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helping

petroleum refiners

set tomorrow’s pace...

With a half-century of pioneering in the petroleum refining industry, UOP
isn’t content to rest on past accomplishments. It’s too busy looking to the future.

Refiners want to know what’s new and what’s next. And it is this pursuit
of tomorrow —anticipating the industry’s needs— which so fully occupies the time
and thinking of the engineers and scientists at UOP and keeps it such a vital
force in the petroleum picture.

The goal: how to further add to UOP’s long list of refining processes and its
many chemicals, catalysts and additives being used in hundreds of refineries
around the world.

Or put more simply and directly, how to provide the methods, the operating
techniques and the materials that will enable refiners to put more and better

petroleum products into the hands of more people—more economically.
This is the growing UOP/1966.

UNIVERSAL OIL PRODUCTS C(OMPRANV

Des Plaines, lllinois, U.S.A., in the greater Chicago area
WHERE RESEARCH IS PLANNED WITH PROGRESS IN MIND®
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Is this all
vou think of
when you
think of
Avco?

Think again. \\We are this. And much more. We are 25,000 people
changing the way you live: an unusually broad range of commercial,
defense and space capabilities now identified by this new symbol.

AVCO AVCO

AEROSTRUCTURES LYCOMING

DIVISION DIVISION

(Structures for aircraft and space vehicles) (Engines for utility aircraft and helicopters)

AVCO AVCO

BAY STATE NEW IDEA

ABRASIVES FARM EQUIPMENT

DIVISION DIVISION

(Grinding wheels and other abrasives) (Specialized farm machinery)

[

AVCO AVCO

BROADCASTING ORDNANCE

CORPORATION DIVISION

(Radio and television stations) (Ammunition, fuzing devices)
AVCO

AVCO RESEARCH AND

DELTA DEVELOPMENT

CORPORATION DIVISION

(Financial services) (Missile and space systems)

AVCO AVCO

ELECTRONICS SPENCER

DIVISION DIVISION

(Communications systems) (Heating boilers and sewage systems)

AVCO

EVERETT AVCO

RESEARCH TULSA

LABORATORY DIVISION

(High temperature gas dynamics, (Aerospace instrumentation)

biomedical engineering, superconductive devices)

You’ll be hearing more about us.

AVCO CORPORATION, 750 THIRD AVENUE, NEW YORK, NEW YORK 10017
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Life beyond earth?

Perhaps.

Our part in the U. S. effort to find out began with the launching

of two Pioneers shortly after Sputnik. Since then we’'ve been involved
in most of the high-priority space programs, from the Mariner IV
photographic trip to Mars to the Gemini and Apollo manned missions.
Recently our new interplanetary Pioneer VI was launched on a

journey around the sun.

Meanwhile, back on earth.

Almost every car, truck, bus,
tractor, airplane, radio,

TV set and submarine is part TRW.
Life beyond earth ?

Perhaps.

Even if there isn't, there are enough opportunities right here to

keep TRW busy for a long, long time. TRW INC. — headquarters ‘
in Cleveland, operations in 170 other places on earth. Formerly Thompson Ramo Wooldridge Inc.
2
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Finely adjustable
counterweight
cushioned in
rubber

Adjustable
anti-skating
compensator @

Calibrated stylus
pressure scale with
Ya gram click
settings
Dynamically
balanced

tone arm of
Afrormosia wood

Integral
cueing
device

Lightweight
plug-in shell
with extended
finger lift

The
tone arm system

in Garrard’s Lab 80
Automatic Transcription
Turntable is a masterful
combination of
developments...all
needed to achieve

full benefit from the most
advanced ultra-sensitive
cartridges

LAB BO—599 50 less base and cartridge

p—— T ==

| Garrard, Dept.
Please send me

GC-426, Westhury, N.Y. 11591

Name

Address

your free 32-page
Comparator
Guide describing

all four new

| Garrard models. City State

THE COVER

The photograph on the cover shows part of an experiment designed to
simulate the faint glow that is produced by excited atoms and molecules
in the earth’s upper atmosphere (see “The Airglow,” page 102). Gas com-
posed mostly of molecular nitrogen (N.) is streaming from left to right
across the entire area of the photograph. On the left side of the photo-
graph the gas emits a blue light because of chemiluminescent reactions
between small amounts of atomic oxygen (O) and atomic nitrogen (N)
contained in the main gas stream. The spherical gas inlet in the center of the
photograph introduces nitric oxide (NO) to the system, which reacts with
the nitrogen atoms in the main stream to yield more molecular nitrogen
and atomic oxygen. The oxygen atoms then react with excess nitric oxide
molecules to produce nitrogen dioxide molecules (NO,), some of which are
excited and emit light, which here has a predominantly greenish cast. At
a later stage in the experiment, when neither the blue nor the green light
is seen, all the nitrogen atoms in the stream have been replaced by oxygen
atoms, which then interact to produce a much weaker and monochro-
matic green light with a wavelength of 5,577 angstrom units. The green
line at this wavelength is a conspicuous feature of airglow spectrograms.

THE ILLUSTRATIONS
Cover photograph by Jon Brenneis
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An assistant professor at State
grew attached to his PDP-8.
When he tried to express it,
he was told to repress it,
for hugging might NOR an OR gate.

We don't sell the PDP-8 for its emotional value. We
sell itas a small, high speed, core memory, full general
purpose computer that scientists can afford.

But it gets personal.

It's a real-time, on-line computer that becomes part of
the experiment. And it's a computer that a man can
talk to (FORTRAN), play with, fit to a special mold,
then change the mold, if need be. Scientists involved

with their work sometimes develop special feelings
for the machine,

There are 101 standard Digital modules available for
building and interfacing special inputs and outputs.
There are 35 standard plug-in options. There are 85
Digital field engineers to advise. And if the PDP-8 is
not perfectly suitable, there are the LINC-EIGHT, the
larger PDP-7, and the very large PDP-6 behind it.

DIGITAL

COMPUTERS - MODULES

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01784. Telephone: (617) 897-8821 « Cambridge, Mass. « Washington, D. C. « Parsippany, N. J. «
Rochester, N.Y. « Philadelphia « Huntsville « Orlando « Pittsburgh « Chicago « Denver « Ann Arbor « Los Angeles « Palo Alto « Seattle « Carleton Place and Toronto,
Ont. « Reading, England « Paris, France « Munich and Cologne, Germany » Sydney and West Perth, Australia « Modules distributed also through Allied Radio
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As the nation’s leading and most preferred
Make or producer of sheet metal enclosures for
electronic devices and systems, only Bud

Radio can offer so many choices to guide

Bu your decision.
y 1. Widest range of standard enclosures

" - and accessories in styles and sizes to
080,3/0” fit most product requirements . . . de-
livered from inventory in substantial

quantities and economically priced.

N

Enclosures modified from our standard

-
IS a models can often substitute for a special

design, resulting in noteworthy savings

] L J -
Scientific . ;oo
3. Completely original fabrications from

your prints. Compare our costs, facil-

P / ities, manpower and capabilities with
rocess! ow

4. For short run specials or prototypes,
select housings built with either of two
types of Bud Imlok extrusions and con-
nectors. Unique cabinetry can be cre-
ated quickly and economically . . . no
tooling costs.

5. When service and same-day delivery
are important, evaluate the benefits of
purchasing from Bud Authorized Dis-
tributors. There are 400 located in
principal marketing areas.

We would like you to know more about
the capabilities of Bud Radio, our exten-
sive product line and the services available
to you. Write for the ‘‘4-pack’’ of literature
that tells the whole story and the name of
your nearest Bud Distributor.

BUD RADIO, INC.

4615 East 355th Street ® Willoughby, Ohio 44094
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LETTERS

In your department “Mathematical
Games” for January the good Dr. Matrix
states: “Four is the only number, among
all the infinity of numbers, that states
correctly the number of letters in its
English name.”

How about two cubed?

Morris H. Woskow

University of California
Davis, Calif.

Sirs:

Marvin Shinbrot, in his fascinating
article “Fixed-Point Theorems” [Sci-
ENTIFIC AMERICAN, January] made the
following statement concerning classi-
cal physics and determinism: “In any
mechanical system, whether it is the
moon and the earth or a swinging pen-
dulum, the motions of the system are
completely determined by its initial dis-
placements and velocities.” I feel com-
pelled to underline his assumption that
the interaction forces are known. The
importance of this assumption is brought
out in the glancing collision of two
perfectly elastic spheres whose exact
initial displacements and velocities only
are known. Neither the displacements
nor the velocities of these spheres after
collision can be predicted by calcula-
tions!

Even if the interaction force is given
with the initial conditions, small pertur-
bations of the system limit prediction of
positions and velocities through suc-
cessive collisions to the immediate fu-
ture. Emile Borel has shown that a
perturbation as small as a one-centime-
ter displacement of a one-gram mass on
the star Sirius makes predictions about
molecular collisions on earth invalid
after microseconds!

Jonn B. HArT

Xavier University
Cincinnati, Ohio

Sirs:

Musicians are always thankful for
any attention their art receives from
the world of science, and I hope it will
not be taken for ingratitude if I correct
some minor inaccuracies in E. Donnell
Blackham’s interesting discussion of



THE NEED "o i,
THE MATERIAL

Silastic® brand silicone rubber . . . for the life-supporting
oxygen hose between man and craft; for the heat shield that
protects against re-entry temperatures exceeding 5,000°F;
for gaskets, sealants and insulations with superior resistance
to heat, cold, ozone, oil, high vacuum.

THE SUPPLIER .. coning

. .. where top materials men continue to develop solutions
to some of the toughest performance problems of this age.
Our publication, Materials News, gives a bi-monthly preview.
Get it free . . . write Dept. 9703, Dow Corning Corporation,
Midland, Michigan 48640.

DOW CORNING
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For research labs and rolling mills and everything in between...

The Incomparable
Brush Mark 200.

speaks
for 1tself!

Look again.

Only one direct writing recording
system in the world will give you
incredibly crisp clear traces like
that: the Brush Mark 200. No
wonder people call it ‘“‘the finest
ever built!"”

That's what we had in mind when
we designed it.

That's why Mark 200 Systems
have a patented Hydrostatic Inking
System that puts the trace into the
paper . . . not just on it. And a
unique, reliable pen position feed-
back system that delivers total sys-
tem accuracy of better than %4%!
Plus a totally new pen linkage that
assures true rectilinear writing.

But that’s not all. Thanks to mod-
ular sub-systems, we can match a
Mark 200 to your specific require-
ments without special engineering
time and costs. Choice of three
different penmotors . . . thirty-two

Lrush

pre-amplifiers . . . vertical or hori-
zontal oscillographs. Any combina-
tion you want for any recording job
that comes along.

But words alone don’tdo the Mark
200 justice.

The only way to really appreciate
a Mark 200 is to see one perform.
And with well over 20,000 channels
now operating across the country, a

demonstration under actual field |

conditions is easy. Ask your Brush
representative. Brush Instruments
Division, Clevite Corporation, 3773
Perkins Ave., Cleveland, Ohio 44114.

b e

Just out: Three new technical reports on
Strain Recording, Temperature Recording
and Techniques of Low Level Recording.
Write today and get your free copies.

CLEVITE

INSTRUMENTS DIVISION
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“The Physics of the Piano” [SciENTIFIC
American, December, 1965].

“Each octave has eight white keys,”
he writes on page 92, “for playing the
diatonic scale (whole notes).” Mr. Black-
ham probably meant to say “whole
steps” or “whole tones.” The whole note,
called in England the semibreve, has
nothing to do with scales; it is a symbol
for the duration of a tone that lasts
four times as long as a quarter note.

Even when this slip has been cor-
rected, however, the sentence remains
inaccurate, for the term “diatonic scale”
is not to be equated with or explained
as “whole steps” any more than as
“whole notes.” The very essence of the
diatonic scale is its mixture of whole
steps with certain half steps, as in all
major and minor scales.

It must also be pointed out that the
introductory sentences of the same
paragraph, although separately true, be-
come misleading in juxtaposition. “The
keyboard of the modern piano is con-
structed on essentially the same princi-
ples that had been fully developed be-
fore the 15th century. The standard
keyboard has 88 keys divided into seven
and a third octaves....” This seems to
say (although I am sure it was not the
author’s intention) that the 15th-cen-
tury keyboard, like the modern one,
already had 88 keys and more than
seven octaves. The facts are that as
late as the 17th century most keyboards
had only four octaves, Bach’s harpsi-
chord in the 18th century had some-
thing over five, the pianos of the time
of Mozart ordinarily had five (61 keys),
and Beethoven’s Broadwood in the early
19th century had six; seven-octave key-
boards, although heard in the 1820,
became common only after 1840.

One final point. In connection with
the impact noise of the hammer, Mr.
Blackham says: “Some composers even
write with this specific quality in mind.
An example can be found in Piano
Concerto No. 2 of the American com-
poser Edward MacDowell, in which
certain passages are marked martellato,
presumably to indicate that as much
hammer noise as possible should be in-
troduced into the passage.” Nothing of
the sort is to be presumed. Martellato,
meaning “hammered” in Italian, is a
standard direction, occurring more often
in music for bowed stringed instruments
than in piano music, and indicating a
staccato style with strong accents—ob-
tained in the stringed instruments by a
special method of bowing and on the
piano by a sort of hammering tech-
nique of the player’s hands. In both

cases it refers to a style or manner of



H. L. F. Von Helmholtz Woodcarving by William Ransom
(1821-1894) photographed by Max Yavno

MULTIDISCIPLINED MAN —“The eye, regarded as an optical instrument
of human manufacture, was thus described by Helmholtz — the physiologist
who learned physics for the sake of his physiology, and mathematics for the
sake of his physics, and is now in the first rank of all three. He said, ‘If an
optician sent me that as an instrument, I should send it back to him with
grave reproaches for the carelessness of his work, and demand the return of
my money.” !

'William Kingdon Clifford, Lectures and Essays, London, 1879, pp. 144-145.

INTERACTIONS OF DIVERSE DISCIPLINES -4

Against the problems of his time, Helmholtz could apply three interacting disci-
plines. Against the problems of the twentieth century, Planning Research Corpora-
tion applies twenty-eight interacting professional disciplines to solve problems for
governments and industry. Among many areas in industry where the forces of the
interactions are effective — particularly the interactions of the mathematical and
physical sciences —is a specific area that may be termed “Distribution Manage-
ment.” Distribution Management, now emerging as a system science, demands a
new magnitude of sophistication in the implementation of events by which a fin-
ished product is brought to the final user: inventory control, market research,
marketing organization, warehousing, and transportation. In this work, as in all
Planning Research work, a multidisciplined team approach is employed to find
optimum solutions. The Corporation invites inquiries particularly from organiza-
tions with complex geographic problems of Distribution Management. Address
Dr. Philip Neff, Vice President for Economics.

PLANNING RESEARCH CORPORATION

Home office: 1100 Glendon Avenue, Los Angeles, California 90024
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Why did
JPLgive us

the Mars

Over 1,000 reels—approxi-
mately 2.5 million fee t—of Audio
Devices Computer Tape sup-
ported the photography and tele-
metry of the Mariner IV mission.

Why did the Jet Propulsion
Laboratory use Audio?

Real-time data acquisition
demanded quality computer
tape. Many brands were tested
before the 7%2 month flight.
Audio was chosen.

Maybe it was the tests. Maybe
they liked our references (21
out of the top 25 U.S. industrial
companies buy computer tape
from us). Maybe it's because
we're tape specialists. In any
case, maybe it's time you con-
sulted a specialist.

Get the picture? JPL did!

%

; ; INl. INSTRUMENTATION TAPE = COMPUTER TAPE = AUDIOTAPE
235 E. 42nd St., New York 10017. Offices in Chicago, Los Angeles and Washington, D.C.
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playing and not to actual hammers on
an instrument.

HowARD SHANET

Associate Professor of Music
Conductor of the University Orchestra
Columbia University

New York, N.Y.

Sirs:

Permit a minor correction to the
historical section of E. Donnell Black-
ham’s interesting paper on the physics
of the piano in Scientific American:

The last of the important steps in
the development of the modern piano
was not, as is generally believed, first
taken by the justly famous Henry Stein-
way (Steinweg). In August, 1842, the
Danish piano maker C. C. Hornung ap-
plied for a Danish patent for a one-
piece cast-iron frame for all kinds of
pianos. At the same time manufacturing
started—13 years ahead of Steinway.
The patent was granted in 1843.

C. C. Hornung and a fellow crafts-
man, Mgller, began making pianos in
1827, and the firm Hornung & Mgller is
still very much alive.

CHR. BErGsgEe, M.Sc.

Copenhagen-Lyngby
Denmark

Scientific American, March, 1966; Vol. 214, No.
3. Published monthly by Scientific American, Inc.,
415 Madison Avenue, New York, N.Y. 10017;
Gerard Piel, president; Dennis Flanagan, vice-
president; Donald H. Miller, Jr., vice-president
and treasurer,

Editorial correspondence should be addressed to
The Editors, ScienTIFIC AMERICAN, 415 Madison
Avenue, New York, N.Y. 10017. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
ScienTIFIC AMERICAN, 415 Madison Avenue,
New York, N.Y. 10017,

Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue,
New York, N.Y. 10017.

Offprint correspondence and orders should be
addressed to W. H. Freeman and Company,
660 Market Street, San Francisco, Calif. 94104,
For each offprint ordered please enclose 20 cents.

Microfilm correspondence and orders should
be addressed to Department SA, University Micro-
films, Ann Arbor, Mich. 48107.

Subscription rates: one year, $7; two years, $13;
three years, $18. These rates apply throughout
the world. Subscribers in the United Kingdom may
remit to Midland Bank Limited, 69 Pall Mall, Lon-
don SW 1, England, for the account of Scien-
tific American, Inc.: one year, two pounds 11
shillings; two years, four pounds 14 shillings;
three years, six pounds 10 shillings.

Change of address: please notify us four weeks
in advance of change. If available, kindly furnish
an address imprint from a recent issue. Be sure to
give both old and new addresses, including ZIP-
code numbers, if any.
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P
this

little tungsten
mesh cube.

When you want to pack a lot of heat into the smallest pos-
sible area, think mesh. A one-inch cube gives you 111
square inches of high-temperature surface area. For gas
or fluid heating.

Unlike solid materials, Sylvania mesh expands and con-
tracts freely and evenly. Without distortion, warping or
cracking. Without hot spots or runaways, because we draw
our mesh to extremely close tolerances.

Sylvania makes mesh out of tungsten, molybdenum,
stainless steel —or any material (even plastics). Where can
you use it? For trouble-free heating elements. Or elements

that combine heating with filtering. We can practically as-
sure a useful design life up to 30,000 hours.

(We even put our tungsten mesh heating elements
through 2000 cycles from room temperature to 2750°C
and back again, in a controlled atmosphere.)

Sylvania keeps developing new ideas in refractory ma-
terials and heating techniques —as natural outgrowths of
our capabilities in chemistry and metallurgy. Take ad-
vantage of this leadership—to advance your product de-
velopment. Chemical & Metallurgical Division, Sylvania
Electric Products Inc., Towanda, Pennsylvania 18848.

SYLVANILA

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GVF&E
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Researchers, Scientists, Technicians
have long wanted speed,
versatility, high quality

and simplicity
in Photomicrography.

Now they have it.

The Wild* Photo Automat attaches to any straight monocular tube micro-
scope or the Wild Trinocular M-20 Research Microscope. It shoots color or
B/W with equal ease on 35mm, #120 roll, or 6x9 cm cut film. Automatic
film transport is available for 35mm film. The operator (experience unnec-
essary) focuses microscope and dials eyepiece power. He dials illumination
(Brightfield, Darkfield, Widefield) and the film speed. He snaps the picture.
Exposure time is automatic, so there’s no waste of time or film.

The operator will find it quite difficult to get a bad photomicrograph.

WRITE FOR BOOKLET MI-608 OR DEMONSTRATION.

HEERBRUGG
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20 AND 100
YEARS AGO

S CAN

MARCH, 1916: “In the years preced-
ing the war we were told that so mur-
derous would be the combined artillery,
machine-gun and rifle fire from an en-
trenched position that no troops in the
world would attempt a frontal attack.
The war has proved the very contrary.
Indeed, the present gigantic struggle for
the capture of Verdun has consisted, so
far as the German infantry is concerned,
in little else but frontal attacks against
what are probably the most completely
defended positions in the world. It is
probable that since the early history of
warfare troops have never been sub-

| jected to such a frightful ordeal as the

| dense masses of German infantry which
have stormed, or attempted to storm,
the outlying Verdun positions. The High
Command of the German army knows
what it is about, but the average layman
is beginning to ask himself how long
the German army can last if its numbers
are to be reduced through the coming
spring and summer at the rate of
wastage in the Verdun battle.”

“Director Hale of the Mount Wilson
Observatory reports in a recent note
that at the close of the 1915 construc-
tion season the steel dome for the 100-

‘inch reflector—the world’s largest tele-
scope—was completely enclosed and in
working order. The shipment of the
tube, constructed at the Fore River Ship
Yards, has been delayed by the suspen-
sion of traffic via the Panama Canal.
The parabolizing of the 100-inch mirror
is now 85 per cent complete. It is
thought that the great telescope cannot

| be ready for use before the summer of

119177

“According to information secured
from an authentic source, it is learned
that during the recent Zeppelin raid on
Paris 40 bombs were dropped by the
aircraft, part of them incendiary and
the remainder explosive. Since a number
of the bombs failed to explode, the

" authorities have been given an oppor-
 tunity of examining their construction.



Report from

BELL

LABORATORIES

R. C. Miller (left) and J. A. Giordmaine
check the alignment of the crystal in
which variable-frequency, laser-type
light is generated.

A Tunable Source of “Laser” Light

A narrow beam of light, as generated
by a laser, appears to offer many de-
sirable qualities as a possible medium
of communication. Individual lasers,
however, operate at separate, discrete
frequencies. For communications,
tunable sources of light comparable to
the variable-frequency oscillators
used in radio work are useful.

Recently, Bell Telephone Labora-

tories scientists J. A. Giordmaine and
R. C. Miller demonstrated an experi-
mental tunable source of this type.
Operating on parametric oscillation
principles at optical frequencies (see
illustration below), the device uses a
crystal of lithium metaniobate, which
is “pumped” by a laser beam. The
device emits two beams, each of which
is tuned by changing the temperature

of the crystal. With the present model
an 11° C temperature change pro-
duces a 6 percent change in output
wavelength of each of the beams.

Tunable, coherent sources represent
a versatile scientific tool of importance
for optical spectroscopy. In other ap-
plications, they could function as local
oscillators in optical-frequency super-
heterodyne receivers.

Operating features of tunable source based on para-
metric oscillation at optical frequencies: ‘‘pump”’
light from laser enters lithium metaniobate crystal
at left, and, as a consequence of parametric oscilla-
tion, two additional beams are produced in the
crystal. End surfaces of crystal, to which dielectric
coatings have been applied, are partially reflecting.
From right end emerge the two beams, plus the
pump light, which is blocked by the filter.

The principles governing parametric oscillation
include the conservation of the energy and momen-
tum of the interacting photons. As a consequence
of energy conservation, the sum of the two output
frequencies equals that of the pump. These output
frequencies vary with temperature since the crys-
tal’s temperature-dependent index of refraction
controls photon momentum in the beams.

In current work, the second harmonic of a pulsed
calcium tungstate/neodymium-doped laser pro-
videsthe required 7 kilowatts of pump power. Pump
frequency of 5.7 x 105 gigacycles (5290A wave-
length) produces output frequencies ranging from
about 2.6 x 105 gigacycles (11,500A) to 3.1 x 105
gigacycles (9700A), depending on temperature.

Lithium metaniobate, whose unique optical prop-
erties are essential to this effect, was first investi-
gated in detail at Bell Laboratories where, also,
large optical-quality crystals for this experiment
were grown.

LITHIUM
METANIOBATE METAL BLOCK
CRYSTAL /
5290- TUNABLE
ANGSTROM SRR } LIGHT
PUMP OUTPUT
WA [ U
| FILTER
TEMPERATURE \PUMP LIGHT
CONTROL BLOCKED BY
FOR TUNING FILTER
EON -
i ) Bell Telephone Laboratories
.+ ¢ Research and Development Unit of the Bell System
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See single variables more clearly on charts 100 mm wide

— or record two related variables simultaneously on 50 mm channels

P N A e

These portable oscillographs
will save you valuable lab/field time

For maximum resolution of traces rep-
resenting extremely small variations in
the dc to 30 cps parameter being meas-
ured, the Sanborn 7701A single-channel
oscillograph combines every time-proven
advantage of reliable, heated stylus,
rectangular-coordinate recording with
the wide adaptability of plug-in signal
conditioners of your choice (now 6
Sanborn types to choose from). Chart
speeds pushbutton-selected, 0.5 mm/
sec to 50 mm/sec; at min. speed, over
30 hours of continuous recording are
possible. Basic system, completely por-
table in 12” x 10” x 18” case, $1,075;
interchangeable preamps from $75 to
$600.

When two conditions must be measured
simultaneously — in the millivolt to 500
volt range, or as low as 10 uv from AC-
excited transducers — the 320/321/322

HEWLETT

family of portable recorders offers dc-
125 cps response, individual-channel
Range, Gain, Function, Stylus Heat and
Position controls, 0.25 div. max. non-
linearity, four pushbutton chart speeds,
low drift and high gain stability. Model
320 designed for general-purpose dc
to 125 cps recording, has 0.5 mv/mm
max. sensitivity, floating input; price
$1650. Model 321 carrier-type with
built-in oscillator for ac transducer ex-
citation, 10 uv/mm sensitivity; price
$1650. Model 322 for general purpose
dc-125 cps recording, 10 mv/mm sensi-
tivity; differential, balanced, high im-
pedance input; price $1395. Each system
occupies only one cubic foot, may be
used in portable case or rack-mounted.

Call your local Hewlett-Packard/Sanborn field
engineering office now for complete specifica-
tions or application assistance — or write:
Sanborn Division, Hewlett-Packard Company,
175 Wyman Street, Waltham, Mass. 02154. In

Europe, Hewlett-Packard S.A., Route des
Acacias 54, Geneva, Switzerland.

