
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BORON

Although first identified as an element more than 150 years ago,

boron has Only 1‘eeently come to be appreciated for 1ts many useful

pl'operties, Several of 1ts prospective applieations are outhined

n 1901, when the young German
I chemist Alfred Stock was just set-
ting out on a long and distinguished
career in chemical research, he chose the
compounds of boron as his field of spe-
cial interest because, as he later wrote,
“it was evident that boron, the close
neighbor of carbon in the Periodic Sys-
tem, might be expected to form a much
greater variety of interesting compounds
than merely boric acid and the borates,
which were almost the only ones known
at that time.” Stock’s intuition soon
proved to be well founded. Over the next
30 years he successfully synthesized all
but one of the important compounds of
hydrogen and boron, now called boranes,
and laid the foundation for the discovery
of a myriad of other boron compounds.
Today boron and its compounds are used
in high-energy fuels for rockets and jet
aircraft, in neutron shields for nuclear
reactors and in heat-resistant lubricants
and glasses, to mention only a few of its
diverse applications. Borax and boric
acid are familiar in a variety of house-
hold products, and one boron compound
is being investigated as a treatment for

O/ N /0

N

~

DIBORANE (B,Hs)

SIX BORANE MOLECULES (compounds of boron and hydrogen)
on these two pages were all discovered and identified before 1930
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by A. G Massey

cancer. What is more, modern X-ray-
diffraction techniques have shown that
many compounds containing boron form
unusually complex crystals; these studies
promise to yield new insights in struc-
tural chemistry and new applications in
incipient technologies. The future of
boron seems certain to confirm further
Stock’s original appraisal.

The relative anonymity of boron be-
fore Stock’s time can be attributed in
part to its dominant affinity for oxygen;
in nature boron occurs exclusively in
combination with oxygen. In addition to
boric acid (H3BO;), which is sometimes
found naturally in volcanic steam jets,
the most important borate minerals in-
clude borax (Na,B,0;10H,0), kernite
(Na,B,0;-4H,0), colemanite (CaB30,-
(OH) 3*H,0), boracite (Mg;B,403,Cl,),
borocalcite (CaB,0,4H,0) and boron-
atrocalcite (NayB,0;-Cay,B;0,,-16H,0).

The discovery of borax, the common-
est ore of boron, is lost in antiquity.
Medieval alchemists apparently used
borax as a flux in metal smelting and
soldering; they often referred to “borach”
or “baurack,” which was possibly de-

rived from the Persian or Arabic word
borak, meaning white. The name
“boron” itself is a portmanteau word
derived from borax and carbon, an ele-
ment with which boron shares many
properties.

Elemental boron was first obtained
in 1807 by Humphry Davy by the elec-
trolysis of boric acid. Soon afterward
Joseph Gay-Lussac and Louis Jacques
Thénard independently succeeded in
isolating boron by heating boric oxide
with potassium. The free element re-
sembles crushed dark brown or black
earth and has no mechanical or struc-
tural strength. It lies between beryl-
lium and carbon in the periodic table
of the elements; it is thus the fifth
lightest element.

t was the close proximity of boron and
carbon in the periodic table that first
led Stock to consider the possibility of
a series of boron hydrides (compounds
of boron and hydrogen) analogous to the
hydrocarbons (compounds of hydrogen
and carbon) of organic chemistry. At
that time the metallic carbides were

PENTABORANE 9 (BgHs)
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by the German chemist Alfred Stock. The three at the left have
the general formula B H

w45 those at the right have the general



known to yield gaseous carbon deriv-
atives when subjected to hydrolysis. For
example, on treatment with water cal-
cium carbide readily produces the hydro-
carbon acetylene (CyH,). It was there-
fore quite natural for Stock to attempt
the preparation of his hypothetical boron
hydrides by the hydrolysis of metallic
borides. Although he soon found that
both magnesium boride and beryllium
boride successfully served this purpose,
his experiments were temporarily frus-
trated by the fact that the conventional
methods then employed for handling or-
ganic compounds in open flasks and
beakers were not suitable for containing
his new hydrides, which spontaneously
burst into flame in the presence of air.
He overcame this obstacle by conducting
his entire experiment in an evacuated
glass system [see bottom iilustration on
next page].

In so doing he also succeeded in over-
coming another major difficulty. By cool-
ing any part of the vacuum apparatus
in liquid air he could cause the newly
synthesized hydrides to condense at that
point. Thus by a suitable arrangement
of valves and tubes gaseous and liquid
hydrides could be manipulated to any
point in the system and pure hydrides
withdrawn.

Another of Stock’s ingenious innova-
tions in the design of laboratory appara-
tus arose out of these experiments. Be-
cause boron hydrides reacted with the
grease used for lubricating conventional
glass stopcocks, he invented a mercury
float valve that was the prototype of
many such valves in service today.
Throughout the experiments there was
the constant danger that the fragile soda-
glass apparatus might crack under the
strain of being immersed in the coolant;
in this event the highly reactive hydrides
within could mix with the liquid air and
cause a violent explosion.

TETRABORANE (B,Hy)

formula B H

a6 The large colored balls represent boron atoms;
the smaller balls are hydrogen atoms. At room temperature and

As his work progressed Stock realized
that the boron hydrides could be fitted
into two distinct series, one with the
general formula B,H,., and the other
with the general formula B H,,s. The
molecular structures of several boranes
of each type are shown on these two
pages. Altogether Stock discovered eight
of the “common” boranes; a ninth, en-
neaborane (BgH;;), was not identified
until 1958.

Since the time of Stock’s initial experi-
ments there has been considerable
debate about how electrons are arranged
in the boron hydrides, or boranes. Until
1949 it was generally accepted that the
familiar covalent bond of chemistry in-
volved the sharing of an electron by two
atoms, but in that year it was shown by
H. C. Lonquet-Higgins, now at the Uni-
versity of Cambridge, that for diborane
(BsHg) this concept had to be broad-
ened. In a molecule of diborane two elec-
trons must be shared by three atoms to
form a “three-center,” or “banana,” bond
[see upper illustration on page 92]. More
recently X-ray-diffraction studies have
unraveled the complex structures of oth-
er boranes; apparently these also contain
multicenter bonds with the bonding
electrons spread over several atoms.

Stock’s experiments yielded only
about four grams of mixed boranes from
the hydrolysis of two kilograms of mag-
nesium boride. In recent years much bet-
ter yields have been obtained from the
reduction of boron trichloride (BCly).
The impetus for this improvement has
come from research on the possibility of
using boranes in high-energy fuels for
rockets and jet aircraft.

Theoretically the range of a rocket
is established by the ratio of the heat
evolved by the oxidation, or combustion,
of its fuel and the density of the fuel.
According to this dual standard it would

PENTABORANE 11 (BgH,)
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appear that liquid hydrogen is the ideal
rocket fuel; it has both a high heat of
combustion and the lowest density of
any substance. The low boiling point
of liquid hydrogen (minus 252 degrees
centigrade) tends to cancel these ad-
vantages. The refrigerated storage sys-
tem required to maintain liquid hydro-
gen below its boiling point means that
an equal weight must be sacrificed in
the payload.

In this respect the boranes are poten-
tially superior to liquid hydrogen as effi-
cient rocket fuels. Although they have
heats of combustion considerably lower
than liquid hydrogen, they still produce
50 per cent more energy per unit of mass
than any of the liquid or solid fuels now
in use. Unfortunately the low spontane-
ous-ignition temperature of most boranes
makes their direct use as fuels somewhat
hazardous. It seems reasonable to sup-
pose that these hydrides of boron could
be combinedwith compoundsof carbon to
produce more tractable organoboranes,
but owing to the secret nature of this
kind of research no indication of what
borane derivatives have been studied
has yet appeared. It can be calculated,
however, that in order to retain the high
heat value of the parent borane the
derivative must contain as much hydro-
gen and as little carbon as possible; this
could be done by adding to the mole-
cule a small number of methyl groups
(CHy). It is known that after much dif-
ficult and expensive processing exotic
organoborane fuels have in fact been
produced that have a heat value 40
per cent higher than conventional kero-
sene fuel. The use of such fuels could
result in 40 per cent greater range for a
rocket, but rockets consume such vast
amounts of fuel that even for a short
journey the cost of boron-based fuels—
about $2,000 per gallon—would be pro-
hibitive. Accordingly interest in liquid-

DECABORANE 16 (BigHyg)

atmospheric pressure diborane is a gas, decaborane 14 and deca-
borane 16 are solids and the other three compounds are liquids.
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FIRST PART OF THE PERIODIC TABLE of the elements shows
boron in the fifth box, between beryllium and carbon. Rings and

boron fuels has faded recently, although
derivatives of decaborane (B, H,,) ap-
parently continue to find favor as solid
propellants.

Organoboranes are also used as addi-
tives in fuels for jet aircraft and automo-
biles. When added to a kerosene-rich jet
fuel, they greatly increase the velocity of
the jet flame and help to reduce the dan-
ger that the flame will be extinguished
at high altitudes, where the atmosphere
(and hence combustion-supporting oxy-

BORON B)

gen) is greatly rarefied. In the automo-
bile industry a small proportion of
organoborane is added to leaded gaso-
line. An engine that burns such a fuel has
a lower octane requirement and a higher
resistance to premature ignition than an
engine that burns normal leaded fuel.
The mode of action of these borane addi-
tives is not yet clear, but it may well
be that the boron poisons the cylinder-
head deposits that catalyze premature
ignition. The boric acid formed by the

QY

VACUUM APPARATUS depicted in this schematic drawing is
similar to the arrangement used by Stock to isolate the common
boranes. The pressure within the system is less than a millionth of
an atmosphere. The large U-shaped tubes across the bottom are used
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dots represent electron shells and electrons.
which are responsible for chemical reactions, and their shells
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combustion of the fuel has the unusual
property of being nonvolatile when it
is heated alone but volatile when it is
heated in steam; therefore much of the
boric acid residue is swept out of the
cylinder by the water vapor in the hot
exhaust gases.

l n the late 1940’s H. L. Schlesinger and

Anton B. Burg of the University of
Chicago discovered a novel boron-hy-
drogen system in which BH, units

)

to separate mixtures of gases and volatile liquids by fractional con-
densation at low temperatures. The smaller U-shaped tubes across
the center are mercury float valves. The cold trap at left is cooled
with liquid nitrogen. Mercury is in color throughout the system.
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SINCE 1932 — SPECIAL SOLUTIONS FOR OPTICAL PROBLEMS

20 per cent of natural boron, has an un-
usual capacity for absorbing slow neu-
trons. The capture of a low-energy neu-
tron by a nucleus of this boron isotope
results in the immediate expulsion of a

high-energy alpha particle, or helium
nucleus, which rapidly loses its energy
in collisions with the surrounding mole-

cules. An obvious application for this
property of boron 10 is the manufacture as a S.C|ENT|ST or ENGINEER ‘".'d m'l'e.r-
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radiation shields. Elemental boron itself
cannot be used for this purpose; since
it is a typical nonmetal it has no ductil- K. M. ELLIOTT, MANAGER
ity, tensile strength or other fabricat- Applied Research & Development Division
ing properties. Instead a substance
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shield is formed; such shields would fill
an obvious need in the nuclear-powered
aircraft of the future.

Pressure-molded bricks of finely pow-
dered boron carbide and water, when
baked in air at 600 to 1,000 degrees, are
also effective neutron absorbers. During
baking some of the boron is oxidized to
boric oxide (B,Oj3), which is liquid at
that temperature; on cooling, the boric
oxide becomes glassy and binds the brick
together. A similar technique, involving
the pressure-molding at 1,500 degrees
of mixtures containing 5 to 20 per cent
boron with a metal such as copper or

nickel, also produces neutron absorbers
suitable for nuclear reactors. The effi-
ciency of these neutron-absorbing mate-
rials is of course increased (as is the
cost) if the boron source is artificially en-
riched in boron 10 before fabrication.
Because neutrons have no electric
charge, they normally pass unchecked
through vast amounts of matter before
they are captured by a nucleus; this
makes them more difficult to “count”
than other types of radiation. Efficient
neutron counters can be made from sim-
ple Geiger counters, however, by filling
the counter tube with a mixture of argon

“BANANA BONDS” are formed in a molecule of diborane when pairs of electrons must be
shared by three atoms (in this case two borons and one hydrogen). The bonds are represent-
ed by “electron clouds”; the cloud is thickest where the electrons spend the most time.
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PENTABORANE 11

200°

PENTABORANE 9

SODIUM BOROHYDRIDE
BORON TRICHLORIDE
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25°

~
DECABORANE 14

BORANES CAN BE INTERCONVERTED using the vacuum apparatus at bottom of page
90 by controlling heat and other factors within the system. This chart shows the heats re-
quired to convert some common boranes; other techniques are needed to prepare the rarer
hydrides of boron. Hydrogen must be added to convert pentaborane 11 into tetraborane.
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and boron trifluoride (BF;) enriched
in boron 10. When a slow neutron
passes through the tube, it is captured
by a boron 10 nucleus and an alpha par-
ticle is emitted; the alpha particle, being
electrically charged and having a high
energy, ionizes the gas in the tube and
triggers the counter. A less sensitive
counting device employs a mixture of
boron 10 and zinc sulfide spread evenly
over the surface of a photomultiplier
tube. The alpha particles emitted by the
boron 10 nuclei on neutron capture
cause scintillations in the zinc sulfide
that are detected and amplified by the
photomultiplier.

r1*hese nuclear properties of boron 10

are also advantageous in research on
the treatment of brain tumors. It has
been observed that when an inorganic
boron compound such as borax is admin-
istered intravenously to a patient suffer-
ing from a brain tumor, boron accumu-
lates in a higher concentration in the
tumor than in normal, healthy brain tis-
sue; this differential lasts for about 30
minutes. If the tumor is irradiated with a
beam of slow neutrons during this pe-
riod, the boron 10 nuclei emit tissue-
killing alpha particles on neutron cap-
ture. Since alpha particles are known
to travel only a few thousandths of a
millimeter in tissue, more damage will be
done to the tumor than to the healthy
parts of the brain. For many compounds
the ratio of “boron in tumor” to “boron
in brain” is low, only of the order of two
or five to one, although a figure of 28
to one has been reported by one investi-
gator. Research is continuing on the
synthesis of boron-containing organic
molecules that might be more readily
absorbed by tumors. One report of such
work states that boron derivatives of
dyes such as Evans blue or trypan blue
are absorbed with a differential of 100
to one in the growing edge of brain
tumors in mice. This opens up the excit-
ing possibility that boron-containing
analogues of biologically active com-
pounds may be found that could carry
boron preferentially to other cancerous
sites in the body.

These analogues are likely to be com-
pounds of boron and nitrogen. Since
these two elements straddle carbon in the
periodic table, they respectively have
one electron more and one electron less
than carbon does. Thus a boron-nitrogen
bond has the same number of electrons
as a carbon-carbon bond. It follows
that some compounds of boron and nitro-
gen are chemically analogous to certain
hydrocarbons. A good example is bora-



zine (B3N3Hg), the molecule of which
resembles the ring-shaped molecule of
benzene (CgHg). Borazine, which is
sometimes referred to as inorganic ben-
zene, is very stable, but at 500 degrees
in a vacuum it slowly loses hydrogen as
its molecules begin to link up. From the
products of this reaction it is possible
to isolate the multi-ring boron-nitrogen
compounds biborazinyl (B¢NgH,,) and
borazanaphthalene (B;N;Hy), which are
analogous to the hydrocarbons biphenyl
(Cy2H;9) and naphthalene (C,,Hyg) re-
spectively.

At very high temperatures borazine,
like most other boron-nitrogen com-
pounds, yields boron nitride, which can
exist in two forms. Hexagonal boron
nitride has a layer structure much like
that of graphite but with the hexagonal
rings of successive layers lying directly
on top of one another [see bottom illus-
tration on this page]. The electrons in
hexagonal boron nitride are not “free” in
the sense that they are in graphite; this
causes boron nitride to have inferior
lubricating properties compared with
graphite because its layers do not slide
over one another so easily. Nonetheless,
the superior heat resistance of boron ni-
tride has stimulated much research into
its possible use as a high-temperature
lubricant.

An even more remarkable form of
boron nitride is borazon, the cubic, or
diamond-like, crystal form that results
when a boron-nitrogen compound is sub-
jected to about 85,000 atmospheres
of pressure at 1,800 degrees—conditions
sufficient to convert graphite into dia-
mond. Only small fragments of borazon
have so far been made, but its properties
seem particularly intriguing. It is harder
than diamond and surpasses it in heat
resistance; it is affected by temperatures
only in excess of 1,500 degrees. (Dia-
mond reverts to graphite at about 900
degrees.) Oxidation by air is slight even
at this temperature, making the use of
borazon in high-speed cutting tools pos-
sible. At about 1,650 degrees borazon
changes to a hexagonal variety of black
boron nitride with physical properties
very similar to the graphite formed by
heating diamond. What will the lubricat-
ing, electrical and other properties of this
graphite-like substance be? Such tanta-
lizing questions can only be answered
when the parent borazon becomes more
readily available.

Borazon, although supreme, is only one

of several exceedingly hard boron
compounds; boron carbide and crystal-
line elemental boron are both harder

LIQUID HYDROGEN

DIBORANE |
PENTABORANE 9 |
DECABORANE 10 - .
| Ny | | ‘
4 | | |

METHYL DIBORANE £ . ' \ ‘

KEROSENE

ALCOHOL
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BTU. PER POUND OF FUEL

HEATS OF COMBUSTION of several potential rocket fuels are indicated in this graph.
Although liquid hydrogen has a high heat of combustion and the lowest density of any sub-
stance, its low boiling point tends to cancel these advantages. The four boranes shown all pro-
duce more energy per unit of mass than the kerosene- or alcohol-rich fuels now in use.
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LAYER STRUCTURE of hexagonal boron nitride (right) resembles that of graphite (left) .
In boron nitride, however, the layers are in phase, whereas in graphite they are staggered.
Although graphite layers slide over one another more easily than boron nitride layers do,
the superior heat resistance of boron nitride could make it a better high-temperature lubri-
cant. Boron atoms are in color, nitrogen atoms (right) and carbon atoms (left) are not.
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SLICE IT HOW THIN?

One 50th of a second of arc is phenomenally

thin, but that's the maximum deviation the
Stratoscope Il 36” telescope is allowed from
its target, as it swings from a balloon at
80,000 feet. It will hold that accuracy for hours
on end. Operating above most of the earth's
atmosphere, Stratoscope |l will take pictures
with resolution impossible before; photographs
with important new information about our

universe.

Stratoscope Il is one of the more exciting
achievements of the talented engineering team
at Perkin-Elmer, but equally challenging were
the needs for a high resolution IR spectro-
photometer to detect biochemical life on Mars,
an azimuth alignment device sufficiently accu-
rate for satellite vehicle launching pads, or
atomic absorption instrumentation for measure-
ment in biological, agricultural and metallurgi-
cal applications. Perkin-Elmer designed and
built them too.

If you feel your interests and abilities are
compatible with those of the scientists and
engineers at Perkin-Elmer . .. if you would like
to work in an atmosphere of challenge where
individual contribution is recognized and re-
warded. ..if you find appeal in advanced
projects and sophisticated research in electro-
optics, detection, measurement, resolution or
recognition ... drop us a line briefly outlining
your experience and objective. We'll be pleased
to arrange a convenient interview. Write Mr.
R. H. Byles, Perkin-Elmer, an equal opportunity
employer, Norwalk, Connecticut.

4

| than Carborundum. To be of practical
use, however, the nonmetallic elemental
boron must be bound to some other sub-
stance to give it mechanical strength and
shape. For example, boron-coated iron is
used to make knife sharpeners, bearings
and dies. To deposit the coating the iron
is heated in an atmosphere of diborane at
low pressure. The thermally unstable
borane decomposes to yield elemental
boron, which at about 300 degrees is
deposited on the metal as a smooth, uni-
form layer. If the temperature is allowed
to rise to about 900 degrees, the boron
| rapidly diffuses into the metal and the
coating, now containing some metal
boride, is much more firmly bound but
rougher in appearance.

The possibility that the chainlike
molecules called polymers can be made
of inorganic substances has been closely
scrutinized during the past few years in
the hope that heat-resistant substances
with all the properties normally asso-
ciated with plastics might be discovered.
Ordinary organic (carbon-containing)
polymers tend to burn or char when
subjected to heat; one way to combat
this disadvantage is to employ noncom-
bustible, largely inorganic (containing
no carbon) building blocks. Carbon, the
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neighbor of boron in the periodic table,
is renowned for its ability to form long
chains. A perfect example of such catena-
tion is polyethylene, in which many hun-
dreds of ethylene molecules (C,H,)
are linked to form long chains of CH,
units. So far, however, no similar com-
pounds containing straight boron chains
are known. The maximum possible num-
ber of boron atoms linked together in
such a way appears to be two. Boron has
a much greater tendency to link with it-
self in well-defined three-dimensional
polyhedrons—a configuration as yet un-
known in organic chemistry. A simple
example of this is tetraboron tetrachlo-
ride, in which the four boron atoms con-
stitute a regular tetrahedron [see illustra-
tion on page 96]. A search for boron
polymers based on boron-oxygen-boron
bridges resembling the silicon-oxygen-
silicon links in the substances called
silicones has so far failed to yield useful
material.

Boron-nitrogen compounds, since they
often mimic their carbon-carbon ana-
logues, would also seem to be likely
candidates  for inorganic  polymers.
Stable, thermoplastic polymers result
when nitrogen compounds such as di-
methylamine or trimethylamine are heat-
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SOME BORON-NITROGEN COMPOUNDS (left) are chemically analogous to organic

hydrocarbons (right). These boron-nitrogen bonds have the same number of electrons

PEH KIN—'ELM ER as the analogous carbon-carbon bonds. Borazine is sometimes called inorganic benzene.
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No wonder progress so often wears a*“WG"-Western brand

Since 1888, Western Gear has grown by keeping
new irons in the fire. In the heat of progress our
various divisions have been designed to serve
almost every industry and science you can name.
The word “gear’” in our name now refers to more
than 500 products. These products range from
miniature motors, fans and blowers to power
transmission drives, speed reducers and custom-
built machinery. They include aircraft and mis-

sile components and systems as well as printing
presses and deck machinery. In fact, it’s hard

to find an industry where Western Gear isn’t.

Isn’t it likely that one of our seven divisions
could be of special service to you? It’s easy to
find out. Write for our Corporate Capabilities
Bulletin 5900. Western Gear Corporation, Box
182, Lynwood, California, area code 213 NEvada

6-0911. Or cable WESTGEAR, Lynwood, California.

Everett, Washington; Belmont, Lynwood, Pasadena, California; Houston, Texas « Offices in principal cities
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IMAGINE YOUR SON TEACHING SCIENCE TO ARISTOTLE!

Your son —let’s call him Johnny —
could teach Aristotle a lot. Because
any Johnny twelve grades old knows
more science facts than the vener-
able Greek ever did. More chemistry.
More physics. Even more medicine.
Johnny could tell Aristotle, and per-
haps you, about reagents, relativity
and viruses. And he can tell you
science facts that weren’t even part
of Jules Verne’s science fiction.

Johnny knows more because sci-
ence knows more. And that’s because
a lot of people like Johnny took
thousands of years to learn one small
fact after another. In ancient days
all learning, science included, was
philosophy. Aristotle, in fact, was
the first person to separate the two.
By classifying and relating all the
small bits of information, he estab-
lished as distinct disciplines the first
scientific specialties. Among them
were anatomy, biology, meteorology,
physics and physiology. In addition,
he invented logic and psychology.

Even so, scientific progress was
pretty haphazard. But in the
early 1900’s there were enough sci-
entists to produce what might be
called a “critical mass of ideas.”
Then, with the help of improved
communications, these ideas inter-
acted to form new ones. A chain
reaction began. Today, science is
literally exploding with new ideas
and attacking a lot of ignorance,
poverty and disease in the process.
It happened none too soon. For ex-
ample, it is estimated the world
population will increase from its
present 3 billion to 50 billion in
fewer than 70 years. Think of the
food and energy we’ll need. For-
tunately, science is already begin-
ning to produce it.

Science takes these great strides
with the help of specialization. But
if specialization is the seven-league
boot, industry is the cobbler. For
just as the cobbler fits the boot to
the foot, companies like Cyanamid
fit knowledge to human needs. To-
day, for example, 33 different sci-
entific specialties are represented at
Cyanamid alone. They range from
analyticalchemists,whofindoutwhat
things are made of, to zoologists
who determine which animals help
man, which ones hurt him, and how.

Between these alphabetical ex-
tremes are bacteriologists, electrical
engineers, mycologists, pharmacolo-
gists, textile engineers and virolo-
gists and others. They work in such
diverse areas as health, industrial
chemicals, dyes and pigments, fibers,
resins and plastics.

Today, the scientist is finding
that he must know a lot about sev-
eral specialties to avoid duplicating
the work of others. This has led to
another alphabet soup of “inter-
disciplines” starting with astrophys-
ics and biochemistry.

Now where does Johnny fit into
science ? Everywhere. Hecan’t escape
it. As medicine it touches him at the
very moment of birth. Under other
names, it affects him every day of his
life. He studies it in school, and we
at Cyanamid hope he will at least
consider it as a career. It’s exciting,
rewarding work and we want to help
make sure that Johnny knows it.

It is obvious that whatever bene-
fit Johnny derives from Cyanamid
comes primarily from its products
and the knowledge generated in
their development. But we’re not

content to leave it at that. To help
Johnny get acquainted with science,
with its excitement and humanity
as well as its career potential, we
askeducators: “WherecanCyanamid
help?” In answer, teachers and stu-
dents sent 12,000 requests for infor-
mation last year. And Cyanamid
sent 12,000 replies.

In addition, Cyanamid has hosted
over 200 visits by local schools and
college groups to its Central Re-
search Laboratories at Stamford,
Connecticut. After visits like these,
some students even get to ‘“shadow”
a scientist during a half-day’s work.

To bring science to the classroom
several hundred Cyanamid people
visit science clubs and classes to talk
with students about science and en-
gineering, and to counsel them if
they show an interest.

And like most responsible com-
panies, Cyanamid also comes across
with cold cash, three quarters of a
million dollars a year to university
departments of agriculture, chem-
istry, chemical engineering and
medicine.

Finally, a number of Cyanamid’s
top scientists have returned to the
colleges full time. As professors, de-
partment heads and deans, they can
draw upon their practical experi-
ence in industrial chemistry and
administration.

Thanks to scientists and scholars
like these, all of us know more than
the ancients did. Our knowledge is
paying off in greater productivity,
less suffering, a longer life. To make
sure that Johnny’s son enjoys this
too, we at Cyanamid are doing our
best to see that Johnny knows more
than we do.