PACKARD ﬁ SANBORN

DIVISION

See HP at IEEE—March 21-24 Third Floor—New York Coliseum
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| They are ordinary steel spheres without
| handles; two of them weigh 136 pounds
each and measure 12% inches in diam-
eter. The shell is 5/16 inch thick and
contains 46 pounds of trinitrotoluene.
The third bomb weighs 224 pounds and

measures 20 inches in diameter.”

“Periodicities in various meteorologi-
cal and magnetic phenomena on the
earth have been more or less conclu-
sively linked up with the sunspot period
and other periods of solar activity;
hence it is natural to look for analogous
correspondences between the phenome-
na of the sun and of planets other than
our own. In this connection Nature
cites some recent researches by T. Kohl,
who finds that Jupiter’s northern cloud
belts appear to be especially weak at
times of sunspot maxima, and to become
broader and more conspicuous during
sunspot minima. Observations of the
‘secondary light” on the dark side of
Venus suggest coincidence in time with
auroral displays on the earth, and the
latter, of course, coincide with periods of
solar activity.”

MARCH, 1866: “All the facts of ge-
ology tend to indicate an antiquity of
which we are beginning to form but a
dim idea. Take, for instance, a single
example—England’s well-known chalk.
This consists entirely of shells and frag-
ments of shells deposited at the bottom
of an ancient sea far away from any
continent. Such a process as this must
be very slow; probably we should be
much above the mark if we were to
assume a rate of deposition of 10 inches
in a century. Now the chalk is more
than 1,000 feet in thickness and would
therefore have required more than 120,-
000 years for its formation. The fos-
siliferous beds of England as a whole are
more than 7,000 feet in thickness, and
many which measure only a few inches
expand on the Continent into strata of
immense depth, while others of great
importance elsewhere are wholly absent
in England. Moreover, we must remem-
ber that many of the strata now existing
have been formed at the expense of
older ones; thus all the flint gravels in
the south-east of England have been
produced by the destruction of chalk.
This again is a very slow process. It has
been estimated that a cliff 500 feet high
will be worn away at the rate of an inch
in a century. The Wealden Valley is 22




Why do so many
engineers

do business with
Merrill Lynch?

We can’t blueprint the answer.

But we do know that most engineers
—all kinds of them, including those
who direct our own computer opera-
tions—have a certain affection for
the orderly and the organized.

That’s why we think that most engi-
neers would have a particularly high
regard for the work of our Research
Division—its reports on hundreds of
individual companies, itsindustry
studies, its quarterly review of busi-
ness conditions and the market out-
look, and especially its premier prod-
uct—the individual portfolio review.

MERRILL LYNCH,

Last year, some 60,000 people asked
for and got (at no cost to them) just
that kind of personalized investment
help—a detailed analysis of all their
holdings in the light of their own in-
vestment objective, specific sugges-
tions for the purchase or sale of in-
dividual securities, proposals for the
investment of additional funds. Some
of those reviews were only a few
pages long; some ran to dozens of
pages. But whether long or short,
every review ended up with a reca-
pitulation sheet showing the investor
just what his holdings were worth
and what yield he was realizing from

PIERCE, FENNER & SMITH

them, and everyone of them was ac-
companied by such Merrill Lynch
reports as were pertinent to his
portfolio.

Suggestion?

Whether you're an engineer or not,
write to us about your own situation.
Your own ideas of the risks you can
afford. The rewards you seek.
You'll get the very best answer we
can come up with—for you—with-
out charge or obligation of any kind.
Simply address your letter to the at-
tention of John W. Anaya, Invest-
ment Inquiries, Dept. SS-4.

INC

MEMBERS OF THE NEW YORK STOCK EXCHANGE AND OTHER PRINCIPAL STOCK AND COMMODITY EXCHANGES
70 PINE STREET, NEW YORK, N. Y. 100056 — 212 WHitehall 4-1212
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Locate your next plant
in New Jersey

and we’ll throw In
New York

and Philadelphia
as a special bonus.

New Jersey is a tremendous market in itself. And if you
cross one river, you're in New York; cross a different river
and there’s Philadelphia. All in all, the Garden State forms
the heart of a market with more than 22 million people —
the largest, richest, most influential market in the world. And
of utmost importance to you, New Jersey has available land
— all the land you want and need. Here you’ll
find everything to develop, manufacture, dis-
tribute and sell your products. .. the
people, the services, the facilities . . . every
specific ingredient that leads to maximum
growth and prosperity. Get all the facts about
New Jersey and, in particular, details on
the spacious, well-planned industrial parks
here. Simply return the coupon below.
There is no cost or obligation.

r-----—-—-—-—--_——- -——_-1

Public Service Electric and Gas Company
Box ASA, 80 Park Place, Newark, New Jersey 07101

Please send my copy of:
““NEW JERSEY/LAND OF AMAZING ADVANTAGES.”

[ Also, send more information on industrial parks.

Name

Title.

Firm

Street

City and State

PUBLIC SERVICE ELECTRIC AND GAS COMPANY
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miles in breadth, and on these data it
has been calculated that the denudation
of the Weald must have required more
than 150,000,000 of years.”

“The fatal truth connected with the
vaisseaux blindes, or French iron-clads,
: about which so much fustian has been

talked and written, is at last made clear.
These vessels are of no use whatever.
{ The iron-plated vessels, having made a
hole in the budget through which has
| passed 100 million francs of the public
[ money, are declared only fit to remain
stationary in port and will never be able
to use their artillery at sea, the slightest
motion of the sea paralyzing the action
of the guns. This unexpected check to
the dream of maritime power indulged
in by the Emperor has given a terrible
| blow to his amour propre. The mania
| for creating a monster navy and pos-
sessing those three great elements of
power—ships, colonies and commerce—
which, according to the great Louis
Napoleon, must be regarded as the very
souls of national greatness in modern
times, is increasing with the Emperor’s

old age.”

“The Spectator insists that to secure
house room for the working class their
dwellings in great cities must be built
into the air. The cost of the site must be
distributed among many floors. Inside
corridors can be superseded by broad,
continuous outside balconies. Each ten-
ant would thus possess a separate house,
and the sense of living in a barrack,
which workmen so much dislike, would
be obviated. Such balcony streets, more-
over, would be thoroughfares and allow
of supervision much more easily than
corridors, and they would also allow the
hardworking poor to open little shops
above the ground floor—an impossibility
with existing architecture.”

“The Russian chemist M. Mendelejeff
has just published the results of a series
of very laborious researches with re-
spect to the specific gravity of absolute
alcohol, and of the various compounds
of alcohol with water. Curiously enough,
these results go to show that of all
previous determinations of the specific
gravity of alcohol and its hydrates the
oldest, being those made by Gilpin in
1794, are the most accurate. M. Men-
delejeff’s experiments far transcend in
accuracy all previous ones upon the
same subject, their author having taken
into account every possible source of
error and having bestowed the utmost
pains upon ascertaining the magnitude
of each.”
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If we’re handling things right, you should be able to take
us, our cars, and our service for granted.

Our mission?

There’s more to it than having new Fords and other Hertz
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But our mission doesn’t end there.

We have certain confidential information to turn over to
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When you pinpoint a star you've got to be right

Tracking stars through the immen-
sity of space night after night calls
for unwavering precision.

At Kitt Peak National Observatory in
Tucson, Arizona, an SKF bearing as-
sembly smooths the way for the 84”
Reflecting Telescope, as astrono-
mers pinpoint stars light-years away.

Kitt Peak’s smaller 36" stellar tele-
scope revolves on SKF bearings,
too. And in the 60” Solar Telescope
—largest in the world —a precision
clock drive turns the crucial helio-
stat mirrors on SKF spherical bear-
ings. Reason: their motion must be
as dependable as the earth’s jour-
ney round the sun.

SKF can help you meet critical bear-
ing requirements in everything from
telescopes to turbines.

Make sure SKF is on your approved
list. For the latest on SKF bearings
in space, write for ‘“Space Bro-
chure,” to Dept. 889-SA3.

e ] o1 ol

INDUSTRIES, INC.
Philadelphia, Pa. 19132
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drawn-in extra quality

finish, straightness

[ and dimension? A few

in Communication

Laboratory Instruments,

Petro-Chemical Dispensers,

Marine and Aero Control

Systems, Automotive

[ Research Equipment,

Brewing Systems, Vertical

I Transportation Controls,

Coolant Systems, Heart

i Valves, Altitude Controls,

| Suboceanic Petroleum
Research Apparatus,

Gyroscopes, Pressure Cells,

| Atmospheric Monitor

| Equipment, Explorer
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| Observation Units . . . and
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applications. -
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The standard range of quality
production at TMI—.050" to
1.250" 0.D.in cold drawn seamless
and Welded Stainless, high
temperature and high corrosion
alloys including Haynes,
and Huntington alloys.
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THE AUTHORS

JOSEPH B. MacINNIS (“Living un-
der the Sea”) is director of diving re-
search for Ocean Systems, Inc. He is
a Canadian who obtained a medical
degree at the University of Toronto in
1962, turned to the subject on which he
writes after having studied high-pres-
sure physiology at the University of
Pennsylvania School of Medicine. His
chief interests are the psychological
and physiological responses of humans
to diving, living and working in the
deep sea and the development of life-
support systems that facilitate human
activity under the sea. Maclnnis, who
held three Canadian swimming records
in 1956 and 1957, has himself taken
part in dives as deep as 600 feet, made
several underwater films, conducted re-
search on diving problems and written
extensively about the pleasures and
problems of undersea activity by hu-
mans.

FRED RAPP and JOSEPH L. MEL-
NICK (“The Footprints of Tumor Vi-
ruses”) work at the Baylor University
College of Medicine, where Rapp is
associate professor of virology and Mel-
nick is professor of virology and epi-
demiology and chairman of his depart-
ment. Rapp, a graduate of Brooklyn
College, received a Ph.D. at the Uni-
versity of Southern California at Berke-
ley in 1958. He taught there for a year
and at the Cornell University Medical
College for three years before going to
Baylor in 1962. Melnick, who was
graduated from Wesleyan University,
obtained a Ph.D. at Yale University in
1939 and remained there for 18 years
as a member of the faculty of the
School of Medicine. He was chief of
the virus laboratories in the division of
biologics standards at the National In-
stitutes of Health for a year before
going to Baylor in 1958. Rapp and Mel-
nick, who have begun investigating
cancer after years of research in virol-
ogy, have learned how to confer a
tumor-causing potential on viruses that
do not normally have that property;
they write that they “are interested in
learning how to make the converse
operational.”

J. N. JAMES (“The Voyage of Mari-
ner IV”) is a member of the Jet Propul-
sion Laboratory of the California In-
stitute of Technology. He was project

| manager for the Mariner flights to
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Venus and Mars; last year he received
the Exceptional Scientific Achievement
Medal of the National Aeronautics and
Space Administration for that work.
Recently he became acting assistant di-
rector of lunar and planetary projects at
the Jet Propulsion Laboratory. James,
who received a bachelor’s degree in elec-
trical engineering from Southern Metho-
dist University in 1942 and a master’s
degree from Union College in 1948,
did radar work with the Navy during
World War II. He spent five years in
private industry before joining the Jet
Propulsion Laboratory in 1950.

E. A. MUYDERMAN (“Bearings”) is
a research engineer at the Philips Re-
search Laboratory in the Netherlands.
He did his undergraduate work at the
Technical University of Delft, where he
studied the road-holding properties of
vehicles. Joining Philips in 1938, he
was given a choice of activities and
chose bearings. That work introduced
him to the subject of air-lubricated
bearings. He concentrated on an in-
vestigation of their properties and was
led to the development of the spiral-
groove bearings that he describes in his
article. The theoretical work on these
bearings formed the basis for the Ph.D.
he obtained at the Technical University
of Delft in 1964.

PETER F. BAKER (“The Nerve
Axon”) is a university demonstrator in
physiology at the University of Cam-
bridge and also a fellow of the univer-
sity’s Emmanuel College. He did his un-
dergraduate work at the university and
stayed on to obtain a Ph.D., which in-
volved him in work on the phosphorus
metabolism of nerve. During that work
he became interested in axons. In 1964
he visited the U.S. as a guest investigator
at Rockefeller University.

D. J. MULVANEY (“The Prehistory
of the Australian Aborigine”) is senior
fellow in prehistory at the Australian
National University. As an undergradu-
ate at the University of Melbourne,
concentrating on Greek and Roman
history, he made a special study of
Roman Britain and by that means be-
came interested in archaeology. “I real-
ized,” he writes, “that archaeological
methods could be applied in Australia,
but no formal instruction in prehistoric
archaeology was then offered in Aus-
tralia.” He went to the University of
Cambridge to study prehistoric archae-
ology from 1951 to 1953. Thereafter
for 10 years he lectured in ancient
world history at the University of Mel-
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XEROX

all purpose calculator

Weighs only 8 oz.

THE CURTA IS A PRECISION
CALCULATING MACHINE FOR
ALL ARITHMETICAL OPERATIONS

Curta adds, subtracts, multiplies, divides,
square and cube roots, continuous multi-
plication, negative multiplication, standard
deviations and all statistical calculations,
squares and higher powers, co-ordinates and
associated land survey formulae, and every
other computation arising in science and
commerce . . . Available on a trial basis.
Price $120.00. Write for literature.
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P. O. BOX 3414

© 1966 SCIENTIFIC AMERICAN, INC

| bourne “but spent much of my vaca-
tion time excavating aboriginal sites.”
In some of this work he had the sponsor-
ship of the Nuffield Foundation. Last
year he moved to the Australian Na-
tional University in Canberra, where
he devotes full time to research in pre-
history.

THEODORE H. SAVORY (“False
Scorpions”) is vice-principal of Stafford
House, a tutorial college in Kensington,
England. Although he describes him-
self as having spent most of his adult
years leading “the typical life of a Brit-
ish public school master,” he is in fact
one of the world’s foremost authorities
on arachnids, the group of animals that
includes spiders, daddy longlegs and
scorpions. His interest was kindled
when he was 16 and “contemplating the
idea of specializing in some sort of
animal.” One day he was reading out-
doors when a spider dropped from an
oak tree onto his book. Savory “said to
companion, casually, ‘What about spi-
ders?” “Why not?” replied he, and so it
was.” After graduating from the Uni-
versity of Cambridge in 1918, Savory
spent 31 years teaching science at Mal-
vern College and seven years as senior
biology master at the Haberdashers’
School in Hampstead. He took his pres-
ent position in 1958. The article on
false scorpions is his third in ScienTIFIC
AMERICAN; the others were “Spider
Webs” in April, 1960, and “Daddy
Longlegs” in October, 1962.

ROBERT A. YOUNG (“The Air-
glow”) is senior physicist in the depart-
ment of atmospheric sciences at the
Stanford Research Institute. After re-
ceiving a Ph.D. in 1959 at the Uni-
versity of Washington, where he also
did his undergraduate work, he spent
a year with the Boeing Airplane Com-
pany before joining the Stanford Re-
search Institute. There he is involved in
work on chemiluminescence, which he
describes in his article and in a book
he is writing, and on laser research,
ionization phenomena, vacuum ultra-
violet photolysis and rocket exploration
of the upper atmosphere. He writes
that photography was one of his main
hobbies until he learned to fly. “Now,”
he adds, “T own a Cessna 210, which I
have flown 30,000 miles in the past eight
months.”

N. W. PIRIE, who in this issue re-
views Science in History, by J. D. Ber-
nal, is head of the biochemistry depart-
ment of the Rothamsted Experimental

| Station in Britain.
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STATE-OF-THE-ART

1964

During the ensuing
six years, Varian As-
sociates’ scientists
and engineers made
manyadvancesinthe
state-of-the-art.

At this point in time,
our best tubes forsat-
ellite communication
groundterminals
were tunable over
a 2.5% frequency
range, with a narrow
electronic band-
width and many fea-
turesthatensured
high reliability.

STATE-OF-THE-ART

1966

Working hand-in-hand with Amer-
ica’s leading satellite communica-
tion terminal designers, Varian’'s
scientists and engineers have built
up the most thorough knowledge,
capability, and technology in the
entire microwave tube industry.

STATE-OF-THE-ART 1965-66:
Just a few months later, Varian CW
power klystrons for satellite
communication terminals have
advanced the state-of-the-art to:
® tuning ranges approaching 10°%o
m bandwidths approaching 1%
accomplished without sacrifice in
gain, efficiency, or reliability.

TODAY, for transportable termi-
nals, CW klystrons have been de-
veloped with both lightweight and
air-cooled features.

When you have need for a CW kly-
stron that pushes the state-of-the-
art, Varian scientists and engi-
neers, with all of the knowledge,
capability, and technology gained
through their years of custom de-
signing tubes and equipping nearly
all existing satellite communica-
tion terminal systems, will work
hand-in-hand with you to help you
extend the state-of-the-art in your
industry.

For more information write or phone: Palo Alto Tube

Division, 611 Hansen Way, Palo Alto, California.
in Europe: Varian A. G., Zug, Swilzerland.

© 1966 SCIENTIFIC AMERICAN, INC



SCIENTIFIC

Established 1845 AME RI CAN March 1966

Volume 214

Number 3

Living under the Sea

To learn more about the ocean and harvest its resources, men must

be able to live and work as free divers on the continental shelf.

Several research programs are currently developing this ability

and quite another to establish per-

manent outposts in it, to explore it
and to work and live in it. In recent years
parts of the ocean floor have been
studied in considerable detail, but al-
most entirely by surface-bound investi-
gators. They have sounded the oceans
with electronic devices, dangled instru-
ments thousands of feet below the
surface and secured samples of the
bottom, and a few have undertaken
brief expeditions in submersible vehicles
to the greatest depths. Now, however,
men are beginning to try to live under-
water—to remain on the bottom exposed
to the ocean’s pressure for long periods
and to move about and work there as
free divers.

The submerged domain potentially
available to man for firsthand investi-
gation and eventual exploitation can
be regarded as a new continent with an
area of about 11,500,000 square miles—
the size of Africa. It comprises the
gently sloping shoulders of the con-
tinents, the continental shelves that rim
the ocean basins. The shelves range up
to several hundred miles in width and
are generally covered by 600 feet of
water or less. That they are submerged
at all is an accident of this epoch’s sea
level: the ocean basins are filled to over-
flowing and the sea has spilled over,
making ocean floor of what is really a
seaward extension of the coastal topog-
raphy. Geologically the shelf belongs
more to the continents than to the

It is one thing to glimpse a new world

24

by Joseph B. Maclnnis

oceans. Its basement rock is continental
granite rather than oceanic basalt and is
covered largely with continental sedi-
ments rather than abyssal ooze.

Not surprisingly, mineral deposits
similar to those under dry land lie
under the shelf. Oil and natural gas
are the foremost examples. In 1964
alone the petroleum industry spent $5
billion to find and recover offshore oil;
only recently the continental shelf in
the North Sea has become the site of
extensive exploration for oil and gas.
Drilling and capping a well from the
surface is not easy. The prospect of
more efficient oil and gas operations in
deeper water by men working on the
floor of the shelf is one of the primary
reasons for the surge of activity directed
toward living under the sea. There are
other reasons. One is the increasing in-
terest in all aspects of oceanography,
coupled with an awareness of the geo-
logical, biological and meteorological
information to be gained in direct under-
sea investigations. Another is the ad-
vance in free-diving techniques that
began with the invention of “self-con-
tained underwater breathing apparatus”
(SCUBA) in the 1940’s. Finally, there is
a need for improved methods of under-
water salvage and submarine rescue.

he reasons for going underwater are
balanced by an impressive list of
potential hazards. Most of them stem
from the effects of pressure, which in-
creases at the rate of one atmosphere
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(14.7 pounds per square inch, or 760
millimeters of mercury) with every 33
feet of depth in seawater.

The best-known hazard and one of
the most dangerous is decompression
sickness—“the bends.” Under pressure
the inert gas in a breathing mixture
(nitrogen or helium) diffuses into the
blood and other tissues. If the pressure
is relieved too quickly, bubbles form
in the tissues much as they do in a
bottle of carbonated water when it is
opened. Sudden decompression from a
long, deep dive can be fatal; even a
slight miscalculation of decompression
requirements can cause serious injury to
the joints or the central nervous system.
A diver must therefore be decompressed
slowly, according to a careful schedule,
so that the inert gas can be washed out
of the tissues by the blood and then
exhaled by the lungs. Whereas the de-
mands of decompression become more
stringent with depth, with time they
increase only up to a point. After about
24 hours at a given depth the tissues be-
come essentially saturated with inert gas

UNDERWATER DWELLING called the
SPID (for “submerged, portable, inflatable
dwelling”) was designed by Edwin A. Link
as a base of operations for long dives to
the continental shelf. In the photograph
on the opposite page the SPID is under-
going a pressure test at 70 feet. In the sum-
mer of 1964 two divers occupied the SPID
for two days at 432 feet below the surface.
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90

CONTINENTAL SHELF (lightest areas) off part of North Amer-
ica is shown. It is less a part of the ocean basin than it is an ex-
tension of the continental land mass. As in most parts of the
world, the shelf slopes gently to about 600 feet below sea level;
then the continental slope plunges toward the floor of the ocean
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basin. On this map, based on charts of the International Hydro-
graphic Bureau, the contour intervals are in meters rather than
feet. The lightest tone shows the bottom from sea level down
to 200 meters (655 feet); successively darker blacks indicate bot-
tom from 200 to 1,000, 1,000 to 3,000 and deeper than 3,000 meters.
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at a pressure equivalent to the depth;
they do not take up significantly more
gas no matter how long the diver stays
at that level. Therefore if a diver must
descend to a certain depth to accomplish
a time-consuming underwater task, it is
far more efficient for him to stay there
than to return to the surface repeatedly,
spending hours in decompression each
time. Although this “saturation diving”
is efficient, it imposes an extra technical
burden, because the schedules for the
ultimate decompression must be calcu-
lated and controlled with particular care.

Pressure also has significant effects
on a diver’s breathing requirements.
For one thing, hyperoxia (too much
oxygen) becomes almost as dangerous
as hypoxia (too little). Acute hyperoxia
can affect the central nervous system,
causing localized muscular twitching
and convulsions; chronic hyperoxia im-
pairs the process of gas exchange in the
alveoli, or air sacs, of the lung, Optimum
oxygen levels are still under investiga-
tion; they vary with the duration, depth
and phase of the dive and the muscular
effort required of the diver. It is clear,
however, that the “partial pressure” of
oxygen should be kept between about
150 and 400 millimeters of mercury
during the at-depth phase of a long
saturation dive. The partial pressure of
oxygen in the air we breathe at sea
level is 160 millimeters of mercury (21
percent of 760). If oxygen is kept at 21
percent of the mixture, however, its
partial pressure increases with depth—
rising to 1,127 millimeters 200 feet
down, for example. As a result the pro-
portion of oxygen in the air or other
breathing mixture must be cut back
sharply from 21 percent. The band of
permissible percentages narrows rapidly
with depth [see illustration on page 30],
calling for increasing accuracy in the
systems that analyze and control the gas
mixture.

Nitrogen, which is physiologically
inert at sea level, has an anesthetic
effect under pressure. At depths greater
than 100 feet it begins to produce
“nitrogen narcosis,” an impairment in
judgment and motor ability that can
render a diver completely unable to
cope with emergencies. Helium has
been found to be much less narcotic and
is currently used instead of nitrogen in
almost all deep-sea dives. Being less
dense, it also offers less breathing re-
sistance under pressure; this can be im-
portant to a working diver. Helium has
two disadvantages, however. Because
its thermal conductivity is almost six
times as great as nitrogen’s, it acceler-
ates the loss of body heat and makes a

diver uncomfortably cold even at tem-
peratures of 70 or 80 degrees. Helium
also distorts the resonance of a diver’s
voice, making his speech almost unin-
telligible and thus giving rise to a
serious communication problem.

In any confined environment the
buildup of exhaled carbon dioxide must
be monitored carefully. In our diving
experiments for Ocean Systems, Inc.,
we try to keep the partial pressure of
this gas below seven millimeters of mer-
cury (compared with the sea-level pres-
sure in fresh air of .3 millimeter), but at
the U.S. Naval Medical Research Labor-
atory in New London, Conn., Karl E.
Schaefer has found that at sea level
slightly higher levels are tolerable for
several weeks. In any case, carbon di-
oxide accumulates rapidly in a small
space and soon reaches a toxic level,
causing dizziness, headache and an in-
crease in the rate of breathing, It must
therefore be continuously “scrubbed”
out of the diver’s atmosphere, usually
by being passed through some chemical
with which it will react. Other gases,
such as carbon monoxide and certain
volatile hydrocarbons, can also reach
toxic levels quickly if they are allowed
to concentrate in the diver’s breathing
mixture.

There are sometimes other obstacles
to casual access to the ocean floor: a
demoralizing lack of visibility, strong
currents, uncertain bottom profiles.
There are also dangerous marine ani-
mals, ranging in size from a unicellu-
lar infective fungus to the widely feared
great white shark. Finally, the water of
the continental shelf is cold. Tempera-
tures average between 40 and 60 de-
grees, and without protective clothing
a diver soon becomes totally ineffective.

Faced with these difficulties commer-

cial divers and undersea investigators
found it impossible to spend time and
do useful work on the continental shelf.
Those who went down in pressurized
suits and thick-hulled submersible ve-
hicles were held prisoner by their pro-
tective armor. Free divers, on the other
hand, could not go very deep or stay
very long. In 1956 Edwin A. Link,
the inventor of the Link Trainer for sim-
ulated flight training, was engaged in
undersea archaeological investigations.
He recognized that a diver could work
more effectively at substantial depths if
he could live there for prolonged periods
instead of having to be decompressed
to the surface after each day’s work.
Link set out to build a vehicle that could
operate as an underwater elevator, a
diving bell and a decompression cham-
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ber. The “submersible decompression
chamber” (SDC) he designed is an
aluminum cylinder 11 feet long and
three feet in diameter [see illustration
on page 29]. With its outer hatches
closed it is a sealed capsule in which a
diver can be lowered to the bottoin. On
the bottom, with the internal gas pres-
sure equal to ambient water pressure
and the hatches open, the SDC serves
as a dry refuge from which the occupant
can operate as a free diver. Then, with
the hatches again closed, it becomes a
sealed chamber in which the diver can
be decompressed safely and efficiently
on shipboard or during his ascent to the
surface. An inner hatch provides an air
lock through which someone else can
enter the chamber (or pass food and
other supplies into it) during the de-
compression phase.

Before open-sea experiments with the
SDC were possible some preliminary re-
search was necessary. How deep could
a man go as a free diver? How long
could he stay down? What would be the
acute and the long-term medical effects
of the pressure itself and of the syn-
thetic atmosphere? What would be the
response to the cold, the confinement
and the psychological hazards of deep
submergence? Some early and signifi-
cant answers were provided by Captain
George F. Bond, a U.S. Navy physician
who in 1957 conceived and carried out
a series of simulated dives in a compres-
sion chamber on land at the Naval
Medical Research Laboratory. Bond’s
group first exposed small animals, in-
cluding some primates, to a pressure
equivalent to a depth of 200 feet. Volun-
teer Navy divers then lived in the
chamber under precisely controlled con-
ditions of pressure, temperature and
humidity. These experiments showed,
among other things, that men could
breathe helium instead of nitrogen for
long periods without ill effects and en-
couraged Link to move ahead.

Early in September, 1962, the SDC
underwent its critical test in the Medi-
terranean Sea off Villefranche on the
French Riviera. A young Belgian diver,
Robert Sténuit, descended in it to 200
feet and lived there for 24 hours, swim-
ming out into the water to work and re-
turning to rest in the warm safety of
the pressurized chamber. When the
time came to return to the surface,
Sténuit did not have to face hours of
dangling on a lifeline or perching on a
platform, decompressing slowly in the
cold water. Instead he sealed himself
into the chamber, was hoisted to the
deck of Link’s research vessel, the Sea
Diver, and there was decompressed in
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the Link project, “Conshelf” is Jacques-Yves Cousteau’s and “Sealab” is the U.S. Navy’s.
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safety and relative (although somewhat
cramped) comfort.

Meanwhile, moving ahead indepen-
dently, the French undersea investi-
gator and inventor of the aqualung,
Jacques-Yves Cousteau, had undertak-
en experiments aimed at establishing
manned undersea stations on the con-
tinental shelf. The first experiment in
his “Conshelf” program was carried out
near Marseilles in mid-September, 1962,
when two men lived under 35 feet of
water for a week. The divers worked in
the sea several hours a day, returning
to a cylindrical cabin to eat and sleep.

Cousteau’s group went on, in the
summer of 1963, to establish a complex
underwater settlement at the remote
Sha’ab Rumi Reef in the Red Sea. The
hub of the settlement was “Starfish
House,” an assembly of cylindrical
chambers in 33 feet of water. It housed
five men and their eating, sleeping and
laboratory facilities for a month. Nearby
was a submarine “hangar” from which
a two-man “diving saucer,” with its pilot
and passenger protected from the sea
pressure, made a number of trips as
deep as 1,000 feet to collect samples
and make observations at the edge of
the reef. Down the coral slope from
Starfish House, at a depth of 85 feet,
two men lived in the controlled oxygen-
helium-nitrogen environment of a “deep
cabin” for seven days, making short ex-
cursion dives as deep as 360 feet. One
of the most interesting things about
Conshelf II was its demonstration that—
at least for relatively shallow depths—
the participants did not have to be ex-
perienced divers or even young men
in particularly good physical condition.
Instead they were picked for their voca-
tional ability as mechanics, scientific
workers, cooks and so on. The experi-
ment showed that biological investiga-
tions and submarine operations could be
carried out from submerged stations.

In the U.S. meanwhile Link and Bond

were designing pressure experiments
and engineering diving systems that
would enable free divers to reach great-
er depths safely. From late 1963 until
March, 1964, a series of simulated satu-
ration dives—the first such dives deeper
than 200 feet—were carried out under
the technical direction of Captain R. D.
Workman at the Navy’s Experimental
Diving Unit in Washington. The tests
showed that divers suffered no harmful
effects when exposed to depths of 300
and 400 feet for 24 hours and that they
could be decompressed successfully on
a linear decompression schedule.

Link had decided that the second



phase of his “Man in Sea” project would
attempt to demonstrate that men could
work effectively at 400 feet for several
days. He established a “life-support”
team under the direction of Christian J.
Lambertsen of the University of Penn-
sylvania School of Medicine to under-
take preliminary research and super-
vise the medical aspects of the dive.
Under Lambertsen’s direction James G.

h‘.fi

PORTHOLE

HATCH
(OPEN)

Dickson and I first evaluated the ac-
curacy and reliability of gas analyzers
that would monitor the divers’ breathing
atmosphere. In addition to proving out
the system, our experiments showed that
mice could tolerate saturation at (and
decompression from) pressures equiva-
lent to 4,000 feet of seawater.

The 400-foot dive required the design
of a larger and more comfortable “dwell-
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LINES
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ing” on the ocean floor. Such a dwelling
presents unusual engineering problems.
It must provide shelter and warmth and
be easy to enter and leave underwater,
simple to operate and resistant to the
corrosive effects of seawater. The dwell-
ing must be heavy enough to settle on
the bottom but not so heavy that it is
hard to handle from the deck of a sup-

port ship. Link’s unique solution was

BALLAST TRAY

TWO CHAMBERS used in the Man in Sea 432-foot, two-day dive
are diagrammed. The “submersible decompression chamber,” or
SDC (left), is an aluminum cylinder 11 feet long and three feet in
diameter. With the hatches open and the inside gas pressure

equal to the external water pressure, the SDC serves as a diving
bell. The SPID (right and photograph on page 25) is an eight-by-
four-foot inflatable rubber dwelling with a steel frame and ballast
tray. Access to it is through an open entry port at the bottom.
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OXYGEN (PERCENT)

PERMISSIBLE RANGE (barred white band) of oxygen content in the breathing gas sup-
plied to a diver narrows sharply with depth, requiring close control in order to avoid
zones in which there is a danger of hypoxia (gray) or hyperoxia damaging to the lungs
(light color) and the central nervous system (dark color). For several days’ exposure at
sea level a safe range is from 20 to 60 percent. With depth the “partial pressure” of oxy-
gen increases, however; at 300 feet, or 10 atmospheres, 2 percent of the breathing mix-
ture represents as much oxygen as 20 percent would represent under sea-level conditions.

in effect an underwater tent: a fat
rubber sausage eight feet long and four
feet in diameter, mounted on a rigid
steel frame [see illustration on preceding
page]. Deflated at the surface, the “sub-
merged, portable, inflatable dwelling”
(SPID) is remarkably easy to handle—an
important advantage when undersea
habitations are established in remote lo-
cations. As it is submerged, the tent is
inflated so that its internal gas pressure
is equal to the ambient water pressure.
There are no hatches; an open, cuftlike
entry port in the floor of the SPID allows
easy access and provides the necessary
vertical latitude for variations in the
pressure differential. Inside the SPID
and in watertight containers on the
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frame and on the ballast tray below it
are stored supplies and equipment: gas
cylinders and the gas-circulating system,
a closed-circuit television camera, com-
munications equipment, food, water,
tools and underwater breathing gear.

In the 400-foot dive the SPID was to
be one of three major pressure cham-
bers. The second was the proved SDC
and the third was a new deck decom-
pression chamber. This time the SDC
was to serve as an elevator and also as
a backup refuge on the bottom but not
as the main decompression chamber.
After a long, deep dive decompression
takes several days, and it is important
that the divers be as comfortable as pos-
sible. An eight-by-five-foot decompres-
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sion chamber with a four-foot air lock
was therefore secured to the deck of the
Sea Diver. The SDC could be mated to
it so that the divers could be trans-
ferred to it under deep-sea pressure.
Decompression could then proceed
under the direct supervision of life-
support personnel.

Early in June, 1964, Link and his re-
search group sailed to the Bahamas
to test the three-chamber diving con-
cept. We checked the chambers with
dives to 40 and 70 feet, spending several
weeks refining techniques for handling
the SDC and the SPID and coping with
potential emergencies. The exact site for
the dive, chosen with the cooperation
of Navy personnel using sonar and un-
derwater television, was a gentle coral
sand slope 432 feet deep, about three
miles northwest of Great Stirrup Cay.

On June 28 the underwater dwelling,
with its vital gear carefully stowed
aboard, was lowered slowly to the
ocean floor. When it had settled on the
shelf, the oxygen level inside was adjust-
ed to 3.8 percent, the equivalent of a
sea-level partial pressure of 400 milli-
meters of mercury. The inert gas was
helium with a trace of nitrogen (be-
cause there had been air in the tent to
start with). Then the SPID was left, a
habitable outpost autonomous except
for communications, power and gas
lines, ready for its occupants.

The next step was to transport Sté-
nuit and Jon Lindbergh, another ex-
perienced diver, to the shelf. As usual,
the SDC was placed in the water at the
surface so that the divers could enter it
from below. At 10:15 a.Mm. on June 30
Sténuit and Lindbergh went over the
side and swam up into the chamber,
closed the outer hatches and checked
their instruments. At 10:45, still at the
surface, the SDC was pressurized to
the equivalent of 150 feet with oxygen
and helium to check for leaks; one
minor leak was discovered and repaired.
At noon the chamber started down, slip-
ping through the clear purple water
toward the deep shelf. When it reached
300 feet, Lindbergh reported the bot-
tom in sight. At 1:00 p.M. the anchor
weights touched bottom and the cham-
ber came to a stop five feet above the
sand. It was just 15 feet from the wait-
ing SPID. During the descent the
SDC’s internal pressure had been
brought to 200 feet; now pressurization
was completed. At 1:15 the bottom
hatches were opened and Sténuit swam
over and entered the dwelling. Lind-
bergh joined him and they began to
arrange the SPID for their stay.



At that point Lindbergh reported
that the carbon dioxide scrubber had
been flooded and was not functioning.
The divers found the backup scrubber
in its watertight container and pre-
pared to set it up as the carbon dioxide
level rose to almost 20 millimeters of
mercury. Then they found they could
not get at the reserve scrubber: the
pressure-equalizing valve that would
make it possible to open the container
was missing. With the carbon dioxide
level rising rapidly as a result of their
muscular exertion, they had to leave
the dwelling and return to the SDC. We
had hoped to maintain the diving team
on the shelf with a minimum of sup-
port from the surface, but it now be-
came necessary to send a spare scrubber
down on a line from the Sea Diver. The
divers installed it in the SPID and the
dwelling was soon habitable.

“CONSHELF III” station at 330 feet was occupied by six divers of
Cousteau’s group last fall. The spherical dwelling in which they
lived is shown at the left in a photograph made from Cousteau’s
diving saucer. The elongated shape (far left) is a fin for stability
under tow; the turret-shaped structure is a compression cham-

Later that evening the divers took
over control of the dwelling’s atmo-
sphere, monitoring it with their own
high-pressure gas analyzer and adding
makeup oxygen as required. We kept
watch from the surface by closed-cir-
cuit television as Sténuit and Lindbergh
settled down for the night. While one
slept the other kept watch, checking
instruments and communications (a pro-
cedure that, as confidence in the system
increases, should not be necessary in the
future). The water temperature that
night was 72 degrees and the dwelling
was at 76 degrees, yet both divers later
reported that the helium atmosphere
was too cold for comfortable sleeping,

In the morning the divers swam over

to check the SDC, making sure that
it was available as a refuge in case of
trouble in the SPID. For the rest of
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the day both men worked out of the
dwelling, observing, photographing and
collecting samples of the local marine
life. While they were in the water the
divers breathed from a “closed” re-
breathing system connected to the SPID
rather than from an “open” SCUBA sys-
tem. An open apparatus spills exhaled
gas into the sea. At 432 feet, under
14 atmospheres of pressure, each ex-
halation expends gas equal to a sea-level
volume of some seven liters, which
would be prohibitively wasteful. Link
had designed a system that pumped the
dwelling atmosphere through a long
hose to a breathing bag worn by the
diver. Exhaled gases were drawn back
to the dwelling through a second hose
to be purified and recirculated. The
apparatus worked well except that the
breathing mixture was so dense under
14 atmospheres that the pumps could

ber for emergency escape to the surface. The major task accom-
plished by the divers was the installation and repair of an oil-
well head (right). They were able to manipulate repair tools to

handle emergency breakdown situations met in actual production.
In the photograph a diver is guiding a tool pipe into the wellhead.
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DEFLATED SPID is hoisted over the side of Link’s vessel Sea Diver. One end of the SDC
is visible in the left foreground, with part of the deck decompression chamber beyond it.

not move quite enough of it to meet the
divers’ maximum respiratory demand.
During the second evening we carried
out and recorded voice-communication
tests with the divers breathing either
pure air or a mixture of 75 percent air
and 25 percent helium. Voice quality
was considerably better than in a he-
lium atmosphere, but even 30 seconds
of breathing air caused a noticeable
degree of nitrogen narcosis. At 11:00
p.M. the two men bedded down for the
second night. They were disturbed from
time to time by heavy thumps against
the outside of the dwelling. It de-
veloped that large groupers, attracted
by the small fishes that swarmed into the
shaft of light spilling from the open port
of the SPID, were charging the swarm
and hitting the dark bulk of the dwelling.
The next day the divers measured the
visibility in the remarkably clear water;
they could see almost 150 feet in the
horizontal plane and 200 feet vertically.
Then they took more photographs and
collected animal and plant specimens.
At 1:30 p.M. on July 2 both men were
back in the SDC with the hatches se-
cured. At 2:20, after 49 hours on the
deep shelf, the SDC began its ascent.
The internal pressure was maintained at
432 feet; although the divers were being
lifted toward the surface, they were
not yet being decompressed. At 3:15
the dripping SDC was hoisted onto its

32

cradle aboard the Sea Diver. Now the
internal pressure was decreased to 400
feet to establish a one-atmosphere dif-
ferential between the divers’ tissues and
the chamber environment and make it
possible for helium to begin escaping
effectively from their tissues. Then, at
4:00, the SDC was mated to the deck
decompression chamber, which was also
at a pressure of 400 feet. Sténuit and
Lindbergh, transferred to the deck
chamber and we began to advance them
to surface pressure at the rate of five
feet, or about .15 atmosphere, per hour.
With the divers safe in their chamber
another advantage of deck decompres-
sion became evident: mobility. While
decompression proceeded the Sea Diver
weighed anchor and steamed for Flor-
ida. By the time it moored in Miami
on the afternoon of July 5 the pressure
had been reduced to 35 feet.

During the shallow stages of decom-
pression, breathing pure oxygen estab-
lishes a larger outward pressure gradi-
ent in the lung for the inert gas one is
anxious to flush out of the diver’s tis-
sues and thus helps to prevent the
bends. Since breathing pure oxygen
under pressure for a sustained period
can cause lung damage, Lambertsen
had in the past suggested alternating
between pure oxygen and compressed
air. We instituted this interrupted oxy-
gen-breathing schedule when the divers
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reached 30 feet. Still, we had one period
of concern about decompression sick-
ness. At about 20 feet Sténuit reported
a vague “sawdust feeling” in his fingers
that seemed to progress to the wrists. I
examined him under pressure in the
chamber. There were no abnormal
neurological findings, but decompres-
sion sickness is so diverse in its mani-
festations that almost any symptom has
to be taken seriously. Dickson and I
therefore recompressed the chamber one
atmosphere and then resumed decom-
pression at the slower rate of four feet
per hour. Finally, at noon on July 6,
Sténuit and Lindbergh emerged from
the chamber in excellent condition after
92 hours of decompression. The im-
portant point about saturation diving
is that their decompression time would
have been the same if they had stayed
down 49 days instead of 49 hours.

heir dive had shown that men could

live and work effectively more than
400 feet below the surface for a sub-
stantial period, protected by an almost
autonomous undersea dwelling, and be
successfully recovered from such depths
and decompressed on the surface at sea.
More specifically, it demonstrated the
flexibility and mobility of the three-
chamber concept. It also emphasized
some problems, including the voice dis-
tortion caused by helium and the need
for a larger breathing-gas supply to sup-
port muscular exertion. It showed that
the control of humidity in an atmo-
sphere in direct contact with the sea is
extraordinarily difficult. The relative
humidity in the chamber was close to
100 percent and both divers complained
of softened skin and rashes. Temper-
ature was a problem too. Both men pre-
ferred having the chamber temperature
between 82 and 85 degrees. In the
water, we realized, heated suits are re-
quired to keep divers comfortable even
in the Caribbean Sea.

There have been a number of other
recent saturation diving experiments,
two of them conducted by Bond’s Navy
group. The first, “Sealab I,” took place
off Bermuda later in July, 1964. Four
men lived for 10 days in a large cylindri-
cal chamber 192 feet below the surface.
Last summer the Navy conducted “Sea-
lab II,” a massive 45-day effort involv-
ing three teams of 10 men, each of
which spent 15 days underwater. (One
man went down for two nonconsecutive
15-day periods and one, the astronaut
Scott Carpenter, stayed for 30 consecu-
tive days.) The base of operations was a
cabin 57 by 12 feet in size submerged in
205 feet of water near the Scripps In-



stitution of Oceanography at La Jolla,
Calif. The Sealab “aquanauts” sal-
vaged an airplane hulk, did biological
and oceanographic research and con-
ducted psychological and physiological
tests. Electrically heated suits made it
possible for them to work comfortably
in the 55-degree water.

In the Mediterranean off Cap Ferrat,
Cousteau’s group last fall made another
significant advance in underwater liv-
ing. Six men lived in a spherical dwell-
ing 330 feet below the surface for
almost 22 days, linked to the surface
only by an electrical and communica-
tions cable. Cousteau’s “oceanauts” con-
centrated on difficult underwater work,
including the successful emplacement
and operation at 370 feet of a five-ton
oil-well head in which oil under pres-
sure was simulated by compressed air.

[Xs men go deeper and stay longer the
hazards increase and safety margins
narrow. New questions arise. At what

“SEALAB II” CHAMBER housed 10 Navy divers at a time during
a 45-day test at 205 feet last summer. The chamber is a 57-by-12-foot

depth will even helium become too nar-
cotic or too dense to breathe? Can
hydrogen serve as an acceptable sub-
stitute? At what depth will pressure
effects cause unacceptable changes in
tissue structure? What will be the de-
compression obligation after saturation
at 1,000 feet or more? And what are
the residual effects of repeated exposure
to great depths?

Again, the answers are beginning to
come from dry-land experimentation.
Last fall two Ocean Systems divers
simulated a dive to 650 feet in our test
chamber. They stayed at that pressure
for 48 hours, becoming completely satu-
rated with 20 atmospheres of helium.
Our results indicated that helium is
safe—at least at the depth and for the
length of time involved in the test—and
suggested that it may be possible to
continue with helium as the inert gas
even beyond 1,000 feet. We found that
breathing an oxygen-neon mixture for
30 minutes at 650 feet caused no mea-
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surable narcotic or other detrimental
effects and that it markedly improved
voice quality. Heart and lung function,
exercise tolerance, psychomotor per-
formance and blood and urine charac-
teristics were all within normal limits. I
think the most significant result of this
longest deep-pressure experiment to date
was our impression that divers will be
able to perform physical and mental
work almost as effectively at 650 feet
as at the surface.

There do not, then, seem to be any
physiological or psychological barriers
that will prevent the occupation of any
part of the continental shelf. Nonethe-
less, it is important to recognize that so
far all efforts to live under the sea have
been investigations or demonstrations of
man’s ability to do so. In the last analysis
men will live underwater only when
specific tasks, with economic or other
motivations, present themselves. At this
point, however, the gates of the deep
shelf have been opened.

cylinder with several interior compartments. Entry is through the
port at the lower left, which is protected by a wire shark barrier.
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THE FOOTPRINTS OF TUMOR VIRUSES

Some viruses that cause tumors in animals are not found 1n the tumors

but their antigens are. This suggests that the absence of a virus in

a human cancer does not necessarily mean that a virus did not cause 1t

! I Vhe viruses that cause cancers, like
viruses in general, can be divided
into two broad classes: those that

contain ribonucleic acid (RNA) as their
genetic material and those that contain
deoxyribonucleic acid (DNA). The two
classes exhibit a curious difference in
behavior. The RNA-containing viruses
can readily be found in the tumors to
which they give rise; in tumors induced
by DNA-containing viruses, on the other
hand, the virus itself disappears. Be-
cause the DNA viruses cannot be recov-
ered from tumors for study, most of the
investigations of virus-induced cancer in
animals have concentrated on RNA vi-
ruses, specifically those that cause leu-
kemia. A recent discovery, however, has
opened a way to investigation of tumor-
causing viruses of the DNA class. It was
ascertained that, although the viruses
themselves cannot be found in the tu-
mors, they leave footprints, in the form
of antigens, that identify them. This
finding has made possible a broad study
of the transformation of normal cells
into tumorous ones by DNA-containing
viruses.

In our laboratory at the Baylor Uni-
versity College of Medicine we have
been studying two types of DNA-con-
taining virus: the adenoviruses (respon-
sible for colds and other respiratory dis-
eases) and the papovavirus of monkeys
known as SV 40 (simian virus 40). The
two types of virus differ from each other
in many respects, but they are alike in
two significant properties: they often
generate latent infections that produce
no sign of illness, and they can produce
cancer when inoculated into newborn
hamsters (and in the case of some of the
adenoviruses, in newborn mice as well).

Adenoviruses were first recognized
and isolated in 1953 in cell cultures de-
rived from the adenoids of infected
children. Since then more than 30 anti-
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genic types of this virus have been found
in man and other types in monkeys, cat-
tle, dogs, mice and chickens. At least five
types are now known to be capable of
producing tumors in newborn hamsters.
The simian virus was discovered in
cultures of monkey kidney cells that
were used to prepare vaccines against
poliomyelitis and other virus diseases,
including those caused by adenoviruses.
There is no evidence that SV 40 pro-
duces any disease in man; nevertheless,
after its discovery all virus vaccines
were carefully tested to make sure that
this contaminant was excluded, and ex-
perimental studies were undertaken to
examine the virus’s fundamental prop-
erties and effects on various cells. These
studies quickly showed that in cell cul-
tures SV 40 was capable of transform-
ing normal cells into abnormal forms; it
could produce these inheritable changes
not only in hamster cells but also in
human cells. The transformed hamster
cells proved to be capable of producing
tumors when they were implanted in
young adult hamsters.

Grown in a glass dish, the cells trans-
formed by the simian virus multiply into
colonies that look like molds to the un-
aided eye. Under the microscope they
show various abnormalities, such as
aberrations in the chromosomes (breaks,
translocations and deletions) and a
three-dimensional piling up of the cells
[see top illustration on page 41]. This
last marks them as abnormal because
normal cells grown in a dish are inhibited
from climbing over one another and
hence form only a single sheet of cells.

No virus could be found in the tumors
arising from cells transformed by ei-
ther the adenoviruses or SV 40. In the
adenotumors particles with some re-
semblances to the virus were found, but
the particles were plainly not complete
viruses. The SV 40 tumors yielded no
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such particles at all. What, then, could
account for the permanently changed
behavior of the transformed cells, per-
sisting in generation after generation of
these cells? Did the virus endow the
cells with a portion of its set of genes—
a portion that, although not sufficient
for reproduction of the virus itself, im-
posed a control over certain properties
of the cell? If so, could evidence of the
presence of these genes—footprints of
the virus, so to speak—be found among
the chemical products of the trans-
formed cell? Did the transformed cell,
for instance, produce a substance that
was not produced by normal cells and
that could be linked to the virus?

he first indication that such foot-

prints might indeed be found was
reported by Robert J. Huebner and his
colleagues at the National Institutes of
Health. They applied the well-known
complement-fixation test for detecting
antigen-antibody reactions to the serum
of hamsters bearing tumors that had
been initiated by an adenovirus, and
they observed that the animals pro-
duced specific antibodies that reacted
with antigens obtained from the tumor.
Huebner, and Albert B. Sabin of the
University of Cincinnati College of
Medicine as well, went on to apply the
same test to hamsters with tumors in-
duced by SV 40, with the same result:
these animals synthesized antibodies
capable of reacting with a specific anti-
gen derived from the tumor extracts con-
taining the simian virus but not with the
virus itself. The antigen was therefore
called a “tumor” antigen.

Other evidence for the existence of
virus-induced cellular antigens emerged
from studies in our laboratory. If ham-
sters were first inoculated with the SV 40
virus, they later rejected implants of SV
40 tumor cells. Evidently infection with



TUMOR-VIRUS ANTIGEN appears as the luminous granular
green areas in this photomicrograph of hamster cells made by the
technique of immunofluorescence. The cells had originally been in-
fected with the tumor virus SV 40 (simian virus 40), which then
disappeared. Later the cells were treated with antibody to the SV 40

virus; this antibody had been labeled with the fluorescent dye
fluorescein isothiocyanate. When the cells were illuminated with
ultraviolet radiation, the dye fluoresced, revealing the presence of
the antibody. This indicated that, even though the virus itself was
absent, it had left behind antigen that could react with antibody.
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ADENOVIRUSES appear in this electron micrograph. Each has an actual diameter of about
70 millimicrons and a capsid, or outer protein coat, with 252 subunits. These viruses and
those in the electron micrograph at the bottom of this page contain DNA as their genetic
material. Such viruses disappear from the tumors they cause, unlike tumor-causing RNA
viruses, and so have been difficult to investigate as tumor-causing agents. The discovery that
some DNA viruses leave “footprints” in the form of antigen facilitates the study of them.