—__ CYANAMID _>O

AMERICAN CYANAMID COMPANY
WAYNE, NEW JERSEY
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TETRABORON TETRACHLORIDE (B,CL,)

POLYHEDRAL STRUCTURE characteris-

tic of many boron compounds is evident in |

this drawing of a tetraboron tetrachloride
molecule,in which four boron atoms form the
vertices of a regulartetrahedron. Boron atoms
are in color; chlorine atoms are in black.

ed with pentaborane (B;H,). Unfor-
tunately their structures are not yet
known, and the control of their molec-
ular weight (and hence physical prop-

erties such as solubility and softening |

point) has proved difficult to achieve.
Another system at present under study
contains boron-phosphorus bonds formed
by reacting diborane with certain phos-
phine derivatives. These boron-phos-
phorus polymers have high heat resist-
ance but their mechanical strength is
poor. Some of these polymers are so
light that when they are dropped,
they float down as gently as a feather
and shatter on impact with the floor.
The future may well show that the
best boron-containing polymer we are
likely to achieve is heatproof glass,
which is predominantly a three-dimen-
sional network of boron, silicon and
oxygen atoms.

\Ithough this article is intended to de-
+ X scribe boron in its more exciting
aspects, there are many more mundane
uses for its compounds in the glass
and ceramic industries, in metallurgy,
in pharmaceutical preparations and in
weed killers. Moreover, today, as in
Stock’s time, research into the structural
chemistry of boron is very active. One
interesting possibility that arises from
this work involves derivatives of the new
borohydride ions B, ,H;,~ and B;,H,,™,
which contain polyhedrons of boron
atoms. Unlike normal boron compounds

containing boron-hydrogen bonds, these |

borohydrides are remarkably stable and
may well lead to useful polymers if the
boron polyhedrons can be linked togeth-

er in a controlled manner. In any event, |

boron appears certain to remain in the
public eye in one or another of its diverse
roles.

Lunar croter Copernicus, pholographed by Questar owner on 35-mm. film

This is the superfine Questar telescope. Its wonderful compactness is achieved
by the perfect marriage of a correcting lens to an f/2 mirror whose figure is
accurate to 1/64 wavelength of light. Each element is singly made, and each
matched set of Questar optics slowly brought to perfection by aspheric
retouching and high -power performance tests until it is truly an individual
triumph of the optician’s art.

This whole portable observatory, with the precise controls of great
instruments, occupies but one -half cubic foot of space and weighs eleven
pounds. At left, the seven-pound Questar is shown ready for celestial use.
The base casting houses a synchronous electric drive and safety clutch.

A seated observer using Questar from a table topisin the easy attitude of study,
and, being freed from strain and fatigue, finds his eyesight unimpaired as he
examines Questar’s rock-steady images in luxurious comfort.

Questar costs only $995 as shown, Q U E S T A R

with its fitted English leather case.
Send for our new 32-page booklet. Box 20 New Hope, Pennsylvania
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The Origins of the Steam Engine

Fifty vears before James Watt came on the scene Thomas Newcomen

built practical steam engines to pump water

is known of these engines and how did they

tory with a synoptic chartthat opened

out at the back, one might expect
the chart to reduce the industrializa-
tion of England in the 18th century to
the words “James Watt,” “steam engine”
and “textile mills.” This familiar view is
misleading on two counts. Watt did not
invent the machine that supplied power
to the looms of the textile mills. Steam en-
gines had been put to work 50 years be-
fore Watt appeared on the scene, and
the industry that created the demand for
them was not weaving but mining. At
the beginning of the 18th century two
Englishmen from Devonshire, Thomas
Savery of Shilston and Thomas New-
comen of Dartmouth, built steam-pow-
ered pumping machinery for the drain-
age of mines. The need for a way to
remove water from mines had become
more and more pressing as the mineral
resources of England were exploited
during the 17th century. The operators
of tin mines in Cornwall and lead mines
in Derbyshire were waging a losing bat-
tle against water seepage as their mines
were dug deeper, and many coal mines
around Birmingham and Newcastle were
threatened with flooding as the inflow
of water overcame the pumps then avail-
able. Savery’s engine never succeeded
as a mine pump, although it was useful
for other purposes; Newcomen’s did
provide the power to lift water from
mines.

The Newcomen engine also succeed-
ed, two generations later, in stimulating
the curiosity and imagination of James
Watt. In 1769 Watt patented an engine
soon brought to commercial status by
industrialists who realized that its su-
perior thermal efficiency would enable
them to make greater practical use of
steam power. The Newcomen engine
should not, however, be considered a
mere taking-off point for the genius of

If one had a handbook of human his-
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Watt. Its impact on the technology and
economics of mining is today symbolized
by the monotonous bobbing of the
pivoted “walking beams” of oil-well
pumping rigs, a familiar sight in the
southwestern U.S. The vertical pump
shaft is guided at its upper end by an
odd protuberance on the beam called,
in the graphic language of the industry,
a horsehead. Whether or not the builder
of the first such oil-pumping rig was
aware of his source, he had borrowed
these elements from a Newcomen en-
gine originally used to pump water [sce
illustration on opposite page]. In 250
years the power unit has evolved from a
steam cylinder to an electric motor, but
its function—to pull one end of the beam
down—has not changed at all.

In Newcomen’s design one end of the
beam was secured to the pump shaft and
the other end was chained to a piston
that fitted into a vertical steam cylinder.
When steam supplied to the cylinder
from a boiler directly below it was con-
densed by the injection of water, the re-
sulting vacuum enabled the pressure of
the atmosphere to force the piston down,
thus drawing the beam down on one side
and the pump rod up on the other. Long
after the steam engine was being used
for purposes other than pumping it
retained the overhead beam of New-
comen’s design. Watt himself experi-
mented in 1770 with turning the cylin-
der upside down in order to eliminate
the beam, but he quickly and perma-
nently abandoned the idea.

Little is known about Thomas New-
comen, the man whose innovations were
so original, influential and enduring. He
was born in Dartmouth in 1663, made a
living as a seller and perhaps small-scale
manufacturer of iron products and died
in London in 1729. The recent tricenten-
nial of his birth gave impetus to the
study of his life and work; such study, in-
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out of mines. What

influence later ones?

cluding this critical review of the New-
comen engine, would scarcely have been
possible were it not for the dedicated
men who in 1920 in London organized
the Newcomen Society for the Study of
the History of Engineering and Tech-
nology. The members of this group, the
first to take a serious interest in New-
comen as an individual, combed the
records for the origins and later history
of the steam engine, publishing their
findings in the Transactions of the so-
ciety.

The source materials they uncovered
tell us more about the state of technology
at the time than about the events of
Newcomen’s life; nothing is revealed of
his formal and informal education, the
actual sources of his ideas and the steps
by which his major innovations were
thought out. It is unlikely that we shall
ever learn the details of the steps taken
by Newcomen during the 10 years he
spent developing his engine. He was not
prominent during his lifetime, and al-
though his engine won immediate ac-
ceptance, it was seldom linked with his
name, being known merely as the “fire
engine” or “atmospheric engine.” In this
article I shall review the antecedents of
the engine he designed and, as far as I
am able to reconstruct it, the period of
development immediately preceding its
appearance.

A glance at the dozens of well-illus-
trated books devoted to machines that
were published in Italy, France and Ger-
many from the time of Georgius Agri-

NEWCOMEN ENGINE at a mine at Danne-
mora in Sweden was illustrated in a book of
1734 on Newcomen’s principles; the illustra-
tion is reproduced on opposite page. The
author was the Swedish engineer Marten
Triewald. Illustration describes the engine
as the “Dannemora fire and air machine.”
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STEAM DEVICES of 16th century raised small amounts of water. At left is an apparatus of
Giambattista della Porta; water poured into chamber B through funnel A4 is raised through
pipe C by steam generated in flask D. At right is a device of Salomon de Caus adapting same
principle to produce a fountain through the generation of steam in a copper sphere (A4).

cola’s De Re Metallica (1556) onward
indicates that the problem of water-
raising was one that occupied many
mechanics and mechanical philosophers
in the advanced countries of Europe.
Except for Agricola’s treatise on mining,
which gave details of 14 kinds of pump
for removing water from mines, the
books were concerned less with mine
drainage than with pumping water for
town and castle water supplies and for
the operation of fountains. Nevertheless,
the techniques of pumping were well
known and widely discussed. Some of
the devices employed were an endless
chain of buckets, the Archimedean screw
and the rag-and-chain pump, in which
a series of rag-wrapped balls, spaced a
foot or two apart on a continuous chain,
were drawn vertically upward through a
wooden pipe, each forcing some water
ahead of it. There were many alterna-
tive machines using manpower or horse-
power for the hoisting of ordinary tubs
of water. During the 17th century the
possibility of using steam or gunpowder
as a motive power was also being ex-

plored.

t has been said that science owes more
to the steam engine than the steam
engine owes to science. Such a general-
ization seems particularly inappropriate
with respect to a machine that exempli-
fies the overlap between the empirical
and the theoretical stages of the Indus-
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trial Revolution. Although it is true that
a clear understanding of the thermo-
dynamic phenomena in the steam engine
was not attained until around 1860, it is
equally true that the sequence of ideas
apparent in the work of Galileo, Torri-
celli and Pascal in establishing the fact
of atmospheric pressure, and of von
Guericke, Huygens and Papin in devis-
ing ways to make atmospheric pressure
do work, was an indispensable prerequi-
site of the Newcomen engine.

Close to the Newcomen engine
chronologically but not conceptually was
the steam-powered machine patented
by Thomas Savery in 1698. This engine,
which promised to solve the problem of
mine flooding, incorporated elements
and principles not shared by the New-
comen engine and can be traced to a
wholly different line of development.
Savery, a gentleman of leisure and Fel-
low of the Royal Society of London, ex-
hibited a model before the society in
1699. His engine consisted of a vessel in
which steam was condensed to produce
a vacuum, whereupon the vessel was
filled by water rising through a suction
pipe [see illustration on opposite page].
Steam at high pressure was then admit-
ted to the same vessel, forcing the water
to a higher elevation. The machine was
a combination of steam pumping devices
built or suggested earlier by Salomon de
Caus and R. d’Acres and probably well
known in Savery’s circle.
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In 1702 Savery expanded his patent
application in a small book entitled The
Miner’s Friend. Here he addressed him-
self to the “Gentlemen Adventurers in
the Mines of England: I am very sensi-
ble a great many among you do as yet
look on my invention of raising water by
the impellent force of fire a useless sort
of a project that never can answer my
designs or pretensions; and that it is al-
together impossible that such an engine
as this can be wrought underground and
succeed in the raising of water, and
dreining your mines.... The use of the
engine will sufficiently recommend itself
in raising water so easie and cheap, and
I do not doubt but that in a few years
it will be a means of making our mining
trade, which is no small part of the
wealth of this kingdome, double if not
treble to what it now is.”

In spite of Savery’s optimism, the
metalworking techniques at his com-
mand were inadequate to solve the prob-
lem of containing steam at several at-
mospheres of pressure. Hence the Savery
engine was practical only in situations
other than the one for which it was orig-
inally intended. The most successful ap-
plication of the engine was in pumping
water into building or fountain reservoirs
that were no higher than about 30 feet,
which called for only moderate steam
pressure.

The Newcomen engine soon pre-
empted the role of draining the mines,
but the Savery engine was the first to be
employed (around 1750) to turn ma-
chinery. For this purpose the engine
pumped water into a reservoir some 15
or 20 feet above that supplied a conven-
tional water wheel. Throughout the lat-
ter part of the 18th century the Savery
engine was built in considerable num-
bers and used by manufacturers who
could not or would not afford the larger,
more efficient but initially more expen-
sive Newcomen and Watt engines. As
late as 1833 at least five Savery engines
were at work in France; the engine was
reinvented about 1870 in Germany, per-
haps also in England. Now known as the
pulsometer, it went on to a new career of
pumping water containing solids in such
applications as the drainage of shallow
excavations.

The problem of following the sequence
+ of events in the development of the
Newcomen engine points up the meager-
ness of available source materials. What
little information Newcomen’s contem-
poraries have left us requires careful
interpretation. One popular scientific
lecturer of the early 18th century, John
Theophilus Desaguliers, described him



as an “ironmonger” and “Anabaptist.”
This is the way he has been described
by modern writers oblivious to the fact
that “ironmonger” has come to imply
“peddler,” or perhaps “junkman,” and
that “Anabaptist” suggests the outland-
ish. Thus Newcomen is likely to be
thought of as a ragged, gaunt pusher of
a handcart, waiting for Dickens to be
born so that he could get into one of his
books.

The background of his assistant, John
Cawley, is even less distinct. Desaguliers
called him a glazier; another man who
could have known him said he was a
plumber. Elsewhere he is referred to as
a brazier or coppersmith. This descrip-
tion seems proper because an ironmon-
ger was a dealer in hardware and indus-
trial supplies, sometimes manufacturing
what he sold. He might have had an iron
foundry as part of his establishment; he
usually employed braziers and tinsmiths;
he was likely to have a lathe and a
smithy. It has been suggested, I think
reasonably, that the ironmonger rather
than the millwright (who generally
built in wood) was the predecessor of
the mechanical engineer. So we can for-
get the picture of Newcomen the in-
digent peddler and accept the more
plausible likeness of a man well skilled
in the machinery trade.

As for the significance of the work
Newcomen did in developing the steam
engine, Desaguliers states: “If the Read-
er is not acquainted with the History of
the several Improvements of the Fire-
Engine since Mr. Newcomen and Mr.
Cauwley first made it go with a Piston,
he will imagine that it must be owing to
great Sagacity, and a thorough Knowl-
edge of Philosophy, that such proper
Remedies for the Inconveniences and
difficult Cases mention’d were thought
of: But here has been no such thing:
almost every Improvement has been
owing to Chance.”

Further detraction—or inverted praise
—came from Mérten Triewald, a Swed-
ish engineer who took plans for a New-
comen engine back to Sweden with him
in 1726, attributing the design to the
Almighty, who “presented mankind with
one of the most wonderful inventions
that has ever been brought into the light
of day, and this by means of ignorant
tolk who had never acquired a certificate
at any University or Academy.” Trie-
wald did mention, however, that New-
comen worked on his machine “for ten
consecutive years.”

Since Desaguliers and Triewald, our
principal sources, were contemporaries
of Newcomen’s, it is perhaps presumptu-
ous to question their judgment. But con-

temporaneousness does not ensure accu-
racy, and Desaguliers is known as a kind
of press agent of science and the arts.
He was the first to publish the absurd
story about Humphry Potter, the boy
who, while attending a manually con-
trolled Newcomen engine, invented the
automatic valve gear in order to keep
the engine running when he went fish-
ing. The work of both authors shows

Fhalis Tramatt
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them to be vain and opinionated, and 1t
is natural to wonder on what occasion
Newcomen had pricked their pompous
balloons.

The scant biographical information
does not tell us unequivocally that New-
comen’s design was complete when the
engine was set to work near Birmingham
in 1712. L. T. C. Rolt has recently assem-
bled evidence that suggests the exist-

MINE PUMP designed by Thomas Savery in the late 17th century envisioned condensation
of steam in vessels D to produce a vacuum, which would create suction to draw water up
from the mine to fill the same vessels. High-pressure steam would then be introduced to dis-
pose of the water through pipe G. The pump did not work in mines because metalworking

techniques to contain high-pressure steam were not available. It did serve to pump water into
low reservoirs for use in buildings and fountains; steam pressures for that were moderate
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PRECURSORS OF NEWCOMEN ENGINE included (left) an idea sketched in a letter by
Christian Huygens for using gunpowder to force air out of a cylinder; as remaining air
cooled, piston D would drop. At right is design by Denis Papin using steam to make vacuum.

CAM ARRANGEMENT of a pump in 1696 was a precursor to the arch head devised by
Newcomen. Horsepower turned scalloped cam, which raised and lowered wheel C around
fixed pivot D, producing a pumping action by blade-shaped device attached to a lift pump.
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ence a few years before 1712 of one or
more unsuccessful Newcomen engines in
Cornwall, near the inventor’s home in
Dartmouth. This would certainly make
more credible the appearance of a defin-
itive machine in 1712. In any case, a
virtually anonymous ironmonger work-
ing in Dartmouth would hardly travel
175 miles to Birmingham, as Newcomen
apparently did, to erect an engine unless
he had connections farther afield than
his home city. Although I cannot be cer-
tain, it seems probable to me that New-
comen was no stranger to London and
that he quite possibly had traveled to
the Continent, where he might have seen
some of the great water-driven pumping
engines around Paris. Just as Americans
in the early 1800’s went to England to
learn the latest techniques in engineer-
ing, so in the 1700’s Englishmen went
to the Continent.

T he design of the engine built by New-

comen in Birmingham in 1712 was,
if not definitive, remarkably near com-
pletion. Certainly by 1717 it had been
given its final form; we have an engrav-
ing made of the engine in that year. Fifty
years later ]ohn Smeaton was to improve
Newcomen’s machine by determining
after methodical empirical investigation
the optimum operating conditions and
proportions of parts of the engine, but
Smeaton did not tamper with the in-
ventor’s essential design.

Even in its earliest manifestations the
Newcomen engine was simple enough
so that observers could understand
its operating principle and cyclical se-
quence of events as soon as an expla-
nation was provided. A vertical steam
cylinder, fitted with a piston, was located
under one end of the large, pivoted work-
ing beam; the piston rod was hung on a
flat chain secured to the top of the arch-
shaped head of the beam. Steam was
supplied to the cylinder by the boiler di-
rectly below it. A vertical lift pump was
located under the other end of the beam
and the pump rod hung on a flat chain
secured to the arch head just above it.
Thus both the piston rod and the pump
rod moved vertically, always tangent
to a circle whose center was at the pivot
of the beam.

A working stroke began after the
steam cylinder had been filled with
steam, at a pressure just slightly above
atmospheric, from the boiler. The pump
end of the working beam was held down
by the weight of the reciprocating pump
parts, which extended down into the
mine. The steam-admission cock was
closed, and water was then injected into
the cylinder in order to condense the



steam and produce a vacuum. The at-
mosphere, acting on the top of the piston,
pushed the piston down into the evacu-
ated cylinder, which caused the pump
rod to be lifted by the other end of the
beam. The cycle of operation was com-
pleted by again admitting steam to the
cylinder in order to allow the pump end
of the working beam to go down. As soon
as the cylinder pressure reached atmos-
pheric, the spent injection water was dis-
charged into a sump.

Thecylinderwaslarge. The first engine
cvlinder was 21 inches in diameter and
had a working stroke of more than six
feet. The effective vacuum was about half
an atmosphere, enabling a 21-inch piston
to lift unbalanced pump parts and water
weighing one and a quarter tons. Op-
erating at 14 working strokes a minute,
the engine would develop about six horse-
power. Later engines increased in size
to a cylinder diameter of seven feet and
a stroke of 10 feet and developed well
over 100 horsepower.

The late Henry W. Dickinson, author
of the current standard history of the
steam engine and a principal founder of
the Newcomen Society, recognized that
Newcomen’s contribution was the “first
and greatest step” in the development
of the modern steam engine, but he
diluted the effect of this judgment by
writing: “When we look into the matter
closely, the extraordinary fact emerges
that the new engine was little more than
a combination of known parts.”

This statement brings to mind a re-
mark made in 1853 by a correspondent
of Silliman’s Journal: “It appears that
the human mind cannot arrive at sim-
plicity except by passing through the
complex; it is like a mountain more or
less elevated, whose heights must be
overcome before the plain at the oppo-
site base can be reached: and when
reached, the level seems to be that of
the plain left behind. So when a simple
solution of a problem is arrived at, we
think it an easy natural thought and al-
most self-evident.”

rI‘his, it seems to me, describes the

problem we have in looking at the
innovations of Thomas Newcomen from
a 20th-century vantage point. In retro-
spect the idea of the steam engine is a
natural thought, modified only by our
occasional impatience with Newcomen’s
inability to see some obvious further de-
velopment, such as the addition of a
crank and flywheel, which came two
generations later (shortly after having
been rejected as impractical by so capa-
ble and forward-looking an engineer as
John Smeaton). It is not easy for the

human mind to put what is now obvious
back into the box labeled “Unknown.”

In discussing Newcomen’s achieve-
ment with reference to the “known
parts” of the engine it should be noted
that he was not simply a clever compiler
of mechanical elements. He did not em-
ploy many devices, including the crank
and flywheel, that were vastly better
known than some he made use of in his
“combination of known parts,” and most
of those he did use he modified in such
a way as to make the distinction between
adaptation and invention seem artificial.

Consider Newcomen’s use of the steam
cylinder and piston. The line of develop-
ment leads straight from von Guericke
through Huygens and Papin to New-
comen. The cylinder fitted with a piston
and evacuated by the condensation of
steam was clearly present in Papin’s de-
sign published in 1690 and republished
in 1695, and we ought to assume that
Newcomen knew at least as much about
Papin’s work as had been published. The

ARCH HEAD._

CYLINDEF E{

steam in Papin’s cylinder, however, was
to be condensed by cold water dashed
on the outside wall. Newcomen’s essen-
tial improvement was to inject water di-
rectly into the cylinder, which sped the
condensation and enabled the engine to
operate at 12 or 14 strokes a minute in-
stead of three or four.

One of Newcomen’s experimental
engines had employed a water jacket
around the steam cylinder for cooling,
and it may be, as Triewald reported,
that the change from external to internal
cooling resulted from the accidental
leakage of jacket water into the cylin-
der, which “immediately condensed the
steam, creating such a vacuum that...
the air, which pressed with a tremendous
power on the piston, caused its chain to
break and the piston to crush the bottom
of the cylinder as well as the lid of the
small boiler.” Even if this report is accu-
rate, Newcomen was still faced with the
nice diagnostic problem of determining
from the wreckage what had caused the
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SUCCESSFUL ENGINE by Newcomen introduced steam into a cylinder that was then cooled
with injection of water, creating partial vacuum. Atmospheric pressure forced piston down to
achieve pumping; weight of mine-pump rod and equipment then raised piston for new cycle.
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CONTRIBUTIONS BY WATT to the steam engine included the development of a separate

condenser, as depicted here. Newcomen had effected the condensation in the main cylinder.
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PARALLEL MOTION was another major contribution by Watt; it kept piston rod vertical
as beam end moved in an arc. Three key elements (solid lines) worked from fixed pivots P
so that rod end, at center of vertical element, moved along line A4-B. Watt’s final version made
use of a parallelogram linkage (broken lines) that made whole apparatus more compact.

sudden smash. Serendipity in no way
diminishes Newcomen’s role in the inno-
vation of injection condensation.

In his use of the boiler Newcomen
was adopting a thoroughly developed
“known part.” Made of copper, the boil-
er probably was derived directly from
the brewer’s kettle. Since the steam pres-
sure was low—Newcomen set his safety
valve to open at about 1.5 pounds per
square inch above atmospheric pressure
—the difficulties of design and construc-
tion were few. Indeed, the boiler was
similar to the one built by Savery.

The full synthetic ability of New-
comen, and his judicious critical sense,
are revealed in his treatment of the

104

working beam, the pump and the valve
gear. The working beam and pump can
be examined together, because their ap-
pearance is that of a greatly enlarged
pump handle or well sweep attached to
a common reciprocating lift pump. Be-
fore Newcomen’s day few, if any, mines
in England were drained by lift pumps
attached to beams, pump handles or
sweeps. Where the topography of the
mining district permitted, long drainage
tunnels called adits were dug from the
lowest mine level to a lower open valley
in the vicinity. Although the adits were
small in cross section, some of them ex-
tended for two miles or more. Even
after a mine was deepened beyond its
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adit level, water had to be pumped only
as high as the adit. When surface water
was available, an underground water
wheel, receiving its water from ground
level and discharging into the adit,
would operate a lifting device of some
kind, usually a chain of buckets.

In some larger works, where horses
could be used, the water was lifted in
great tubs by a whim, or horse gin. The
hoisting rope was wound on a horizon-
tal drum geared to a vertical shaft. The
vertical shaft, fitted with a hub with
radiating arms, was dragged around by
horses hitched to the ends of the arms.
In smaller mines, where only manpower
was available, a horizontal drum turned
by hand cranks was used to hoist buckets
or drive a rag-and-chain pump.

If Newcomen had seen a copy of Agri-

cola’s mining book, he would have
found reciprocating lift pumps in profu-
sion, but he would have come away from
the treatise with the distinct impression
that the proper way to move the rod of
the lift pump up and down was to hang
it on a crank arm, that is, to employ a
crank and connecting rod. There is one
simple beam pump in Agricola, but it is
a small one operated by the power of a
single man.

Among the actual devices that New-
comen might have seen was a large over-
head pivoted beam, without arch heads,
in the horse-driven water pump at York
House in London. The London Bridge
waterworks, although they employed
cranks and connecting rods, had the low-
er third of a large pulley cut away in a
manner that faintly suggests the arch
heads at the ends of the Newcomen
engine beam. The almost complete ab-
sence of the arch head from pump beams
in the illustrations that Newcomen might
have seen is most striking. A sketch in
Leonardo da Vinci’s notebooks could
hardly have been known to Newcomen
because the notebooks were effectively
buried until the 19th century. Only one
illustration remains as the possible—or
probable—source of Newcomen’s arch
heads. In a book by Venturus Mandey
and James Moxon—Mechanick-Powers:
or, the Mistery of Nature and Art Un-
vail’d, published in London in 1696—
there is a cam-operated pumping device
that clearly shows the sector-and-flat-
chain arrangement adapted by New-
comen, who changed the shape of the
beam from curved to straight. The draw-
ing in the Mandey and Moxon book was
copied directly from an earlier work
edited by Philippe de la Hire, a French
mathematician and member of the Aca-
démie des Sciences, who had directed



the building of such a pump to supply
water to a castle near Paris.

Thus the working beam of the New-
comen engine appears to be an elegant
adaptation, not a copy, of ideas that
existed before he designed his engine.
I have labored this point in order to
emphasize the fact that Newcomen was
not merely adapting the steam cylinder
to a widely used system of water-raising.
His engine was a new and original sys-
tem in itself.

The origin of the valve gear, which
enabled the engine to operate automati-
cally—opening and closing valves as re-
quired for the sequence of operations—
is similarly obscure. The idea may have
been suggested to Newcomen by a con-
trol mechanism of the automata—knights,
maidens and animals—that performed at
an appointed hour in the great medieval

clocks. The Newcomen engine valve
gear was a sequential control; it re-
mained for Watt to supply a regulatory
feedback control system. Newcomen’s
system, however, was much more in-
volved than, for example, the control of
the rate of a common clock.

Even after all the elements of the
steam pumping engine had been settled
on, however, there was still the problem
of the physical arrangement of the ele-
ments. Pictures of the gaunt and unsym-
metrical profile of the Newcomen engine
set against the English landscape, with
its awkwardly tall stone enginehouse and
its outlandish protruding beam threaten-
ing to topple the whole assemblage,
make it difficult to believe that there was
anything about the arrangement that
could not have been built differently if
the “right way” had not been shown bold-

10 Horae power,

MEWATT'S, PATENT ROTATIVE STEAM ENGINE ;
s constructed by Meca!” Bou. oo & Watt,Soho, frem.1787 to 1800.

ly by Newcomen. As an assemblage of
elements, some adopted but most adapt-
ed, the engine was a clear statement of
the builder’s personal style of invention.

The genius of James Watt was of a

different kind, and to discuss the dif-
ference in terms of superiority smacks
of useless historical partisanship. New-
comen selected the components of a
steam engine and gave to each its proper
place and function. Watt, on the other
hand, originated at least two new major
components, and in making a brilliant
adaptation of a third he introduced the
world to the notion of feedback for auto-
matic control.

Watt began his work on steam engines
in 1763, when, as an instrument maker
at the University of Glasgow, he under-
took the repair of a teaching model of
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WATT ENGINE was depicted in this 1826 illustration. The engine
transformed the vertical action of the piston rod n into rotary mo-
tion through the flywheel Q. Watt’s special contributions included
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condenser F, parallel-motion linkage at left end of beam, centri-
fugal governor Z and “sun and planet” gear mechanism at center of
flywheel, causing wheel to turn at double the speed of the engine.
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a Newcomen engine. His careful and
sustained study led him in 1765 to recog-
nize that he might increase the thermal
efficiency of the engine, as well as its
capacity and operating speed, by con-
densing the steam in a chamber attached
to, but separate from, the main steam
cylinder. This was the first of his most
important innovations.

His earliest patent, which included
the separate condenser, was granted in
1769, but his first successful full-sized
engine was not completed until 1775,
the year in which Matthew Boulton be-
came his partner. Parliament granted a
patent extension to Watt that year, pro-
viding a virtual monopoly on the con-
densing steam engine for 25 years.

After Watt had devised a double-act-
ing engine, in which steam moved the
piston first in one direction and then in
the other as it was admitted alternately
to each end of the cylinder, the arch head
and flat chain no longer sufficed to guide
the upper end of the piston rod, because
the chain transmitted force in tension
only. Accordingly in 1783 Watt brought
forth his second major innovation: the
straight-line linkage that bears his name.
Refining further his first ideas, Watt

combined the straight-line linkage with
a pantograph, a linkage system in par-
allelogram form, to produce the so-called
“parallel motion” [see bottom illustra-
tion on page 104].

In these two inventions we find a
measure of Watt’s capacity: the separate
condenser was neither anticipated nor
invented independently by anyone else,
and the parallel motion solved a prob-
lem whose existence was not even sus-
pected until Watt overcame it. For the
next 100 years mechanics and mathema-
ticians occupied themselves in a search
for alternative solutions.

Finally, in 1788 Watt adapted the
centrifugal “flyball” governor to control
the speed of his engine by linking the
governor to the steam-inlet valve. The
flyball governor had been used in grain
mills to increase the distance between
the flat grinding stones as their speed in-
creased. Watt’s use of the governor, how-
ever, added the far-reaching principle
of feedback that made possible self-regu-
lating, rather than merely automatic, ma-
chines. The ordinary steam engine and
the Watt engine were built, in the words
of Boulton, “with as great a difference
of accuracy as there is between the

blacksmith and the mathematical instru-
ment maker.” Thus the few astonishingly
sophisticated Boulton and Watt engines
in service toward the end of the century
hurried a generation of machine builders
to a higher order of accuracy, which in
turn called for a whole new array of
large, rugged and precise machine tools.
The influence of the new tools on mech-
anization was profound and can be
traced directly to the present. The effect
of the separate condenser and self-regu-
lating speed control on the direction of
industrial technology can be appreciated
if we recognize that their invention was
an essential step toward the modern
steam turbine. Undeniably Watt opened
doors whose very existence might have
gone unnoticed for 100 years after his
time.

The Watt steam engine was twice as
efficient, from the standpoint of fuel con-
sumption, as even the best Newcomen
engine. A recent study by two English
economic historians, A. E. Musson of the
University of Manchester and E. A. G.
Robinson of the University of Cam-
bridge, has shown, however, that both
Savery and Newcomen engines were
being built long after they had been

WORKING PUMP of Newcomen design is shown at a colliery in
England. The pump was in use from 1791 until 1918. Subsequently
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it was taken down and re-erected at the Science Museum in London.
Part of the working beam is visible below catwalk at top center.



made obsolete by Watt’s improvements,
and that Boulton and Watt supplied only
about a third of all steam engines built
during the 25-year period of the patent
monopoly (1775-1800). It is also clear
that a two-cylinder Newcomen engine
capable of turning machinery was in
existence, and that the high-pressure
engines operating without condensers of
any sort were soon to be built by Richard
Trevithick in England and Oliver Evans
in the U.S.

gince hindsight is one of our best-de-
~ veloped faculties, it has been possi-
ble for writers for more than 200 years to
dismiss the appearance of the New-
comen engine of 1712 as well as the
Watt engine of 1775-1788 as being |
merely normal responses to industrial de-
mands. The well-established axiom of
simultaneous but independent discovery,
which can be interpreted to mean that a
particular invention is inevitable, has
been applied to suggest that if Thomas
Newcomen had not built his engine,
somebody else would have done so at
about the same time.

This seems no more accurate in the
case of Newcomen than in the case of |
Watt. In looking carefully at the New- |
comen engine, it has become increasing-
ly evident to me that it represents a
unique solution to the problem the in-
ventor set out to solve. There was no
anticipation of the completed engine,
and nobody came forward to contest
Newcomen’s priority of invention. The
first radical modification occurred no
sooner than 50 years later, when Watt
conceived the separate condenser.

Newcomen was not the first man to
“discover” the correct way to build a |
steam engine; there is no correct way.
It is conceivable, for example, that he
might have made the cylinder horizontal
rather than vertical, that he might have
supplied steam above atmospheric pres-
sure (only eight pounds per square inch
would have sufficed to do the work),
or that he might have used a crank, con-
necting rod and flywheel. Any of these
variations would have been possible if
he had approached the problem differ-
ently. But by producing a machine that
was a pumping engine, not easily adapt-
ed to the turning of wheels, Newcomen
limited the options that lesser engineers
could exploit in the future. He did the
job his way, and he gave the world such
a convincing statement of rightness in
the machine he put together that he
exerted an enormous influence on the
direction in which English technology
would proceed for the next several gen-
erations.

Photographic interpretation by William Thonson
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Advances in Field Emission

A needle-shaped cold cathode in an electric field can emit a beam

of electrons. The large current density and high power available

Jrom a small field emitter have many applications in electronics

uch of electronics depends on the
\/ I emission of electrons from
metals and the manipulation of
those electrons to perform various tasks.
Electrons can be induced to leave a
metal in a number of ways, most of
which involve supplying them with addi-
tional energy. In an ordinary radio tube,
for example, a negatively charged fila-
ment—the cathode—is heated so that free
electrons “boil” out of the metal and are
accelerated by an electric field toward
the positively charged anode. In recent
years another kind of electron emission
that has interested physicists for some
time has gained technological signifi-
cance. It is called field emission because
it requires no input of energy to the
cathode but simply the presence of a
strong electric field between cathode and
anode. Its advantage is that it can de-
liver a high-density stream of electrons
from an unheated cathode of extremely
small dimensions. To the electrical en-
gineer this large current density suggests
several lines of application: miniaturiza-
tion of components, very high power
levels or—perhaps most interesting—a
means of attaining the high “information
rates” required in electronic devices
ranging from fast oscilloscopes to com-
pact X-ray machines for studying high-
speed phenomena.

Field emission was discovered by R.
W. Wood of Johns Hopkins University
in 1897, but it was not much studied
until the 1920’s, when a number of
physicists tried to exploit it for the
generation of X rays. Although 30 years
were to elapse before cold-cathode X-ray
tubes became practical, these investiga-
tions did confirm Wood’s finding that
electrons could be emitted without any
input of energy. During this period
Robert A. Millikan and Charles C.
Lauritsen of the California Institute of
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Technology also noted another impor-
tant property of field emission: the
emitted current is an exponential func-
tion of the field or the applied voltage.
Neither of these properties could be un-
derstood in terms of classical physics and
the physical model that had explained
electron emission until then.

According to that model the free elec-
trons in a metal are contained at the
surface by an electric potential barrier;
the electrons cannot surmount the barrier
unless they are raised to an energy level
at least as high as it is [see illustration on
opposite page]. The minimum energy re-
quired is called the work function, and
it is designated by the Greek letter phi.
This energy can be supplied by heat
(thermionic emission), light (photoelec-
tric emission) or bombarding particles,
usually other electrons or positive ions
(secondary emission). There must,
however, be an input of energy.

The German physicist Werner Schott-
ky had shown that the presence of a
strong electric field modified this energy
requirement by thinning the potential
barrier and reducing its height. The
Schottky effect had explained the small
increases in thermionic emission that
were attained when fields of about 100,-
000 volts per centimeter were applied.
Some physicists suggested that still
stronger fields might lower the barrier
sufficiently for the most energetic elec-
trons in the cold metal to escape over
the top without any added energy. They
calculated, however, that this should
occur only in fields of the order of 100
million volts per centimeter—and they
detected field emission in fields 10 to 100
times weaker. Clearly some other ex-
planation was needed.

It was soon supplied by the new con-
cepts of quantum mechanics, according
to which an electron behaves like a
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wave as well as like a particle. A wave
could “tunnel” right through a thinned
potential barrier instead of hurdling it.
In 1928 R. H. Fowler and Lothar W.
Nordheim of the University of Cam-
bridge developed a wave-mechanical
theory for field emission that still appears
to be essentially correct. It accounted for
the known effects of the phenomenon
and predicted other effects that have
since been confirmed by experiment.

First of all, the Fowler-Nordheim equa-
tions made it clear that field emis-
sion currents depend on the applied
electric field and on the work function
of the cathode; no heat energy is re-
quired. This effect was specifically veri-
fied by G. Fleming and J. E. Henderson
of the University of Washington in 1940.
Robert Gomer of the University of Chi-
cago recently demonstrated that the
emission process persists even at very
low temperatures by obtaining field
emission from a cathode immersed in
liquid helium at 4 degrees Kelvin (4
degrees centigrade above absolute zero).
The practical significance of this effect
is that a field emitter needs no heating
element or heating circuit; this makes it
a simpler device that can respond in-
stantly without warming up.

The Fowler-Nordheim theory also
showed that the emitted current should
increase exponentially with the applied
electric field in just the manner observed
earlier by Millikan and Lauritsen. As the
increasing electric field thins the barrier,
the emitted current builds up rapidly, a
1 per cent change in field causing about
a 10 per cent change in current. As a
highly nonlinear device the field emitter
is a suitable component for certain
amplifiers, frequency multipliers, modu-
lators and voltage-control and -measure-
ment devices. Experimental models of
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POTENTIAL BARRIER confines the free electrons in a metal at
the surface (black bar). The barrier (colored curve) varies in
potential (vertical axis) with distance from the metal (horizontal
axis) according to the electric field near the metal. In the absence
of a field (a) an electron (colored dot) can escape only if it is given
energy in the amount of the work function (¢) to enable it to
surmount the barrier. The presence of a moderate electric field
produces the Schottky effect (b), in which the barrier is thinned

and lowered. Field emission occurs when a stronger field thins and
lowers the barrier more. An electron, visualized as a wave (c),
strikes the barrier and is in part reflected and in part transmitted
by tunneling: through it rather than over it (d). The energy dis-
tribution of field-emitted electrons is related to the work function
of the emitter metal. When it is high (e), electrons (colored ar-
rows) at various energy levels penetrate the barrier; when it is low
(f), the escaping electrons are all at about the same energy level.
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each of these devices have been built and
operated.

Another prediction of the wave-
mechanical theory was that field emis-
sion electrons would have a nearly uni-
form energy. The physical basis for this
narrow energy distribution is the rela-

FIELD EMITTER

tion between the energies of the elec-
trons in the cathode and the slope of
the potential barrier. Only electrons at
or near the conduction level, the most
energetic occupied level in the cold
metal, encounter a thin barrier and have
a high probability of transmission; elec-

PHOSPHOR ANODE

ELECTRON BEAM diverging from a field emitter forms a pattern
when it strikes a phosphor screen. This is the principle of the field
emission microscope. The photograph is of the emission pattern for

N\

PHOSPHOR ANODE

NARROWER BEAM can be attained by coating the tip of the
emitter with a metal that has a lower work function than tungsten,
such as zirconium. It adsorbs in a small region (colored) and
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trons of lower energy strike a thicker bar-
rier and are usually reflected. The slope
of the barrier and therefore the energy
spread depend on both the work func-
tion and the electric field; for tungsten,
with a work function of 4.5 electron
volts, the energy spread is about .2 elec-

tungsten; its details are related to the structure of the emitter crys-
tal. Dark areas correspond to regions where atoms are close-
ly packed, the work function is high and there is little emission.

creates a “hole” through which electrons are emitted preferentially.
The beam is thereby confined to a narrow cone (its emission pat-
tern is shown at the right) and can be collimated or focused.



tron volt; for tungsten coated with cesium
it is only .07 electron volt. The practical
advantages of narrow energy distribu-
tion are the reduction of “noise” and of
optical aberrations in the beam.

"I‘he most significant prediction of the

" new theory was the very large cur-
rent densities: of the order of 100 million
amperes per square centimeter of emitter
surface, or about a million times larger
than the current densities in thermionic
emission. This is the case because in field
emission a large fraction of the conduc-
tion electrons that strike the barrier have
a chance of emission; in a heated cathode
only a few of the electrons can acquire
sufficient energy to leave the metal. Since
there are about 1022 free electrons in
each cubic centimeter of a metal, the
number of electrons striking the poten-
tial barrier is enormous, and at a high
enough field about one in 100 incident
electrons can escape. What was a real
barrier becomes a semitransparent sieve.
The current-density prediction was con-
firmed in Germany in 1940 by R. H.
Haefer, who obtained a million amperes
per square centimeter. It was primarily
the promise of high current densities that
impelled our group, then at Linfield Col-
lege in McMinnville, Ore., to undertake
an intensive study of field emission in
1946. We have obtained steady currents
of 10 million amperes per square centi-
meter and intermittent pulses 10 times
higher.

One property of field emission that
was not predicted by the original Fowl-
er-Nordheim theory and that becomes
significant at large current densities is
the effect of the emitted electrons them-
selves on the field that causes their emis-
sion. What happens is that the charge
on the emitted electrons opposes the
electric field and tends to reduce it; this
in turn limits the density of the electron
beam. The result is that beam density is
found to increase rather less rapidly than
expected with applied voltage. Fowler
and his colleagues predicted this “space
charge” effect in 1929 but could not
draw large enough currents to demon-
strate it. At Linfield College we observed
the effect in 1953. As a result it was pos-
sible to modify the basic theory and
express emitted-current density as a
function of applied voltage rather than
of the field, with allowance for the space-
charge effect.

The effect is a mixed blessing. On
the one hand, it functions as a partial
feedback that tends to protect the emit-
ter against excessive current densities
caused by accidental increases in the

CURRENT DENSITY (AMPERES PER SQUARE CENTIMETER)

]05& S - - - .
APPLIED FIELD (VOLTS PER CENTIMETER)

CURRENT DENSITY in relation to field is shown for tungsten emitters, two of them heated
and one a cold-cathode field emitter. When the field is moderately high (A-B), electrons in
the heated cathodes are emitted primarily over the potential barrier (Schottky effect) ; at
very high fields (B-C) emission is primarily by tunneling and increases, as it does in the
case of cold-cathode field emission, very rapidly with an increase in the electric field.

RADIUS (CENTIMETERS)

CURRENT (AMPERES)

SINGLE-NEEDLE CATHODES of various sizes can emit the maximum practical currents
shown here. Each curve is for an emission pulse of a different duration (in seconds).
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MULTIPLE-NEEDLE CATHODES perform, according to theory,
as shown in this graph. Perveance is a measure of conductance that
takes into account the “space charge” effect; here it is equal to the
current in microamperes divided by the voltage raised to the 3/2

field or voltage, and to smooth out small
differences in the energies of the emitted
electrons. On the other hand, space-
charge effects can increase the diver-
gence of the electron beam and reduce
the sensitivity of the emitted current to
applied voltage. Fortunately the emitter
can in many cases be operated satisfac-
torily at current densities below the level

ELECTRON BEAM
|

TARGET
ANODE

X RAYS are formed when an electron beam strikes a target anode,
the X-ray source. An object that absorbs X rays casts a shadow
image on a photographic plate or film. The image is enlarged, or
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POWER (KILOWATTS)

at which space-charge effects become
serious.

A field emitter is commonly made of
+ ¥ tungsten fashioned in the shape of
an extremely fine needle, primarily to
take advantage of the intense field that
surrounds a sharply pointed conductor
and so to hold the necessary voltage to a

OBUECTS
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power. For example, 10 needles with tip radii of .00006 centimeter
should deliver a perveance of about 2 and a power of about 100,000
watts. Output is actually somewhat lower because needle shapes
may vary slightly and each needle reduces its neighbors’ fieids.

reasonable level. A typical cathode has a
hemispherical tip from one micron to a
hundredth of a micron (10 ' to 107
centimeter) in radius—many times small-
er than the point of an ordinary pin. The
tip usually includes only a single crystal
of the metal, so that the hemispherical
surface includes all faces of the crystal.
Since the field decreases with distance

IMAGES

/

:

blurred, as shown. In this case the two objects are just far enough
apart to be resolved. Resolution improves with small source size,
which the large current densities of field emission can provide.



from the tip, significant current densities
are emitted only from a small area at the
tip. Because of the curvature of the emit-
ter surface the electron beam diverges to
form a cone. The vertex angle at the
emitter tip is, in the case of tungsten,
about 60 degrees at low current den-
sities and about 100 degrees at high
densities.

When such a beam is allowed to fall
on a phosphor screen concentric with
the cathode surface, a visual emission
pattern is formed [see upper illustration
on page 110]. The higher the current
density emitted from a point on the
cathode, the brighter the corresponding
image on the screen. The emission nulls,
or dark spots, correspond to crystal faces
where the atoms are closely packed, the
surface is relatively smooth and the work
function is therefore high. This is the
principle of the field emission microscope
invented in the 1930’s by Erwin W.
Miiller, now at Pennsylvania State Uni-
versity [see “A New Microscope,” by
Erwin W, Miiller; SCIENTIFIC AMERICAN,
May, 1952]. The microscope, which for
many years was the only practical field
emission device, visualizes the effects of
various phenomena at the surface of
metallic crystals on what is nearly an
atomic level. It has become an increas-
ingly useful tool for analyzing physi-
cal and chemical phenomena that af-
fect the work function or surface con-
figuration. Various investigators have
used the field emission microscope to
study such phenomena of metal sur-
taces as catalysis, adsorption, desorp-
tion and epitaxy.

A rather unusual property of a field
emitter, then, is that it is its own micro-
scope. We have been able to learn a
great deal about changes affecting the
life and stability of emitters by examin-
ing their emission patterns, and to apply
the resulting data to further develop-
ment. It is interesting to note that the
effectiveness of the field emission micro-
scope depends on the high information
rate derived from its large current densi-
ties. The large current makes it possible
to photograph an emission pattern in a
hundred-millionth of a second; the reso-
lution allows a minimum of 1,000 dis-
crete “bits” of information in the pat-
tern. The information rate (103 bits
in 1078 second) is therefore 1011 bits
per second.

Whereas the field emission microscope
benefits from the divergence of the elec-
tron beam, many electronic devices re-
quire a parallel or finely focused beam.
This can be attained with field emission
by first limiting the divergence of the

Ftie Research Laboraloiies és a wnigue enlily withe
advarced dcm/%c Srogeams le deleunine the foundea-
mental nalewe of ligecids, solids, and gases as well as
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X-RAY TUBE using field emission is shown in an enlarged, highly schematic diagram. Elec-
trons emitted from four comb-shaped cathode arrays strike the conical anode where X rays
are formed. A small tube is six inches long; the diameter of the truncated end of the anode
is about a millimeter and the dose is about 10 million rads per second at the tube face.

beam at the emitter. We coat a portion
of the emitter surface with a low-work-
function material such as zirconium. The
coating, which conveniently adsorbs in
a very small area around one face of the
tungsten crystal, lowers the potential
barrier in the area so that electrons

EXPLOSIVE

COPPER CONE

SHAPED EXPLOSIVE CHARGE (diagram at left) has a conical
depression lined with a thin sheet of copper. Radiographs made at
the US. Army Ballistic Research Laboratory show what happens
when the explosive is detonated at 4. As the detonation front ad-

114

escape only through a small “hole” and
the vertex angle of the beam is restricted
to about 30 degrees [see lower illustra-
tion on page 110]. Such a beam is nar-
row enough to be collimated or focused
with electrostatic or magnetic lenses.

Although the performance of field

© 1963 SCIENTIFIC AMERICAN, INC

emission devices generally improves with
increasing beam density, there is a level
beyond which the current cannot be
pushed without creating a vacuum arc.
At densities higher than 10% amperes per
square centimeter the emitter tempera-
ture increases to a point at which sur-
face material evaporates, is ionized rap-
idly in the electron beam and becomes
a plasma. This tends to neutralize the
space charge and thereby to increase the
electric field, the current density and the
heating of the emitter. The end result of
this cycle is a sudden surge of current;
an arc develops that consumes emitter
material and changes the shape of the
cathode. To prevent such arcs one must
limit the current density to a safe level—
around 10 million amperes per square
centimeter. This is accomplished by con-
trolling the applied voltage and the con-
dition of the cathode surface.

Although the arc is generally to be
avoided, its ability to consume metal
has its uses. A controlled arc can re-
move undesired surface projections (on
the shank of the emitter needle, for ex-
ample) that would otherwise cause field
emission in the wrong place. The arc is
also a tool with which to shape emitters
by dulling and rounding their tips, or
with which to clean the tips by vaporiz-
ing adsorbed contaminants.

The arc even has certain advantages
as a source of electrons. It can produce
current densities considerably higher
than those available from field emission,
and do it very quickly. The serious prob-
lem, of course, is that the arc changes
the shape of the emitter and so affects
the geometry on which its initiation de-

vances the cone breaks down; a thin jet of molten metal forms in
the center. Striking a polyethylene target (right), the jet digs a
cavity and sets up a shock wave. Exposures were .2 microsecond
for the first two pictures and .05 microsecond for the third one.



pends, making it difficult to maintain |

the arc’s current-to-voltage relation
from one pulse to another. No com-
plete solution for this difficulty has yet
been found, but C. M. Slack of the
Westinghouse Electric Corporation was
nevertheless able to utilize the arc in
a triode flash X-ray tube that performed
reliably for a few hundred shots. Some
arc X-ray tubes now last for more than
100,000 shots.

The high current densities of field

emission can be exploited, as indi-
cated earlier, in various ways. Single-
needle cathodes have been used mainly
in devices that operate at relatively low
power levels, such as cathode-ray tubes
or voltage-measurement and -control
tubes. Single needles operating at low
power can be introduced into extremely
small structures, which suggests that

field emitters may in time be employed |

as active elements in miniaturized cir-
cuits. An electron source small enough
to fit inside a standard hypodermic nee-
dle, for example, can easily deliver a
peak power of 100 watts. A single needle
can, on the other hand, deliver consider-
able power if a high enough voltage is
applied. A needle with a tip radius of
6 X 107* centimeter can emit a current
of 140 amperes if it is pulsed at 300,000
volts for 10 billionths of a second [see
bottom illustration on page 111]. The
beam power is 42 million watts—from a
cathode that can be seen clearly only
with a high-power microscope.

Some devices such as microwave
tubes, however, require a high conduc-
tance—large currents at relatively low
voltages—and this a single needle cannot
yet provide. The solution we have
worked out is to arrange several needles
in a comb-shaped configuration and op-
erate them in parallel. By varying the
size and the number of the needles it is
possible to obtain a wide range of con-
ductances and power levels [see top il-
lustration on page 112].

It might appear almost impossible to
fabricate a group of tiny needles suffi-
ciently uniform to operate in parallel,
since in order to keep the emitted cur-
rents within 10 per cent of one another
the cathode geometries must be held to
a tolerance of about 1 per cent. Actually
it is quite feasible. The needles are first
sharpened by electrolytic polishing to a
radius of about a millionth of a centi-
meter and then the tips are dulled by
being heated in a vacuum. The rate of
dulling depends on surface forces that
vary with tip radius, so that the sharp-
er needles dull faster and the radii
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.30-"06 BULLET is seen penetrating a block of gelatin in these film-
strips made by two arrays of X-ray tubes that recorded the event
from two directions. The stereoscopic radiographs provided an accu-

become nearly equal. Manipulation of
the temperature and the electric field
during this procedure provides further
control of the shape of the tip. In prac-
tice a group of needles can be made
to emit in parallel at a common volt-
age with between 70 and 100 per cent
efficiency.

At the end of World War II the best
performance available from field emit-
ters was an average power of a few
watts drawn stably for about an hour.
Through field emission microscope stud-
ies we were able to identify the principal
causes of instability and short life: sur-
face contamination and “sputtering,”
which occurs when an emitter is buffeted
and pitted by positive ions, usually gas
ions that are present even in fairly high
vacuums. We were able to reduce both
of these effects by improving our vac-
uums, and after a while we obtained
from a single needle a steady-state cur-
rent density of 10 million amperes per
square centimeter that persisted for
1,000 hours at an average beam power
of 35 watts. Later, using a group of 20
needles, we increased the average beam
power to some 300 watts and the operat-
ing periods to more than 20,000 hours.
Even longer emitter life should be at-
tainable in the future.

These tests were conducted with sim-
ple diode tubes in ultrahigh vacuums.
Pressures of less than 10712 millimeter of
mercury were attained by ion pumping
and the use of special materials to pre-
vent the diffusion into the vacuum of at-
mospheric helium, which is a particular-
ly effective sputtering agent. These vac-
uums have been successfully applied in
some commercial X-ray tubes. In certain
applications, however, it is impossible to
maintain such high vacuums. We have

16

21 [g

found that a field emitter will operate for
reasonable periods in lower vacuums if
the needle is periodically reconditioned
by a flash of high temperature that
smoothes and cleans its surface. Because
of the emitter’s microscopic size very
little energy is needed and a flash dura-
tion as short as a millisecond may suf-
fice; the interval between flashes de-
pends primarily on the vacuum and pow-
er level and varies from a few minutes
to a few hundred hours.

" he most successful application of the

field emitter to date has been in flash
X-ray tubes characterized by small size
and a high information rate. We devel-
oped our first X-ray tube in 1953 at the
suggestion of Floyd A. Odell, then a
ballistics worker at the Edgewood Arse-
nal. Although it had sufficient intensity
only for microsecond radiographs of
small animals, it caught the attention of
Colonel H. S. Morton and Eugene Nook-
er at the Applied Physics Laboratory of
Johns Hopkins University. Their interest
led to support from the U.S. Navy’s Bu-
reau of Ordnance for the development
of field emission flash X-ray devices.

In its simplest form an X-ray tube in-
cludes an electron-beam source and a
metallic anode, or target. The electrons
strike the target at high velocity and
form X rays that leave the tube through
a window and are directed at the object
under study. A point object on which the
rays fall casts an enlarged shadow on a
photographic plate; the smaller the X-ray
source (the target), the smaller the
shadow and the more such bits of in-
formation can be resolved in a given
area [see bottom illustration on page
112]. Maximum resolution therefore re-
quires the smallest possible X-ray source.
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rate record of the trajectory and also showed how the bullet tumbled
and broke up. The pictures were timed in advance on the basis of
the bullet’s approximate velocity. Exposures were .1 microsecond.