SV 40 VIRUSES, which are a type of papovavirus, also contain DNA. Each virus is about
45 millimicrons in diameter and has a capsid with either 42 or 72 subunits. These and vari-
ous adenoviruses figured in the investigation by the authors of tumor-causing DNA viruses.
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the virus caused the animals to synthe-
size an antigen eliciting the synthesis of
antibodies that in turn attacked any graft
of cells containing the same antigen; in
short, the viral-induced antigen, which
we call transplantation antigen, acted
as a vaccine, making the animal immune
to inoculation with the tumor cells. Re-
cent studies suggest that the transplanta-
tion antigen is synthesized on the surface
of the transformed cells. The surface of
such cells will react with serum from a
hamster that is immune to inoculation
with an SV 40 tumor but not with the
serum of a hamster hospitable to the tu-
mor. The surface antigen seems to be
the transplantation antigen, which stim-
ulates the production of antibodies di-
rected against the tumor cell. Because of
these antibodies such an animal will re-
sist the transplantation of tumor cells
[see illustration on opposite page]. Such
antibodies are not present in susceptible
animals in which the tumor is able to
grow. Antibodies in the tumor-bearing
animals are able to react with the com-
plement-fixing tumor antigen but not
with the surface antigen.

There was every evidence that the tu-
mor antigen was a new creation—a sub-
stance not present in the virus itself or
in the original cell but one that the
virus caused the transformed cells to
manufacture. What could be learned
about this antigen? Using serum from
hamsters with SV 40 tumors and apply-
ing the immunofluorescence technique
to observe reactions between the serum
and the cells, Janet S. Butel of our labora-
tory found that every hamster cell trans-
formed by SV 40 (either in vivo or in
vitro) synthesized the tumor antigen, or
T antigen, as it came to be called. The
same antigen was also found in cells of
other animals (including man) that were
transformed by SV 40, but not in cells
transformed by other viruses. The anti-
gen was located in small particles within
the nucleus of the cell. What was more,
it showed up in the nuclei that had been
newly formed as the cell divided. Obvi-
ously, therefore, the parent cell passed
on information for the synthesis of this
antigen to its daughter cells.

he fact that transformed cells of

various species of animals synthe-
sized the same antigen clearly indicated
that this synthesis must be controlled by
genes from the virus, incorporated in
the transformed cells. This conclusion
was strengthened by a discovery that
directly linked the virus itself to the
synthesis of the antigen. It was found,
by investigators in Huebner’s and Sa-



bin’s laboratories and in ours, that cells
infected with SV 40 (but not trans-
formed) synthesized the same antigen
that transformed cells did. They pro-
duced the antigen during the early
phases of the reproduction of the virus
in the cell. This antigen production, not
previously observed, was now found to
occur in cells of monkeys, hamsters,
rabbits and man when the cells were
inoculated with SV 40 and then tested
with serum from hamsters containing
the specific antibody.

When the SV 40 virus invades a mon-
key kidney cell, it takes about 30 to 36
hours to produce a new crop of virus
progeny. The protein coats of the new
viruses are not synthesized until near
the end of that period. Long before that
happens—as early as 18 hours after the
infection—the cell begins to produce the
tumor antigen. We soon learned that
poisons that inhibit the synthesis of the
virus’s DNA do not inhibit the produc-
tion of the tumor antigen. This indicated
that replication of the viral DNA is not
necessary for the synthesis of the anti-
gen. We found, however, that the syn-
thesis does depend on messenger RNA
in the cell, because production of the
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SECOND ANTIGEN became evident in a series of experiments.
Newborn hamsters inoculated with SV 40 (left) often developed
tumors and a tumor antigen. Similarly, hamster cells grown in cul-
ture and transformed by SV 40 (given permanent inheritable
changes) often induced tumors when transplanted to young adult
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antigen could be suppressed by the ad-
ministration of the antibiotic actinomy-
cin D, which blocks the formation of
messenger RNA [see illustration on next
page].

Experiments with adenoviruses, car-
ried out in a number of laboratories,
have yielded results similar to those
with SV 40. We can conclude in general
that cells transformed to malignancy by
DNA-containing viruses have as one of
their distinctive properties the produc-
tion of a specific antigen in the nucleus.
The nature of this antigen is not yet
known. There are indications that it
may be an enzyme; similarities have
been found between the induction of
the tumor antigen and a step-up in the
production of thymidine kinase, one of
the enzymes involved in the synthesis of
DNA, during the early stages of the
replication of SV 40 in monkey cells. It
seems from the work of Saul Kit at the
Baylor College of Medicine that the
thymidine kinase produced by infected
cells is somewhat different from that in
normal cells. No precise information has
been obtained so far, however, on what
relation, if any, exists between the tumor
antigen and thymidine kinase.

® SV 40
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HAMSTER CELL

The tumor antigen, then, furnished a
clear and definite link connecting the
viruses in question with cancers. As
events turned out, the antigen also
became something more than that: it
proved to be a marker capable of pro-
viding information about the genetic
transformation of cells. Within a few
months after the discovery of the SV 40
tumor antigen a genetic relation be-
tween SV 40 and certain adenoviruses
was discovered, both in our laboratory
and at the National Institutes of Health.
It developed that these adenoviruses
could cause cells to produce precisely
the same antigen the SV 40 virus did!

he first adenovirus involved was one

called Type 7, which was used as the
seed for the preparation of an adeno-
virus vaccine. It had been found that
during the culture of this virus, involv-
ing many passages in monkey kidney
cells, the strain became contaminated
with SV 40. The cultures in which it
was growing were therefore treated
with a specific antiserum to eliminate
SV 40. The treatment succeeded in
yielding a culture that was free of any
SV 40 capable of producing infection;

SV 40

ANTIBODY SPECIFIC TO TUMOR ANTIGEN

hamsters (center). However, hamsters to which transformed cells
were transplanted after inoculation of the animals with SV 40 resist-
ed the tumor-causing effect of the transformed cells (right). The
virus acts as a vaccine: it induces an antigen, evidently the same
as the “transplantation antigen” carried by the transformed cells.
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DEVELOPMENT OF SV 40 VIRUS under various conditions is depicted. Injected into a
monkey cell, it replicates in about 36 hours. Tumor antigen and viral DNA appear earlier.
The use of inhibitors shows the sequence of events. For example, the synthesis of tumor an-
tigen does not require new viral DNA, whose formation is blocked by cytosine arabinoside.

yet, when the decontaminated Type 7
adenovirus culture was tested by inocu-
lation into newborn hamsters, it induced
tumors. When added to cells in culture,
the virus caused them to produce the
SV 40 tumor antigen. Apparently the
adenovirus was now carrying some
genetic determinants that had belonged
to SV 40. Had the two viruses com-
bined their genetic material and formed
a hybrid virus?

Further experiments showed that a
serum against SV 40 or against its tumor
antigen did not prevent induction of the
antigen by the “hybrid” virus, but a
serum against the adenovirus did block
synthesis of the antigen [see illustration
on opposite page]. These results strong-
ly suggested that SV 40 genetic material
responsible for the antigen synthesis was
encased in a protein coat of Type 7
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adenovirus; the serum against Type 7
adenovirus would prevent the virus
from entering the cells, since the protein
coat is the agency by which a virus at-
taches to and invades cells. On the other
hand, we were able to show that when
the “hybrid” virus was allowed to gain
entry into cells, the production of the
antigen (and of thymidine kinase) fol-
lowed the pattern exhibited by cells in-
oculated with SV 40.

The picture became complicated,
however, when the effect on human
cells was examined. We purified the
“hybrid” virus both in monkey kidney
cells and in human kidney cells (from
embryos) by growing clones, or colonies,
from single cells containing the virus. It
turned out that in the monkey cells the
virus progeny induced synthesis of the
SV 40 tumor antigen; in the human cells

© 1966 SCIENTIFIC AMERICAN, INC

they did not. Was the viral particle that
carried the antigen determinant unable
to reproduce itself in human cells? Was
the “hybrid” population of viruses per-
haps made up of two separate parti-
cles, one capable of replicating itself in
human cells and the other (carrying the
antigen determinant) reproducing only
in monkey cells? Or might some combi-
nation of these ideas explain the results?
These hypotheses were tested experi-
mentally in our laboratory.

The reproduction of viruses in a cell
culture can be measured by counting
the number of “plaques,” or areas of cell
destruction, each representing a focus
of infection, that are produced in the
culture by inoculation with a given dose
of the virus. If only one virus par-
ticle is required to generate reproduc-
tion of the virus (and hence formation
of a plaque), then dilution of the inocu-
lated dose should result in a directly
proportional reduction in the number of
plaques. For example, if the inoculation
is diluted tenfold, only a tenth as many
plaques should be produced. If two
virus particles are required to infect a
cell and initiate a plaque, the reduction
in plaques should be proportional to the
square of the dilution: a tenfold dilution
of the dose should result in reducing the
number of plaques to a hundredth, in-
stead of a tenth, of the former number.

When this test was applied to the
“hybrid” combination of Type 7 adeno-
virus and SV 40, the results indicated
that in human cells the required ratio
was one virus particle for one plaque; in
monkey cells, however, two particles
seemed to be necessary to initiate a
plaque. What was missing in the latter
case? If single virus particles were suf-
ficient for infection and replication in
the human cells, why not in the monkey
cells? It was clear that the population
of virus progeny generated in the hu-
man cells was not the same as that
produced in the monkey cells; the pu-
rified virus from the human cells no
longer contained SV 40 determinants,
and when it was inoculated alone into
monkey cells, it produced no plaques. In
all likelihood, however, this form of the
virus (let us for the moment call it Virus
A, for adenovirus) was one of the two
virus particles required for infection and
virus replication in the monkey cells.
Perhaps the other particle carrying the
SV 40 genes was not produced in human
cells. If that was the case, we should
find that the production of plaques in
cultures of monkey cells could be greatly
increased by adding purified Virus A to
the inoculation of “hybrid” virus into the
monkey cells.



We performed that test. Monkey cells
were first saturated with a concentration
of Virus A (obtained from human-cell
cultures) that was sufficient to infect
every cell in the culture; then the cells
were inoculated with the “hybrid” virus
in various dilutions. The results bore out
the hypothesis. In these cultures the
number of plaques produced was more
than 100 times greater than that in com-
parable cultures without the Virus A
booster.

Taking all the findings together, we

were able to conclude that the hybrid
population of virus produced in monkey
cells does indeed consist of two distinct
viruses. One (the particle that replicates
by itself in human cells) is an adeno-
virus. The other (carrying the SV 40
genetic material that induces the tumor
antigen) we have named PARA, for
“particle aiding replication of adeno-
virus.” In monkey cells the two viruses
are mutually dependent. Only by com-
bined action can they produce the
plaques that signal reproduction of
these viruses. We confirmed by further
experiments that the PARA virus can-
not replicate itself without the help of
the adenovirus, and that the adenovirus
requires the aid of either PARA or
SV 40 to multiply in monkey cells.

A series of highly interesting observa-
tions followed from this germinal find-
ing. It developed that at least five other
types of adenovirus in addition to Type
7 could act as helpers for the replication
of PARA. In each case the progeny car-
ried the specific protein coat of the
adenovirus that had taken part in the
reproduction of the PARA virus. The
change in the coat of PARA from one
type of adenovirus to another is now
called transcapsidation, and it is of
major significance for the oncogenic, or
tumor-causing, potential of viruses. By
means of the transcapsidation reaction
a nononcogenic population of viruses
can be converted into an oncogenic one.
For example, an oncogenic PARA virus
with a Type 7 coat can be made to
undergo a transcapsidation reaction with
a nononcogenic Type 2 adenovirus to
yield a PARA virus with a Type 2 coat,
and this virus is now oncogenic [sec
top illustration on next page]. The onco-
genicity of the original PARA virus
could be blocked only by Type 7 adeno-
antiserum; that of the new PARA virus
can be blocked only by Type 2 adeno-
antiserum.

All the experimental evidence now
points clearly to the conclusion that we
are dealing with a partnership in which
PARA supplies information that enables

the adenovirus to reproduce and the
adenovirus supplies information for the
synthesis of the protein coat that en-
dows PARA with the power of infec-
tion. Since PARA evidently plays a key
role in the transformation of cells to
malignancy, investigators are naturally
eager to learn more about the nucleic
acid—the genetic constitution—of this
virus. Efforts to isolate PARA (that is,
separate it from the adenovirus in the
hybrid population) have been unsuc-
cessful so far, but some pieces of genetic

ADENOVIRUS @

information have emerged from recent
experiments in our laboratory. It ap-
pears that the PARA virus contains de-
terminants not only for the tumor anti-
gen but also for other antigens (men-
tioned earlier) that are found on the
surface of transformed cells. Presumably
for this reason hamsters that have been
inoculated with the “hybrid” virus show
an immune reaction to attempted im-
plants of the cells that have been trans-
formed by SV 40 virus.

The findings reviewed in this article
.l

SV 40
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! /

SV 40 ANTISERUM

ADENOVIRUS
ANTISERUM ADDED

v ADENO VIRUS ANTIGEN
T ADENO TUMOR ANTIGEN
T SV 40 TUMOR ANTIGEN

GENETIC RELATION between an adenovirus and SV 40 appeared when a strain of adeno-
virus being cultured by repeated passages through monkey kidney cells became contami-
nated with SV 40. Addition of an antiserum designed to eliminate SV 40 yielded a culture
that had no SV 40 able to cause infection; yet on injection into newborn hamsters the puri-
fied adenovirus caused tumors; added to hamster cells in culture, it induced SV 40 tu-
mor antigen. Evidently the adenovirus had acquired some of SV 40’s genetic determinants.
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MUTUAL DEPENDENCE of two viruses was demonstrated after it became apparent that a
purified adenovirus carried SV 40 genetic determinants. In human kidney cells (left) this
presumed “hybrid” did not reproduce itself; only adenovirus was reproduced. In monkey
kidney cells (center) the adenovirus reproduced with SV 40 DNA (color). Evidently this
requires two viruses: an adenovirus and PARA (“particle aiding replication of adeno-
virus”). The phenomenon occurs with other adenoviruses (right). The process involved is
transcapsidation: the change in PARA’s protein coat from one type of adenovirus to another.
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have raised many new questions and
seem certain to change many ideas
about the relation of viruses to cancer.
For one thing, they suggest that the
failure to find viruses in human cancers
does not necessarily argue against the
possibility of viruses being the cause of
these cancers. It is apparent that DNA
viruses, in the process of transforming
cells, may surrender the power to re-
produce themselves but leave in the
cells a portion of their set of genes that
will induce malignant growth or remain
associated with such growth. Now that
techniques have been developed for
recognizing the footprints of such vi-
ruses (of the adenovirus and papova-
virus SV 40 breeds) in the tumors of
experimental animals such as the ham-
ster, techniques may be found for de-
tecting viral footprints in human tumors
as well.

The adenovirus-PARA partnership is
another surprising discovery. Other
cases of mutual relations between vi-
ruses have been reported [see “A De-
fective Cancer Virus,” by Harry Rubin;
SCIENTIFIC AMERICAN, June, 1964], but
they involve viruses that are mutants
of each other or otherwise closely re-
lated. The adenovirus-PARA collabora-
tion is the first that has been found
between viruses of completely different
genetic lineage.

t is startling to find that one virus
can usurp the protein coat of another
and thereby endow a previously non-
oncogenic adenovirus with new powers
—which can include the power to pro-
duce cancer. PARA is the result of such
a transfer of viral constituents and is
like a wolf in sheep’s clothing. Par-
ticles like it may be much more wide-
spread than we now suppose. PARA
itself was discovered because it con-
tains an identifying marker (induction
of the tumor antigen); perhaps the foot-
prints of other viruses of this kind will
be discovered. It is conceivable that all
cancer-causing virus populations of the
class containing DNA include such par-
ticles.

If, as we have seen, viruses can carry
pieces of genetic information donated
by other viruses, perhaps they can also
carry pieces of DNA picked up from the
cells in which they are synthesized. The
finding that animal viruses are not re-
stricted to carrying genes for their own
replication but can act as carriers of
foreign genetic information—particularly
determinants that transform cells to
malignant growth—is an intriguing de-
velopment that opens new perspectives
in virology and cell pathology.



e,

L -

. 5"
$ oy Al B

TRANSFORMATION OF CELLS by SV 40 is evident in the dark

area of this photograph. It is a colony of hamster cells that are
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GROWTH RATES of the adenovirus and the PARA virus in the
hybrid population are measured separately by means of plaque
formation. A plaque is an area of cell destruction representing a
focus of infection. The replication of adenovirus in the hybrid pop-
ulation (left) resembled that of adenovirus grown in the presence

growing in a three-dimensional heap in a glass plate. In contrast,
the surrounding normal cells grow in a two-dimensional sheet.
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of SV 40; replication of PARA (right) was almost identical. These
curves contributed to the evidence that the adenovirus did not re-
produce in the absence of either PARA or added SV 40, and that
PARA could not multiply without the helper adenovirus. Hence the
curves showed the mutual dependence of adenovirus and PARA.
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The Voyage of Mariner IV

In which numerous obstacles are overcome to put a >75-pound

spacecraft within 6,118 miles of Mars after a trip of 228 days.

The first of a three-part series on the mission and its results

n October 1 of last year the mis-
Osion of Mariner 1V, the space-

craft that had taken the first
closeup pictures of Mars two and a
half months earlier, was formally ended.
The termination of the successful voy-
age was initiated by a radio command
that switched the spacecraft’s trans-
mitter from a high-gain antenna to an
omnidirectional antenna. In a few days
the radio beam of the high-gain an-
tenna would have swept off the earth
and the communication link to Mariner
IV would have been broken. Switch-
ing the transmitter output to the omni-
directional antenna provided the most
favorable chance of again receiving use-
ful data from Mariner IV sometime in
the future. “Sometime™ will be in Sep-
tember, 1967, when Mariner 1V, if it re-
mains in operation, will approach to
within 30 million miles of the earth.

Mariner 1V responded perfectly to
this final command, as it had to 79
other commands during its historic
flight. When last heard from, it was
transmitting good data on interplane-
tary fields and particles at a rate of 8%
“bits” per second from the unprece-
dented range of 191,060,000 miles from
the earth—out beyond the orbit of Mars.
Mariner IV had operated for 7,375
hours since its launching on November
28, 1964, and had traveled 418,749,000
miles on its first orbit around the sun.

At 3:05 p.y. on October 1 the sig-
nal from Mariner IV dropped below the
threshold of sensitivity of the maser re-
ceiver at the Goldstone tracking station
(near Barstow, Calif.) of the Deep
Space Network. The final signal had a
strength of only 10-18 (a billion-billionth)
watt.

The members of the Mariner-project
team who were gathered that afternoon
in the Mission Operations Center at
the Jet Propulsion Laboratory in Pasa-
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by J. N. James

dena, Calif., represented only a handful
of the thousands of people who had
been involved in the project: members
of the National Aeronautics and Space
Administration, industrial contractors
and workers from many academic in-
stitutions, including the California In-
stitute of Technology, which established
the Jet Propulsion Laboratory and now
operates it for NASA. Looking back
over the three years of intensive work
that had gone into Mariner IV, one had
to be impressed by the narrow margin
of success of such a mission and by the
difficulties that had had to be overcome.

In many ways Mariner IV resembled
Mariner II, which had made the first
successful mission to Venus in 1962
[see “The Voyage of Mariner II,” by
J. N. James; SCIENTIFIC AMERICAN,
July, 1963]. Both were the result of “fall
back” efforts that had to be quickly but
carefully planned when projects based
on a launch vehicle with an Atlas first
stage and a liquid-hydrogen-fueled Cen-
taur second stage had to be abandoned.
The Atlas/Centaur vehicle could have
sent a spacecraft weighing some 1,500
pounds to Mars. The payload-lifting
performance of the substitute vehicle,
which consisted of an Atlas first stage
and an Agena second stage, was origi-
nally about 350 pounds for an inter-
planetary mission; this performance had
to be increased by some 100 pounds
to make possible the flight of Mariner 11
and by another 125 pounds to make
possible the flight of Mariner IV. Both
spacecraft were therefore severely lim-
ited in weight. Both were preceded by
unsuccessful counterparts launched in
the U.S.S.R. Both of the initial launch-
ings—Mariner 1 to Venus and Mariner
II1 to Mars—also ended in failure. Both
of the successful craft developed roll-
stabilization difficulties in flight that
caused delays in conducting the mid-
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course maneuvers. In the end, however,
both completed their mission success-
fully.

Because Mariner IV had the more
difficult mission its design was neces-
sarily more complex than that of Mari-
ner II. Mariner IV had an allowable
weight only 30 percent greater than
that of Mariner 11 (575 pounds to 447),
but it contained 2.6 times as many parts
(138,000 to 54,000).

I n November, 1962, after it had be-
- come clear that the Atlas/Centaur
vehicle would not be ready for a Mars
mission during the favorable opportu-
nity presented in 1964, NASA author-
ized the Jet Propulsion Laboratory to
proceed with a Mariner-class mission
using an Atlas/Agena launch vehicle.
Good opportunities for launching a
spacecraft to Mars occur only at 25-
month intervals. For the revised mis-
sion the Jet Propulsion Laboratory used
an extension of the technology first de-
veloped for the Ranger lunar missions
[see “The Ranger Missions to the
Moon,” by H. M. Schurmeier, R. L.
Heacock and A. E. Wolfe; ScienTIFIiC
AMERICAN, January]. Many of the per-
sonnel who were involved in the en-
counter of Mariner II with Venus on
December 14, 1962, were working on
the Mars project the next day. The
responsibility of the Jet Propulsion

HISTORIC JOURNEY BEGINS with lift-off
of Mariner IV from Pad 12 at Cape Kennedy
at 9:22 A.Mm., November 28, 1964. The space-
craft, encased in a lightweight metal shroud,
sits atop an Agena second-stage rocket,
which in turn sits atop an Atlas first stage.
The mission of Mariner IV was formally con-
cluded 10 months later on October 1, 1965,
after the spacecraft had traveled 418,749,000
miles on its first circumnavigation of the sun.
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Laboratory, as before, was to manage
the entire project: to carry out and con-
trol the system design of the space-
craft and its operations, with the help
of subcontractors who would fabricate
the subsystems and assist in their design
and testing,

Because of the large uncertainties
involved, NASA authorized two launch-
ings. Reliability studies showed that
an extraordinary effort would be needed
to extend the mean life expectancy of
such a complicated spacecraft to the
6,000 hours required to reach Mars. To
accomplish this it was deemed neces-
sary to test and screen every part to be
used in the spacecraft, to subject de-
signs to “worst case” analysis, to build
a complete set of spacecraft assemblies
and require them to pass “type approv-
al” tests over environmental extremes
reasonably greater than anything one
might expect them to experience in
flight, to build and thoroughly test a
complete “proof test” model space-
craft in simulated environments of
space, and to maintain thorough rec-
ords of, and take corrective action on,
every failure or problem experienced
in all tests and operations. Many of
these actions had not been carried out
on the Venus Mariners because of the
limited time available for development.
The Mars Mariners had these advan-
tages, plus another important one. The
Jet Propulsion Laboratory now had in
operation a large test chamber in which
the spacecraft could be subjected to
high vacuum and extreme cold, together
with a level of illumination that simu-
lated solar radiation. With the aid of
this facility we felt sure we could elimi-
nate the temperature problems that
had plagued the flight of Mariner I1.

Three fully equipped flight space-
craft were prepared in order to ensure
that two of them would be ready for
launching in the limited period when
the earth and Mars were in a suitable
relationship. In spite of an intensive
testing program, it was possible to ac-
cumulate a total of only 3,500 hours of
testing on the three flight spacecraft
and the proof-test model, compared

with the 6,000 hours needed for the
actual flight to Mars.

In order to achieve a mission with
the Atlas/Agena vehicle, everyone con-
cerned with weight and performance
had to make sacrifices. The factor of
weight was so critical that as little as
three pounds added to the spacecraft
would have reduced the launch period
by one day, from 29 to 28 days. (The
complete space vehicle, fueled for
launching, weighed some 258,000
pounds.) The three completed space-
craft were all within five pounds of
their specification weight.

The launch period is established by
computations that involve the weight
of the spacecraft, the performance of
the launch vehicle and the trajectories
selected [see bottom illustration on next
page]. The trajectories are of two basic
types, designated Type I and Type II.
The first requires the spacecraft to trav-
el less than halfway around the sun to
reach its target; the second calls for a
flight more than halfway around the
sun. Mariner IV was launched on a
Type I trajectory.

When it was evident that 29 days
was the longest launch period that
could be achieved, plans were made to
reserve and modify two launch pads at
Cape Kennedy—Pad 12 and Pad 13—
and to prepare Mariner III and Mari-
ner IV simultaneously. The launch peri-
od was too short to allow sequential
preparation and launch from a single
pad. After two years of intensive sched-
ule discipline Mariner 111 was sent aloft
on November 5, 1964, one day late.

he Mars Mariners were designed to

conduct eight experiments. Each
spacecraft was equipped with (1) a
television camera, (2) a magnetometer to
measure interplanetary magnetic fields
and to determine whether or not Mars
has a magnetic field, (3) an ion cham-
ber to measure the density and energy
of cosmic rays, (4) a trapped-radiation
detector to measure cosmic rays and
electrons and to search for Martian
radiation belts, (5) a cosmic ray tele-
scope to measure cosmic ray protons

MARINER 1V followed the general design developed by the Jet Propulsion Laboratory for
the Ranger lunar spacecraft and Mariner I1, which traveled to Venus. Mariner IV is oriented
here as it would have appeared from the direction of the earth as it approached Mars. In
traveling outward to the orbit of Mars it fell behind the earth; therefore its path is carrying
it across the page from right to left. Sun-sensors kept the long axis of the craft pointed at
the sun so that the 28,224 solar cells on the four solar panels could collect a maximum
amount of energy. The Canopus-sensor was locked onto the star Canopus, which is near the
south ecliptic pole almost directly below the spacecraft’s line of flight. When the spacecraft
was fixed on the sun and Canopus, its high-gain antenna was pointed toward the earth
throughout the last 70 percent of the flight to Mars, as shown in the illustration on page 47.
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and alpha particles, their energy levels
and direction of motion, (6) a cosmic-
dust detector and (7) a plasma probe
to measure the low-energy protons that
stream outward from the sun as the
“solar wind.”