Moreover, the larger the current in the
electron beam, the shorter the time re-
quired for a photographic exposure. To
obtain a high information rate, therefore,
one wants a large electron current strik-
ing a small area, that is, a large current
density. It can be shown that the infor-
mation rate of an X-ray tube is propor-
tional to the current density of its elec-
tron beam.

Conventional X-ray tubes have a
source size of about one millimeter and
a beam current of a few milliamperes,
and they normally require an exposure
time of the order of one second—quite
satisfactory in the case of static objects.
Many of today’s high-speed mechanisms
and phenomena, however, call for much
shorter exposure times in order to avoid
the image blur resulting from motion
during the exposure. The jet of a shaped
explosive charge, for example, moves at
approximately seven millimeters per
microsecond. In order to keep the mo-
tion blur down around a tenth of a mil-
limeter the exposure time must be of
the order of a hundredth of a micro-
second (10°% second). This requires a
current in excess of 1,000 amperes. That
current, compressed into a beam one
millimeter in diameter in order to main-
tain high resolution, corresponds to a
current density of more than 100,000
amperes per square centimeter. It is the
field emitter’s ability to provide and
even exceed such current densities that
is its basic advantage in flash radiog-
raphy.

A typical field emission arc X-ray tube
has several comb-shaped electron sources
arranged around a conical anode [see
top illustration on page 114]. The anode
provides a large enough surface area to
dissipate heat while presenting a small



Today and tomorrow in information-systems technology

Software

Modern Galatea

System software brings the ancient Pygmalion-Galatea legend up | To date, the scientists and engineers of SDC have participated in |

to date, for it is software that gives the breath of life to the
Galatea of hardware. Add software to a general-purpose com-
puter and the result is a highly sensitive and specialized informa-
tion system. Its virtuosity is a direct reflection of the creative
software concept that goes into it. System software, of course,
involves far more than computer programming; and at SDC,
system software is our only business. Here, system software
development is total, including the planning of the system, anal-
yses of its requirements, its design, production, installation and,
finally, its use, evaluation, and a system training program. By our
own definition and methodology, the prime objective of system
software is to make man the senior partner and decision maker
in the man-machine relationships of today and tomorrow. At
every stage of SDC’s system software design, the principle of
evolution is fundamental...which means that inherent in every
SDC system is the flexibility to anticipate the needs of the future.
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the creation of 18 systems for various governmental organiza-
tions. Each new project, with its unique requirements, presents
new challenges to the men and women of SDC. As each day sees
more knowledge added to this rapidly expanding technology,
challenging new career opportunities occur. Human factors
scientists, operations research scientists, systems-oriented engi-
neers, and computer programmers interested in the new field of
information systems are invited to write Mr. A. L. Granville, Jr.,
SDC, 2430 Colorado Ave., Santa Monica, California. May we
send you a new brochure —“Software System Development”—on
the command/control aspects of software ? It will give you added
new insight into the step-by-step phases
of system software, from planning to
development to operations. Please write
Mr. Granville at our Santa Monica address
above. “An equal opportunity employer.’
System Development Corporation
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Forecast of the

COLORADO NO. 1 LABOR CHOICE

Scientists form a higher per-
centage of Colorado's popu-
lation than in other states.
Colorado: .20%; New Jersey:
.17%; California: .14%. Recent
survey of college graduates
shows Denver one of three pre-
ferred U, S. cities. Colo-
rado's Pleasant Living draws
skilled labor at rate of
27,000 annually.

RESEARCH FACILITIES

Outstanding, due to interplay
of private and government
researchers. 12 colleges and
universities, Air Force Acad-
emy Aerodynamics Laboratory,
Denver Research Institute,
National Center for Atmos-
pheric Research, National
Bureau of Standards Labora-
tories, Ball Brothers Research
Corp., Marathon 0il Co. Re-
search Center just a few
tapped by manufacturers.

SUPPLY SOURCES

Almost every space-age mineral
and metal mined or processed
in Colorado.

Martin and Sundstrand, already
on scene, term sub-contractor
situation "excellent."

TRANSPORTATION

Central location is asset.
Most of Us S. within two
truck-line days. 7 airlines
with 269 flights daily.

7 Class I railroads.

COMPLETE INFORMATION
AVAILABLE

All new 1964 Executive Portfolio,
Special Reports available.
Inquiries confidential. Write:

COLORADO

DIVISION OF COMMERCE
AND DEVELOPMENT

51 State Services Building
Denver, Colorado, 80203

18

'70's
in Industrial Colorado

X-ray source. A high-voltage pulser ap-
plies a square wave (constant voltage
for a short time) of from 100,000 to
600,000 volts in pulses of from 30 to
100 billionths of a second. The tubes
are small and can be connected to the
pulser by a coaxial cable, so that sev-
eral tubes can be clustered around a
small object or strung out along the path
of a moving body and energized suc-
cessively to obtain sequential radio-
graphs of a fast-moving event. This
makes it unnecessary to move the X—ruy
film, which can therefore be made large
enough to record the image at life size
and avoid the loss of resolution associat-
ed with optical systems. As a result high-
resolution radiographs can be made at
frame rates exceeding a million per sec-
ond with an exposure time as short as
30 billionths of a second for each frame.

"his new cineradiographic technique
+ has been applied in biological and
physical investigations. In one experi-
ment a series of radiographs visualized
the displacement of internal organs in
animals subjected to 30 times the ac-
celeration of gravity. Flash radiography
has also recorded the complex sequence
of events associated with an exploding
wire, all of which take place in a few
microseconds. By arranging two sets of
tubes at right angles to each other along
the path of a bullet penetrating a block
of gelatin, experimenters have produced
a series of stercoscopic pairs that trace
the projectile’s trajectory and attitude
in three dimensions and yield accurate
data on its velocity and deceleration [sce
illustration on page 116]. Ballistics work-
ers at the U.S. Army’s Aberdeen Prov-
ing Ground have adapted flash radiog-
raphy to studies of the dynamic-yield
points of various materials. They work
with shaped explosive charges that emit
jets of molten metal at some 20,000 feet
per second. Radiographs show the for-
mation of the jet and its degree and speed
of penetration [sce bottom illustration
on page 114].

Field emission has also proved valua-
ble in the study of radiation effects, par-

Iticulzu‘ly those that depend on high

dose rates rather than on total dosage.

| A field emission X-ray tube can pro-

duce dose rates of 107 to 10" rads per
second, and the effect of such rates on
materials is striking. For examp]e, an
insulator normally insulates because it
contains no free electrons. Irradiation
with pulsed X rays supplies it momen-
tarily with enough free electrons for
a current to flow. Since the induced
current can cause malfunction of elec-
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tronic circuits, the study and prevention
of such effects are receiving considerable
attention. They can now be observed on
a laboratory scale because of the small
size of the X-ray source.

The effects of ionizing radiation can
also be studied by irradiating an object
directly with an electron beam. The
field emitter can provide such a beam,
functioning, in effect, like a Van de
Graaft generator but at much higher
dose rates—up to 10'% rads per second,
or five million rads per pulse. The advan-
tage of getting a large dose delivered
very quickly is that it helps to separate
the cause of radiation from the effect—to
administer a dose in a time that is short
compared with the reaction time of the
object or organism under study. Initial
applications have been confined to small
biological specimens such as bacteria,
but with higher voltages the increased
penetration of the electron beam will ex-
tend the technique to larger, denser
specimens.

In general terms one of the important
contributions of field emission seems
likely to be the development of high-
performance instruments in small pack-
ages. The first such instrument is an
Xray machine that weighs only 48
pounds and has a volume of only about
half a cubic foot. It is already extending
medical diagnosis into hitherto inaccessi-
ble regions, such as the hinterland of
Haiti, where it has made possible a chest
X-ray survey. It has also proved to be
convenient for guidance in the course of
surgical procedures; in hip-pinning op-
erations, for example, it can be placed
between the patient’s legs. The instru-
ment is small first of all because the cold
cathode requires no heating element and
secondly because its short pulse length
makes it possible to cut down on the
amount of insulation.

Field emission technology is still at
a very early stage of development. With
continued research it should be possible
soon to reduce operating voltages so
that field emitters can be combined with
transistors and other solid-state clec-
tronic devices to extend ultraminiature
circuits and instruments to higher per-
formance levels. Improvements in beam
optics will make it possible to collimate
and focus the electron stream with more
precision. This should lead to X-ray ma-
chines with smaller source sizes and
therefore higher resolution. It should also
adapt the field emitter to a number of
electron-beam devices, including oscillo-
scopes and other display tubes and even
high-resolution television tubes.



We tan't redesign him

But we can improve man-machine efficiency by designing vehicles
“around” him. One major obstacle—replacing man’s subjective
impressions with quantitative test data—has been overcome by
a new achievement of Caterpillar research.

Human memory was too unreliable.

Even our best test drivers couldn’t exactly record their reactions
during field tests. And precise data was what we needed.

Our first project was to develop instrumentation for recording the
effects of motion, vibration, balance, noise and seat position on vehicle
operators.

Step Two: Controlled Testing

When these devices were operational, we tackled the job of devel-
oping testing methods which would duplicate identical conditions in
a controlled laboratory environment. The result was the Caterpillar
Ride Simulator.

This device has three basic elements: a ride platform, including
seat and controls; a servo drive mechanism which controls the platform;
and an analog computer which directs the servo drive unit.

We can record on tape vertical acceleration measurements of a
vehicle in the field...and then recreate them exactly on the ride
platform in the lab.

No Memory Problem

Now we can study the effects of vehicle parameter changes more
closely. And we can judge two versions of a vehicle in immediate
sequence—eliminating the ride memory problem completely.

Step 3 of our human engineering project was even more ambitious.
Could we shortcut vehicle development by evaluating prototype designs
with pre-hardware paper testing?

Using the analog computer, our research engineers simulated a
mathematical “model” of a vehicle concept. A taped road profile was
used as input data to the model with the computer output actuating
the ride simulator.

Thus we reproduced both the bounce and pitch of the concepted
vehicle as it “traveled” a taped terrain.

Instant Design Changes

We can pinpoint the need for design modifications immediately.
And by programming changes through the computer, we can evaluate
the revised concept in moments instead of days.

Accuracy? No problem.
How important will the Ride Simulator be in our future R & D work?

The time saved in evaluating existing hardware alone will be highly
rewarding—to say nothing of its potential in the evaluation of new
vehicle concepts.

The Ride Simulator is only one example of Caterpillar’s continuing
study of Human Engineering as a means of perfecting the man-machine
relationship. The vehicle specialists at Caterpillar can apply this special
knowledge to your military vehicle projects. Contact Defense Products
Department, Caterpillar Tractor Co., Peoria, lllinois.

CATERPILLAR

Caterpillar is a Registered Trademark of Caterpillar Tractor Co.

Caterpillar Tractor Co., General Offices, Peoria, lllinois - Caterpillar Americas Co., Peoria, lllinois - Caterpillar Overseas S.A., Geneva - Caterpillar of Australia Pty. Ltd., Melbourne - Calerpillar
Brasil S.A., Sdo Paulo - Caterpillar Tractor Co. Ltd., Glasgow - Caterpillar of Canada Ltd., Toronto - Caterpillar France S.A., Grenoble - Caterpillar (Africa) (Pty.) Ltd., Johannesburg
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OPPORTUNITIES

IN
MELPAR'S

RAPIDLY EXPANDING
ELECTRONICS
DIVISION

Melpar's Electronics Divi-
sion has an immediate need
for Engineers to fill these
important positions:

MICROWAVE
RECEIVER DESIGN

Specific problems include para-
metric amplifiers, varactor tech-
niques, microwave filters, ultra-
stable programmable oscillators,
and dual and triple channel bal-
anced receivers for monopulse
and guard antenna gating.

DATA PROCESSING
SYSTEMS DESIGN

Perform the logic design of dig-
ital equipment to process real
time flight data. Problems in-
clude specifying necessary dig-
ital/ analog interface equipment
and the design of computer sys-
tems for a variety of applications.

COMPUTER
PROGRAMMING

Generate programs for fixed
point real time computers to be
used with special purpose digital
and analog equipment.

COMMUNICATIONS

Perform design studies of termi-
nal equipments for time fre-
quency dodging, matched filters,
adaptive highly reliable commu-
nications throughout the electro-
magnetic spectrum. Techniques
of interest include spread spec-
trum circuitry, error detection
and correction coding, and pri-
vacy and security circuitry.
For Further Details,
. write in confidence to:
John A. Haverfield

Manager—Professional Placement

MELPARY inc.
(A Subsidiary of Westinghouse
Air Brake Co.)

3439 ARLINGTON BLVD.

FALLS CHURCH, VA.
(A Suburb of Washington, D.C.)
an equal opportunity employer
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 MATHENATIGAL GAMES

Presenting the one and only Dr. Matriz,

numerologist, in his annual performance

by Martin Gardner

eaders may recall last January’s in-
terview with the renowned nu-

merologist Dr. Matrix. He was in
Sing Sing at the time, having been in-
carcerated for a foolish experiment with
U.S. currency. In the fall of 1963, partly
as a reward for cryptographic services
to the Government, he was paroled.
Washington refuses to divulge details,
although I suspect Dr. Matrix’ intimate
knowledge of Oriental languages was in-
volved.

I did not learn Dr. Matrix’ where-
abouts until early December, when I re-
ceived a post card from Iva Toshiyori,
his attractive Eurasian daughter (her
mother had been Japanese). The pair

| were in Chicago. The old mountebank,
| finding it hard to earn a living as a nu-

merological consultant, had worked up a
night-club act and was booked to open
on Saturday, December 14, at the Purple
Hat Club. This was too good to miss. I

| wired Iva that I would be in Chicago the

following Wednesday.

The Purple Hat is a popular cabaret in
the Rush Street section of Chicago’s near
North Side. One can see its floor show
from the bar. I arrived shortly before
Wednesday night’s first show, found an
empty stool, ordered a drink, then ro-
tated 180 degrees to survey the scene.

Behind a small stage, at one end of
the dance floor, was a black backdrop
on which large red and white numerals
formed the order-three square shown on
page 122. Dr. Matrix had clearly in-
tended to indicate the coming year by

. the way he had placed the digits of 1964.

I was trying to determine what curious
properties the matrix possessed when the

| lights began to dim and the Purple Hat-
¢ | ters, a small group of musicians wearing
' lavender top hats, began to play soft

strains of Oriental music.

A spotlight followed Dr. Matrix from
a side entrance to the center of the stage.
He was in full evening dress, tall and un-
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smiling, his green eyes glittering omi-
nously above his prominent, convex nose.
An enormous blood red jewel glowed at
the front of his snow white turban. He
bowed with a maximum of dignity, then
turned to introduce his assistant, Miss
Toshiyori. Iva bowed with a minimum
of costume. “Good Lord,” whispered the
man sitting on my left (a New York
booking agent, I learned later), “where
did he find her?”

Iva slithered gracefully among the
tables, gathering green cards on which
patrons had been asked to write ques-
tions and sign their full name and date of
birth. She tossed the cards into a big
glass bowl and poured a purple liquid
over them. When Dr. Matrix snapped his
fingers, the contents of the bowl burst
into flames. Speaking in low, guttural
tones, the dancing flames illuminating
his bony features from below, he began
his “readings.”

It was a brilliant performance. Shrewd
guesses and predictions were cleverly
interwoven with anagrams and other
word plays on the patrons’ names or ini-
tials, with curious numerological specu-
lations involving birth dates, and with a
masterful display of what is known in the
fortunetelling trade as “cold reading.”
(A cold reading is a reading given with-
out prior information about a subject.
“Mrs. C. G.,” Dr. Matrix would say, “the
vibrations of your handwriting suggest
that you recently received a phone call
that was most disturbing.” Mrs. C. G.
would scream with astonished confirma-
tion.) He received a good hand when he
finished.

The lights went on. I saw Iva—she had
slipped into a dress—approaching the
bar. “Hi!” she said. “I thought I recog-
nized you during the act. Come along.
We have two hours until the next show.”

I slapped some change on the bar.
“Old friend,” I explained to the bug-
eyed man on my left.

The three of us took a taxi to Dr. Ma-
trix’ apartment in a nearby lake-front
hotel. Dr. Matrix was surprisingly cor-
dial. “Yes,” he said, “I chose that order-
three square because it contained 1964
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Whaf haléua drive concept so si'mple it’s revolutionary? AMPEX TM-7

Here’s a transport that's far in advance of anything
in its class—the all new Ampex TM-7. It's a low-cost
tape transport designed for less maintenance, less tape
wear. And its most advanced feature is the revolution-
ary single capstan drive system. The new drive system
has three major moving parts—a capstan and two reels.
As a result, most of the components found in this type
transport have been eliminated. Maintenance is far
less. And tape wear? Virtually none. The two vacuum
chambers keep a uniform tape tension on the capstan.
There is nothing to smear the tape; nothing to stretch
it. Tapes last and last. Even the old soft-binder tapes
can be used with very little wear. The new Ampex TM-7

is completely compatible with IBM tape formats and
with other Ampex equipment. It has a packing density
of 200 and 556 bpi. A tape speed of 36 ips. A start
and stop time of 10 ms with tape distance held within
+10%. Also, Ampex designed a new series of data and
control electronics for the TM-7 to provide low-cost
tape memory systems. The TM-7211 is a complete
memory system enclosed in a 19 inch rack cabinet.
And the TM-7212 is a complete shared system with
four TM-7 transports in one cabinet. Write to the only
company providing recorders, tape and core memory
devices for every application: Ampex Corporation,
Redwood City, California. Worldwide sales and service.
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ENGINEERS & SCIENTISTS

AT PAN A

SUPPORT FOR OVER
40 SPACE AND MISSILE
PROGRAMS SCHEDULED
IN THE NEXT 5 YEARS

Ballistic trajectories, polar orbits, synchronous orbits, rendezvous and dock-
ing maneuvers in earth orbits, lunar orbits, direct lunar flights, interplanetary
courses...each mission will require range support specifically tailored to the
task, calling for many advances in present instrumentation at the Air Force

Atlantic Missile Range.

By 1968, Pan Am scientists and engineers at the Cape will have developed speci-
fications and supervised the implementation of tracking, telemetry, information
transmission, and real-time data handling and display systems to measure the
performance of literally hundreds of vehicles on over 40 distinct space and

missile programs.

Where else can you find the opportunity to make important contributions to the

success of so many programs?

Since 1953, Pan Am’s Guided Missiles
Range Division has been responsible to
the Air Force Missile Test Center for
range planning, engineering, and opera-
tion of the Atlantic Missile Range. From
a handful of scientists and engineers
10 years ago, the professional staff has
grown to over 600, contributed to over
1000 launches, and made range instru-
mentation one of the ‘big systems”
fields of the future.

IMMEDIATE OPENINGS FOR:

SYSTEMS ENGINEERS to develop specifica-
tions for range instrumentation systems,
evaluate bids from industry, provide tech-
nical direction of development, monitor
manufacture and installation, and phase
systems into operational status.

RANGE PLANNING ENGINEERS to take proj-
ected programs requirements for the next 5
years and develop the advanced tracking
system concepts required, including instru-
mentation, facilities, and logistic support.

SCIENTIFIC STAFF to join a handpicked staff
in analysing program information and pre-
dicting system capabilities needed to sup-
port programs, using celestial and orbital
mechanics, astronomy, probability and game
theory.

RANGE OPERATIONS ENGINEERS to plan
and evaluate range support for all launches,
coordinate all range support activities, pro-
vide data and command/destruct for range
safety, and manage down-range island and
ship stations.

Experience required in one or more of these
areas: Pulse & CW radar, telemetry, infrared,
data handling, communications, closed cir-
cuit TV, frequency analysis, command con-
trol, underwater sound, timing, shipboard
instrumentation, meteorology.

Address inquiries in confidence to

Manager, Range Development, Dept. 68A

GUIDED MISSILES

“'
e
=5

S
N

v o

(22

RANGE DIVISION

AN AMERICAN WORLD AIRWAYS,
. 0. BOX 4465, PATRICK AIR FORCE BASE, FLORIDA

INC.

An Equal Opportunity Employer
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Dr. Matrix’ magic multiplication square

so symmetrically. It is the simplest magic
multiplication square. The product of
the three numbers in any row-—hori-
zontal, vertical or diagonal—is 216. It
is the lowest possible product for such a
square, assuming, of course, that each
cell contains a different positive integer.”
He paused until I had finished jotting
down this information. “There is a pret-
ty puzzle connected with this square.
You might ask your readers to see if they
can rearrange the same nine numbers
to make a magic division square.”
When I looked puzzled, he explained:
The two end numbers of any line of three

| are multiplied, then the product is di-

vided by the middle number. The final
result must always be the same.

“Excellent,” I said. “I'll put that in
my column and give the answer next
month. Any other curiosities connected
with 19647

Dr. Matrix nodded gravely. “From a
military point of view, the year is po-
tentially explosive. The Boer War ended
in 1902. If we add each of those four
digits to 1902, we obtain 1914, the year
World War I began. That war ended
in 1919. Add 1, 9, 1 and 9 to 1919 and
the result is 1939, the start of World
War 11.”

“T dig it,” I said. “World War II
ended in 1945. Let’s see...” I added
1,9, 4 and 5 to 1945. The result: 1964!

“It would be foolhardy,” said Dr. Ma-
trix, “to ignore this obvious pattern. Of
course, the numbers merely impel, they
never compel.”

“It occurred to me,” I said, hoping
to change the subject, “that because
the new year ends with 4 it might be
an appropriate time to introduce my
readers to the old pastime of the four
4’s. Do you know the game?”

Dr. Matrix sighed painfully. “I know
it well.”

Let me first explain the recreation.



VARIAN INSTRUMENTS AT WORK @

Frequency and

time measurements

have progressed toward
greater and greater precision
through the development of the pen-
dulum, tuning fork, resonant elec-
tronic circuits, and crystal oscillators.

In the past decade, the study of quan-
tum electronics has led to an under-
standing of the inherent stabilities
associated with atomic resonance. As
a result, several practical “atomic
clocks” have been developed which
provide the most accurate frequencies
yet known—against which the most
accurate measurements yet known can
be made. Varian Associates produces
three different devices of this nature.

Cesium beam tubes have provided
the reference for the first practical
atomic standard. Their acceptance and
widespread use has revolutionized
measurement concepts. At Beverly,
Massachusetts, Varian makes tubes of
this type which incorporate the most
recent designs.

At Palo Alto, California, Varian has
combined solid-state electronic cir-
cuitry with rubidium optical packages
to create small, highly reliable, port-
able instruments.

Most recently, hydrogen masers have
been developed at Beverly and are
now being evaluated to determine the
extent of their accuracy and stability.
These devices have proven that the
hydrogen maser furnishes the most
stable reference yet discovered.

If frequency or time control is part
of your work, Varian would like to
help you. Contact. Earle Benson in
Beverly, Massachusetts or Gordon
Harper in Palo Alto, California.

Superconduct-

ing magnets which
operate at temperatures
near absolute zero (-273°C)

have intrigued scientists for

several years with their prom-
ise of generating very intense magnetic
fields with extremely small amounts
of power.

Until now, superconducting magnets
have not proved practical for research
applications requiring useable volumes
of highlyhomogeneous magnetic fields.
Now, with the successful development
of the X-4120, Varian has taken a
giant step forward in this exciting new
technology. The X-4120 is a super-
conducting magnet that can generate a
magnetic field of 65 kilogauss which
is homogeneous to within 0.1% over
a volume /2 “ in diameter and one inch
in length. And the entire field is acces-
sible to a room temperature probe.

The X-4120, combining previously
unattained field intensity, volume and
homogeneity, opens up new areas of
research in materials studies, suscep-
tibility measurements, and magnetic
resonance work.

Varian is now offering complete
superconducting magnet systems, com-
plementing its line of precision iron
magnets. The new systems include the
X-4120 magnet,dewar,dewar cap and
magnet support mechanisms, plus a
special power supply which allows a
programmed control of magnet power
input.

Further details may be obtained by
writing Bob Abler, Magnet Products.
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The chemistry

of a product often
determines how durable it
will be, how effective, even
how safe for human use. Hun-
dreds of examples immedi-
ately come to mind in the areas of
food products, drugs, paints, oils,
insecticides, and fertilizers.

Manufacturers must strive constantly
to eliminate any chance of error in
chemical composition. Ethics, com-
petition, certain patents, and often
government regulation demand rigid
quality control.

Research chemists have long used
the analytical capabilities of Nuclear
Magnetic Resonance (NMR) to iden-
tify the precise chemical structure of
compounds by determining the num-
ber and location of hydrogen atoms
within the molecule.

Scientists recognized that the same
techniques could be used to monitor
finished products, but that this would
put too large a work load on the re-
search instrument. Varian therefore
developed the A-60 Spectrometer as a
less expensive instrument designed
specifically to handle fast, routine,
non-destructive analyses.

With the easy-to-operate A-60, re-
sults are reproduced on pre-calibrated
charts, so that technicians can perform

hundreds of analyses a day and check.

the readings against known spectra.
You can see the A-60 at work in any
of our three Applications Laboratories
located in Pittsburgh, Pa.; Zurich,
Switzerland; and Palo Alto, Calif. For
more information briefly describe
your interest in a letter to LeRoy
Johnson, Analytical Instruments.

S}
W

VARIAN associates
INSTRUMENT GROUP, PALO ALTO, CALIFORNIA
IN EUROPE: VARIAN A.G., ZUG, SWITZERLAND




LOOKING TO CAREER DEVELOPMENT???’
)

the direction 18 yours...
AT THE NAVAL LABORATORIES IN CALIFORNIA

Sooner or later, in the natural course of events, most scientists, engi-
neers, technicians, or for that matter, workers in any field, reach an
uncharted path in their professional development . .. a road without
markers or compass.

This condition is pretty much a rarity at the Naval Laboratories in
California. In fact, it need not occur at all. Here the roads are well
marked. No matter what your inclination, the direction is yours to
choose. Career development at the laboratories is limited only by the
extent of your individual capabilities. Whether your specialty concerns
some branch of physics, electronics, mathematics, chemistry, or any of
the engineering disciplines, or research and development in general,
there is room for rewarding growth.

Stimulating environment, creative climate, diversity of opportunity,
absence of routine, all contribute to career expansion at the laboratories.
Professional development programs at government expense, including
academic advancement at both the college graduate and undergraduate
level are also available.

Whether your interest lies in weapons R and D (NOTS); missiles and
space (PMR-NMC); structural engineering (NCEL); nuclear radiation
(NRDL); electronics and oceanography (NEL); missile evaluation
(NOLC); or weapons systems (QEL), or in any of the many other
laboratory programs, career enlargement can be yours at the Naval
Laboratories in California. Qualified scientists, engineers and technicians
ready to explore opportunities at any of the laboratories listed below are
invited to contact the Personnel Director, Dept. A., at the facility of
their choice.