The eighth experiment—the occul-
tation experiment—involved no special
equipment on the spacecraft. It re-
quired, however, a trajectory precisely
selected so that the spacecraft would
disappear behind Mars for a brief period
(slightly less than an hour). As the Mar-
iner disappeared from radio view and
emerged from behind the planet, its
radio signals would have to pass through
the Martian atmosphere. Depending on
its density and composition, the at-
mosphere would change the apparent
frequency, phase and amplitude of the
signal.

One of the most complicated devices
on board was the “data-automation
subsystem,” which controlled and syn-
chronized the seven instruments, con-
verted their various outputs into a com-
mon digital form and rate and provided
these data to the communication sub-
system. This device alone accounted for
a third of the electronic parts on each
Mariner.

As the intensive development pro-
gram got under way, problems were
exposed by the hundreds. They were
of three general kinds. Lightweight
structures or devices failed to survive
the vibration of simulated launchings.
A few critical components deteriorated
badly when operated for some thou-
sands of hours. Gases trapped in com-
ponents leaked when subjected to a
vacuum for long periods. Although
most of the problems could be solved
readily, some required “crash” efforts
by large task groups of engineers.

One such difficulty involved the data-
automation subsystem. The spacecraft
as a whole is packaged with a density
of about 240 parts per pound; the data-
automation subsystem has a density of
1,000 parts per pound, achieved by em-
ploying miniature “pellet components”
to save weight. The components were
potted in a compound that appeared to
be acceptable until it was subjected to
type-approval tests. Then it was found
that at high temperatures the potting
compound would react with the resis-
tors in the potted circuits; after about
2,000 hours of testing, more than 50
percent of the resistors failed to meet
specifications. After analyzing the cause
of the failures, a task group devised a
glass coating to protect the resistors.
By the time new components could
be assembled into new data-automation

45



1962 1963 1964
EVENT JASONDJFMAMJ JASONDJFMAMJJASOND

AUTHORIZE A

STUDY |

DESIGN [T
FABRICATE 5 S _SES RS e
ASSEMBLE N OO
AND TEST
T
T
LAUNCH R

MARINER SCHEDULE for the Mars mission began with authorization in November, 1962,
based on prior studies. The chart shows how it was necessary to compress design, fabrication
and testing to have three flight-qualified spacecraft ready for launching by November, 1964.

)

[}

..-I
- O
vE &
= e —
[ . § (B I
(s8] in
o 2
< L
= 16 =
(@] o
(7] w
O
v O =
v = =
- ) v =
= ™ TYPE I TYPE a
= 4 )
- v -~
= ~ 10 g
=2 w 9
o .__J
w 0 16 O
e L
5 —
n = —
o = T
[TV r ()
< L
w W 2 ___:
o
Ly (o] 1wl
t— = ~
L Oy
= 3
<
64
|l3
45 28 | 3
OCTOBER —l¢————NOVEMBER ———————————><——DECEMBER
MARINER 11l MARINER IV
29 DAYS >

MARINER LAUNCH PERIOD was fixed by interplanetary geometry that allowed maxi-
mum spacecraft weight for a given amount of rocket energy. Since this energy is fixed for a
given launch vehicle, the launch period depends critically on the weight of the spacecraft.
In Type I trajectories the spacecraft reaches Mars before traveling halfway around the sun;
in Type II trajectories, after traveling halfway. Mariner IV followed a Type I trajectory.
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subsystems, however, there was not
enough time for type-approval tests.
We had to take the gamble of installing
the subsystems on the basis of standard
flight-acceptance tests.

The general scheme for controlling
the attitude, or orientation, of the
Mars Mariners followed the one devel-
oped earlier for the Rangers and the
Venus Mariner. The long axis of the
spacecraft is kept pointing at the sun by
a sun-sensor whose output signals are
used to operate gas jets that can change
pitch and yaw along this axis. The pur-
pose of this control scheme is to keep
the power-generating panels of solar
cells—four panels in the case of the Mars
Mariners—at right angles to the rays
of the sun. If there were not another
control mechanism, however, the panels
would be free to roll around the space-
craft’s long axis like the vanes of a
windmill.

To stabilize the roll axis one would
like to have a sensor that responded to
some bright object either directly above
or directly below the plane of the
spacecraft’s orbit. In the northern celes-
tial hemisphere there is no suitably
bright star in the appropriate location.
In the southern hemisphere Canopus,
the second-brightest star in the sky, is
located within about 15 degrees of the
south ecliptic pole—a point directly
south of the sun as viewed from the
plane of the earth’s orbit [see illustra-
tion on page 48].

Accordingly the Mars Mariners were
equipped with a star-sensor to stabilize
the roll axis on Canopus and keep the
solar panels from windmilling. Because
Canopus is not precisely at the south
ecliptic pole it was necessary to provide
an automatic program that adjusted the
angle between the Canopus-sensor and
the roll axis four times during the long
flight to Mars.

As auxiliary devices for pitch and
yaw control, the Mars Mariners were
equipped with four “sails,” or vanes—
seven square feet of aluminized plastic
film made of Mylar; these vanes un-
furled like Oriental fans at the end of
each solar panel. The sun’s electromag-
netic radiation (as distinct from the
solar wind) exerted a pressure of about
a millionth of a pound on each vane.
The vanes adjusted themselves auto-
matically to balance the spacecraft on
the sun and thereby reduce the fre-
quency of operation of the gas jets. The
total solar pressure on the spacecraft
must be accurately taken into account
in computing a trajectory. It was pre-
dicted that the pressure of sunlight
would push Mariner IV 12,000 miles



toward the orbit of Mars during the
seven-month flight.

The Mariners were designed so that

- their functions and changes in them
were specified by the stored program
of a computer aboard the spacecraft.
If necessary, this program could be
altered by radio command from the
earth. The on-board “central computer
and sequencer” is the device that pro-
vides for most of the timing, sequenc-
ing and computing operations. The
only commands that must be sent to
the spacecraft are those needed to con-
duct a mid-course maneuver, if track-
ing data show that a change in course
is necessary. Four commands are re-
quired for the maneuver. In addition,
the capacity to respond to 28 other
commands is designed into the space-
craft to back up the programmed in-
structions.

CHANGE OVER TO

HIGH-GAIN AN
f MARCH 5

HIGH-GAIN ANTENNA on Mariner IV was fixed with respect to
the spacecraft. The antenna was aligned so that its beam would be
pointed toward the earth throughout most of the flight. The omni-

There were two 10-watt transmitters
aboard: a triode cavity amplifier and
a traveling-wave tube. The triode was
used for the early part of the flight
because it could be programmed to op-
erate at a low power level during the
ascent through the earth’s atmosphere,
when corona effects would occur and
cause electric arcing. We switched to the
traveling-wave-tube transmitter early in
the flight because we knew it was more
durable. If it had failed, the triode
would have switched on automatically
and vice versa. The transmitter alter-
nated in sending 280 bits of data from
the scientific instruments and then 140
bits from 90 different telemetry points
that registered the condition of the
spacecraft: temperatures, gas pressures,
vane angles, voltages and so on. Data
were sent at 33% bits per second for the
early part of the flight and were later
switched to 8% bits per second; at the
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lower rate about a second was needed
for sending a single measurement.

Two antennas projected from the
spacecraft; it could receive or transmit
over either. The omnidirectional an-
tenna was used for transmission until
completion of the mid-course maneuver.
It was not necessary to have a movable
high-gain antenna for the Mars mission,
as it had been for the Ranger moon mis-
sions and for the Mariner 1I Venus mis-
sion. Thanks to the fortunate geometry
of the Mars mission, the spacecraft was
so designed that when it was properly
aligned on the sun and Canopus, the
beam of the high-gain antenna was
adequately aimed at the earth from
about three months after launching un-
til it was switched off on October 1
[see illustration below].

The mid-course motor carried on the
Mars mission used a storable liquid
monopropellant, anhydrous hydrazine,

OCTOBER 1, 19650 |

OCTOBER 1, 1965
MISSION
TERMINATION

1965, and it has again
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directional antenna was used to transmit signals from the space-
craft until the earth fell within the high-gain beam on March 5,

been used for transmission since October 1.
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STAR-TRACKING SYSTEM of Mariner IV employed a sensing device that locked onto
Canopus, which is the second-brightest star in the sky. Canopus lies within 15 degrees of the
south ecliptic pole. As the spacecraft rolls slowly around its long axis, the Canopus-sensor
scans the region of the sky shown. A brightness signal above a certain level brings the roll
to a stop. Early in the flight the sensor locked onto Alderamin and other bright stars.

and was an advance over that employed
for the Venus mission. It could be fired
twice in flight; only a single firing was
necessary to bring Mariner IV into the
desired target zone.

Successful design and operation of
the temperature-control system un-
doubtedly contributed to the long life
of Mariner IV. Without such a system
parts of the spacecraft would have been
125 degrees Fahrenheit colder at Mars’s
distance from the sun than at the
earth’s distance. The temperature in the
instrument bays of Mariner IV was held
in a range between 55 and 85 degrees
F. by a combination of aluminized
sheets of insulation, louvers actuated by
coiled bimetallic strips, and paint pat-
terns and reflecting surfaces.

All the equipment was scheduled to
be shipped to Cape Kennedy in August,
1964, but because of problems uncov-
ered in testing, the last items did not
arrive until September. It had been rec-
ognized that the assembly and prepara-
tion period at Cape Kennedy would co-
incide with the peak of the hurricane
season. During one hurricane threat
Cape Kennedy was completely evacu-
ated. One of the Atlas launch vehicles
had to be removed from the launch pad
and returned to its hangar, and the
spacecraft had to be stored. Fortunately
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such contingencies had been allowed
for in the schedule of Cape Kennedy
operations.

Preparations for the launches pro-

ceeded well, and an attempt was
made to launch Mariner I1I on the first
day of the launch period: November 4,
1964. The attempt had to be aban-
doned because of minor problems with
ground equipment. At about noon the
next day Mariner 111 was launched from
Pad 13. The minor difficulties had been
corrected; the countdown was smooth;
the weather was good, and we were
all confident that the craft was on its
way to Mars. Within minutes the mis-
sion was doomed. When the time came
to free the shroud that protected the
spacecraft during ascent, it could not be
ejected.

Early indications of trouble came at
the end of powered flight, when earth-
based tracking indicated that the ve-
locity of the spacecraft was too low
by about 670 miles per hour. It soon
became clear that the reason was the
extra weight of 290 pounds contributed
by the shroud. Five and a half minutes
after the spacecraft and the Agena had
separated, data telemetered from the
spacecraft showed an unsuccessful at-
tempt to deploy the solar panels. With-
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out its panels deployed the spacecraft
had no solar power and was running on
its battery. After studying the tele-
metered data and building up piece by
piece a picture of the trouble, the oper-
ations team took a series of steps to
save the mission from failure. It com-
manded Mariner 111 to conserve power
by switching off the scientific equip-
ment, repeatedly commanded deploy-
ment of the solar panels, and at the
same time developed a plan to ignite
the rocket motor to put the spacecraft
into a cartwheel spin to fling off the
shroud.

How long should the motor burn?
If it burned too long, either the spin-
ning spacecraft would break up or its
attitude-control system would be unable
to recover. If it burned too briefly, the
shroud would of course stay on.

There was little time left, since a
series of extra commands had to be sent
to ignite the motor at this early stage
of flight. Furthermore, no one could
tell how much charge remained in the
battery under these unexpected flight
conditions. Calculations were made and
the commands were being sent to
ignite the rocket motor when, eight
hours and 43 minutes after launch, the
battery ran out of power.

We were stunned that the labors of
two years had come to this end. The
task before us was to try to understand
what had happened and why, correct
the problem and carry out the launch
operations of Mariner IV—all within 27
days. Fewer than 27 days would be
available if our corrective measures in-
creased the weight of the overall space
vehicle.

The task was completed in 23 days.
The intensity of that effort and the
determination of the men who worked
around the clock to correct the trouble
can only be touched on here.

The shroud consisted of a fiber-glass
skin over a honeycomb core. After five
days of data analysis and special testing
it was determined that the shroud had
ruptured early in the flight, most likely
for the following reasons. During fab-
rication, air was trapped in the honey-
comb cells. Subsequently, as a result of
handling, the skin separated impercep-
tibly from the honeycomb in a few
places. During the thrust up through
the atmosphere, heating caused the air
trapped in the honeycomb to expand
and led to further separation of the skin.
Finally, buffeted by aerodynamic forces,
the shroud ruptured and collapsed.
When the time came for it to separate
from the Agena, it moved forward a few
inches and jammed.



The design, fabrication and testing
of a new shroud made of magnesium-
thorium was begun immediately, and
on November 22 the new shroud was
flown to Cape Kennedy. Because the
new shroud was 47 pounds heavier than
the old one, the launch period was
shortened by a few days. To regain
those precious days we took certain
risks and removed some important
equipment from the space vehicle in
order to lighten it; we also made plans
to remove other equipment if it should

be necessary to extend the launch period
still further. Fortunately these actions
were successful.

On November 27 an attempt was
made to launch Mariner IV, but it
was halted because of a momentary var-

iation in the radio signal from the space--

craft while it was on the ground. The
problem proved to be transitory, and at
1:37 a.m. Eastern Standard Time on
November 28 the long countdown be-
gan. Not quite eight hours later, at 9:22

Aar., Mariner IV rose smoothly from
Pad 12 [sce illustration on page 43].
The Atlas performed perfectly and
dropped away. Just before the ignition
of the Agena engine, telemeter signals
reported that the shroud had been jet-
tisoned forward according to plan.

The Agena, with the spacecraft at-
tached, ignited briefly and went into
a 41-minute coasting orbit at an alti-
tude of 100 miles. The coasting orbit
carried the Agena and its payload over
the Indian Ocean, where the Agena ig-

CANOPUS-OCCULTATION

I

MILES

MARINER IV AIMING REGION was selected to satisfy several
constraints. The contours shown here are drawn on the “impact
plane,” a plane perpendicular to the trajectory of the spacecraft be-
fore it is pulled toward Mars by the planet’s gravity. If the craft en-
ters the impact circle, it will hit the planet. If it enters the Canopus-
occultation contour, it will lose its fix on Canopus. If it enters the

sun-occultation contour, it will lose its fix on the sun. Earth occul-
tation is desired to interrupt the craft’s radio signals. X marks the
aiming point of the mid-course correction. Initial tracking data in-
dicated that Mariner IV would enter the impact plane at 1; later
data established that it actually entered at 2, about 500 miles away.
The miss distance before mid-course correction was 151,000 miles.
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nited for the second time and provided
the thrust needed to achieve an escape
velocity of 25,598 miles per hour.
Tracking data soon showed that Mariner
IV, now separated from the Agena,
would come within 151,000 miles of
Mars—a distance that was well within
the correction capability of the mid-
course motor.

After Mariner IV and the Agena had
separated, the power of the spacecraft’s
radio could be turned up because the
craft was now in the vacuum of inter-
planetary space; the interplanetary sci-
entific instruments were turned on. A
three-minute timer was also started, and
at the end of the three minutes small
explosive charges pulled pins that un-
latched the solar panels and set them in
position. The spacecraft searched for
the sun and “locked” onto it. After that,
still following programmed instructions,
the spacecraft went into a slow roll
about its solar-pointing axis. This roll,
which continued for the next 15 hours,
made it possible—after analysis of the
telemetry data—to distinguish between
interplanetary magnetic fields measured
by the magnetometer and the perma-
nent field of the spacecraft itself.

The roll was stopped when the atti-
tude-control system instructed the Ca-

ENCOUNTER of Mariner IV with Mars took place on July 14, 1965.
The scene is pictured here from inside the orbit of Mars, looking
away from the sun. Mariner IV is approaching Mars from the right,
about 8,000 miles below the plane of the planet’s orbit. (The angle
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nopus-sensor to lock onto Canopus. We
were not altogether surprised to learn
that the sensor had locked onto another
bright star, Alderamin. This problem
had been anticipated; radio commands
were issued to achieve the proper fix
on Canopus.

We had not anticipated, however,
that the problem of staying fixed on
Canopus would absorb our attention
continuously for the next 19 days. The
trouble evidently was that tiny dust
particles shaken from the spacecraft
glinted in the sunlight as they drifted
in front of the Canopus-sensor. A dust
particle a third the diameter of a hu-
man hair and located two feet in front
of the Canopus-sensor would provide
a brightness signal eight times the in-
tensity of Canopus. When such a signal
occurred in the Canopus-sensor, the
spacecraft logic became confused and
responded as if the sensor had detected
a very bright signal other than Canopus.
The spacecraft automatically began to
roll, searching for Canopus, and would
eventually come to rest on yet another
star. The problem was finally corrected
on the 19th day of flight at a time when
it was certain that the spacecraft was
fixed on Canopus: a command was sent
out that in effect disconnected the sens-
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ing circuits that activated the roll search.
From that time on Mariner IV never
lost its fix on Canopus.

Previously, however, on the seventh

day of flight, December 4, a ma-
neuver was attempted to set the space-
craft on a course that would place it in
the target zone. When all the commands
had been stored in the spacecraft for the
maneuver, Mariner IV lost its lock on
Canopus and a command had to be
hastily sent to erase the maneuver se-
quence. The maneuver was successfully
carried out the next day. Commands
were transmitted to the spacecraft in-
structing it to pitch 39 degrees, roll 156
degrees and burn its rocket motor for
20 seconds. The maneuver changed the
course of the craft about a quarter of a
degree and increased its velocity some
37 miles per hour. Mariner IV was now
securely headed for the target.

The diagram on the preceding page
shows the target area and certain “for-
bidden” zones. Mars is in the center.
The band closest to Mars shows the re-
gion within which the spacecraft would
be captured and pulled into the planet.
In the shaded region above Mars the
spacecraft would lose its fix on Canopus
and its roll stabilization. In the region to

of intersection between the two orbits is exaggerated.) At 5:17 p.m.
Pacific Daylight Time, when Mariner IV is about 10,500 miles
from Mars (1), the television camera begins tape-recording views
of the planet. The last of 22 pictures is taken 26 minutes later (2),



the left of Mars the spacecraft would
enter the planet’s shadow, where it
would lose its solar power and its fix on
the sun. The ideal target zone was cho-
sen to match the sensitivity require-
ments of the instruments and to achieve
radio occultation; the aiming point in
that zone and the actual point at which
the spacecraft passed Mars are identi-
fied in the illustration. With the mid-
course maneuver successfully com-
pleted, the space-flight-operations team
at the Jet Propulsion Laboratory and the
stations of the Deep Space Net settled
down to the job of tracking Mariner
IV 24 hours a day and recording data for
analysis. There are three stations in addi-
tion to the one at Goldstone: Woomera
and Canberra in Australia, Johannesburg
in South Africa and Madrid.

On the 78th day of flight some pre-
cautionary measures were taken to en-
hance the probability of success at the
encounter with Mars. The cover of the
television camera lens was scheduled
to be removed automatically in the vi-
cinity of the planet. Because of the dif-
ficulties we had met with the Canopus-
sensor, we were worried that removing
the cover might release a small cloud of
dust particles and cause problems at a
time when there would be little oppor-

tunity for recovery. We issued a com-
mand for the cover to drop away.

Still another precaution was taken.
We knew how successful the mid-course
maneuver had been and thus we could
compute quite accurately the relation of
the spacecraft to the planet at the time of
encounter. We were concerned lest dur-
ing the long flight the bearing system
on the scanning platform that held the
television camera freeze and refuse to
move when commanded to at the end of
the trip. We also knew that the position
of the platform was such that unless it
could be moved we would not be able
to photograph the planet. Accordingly,
in addition to sending a command for
the television lens cover to drop away,
we dispatched a command for the plat-
form to go into its scanning motion.
After we had timed the scanning motion
via the telemetry system for a number
of cycles, we sent out a command that
stopped the scanning platform in such
a way that the television camera would
be aimed directly at Mars at the time of
encounter. The precaution proved un-
necessary: the scanning system did
function when it was finally called on.

Throughout the first four months of
flight the telemetry data showed that
Mariner IV was running into a steadily

when Mars is about 7,400 miles away. At 6:01 p.m. Mariner IV passes within 6,118 miles of
the planet’s surface, the point of closest approach (3). About an hour later (4) Mars comes
between the earth and the spacecraft, blanking out its signals. The occultation ends 54
minutes later (5). About 10 hours later playback of the recorded television pictures begins.
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increasing amount of cosmic dust. This
caused considerable apprehension, par-
ticularly since there had been reports
that Soviet spacecraft aimed toward
Mars had encountered meteor showers.
On about the 145th day of flight the
bombardment observed by the cosmic-
dust detector reached a peak and thence-
forth decreased, relieving our fears.

l\/luch thought and planning went into
the preparations for the 228th day
of flight—the encounter with Mars. We
wondered what to do, for example, if
the narrow-angle sensor, on detecting
the planet, did not successfully initiate
the operation of the tape recorder
aboard the spacecraft. Information
about such a failure would take 12 min-
utes to traverse the 134 million miles that
would then separate Mariner IV and the
earth. It would require a few more min-
utes to analyze the situation, make a de-
cision and send a corrective command,
which would then take another 12 min-
utes to get back to the spacecraft. In
all, some 30 minutes would have elapsed
before the tape recorder could be turned
on. By then it would be about four min-
utes too late to photograph the planet.
Once again a plan was developed to
make use of backup commands by send-

MARTIAN VIEW of Mariner IV at the time
it was taking pictures would have looked
like this. The camera is mounted at the base
of the spacecraft, in the shadow of the sun.
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FIRST CLOSE-UP OF MARS was received at the Goldstone tracking station of the Deep
Space Net on July 15, 1965. Because the sun was shining almost straight down on the planet
there were no strong shadows to bring out surface details. In later pictures, which will
be discussed in a forthcoming article in SCIENTIFIC AMERICAN, numerous craters are visible.

ing them in advance of any evidence
indicating a need for the commands. In
some cases the commands were orga-
nized in such a way that the on-board
program would provide immediate al-
ternative measures.

About 10 hours before the time of
closest approach to Mars the activity
began. The spacecraft was placed in the
encounter mode with the television sys-
tem turned on. The platform holding the
television camera began its scanning mo-
tion. The television subsystem consisted
of a single Vidicon tube attached to a
small reflecting telescope that provided
a focal length of 12 inches. The system
was capable of taking about 22 pictures
in 25 minutes, which were stored on a
330-foot loop of tape.

The picture-taking sequence began at
5:17 p.m. Pacific Daylight Time on July
14 of last year and ended 26 minutes
later. During this period the distance
between the spacecraft and Mars was
reduced from 10,500 to 7,400 miles.
There were some worrisome indications
that something had gone wrong with the
tape-recording mechanism, but these
later proved false. Eighteen minutes af-
ter the picture-taking had been com-
pleted, or at 6:01 ».m., the spacecraft
came within 6,118 miles of the surface
of the planet Mars—the point of closest
approach.
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Until a few days before encounter,
the tracking data had indicated that the
point of closest approach would be about
500 miles nearer Mars. The discrepancy
is still being studied. It might have been
caused by fluctuations in the response of
the spacecraft to solar radiation pressure,
by a slight error in the measured value of
the astronomical unit (the mean distance
from the center of the earth to the center
of the sun, from which all other planetary
distances are computed) or by errors in
the predicted position of Mars in its
orbit.

About an hour after the time of closest
approach Mariner IV disappeared be-
hind Mars. Fifty-four minutes later it
emerged from behind the planet and
its signal was quickly picked up by the
tracking stations at Goldstone and Can-
berra; shortly thereafter the instruments
concerned only with Mars itself were
turned off. Some 11 hours after the time
of closest approach the spacecraft began
the slow playback of the information it
had captured on its tape during its brief
encounter with the planet.

The historic first picture of Mars tak-
en by Mariner IV is shown above. At
the slow playback rate of 8% bits per
second, 8% hours were required to play
back each picture. When the complete
series of 22 pictures had been received,
the tape was played a second time to fill
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in any data that might have been lost in
the first transmission.

The results of all the experiments con-
ducted on the Mariner IV mission will
be reviewed in subsequent articles
in Scientific American. 1 shall sum-
marize briefly by noting that the Mar-
iner IV instruments detected no evidence
that Mars possesses either a significant
magnetic field or radiation belts. The oc-
cultation experiment showed that the
atmosphere of Mars is even thinner than
most earlier studies had indicated. The
22 photographs are still being intensive-
ly studied. They show that the surface
of Mars is heavily cratered, presumably
because it has been subjected to very
little erosion of the kind experienced
by the earth’s surface. Nearly everyone
agrees that the photographs leave open
the question of whether or not Mars has
ever supported life.

7e have evidence that Mariner 1V,
now on the other side of the sun, is
at this writing still working well. By in-
tegrating the radio signal from the
spacecraft over a period of several min-
utes, the stations of the Deep Space Net
have been able to detect the signal even
though its power is only a tenth that of
the background noise level. It is not
possible, however, to extract informa-
tion from such a faint signal.

This spring a new high-precision 210-
foot dish antenna is scheduled to go into
operation at Goldstone. If Mariner IV is
still working, the new dish may be able
to recover some significant data from
the spacecraft’s signals. Meanwhile the
spacecraft is continuing in its orbit
around the sun. On June 6 of this year,
556 days after launching, it will have
made one solar revolution. Barring fail-
ure, it has enough attitude-control gas
in its tanks to remain stabilized on the
sun for at least another three years.

If Mariner 1V is still operating when
it makes its next close approach to the
earth during September, 1967, we shall
be able to communicate with it and re-
ceive good data from its omnidirectional
antenna. Such data will be very valuable
indeed, because they will come from a
region of space some 10 million miles
above the orbital plane of the earth,
which has not yet been explored. Mar-
iner 1V was lofted out of the earth’s
orbital plane by the gravitational at-
traction of Mars, which changed the
spacecraft’s direction by some 15 de-
grees. But perhaps it is expecting too
much to wish to hear from Mariner 1V
again. It has already fulfilled every hope
and expectation of all those who were
associated with its mission.



Xodalk advertises:

Shall we sharpen up the cool world?