U.S. NAVAL ORDNANCE TEST STATION (NOTS), CHINA LAKE AND PASADENA

PACIFIC MISSILE RANGE (PMR) AND U.S. NAVAL MISSILE CENTER (NMC), POINT MUGU
U.S. NAVY ELECTRONICS LABORATORY (NEL), SAN DIEGO

U.S. NAVAL CIVIL ENGINEERING LABORATORY (NCEL), PORT HUENEME

U.S. NAVAL ORDNANCE LABORATORY (NOLC), CORONA

U.S. NAVAL RADIOLOGICAL DEFENSE LABORATORY (NRDL), SAN FRANCISCO

U.S. NAVAL PERSONNEL RESEARCH ACTIVITY (NPRA), SAN DIEGO

U.S. NAVAL WEAPONS STATION, QUALITY EVALUATION LABORATORY (QEL), CONCORD

All qualified applicants will be considered for employment
without regard to race, creed, color, sex, or national origin.

One seeks to form as many whole num-
[ bers as possible, starting with 1, by us-
ing only the digit 4 four times—no more,
no less—together with simple mathemati-
cal symbols. Naturally one must estab-
lish what is meant by a “simple” sym-
bol. This traditionally includes the arith-
| metical signs for addition, subtraction,
multiplication and division, together
with the square root sign (repeated as
many finite times as desired), paren-
theses, decimal points and the factorial
sign. (Factorial n is written n! It means
1X2X3 ...Xn.) A decimal point
‘ may also be placed above .4, in which
case it indicates the repeating decimal
| 4444 ... or 4/9.
The numbers 1 through 10 are easily
expressed, in many different ways, by
‘ using no more than the symbols for mul-
| tiplication, division, addition and/or
subtraction [see illustration on page
| 126]. By adding the square root sign,
numbers 11 through 20 (except for 19)
are readily obtained. By allowing the
[ factorial sign and the dot used as both
a decimal point and a repeating decimal
sign, one can go on to 112. There seems
to be no way to express 113 within these
restrictions unless one employs highly
bizarre combinations of the above sym-
bols, such as the combined square root,
decimal and repeated decimal signs in
the denominator of the first term in the
following equation:

——’—(é:-'i- 4/._4:— =
‘ ’VT+;’4“I/3

The pastime was first mentioned in the
issue for December 30—in the palin-
dromic, invertible year 1881—of a lively
London weekly that had been founded
that year by the astronomer Richard An-
thony Proctor. He called his periodical
Knowledge: An Illustrated Magazine of
Science, Plainly Worded—Exactly De-
scribed. A letter to the editor expressed
astonishment at the fact (shown to the
writer by a friend) that all integers from
1 through 20, except 19, could be ex-
pressed by four 4’s and simple signs.
Factorials and dots were not allowed.
Readers were asked to try their hand at
it before solutions were given in a lat-
er (January 13) issue. (With the help
of the factorial sign, 19 can be expressed:
4!—4—4/4. Can the reader of this peri-
odical find a way to do it by using only
the four arithmetical signs and the deci-
mal point?)

| Since 1881 the game has enjoyed oc-
U.S. NAVAL LABORATORIES IN CALIFORNIA casional revivals. A lengthy article on the
topic, by W. W. Rouse Ball, appeared
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DATA PROCESSING SYSTEMS FOR SPACE

Advanced STL digital telemetry units, decoders, and command
distribution assemblies are now being used on NASA's OGO and
Pioneer, and the Air Force's Nuclear Test Detection spacecraft. STL
hardware and experience with on-board data processing equipment
is being applied in the development of new systems which will per-
form checkout and maintenance functions in space. This advanced
technology requires circuit designers, logic designers, and digital
systems engineers. For Southern California or Cape Canaveral oppor-
tunities, write Professional Placement, One Space Park, Dept. J-1,
Redondo Beach, California, or P.O. Box 4277, Patrick AFB, Florida.
STL is an equal opportunity employer.

7’2‘!'”“’!35!4(:!5 TECHNOLOGY LABORATORIES

THOMPSON RAMO WOOLDRIDGE INC.
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The game of four 4’s

in the Mathematical Gazette for May,
1912, and there have been scores of sub-
sequent articles, including tables that
go above 2,000. Even now the mania
will suddenly seize the employees of an
office or laboratory, sometimes causing
a work stoppage that lasts for days.

“Is it possible,” I asked Dr. Matrix,
“to express 1964 with four 4’s and the
traditional symbols?”

He shook his head vigorously. “Of
course many important dates are pos-
sible. 1776 is 4 times 444. But 1964 is
not one of them. With five 4’s, yes.” He
jotted on my note pad:

44 % 4144

“But four 4’s, no.”

“How about 647

“That,” said Dr. Matrix, “is not dif-
ficult. Oddly enough, 64 can also be
expressed—under traditional restrictions,
of course—with three 4’s and also with
two.”

The reader is invited to try his skill
on all three problems; that is, to ex-
press 64 with four 4’s, with three 4’s
and with two 4’s. No symbols may be
used other than those that have been
mentioned. The task is middling hard
with four 4’s, ridiculously easy with
three, extremely difficult with two. Next
month I shall give the best solutions
known to Dr. Matrix.

Dr. Matrix gazed sadly off into space
when I spoke to him about the coming
election campaign. In an interview that
I reported in January, 1961, he had
called attention to the grim pattern of
death in office for every president who
had been elected in a year ending in
zero, beginning with 1840. Lincoln
(elected 1860), Garfield (1880), Mc-
Kinley (1900) and now Kennedy
(1960) had been killed by an assassin.
Harrison (1840), Harding (1920) and
Roosevelt (1940) had died in office.

“Yes,” he said finally, “the names and
birth dates of the leading candidates
deserve careful analysis. In the past 22
elections, beginning in 1876, the only
occasion on which the man with the
shorter last name won the popular vote
was in 1908, when Taft defeated Bryan.
This gives Rockefeller an edge over all
his competitors. Of course Nixon, Rom-
ney and Johnson are eliminated be-
cause their names lack a double letter
such as the two L’s in Rockefeller.” (Dr.
Matrix was here alluding to the now-
well-known law that all U.S. presidents
of the 20th century must have a dou-
ble letter in their name. So far Eisen-
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hower has been the only exception, but
because his opponent, Adlai Ewing
Stevenson, also lacked the double letter
there was no real contest.)

I was scribbling furiously. “That
makes Rocky a stronger candidate than
Goldwater, I suppose. Both men have
the double letter, but Rocky’s last name
is longer.”

“In that respect, yes. Rocky’s height,
of course, is a liability. In the past 15
elections, beginning in 1904, the only
time the shorter candidate won the
popular vote was in 1940, when Roose-
velt, at six feet two inches, defeated
Willkie, six feet two and a half. By the
way, did you know that both Rockefeller
and Romney, the two R-initial men, were
born on July 8?7

I shook my head.

“In fact, all five leading Republican
candidates—Rockefeller, Romney, Gold-
water, Nixon and Scranton—were born
in months that begin with J. Goldwater
and Nixon were born in January, Scran-
ton in July. J is the 10th letter of the
alphabet. Note that ‘Republican’ has 10
letters and that the digits of "64 sum to
10.”

“Is that a good omen?”

“To a certain degree. The digits of
1964, however, sum to 20. The only can-
didate with exactly 20 letters in his full
name is Barry Morris Goldwater. On
the other hand, the president will not
be inaugurated until 1965, which sums
to 21, the number of letters in the name
of William Warren Scranton.”

“Your numerology is confusing,” I
said.

“No more than politics. I regret to
report that Scranton, the governor of
Pennsylvania, was not born in Scranton,
Pa., or in its anagrammatic cousin,
Cranston, R.I. He was born in Madison,
Conn. But ‘Madison’ is a presidential
name, so that should be counted a favor-
able sign.”

“Someone has suggested,” I remarked,
“that Rockefeller should open a cam-
paign speech by saying: ‘I come to Barry
Goldwater, not to praise him.””

Dr. Matrix looked as solemn as an
owl. “It is possible to devise many ap-
propriate puns on the candidates’ names.
Nix on Nixon, for example. Aldrich
Rockefeller sounds like ‘old rich rocky
feller,” and one might say that his views
on certain issues are enough to rock a
feller. Nixon’s straightforward Repub-
licanism is indicated by the fact that the
first and last letters of ‘Republican’ are
his initials; the same letters backward are
Rockefeller’s. The governor’s full in-
itials, backward, may be prophetic: the



Honeywell Presents
“Science All Stars”
Sundays 4:30 E.S.T.

Qbc
TV

Nationwide TV Program to Discuss the Sciences
in an Engaging and Rewarding Fashion

“Science All Stars” presents brilliant achievements by
gifted teenagers in every field from biology to electronics—with
on-the-spot participation by the nation’s leading scientists

A different approach to the discussion of
science forms the basis for an entirely new
kind of network television show being pre-
sented by Honeywell. First, there is the en-
thusiastic, adventuresome spirit and actual
scientific contributions typified by winners
in Science Fairs who will show and explain
their ingenious experiments. Second is the
mature evaluation and valuable insights
offered by world-famous leaders in science,
education and government.

Using this combination of viewpoints,

science comes alive in an exciting and.

meaningful adult program rich in value for
the inquiring mind. Among the fields to be
explored on “Science All Stars” are:

® Radio Astronomy

® Generation of electricity from biological
systems

® Theory of numbers including logic
systems

® Gyroscopic stabilization

® Microwave sensing and signal
transmission

® Crystalline materials — lasers and
control of light

e Hydroponics

e Cardiology

® Rocket propulsion dynamics

All the exhibits slated for use on the pro-
gram are technically excellent, and some
have an engagingly lighthearted quality.
A young scientist offers the services of his
live fish in generating power (choose from
one-fish, two-fish, or three-fish batteries!)
...two boys pit their computers against
each other in a game of ticktacktoe...
you’ll watch an oscilloscope pattern of the
heartbeat of a flea as a 12-year-old-boy
records the flea’s electrocardiogram.

Appearing in the premiere show in mid-
January are Dr. Glenn T. Seaborg, Nobel
Prize winner and chairman of the Atomic
Energy Commission, along with Colonel
Charles Yeager, commandant of the Aero-
space Research Pilot School and first man
to fly a plane through the sound barrier.
Subsequent programs will feature Dr.
Jerome Wiesner, advisor on science and
technology to the U. S. Government and
soon to be Dean of Science at M.I.T.; Col.
John Paul Stapp, Assistant for Aerospace
Medicine; Dr. Nan Deiter, Research
Astronomer at Cambridge Research Lab-
oratory, and others who will participate
in the exhibits of nearly 65 different young
scientists from all over the country.

e

ONE OF THE YOUNGEST licensed ham radio operators in the country, 13-year-old Michael Schatz-
lein of Knightstown, Ind., discusses the theory of sound, carrier waves and the speed of light with
Col. Charles Yeager. Michael will also *‘talk' the pilot of a supersonic jet through the sound barrier
on “Science All Stars" using his home-made ham radio.
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DR. GLENN T. SEABORG, AEC Chairman and
winner of the 1951 Nobel prize in chemistry,
will appear on the first program in the ““Science
All Stars” series. A television camera built by
a 16-year-old boy for $40 will be used to tele-
vise Dr. Seaborg’'s part in the program.

By emphasizing the inherent excitement
of scientific exploration, “Science All Stars”
creates an aura of drama and fascination
that not only makes science more under-
standable to the average person but is
bound to intrigue young viewers every-
where. In sponsoring the program, Honey-
well hopes to stimulate more of our youth
to consider careers in science.

You are invited to watch “Science All
Stars” Sundays at 4:30 EST on the ABC
TV Network starting January 12. (Check
your local TV listings.) Your comments

will be appreciated. Address Dr.
John Dempsey, Honeywell Re-
search Center, Hopkins, Minnesota.

Honeywell
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COMBAT FIELD
EXPERIMENTATION

SRI is in its sixth year of working with
the Army in combat field experimentation.
This activity is located on California’s
beautiful Monterey Peninsula, one of the
country’s most desirable residential areas.

During the past five years, there has been
a steady growth in experimentation tech-
niques and enlargement in scientific re-
sponsibility.

Experimentation is conducted with exten-
sive field work involving, in part, the most
advanced troop organizations and latest
equipment. The experimentation program
has a direct impact on current and future
National Defense problems.

Challenging opportunities exist for opera-
tions analysts, mathematicians, psycholo-
gists, engineers and others.

For further information, write:
M. F. Deatrick

STANFORD
RESEARCH
INSTITUTE

P.O. Box 316 Fort Ord, California

—an equal opportunity employer—

PHOENIX
GOODYEAR AEROSPACE

(Arizona Division)

Offers career opportunities that will chal-
lenge your talent in the technical areas
listed below.
RADAR SYSTEMS
Provide systems concepts and conduct
analysis and experimental systems work.
CIRCUIT DESIGN & DEV.
Radar Circuits, IF, video, pulse circuitry,
D.C. Amplifiers, CRT, ground range,
Sweep circuits, networks.
OPTICS
Design of optical systems used in ad-
vanced coherent radar, design of special
lenses, new systems concepts, Fiber optics.
MICROWAVE
Research, original investigations in micro-
wave circuits and devices, design and de-
velop microwave amplifiers, modulators,
oscillators, parametric amplifiers and an-
tennae design.
SERVO
Design and develop Antenna stabiliza-
tion, positioning servos and navigational
systems.

Request Application or Send Resume to:

M. J. McColgan
Engineering Personnel
Goodyear Aerospace Corporation
Litchfield Park, Arizona
An equal opportunity employer

Similar positions at Goodyear Aerospace
Corporation, Akron, Ohio
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Republican who rax in 1964. Cross-

word puzzle experts will recognize that

Roc/kef/el/er are respectively the words

for a fabled bird, dreamy tranquillity,
| an elevated railroad and an Irish god
of the sea.”

Iva, who had left us to ourselves while
we conversed, returned to the living
room to remind her father that he was
due back at the Purple Hat in half an
hour. I paid the taxi fare and walked
them around to the club’s back entrance.

“When is the last show over?” I asked
Iva.

“Two-thirty,” she said, smiling.

“Will you, perhaps, feel like eating
somewhere?”

“Tll be ravenous.”

How does-a man in middle age kill
three hours in the middle of a freezing,
snowy night, in the middle of the week,
in mid-December, in the middle of the
Windy City? I decided to return to my
hotel and spend the time in the middle
. of my bed.

Readers were asked last month to

identify which one of five alphabet
blocks in a row on a chessboard had been
the center block in a previous formation
before the blocks were moved by tip-
ping them over an edge from square
to square. It is obvious that if a block is
moved an even number of times, it will
rest on a square that is the same color
as the square on which it started. An
odd number of moves puts it on a square
of opposite color. Not so obvious is the
way in which odd and even apply to the
orientations of each block.

Imagine a block painted red on three
sides that meet at one corner and placed
so that you can see three of its sides.
There are four possibilities: you see no
red side, one red side, two red sides or
three red sides. If you see one or threered
sides, we say the block has odd parity;
otherwise, it has even parity. Whenever
| the block is given a quarter-turn in any
| direction, it is sure to change parity.
(This follows from the fact that opposite
sides of the block are different colors.

OoDD

EVEN

Each quarter-turn takes one side out of
your line of vision and brings its opposite
side into view. Thus a quarter-turn al-
ways alters one of the visible colors.)
Think of a block as a die instead of a
block with colored sides. In this case
its parity is indicated by whether the
sum of the three visible faces is odd or
even.

Because each move of the block gives
it a quarter-turn, it changes its parity
with each move. After an even number
of moves it will be on a square of the
same color as the square from which it
started, and it will have the same parity.
After an odd number of moves it will
have changed both color of square and
parity. The center block originally rested
on white. If it moved an odd number
of times, it will be in the second forma-
tion on a black square, its parity altered.
But all the blocks on black squares in the
second formation have the same parity,
therefore the center block is not among
them. It must have moved an even num-
ber of times. This would put it on a
white square, with its parity the same
as before. Of the two blocks on white
squares, only the second from the right
has unaltered parity. Therefore it is the
block we seek.

To prove that Frank Lloyd Wrong’s
shoe-box house has an even number of
outside doors, we consider first the fact
that every door has two sides. If there
are n doors, the total number of sides is
2n, an even number. We are told that
every room has an even number of doors.
Assume that all doors are closed. An
even number of sides will face into each
room, therefore the total number of
sides facing into rooms will be even.
We subtract this even number from the
total number of sides, also even, to
obtain another even number: the num-
ber of sides not facing into a room. These
sides must, of course, be on the exterior
doors. Therefore the number of doors
leading to the grounds is even.

The decoded Christmas message is
“The compliments of the season to you”
(the complements of the C’s on 2u).

k"

OobD EVEN

How a quarter-turn changes the parity of a cube
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SCIENTISTS and ENGINEERS

Some facts about Xerox to help you evaluate our capabilities

How good is the Company’s
potential for growth?

Each year FOrRTUNE ranks the 500 larg-
est U.S. industrial corporations in order
of sales. In 1962 Xerox had the fifth
biggest increase in sales over the previ-
ous year: $104,472,214, up from $61,-
384,372 (70% higher than 1961). The
thirteenth straight year in which a rec-
ord has been set.

By 1967, Xerox and its affiliated
companies should attain world-wide
sales and profits three times what they
were in 1962. If this objective sounds
bold and impractical, let it be said that
Xerox has already achieved some of the
growth expected in 1964 and 1965.
(Nine months figures for 1963 show
Net Income up 65.1%).

Indeed, you would not be reading
this advertisement if we were not a
company determined to reach our goal
of continuous growth at a rate averag-
ing not less than 20% a year. Such
growth constantly creates key posi-
tions in the Xerox organization for sci-
entists and engineers with exceptional

ability.
What about R & E?

One of our basic policies is to maintain
a creative, strong research, develop-
ment and engineering organization
and program.

By the end of 1962, the rate of re-
search and engineering expenditure
had reached the level of $1,000,000
per month. Or approximately 10% of
1962 sales. The company’s profit for
the entire year 1957 was only $1.6
million.

Five years ago there were 200 peo-
ple in research and engineering at
Xerox. Now there are over 800, and
we are vigorously seeking to add to
this staff.

Not simply men experienced in the
fields of physics, engineering and
chemistry. Xerox seeks top-level crea-
tive scientists . . . men with penetrating
minds and a fresh point of view, to un-
lock doors in the dozens of disciplines
in which Xerox is engaged.

To attain these objectives, Xerox
grants its engineers and scientists a
large measure of academic freedom,
encourages them to explore new imag-

ing techniques within the broad disci-
pline of graphic communications. And,
in an expanding, campus-like setting,
provides the creative climate to help
its scientists and engineers keep our
various research and development pro-
grams on target.

Is the work challenging?

There is literally no end to graphic
communications. 47 new patents were
awarded to Xerox in 1962 alone.

Xerox scientists and engineers, em-
ploying our xerographic and electronic
techniques, are today at work on ad-
vanced projects in data storage, trans-
mission, retrieval and display systems
. . . print-out from analog and digital
inputs . . . development of a photo-
graphic coating without gelatin for
rapid processing . . . a method of form-
ing micro-miniature electronic circuits
which incorporate given capacities
and resistances . . . equipment which
can transmit and record information
more than 20 times as fast as conven-
tional facsimile systems.

To be working alongside leading
professionals in this rapidly evolving,
dynamic field of graphic communica-
tions . . . to be given freedom to exer-
cise initiative . . . not only offers oppor-
tunity for the highest order of profes-
sional fulfillment. It is a challenge of
the first magnitude. If you are equal
to this continuing challenge, a reward-
ing and satisfying career can be yours
at Xerox.

What’s the living like?

Like this. Webster, New York, home
of Xerox Corporation’s modern, ex-
panding facilities, is a pleasant sub-
urban community situated to the east
of Rochester—as are the city’s most
attractive suburbs. You drive to and
from work leisurely, across open coun-
try. In a matter of minutes.
Recreational facilities abound here.
There are 42 golf courses in the great-
er Rochester area, a number of them
championship courses. From the shores
of Lake Ontario on the north to the
scenic beauty of the famed Finger
Lakes vacationland area to the south,
opportunities for skiing, skating, swim-
ming, boating, summer cottage living,
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weekend outings, and wholesome fam-
ily fun are unmatched.

Secondary schools in Rochester and
its suburbs are among the finest in the
nation. Rochester is proud of its repu-
tation as an academic community. And
so is Xerox; in 1963 a contribution of
$380,000 was made in support of high-
er education. It is the intention of
Xerox to donate annually a fixed per-
centage of profit before taxes to pri-
vately supported colleges and univer-
sities.

Is this the life for you?

That depends. On your life goals. And
whether you can reasonably expect to
achieve them in your present job and
location. And how soon.

You may wish to read this page
aloud to members of your family. Then
take a close look at upstate New York
on a map. Then throw the meeting
open to discussion. If you agree that
it's time for a change in your career
. . . time for you and your family to
turn over a new life—

MA]JOR ASSIGNMENTS ARE OPEN
right now at Xerox in the following
areas:

Physicists and Physical Chemists
for fundamental studies in
materials science, gaseous
electronics, electrostatics, and
solid state research.

Organic Chemists
for development of novel
photoconductive materials
and devices.

Paper Chemists
Ph.D., to do exploratory studies
in paper technology.

Engineers
B.S. or M.S. in chemical or
electrical engineering to work on
data storage, transmission,
display and retrieval systems.

If your interests and experience qualify
you, please send resume and salary his-
tory to Mr. Lee B. Sundsted, Xerox
Corporation, Dept. SA-1-1, P.O. Box
1540, Rochester 3, NewYork. An equal
opportunity employer.



Doctor’s Office

A little untidy? That's okay. He'll straighten it out later. ‘ing space to the facilities of our 150-acre Pasadena home.
He doesn't have time right now. That's why we're looking for scientists and engineers. Not
His time is taken up with space exploration. He's a Ph.D.  bodies. Brains. Men whose offices might be a little untidy,
at Caltech’s Jet Propulsion laboratory. He and 1300 other but whose thinking never is.
scientists and engineers are planning unmanned spacecraft Send your resume to:
and deep space probes to areas 220,000 miles up and up. @]ET PROPULSION LABORATORY
JPL needs many men in many offices to do this important 4802 Oak Grove Drive, Pasadena, California
job.That's why we've just added 250,000 square feet of think- Attention: Personnel Department 1

"An equal opportunity employer.” Jet Propulsion Laboratory is operated by the California Institute of Technology for the National Aeronautics and Space Administration.
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Conducted by C. L. Stong

ith the aid of a slow-motion
movie camera and a co-opera-
tive friend any golf player can

easily explore the dynamics of his club
head during the split second of the drive
that separates the sheep from the goats
of golfdom. The procedure, as applied
by Louis A. Graham, a consulting en-
gineer in Naples, Fla., analyzes the travel
of the club head throughout the swing,
including its velocity and acceleration
at the critical moment of impact—tactors
that determine whether a squarely struck
ball will merely topple off the tee or go
a history-making 445 yards to match the
performance of E. C. Bliss in August,
1913.

“The procedure is essentially simple,”
writes Graham, “but the reliability of
the results will reflect the care with
which certain measurements are made.
I pick a sunny day for the experiment
and, having arrived at the golf course
with my co-operative friend and acces-
sories, tee my ball. Then I place a tee
marker precisely four feet in front of
the ball and another four feet behind it
to make a line that points toward the
first green. My friend stations the tripod-
mounted camera for a medium close-up
shot on a line that intersects the ball at
right angles to the tee markers. I address
the ball, facing the camera. My friend
photographs the complete drive from
address to follow-through at the rate of
48 frames per second. The known dis-
tance between the tee markers and their
position in relation to the club head
scales the pictures with respect to dis-
tance. The exposure rate—the number of
frames per second—of the camera pro-
vides the time dimension. (If the expo-
sure rate is not known accurately, it can
be calibrated by photographing a phono-
graph turntable marked with a chalk line

The dynamics of a golf club and the

aerodynamics of air-supported vehicles

and turning at 45 or 78 revolutions per
minute. )

“The film is developed and analyzed.
One can use either a film-editing device
that projects an enlarged image of each
frame or a set of enlarged prints of each
frame, mounted serially and numbered
for identification.

“The next step is to plot the position
of the club head during the course of the
swing. Since a point in a plane is deter-
mined by its distance from two other
known points, the position of the club
head can be plotted in relation to that of
the two tee markers [see illustration be-
low]. First, I draw a base line near the
bottom of a sheet of graph paper ruled
with rectangular co-ordinates and on it
locate three equally spaced points: the
tee marker P, the ball (O) and the
tee marker Q. I usually space these

—_—

Jo

D

26
~——= 30-33
37

club head
position

points four inches apart, thus establish-
ing a scale of 12 inches of club head
travel per inch of graph paper.

“The location of the club head (C)
with respect to that of the tee markers
can be transferred to the graph by one
of three methods. Proportional dividers
are handy for transferring the scaled
distance from P to C and from C to Q.
Alternatively, the angles CPQ and CQP
can be measured with a protractor and
reconstructed on the graph, point C be-
ing located at the intersection of lines
projected from P and Q. If no protractor
is at hand, the vertical and horizontal
distances between C, P and Q can be
measured with a square and ruler and
similarly transferred to the graph.

“Plot enough points to establish a rea-
sonably smooth track, skipping several
frames during slow portions of the

53
54\?

numbers

Graph of successive club head positions

© 1963 SCIENTIFIC AMERICAN, INC

131



132

Selected frames from slow-motion film of a golf swing
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swing. The resulting graph is of course
not extremely accurate. The plane in
which the club head swings, for example,
is inclined to the plane of the film. The
track plotted from the image therefore
differs slightly from the true excursion
of the club head, but the error is not
large and can be ignored. By the same
token, the travel of the club head from
point to point is subsequently measured
along straight lines, whereas the club
head actually follows a curved path.
Error introduced by this source can be
minimized by speeding up the camera.
My camera, an inexpensive one, is limit-
ed to a maximum speed of 48 frames per
second, a rate that records the event
adequately for the objectives of this ex-
periment.

“The total distance traveled by the
club head and its velocity and accelera-
tion are derived from a second set of
graphs prepared from the graph of club
head position. On a second sheet of
graph paper ruled with rectangular co-
ordinates divide the abscissa into a series
of uniform increments equal to the total
number of frames occupied by the swing
and note the corresponding time inter-
vals in seconds as well as the frame num-
bers. The ordinate will carry two scales:
club head travel in feet and club head
speed in miles per hour. The scales of the
ordinate should provide for a total club
head travel of 36 feet and a maximum
velocity of about 80 miles per hour.
Graphs of convenient proportion result
when the length of the ordinate repre-
senting 36 feet equals the length repre-
senting one second on the abscissa. The
maximum velocity of 80 miles per hour
need not occupy more than half of the
ordinate scale, as shown in the accom-
panying graph [upper illustration on
opposite page].

“Data for plotting club head travel
against time are derived by measuring
the graph of club head position. Make
a table of three columns, for frame num-
ber, time and distance. Beginning with
the point on the graph of club head
travel that shows the head addressing the
ball, scale the distance to the next point
and convert to equivalent feet by refer-
ring the measurement to the base line
that includes P, O and Q. Measure and
tabulate the remaining position points
in the same way. When the table is com-
plete, add the distance increments pro-
gressively, plot distance against time and
draw a smooth curve through the points.

“The speed of the club head at any
point is found from this graph by the
familiar graphical method of slopes. To
find the speed of the club head at about



the point of impact (frame No. 43),
draw a tangent LKM of arbitrary length
through K. The sides MN and LN are
found by referring to the scale to equal
11.2 feet and .11 second respectively.
The speed of the club head at this instant
is equal to the ratio 11.2/.11, or 102
feet per second. The result can be
expressed in miles per hour by multi-
plying it by the number of seconds
per hour and dividing the product by
the number of feet per mile: 102 X
3,600/5,280 = 70 miles per hour. Re-
peat the procedure for each of the
frames, tabulate the results, plot speed
versus time and draw a smooth curve
through the points.

“Club head acceleration can be
graphed in the same way or merely com-
puted from the graph of club head speed
at frames of particular interest, such as
the frame showing the moment of im-
pact. For example, to determine the ac-
celeration of the club head depicted by
frame No. 38, draw a tangent to the
graph at this point. Then, at some arbi-
trary point above, say at the point cor-
responding to a velocity of 56 miles per
hour, drop a perpendicular MN from the
tangent. At another arbitrary point be-
low, say at the point corresponding to a
velocity of 12 miles per hour, draw a
line LN parallel to the abscissa and in-
tersecting both the tangent and MN.
Inspection of the abscissa discloses that
the length LN is analogous to a time
interval of .1 second. Acceleration is
defined as the rate of change of velocity
and is equal to the difference between
the final velocity and initial velocity
divided by the time interval between
the two. In this example the velocity
difference is 56 miles per hour minus
12 miles per hour, or, expressed in feet
per second: (56 — 12) X 5,280/3,600
= 64 feet per second. The acceleration
is 64/.1 = 640 feet per second per sec-
ond. The acceleration of gravity (g)
amounts to 32 feet per second per sec-
ond. The acceleration of the club head at
frame No. 38 in terms of g is accord-
ingly 640/32, or 20 g!

“Having performed this rainy-after-
noon portion of the procedure, what
reward awaits the duffer? For one thing,
he can see at a glance why his drives do
not match those of a professional golfer.
The graphs discussed so far show the
performance of golf professional Dick
Bull using an iron. His swing from ad-
dress to follow-through required 1.17
seconds. The club head traveled 31 feet.
His backswing occupied .6 second. He
paused at the top about .1 second. More
interesting than these figures, in my

opinion, are those of the club head speed
and acceleration Bull achieved: the in-
crease in club head speed during the
.1 second before impact from 15 miles
per hour to an amazing 70 miles per
hour, representing an acceleration of
slightly over 20 g. Graphs of Bull’s per-
formance with a driver, although differ-
ent in many respects from those of his
irons, show exactly the same figure for
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speed, 70 miles per hour, and an accel-
eration of 22 g, a remarkably uniform
performance. Similar analysis of the per-
formance of a fairly good amateur using
a driver shows precisely half the veloc-
ity of Bull’s club, 35 miles per hour, and
an acceleration at impact of only seven g
[see lower illustration below].
“Although these methods of analyzing
motion are routine in engineering cir-
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cles, I am not familiar with their prior
application to the game of golf. As with
many procedures, they are easier to ap-
ply than to describe. I find them interest-
ing because they clearly reveal why Bull
and other professionals achieve their
long drives. Duffers with movie cameras
may well begin asking each other,
‘How’s your v and g?*”

Interest in “ground effect” aircraft—

machines that ride a few inches above
the surface on a cushion of low-pressure
air created by a vertical jet—led Robert
W. Moftat, a graduate student at Wayne
State University in Detroit, to design
an inexpensive smoke tunnel with which
he can make remarkably accurate aero-
dynamic measurements. The most novel
feature of the tunnel is the use of a high-
fidelity loud-speaker powered by ordi-
nary 110-volt, 60-cycle house current
to produce precisely timed pulses of
smoke that, when photographed against
the black background of the tunnel’s
interior, resemble a series of dotted lines.
The shape of the lines depicts the pat-
tern of the air flow; the spacing between
the timed smoke puffs enables the ex-
perimenter to compute the velocity of
the flow.

“The tunnel has seven principal sec-
tions,” writes Moffat, “an air-inlet bell,
the smoke system, the test nozzle, the
tunnel body, the lighting system, the
blower and air controls and the flow-
measuring station [see top illustration at
right]. Because the tunnel was designed
to investigate the aerodynamics of
hover craft, the apparatus was fitted with
a single nozzle that directs air at right
angles against the floor of the tunnel.
The floor, which simulates the ground,
can be fixed at any distance between
two and 20 inches from the jet for inves-
tigating the behavior of air flow in the
range of low altitudes within which
these craft normally fly.

“To achieve the stable flow of air re-
quired for the accurate measurement of
air flow in two dimensions, the appara-
tus was equipped with a semicircular
inlet chamber, resembling half of a shal-
low cheese box, for smoothing the turbu-
lence of the air in the room. The curved
edge of the chamber is made of eight
semicircular strips of 26-gauge sheet
metal spaced 3/8 inch apart. The sheets
are supported by eight slotted, stream-
lined struts four inches long. The sides
are closed by two semicircular sheets of
1/4-inch plywood and the bottom by a
straight piece of one-inch plywood with
a rectangular outlet for the test nozzle,
as shown in the accompanying illustra-

tion [middle illustration below]. The
sides must be braced externally to pre-
vent bowing that would disturb the flow.
Air enters the sheet-metal slots through
six layers of fly screening. This construc-
tion limits the velocity of air flowing from
the room into the screening to about 15

air-inlet bell

per cent of the jet velocity at the point
where air enters the tunnel.

“The smoke system is supported on
the front face of the air-inlet unit. It con-
sists of a forced-draft burner that admits
tobacco smoke to a pulsing apparatus
from which puffs of smoke are delivered

throttle outlet
7%2-hp. blower
e — -

smoke -tunnel
assembly
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by Tygon tubing to a set of seven
1/8-inch copper tubes mounted in a
radial array inside the inlet bell, as illus-
trated. The smoke generator consists of
a straight metal tube two inches wide
and 16 inches long closed at one end by
a rubber stopper drilled for a cigarette
or cigar holder and supplied with air at
the other end by an electric hair dryer.
Pressure inside the smoke generator is
adjusted by a controlled leak—three slots
that can be adjusted in size by a sliding
rubber sleeve.

“The tubing that connects the smoke
generator to the pulsing vessel includes
a wide-mouthed bottle closed by a screw
cap fitted with an inlet and an outlet.
The bottle acts as a moisture trap for
condensate that would otherwise collect
at low points in the tubing and interfere
with the even distribution of smoke to
the rake assembly. (The design of the
trap could be improved. My trap in-
creases the running intervals between
cleanouts, but considerable moisture
condenses in the tubes.) The smoke,
passing through the trap, enters one
end of a 1%-inch manifold and leaves
through seven individually controllable
smoke lines tapped into the side of the
manifold. The smoke lines are made of
transparent tubing so that the presence
of condensate can be checked before the
start of each run. The flow through the
individual lines is regulated by pinch

hair dryer
attaches here

three 1"x 4" slots

yubber sleeve to
adjust air flow

to valve, mois-
tvre tvap and

rake manifold
~_/

The smoke generator



valves. The other end of the smoke mani-
fold opens into one side of the pulsing
chamber.

“The pulsing chamber consists of a
box two by eight by eight inches made
of one-inch plywood. The lid of the box
is a square of plywood with a circular
hole for mounting an eight-inch high-
fidelity loud-speaker. The loud-speaker
is sealed to the plywood around the
perimeter. A thin plastic diaphragm
separates the loud-speaker from the
pulsing chamber to prevent smoke from
diffusing through the porous paper of
the speaker cone, as shown in the accom-
panying illustration [right].

“The speaker is energized from the
110-volt, 60-cycle power line. A resist-
ance must be connected in series with the
loud-speaker circuit to limit the current.
A transformer equipped with a variable
secondary winding, such as those used
to power toy trains, could be used, but
I found that a three-way lamp (30, 70
and 100 watts) worked nicely with a
speaker rated at an impedance of eight
ohms. The lamp is inexpensive and its
three resistance values provide an ade-
quate selection of adjustments. Sound
intensity, and hence pulse amplitude,
are controlled by selecting the desired
resistance (wattage) of the lamp. The
amplitude of the pulses varies in propor-
tion to the wattage. The vibrating dia-
phragm of the loud-speaker periodically
increases and decreases the pressure of
the air inside the smoke system. This
causes the smoke to discharge from the
copper tubes as a series of smoke rings
that, when viewed from the side, appear
to consist of twin puffs that clearly mark
the streamlines. The pattern is photo-
graphed by a single exposure. I use a
shutter speed of 1/500 second for re-
cording velocities on the order of six
feet per second. My camera is equipped
with a leaf shutter; those with focal-
plane shutters might not prove satisfac-
tory because of their relatively slow
scanning speed.

“Air is conducted to the test nozzle
through a rectangular tube of plywood
that flares at the entrance to the inlet
bell to prevent separating of flow at a
sharp corner. The flare is made by butt-
ing the tube against a pair of radius
blocks. The smoke is injected into the air
by the nozzles of the seven copper tubes,
grouped in a semicircular array of five-
inch radius symmetrical with respect to
the outlet tube.

“The entire front and the left end
of the tunnel, as well as the left wall
of the nozzle duct, are made of trans-
parent plastic so that air flow can be
observed and photographed. A light box

110V (
60 Cy/s.\ /- speaker
D)

ballast lamp
plastic

-*liquid\“‘-——- SRR
= trap (smoke
smoke rake

generator and hair dyyer

The pulsing apparatus

fitted with three floodlights illuminates
the nozzle and the tunnel from the left.
The tunnel is 3% inches deep, 24 inches
high and 72 inches long. The inside back
wall is painted flat black. The movable
floor is sealed by weather stripping at the
sides and the left end. It can be raised
or lowered as necessary by means of
wooden dowels that pass through rubber
grommets in the bottom of the tunnel,
and it can be fixed at any level by clamps
that secure the dowels. Air leaves the
tunnel at the right through a duct six
inches in diameter and 15 feet long con-
taining a square-edged orifice station at
which the flow is measured. Air is pulled
through the system by connecting the
exhaust duct to the inlet of a 7%-horse-

power blower that moves 920 cubic feet |

of air per minute at a reduced pressure
of about two inches of mercury. I con-
trol the flow by throttling the discharge
from the blower.

“Pressure measurements were made
by means of vertical U-tube manometers,
partially filled with oil, connected to
taps in the system by flexible tubing
at desired points. (Colored water can be
used in the manometers but I prefer oil
because of its lower rate of evaporation.)
I installed a series of pressure taps in
the nozzle duct and in the back wall of
the tunnel at the left of the nozzle, as
well as a diagonal row of taps that slopes
downward from the right of the nozzle.
Pressure measurements are of particular
interest in the area at the left of the
nozzle, which corresponds to the under-
body region of a hover craft where com-
pressed air accumulates to support the
weight of the machine. The area at the
right of the nozzle, which represents the
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environment into which the jet dis-
charges, is of similar interest.

“If the experimenter wants to investi-
gate conventional aerodynamic effects,
such as the forces that are developed
on wing sections and the like, the con-
struction can be modified so that the
jet is directed into the tunnel from the
left end. The apparatus should then be
lighted either from the front or the top
(see “The Amateur Scientist,” SciEn-
TIFIC AMERICAN, May, 1955).

“In a properly functioning tunnel the
smoke streams flow as thin, continuous
lines from the jet to the exhaust port,
their separation and curvature deter-
mined by the geometry of the apparatus.
The same smooth flow is observed in the
case of pulsed smoke, except that the
streamlines are depicted by puffs of
smoke instead of lines, as shown in the
accompanying illustration [bottom of
this page]. In this example the flow is
smooth inside the duct that leads to the
nozzle but becomes turbulent as the jet
bends into the tunnel proper. The duct
carries a scale divided in inches for
measuring the separation of the pulfls.
Because the interval between the pufls
is known to be 1/60 second and the dis-
tance between puffs can be measured, the
velocity of the flow is easily computed.

“This tunnel was constructed to con-
firm mathematical predictions that the
ratio of the innermost radius of the jet
to the thickness of the jet controls air
flow in the case of ground-effect vehi-
cles. Comparison of the measured and
predicted values of pressure and flow
agreed within 7 per cent. All measure-
ments made with the tunnel during a
series of experimental runs were in close
agreement.

“The stratagem of using a loud-speak-
er as an inexpensive generator of timed
pufts should have application to smoke
tunnels of many types. Doubtless the
technique can be improved. For exam-
ple, time did not allow me to investigate
the effect of electrical wave form on
the shape of the puffs. Perhaps a tri-
angular wave, instead of the sine wave
I applied to the speaker, would improve
the discreteness of the puffs because the
motion of the speaker cone would then
drive the smoke at constant velocity. My
choice of an eight-inch speaker was
arbitrary. The size of the speaker and
the cone displacement for best perform-
ance are clearly related to the volume
of the chamber, the manifold and the
smoke rake. An interesting series of ex-
periments could be devised for determin-
ing the optimum proportions of these
components.”
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by Leon H. Keyserling

CHALLENGE TO AFFLUENCE, by Gunnar
Myrdal. Pantheon Books ($3.95).

ost U.S. economists have failed
M to analyze with reasonable ac-
curacy the causes of the highly
unsatisfactory performance of the U.S.
economy during the past decade, and
the inadequacies of our national eco-
nomic policies reflect this default and
others. Gunnar Myrdal’s new book di-
agnoses the trouble with unerring pre-
cision and sets forth the full remedy
with both vision and practicality. The
current poverty of U.S. economics is
poignantly revealed by most American
reviews of this great work, which slight
or entirely ignore the author’s central
theme and wander off into minor criti-
cisms largely based on misinterpretation.
Any evaluation of the book must be set
in the context of U.S. economic prob-
lems and the measures now under con-
sideration to meet them.

From the beginning of 1953 to the
present our economy has moved in a
fairly rhythmic pattern of recessions,
sharp upturns of insuflicient pace and
duration to bring us even reasonably
close to the full use of our resources,
and periods of stagnation or abnormally
slow economic growth that lead into the
next recession. As a result the average
annual growth rate of the U.S. economy,
measured in total real output of goods
and services (gross national product,
or GNP), during the past decade has
been only about 2.8 per cent. This con-
trasts very poorly with the at least 4.2
per cent—and possibly 5 per cent—re-
quired to maintain the reasonably full
use of resources by absorbing the annual
increase in the civilian labor force and
in productivity or output per man-hour.

The upturn that started early in 1961
has not been appreciably better than
the entirely unsatisfactory upturns that
followed the earlier recessions subse-
quent to the Korean war. The reason the

BOOAS

Concerning the slow rate of

growth of the

upturn is tending to last longer this time
is that at first its pace was slower than
on earlier occasions, and that the period
of stagnation came even sooner. What
has really been stretched out is the du-
ration of a progressively weakening “re-
covery” movement, and we should not
boast too much about taking so long in
not getting back to full prosperity. To
illustrate, if we consider 12-month peri-
ods from the first quarter of 1961 to
the first quarter of 1962, from the sec-
ond quarter of 1961 to the second quar-
ter of 1962 and so forth, each succeed-
ing period through the second quarter
of 1963 registered a declining rate of
economic growth (7.7 per cent from the
first quarter of 1961 to the first quarter
of 1962, and only 3.3 per cent from the
second quarter of 1962 to the second
quarter of 1963). There has been some
quickening, but not much, in the third
quarter of 1963. Moreover, an annual
growth rate of well below 4 per cent
from the fourth quarter of 1961 to the
present should be contrasted, not with
the growth rate of 5 per cent or better
that would be required annually to ab-
sorb the increase in the labor force and
in productivity after the full use of re-
sources is restored, but rather with the
growth rate of 8 or 9 per cent required
annually for about two years to lift us
from where we are now to the full use
of resources. Most forecasters expect at
best a continuation of the stagnation
pace in 1964, and some fear another
recession this year.

The roller-coaster performance of the
economy from the beginning of 1953
through the third quarter of 1963 has
meant a deficiency of about $475 billion
(measured in 1962 dollars) in total na-
tional output, accompanied by some
30 million man-years of lost opportuni-
ties for employment. Meanwhile the true
level of unemployment (taking into ac-
count full-time employment, the full-
time equivalent of part-time employ-
ment and the concealed unemployment
resulting from the repressed growth of
the civilian labor force due to short-
age of job opportunities) rose from less
than 5 per cent of the civilian labor
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U.S. economy

force in 1953 to about 9.3 per cent dur-
ing the first three quarters of 1963 (sea-
sonally adjusted). Full-time unemploy-
ment rose from 2.9 per cent to 5.7 per
cent.

Myrdal will have none of the bland-
ness that is now manifest in many quar-
ters. He says: “I have seen no evidence
that would render it probable that the
American economy by itself—i.e., as a
result of the forces now at work in that
economy, including Government policies
currently to be anticipated—would get
out of this rut.” He finds that “the creep-
ing complacency that America is now
an affluent society...that allows it to
slow down its economic progress is
patently wrong...a basically defeatist
view . ..static and not geared to a ra-
tional approach of public responsibility
and policy.” He is concerned not only
for the U.S. but also for the world; he
feels that only a much improved U.S.
economic performance would enlarge
the motivations both here and abroad
for the reduction of armaments and
restore optimum U.S. influence in other
countries.

Empirical observation of the U.S.
economy during the past decade makes
this clear: The periods of rapid upturn
have been aborted, and the periods of
stagnation and recession have set in, be-
cause of a confirmed tendency to gen-
erate periodically a nonsustainable rate
of growth in our productive facilities
compared with our effective ability to
distribute and consume. During the
relevant period preceding the 1957-
1958 recession private investment in
plant and equipment grew more than
three times faster than total private con-
sumption plus private outlays for goods
and services at all levels of government
(which are really public consumption);
during the period preceding the 1960-
1961 recession the former grew about
3.5 times faster than the latter; and even
from the first quarter of 1961 to the
fourth quarter of 1963 (estimated), in
spite of the repressive effect on invest-
ment of idle plant capacity in the neigh-
borhood of 15 per cent, the former grew
very much faster than the latter. The
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investment cutbacks resulting in due
course from these imbalances in the two
earlier periods, coupled with the more
enduring deficiencies in demand for
ultimate products, brought on the peri-
ods of stagnation and recession. These
imbalances now threaten us again.

It is particularly noteworthy, from
the viewpoint of public policy, that the
nonsustainable investment binges have
all along been sustained by more than
ample profits, retained earnings and oth-
er sources of investment funds, and that
they are entirely unimpeded by any ex-
cessiveness in the tax burden on corpora-
tions or on individuals who save a large
part of their income for investment pur-
poses. Meanwhile, over the decade and
even now, the deficiencies in demand for
ultimate products have been due to
deficiencies in private incomes and in
public outlays, with the latter arising in
part from the adverse effect of low eco-
nomic growth on public revenues at any
given tax rates and in part from highly
unsuccessful attempts to balance the
Federal budget at the expense of the na-
tional economy.

My estimate is that the deficiency of
about $475 billion in total national pro-
duction from the beginning of 1953
through the third quarter of 1963 has
been accompanied by a deficiency of
about $315 billion in private consumer
spending and a much larger deficiency
in total personal income (allowing for
taxes and saving) . The deficiency in such
income and the periodic excesses in sav-
ing and investment have been aggra-
vated by the poor distribution of income.
If one considers all multiple-person fami-
lies in the U.S., those with incomes of
less than $4,000 (who spend all their in-
come and usually go into debt) received
in 1961 only 7.2 per cent of the total
family income although they constituted
22.6 per cent of all families. Meanwhile
families with incomes of $15,000 and
more (who save and invest at high rates)
received 23.7 per cent of the total family
income although they represented only
7.3 per cent of all families. Federal out-
lays for goods and services have annually
averaged several billion dollars too little,
and the adverse impact on the economy
has several times exceeded this figure be-
cause of the high “multiplier” effect of
such outlays.

The central task of national economic
policy is to help restore and maintain the
economic equilibrium that would result
from a sustainable relation between, on
the one hand, the expansion of our abil-
ity to produce, which arises largely from
investment in plant and equipment
(which in turn has an important bearing
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on the productivity of workers) and, on
the other, the expansion of the ultimate
demand for goods and services that
flows from the size and composition
of private incomes and from levels of
government spending. Moreover, the
very programs that would enlarge per-
sonal incomes and improve their dis-
tribution would be a major attack on
private poverty, and the adequate en-
largement of public spending would
help both to liquidate private poverty
and to overcome the poverty (measured
against our resources and needs) of
goods and services in the public sector.

On all these points Myrdal delivers
accurate fire. He rejects the notion
(pushed repeatedly by many U.S. econ-
omists in private and public life) that
the economic stagnation of the U.S. is
caused by an excess of current consump-
tion and leisure and a deficiency in sav-
ing and investment. He adds that the
“lag in consumer demand is a basic factor
behind the low economic growth rate”
and warns of the danger of the serious
lag in wage-rate increases (the largest
single element in the expansion of pri-
vate incomes and consumption) behind
productivity gains. He finds the beckon-
ing opportunity to lift U.S. standards of
living in the fact that a fifth of all Amer-
icans still live in poverty and another
fifth in deprivation.

Myrdal advocates “public expendi-
tures which in the first place will im-
prove the lot of the poor in America.”
He says that “the situation is overripe
for a radical reform of the old age secur-
ity system,” urges large improvements
in minimum-wage legislation and advo-
cates much larger public investment in
education, medical care, slum clearance
and urban renewal. Indeed, Myrdal
insists that “redistributional reforms
should be looked upon as equally im-
portant as a basis for the achievement of
rapid and steady expansion of the Ameri-
can economy and high employment as
from the point of view of social justice.”

The national economic policies now in
being (and those under active consid-
eration) to get the U.S. moving again are
in sharp if not diametric contrast with
those that Myrdal rightly advocates. The
pending tax bill (viewed properly in
conjunction with the 1962 tax cuts for
corporations) would allocate (according
to my estimates) about $7 billion to
investment purposes, taking into ac-
count both the corporate tax cuts and
that portion of the personal tax cuts for
the top eighth of the incomes, which in
large measure would be saved for in-
vestment purposes. These types of cut,
for reasons already stated, are wholly
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or preponderantly wasteful, even as eco-
nomic stimulants. Only about $6 billion
of the current tax bill (again according
to my estimates) would be allocated to
the consumption function. The distri-
bution of this allocation is economically
and socially unsound because between
40 and 45 per cent of the personal tax
cuts would go to the top eighth of the
income-tax payers. Under the pending
measure the taxpayer with an income of
$3,000 would receive an increase of only
2 per cent in his after-tax income; the
taxpayer with an income of $200,000
would receive a 16 per cent increase.

Most important of all, the tax program
neglects the obvious truth that the rate
of technological change in much of in-
dustry and agriculture is so rapid that
even the increase in the demand for their
products that would result from tax re-
duction would make only a slight con-
tribution to the 22.5 million new jobs we
need over the next decade to reduce
unemployment, to absorb the growth of
the labor force and to create new jobs for
those forced out of their current ones by
such technological change. A properly
devised tax-reduction program therefore
needs to be accompanied, as Myrdal in-
sists, by a huge expansion in such fields
as slum clearance and rehousing, urban
renewal, health and education, public
works, mass transportation and resource
development. All of these require a
large, immediate and progressive ex-
pansion of domestic public outlays.

Yet, as a quid pro quo for a dubious
kind of tax reduction, our national eco-
nomic policies have been tending to-
ward a freeze, if not an actual reduction,
of these vital domestic public outlays in
the years immediately ahead. Even a
freeze is actually a reduction in view
of the growth of the population. Mean-
while too little has been said, and much
less attempted, with respect to the vast
needed expansion of social security and
improvement of minimum-wage legis-
lation. And in its “guidelines” addressed
to the private economy the Council of
Economic Advisers has been a powerful
influence in bringing on the lag of wage
rates behind productivity gains that is so
important a factor in the total consump-
tion deficit.

The policy of tight money and rising
interest rates, substantially adhered to
even recently, is highly repressive in its
economic effects and highly regressive in
its effects on income distribution. Myrdal
is entirely correct in his advocacy of
a much more selective application of
monetary restraints in order not to feed
the fat and starve the lean.

In the lively debate about whether
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the excessive level of unemployment is
caused by structural maladjustments in
the labor force (the unadaptability of
potential workers to new types of jobs)
or by an insufficiency of aggregate de-
mand, I side with the Council of Eco-
nomic Advisers. With enough of an ag-
gregate demand, workers in the main
quickly adjust to new job opportunities
and can be trained largely on the job;
this was demonstrated by our experience
during World War IL Moreover, al-
though some training and educational
programs are desirable at all times, we
cannot know what jobs to train people
for until the jobs are created.

The statement that an adequate ag-
gregate level of demand will provide
full employment is, however, merely a
truism. The real problem is how to get
enough demand. Because of technologi-
cal factors and the relative urgency of
competing needs and consumer desires,
it will be impossible to create an ade-
quate level of demand without paying
far more attention to the structure of this
demand, without so restructuring the de-
mand that much more of it takes the
form of those activities requiring ex-
panded public spending, and also new
admixtures of private and public spend-
ing requiring, among other things,
ampler credit and lower interest rates.

Some reviewers have attributed to
Myrdal an excessive stress on the struc-
tural approach. I agree that he appears
to give too much weight to this aspect
of the problem. He covers himself quite
well, however, by pointing out that
structural, or selective, policies to pre-
vent unemployment must be preceded
by a full-employment policy that main-
tains a general scarcity of labor. Through-
out the whole book he underscores above
all the public programs required to
change the structure of demand.

Going all out for long-range economic
planning, Myrdal says that it involves
much more than technical plans in spe-
cialized fields, because “the main thing
in long-range planning is that all these
technical plans have to be integrated
into an over-all plan for the development
of the economy as a whole.” He notes
with discernment that what is most
needed is “a much better co-ordination
of already existing Government policies”
that would make it “possible to scrap
a lot of specific regulations and policy
interventions which have spuriously
grown up ad hoc.... Indeed, successful
planning should free the citizens from
a lot of nuisance public intervention of
which there is an astonishing amount
in the U.S.... I find American Govern-
ment offices appallingly big in relation
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to the functions they perform. And many
functions themselves would disappear in
a more perfect planning.”

Although these comments square with
my own 30 years of experience in Wash-
ington, I think that Myrdal, in discussing
the deficiency in U.S. economic policy
and its execution, tends to blame this
too much on the attitudes of large busi-
ness enterprises and on the defective
economic education of the average U.S.
citizen. Allowing for this, I feel that there
is much room for improved policy action
at leadership levels of official responsibil-
ity. The Employment Act of 1946, if
fully utilized, offers an opportunity and
even sets forth a mandate for the very
kind of planning Myrdal advocates. Such
planning, by the very techniques of its
utilization, would avoid some of the
policy aberrations discussed here.

The tendency to blame the failure to
get the U.S. economy moving again on
so-called “political” difficulties beyond
the reach of national leadership cannot
be said to be pointless. To a considerable
degree, however, the economics of any
national administration reflects—perhaps
with some cultural time lag—the preva-
lent stream of professional economic
thinking. To bring home the extent to
which the differences between Myrdal’s
economic thinking and that made mani-
fest in our national economic policies
reflect recent trends in our professional
economics, it is helpful to recall the
content of perhaps the most widely read
and influential book written by a U.S.
economist in recent years.