Something ought probably to be done to sharpen up the
infrared images that lenses can form from temperature
differences they see in the world, even the pretty cool world.
If you think this is desirable and have strong enough reasons
to participate, we suggest you arrange for the necessary talent
in geometrical optical design, with or without accompanying
computer software, and we’ll furnish computed refractive
index data about the Kopak IRTRAN Optical Materials that

The thesis

Treasured recipes yield enviably fine photographic films.
Nonetheless we must not underrate science. It has served us
well ever since the smart move we made in 1912 in hiring
brash C. E. K. Mees, aged 30, to take a new kind of job,
“director of research.”

He and a friend had done a joint doctoral dissertation,
Investigations on the Theory of the Photographic Process, at
University College, London, under Sir William Ramsay, co-
discoverer of the noble gases and of the principle that industry
need not necessarily be beneath the dignity of science. The
young men had met the challenge of convincing a demanding
faculty that the physical and chemical basis of the technique
employed by artists who limn with light was not unduly light
in academic weight. Not long after we hired Mees, he sent for
his collaborator. The two of them and a growing corps of
others set to deepening, elaborating, refining, correcting, and
expanding the content of their thesis.

This work still goes on every working day of the year,
though the two who started it are no longer living. Apart from
the fallout that has had the intended effect—in combination

Amiability is necessary but insufficient

Here is that book advertised above. Its sheer physical presence
cannot help but elevate the tone of an office bookshelf. A sub-
stantial book with hard covers represents long-term worth,
work, wisdom. You can’t go wrong symbolizing good taste
with a book. Bookish souls rarely recall that the book itself
appeared relatively recently in recorded history as a piece of
newfangled technology in competition against the farmore ven-
erable scroll. It did offer some advantages in random access
and in the protection of literary content from wear and weather
by covers of animal and (more recently) vegetable origin.
“Better yet, mineral,” pipes up a nice young man whose
acquaintance you can readily make if your business has any-
thing to do with book manufacturing (printed or blank) and
you signify as much to Eastman Chemical Products, Inc.,
Kingsport, Tenn. 37662 (Subsidiary of Eastman Kodak
Company). The young man is pursuing a career in marketing,
a word that has a new meaning which makes some bookish
people slightly fretful. They fail to understand that a young
man who ranked high in his class at a high-ranking center of
scientific scholarship can strain his intellectual endowment to
capacity at the work of best fitting the demands of civilized
society to supplies of gas issuing from holes in the ground.

better images from temperature differences . . . the theory of the
photographic process as it now stands . . . dignity in marketing

now permit realistic planning along these lines. These poly-
crystalline media all have mechanical, thermal, and solubility
properties that allow them to be worked with little or no modi-
fication of the familiar optical shop practices.

Our own lens designers are too busy at the moment to do any de-
signing for you, but their chief would doubtless enjoy dictating a letter
of broad, general counsel on what to read to get going. To make con-

tact, write Eastman Kodak Company, Special Products, Apparatus
and Optical Division, Rochester, N. Y. 14650.

with other talents — of making us exceedingly prosperous, the
great endeavor has brought forth merciless revisions and
enlargements of the frame of reference from the 1907 disser-
tation, first in 1942, then in 1954, and now in 1966,

The new third edition of The Theory of the Photographic
Process has been published by The Macmillan Company,
60 Fifth Avenue, New York 10011, and priced at $25. From
the 1907 rootstock it carries over the name Mees and the creed
that the workings of the silver halide process merit the atten-
tion of serious contemporary scientists entirely aside from
any usefulness in teaching others how to invent treasured
recipes of their own.

The 1966 edition was written by Kodak physicists and
chemists in time stolen from their daily research tasks at
Rochester, Harrow (England), and Vincennes (France). It
was really no sacrifice, not even on the part of the shareowners.
A book like this is at least as beneficial to the writers to write
as for the readers to read. No assumption is made that the
reader has eaten and slept the subject since graduate school.
When the book needs to refer to excitons, nucleotides, or
nucleosides, it stoops to define them.

A very special way of co-polymerizing the gases ethylene
and propylene to make TeENITE Polyallomer, the young man
can explain, results in a most unnaturally tough, semi-stiff
sheeting which when machine-scored develops an inbuilt
hinge good for a hundred thousand flexings. The thesis
advocated and defended by the young marketer holds that
when deciding whether to make a book animal-or-vegetable
hardcover, paperback, or polyallomer there is no question
which gives the most wear for the least cost and furthermore
feels as soft as a two-year-old’s cheek.

So much for books. Now about meat, another basic need.
Along comes a marketer of ours who sees how the gas from
the ground can serve a good purpose by being turned into
transparent little trays so that the shopper can inspect the
down side of the steak before assuming financial obligation.
Our kind doesn’t shatter when cold. The importance of that
point has to be discovered and conveyed, not least of all, to
the fraternity brother who decided marketing was for the
merely sociable and now says, “I can make a zillion better
pounds of polyallomer. Where shall I ship it?”

Now look in the kitchen sink for some of that rubbery
coated ware and run a thumbnail hard over the vinyl-coated
metal. Items can now be manufactured to stand better against
your test of adhesion. We are in the vinyl plasticizer business.
Wanting to get more out of it, our marketers surveyed the
vinyl industry and found it crying for elimination of the prim-
ing step that precedes application to metal. Result after three
years of lab and pilot plant: KopArLEx AD-2 Adhesive-Pro-
moting Plasticizer. Added by the plastisol manufacturer, it
does away with primer and priming. To find out which
plastisols carry it, write ECPI, Chemicals Division, Kingsport,
Tenn. 37662.

More basically, to express an interest in entering industry on the
technical marketing end, write Eastman Kodak Company, Business
and Technical Personnel Department, Rochester, N. Y. 14650.
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NEW FIBERS? CAN THEY BE
USEFUL IF MADE INTO PAPER?

Riegel makes papers of so many
interesting fibers, with so many
purposeful additives and coat-
ings, your R & D people are given
a whole new world to explore. For
instance, papers of glass, nylon,
acrylics, polyesters, vinyls, asbes-
tos, jute, cotton, linen, and of
course, wood fibers. Technical
coatings are a new world of de-
sign, too. Some seal hermetically
with a kiss of heat; some won't
stick to anything; others provide
photo-sensitive or electrographic
functions. Special impregnations,
too, that impart unusual chemi-
cal properties, heat resistance, or
mechanical stability. At Riegel
you'll find the most versatile lab-
oratory and papermaking facili-
ties. If you've any problem that
paper may solve . .. in products,
in production, or in packaging...
write to Riegel Paper Corporation,
Box 250, Murray Hill Sta., New
York, N.Y. 10016.

‘Riegel

FOR MEN WHO PURCHASE
TECHNICAL PAPERS

TMULATION
R
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The Impact of Automation

arly in February the National
E Commission on Technology, Au-
tomation and Economic Progress
submitted a 210-page report, the result
of a year-long study, to the President.
Created by Congress, the commission
had been asked to evaluate the effect of
technological change on the U.S. since
World War II, to forecast the rate of
change and its impact over the next 10
years and to recommend measures to
help workers meet that impact. The
commission was also asked to define
areas of unmet social needs that would
benefit from the application of new
technologies and to recommend ways in
which technological change could be
used to promote the continued eco-
nomic growth and well-being of the
American people.

The commission reported:

Output per man-hour in the private
economy increased at an overall rate of
2 percent per year from 1909 to 1947.
From 1947 to 1964 the increase has
been at the rate of 3.1 percent per year.
If agriculture is excluded, the prewar
increase remains at 2 percent but the
postwar increase is reduced to 2.5 per-
cent. The commission concluded that
“a sharp break in the continuity of
technical progress has not occurred, nor
is it likely to occur in the next decade.”

The high unemployment rates follow-
ing the Korean war, which reached a
peak in 1961 when 7.1 percent of the
labor force was unemployed, were due
primarily to an inadequate economic
growth rate rather than to automation
and other technological changes.
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SGIENGE AND

To absorb the expected increase of
more than 18 million workers in the
labor force over the next decade (a 26
percent increase from 70.4 million in
1964 to 88.7 in 1975) the economy will
have to grow at an average rate of more
than 4 percent per year “just to pre-
vent the unemployment rate from rising,
and even faster if the unemployment
rate is to fall further, as we believe it
should.” As evidence that there is no
cause for complacency, the 1947-1965
average rate of increase in the gross na-
tional product was only 3.5 percent per
year.

Over the next 10 years the number of
unskilled jobs will remain at about 3.7
million but will then represent only 4.2
percent of the total labor force, com-
pared with 5.2 percent in 1964. In 1975
the sector of the economy producing
“goods” will provide only 36 percent of
all jobs, compared with 41 percent in
1964. The sector producing “services”
will show a proportionate increase from
59 to 64 percent. The largest increases
in employment will come in state and
local government (five million more jobs,
a 69 percent increase), wholesale and
retail trade (four million more jobs, a
33 percent increase), services and mis-
cellaneous (3.7 million more jobs, a 43
percent increase), all manufacturing (2.5
million more jobs, a 14 percent in-
crease) and contract construction (1.1
million more jobs, a 37 percent in-
crease). The biggest decrease in em-
ployment will be in agriculture, which
will provide 1.1 million fewer jobs in
1975, a decrease of 21 percent.

The commission made the following
major recommendations:

The Federal Government should use
fiscal policies (tax reduction and in-
creased public spending) to stimulate
the economic growth that will be need-
ed in the decade ahead “for successful
adjustment to technological change.”

The Government should act as an
“employer of last resort” to provide jobs
for those “unsuccessful in the compe-
tition for existing jobs.” Such public
service employment should be directed
toward satisfying community and social
needs that are currently unfulfilled in
medical institutions, schools, national
parks and so on.

The Government should establish a
program of income maintenance, per-
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haps through a “negative income tax,”
to provide a floor of minimum income
for individuals and families. It is es-
timated that between $10 billion and
$16 billion a year would be required to
raise the income of the 35 million peo-
ple now living in poverty to the level
of $3,000 a year.

Free public education should be pro-
vided for 14 years instead of the pres-
ent 12 years.

No one should be deprived of a col-
lege education for lack of funds.

The Government should create a na-
tionwide computerized service to help
match unemployed workers with avail-
able jobs.

New technology should be applied to
such problems as improvement of medi-
cal care, abatement of air pollution and
water pollution, development of new
transportation systems and improvement
of the quality and lowering of the cost

of housing.

The chairman of the commission was
Howard R. Bowen, president of Grin-
nell College. The other members were
Benjamin Aaron, Joseph A. Beirne, Dan-
iel Bell, Patrick E. Haggerty, Albert J.
Hayes, Anna Rosenberg Hoffman, Ed-
win H. Land, Walter P. Reuther, Rob-
ert H. Ryan, Robert M. Solow, Philip
Sporn, Thomas J. Watson, Jr., and Whit-
ney M. Young, Jr.

Antivivisection and Congress

\Vith some 30 bills concerning lab-

oratory animals now before Con-
gress, a major effort to pass restrictive
legislation is expected during this ses-
sion. None of the bills explicitly opposes
animal experimentation; most of them
concede its value. According to the
National Society for Medical Research,
most would nonetheless hamper biologi-
cal investigation; they are based on the

premise that such investigation often
involves unnecessary cruelty to animals
and are designed to limit and control
the amount and nature of animal experi-
mentation. ‘

One group of bills deals with the
care of laboratory animals, the other|
with their procurement. The most re-
strictive bills in the first group would
establish a Federal “coordinator” or “com-
missioner” who would license investi-

gators or institutions to experiment with |

METAL COMBUSTION RESEARCH

A violent disruption almost invariably occurs when metal such as
molten zirconium burns while falling through a gaseous oxidizer. The
mechanism of this “explosion” has not been fully understood, partly
because it is difficult to create and ignite metal droplets repeatedly in
controlled atmospheres. However, scientists at Sandia have shown that
the explosion is not a characteristic of the burning process itself. Explo-
sions do not occur if pure zirconium particles are consumed in pure
oxygen, but can be made to occur if nitrogen is either alloyed with the
zirconium or mixed with the oxidizer.

To study this phenomenon, the intense thermal emission from a ca-
pacitor discharge lamp is used to flash-heat a square of zirconium foil
during free fall. The technique produces single droplets with repro-
ducible diameters. The course of combustion from the formation and
ignition of a metal droplet until it is extinguished is observed by high-
speed photography or by quenching the burning droplet in liquid argon
and proceeding with normal analytical techniques.

Sandia Corporation is a prime contractor to the U.S. Atomic Energy
Commission for nuclear weapons research and development. If you are
graduating with outstanding scholastic achievement in mathematics,
engineering or the physical sciences, Sandia Corporation would like
to arrange an interview. Your Placement Director can tell you when
recruiters will be on your campus. Sandia is a Plan for Progress com-
pany and an equal opportunity employer. U.S. citizenship is required.
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animals. In most cases applicants would
have to describe their research plans
and expectations in advance in order
to get approval; under some bills they
would have to certify that no method of
animal experimentation but the kind
proposed could possibly obtain the de-
sired information. The National Society
for Medical Research states that such
bills would impose “censorship” of sci-
entific investigation and opposes them.
It opposes another “moderately restric-
tive” bill (S. 1087) primarily because,
like most of the others, it aims at
“preventing needless duplication of
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research” and could therefore make
experiments to verify new findings vir-
tually impossible.

The bills dealing with procurement
would make “pet-stealing” for medical
research purposes a Federal offense.
The society is concerned that such leg-
islation would interfere with legal ar-
rangements under which animals in
public pounds that would otherwise be
put to death are released to approved
institutions. It points out that local,
state and Federal laws already cover
larceny and the transportation of stolen
property across state lines.

SURFACE OF THE MOON appears in this photograph made by the Soviet space station
Luna 9 and radioed back to earth. The camera has a wide-angle lens and is mounted about
two feet off the ground. The small crater at right center is probably less than a foot across.
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The society is backing H.R. 5191, in-
troduced by Representative Edward R.
Roybal of California. This bill would
provide Federal support for research,
training, dissemination of information
and facilities for improved animal care.
Its provisions would be administered by
a coordinating committee headed by the
Surgeon General with guidance from
an advisory committee of the National
Academy of Sciences.

Luna Firma

he surface of the moon appears to be

quite solid and unexpectedly low in
radioactivity. These are the two chief
scientific findings to come out of the suc-
cessful Soviet “soft landing” of an un-
manned spacecraft on the moon on Feb-
ruary 3. According to Academician
Nikolai Barabashov, a leading Soviet
selenologist, the Luna 9 photographs
“proved beyond doubt that the upper
layer of the lunar soil is a spongelike,
rough-textured mass scattered with in-
dividual sharp-edged fragments of vari-
ous sizes.” The long-standing question
of whether or not this layer is strong
enough to support heavy objects appears
to have been settled. Soviet workers
charged with analyzing the photographs
point out that the 220-pound Luna 9
instrument package “did not sink into
the soil to any substantial degree.”

Since Luna 9 is believed to have
landed in a region known as a mare, or
“sea,” the photographs seem to contra-
dict the widespread apprehension that
the surface of such maria might be cov-
ered by a thick blanket of loose dust
into which any spacecraft would sink
as though in quicksand. Nonetheless,
the Soviet analysts emphasized that the
landing point might not be typical, and
that other areas could be dusty.

The resemblance of the lunar sur-
face material in the photographs to a
slaggy form of quick-cooled terrestrial
lava (see illustration at left) has been
interpreted by some Soviet and U.S.
workers as supporting the view that the
lunar maria are filled with volcanic ma-
terial. Other workers in this country
(notably Thomas Gold of Cornell Uni-
versity) feel that the photographs alone
do not prove this hypothesis. Gold
points out that the same appearance
might be presented by a layer of dust
produced in a vacuum by meteorite col-
lisions and subsequently cemented. The
small-scale roughness evident in the
photographs, he adds, might also be the
result of many tiny meteorite collisions.

Radiation detectors aboard Luna 9
registered a very low surface measure-



ment of 30 millirads per day, which |
Soviet physicists attributed largely to |
cosmic rays. The level of radioactivity
of the lunar surface material indicated
by this measurement is much lower
than the level of radioactivity of the
earth’s surface material. This finding
may have a considerable bearing on
theories of the moon’s origin. It seems
to support the view that the moon is
an alien body that has been captured
by the earth’s gravitational field rather
than a chunk of material torn from the
surface of the earth. Both Soviet and
U.S. workers were inclined to reserve
judgment on this question, however,
until more information becomes avail-
able. |

Among the many technical achieve-
ments of the Luna 9 mission, the pro-
cedure for detaching the instrument
package from the rocket vehicle just
before impact seems particularly note-
worthy. After retro-rockets had slowed
the vehicle’s speed from some 6,000
miles per hour to less than 15 miles per
hour, an undisclosed device ejected the
roughly spherical instrument package,
which landed some distance from the
rocket’s point of impact. This procedure |
guaranteed that the area observed by |
the instrument package was a “virgin”
lunar landscape and had not been
altered by the blast of the retro-rockets.

Where the Jobs Are
A survey of 10,000 Ph.D.s in the
sciences has recently been pub-
lished by the National Academy of
Sciences—National Research Council.
The 10,000 were selected from 200,000
persons granted science Ph.D!s since
1920; the study covered the period
1935-1960. The majority—59 percent—
are employed by colleges and universi-

ties; 8 percent work for the Federal
Government; 15 percent work in busi-
ness and industry, and the remainder—
18 percent—are distributed among all
other categories of employers. The dis-
tribution is remarkably constant for all
age groups.

The Middle West produced 40 per-
cent of the Ph.D.’s and now employs
only 25 percent. The other chief ex-
porter is New England, which pro-
duced 13 percent and employs 7 per-
cent. The chief importers are the South
and the West, which both produced 12
percent and now respectively employ
24 percent and 18 percent. The Middle
Atlantic states produced 22 percent and
employ 20 percent.

In the 25-year period the following
shift took place in the origin of the

QUESTAR KEEPS YOU SAFE FROM ALLIGATORS

They may be tame as pussycats for all we know, but
we prefer them at a goodly distance. If you too are
prudent or just want to remain distant to avoid
frightening timid animals, Questar will reach out
for you and get fine closeup pictures, like this one,
sharper pictures than a telephoto lens can produce.

For each Questar is a work of art, a superfine
astronomical telescope, so exquisite in power of
definition that no man’s hand can improve it Lest
you think these words extravagant, consider please
that Questar’s optics cannot be mass produced, nor
even adequately made by hand each time we try.
Each lens and mirror must be matched and “mar-
ried” by aspheric hand retouching.

Since no one can buy lens-mirror sets of such
quality in any market, we accept the grim need to
reject two of each three sets we make, and do not
deliver any Questars but the superfine. What hap-
pens to the rejects? We simply work them over in

another try for that unmeasurable perfection we
demand. When a lens becomes at last too thin we
toss it into discard with normal but philosophical
regret. Odd way to run a business? Yes indeed. But
we find it the only way to make the world’s best
small telescope.

You have noticed that each Questar has a little
built-in wide-field finder ’scope, an erecting prism
and an ocular which may be used above or in the
optical axis. No telephoto lens has these, just as
none can support images that do not break down at
800 diameters. That’s right, 800x. Questar is so fine
its images never get fuzzy—you just run out of light
at such impracticably huge enlargements.

You think this picture sharp? It really has only a
fraction of the detail that could be seen in Questar’s
eyepiece, from some 60 feet away. Any way you
look at it, the image our splendid little artifact deliv-
ers is not only beautiful, but often thrilling to behold.

This is our finest, the Standard Questar, which does everything we ask of it
without having to be first mounted on a heavy tripod with a pan head.

WORLD'S FINEST, MOST VERSATILE SMALL TELESCOPE. FROM $795.
SEND ONE DOLLAR FOR 40-PAGE BOOKLET TO ANYWHERE IN NORTH
AMERICA. BY AIR TO REST OF WESTERN HEMISPHERE, $2.40, EUROPE
AND NORTH AFRICA, $2.50, AUSTRALIA AND ALL OTHER PLACES, $3.50.
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QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA
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Ph.D.’s. Output in New England de-
clined from 15 percent to 11 percent,
in the Middle West from 42 percent to
39 percent and in the Middle Atlantic
states from 23 to 21 percent. The South
increased its output from 10 to 15 per-
cent and the West from 9 to 15 percent.

A separate study prepared for the
House Committee on Government Op-
erations shows that in 1964 the follow-
ing institutions, listed in order, were
the 15 leaders in producing science
Ph.D/s: the University of California,
the Massachusetts Institute of Technol-
ogy, Purdue University, the University
of Wisconsin, the University of Illinois,
the University of Michigan, Stanford
University, Harvard University, Iowa
State University, Columbia University,
the University of Texas, Ohio State
University, Princeton University, New
York University and Cornell University.
One surprising finding is that the per-
centage of Ph.D.’s awarded in the phys-
ical and biological sciences has fluctu-
ated in a narrow band between 45
percent and 53 percent of all Ph.D.’s
awarded annually since 1920. In other
words, the huge influx of Federal funds
in support of the natural sciences has
not altered the historical ratio of Ph.D.s
in science to all other Ph.D/s.

In accord with this finding, the ma-
jor producers of science Ph.D.’s are not
necessarily the major recipients of Fed-
eral funds. When one lists separately
the 15 major recipients of funds from
the Department of Defense, the Na-
tional Aeronautics and Space Adminis-
tration, the Atomic Energy Commis-
sion and the National Institutes of
Health, one finds that each list contains
only seven or eight of the top producers
of science doctorates. Only the list of
15 for the National Science Foundation
contains as many as 10 of the 15 leading
Ph.D. producers.

The National Academy survey shows
that the average time spent in research
has been rising and that the time spent
in teaching has been declining for each
new generation of doctorates. In 1935
the new Ph.D. spent 47 percent of his
time teaching and 36 percent in re-
search; in 1960 the percentages were
respectively 33 percent and 49 percent.
Administrative chores consume an in-
creasing amount of the Ph.D.’s time as
he gets older. Twenty-five years after he
has earned his degree administrative
duties occupy 32 percent of his time,
compared with 8 percent at the start of
his career.

The survey also shows the geometric
mean of present salaries according to

field. The top 10 fields, in order, are
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engineering ($16,970), physics ($15,-
860), the medical sciences ($14,860),
chemistry ($14,660), economics ($14,-
280), mathematics ($14,170), pharma-
cology ($13,850), psychology ($13,200),
geology ($12,890) and political science
($12,870).

North Sea Petroleum

he most active area of oil and gas

exploration in the world is now the
North Sea and its environs. The special
inducement is the prospect of finding
large fuel deposits in immediate prox-
imity to major markets and in a region
of relative political stability. Writing in
The Geographical Review, Trevor M.
Thomas points out that in recent years
petroleum producers have been turn-
ing increasingly to secondary-recovery
methods and unconventional sources
[see “Tar Sands and Oil Shales,” by
Noel de Nevers; SCIENTIFIC AMERICAN,
February], and that exploration for new
conventional sources of petroleum is
shifting more and more to the sub-
merged continental shelves [see “Living
under the Sea,” by Joseph B. MacInnis,
page 24]. Offshore production is esti-
mated to account for about 16 percent
of the total petroleum output of the
non-Communist countries today and
may reach 25 percent by 1990.

The major stimulus to North Sea ex-
ploration was the discovery in 1959 of
natural gas in the province of Groningen
in the northeastern Netherlands. The
Groningen field, together with its exten-
sion into West Germany, now appears
to cover more than 200 square miles
and to contain enormous reserves. In
Britain, where a number of oil and gas
fields have been in production for some
years, there has been increased explora-
tion in the past decade. Some of the
gas discoveries have been in the same
geological system (the Permian) as the
Groningen field.

It has long been suspected, Thomas
writes, that there are in the North Sea
salt domes of the type that provide the
structural basis of much of the oil en-
trapment in the Gulf of Mexico region.
Since the Groningen discovery exten-
sive magnetic and seismic surveys have
been carried out at sea by a large num-
ber of companies. Concessions have
been granted by the United Kingdom,
the Netherlands, West Germany and
Denmark; some wells have been drilled
and some oil- and gas-bearing strata
have been discovered. According to
Thomas, the work is extremely specula-
tive, but it seems likely that valuable
deposits will be found. In view of the
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serious financial burden that oil im-
ports have imposed on European coun-
tries, even moderate oil or gas produc-
tion from the North Sea would have a
significant effect on the economy of
western Europe.

Rh Incompatibility Controlled?

Investigators in several countries are
evaluating a technique that may
eliminate the hazard arising when a
woman with Rh-negative blood bears
the children of a man with Rh-positive
blood. Some 85 percent of the people
in the U.S. are Rh-positive: on the sur-
face of their red blood cells is a sub-
stance that is not present on the red
cells of the Rh-negative 15 percent.
When an Rh-negative woman gives
birth to an infant that has inherited its
father’s Rh-positive blood, Rh-positive
red cells leak through the placenta and
enter her bloodstream. She may then
produce antibodies to remove the cells, a
response known as active immunization.
When she becomes pregnant with a sec-
ond Rh-positive child, the response is
intensified, that is, she produces anti-
bodies in much larger quantity. These
antibodies can destroy Rh-positive red
cells in the unborn child and give rise
to the serious disorder erythroblastosis
fetalis. About one in every 200 infants
born in the U.S. suffers from this dis-
order; three out of four recover com-
pletely but one out of four dies.
Several years ago Vincent J. Freda
and John G. Gorman of the Columbia
University College of Physicians and
Surgeons and William Pollack of the
Ortho Research Foundation in Raritan,
N.J., undertook an attempt to prevent
active immunization from arising in
pregnant Rh-negative women. Inde-
pendently R. Finn and his colleagues
at the University of Liverpool began
a similar effort. Each group injected
its subjects with a serum rich in an
antibody (sometimes called “anti-D”)
that is known to destroy Rh-positive
red cells. By administering anti-D im-
mediately after delivery the investi-
gators were able to induce a short-lived
“passive immunization” that sufficed to
destroy the Rh-positive red cells that
had entered the woman’s blood. This
passive immunization can be induced
repeatedly without being intensified.
Theoretically a woman supplied with
anti-D will not produce any antibody of
her own, and samples of blood taken
from subjects months after delivery con-
tain neither self-produced antibody nor
anti-D. The investigators are awaiting
the next pregnancies of their subjects.



Research Submersibles: A report from General Dynamics

New breed of vessel:

A hundred and thirty feet down in the
Aegean Sea, a Byzantine galley had hid-
den its secrets for almost fifteen centu-
ries. Then in 1964, University of
Pennsylvania Museum archeologists
mounted paired cameras on a new re-
search submarine, Asherah, and learned
more from the three-dimensional pho-
tographs obtained in one “flight” over
the wreck than had been possible from
weeks of scuba diving.

This was the first of dozens of under-
sea jobs already done by Asherah. The
Asherah is the 339th—and at 17 feet
long, the smallest—submarine built by
General Dynamics. For comparison, the
Holland, the very first submarine we de-
livered to the Navy in 1900, was 54 feet
long. Over the years, we have built the
prototypes of most classes of United
States Navy submarines, including its
nuclear-powered undersea ships.

But the true manned research subma-
rines are really a new breed of boat.
Less than a score now exist.

Depth and mobility:

Unlike bathyscaphes, designed to drop
to great depths but remain relatively
immobile for passive observation, the
new research submarines must have
depth capability, the ability to perform
useful work, and the mobility to survey
extended areas at a reasonable speed.
Asherah is one of the first true re-
search submarines. It can dive to 600
feet (World War II subs rarely dived
much below 300 feet), stay submerged
for ten hours, cruise at three to four
knots, move in all directions. An im-

The Asherah beneath the Aegean Sea.

proved sister ship, Star II, is made of
the same HY-80 steel that goes into
nuclear submarines; it has depth capa-
bility to 1,200 feet.

A larger boat we call Star I1I (see cut-
away drawing below) is built of even
tougher HY-100 steel. It has a cruising
depth of 2,000 feet, and is equipped
with an external mechanical arm that has
interchangeable “hands”—a clamshell
grip, a wire cutter, and a “three-finger”
which can pick up a pencil or a 200-
pound weight, or manipulate a valve.

rushed by air for a rescue operation.

But subs with many special charac-
teristics will be needed for exploring—
and for exploiting—the sea.

Some vessels will have to withstand
pressures up to 10,000 pounds per
square inch, to allow them to penetrate
into mid-ocean abysses four miles deep.
Work subs for, say, mining will have to
be stable enough in a buoyant environ-
ment not to be whipped about in reac-
tion to the force of their own tools.

We have already done a study for the
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The Aluminaut, the largest research
sub so far, was built by General Dy-
namics for Reynolds International to
prove, among other things, the feasibili-
ty of aluminum as a hull metal. The 51-
foot Aluminaut is designed to operate at
depths up to 15,000 feet, under pres-
sures up to more than 7,000 pounds per
square inch. Aluminaut, in early sea
trials, has cruised as deep as 6,250 feet,
and remained submerged for over 30
continuous hours. AWorld War 1I mili-
tary submarine rarely remained sub-
merged for more than 24 hours.

Problems and needs:

These early research subs still have
many limitations of speed, range and
submerged endurance. They require
back-up by a mother ship and have to
be carried or towed to a job location.
This last “limitation” can sometimes
be an advantage. Asherah and Star II,
for example, are small enough to be
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Bureau of Fisheries showing feasibility
of a submarine to track oceanic fish. It
would be 160 feet long, carry 31 per-
sons at speeds up to 20 knots, and could
cruise submerged for up to 90 days.

Right now, we don’t think there will
ever be one single all-purpose type of
research-work submarine. Just as land
vehicles range from motor scooters to
20-ton earthmovers, so will most
manned submersibles be designed and
built for special purposes.

General Dynamics is a company of sci-
entists, engineers and skilled workers
whose interests cover every major field of
technology, and who produce: aircraft;
marine, space and missile systems; tac-
tical support equipment; nuclear, elec-
tronic and communication systems;
machinery; building materials; coal and
gases.

GENERAL DYNAMICS
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BEARINGS

Basical]y they enable two parts of a machine to move with respect

to each other. They have evolved rapidly in response to increased

demands 1n terms of load, speed, lifetime, efliciency and economy

P )earings are among the simplest and
B most familiar components of ma-

chines. Even someone who knows
very little about machinery has heard of,
say, a ball bearing and can describe how
it works. Yet bearings, like practically
every other component of modern ma-
chines, are in a phase of rapid evolution
that has carried them beyond everyday
familiarity. Under such circumstances it
is useful to examine bearings from the
basic aspects of design and function,
and to consider how they have evolved
in these aspects to meet the needs of
technology.

Fundamentally bearings have only
two purposes: to let one mechanical part
move while a related part stands still
(or moves at a different speed) and to
minimize friction between the two parts.
From the standpoint of design bearings
can be divided into the broad categories
of sliding bearings and rolling bearings.
In a sliding bearing the moving surface
slides in more or less direct contact with
the stationary surface. (In most modern
machines, of course, the two surfaces are
slightly separated by a film of lubricant.)
A typical member of the sliding group
is the journal bearing, such as the bear-
ing commonly used for the axle of a rail-
road car. In a journal bearing a shaft
rotates within a cylindrical shell. To be
precise about terminology, the part of
the shaft that is inside the shell is the
journal and the shell is the bearing;
the lining of the shell is often called the
bushing. Ordinarily, however, the en-
tire assembly is regarded as the bearing.
Another widely used sliding bearing is
the type known in the U.S. as the Kings-
bury bearing and in Europe as the
Michell bearing. I shall describe this
bearing in more detail later.

Rolling bearings, which are also
known as antifriction bearings, interpose
between the moving and the stationary
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surfaces an assembly of devices that
roll. These devices can be spherical,
whence the name “ball bearing,” or they
can be more or less cylindrical and so be
classed as roller bearings. In any case
the basic idea is the same: the devices
bring about a reduction of friction be-
cause they change the sliding motion
into a rolling one.

A more recent development is the
spiral-groove bearing. In configuration
and mode of operation this bearing most
closely resembles a sliding bearing. Our
work at the Philips Research Labora-
tories in the Netherlands has shown,
however, that in some applications a
grease-lubricated spiral-groove bearing
can replace a rolling bearing at a favor-
able comparison in cost.

From the standpoint of function bear-
ings can be classified according to the
kind of load they carry. A thrust bearing
carries a load that is parallel to the axis
of the shaft, as is the case with the bear-
ing supporting a merry-go-round. A
radial bearing carries a load that is per-
pendicular to the axis of the shaft, as is
the case with the bearings that support
the crankshaft of an automobile. An
angular bearing is designed to carry
loads in which both thrust and radial
forces are at work; such bearings are
needed, for example, in the wheels of
automobiles. I trust it will be evident to
the reader that both sliding and rolling
bearings can be designed to carry any of
these kinds of loads. The same is true of
the spiral-groove bearing.

The Friction Problem

The origins of bearings extend too far
back into antiquity to be traced with
certainty, but it seems reasonable to
assume that the bearing principle arose
from efforts to cope with friction. One
of the earliest representations of such
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an effort is a painting on the wall of an
Egyptian tomb; it shows men pouring
oil under the runners of a sledge carry-
ing a large statue. The invention of the
wheel was a crucial step in reducing
friction. By shifting the problem to an
axle this invention gave rise to the first
radial bearings. An arrangement of de-
vices that could be called the forerunner
of the ball bearing was found in the re-
mains of an ancient Roman ship raised
from a lake in Italy some 35 years ago;
the devices evidently were used to help
support a turntable while facilitating its
movement [see bottom illustration on
page 62]. In each of these cases, as in
most modern instances where one part
moves in relation to another, the central
aim of the designer was to reduce fric-
tion.

It is convenient to consider the funda-
mental problems of friction associated
with bearings under the headings of dry
sliding friction and dry rolling friction.
Measurements of electrical resistance
show that in dry sliding friction two ob-
jects seemingly pressed close together
actually make contact over an extremely
small percentage of their surfaces. Even
surfaces specially machined for smooth-
ness touch at only a few microscopic
peaks. At these points of contact the
pressure is very high, and there the phe-
nomenon of adhesion can give rise to
welds between the two surfaces. If the
surfaces then move past each other,
the welds are broken and re-formed
elsewhere.

The amount of surface that is in ac-
tual contact depends on two factors: the
normal force, which is the amount of
load carried by the bearing, and the
pressure at which the softer of the ma-
terials involved gives way. The fric-
tional force is equal to the amount of
surface area in actual contact times the
shear strength of the welds. Hence the



SPIRAL-GROOVE BEARING, shown here in bottom and oblique for mounting a shaft. The function of the grooves is to pump the

views, is a recent development in bearing technology. This spiral- lubricant, in this case air, toward the center of the bearing and
groove bearing is a thrust bearing: it rotates against a flat circular keep the two plates apart. This bearing is 12 inches in diameter.
plate with a raised rim The hole in the center of the bearing is The grooves, which are the dark areas, were made by etching.
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EARLY ATTEMPT to cope with friction was depicted in this fragment of a painting in an
Egyptian tomb dating from about 1650 B.c. A slave is pouring oil in front of the runners of
a sledge carrying a large statue. Presumably it was frictional problems of this kind that
gave rise to the idea of bearings, which play a vital role in the reduction of friction.

FORERUNNERS of the ball bearing were found in a Roman ship raised from a lake some
35 years ago. Apparently the balls, which were about two inches in diameter, helped in the
support and rotation of a turntable. They embody the basic idea of the ball bearing, which
is to reduce friction between two surfaces that must move in relation to each other by put-
ting between them a set of devices that roll. These balls differ from true ball bearings, how-
ever, because they have shafts that actually carried the load of the rotating turntable.
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frictional force is directly proportional
to the normal force.

It has been found in practice that the
two surfaces of a sliding bearing should
never be made of the same material.
If they are, serious wear results from
a chain of circumstances. The welds
formed at the points of contact are then
of the same material as the two sur-
faces. The strong deformation at the
points of contact actually strengthens
the material there, so that the breaking
and re-forming no longer occur at the
welds but in the underlying bulk ma-
terial; hence the excessive wear. Ac-
cordingly the designer of a sliding bear-
ing will make one surface of a weaker
material than the other. A typical com-
bination is steel for one surface and a
white metal (an alloy of tin, antimony
and copper, for example, or lead, anti-
mony and tin) for the other.

Dry rolling friction is of course the
phenomenon that occurs in a rolling
bearing. The amount of friction involved
is notably low, and the exact cause of
the friction that does arise has long been
a subject of speculation. The question
was first investigated by the British
physicist and engineer Osborne Reyn-
olds, who in 1875 carried out experi-
ments with a steel ball rolling over a
rubber membrane. He concluded that
the source of friction was the fact that
in moving over a stationary surface a
rolling object slips slightly. In his “mi-
croslip theory” the slippage resulted
from elastic deformations in the zone of
contact between the stationary surface
and the rolling object.

Closer study has shown that this
theory is quite unable to account for the
frictional losses actually observed in roll-
ing bearings. In 1954 David Tabor of
the University of Cambridge put for-
ward a theory that gave a satisfactory
explanation of the losses and that is now
generally accepted. The theory is that
the losses arise from hysteresis: the fact
that when a load is put on a ball or
roller and the ball or roller is then moved,
the metal does not behave quite elas-
tically. The force is larger in the zone
of compression than in the zone of re-
laxation, and a frictional effect results.
Even the best ball-bearing steel exhibits
hysteresis.

In dry rolling friction, welds are
formed as they are in dry sliding fric-
tion, but they are not broken in the
same way because in dry rolling friction
there is no tangential movement of the
touching surfaces. Therefore the kind
of wear that can arise in dry sliding fric-
tion does not occur Another form of



wear, however, is found in dry rolling
friction. The loading and unloading of
the ball or roller will give rise to metal
fatigue. After much rolling there will
be a tendency for flakes to peel from the
rolling object at points of load, and
then the object no longer rolls satisfac-
torily. This phenomenon is the reason for
the finite life of even well-lubricated roll-
ing bearings.

The Role of Lubrication

It must have been evident quite early
in the evolution of sliding bearings that
an application of lard, tallow or some
other lubricant to the bearing surfaces
made for far easier (and far quieter) op-
eration. It was not until some 80 years
ago, however, that the lubrication of
bearings proceeded beyond the trial-
and-error stage and began to be based
on an understanding of the physical
principles involved. This development
arose after the Institution of Mechanical
Engineers in Britain hired Beauchamp
Tower to study friction in the journal
bearings of railroad cars. As part of his
investigation he decided to run a journal
in a bath of oil, and he drilled a hole
through the outer housing so that oil
could reach the journal. He found that
when the wheel was turned, oil flowed
from the hole. When he attempted to
contain the oil by driving a wooden plug
into the hole, the plug was continually
forced out as the wheel ran.

Tower then substituted a pressure
gauge for the plug and measured the
pressure generated in the oil. He re-
ported his observations to a meeting
of the Institution of Mechanical Engi-
neers in 1883. Osborne Reynolds un-
dertook to analyze the effect, and in
1886 he presented to the group the
theory of self-acting lubrication, which
is also known as hydrodynamic lubrica-
tion. The essence of the theory is that
the pressure is generated by the motion
itself because the viscous lubricating
medium of the bearing is forced through
a constriction. In the case of the railroad
journal bearing the constriction is the
wedge-shaped passage between the sur-
face of the bearing and the bottom of
the journal As a result the journal,
which is in contact with the outer hous-
ing when the wheel is at rest, is lifted
from the housing by this wedge effect
when the wheel turns [see upper illus-
tration on page 65].

These findings explained why journal
bearings, which had been run in oil for
many years without any detailed under-
standing of how the oil reduced friction,

were so much more successful than the
thrust bearings of the time. The reason
was that in the journal bearings there
was no contact between bearing sur-
faces once the journal began to turn
rapidly enough to produce the wedge
effect. When this was realized, efforts
were made to apply the constriction
principle to thrust bearings.

The problem of thrust bearings was
particularly troublesome on ships, where
the propeller shaft takes a large thrust
from the force of the propeller pushing
against the water. At that time the
usual arrangement was essentially a flat
rotating plate parallel to and bearing
on a similar fixed plate. The rubbing
surfaces were lubricated with oil, but
under the circumstances there was no
wedge effect and wear was severe.

Albert Kingsbury of the U.S. and
A. G. M. Michell of Australia addressed
themselves to the thrust problem inde-
pendently and each arrived at the idea
of fitting one of the circular plates with
a ring of pivoted blocks [see illustration
on next page]. Each block introduces a
wedge-shaped constriction into the
space between the plates. If the ridge
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SLIDING FRICTION that occurs between
two surfaces even when they are carefully
machined for smoothness is depicted. The
actual contact occurs at microscopic peaks,
here represented with considerable exag-
geration. Pressure is high at these points,
giving rise to welds between the surfaces.

on which a block pivots is correctly
placed, the block will automatically take
up under load a position that yields the
optimum wedge effect. In this way it is
possible to create a complete clearance
between the plates. This “tilting-pad
principle,” as it is often called, under-
lies the Kingsbury and Michell bear-
ings. A similar but simpler thrust bear-
ing that was developed later is the step
bearing. Here rectangular ridges serve

b

BASIC PRINCIPLES of sliding and rolling bearings are outlined. At top are two slid-
ing bearings, a type so named because the two surfaces involved have a sliding relation. At
a is a journal bearing; in terms of load it is a radial bearing because its load is perpen-
dicular to the rotating shaft. At b is a thrust bearing, so called because its load is parallel
to the shaft. Rolling bearings are based on the small amount of friction that occurs as an
object rolls along a surface (c) ; as applied in a typical rolling bearing (d), the principle
involves placing between the two surfaces an assembly of devices that roll. Such bear-
ings are also widely known as antifriction bearings; this one is a thrust-load ball bearing.
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PLANE SURFACE

KINGSBURY-MICHELL PRINCIPLE is named for Albert Kings-
bury of the U.S. and A. G. M. Michell of Australia, who worked it
out independently near the beginning of this century. The problem
they confronted (a) was that thrust bearings, which usually con-
sisted of two smooth plates, exhibited severe wear even though a

to bring about the constriction that is
the essential feature of self-acting bear-
ings.

In some bearings self-generated pres-
sure is unsuitable. A bearing operated
at low speed, for example, is unlikely
to develop enough pressure in the lu-
bricant to achieve a separation of the
bearing surfaces. The starting and stop-
ping of bearings that are under heavy
load presents a similar problem; at such
times there will be either no pressure—
and hence no separation—or insufficient
pressure to maintain a separation. The
bearing surfaces come in contact un-
der conditions of movement, and again
excessive wear results.

Externally Pressurized Bearings

Situations of this kind gave rise to
the externally pressurized bearing, in
which separation of the bearing surfaces
is achieved by means of pressure built
up in the lubricant from an outside
pump. One of the first devices to make
use of this hydrostatic principle was an
apparatus exhibited at the Paris Indus-
trial Exposition of 1878. The apparatus
was called a chemin de fer sur glace—
a railroad on ice. It consisted of a heavy
block mounted on four lion-like feet that
rested on a smooth steel surface. With-
out lubrication the apparatus was vir-
tually immovable, but when the pump
was turned on, pressure built up in the
lubricant, a separation was achieved be-
tween the feet and the steel surface, and
the apparatus slid easily.
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PILLOW BLOCK

This principle of external pressuriza-
tion has many modern applications. A
heavy rotating machine such as a tur-
bine, for example, will have pumps that
supply pressure to the bearing lubricant
as the turbine starts; when the speed of
rotation is sufficient to maintain the sep-
aration of bearing surfaces the pumps
can be shut off. They are started again
as the turbine slows to a stop. A notable
example of externally pressurized bear-
ings is provided by the 200-inch Hale
telescope on Palomar Mountain: equip-
ment weighing more than a million
pounds is turned easily by a small motor
because externally pressurized pad bear-
ings virtually eliminate friction.

The reader has probably noticed that
in this discussion of the separation effect
achieved by a viscous medium I have re-
ferred only to sliding bearings. I should
not like to give the impression that roll-
ing bearings operate without lubrication.
They usually are lubricated, but for
other reasons. One reason is the need to
counteract attrition of the surfaces. An-
other reason is the fact that the lubricant
helps to dissipate heat. The primary rea-
son, however, is that in a rolling bearing
it is necessary to have some means of
separating the rolling elements from one
another, and inevitably there is sliding
friction between the separator (common-
ly called the cage) and the rolling ele-
ments. Lubrication is needed to reduce
the friction and wear resulting from the
interaction of the rolling elements and
the cage.

Rolling bearings are of enormous im-
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TILTING PILLOW BLOCK

LUBRICANT

lubricant was used. Kingsbury and Michell put tilting blocks (b) on
one of the surfaces; by this means the lubricant (color) was repeat-
edly forced through a series of wedge shapes, as shown at ¢. This
wedge effect built up high pressure in the lubricant, and the pres-
sure in turn achieved a full separation of the two bearing surfaces.

portance in modern machinery, and I do
not mean to slight them. Most of the
recent developments relating to bear-
ings, however, involve the kind of bear-
ing 1 prefer to call contactless. Such
bearings operate with a complete sepa-
ration of the bearing surfaces.

Contactless Bearings

The concept embodied in contactless
bearings is often called full-film lubrica-
tion because the separation of bearing
surfaces is achieved in most cases by
the pressure in a viscous medium be-
tween the surfaces. I use “contactless”
to refer to the full-separation principle
not only because that word seems more
descriptive but also because it takes into
account situations where there is no vis-
cous medium. For example, some spe-
cialized applications require magnetic
bearings, in which the spinning rotor is
supported by a magnetic field.

One of the major developments of the
past 15 years has been the use of vis-
cous mediums other than oil in con-
tactless bearings. Several laboratories
are working on applications where the
lubricant is the liquid or gas being proc-
essed by the machine. The viscous me-
dium in these cases can be almost any-
thing; examples that come to mind are
steam, molten steel and even apple-
sauce. Such lubricants are advantageous
when oil is unsuitable, either because
it breaks down under operating condi-
tions or because it can create problems

by leaking.



The use of a gas (usually air) as a
lubricant in contactless bearings has
progressed well beyond the laboratory.
One convenient feature of air as a lu-
bricant is that it can be allowed to es-
cape into the surrounding atmosphere;
it does not need to be collected for re-
circulation and so it does not gradually
become dirty as recirculating oil does.
Moreover, there is seldom the danger
that air will contaminate the product.
Because oil can leak from bearings no
matter how diligently the designer seeks
to make them leakproof, oil is undesir-
able in machinery used for processing
food or for manufacturing materials
(such as textiles) that would be spoiled
by oil. In such cases air lubrication is
clearly preferable.

There are still other cases in which
lubrication with oil is unsuitable for
purely practical reasons, and in which
the gas bearing offers a way out of the
difficulty. Examples are machines with
bearings that must work at unusually
high or unusually low temperatures. At
high temperatures oil may break down
chemically; at low temperatures it may
congeal. Another example is a machine,
such as a nuclear reactor, that operates
in the presence of ionizing radiation; oil
decomposes under the influence of radi-
ation.

Air is particularly suitable for the
bearings of shafts that have a large
diameter and operate at high speed.
The combination of large diameter and
high angular velocity produces high
relative velocities in the bearing sur-
faces, which in turn creates a problem
in getting rid of heat generated in the
viscous medium by the shearing effect.
Air, with a viscosity three or four orders
of magnitude lower than that of oil,
gives rise to less heat than oil in this
shearing process.

A small experimental rotor designed
in the Philips laboratory provides an in-
dication of the high-speed possibilities of
air-lubricated bearings. This rotor, which
is driven and lubricated by compressed
air, can reach speeds of about 450,000
revolutions per minute without overheat-
ing the bearing. The latest types of
dental drill are based on the same prin-
ciple. Similarly, some gyrocompasses
and machines of the turbine type are
provided with gas bearings because of
the high speeds at which they operate.

An interesting class of applications
for gas bearings is that in which the
need is not so much low friction as it is
constant friction. Such needs arise par-
ticularly when sensitive measurements
are desired; variations in friction will

produce variations in the measurements.
In our laboratory we have built a device
to measure the torque exerted by a
motor of fractional horsepower. The
torque to be measured is very small
compared with the frictional torque that
would be produced if the rotating brake
of the measuring device were mounted
on ball bearings, and the inevitable
small variations in this frictional torque
would make the measurements highly
unreliable. With air lubrication the fric-
tion in the bearing is constant and the
problem is overcome.

This same principle is applied for
quite a different purpose in computers.
Here the problem is to maintain a con-
stant and exceedingly small separation
(one to five microns) between a mag-
netic head and the memory drum from
which the head takes information (or to

which it delivers information). Essential-
ly the moving drum is one surface of a
bearing and the head is the other. The
separation is maintained by air, with
the wedge effect achieved between the
round surface of the drum and the flat
surface of the head. In the air-lubri-
cated bearing that I described earlier
the maintenance of a given separation
between bearing surfaces was only a
consequence of achieving contactless
operation; in the computer the constant
clearance is the objective. It was for
this application, incidentally, that large
numbers of gas bearings (air-lubricated,
self-acting Michell bearings) were used
for the first time.

Of all the various bearings the kind
with full-film lubrication performs best
in terms of low wear and freedom from
vibration. Often, however, there are

WEDGE EFFECT was discovered by the British engineer Beauchamp Tower when he ran
a railroad journal bearing in an oil bath. The situation is shown here in exaggerated form.
When the journal, or shaft, is at rest (left), it is in contact with the surface on which it
bears. When the shaft turns (right), the lubricant (color) is forced into the wedge shape
below the shaft and a pressure sufficient to lift the shaft from the bearing is thus generated.

LOAD

AIR INPUT

OIL INPUT

Foeis

EXTERNAL PRESSURE is used to achieve a separation of bearing surfaces when the
wedge effect is inoperative because of such factors as heavy load and low speed. The lubri-
cant is given pressure by an outside pump. At left is an externally pressurized bearing in
which oil is the lubricant; at right, one in which air supplied through a series of orifices in
the shell around the bearing provides the separating effect. The broken ellipses repre-
sent three orifices behind the shaft. Two orifices are shown in section at top and bottom.
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reasons why such bearings—in particu-
lar thrust bearings of the Michell and
the step type—cannot be used. The co-
efficient of friction may be too high
or the load-carrying capacity too low,
or the cost of providing the seal that
maintains a bath of oil around the bear-
ing may be too high. Moreover, it is dif-

ficult to make Michell bearings with an
external diameter of less than 20 milli-
meters. This in general terms was the
situation that caused us in 1960 to begin
the investigations that led to the spiral-
groove bearing.

The specific problem we confronted
was whether or not it would be pos-

PRESSURE BUILDUP in a spiral-groove bearing is from the perimeter to the center. This
effect accounts for a significant difference in performance between a spiral-groove bear-
ing and a Kingsbury-Michell bearing; the difference is shown in the illustration below.
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PRESSURE DISTRIBUTION in a Michell bearing and a spiral-groove bearing are com-
pared. In a Michell bearing (left) the pressure builds up over the center of each pad; in a
spiral-groove bearing (right) it builds up over the entire face. By this means the spiral-
groove bearing achieves a larger load-carrying capacity than a Michell bearing of the same
size; in the Michell bearing there is no pressure at the center because there is no relative
velocity between bearing surfaces there. To put the matter another way, the spiral-groove
bearing has proportionately lower friction than the Michell bearing for a given load.
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sible to make a wear-resistant thrust
bearing able to take up to about one
kilogram of thrust from a shaft rotating
at a speed of 50,000 revolutions per min-
ute. If possible, the power consumption
was to be held under 1.5 watts. The
bearing was to support the end of the
shaft and had to be suitable for operation
in a vacuum.

Rolling bearings were out of the
question, both because of the wear they
undergo and because the frictional loss-
es would certainly be excessive. Dry-
sliding friction had to be excluded for
the same reasons. This narrowed the
field to contactless bearings, in particu-
lar to the self-acting kind, because in an
externally pressurized bearing the pump
alone would account for more than two
watts of power consumption. A self-
acting Michell bearing was a possibility,
but in the circumstances it would have
had to operate with unusually small
clearance between the bearing surfaces.
We were doubtful about the possibility
of building a Michell bearing with such
a small clearance.