John K. Galbraith’s The Affluent So-
ciety appeared in 1958, when we had
just suffered two recessions within five
years, when slow economic growth and
chronically rising unemployment had
become so clearly our dominant eco-
nomic problem that this reviewer had
from 1954 on published several studies
on this subject, and when we had suf-
fered much selective price inflation in
the years immediately preceding in spite
of considerable economic slack. Yet Gal-
braith lampooned the nationwide con-
cern about economic growth, urged
“winning a measure of release from our
present commitment to full employ-
ment,” said that poverty is no longer “a
massive affliction” in the U.S. and de-
clared that in the U.S. economic security
(except in times of depression) is “fin-
ished business, or largely finished busi-
ness.” Correspondingly, urging “much
expanded use of the sales tax,” Galbraith
said that “in the affluent society no use-
ful distinction can be made between
luxuries and necessities” and that “argu-
ment for equality” can get us nowhere;
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he urged a “truce” on this issue “be-
cause of its comparative lack of social
urgency.” And in a letter to The Wash-
ington Post on August 3, 1960, Galbraith
urged policies to inhibit “consumption
rather than investment.”

The following question arises: Does
Galbraith’s worthy theme that more of
our resources should be directed into the
public sector conflict with the recent
trend toward holding back on domestic
Federal public outlays in return for a
tax reduction proposal that would pro-
vide more spendable income for tax-
payers in the private sector in direct cor-
relation with how affluent they already
are? Not entirely. Galbraith did not
advocate more Federal domestic spend-
ing; he urged more state and local public
spending, financed by more sales taxes,
which are profoundly regressive. In fact,
most of Galbraith’s book fits in well with
much of national economic policy in re-
cent years: the regressive tenor of tax
and monetary policies, the misplaced
stress on investment rather than con-
sumption, the dampening attitude to-
ward wage increases, the dearth of direct
action against massive poverty and the
viewpoint that a top priority for ethical
and social problems is old hat.

Much of Myrdal’s rejoinder to these
ideas has already been set forth here.
Most important of all, however, is his
eloquent attack on the dichotomy be-
tween economics and ethics that now has
a virtual strangle hold on dominant eco-
nomic thought in the U.S. He urges
above all that “the moral issue” be
pressed through “eradication of poverty”
and “a redistributional economic policy,”
and he concludes with ultimate validity
that “never in the history of America
has there been a greater and more com-
plete identity between the ideals of
social justice and the requirements of
economic progress.”

I have become convinced that a sub-
stantial portion of the “political” obstacles
to more effective national economic poli-
cies arises precisely because the policies
ab initio do not project in their content
or presentation the galvanizing force of
sufficiently appealing ethical and social
objectives. In our system, as it has
evolved in the 20th century, this galva-
nizing force is unlikely to begin at ran-
dom points among the people or in the
Congress; it usually must start with
Executive articulation. Woodrow Wil-
son, who during his first term put
through what may have been for its time
the greatest program of economic and
social reform in U.S. history (without
the benefit of a war or a depression),
said the last word on this subject in an
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the chances are you can find it listed in Travel Routes Around the World.
This is the book that names the lines, tells where they go, how much they
charge, briefly describes accommodations. Hundreds of thousands of travelers
all over the world swear by it. Travel editors and travel writers say “To learn
how to travel for as little as you’d spend at a resort get Travel Routes Around
the World.”

It’s yours for just $1, and the new big 110-page 1964 edition includes
practically every passenger carrying service starting from or going to New
York, Canada, New Orleans, the Pacific Coast, Mexico, South America,
England, France, the Mediterranean, Africa, the Indies, Australia, the South
Seas, Japan, Hawaii, etc. There’s a whole section ealled ‘“How to See the
World at Low Cost.”

A big $1 worth, especially as it can open the way to more travel than you
ever thought possible. For your copy, simply fill out coupon.

AMERICA BY CAR

This book is your insurance of seeing all the four-star sights in whatever
corner of the U. S. or Canada you drive to (and it even covers Mexico as well).

Day by day, America by Car tells you where to go from Alaska to Mexico.
Whether you’re visiting New England or California, Florida or the National
Parks, the Great Lakes, the Mississippi, Cal 1forma, the East, the South or
the Southwest, the Indian country, etc., it tells you road by ma(l the scenic
way to go and it always directs you to the important sights along the way and
in the cities.

In Niagara or Los Angeles, Washington
or New Orleans, the Black Hills or Mont-
real, America by Car takes the guesswork
out of travel. Of course it names hundreds
upon hundreds of recommended places to eat
and stay.

America is so big, you can easily overlook

or forget important sights or make many a

wrong turn. So get America by Car, the

- book that makes sure you’ll see everything
of consequence and always travel right.

America by Car is fully 170,000 words
in length (as large as three ordinary sized
novels). But it costs only $2.50, while it
helps you see any part of America as
you’ve probably never before explored this
part of the world

Bargain Paradises of the World

Do you know where to find an island right near the U. S. so nearly like
Tahiti in appearance, beauty, and color even the natives say it was made
from a rainbow? (And that costs here are so low you can not only reach
it but also stay a while for hardly more than you’d spend at a resort in
the U. S.?)

Do you know where to find the world’s best mountain hideaways or its most
dazzling surf-washed coastal resorts where even today you can live for a song?

Do you know where it costs less to spend a while, the surroundings are
pleasant, and the climate well nigh perfect in such places as Mexico, the
West Indies, Fr(mce, along the Mediterranean, and in the world’s other low
cost wonderlands?

Or if you’ve thought of more distant places, do you know which of the
South Sea Islands are as unspoiled today as in Conrad’s day? Or which is the
one spot world travelers call the most beautiful place on earth, where two
can live in sheer luxury, with a retinue of servants for only $195 a month?

Bargain Paradises of the World, a big book, proves that if you can afford
a vacation in the U. S. the rest of the world is closer than you think. Author
Norman D. Ford, honorary vice president of the British Globe Trotters Club,
shows that the American dollar is respected all over the world, and buys a lot
more than you'd give it credit for.

Yes, if you're planning to retire, this book shows that you can live for
months on end in the world’s \\on(krldnds for hardly more than you’d spend
for a few months at home. Or if you've dreamed of taking time out for a real
rest, this book shows how you can afford it.

In any case, when it can cost as little as $24 50 from the U. S. border to
reach some of the world’s Bargam Paradises, it’s time you learned how much
you can do on the money you’ve got. Send now for Bargain Paradises of the
World. Price $1.50. Use coupon to order.

Round the World on a Shoestring

If you know the seldom-advertised ways of reaching foreign countries, you
don’t need fantastic sums of money in order to travel. You could spend $500-
$1000 on a one-way luxury steamer to Buenos Aires—but do you know you
can travel all the way to Argentina through colorful Mexico, the Andes, Peru,
etc. by bus and rail for just $179 in fares?

You can spend $5,000 on a luxury, cruise around the world. But do you know
you can travel around the world via deluxe freighter for only a fourth the
cost—and that there are half a dozen other round the V\urld routings for
under $1000°?

There are two ways to travel—like a tourist, who spends a lot, or like
a traveler, who knows all the ways to reach his destination economically,
comfortably, and while seeing the most.

Norman Ford’s big new guide How to Travel Without Being Rich gives you
the traveler’s picture of the world showing you the lower cost, comfortable
ways to practically any part of the world. Page after page reveals the ship,
rail, bus, airplane and other routings that save you money and open the
Wi oxld to you.

What do you want to do? Explore the West Indies? This is the guide
that tells you how to sce them like an old time resident who knows all the
tricks of how to make one dollar do the work of two. Visit Mexico? This
is the guide that tells you the low cost ways of reaching the sights (how
76¢ takes you via 8-passenger automobile as far as those not-in-the-know
pay $5.60 to reach). Roam around South America? Europe? Any other part
of the world? This is the guide that tells you where and how to go at prices
you can really afford.

If you've ever wanted to travel, prove now, once and for all, that travel
is within your reach. Send now for How to Travel Without B(‘zm/ Rich. 1t’s
a big book, with over 75.000 words, filled with facts, prices, and routings, and
it’s yours for only $1.50. Even one little hint can save you this sum several
times over.

Special Offer: all three books above—Travel Routes Around the
World, Bargain Paradises of the World, and How to Travel
Without Being Rich—for $3.

Where to Retire or Vacation

at what look like prewar prices
—and where no one ever heard of nerves or worries

These Are America’'s Own Bargain Paradises

Norman Ford’s big book Off-the-Beaten-Path names the really low cost Florida
retirement and vacationing towns, the best values in fexas, the Southwest,
California, the South and East, Canada—and a dozen other areas which the
crowds havc not yet discovered.

Fabulous places like that undiscovered region where winters are as warm
and sunny as Miami Beach’s yet costs can be two-thirds less. Or that island
that looks like Hawaii yet is 2,000 miles nearer (no expensive sea or air
trip to get there). Or those many other low-cost exquisitely beautiful spots all
over the United States and Canada which visitors in-a-hurry overlook (so costs
are low and stay low).

Every page of OFF-THE-BEATEN-PATH opens a different kind of vaca-
tioning or retirement paradise which you can afford—places as glamorous
as far-off countries yet every one of them located right near at hand.
Like these:
® France’s only remaining outpost in this part of the world—completely

surrounded by Canadian territory . or a village more Scottish than
Scotland . . . or age-old Spanish hamlets right in our own U. S. where no
one ever heard of nervous tension or the worries of modern day life.
® Resort villages where visitors come by the score, so you always meet new
people . . . (but they never come by the thousands to raise prices or crowd
you out).
® That remarkable town where a fee of 3¢ a day gives you an almost endless
round of barbecues, musicals, concerts, picnics, pot luck suppers, smorgas-
bord dinners and a fine arts program. That southern island first discovered
by millionaires who had all the world to roam in . . . and now their hide-
aways are open to anyone who knows where to find them.
You read of island paradises aplenty in the United States and Canada, of art
colonies (artists search for picturesque locations where costs are low!), of
areas h almost a perfect climate or with flowers on every side. Here are the
real U .-brand Shangri-Las made for the man or woman who’s had enough
of crowds. Here, too, are unspoiled seashore villages, tropics-like islands, and
dozens of other :pot: just a])out perfect for your retirement or vacation at
some of the lowest prices you’ve heard of since the gone-forever prewar days.
They’re all in the United States and Canada, and for good measure you also
read about the low-cost paradises in Hawaii, the Virgin Islands and
Pucrto Rico.

Off-the-Beaten-Path is a big book filled with facts that open the way to
freedom from tension and a vacation or retirement you can really afford.
About 100,000 words and plenty of pictures. Yet it costs only $2.

Mail to
HARIAN PUBLICATIONS, 60 First Ave.,
Greenlawn (Long Island), New York
I have enclosed $ . (cash, check or money order).
Please send me the books checked below. YOU WILL REFUND MY
MONEY IF I AM NOT SATISFIED.
[J TRAVEL ROUTES AROUND THE WORLD—(the traveler's
directory of passenger-carrying freighters). $1.
[0 BARGAIN PARADISES OF THE WORLD. $1.50.
0 HOW TO TRAVEL WITHOUT BEING RICH. $1.50.
[0 SPECIAL OFFER: Travel Routes Around the World, Bar-
gain Paradises of the World, and How to Travel Without
Being Rich—all threc ($4 value) for $3.
[0 AMERICA BY CAR. $2.50.
[0 OFF-THE-BEATEN-PATH . .
adises. $2.
[0 SPECIAL OFFER: All five books listed above ($8.50 value)
for only $6.

America’s own bargain Par-
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essay he wrote at the age of 22: “Leader-
ship makes principles; principles make
parties.”

I believe that President Kennedy, with
his native endowments and pragmatism,
would have moved toward this progres-
sive reshaping of our national economic
policies as evidence of the inadequacies
of the current approaches accumulated
(as I believe they will). I feel also that
President Johnson, a man of great real-
ism and genuinely committed to the
economics of human well-being, will
generate momentum in this same di-
rection. Meanwhile, it would be very
helpful for all thoughtful citizens, and
particularly those in positions of high
public leadership, to read and ponder
Myrdal’s book.

Short Reviews

HE CoLunmBIA ExCYCLOPEDIA, edited

by William Bridgwater and Seymour
Kurtz. Columbia  University = Press
($49.50). The third edition of the
Columbia Encyclopedia, which has been
revised, updated and reset, is an im-
provement over its predecessor, which
was a work of great merit. More than
6,500 new subjects are covered, from
national and world affairs to science,
philosophy, literature, the arts and
sports. You can now read about Barry
Goldwater and James Hoffa, the CIA
and DN A, Nikita Khrushchev and Sonny
Liston, space satellites and J. D. Salinger,
the John Birch Society and the desalina-
tion of water, Maria Callas and tran-
quilizers, lasers and Leonard Bernstein,
Martin Buber and the Common Market,
the IGY and Edward Albee, open-heart
surgery and Yevgeny Yevtushenko,
Roger Maris and abstract expression-
ism. Also new are 20 maps and 40 pages
of illustrations. (The second edition had
neither maps nor illustrations.) In all
there are 7.5 million words, 75,000
articles and 35,000 titles in reference
bibliographies. There are also inaccura-
cies, curious omissions and odd prefer-
ences. Every reviewer and user will have
his own complaints reflecting special
knowledge and special needs, but the
Columbia can withstand criticism. It is
a fine reference book, dependable and
indispensable whether or not you have
the money and shelf for larger encyclo-
pedias.

SI‘UDIES iN FronTIER HiIsTORY, by
Owen Lattimore. Oxford Univer-
sity Press ($12). A group of essays pub-
lished between 1929 and 1958, mostly
in learned journals, dealing with
frontiers and recent problems of peoples
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who live in frontier regions, in particular
those of China and Central Asia. By ex-
perience, temperament and training Lat-
timore is uniquely equipped to discuss
the questions to which the essays are ad-
dressed. In an engrossing autobiographi-
cal preface, which is all too short, he
sketches his adventures and observations
over many years as a traveler in inner
Asia. Often with only a single compan-
ion, his servant, he journeyed for thou-
sands of miles on foot and horseback over
lonely trails and wild wastes. He encoun-
tered merchants, nomads and brigands,
learned their different languages, shared
their campfires, their food, their pleas-
ures, their weariness. As a sympathetic
and gifted student, he sought to know
and to understand rather than to prove a
theory. This is a first-class book from
which there is much to learn about mat-
ters that are today in the forefront of
world affairs.

\’,,'ANISHED CIVILIZATIONS OF THE

ANciENT WoRLD, edited by Edward
Bacon. McGraw-Hill Book Co., Inc.
($28.50). A continuation of the series
begun by this publisher with the volume
The Dawn of Civilization, this book con-
sists of 15 articles by different contribu-
tors dealing with various cultures that
time has consigned to limbo and that
modern archaeology has at least partly
rescued. Henri Lhote writes of the neo-
lithic rock painters of the Sahara, who
flourished at a time when the land that
is now desert was wet and fertile enough
to support many people; Roger Summers
describes the Zimbabwe of Southern
Rhodesia, whose cultural high point
came between anp. 1000 and 1200;
L. P. Kirwan, the “X-group enigma” of
a little-known people of the Nubian
Nile; William Watson, the ancient Ainu,
fair-skinned aborigines of Japan whose
descendants still occupy the southern
island of the Kuriles (Ainu people of to-
day are thought to be the first inhabitants
of the Japanese islands, but they are not
“conscious of any past glory,” having
long been reduced to underdogs by the
Japanese invaders); Christopher Pym,
the empire of the Khmers; Donald
Strong, the Etruscans, “an historic peo-
ple who left no history”; J. B. Segal, the
Sabians of northern Mesopotamia, who
won renown in astronomy, medicine and
the exact sciences and who helped to
transmit classical learning to the Arabs;
J. Eric S. Thompson, the Mayans; E. D.
Phillips, the highland people of Luristan,
Mannai and Urartu, who were on the
fringe of Mesopotamian empires; T.
Sulimirski, the Sarmatians, “a once
mighty folk scattered among the na-
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tions” (they were of Iranian stock, were
influential in “reshaping the ancient
European order at the turn of Antiquity
and the Middle Ages” and made consid-
erable contributions to medieval art).

Maps, charts and photographs.

HE ATLAS OF BRITAIN AND NORTHERN

IReLAND, planned and directed by
D. P. Bickmore and M. A. Shaw. Oxford
University Press ($100). This folio vol-
ume, with some 200 map pages, is a rec-
ord in pictorial form and on a geographic
basis of the resources of the United
Kingdom. It is not primarily topographi-
cal; instead it presents a vast body of
tacts and statistics relating to many dif-
ferent subjects. Ingenious and colorful
maps furnish information on bacon fac-
tories and bicycle manufacturers, nation-
al parks and nuclear reactors, biscuit
bakeries and breweries, sawmills and
scrub woodlands, sheep farms and local
death rates, tidal movements and inland
waterways, Paleozoic systems and parlia-
mentary—constituency boundaries, potato
fields and fog dispersion, green crops
and housing conditions, dry days and
dressmaking establishments, fresh-water
fish and Gaelic-speaking populations,
slaughterhouses and wind conditions.
Many countries have issued similar na-
tional atlases, but this is the first for
Great Britain. The work, which has had
the co-operation of leading scholars and
experts from Oxford and Cambridge as
well as from government departments,
commercial firms and other organiza-
tions, has been more than a decade in the
making. An unfortunate but perhaps un-
avoidable consequence of this long
period of preparation is that many of the
statistical and other data are five to nine
years old. The maps are clearly executed;
the treatment of legends, symbols, color
and statistical details deserves high
praise; the format is both elegant and
practical. This is an unusual publication
that deserves to be honored by use.

BIRDS AND TREES OF NORTH AMERICA,
- by Rex Brasher. Rowman and Little-
field, Inc. ($200). Rex Brasher was born
in Brooklyn in 1869 and died in 1960.
From boyhood—at the age of 12 he al-
ready had a collection of 155 mounted
birds—he was a passionate ornithologist.
He knew what he wanted to do and he
devoted his entire life to doing it in spite
of adversity, frustration and repeated
disappointment. His goal, on which he
had resolved at the age of 16, was to
paint all the birds of North America. To
prepare himself he left school in his teens
to become an apprentice copper en-
graver at Tiffany, worked as a photo-
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BRAINS, MACHINES, AND
MATHEMATICS
by Michael A. Arbib

A valuable new book based on the experiments and
clinical research of neurophysiologists and psy-
chologists. Uses mathematics to exploit analogies
between the working of brains and the control-
computation-communications aspects of machines.

TRANSISTOR CIRCUIT THEORY

Prepared by
the Engineering Staff of Texas Instruments Inc.

This accurate, detailed bank of information from
TI engineers bridges the gap between theory and
practice. Contains a complete classification of all
commercially available transistors, their relation-
ship to each other and to the 5 basic fabricating
techniques, plus the many recent advances in
the field. $15.00

MATHEMATICAL HANDBOOK
FOR SCIENTISTS AND
ENGINEERS
by Granino A. Korn and Theresa M. Korn

This master Handbook provides fast, accurate refer-
ence to the full range of mathematical facts and
data essential in engineering and scientific ap-
plications. $20.00

MICROWAVE SOLID-STATE
MASERS

by A. E. Siegman

A thorough account of current microwave maser
technology covering the basic topics of para-
magnetic resonance phenomena, traveling-wave
masers, and the other physical principles which
underly the maser. $18.50

NONLINEAR MATHEMATICS
by Thomas L. Saaty and Joseph Bram

A significant work unifying the widely scattered
literature of nonlinear mathematics. Examines
some essential qualities of mathematical systems
and models unrestricted by linearity assumptions,

MICROELECTRONICS

Theory, Design, and Fabricaton
Edited by Edward Keonjian
A book for practicing engineers engaged in all

phases of microelectronics ... complete informa-
tion on existing concepts, theories, design and

and through a variety of ideas invites the reader technology in the field. $12.50
to apply his own creative talents to nonlinear
mathematics. $12.50
DIGITAL COMPUTERS IN
RESEARCH ELECTROHYDRAULIC
SERVOMECHANISMS

An Introduction for Behavioral and Social Scientists

by Bert F. Green, Jr.

The first unified text for behavioral and social
scientists on computer programming, including
contingent and repetitive equations, subroutines,
symbolic coding, and programming languages; and
a wide variety of applications such as statistical
calculations and analyses, and man-machine sys-
tems and communications. $10.75

by Allen C. Morse

Written from the designer’s viewpoint, this book
is packed with practical information on com-
ponents, circuitry, and auxiliaries for planning and
designing today’s electronically controlled hydrau-
lic servomechanisms. $11.50

THE PROCESS OF EVOLUTION
by Paul R. Ehrlich and Richard W. Holm

Details the modern understanding of organic evo-
lution—an all embracing theory which attempts to
explain the manifold complexities of biological
phenomena . . . what is known and what needs to
be investigated. $8.95

INFRARED PHYSICS AND
ENGINEERING
by John A Jamieson, Raymond H. McFee,
Gilbert N. Plass, Robert H. Grube, and
Robert G. Richards
This giant reference provides a full explanation of

infrared technology ... what it does, how to use
it, and how to design its systems. $19.00

McGRAW-HILL BOOK COMPANY, Dept. V-SA164
330 West 42nd Street, New York, N. Y. 10036

Please send the books checked below for 10 days’ free examination. Within 10 days | will remit
payment for books | keep, plus a few cents delivery costs, and return unwanted books. SAVE
MONEY: We pay delivery costs if you remit with this coupon. Same return privileges.

— Arbib  _ Korn/Korn  __ Saaty/Bram  __Green  __Ehrlich/Holm
« Texas Instruments . Siegman — Keonjian  ___ Morse . Jamieson
Name.
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Our book store is staffed by people who speak
your language, if you're a scientist or engineer.
Our trained specialists can help you find the
books you need in your field. Chances are,
they’re here in our huge stock of 15,000 titles
of all publishers. If not, we’ll help you track
them down—at no charge. Come in, or order
by phone or mail. We pay postage if payment
accompanies order—or if order is charged to
a regular account.

Want news of new books? Write for our free
mailings about new titles in your field.

MCGRAW-HILL BOOK STORE

Scientific, engineering and
business books of all publishers.

Open Thursdays till 7, Saturdays till 2

330 West 42nd Street, New York  Phone: 971-3541

An objective and

sobering study

of the physical, biological,
economic, and social conse-
quences of nuclear attack.
For all citizens concerned
about personal survival,
family protection, commu-
nity planning, or national
policy, this book is must

reading.

Portions of this book are based on Dr.
Stonier’'s *“The Anticipated Biological and
Environmental Effects of Detonating a 20-
Megaton Weapon on Columbus Circle in
New York,"” presented to the New York
Academy of Sciences.

Paperbound $2.45

A MERIDIAN BOOK
Published by The World Publishing Company
Cleveland and New York
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engraver in Maine, lived in the barest
possible circumstances to save his money
against the day when he would begin
painting, and in 1895, at the age of 26,
began his field observations. He sailed
along the Atlantic coast, shipped out
of Gloucester in a fishing boat to see the
birds of the north, crisscrossed the con-
tinent. Later he bought a farm in the
Berkshires of Connecticut and settled
down to complete his task. By 1928 he
had painted more than 3,000 separate
birds and 383 species of trees. He could
not, however, find a publisher for his
work and so decided to issue it himself.
This required, among other things,
painting by hand 93,000 individual
plates for the 100 sets of the four books,
which were published at $2,400 a set.
The paintings are here reproduced in
tull-color facsimile from the originals,
now owned by the State of Connecticut.
The text itself is brief, consisting of
Brasher’s own notes as to habitat, range
and breeding, and of other odds and
ends of commentary. It is said of Brasher
that he lived in the “huge shadow” cast
| by Audubon. It is true that his paintings
| do not compare with Audubon’s in bril-
[ liance, but they have a soft quality, a
gracefulness and a fidelity of their own,
and they have been much admired by
leading ornithologists and collectors.
Their appeal is enhanced by the knowl-
edge of the painter’s incomparable de-
votion and dedication to so gentle and
unworldly a task.

P ASSENGER CAR DESIGN AND HicHWAY
L SArETY. Association for the Aid of
Crippled Children and Consumers
Union of U.S., Inc. ($2.75). The pro-
ceedings of a conference, held in 1961,
in which representatives of automobile
manufacturers, insurance companies, en-
gineering firms, the U.S. Public Health
Service and other Federal and state
institutions participated. The papers and
the discussions deal with such topics as
highway safety strategies, the methods
of evaluating safety measures, the vehi-
cle-design aspects of safe handling,
vehicle-handling research and its influ-
ence on automotive engineering prac-
tice, driver-vehicle fit, the usefulness of
periodic safety inspections, the effects
of vehicle aging and mileage on accident
rates, crash protection for children, eco-
nomic aspects of automobile safety de-
vices, the legal regulation of automobile
design. One is struck by how much is
known about the causes and prevention
of accidents, how little of what is known
is used, how widespread are the miscon-
ceptions about highway safety and how
great the need is both to gain more
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knowledge of this complex subject and to
enforce its application.

NORTH Face 1x WINTER, by Toni
+ % Hiebeler. J. B. Lippincott Com-
pany ($3.95). An account of the first
winter climb of the notorious north face
of the 13,000-foot Eiger in the northern
Alps by one of the four members of the
successful team. The story suggests that
the famous and somewhat meaningless
cliché on the reason for climbing a
mountain (“because it is there”) can
now be changed; men who do the sort
of thing reported here do it because
they are crazy. Still, this is an exciting
story.

Bmus oFr WiscoxsiN, by Owen J.
" Gromme. The University of Wiscon-
sin Press ($22.50). A lively, attractive
display of 328 species of Wisconsin birds
(including some that are now extinct)
in 105 color plates, together with brief
notes as to range, numbers and so on.
In addition to the identification portraits
there are 16 color plates showing birds
in their natural habitat or in relation to
other birds or animals. The artist, who is
curator of the Milwaukee Public Mu-
seum’s Division of Birds and Mammals,
has a deep feeling for his subjects, a
clean line and sound sense of color. This
is altogether a pleasing book.

\’,IAN AND THE Livinc WorLp, by Karl
1 von Frisch. Harcourt, Brace &
World, Inc. ($7.50). A graceful, popular
survey of biology by the eminent Aus-
trian zoologist best known for his dis-
covery of the dancing language of the
bees. Von Frisch looks into every corner
of the subject, from the life of one-celled
creatures to genetics and biochemistry.
His presentation is so lucid and relaxed
that, having once begun, the reader is
delighted to follow the story through to
the end. Good illustrations.

UANTUM MECHANICS, by Edward U.
Condon and Philip M. Morse. Mc-
Graw-Hill Paperback ($2.95). Reprint
of a now classical monograph, first pub-
lished in 1929, that gives an outline of
the results obtained by the use of quan-
tum mechanics. The authors recount
developments between 1924 and 1929,
a period they call “the most exciting in
the history of theoretical physics.”

THE ArT oF THE HrTTITES, by Ekrem

- Akurgal. Harry N. Abrams, Inc.
($25). A sumptuously illustrated survey
of the art, society, language and religion
of this warlike people, who between
2300 and 800 B.c. built hilltop palaces,



made their sculptures by carving direct- |
ly into rocky cliffs and produced remark-
able vases, jewelry and other ornamental
objects. Handsome photographs in color
and black and white, maps and ground
plans of excavations.

Notes

OnN ForMmALLY UNDECIDABLE PROPOSI-
TIONS OF PRINCIPIA MATHEMATICA AND
RELATED SysTEMS, by Kurt Godel. Ba-
sic Books, Inc., Publishers ($3). An Eng-
lish translation by B. Meltzer of Gédel’s
famous paper, with an introduction by
R. B. Braithwaite.

MmbpLETOwN IN  TraNsITION, by
Robert S. Lynd and Helen Merrell Lynd.
A Harvest Book ($2.45). A paper-
backed reprint of the second of the two
notable studies by the Lynds, this vol-
ume is concerned with the cultural con-
flicts of Middletown during the great
depression.

AN ACCOUNT OF THE ASTRONOMICAL
Discoveries oF KePLER, by Robert
Small. The University of Wisconsin Press
(85.50). A reprint of a book published
in 1804 that, as William D. Stahlman
points out in his introduction, is the best
description in the English language of
the planetary systems that preceded and
led up to Kepler’s work and of Kepler’s
own mathematical demonstrations in the
Astronomia Nova.

Man o~ His NATURE, by Sir Charles
Sherrington. Cambridge University Press
($1.95). A soft-cover edition of Sher-
rington’s famous Gifford Lectures, given
at the University of Edinburgh in 1937.

Papers oN Human GEeNETICS, by
Samuel H. Boyer IV. Prentice-Hall, Inc.
($9). Gathered from technical journals,
these papers—which in time run from the
early part of the century to 1961 and in
subject matter from mathematical analy-
ses of genetic problems and blood-group
genetics through biochemical genetics,
cytogenetics and mutation—furnish a
sound sampling of the rapid develop-
ment of human genetics since Mendel’s
epochal discoveries were brought to full
light some 60 years ago.

TuHe UrsanN ConbITiON, edited by
Leonard J. Duhl. Basic Books, Inc., Pub-
lishers ($10). Some 30 contributors—
among them lawyers, sociologists, city
planners, public health officials, psychia-
trists and psychologists—contribute arti-
cles to this volume, which deals with the
many complex problems of the modern

SERF

This is one of the twelve ‘‘hands’’ of SERF — The new $3 million Sandia Engineering
Reactor Facility, where researchers are now studying radiation effects on materials,
components, and circuitry.

At the heart of SERF is a five megawatt thermal nuclear reactor set in a large, dry irra-
diation cell. Salient features include a beam tube for neutron beam extraction; hydraulic
shuttle tubes for transporting test specimens to and from the reactor core; controlled-
temperature facilities; and a large post-irradiation analysis area served by the twelve
‘‘hands’’ and other remote manipulators.

Sandia Corporation is a Bell System subsidiary and a prime contractor of the Atomic
Energy Commission engaged in research, design and development of the non-nuclear
phases of nuclear weapons.

Typical projects presently engaging the attention of Sandia scientists and engineers
are: Nuclear burst studies, aerospace and solid state physics, aerospace nuclear safety,
electronic and mechanical design and development, and electromagnetic radiation
research.

Sandia Corporation is primarily interested in recent and current outstanding graduates
in the engineering and scientific disciplines at all degree levels. Sandia recruits on many
major campuses. For current opportunities, contact the Sandia recruiter at your college
or write Personnel Director, 3100 Ref. 569-3, Sandia Corporation, Albuquerque, New

Mexico, 87115.

, CORPORATION

AN EQUAL OPPORTUNITY EMPLOYER
ALBUQUERQUE, NEW MEXICO
LIVERMORE., CALIFORNIA
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MY WIFES SECRET—
THE ATOMIC BOMB

He was the famous chemist who had taken part in the war effort at top
level. He had accompanied the landing on Okinawa as a civilian expert. He
reported directly to Washington. In the meantime his wife worked on a
project about which she kept absolutely mum. Early in August 1945 they
finally got to enjoy a vacation together with their children, Maria Ann and
Peter, on Nantucket Island. That was where they heard the news of the
atomic bomb dropped on Hiroshima. The surprise was total for the chemist.
But not in the least for his wife. Because the wife of Joseph E. Mayer was
Maria Goeppert-Mayer, winner of the Nobel Prize in physics for 1963.

The magnificent new annual:

The Nobel Prize
1963

tells not only of the great research feats
but also of the human beings behind them.

For the first time, “The Nobel Prize 1963”
provides complete information on all the
352 Nobel laureates. To read it is to ex-
plore the whole modern world of scien-
tific discovery. And did you know that
the U. S. holds the lead in Nobel statistics
with 81 prizes? And that the Nobel cele-
bration on December 10 brings together
the most impressive array of VIP’s that
Scandinavia has to offer?

Read about peace laureate Linus Pauling;

drop in on the prizewinner in literature,
Giorgos Seferis, at his home in Greece;
study what those two plastics specialists,
Carl Ziegler and Giulio Natta, have meant
to industry and to our daily lives.

Order your copy of “The Nobel Prize
1963” today. You will get a colorful,
illustrated scientific reference work of
lasting value. Useful to professionals
and laymen, to teachers and students
alike. Indispensable for libraries and
schools. Here is the annual that takes
the great achievements of mankind as
its purview.

Published by THE BONNIER MAGAZINE GROUP, Stockholm, Sweden

Name.......

Address.

SCANDINAVIAN-AMERICAN SERVICE
P. O. Box 593
Radio City Station, New York 20, N. Y.

Please send me a copy of “The Nobel Prize 1963.”” Enclosed
is my check for $2.95. (New York City residents please add
49 sales tax).

....... Zone........State. ...
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city, from delinquency to sanitation,
from overcrowding to public housing.

RESOURCES IN AMERICA’S FUTURE, by
Hans H. Landsberg, Leonard L. Fisch-

| man and Joseph L. Fisher. The Johns

Hopkins Press ($15). This large and
comprehensive monograph is mainly
concerned with the projections of de-
mand and supply of natural resources—
products, services, basic land, water and
minerals—in the U.S. to the year 2000.

DANGEROUS PROPERTIES OF INDUS-
TRIAL MATERIALS, by N. Irving Sax and
others. Reinhold Publishing Corp. ($25).
The second edition of a huge reference
work that gives concise information
about the hazards associated with the
manufacture, use, handling, storage and
shipping of more than 10,000 common
industrial laboratory materials. The haz-
ards range fromallergies to blowing one-

| self up.

Tue ScientiFic PAPERs oF SirR GEOF-
FREY INGRAM Tavror: Vorume III,
edited by G. K Batchelor. Cambridge
University Press ($17.50). The third
volume of this collection of Taylor’s pa-
pers consists of contributions to aero-
nautics, wing theory, gas dynamics, det-
onation and blast waves, ballistics and
the effects of explosions in the air and
under water.

DIrecTORY OF BRITISH SCIENTISTS. St
Martin’s Press, Inc. ($24). The first edi-
tion of a directory that lists some 30,000
persons who hold a degree in science
from a British university. In most cases
the main sphere of work of each individ-
ual is given, together with titles of his
principal publications; also listed are sci-
entific societies and their journals and re-
search establishments.

Fron a LocicaL PoiNt oF VIEw, by
Willard Van Orman Quine. Harper
Torchbooks ($1.35). A paper-backed re-
issue of nine of Quine’s logico-philosoph-
ical essays, several of which make stimu-
lating reading.

MATHEMATICS AND THE PHYSICAL
WorLp, by Morris Kline. Anchor Books
($1.95). A paper-backed version of
Kline’s lucid, historically oriented study
of the interaction of mathematics and the
physical sciences. Kline’s book is valua-
ble not only as a survey of mathematical
concepts but also as a counterpoise to
the recent emphasis in primary and sec-
ondary schools on the more abstract ap-
proaches to mathematics.



NDEX OF ADVERTISERS

AC—THE ELECTRONICS DIVISION OF GEN-
ERAL MOTORS CORPORATION
Inside Back Cover

Ageney : D. P, Brother & Company

ALLEN-BRADLEY COMPANY. . . 21
Agency: The Fensholt Advertising Agency. Ine

ALLIED CHEMICAL CORPORATION ... Back Cover
Agency : Benton & Bowles, Inc.

ALLIS-CHALMERS MFG. CO.. 15
Agency: Klau-Van Pietersom-Dunlap, Ine.

AMERICAN CYANAMID COMPANY 9%
Agency: Dancer-Fitzgerald-Sample. Inc.

AMPEX CORP.. 121
Agency : Cunningham & Walsh Inc.

AMPHENOL-BORG ELECTRONICS CORPORA-
TION mm——.....ccoc0vnnisssssssissessnassibssiss 22,23

Ac : Marsteller Ine.

AVCO CORPORATION 2

Agency : Benton & Bowles, Inc.

BAUSCH & LOMB INCORPORATED.. 19

Agency . Wolfl Associates, Inc.

BELL TELEPHONE LABORATORIES.... 13
N. W. Ayer & Son, Inec.

Ageney.

BENDIX CORPORATION, THE, RESEARCH
LABORATORIES DIVISION.. 85

Agency : MacManus, John & Adams. Ine.

BONNIER MAGAZINE GROUP, THE.. 150

BRITANNICA SCHOOLS, A DIVISION OF

Agency : Garfield-Linn and Company

BRUSH INSTRUMENTS, DIVISION OF CLEVITE 1

Agency : Carr Liggett Advertising, Inc.

CATERPILLAR TRACTOR CO., DEFENSE PROD-
UCTS DEPARTMENT. ... 19

Agency: N, W. Ayer & Son, Ine.

CELANESE CORPORATION OF AMERICA 57

Agency . Ellington & Company, Inc.

COLORADO DIVISION OF COMMERCE AND
DEVELOPMENT "

Agency : William Kostka and Associates, Inc.

DAVIDSON OPTRONICS, INC. 91

Ageney: The MeCarty Compaiy

DU PONT DE NEMOURS, E. |, & CO., INC,,
INDUSTRIAL AND BIOCHEMICALS DEPT... 60

Ageney : The Rumrill Company Inc.

EASTMAN KODAK COMPANY.... 53
Agency. The Rumrill Company Ine.

EDMUND SCIENTIFIC CO........ i, . 136
Agency: Walter 8. Chittick Company, Inc.

EITEL-McCULLOUGH, INC.. 12
Agency: Cunningham & Walsh Inc.

FLUKE, JOHN, MFG. CO., INC... 20
Agency: Pollock & Loth, Inc.
FRIDEN, INC.. 14

Agency : Richard N. Meltzer Advertising, Inc.

GARRETT CORPORATION, THE, AIRESEARCH
MANUFACTURING DIVISIONS.... 78

Ageney : J. Walter Thompson Company

JANUARY 1964

GENERAL DYNAMICS/FORT WORTH 87

Agency: Glenn Advertiring. Inc.

GENERAL MOTORS CORPORATION, ALLI-
SON DIVISION.. n
Ageney : Kudner Agency. Ine.

GOODRICH, B. F., CHEMICAL COMFANY, A
DIVISION OF THEB F. GOODRICH COM-

PANY 18
Agency: The Griswold-Eshleman Co.
GOOPYEAR AEROSPACE CORPORATION,
ARIZONA DIVISION.. 128
HARIAN PUBLICATIONS ... ... ... 145
Agency : Braco Associates. Ine.
HONEYWELL RESEARCH CENTER..... L127

Agency : Batten, Barton, Durstine & Osborn, Inc.

ITT DATA AND INFORMATION SYSTEMS DI-
VISION 7

Ageirey : Deutseh & Shea, Ine.

JET PROPULSION LABORATORY, CALIFOR-
NIA INSTITUTE OF TECHNOLOGY... 130

Azency: Hixson & Jorgensen, Inc.. Advertising
KVP SUTHERLAND PAPER COMPANY.. 18
Agency : Grant Advertising, Ine.

KNOWLTON BROTHERS, INCORPORATED.. 74

Agency: Barlow/Johnson Inc.

LIBRARY OF SCIENCE, THE.. .. . 140

Agency: Smith, Henderson & Berey, Inc.

LINCOLN LABORATORY, MASSACHUSETTS
INSTITUTE OF TECHNOLOGY... 134
Agoney : Randolph Associates

LOCKHEED-GEORGIA COMPANY, A DIVI-
SION OF LOCKHEED AIRCRAFT CORPO-

RATION 139
Agency : Donahue & Coe, Inc.
LOS ALAMOS SCIENTIFIC LABORATORY OF
THE UNIVERSITY OF CALIFORNIA.. 107
Azency : Toppino-Goiden Agency

McGRAW-HILL BOOK COMPANY.. . 147
McGRAW-HILL BOOK STORE. ... 148

Ageney . Fairfax, Ine.

MELPAR, INC., A SUBSIDIARY OF WESTING-

HOUSE AIR BRAKE COMPANY... 120
Agency: Lewis, Dobrow & Lamb, Ine.
MERIDIAN BOOKS, INC.. 148

Agency : Denhara & Stewart, Ine.

MID-EASTERN ELECTRONICS, INC., INSTRU-
METRICS DIVISION 4

Ageney : Tracy, Kent & Co., Inc.

NATIONAL CASH REGISTER COMPANY, THE 67

Agency : MeCann-Erickson. Inc.

NORTHROP CORPORATION..

Arency: Doyle-Dane-Bernbach-Inc.

PAN AMERICAN WORLD AIRWAYS, INCOR-
PORATED, GUIDED MISSILES RANGE DI-
VISION 122

Ageney : Deutsch & Shea. Inc.

PERKIN-ELMER CORP., THE ..

Agency: Gaynor & Ducas, Inc.

PLASTICS ENGINEERING COMPANY.. 16

Agency: Kuttner & Kuttner. Inec.

TECHNI-

POLAROID CORPORATION, THE,
. .58, 59

CAL SALES DEPARTMENT.

Apency:

Doy le-Dane-Bernbach-Inc.

PRECISION

Agency:

INSTRUMENT COMPANY. 61

Hal Lawrence, Incorporated

PRINCETON APPLIED RESEARCH CORP.. 54

Agency: Mort Barish Associates
QUESTAR CORPORATION.... 97

RCA ELECTRONIC COMPONENTS AND DE-
VICES... R Inside Front Cover

Loy o Al Paul Lefton Company Ine.

RESEARCH LABORATORIES,
CRAFT CORPORATION....

Agency : B. E. Burrell & Associates

UNITED AIR-
... 113

SAAB OVERSEAS, INC... 5
Wilson, Haight & Welch, Inc.

Agency .
SANDIA CORPORATION.. 149
Agency: Ward Hicks Advertising

SAVE THE CHILDREN FEDERATION...

Agency: The Lampert Agency, Inc.

115

SILICONES DIVISION, UNION CARBIDE COR-
PORATION

Azency : J. M. Mathes Incorporated

SOCONY MOBIL OIL COMPANY, INC.. 91
Agency : Hokar Corp.

SPACE TECHNOLOGY LABORATORIES,
THOMPSON RAMO WOOLDRIDGE INC.. 125

Fuller & Smith & Ross Ine.

INSTITUTE 128

\gency:
STANFORD RESEARCH
Ageney: Vernor Advertising Agency

STOKES, F. J, CORPORATION, VACUUM
EQUIPMENT DIVISION.... 55

Agency: The Aitkin-Kynett Co., Ine.

SYSTEM DEVELOPMENT CORPORATION. .. n7

Agency : Fuller & Smith & Ross Inc.

TRW SPACE TECHNOLOGY LABORATORIES.... 125

Agency: Fuller & Smith & Ross Inc.

TEKTRONIX, INC.. 8

Agency: Hugh Dwight Advertising, Inc.
TIME INC. BOOKS erlensunitessssissassasiasienssensss 193
Agency: Wunderman, Ricotta & Kline, Inc.
TUBE METHODS INC.. 86
Agency : John Miller Advertising As

UNION CARBIDE CORPORATION, SILICONES
DIVISION

Agency: J. M. Mathes Incorporated

UNITED AIR LINES. ... 10
\zenis - No W. Ayer & Son, Ine.

U.S. NAVAL LABORATORIES IN CALIFORNIA 124
Agency : Buxton Advertising Agency

UNITED STATES STEEL CORPORATION.. 75,76, 77

Agency: Batten, Barton, Durstine & Osborn. Inc.

VAN NOSTRAND, D., COMPANY, INC... 137

Agency: R. W. Westervelt & Company

VARIAN ASSOCIATES, INSTRUMENT GROUP 123

Agency : Hoefer, Dieterich & Brown, Inc.

WESTERN ELECTRIC COMPANY 62
Agency: Cunningham & Walsh Ine.

WESTERN GEAR CORPORATION.. .. 95
Agency : MacManus, John & Adams, Inc.

WILD HEERBRUGG INSTRUMENTS, INC.... §

Agency: Duncan-Brooks, Ine.

XEROX CORPORATION. 129

Agency : Hutchins Advertising Company. Inc.

© 1963 SCIENTIFIC AMERICAN, INC

151




BIBLIOGRAPHY

Readers interested in further reading on
the subjects covered by articles in this
issue may find the lists below helpful.

THE CONTROL
OF AIR POLLUTION

A Porrution: Vous. I axp II, edited
by Arthur C. Stern. Academic Press,
1962.

Air PoLrutioxn CoxtroL. William L.
Faith. John Wiley & Sons, Inc., 1959.

PHOTOCHEMISTRY OF AIR POLLUTION.
Philip A. Leighton. Academic Press,
1961.

WEATHER MODIFICATION AND SMOG. M.
Neiburger in Science, Vol. 126, No.
3275, pages 637-645; October, 1957.

THE LARGE CLOUD
OF MAGELLAN

THE Croups oF MaGELLAN. Gérard de
Vaucouleurs in Scientific American,
Vol. 194, No. 4, pages 52-58; April,
1956.

Tue StArR CLOUDS OF MAGELLAN—A
GATEWAY TO THE METAGALAXY. Har-
low Shapley in The Inner Metagalaxy.
Yale University Press, 1957.

THE GREAT
CEREBRAL COMMISSURE

CEREBRAL ORGANIZATION AND BEHAV-
1or. R. W. Sperry in Science, Vol.
133, No. 3466, pages 1749-1757;
June, 1961.

CONFERENCE ON INTERHEMISPHERIC
ReLaTiIONS AND CEREBRAL Doni-
NANCE, edited by Vernon B. Mount-
castle. The Johns Hopkins Press, Balti-
more, 1962.

Corpus CaLrosuMm AND VisuaL GNoOSIS.
R. E. Myers in Brain Mechanisms and
Learning, a symposium edited by .
F. Delafresnaye. Blackwell Scientific
Publications, 1961.

Some FuxctionaL EFrFecTts ofF SEec-
TIONING THE CEREBRAL COMMISSURES
N Max. M. S. Gazzaniga, |. E.
Bogen and R. W. Sperry in Proceed-
ings of the National Academy of Sci-
ences, Vol. 48, No. 10, pages 1765-
1769; October, 1962.

THE MITOCHONDRION

ENERGY-LINKED FuxcTiONs oF Mito-
CHONDRIA, edited by Britton Chance.
Academic Press, 1963.

152

Honrizoxs 1N BIOCHEMISTRY: ALBERT
SzexT-GYORGYT DepICcATORY VoOL-
uME, edited by Michael Kasha and
Bernard Pullman. Academic Press,
1962.

THE MITOCHONDRION AND BIOCHEMICAL
Macuixgs. D. E. Green and Y. Hatefi
in Science, Vol. 133, No. 3445, pages
13-19; January, 1961.

QuiNoNEs IN ELECTRON TRANSPORT,
edited by G. E. \WW. Wolstenholme and
Cecilia M. O’Connor. Little, Brown
and Company, 1960.

STRUCTURE AND FuUNCTION OF SUBCEL-
LULAR ParTicLEs. David E. Green
in Proceedings of the Fifth Interna-
tional Congress of Biochemistry: Vol.
IX. Pergamon Press, 1963.

SyarposiuzM ON OXIDATIVE PHOSPHORYL-
ATION. Proceedings of the Federation
of American Societies for Experimen-
tal Biology, Vol. 22, No. 4, Parts I
and 11, 1963.

TRACHOMA

THE BioLocy oF THE TRACHOMA AGENT,
edited by Francis B. Gordon. Annals
of the New York Academy of Sciences,
Vol. 98, Article 1, pages 1-382; 1962.

THE Presext DisTRIBUTION OF TRA-
cHoMA IN THE WoRrLD. G. B. Bietti,
M. J. Freyche and R. Vozza in Revue
Internationale du Trachome, Vol. 39,
No. 2-3, pages 113-310; 1962.

Tracuoyza VIRUS—RECENT DEVELOP-
MExTS. H. Bernkopf in Progress in
Medical Virology: Vol. IV. Karger,
1960.

BORON

THe Orcanic CHEMISTRY OF BORON.
W. Gerrard. Academic Press, 1961.
ReceENT STUDIES IN BorRON CHEMISTRY.
H. G. Heal in Lectures, Monographs
and Reports, Monograph No. 1. The

Royal Institute of Chemistry, 1960.

THE ORIGINS
OF THE STEAM ENGINE

Tue EArRLY GROWTH OF STEAM POWER.
A. E. Musson and E. Robinson in
Economic History Review, Series 2,
Vol. 2, No. 3, pages 418-439; April,
1959.

Jaxtes WATT AND THE StEAM ENGINE.
H. W. Dickinson and Rhys Jenkins.
Oxford University Press, 1927.

KINEMATICS OF MECHANISMS FROM THE
Tnnie oF WaTT. Eugene S. Ferguson
in U.S. National Museum Bulletin
228, Paper 27, pages 185-230. Smith-
sonian Institution, 1962.

SCIENCE AND THE STEAM EXGINE. Milton

© 1963 SCIENTIFIC AMERICAN, INC

Kerker in Technology and Culture.
Wayne State University Press, 1961.

A SHorT HIsTORY OF THE STEAM EN-
cive. H. W. Dickinson. Cambridge
University Press, 1938.

TuoyzMAas NEWCOMEN: THE PRE-HISTORY
or THE STEAM ExcINE. L. T. C. Rolt.
David and Charles: Dawlish Mac-
Donald, 1963.

A TREATISE ON THE STEAM ENGINE.
John Farey. Longman, Rees, Orme,
Brown and Green, 1827.

ADVANCES
IN FIELD EMISSION

Basic aAxp AppLIED STUDIES OF FIELD
Earission AT MicrowavE FREQUEN-
cies. F. M. Charbonnier, J. P. Bar-
bour, L. F. Garrett and W. P. Dyke in
Proceedings of the IEEE, Vol. 51, No.
7, pages 991-1004; July, 1963.

FieLp Enussiox. W. P. Dyke and W. W.
Dolan in Advances in Electronics and
Electron Physics, edited by L. Marton.
Academic Press, 1956.

RECENT DEVELOPMENTS IN FrLAsH
RapioGrapPHY AT HYPERVELOCITIES.
W. P. Dyke, F. J. Grundhauser, F. M.
Collins and N. W. Stunkard in Ad-
vances in Hypervelocity Techniques,
edited by Arthur M. Krill. Plenum
Press, 1962.

TuBes, X-Ray, witH FieLp Eatssiox
CoLp CatHODES FOR FrasH Rapioc-
rapHY. W. P. Dyke in Encyclopedia
of X-Rays and Gamma Rays. Rein-
hold Publishing Co., 1963.

MATHEMATICAL GAMES

Fux witH Ficures. L. Harwood Clarke.
William Heineman Ltd., 1954.

GEOMETRIC MAGIC SQUARES. Boris Kor-
demskii in Recreational Mathematics
Magazine, No. 13, pages 3—-6; Febru-
ary, 1963.

GEOMETRIC MAGIC SQUARES AND CUBES.
Harry A. Sayles in Monist, Vol. 23,
No. 4, pages 631-640; October, 1913.

THE AMATEUR SCIENTIST

THE AERODYNAMICS OF POWERED
FricuT. Robert L. Carroll. John Wiley
& Sons, Inc., 1960.

Frow VisuaLizATION IN Two AND THREE
DmvexsionaL Frow FieLps By Use
oF SMOKE F1LAMENTs. A. M. Lippisch
in ASME Symposium on Flow Visu-
alization, Paper No. 2, pages 1-7; No-
vember, 1960.

THeE SciexTIFIC AMERICAN BoOK OF
PROJECTS FOR THE AMATEUR SCIEN-
T1sT. C. L. Stong. Simon and Schuster,
Inc., 1960.



e

| iu‘ W B

=
kL

9,

Pelorus Ring (American—19th Century)—Courtesy Dossin Great Lakes Museum.

from pelorus ring to spacecraft guidance

In 203 B.C., when Hannibal was recalled from Italy to
defend Carthage against Scipio's legions, an alleged
pirate named Pelorus served as his navigator. His
name now graces the Pelorus Ring, an instrument for
taking bearings and celestial azimuths.

Findingone’s bearings with a Pelorus is relatively simple;
but establishing a fix in space is a complex problem.
Guidance errors multiplied by the speed of spacecraft
also cause complex problems, and are solved in milli-
seconds by an AC inertial guidance system. AC is
presently working on the inertial guidance system for
the Apollo Command Module and proceeding rapidly on
the application of inertial techniques for other planet-
destined space vehicles. In addition to this program,
AC has been selected to provide the guidance for the
TITAN 1ll, as it has on the TITAN Il, THOR, MACE, and
REGULUS missiles. AC capabilities also extend beyond
these programs, as AC now provides navigation equip-

ment for SAC B-52s and inertial components for the
Navy POLARIS missile.

Being selected for these programs is indicative of AC’s
accomplishments in all fields of guidance and naviga-
tion. See how AC’s advanced thinking, full research
and development capability, ex-

perienced scientific staff and

complete production facilities can

fitintoyourspace program. Con-

tact Director of Sales, AC Spark

Plug Division, General Motors,

Milwaukee, Wisconsin.

MASTER NAVIGATORS THROUGH TIME AND SPACE

GUIDANCE AND NAVIGATION FOR BALLISTIC i
MISSILES e AVIONICS e SPACE BOOSTERS e
SPACECRAFT e DELIVERED ON TIME AT LOW COST
WITH OUTSTANDING ACCURACY AND RELIABILITY
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"Many small make a great."
Chaucer

Some of chemistry's most promising
materials (the polymers) are formed by
linking many small molecules

to make big ones.

So with our research effort itself. Tt
represents a linkage of the thoughts

and ideas of many men. These, leavened
with imagination and seasoned with
Jjudgment, produce the new materials which
come from our laboratories.

As a latter-day philosopher put it,
"Many a 1ittle makes a mickle."

Allied Chemical Corp.,
61 Broadway, New York 6, N. Y.

llied

hemical

Divisions :

Barrett + Fibers * General Chemical
International * National Aniline
Nitrogen * Plastics * Semet-Solvay
Solvay Process * Union Texas Petroleum
In Canada:

Allied Chemical Canada, Ltd., Montreal
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