Spiral-Groove Bearings

Accordingly we had to look for a
bearing with a different kind of geom-
etry. It was in this situation that H.
Rinia of our laboratory suggested an
arrangement whereby a smooth circular
plate would rotate in relation to a sim-
ilar plate in which “a recurrent pattern
of shallow grooves” had been cut. Pur-
suing this suggestion, I began to investi-
gate the matter. I soon found that we
were involved in something of a redis-
covery; earlier investigators had suggest-
ed the theoretical possibilities of such a
design. None, however, had carried the
idea through. We have done that by
working out the theoretical calculations
and building a variety of bearings. As it
turns out, the form of groove that works
best is a spiral [see illustration on page
61]. We have found that spiral-groove
bearings have an advantage over other
bearings not only when gas is the viscous
medium but also with oil and particularly
with grease.

The basic idea was that the grooves
would have a pumping effect on the
viscous medium. The effect would arise
as the plates rotated in relation to one
another, and it should pressurize the
entire area inside the groove region
from the perimeter to the center. The
pumping effect would be balanced by
a leaking effect: from the center of the
bearing the viscous medium would es-
cape around the shaft, in the case of



DO YOU MEAN

TO STAND THERE

“UniRoyal? What’s a UniRoyal?”

If we were asked that question once,
we were asked it a thousand times.

In fact, people from 24 different coun-
tries have been constantly querying us
about those “mysterious-looking” Uni-
Royal plants they’ve been seeing.

And they’d -usually start off with the
same question: “What's a UniRoyal?”

And we’'d always start off with the
same answer: “UniRoyal, my friend, is
the new worldwide trade-mark of the
United States Rubber Company.”

To which they’d invariably reply:

ANDTELLUS

YOU DON'T KNOW

WHAT A UNIROYAL

“Why UniRoyal?”

To which we’d invariably reply: “Be-
cause UniRoyal tells more about the U.S.
Rubber Company and what it makes to-
day than ‘U.S. Rubber’ does.”

At which point we’d see that they still
didn’t know what we were talking about.

So, to clear things up, we’d explain
that: ““‘U.S. Rubber’ on a product says
‘rubber’ to a consumer, and about 50%
of the products we make today have lit-
tle or nothing to do with rubber.”

And, to further clear things up, we'd
further explain that: “ ‘U.S. Rubber’ also
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says ‘Made in U.S.A. to a consumer in
Europe, Canada or Latin America. Which
can cause a lot of confusion now that
U.S. Rubber has 28 big manufacturing
plants in 23 foreign countries.”

“Oh!” they'd exclaim, the puzzled looks
leaving their faces. I see. U.S. Rubber
needed a new international trade-mark;
one that didn’t say ‘rubber’ or ‘U.S.” So
they chose UniRoyal.”

“Right,” we’d an-
swer. “We couldn’t
have stated it better

ourselves.” U.S.RUBBER
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FURTHER DEVELOPMENT of the spiral-groove bearing is represented by the spherical
design (left) and a conical design (right). The former is three millimeters in diameter ; the
latter, one millimeter. Kingsbury-Michell bearings cannot be made that small; the spiral-
groove bearings also carry larger loads with lower friction and can take some radial load.

AXIAL LOAD

!

————

RADIAL LOAD ——>

GREASE
RESERVOIR —__

THRUST
RETURN BEARING
CHANNEL ~__

JOURNAL
BEARING

GREASE-LUBRICATED BEARING, designed by the author and his colleagues, is able to
take both axial and radial loads in a situation where the shaft passes through the bearing.
The axial load is carried by a spiral-groove thrust bearing and the radial load mainly
by a standard journal bearing. In operation the spiral grooves pump grease inward ; it leaks
down through the journal bearing to the chamber at bottom. Groove patterns in the thrust
and journal bearings provide pressure for return of the grease. No relubrication is needed.
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oil and grease to a collecting chamber
and in the case of air to the outside.
The balance of pumping and leaking
effects would result in a separation of
the two plates.

The situation can be summed up by
pointing out two important differences
between a Michell bearing and a spiral-
groove bearing. In the Michell bearing
the pressure at the center is zero be-
cause the relative velocity is zero at that
point. In the spiral-groove bearing the
pumping action results in a pressure
distribution that shows a sharp increase
along a line drawn from the perimeter
to the center [see lower illustration on
page 66]. Moreover, the spiral bearing
produces an uninterrupted pressure pat-
tern whereas the pressure pattern in
the Michell bearing is essentially in-
terrupted. For these reasons the spiral-
groove bearing has a much larger area
contributing to the load-carrying ca-
pacity—and yet the increase in area
does not entail any large increase in
frictional loss. In short, the spiral-groove
bearing has a lower coefficient of fric-
tion.

In time we built a spiral-groove bear-
ing; it was about four inches in diam-
eter. We found that turning the upper
plate by hand at a speed of only one
revolution per minute sufficed to build
up a layer of air that completely sepa-
rated the two bearing surfaces. This
bearing demonstrated the practicality
of the spiral-groove principle, but it left
us with much work to do to achieve an
optimum performance.

One of our tasks was to find the best
geometry for the grooves. Specifically
that meant finding the optimum values
of the angle the logarithmic-spiral con-
figuration of the grooves makes with the
radius of the plate, together with the
optimum ratios of groove width to ridge
width, film height to groove depth, and
sealing region (the ungrooved area) to
grooved region. We have calculated
these values for a large variety of spiral-
groove bearings.

Evolution of the Principle

The spiral-groove bearing as it has
evolved in these investigations has all
the properties of other contactless bear-
ings embodying the concept of full-film
lubrication. In addition it has a low
coeflicient of friction, a high load-carry-
ing capacity and notably simple con-
struction. Moreover, it can be made in
very small sizes.

We have achieved a further increase
in the load-carrying capacity of the



Now 1it’s almost a snap
to solve mathematical
and statistical problems

But, first, you need an 1BM
computer and our new Scientific
Subroutine Package (Ssp/360).

SsP/360is one-hundred twenty-
two mathematical and statistical
subroutines written in FORTRAN
IV, especially for use on our
powerful new SYSTEM/360.

Put them on tape, direct-access
or card storage—and away you go.

Use them one at a time or in
combination to handle a multiple
regression analysis...manipu-
late a matrix...solve a differen-
tial equation.

You’ll get answers faster...
solve problems faster...and
spend a lot less time fussing with
computer programming.

For example.

Want to discriminate
human from ape fossil skulls?

An anthropologist might.

And he’d use a multiple linear
regression formula to do it.

Just as you might use regres-
sion analysis to find the reaction

rate in a chemical process...de-
rive medical tables that relate
mean systolic blood pressure and
age in years...or, in behavioral
science, relate class rank of grad-
uating seniors to mental-ability
tests.

Wherever multiple linear
regression can help you solve a
problem, ssp/360 can help you
solve it faster. It takes just four
of our 122 subroutines to do the
job.

Now let’s take a look at matrix
manipulation.

Want to analyze stability
of a bridge...or a jet aircraft?

You probably will want to
calculate eigenvalues and eigen-
vectors of real symmetric
matrices.

We’ve got a subroutine that
does it for you.

You can use this segment of
ssp/360 in aerospace to handle
impact and tracking computa-
tions for missiles or spacecraft

IBM
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...in physics to solve wave equa-
tions in the study of atomic
structure, spin-orbit interactions
or quantum electrodynamics.

Other subroutines that speed
matrix operations include: prod-
uct...inverse...add and subtract
...row and column add, subtract,
multiply, sum —thirty-seven sub-
routines in all.

But that’s not all.

Want to study
raindrop evaporation?

Or analyze transient motion of
submerged cables?

Or study the thermodynamics
of a heat pump or a refrigerator?

ssp/360 is for you again. It
includes three subroutines that
speed solution of ordinary differ-
ential equations...and twenty-
two for other mathematical
computations.

It’s quite a bag of tricks. And
it’s all yours if you speak
FORTRAN IV and have an IBM
computer handy.
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YOU HAD TO MISS THE FIRST COAST-TO-COAST FLIGHT

BUT YOU DON’T HAVE TO MISS THE C-5A

In 1911, a young man named Calbraith
Rodgers opened a new era in transconti-
nental aviation. By successfully completing
a 3,220 mile flight from New York to Pasa-
dena, with 69 stops en route, Rodgers
became the first man to fly coast-to-coast.
Rodgers’ flight opened one era in aviation,
the C-5A opens another—the new era in
global aviation. O Challenges were great
in these early days of flight. Opportunities
were big. They are even bigger today. OJ
USAF’s C-5A transport offers opportunities

unmatched in the aerospace industry. C-5A
is the biggest thing to come along in years.
An aviation giant, this new transport will fly
coast-to-coast with a 220,000 pound pay-
load—almost three times the carrying
ability of present airlifters. 0 To engi-
neers, the C-5A offers long term careers,
challenging assignments, and plenty of
room to grow. Don’t let an opportunity this
big pass you by. Find out for yourself. Get in
at the start of aviation’s new era. Send your
resumé to Charles E. Storm, Professional
Employment Manager, Lockheed-Georgia
Company, 834 West Peachtree Street,
Atlanta, Georgia, Department 3-SA.
Lockheed is an equal opportunity employer.
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LOCKHEED-GEORGIA

GIVE YOUR CAREER THE BIGGEST LIFT OF ALL

Lockheed-Georgia Company, Marietta, Georgia:
A Division of Lockheed Aircraft Corporation




IMMEDIATE
OPPORTUNITIES AT

LOCKHEED-GEORGIA

ON THE C-5A
The world’s largest jet airlifter

Engineers and scientists will find
immediate ground-floor opportun-
ities in the following fields:

DESIGN
Structural and Functional
Servo Mechanisms
— Hydraulic & Flight Controls

STRUCTURES ANALYSIS
Strength

Loads

Dynamics

Weights

VALUE ENGINEERING
Production Design

Value Analysis

Materials and Processes
Standards

Design Manuals

RELIABILITY ENGINEERING
Reliability Design Analysis
Reliability Testing

Mathematical Analysis

Flight Safety

MAINTAINABILITY
OPERATIONS RESEARCH
MATHEMATICAL LOFTING

DEVELOPMENT TEST ENGINEERING
Structural

Mechanical

Metallurgical

Instrumentation

Flight Control

HUMAN ENGINEERING
Human Factors

QQPRI

PRELIMINARY DESIGN
Avionics

Cockpit Layout

Structures

Mechanical Systems

Air Conditioning
Propulsion

Petal Doors

SYSTEMS ENGINEERING
Propulsion
Mechanical and Hydraulic
Electrical
Electronic
Servo Mechanisms

— Hydraulic & Flight Controls

AERODYNAMICS

Performance

Stability and Control

Wind Tunnel
THERMODYNAMICS

Air Conditioning and Anti-Icing
Nacelle Aerodynamics
APPLICATIONS ENGINEERING
MANAGEMENT SYSTEMS
REQUIREMENTS

ADMINISTRATIVE ENGINEERING

Send resume to Charles E. Storm,

Professional Employment Manager,
Lockheed-Georgia Company, 834
West Peachtree Street, Atlanta,
Georgia, Department 366-SA.
Lockheed is an equal opportunity
employer,

C-BA L.
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The opportunities don’t come any bigger
Lockheed-Georgia Company, Marietta, Georgia:
A Division of Lockheed Aircraft Corporation
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spiral-groove bearing by redesigning the
bearing surface in spherical form [see
left part of top illustration on page 68].
Indeed, the load can be as much as 25
times that of a Michell bearing with the
same diameter. Spherical spiral-groove
bearings have several advantages apart
from being able to sustain higher loads.
They are simple to make and so lend
themselves to mass-production methods.
They are self-adjusting. They can be
remarkably small; we have made one
with a diameter of about three milli-
meters. Finally, they can to some extent
take up radial as well as axial loads.
This last characteristic has been provid-
ed in even greater degree by making
spiral-groove bearings in conical form.
With this development, the possibility
arises that air-lubricated spiral-groove
bearings can replace the ball bearings
in gyroscopes, where ball bearings pre-
sent problems of wear and slight varia-

tion in frictional torque. Attempts
toward such a substitution are now un-
der way.

An unexpected and interesting possi-
bility that has engaged much of our
attention in recent years is that there is
much to be gained by lubricating spiral-
groove bearings with grease. The rea-
son is that the spiral-groove bearing
forces the grease into the space between
the bearing surfaces instead of forcing it
out, as all other bearings do. I was led
to the discovery of the grease-lubricated
spiral-groove bearing by repeatedly be-
ing confronted with the limitations of
“porous” bearings, a kind widely used
for journals with a diameter of a quar-
ter-inch or less. A porous bearing is
made of a porous metal that serves two
functions: it retains oil like a sponge
and it has high resistance to wear dur-
ing starting and stopping. The purpose
of these bearings, which are used by
the millions in machines such as domes-
tic appliances, is to avoid the necessity
of relubrication and to allow the bearing
to function on the full-film principle
without special provisions for maintain-
ing the lubricant bath.

There is no doubt that porous bear-
ings perform their function well, but
they do have some limitations. The de-
sirable pressure built up by the wedge
effect is reduced by leakage of the oil
through the porous material. Moreover,
the space between the bearing surfaces
does not remain filled with lubricant;
the oil leaks sideways out of the slit at
the site of maximum pressure and is
flung off by the rotating spindle. Even-
tually such a bearing goes dry and be-

comes useless.
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The grease-lubricated spiral-groove
bearing overcomes these problems.
Moreover, since it uses grease instead of
oil, only simple sealing measures are
needed. We expect that the grease-
lubricated spiral-groove bearing, de-
signed to take both axial and radial
loads, will avoid all the disadvantages
of the porous bearing while being com-
petitive in price. Indeed, I have ob-
tained excellent results testing five-milli-
meter grease-lubricated spiral-groove
bearings in electric motors originally
fitted with porous bearings. The motors
have run some 13,000 hours, and the
bearings have withstood 200,000 starts
and stops under load. The bearings con-
tinue to operate under conditions of
full-film lubrication.

These results have convinced me that
grease-lubricated spiral bearings can
replace ball bearings in more heavily
loaded motors where porous bearings
are out of the question because of the
limits on their load-carrying capacity.
We have tested this idea with good re-
sults on a motor that runs at 20,000
r.pm.; its two ball bearings were re-
placed by two five-millimeter conical
grease-lubricated spiral bearings. In
such an application spiral bearings offer
the advantage over ball bearings of long
life without the need for periodic in-
spection.

Thus far I have spoken only of spiral-
groove thrust bearings. We have also
found that a spiral-groove bearing can
be used in a situation where the shaft
passes through the bearing. The ar-
rangement we devised for this situation
involves a combination of a spiral-
groove bearing and a standard radial
bearing [see bottom illustration on page
68].

There will always be a wide range of
applications for rolling bearings, par-
ticularly when heavy loads have to be
carried with a low coefficient of friction
at low speeds and the bearing must ac-
commodate both clockwise and counter-
clockwise rotation. I think, however,
that grease-lubricated  spiral-groove
bearings will prove to be better and
cheaper than rolling bearings in many
applications. I can also see the pos-
sibility, arising from the noiseless and
contactless operation of the grease-lu-
bricated spiral bearing, that it will re-
place certain jeweled bearings—not in
watches but in larger and higher-speed
devices where the noise and material-
to-material contact of jeweled bearings
can be troublesome. These and other
ideas await further scrutiny and the
test of experience.
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Polaroid has a camera
that can talk.

This is The Swinger, the new low
priced Polaroid Land camera.

For twenty years we have
dreamed of making a camera that
would not only deliver a picture in-
stantaneously, but would also be in
focus without focusing, that would
stop the motion of the subject and
be nearly indifferent to the motion
of the photographer, that would
weigh not much more than a
pound and that would give perfect
exposure.

The Swinger is that camera.

One of the elements of the dream
was precise exposure control. The
electronic photometer that controls
the automatic shutters on our Color
Pack cameras was far too costly for
this camera.

Split-field photometers, with one
side of an edge illuminated by a
standard light source, and the other
side of the edge illuminated by the
light to be measured, are inherently
accurate. But their large batteries,
rheostats and voltmeters makethese
professional instruments too heavy.

Their cost is ten or twenty times
the cost of our camera.

Nevertheless, we were impressed
by the inherent simplicity and reli-
ability of this kind of photometry.
It occurred to us that progress in
design has led to batteries which
maintain their voltage accurately
over long periods, and to minute
electric bulbs imposing on the bat-
teries so little demand for current
that in combination the bulbs and
batteries could be used without a
voltmeter or rheostat as a standard
of brightness.

If we used this constant source
to illuminate half of the photomet-
ric field, we could vary the bright-
ness of the other half of the field
by an aperture that was an integral
part of the diaphragm blades. We
found that while technically trained
people could use this photometer
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readily, the classical matching op-
eration is difficult for the untrained
and strenuous in the environment
of ordinary picture taking. We then
assigned ourselves the task of go-
ing on from this type of photometer
to one which would give an affirma-
tive response, the actual word YES,
when the correct setting was made.

In this photometer, the light
from the tiny bulb goes on when
you squeeze the exposure-control
knob. The amount of subject light
admitted through the photometer
aperture can be regulated by turn-
ing the knob. Until the two inten-
sities are matched, you read NO in
the viewfinder window. When
they’re made equal—by turning the
knob—youread YES. And when you
see YES, the correct lens aperture
has been set for you (the photo-
meter aperture and lens aperture
are linked so that when one opens,
the other opens proportionally).

The YES/NO target resulted
from our studies on the nature of
lightness and our application of
camouflage technique. By printing
the word YES lightly on the NO,
we reached the following situation.
When the NO is present, illumi-
nated by the light from the bulb,
the YES although physically
“there” does not appear. When the
NO is balanced out, as the scene
light is increased by opening the
aperture, the YES though lightly
printed is the lowest member pres-
ent on the lightness scale and there-
fore becomes dark for the eye.

For the photographer, the opera-
tion is reduced to—aim, turn the
knob until YES appears, snap the
shutter, and wait ten seconds for a
perfectly exposed picture.

Price of The Swinger...$19.95.

Polaroid Corporation
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THE NERVE AXON

The fiber that conducts the nerve impulse is a tubelike structure.

Its operation can be studied ])y squeezing the contents out of the

giant axon of the squid and 1'eplacing them with various solutions

xons are the communication lines of
A the nervous system, and along
them message-bearing electrical
impulses travel from one part of the
body to another. They are sometimes
compared to electric cables, but they
do not carry an electric current the way
a wire does. Whereas in a copper wire
electricity travels at a speed approach-
ing the velocity of light, in an axon an
impulse moves at only about 100 meters
per second at best. The interior of an
axon is about 100 million times more
resistant to the flow of electricity than
a copper wire is. Moreover, the mem-
brane sheathing the axon is about a
million times leakier to electric current
than the sheath of a good cable. If the
propagation of electricity in an axon
depended on conduction alone, a cur-
rent fed into it would die out within a
few millimeters. The fact is that the
axon propagates a current not by simple
conduction but by means of a built-in
amplifying and relay system.

How does the system work? This is a
central question in the investigation of
the nervous system, and it has long
intrigued physiologists. This article is
primarily an account of one of the new
techniques developed for investigating
the process of nerve-impulse conduction.
The technique can be described briefly
as experimenting with perfused axons.

The electrical activity of an axon
is based on the interaction of three
elements: (1) the fluid contents of the
axon, called the axoplasm, (2) the
membrane that encloses these contents
and (3) the outside fluid that bathes the
axon. The key to the axon’s propaga-
tion of an impulse lies in the mem-
brane. Essentially our technique con-
sists in emptying the axon of its contents
and perfusing the emptied tube with
various experimental solutions, the ob-
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ject being to determine just what
factors are required to make an electric
current travel along the axon.

These studies, like many others that
have been done on the transmission of
nerve impulses, are made possible by
that remarkably convenient gift of
nature: the giant axon of the squid.
This axon measures up to a millimeter
in diameter. The axons of human nerve
cells, in contrast, are only about a
hundredth of a millimeter in diameter.
For the squid the giant axon represents
an adaptation to a vital need in its
particular way of life. For the physiol-
ogist this axon provides an ideal experi-
mental preparation. All the available
evidence suggests that experimental
results obtained with squid axons are
applicable to all other nerve fibers.

Why some animals and not others

have evolved giant axons is not
fully understood, but such axons appear
to be involved in escape responses. The
giant axon of the squid is part of the
mechanism by which the animal flees its
enemies in the water. In order to dart
away rapidly the squid uses a jet-
propulsion system, squirting water out
of a tube at one end of its body. This
calls for the synchronous contraction of
muscles located throughout its body
mantle, and therefore all those muscles
must receive the message from the brain
simultaneously. The device that takes
care of this timing is a variation in the
size of the axons radiating from the
brain to the various muscles. The farther
the muscle is from the brain, the thicker
is the axon leading to it, and experi-
ments have shown that the thicker the
axon, the faster it conducts impulses.
Hence the diameter of the axon is
adjusted to the length of the route to
be covered, and this ensures that the
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signal will reach all the muscles at the
same time.

The giant axon is easily dissected
out of the squid. It is by probing the
isolated axon with microelectrodes and
by other means that Kenneth S. Cole
in the U.S., A. L. Hodgkin, A. F. Huxley
and Bernhard Katz in and
other investigators have since 1939 de-
veloped an outline of the main events
that take place when an electrical im-
pulse passes along a nerve fiber. Much
of this story has already been related in
Scientific American. I shall only briefly
review the principal features of the
picture.

Between the axoplasm inside the axon
and the fluid bathing the axon on the
outside there are distinct chemical and
electrical differences. Chemically the
axoplasm is distinguished by the pres-
ence of various organic molecules and
a comparatively high content of potas-
sium. The outside fluid, on the other
hand, is quite similar to seawater: it
principally contains sodium ions and
chloride ions. The concentration of
potassium is about 30 times higher in-
side the axon than outside; the con-
centration of sodium is about 10 times
higher outside than inside. Because of
these differences potassium ions tend
to leak out of the axon (by diffusion)
and sodium ions to leak in, to the extent
that the membrane will allow the ions
to pass. (We can disregard the axo-
plasm’s organic molecules and the out-
side fluid’s chloride in this connection,
because the membrane is highly im-
permeable to them.)

Britain

he electric-charge situation compli-
cates the picture. Inside the axon we
have a high concentration of positively
charged potassium ions; outside, a high
concentration of positively charged so-



INTACT SQUID AXON is seen in transverse section in these photo- ment of the axon’s perimeter is enlarged 1,150 diameters (right).
micrographs made by J. S. Alexandrowicz of the Plymouth Marine The gray material inside the axon is the axoplasm. The dark bound-
Laboratory. The section is enlarged 140 diameters (left). A seg- ary of the axon is composed primarily of a layer of Schwann cells.
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PERFUSED AXON (left) and part of its perimeter (right) are en- with a potassium sulfate solution. The small amount of grayish re-
larged as in the top micrographs. The axoplasm has been replaced sidual axoplasm is thickest near a nucleus of a Schwann cell (right).
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INTERNAL POTENTIAL of an axon is established by the concen-
tration gradients of potassium and sodium ions and by the axon
membrane’s changing permeability to these two positive ions. Be-
cause it is more concentrated inside the axon than outside, potas-
sium (open circles) tends to diffuse out; sodium (colored dots),
more concentrated outside than inside, diffuses in. A normal rest-
ing axon membrane is more permeable to potassium than to so-
dium. The resulting net outward diffusion of potassium establishes

dium ions. When the membrane is in
its unstimulated resting condition, it is
highly permeable to potassium but only
slightly permeable to sodium. Because
of potassium’s relative freedom to pass
through the membrane and its steep
concentration gradient, it tends to leak
out of the axon at a high rate. The
result is that the inside of the axon
becomes electrically negative with
respect to the outside. There is a limit
to this process; an equilibrium is reached
when the tendency for potassium to
diffuse out is balanced by the electric
field that has been set up. At this point
the interior of the axon is about 60 milli-
volts (thousandths of a volt) negative in
relation to the external fluid. That dif-
ference—a negative potential of 60 milli-
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volts—is called the resting potential of
the nerve cell. It is created, in effect, by
a potassium battery.

It is relevant to inquire what would
happen to the potential if the mem-
brane were highly permeable not to
potassium but to one of the other ions.
The concentration gradient of the posi-
tively charged sodium ions is from out-
side to inside, acting to make the inside
of the axon positive. The gradient of the
negatively charged organic molecules is
from inside to outside and will also act
to make the inside positive. The nega-
tively charged chloride ions are more
concentrated outside the axon than in-
side and will act to make the inside
negative. Altering the permeability of
the membrane to these ions can estab-
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the inside-negative resting potential (a). An action potential occurs
when the nerve is depolarized (by a nerve impulse or artificial
stimulation). The action potential has two phases. First the mem-
brane becomes very permeable to sodium, which enters the axon
and makes the inside positive (b). Then the sodium “gates” close;
the membrane thereupon becomes very permeable to potassium,
which moves out, making the interior negative again (c¢). A reduc-
tion in potassium permeability reestablishes the resting condition.

lish a wide range of potentials, the
inside being negative (because of potas-
sium or chloride) or positive (because of
sodium or organic ions) or anything in
between (because of a mixture). The
possibilities this variability offers for
the control of membrane potential have
been thoroughly exploited by the cells
of the central nervous system.

Obviously any change in the mem-
brane’s permeability to one of the ions
can change the potential. This is pre-
cisely what happens when an electrical
impulse passes along the axon. The
current reduces the potential at the
point of its arrival, and the resting
potential there drops toward zero; the
membrane is said to be depolarized. In
response to the drop mn potential the



membrane’s permeability to sodium
suddenly increases; this further reduces
the potential, which in turn makes the
membrane still more permeable to sodi-
um. As if a door were suddenly opened
wide, sodium ions from the surrounding
fluid rush into the axon. The result is
that within a small fraction of a second
the interior of the axon switches from a
negative potential of about 60 millivolts
to a positive potential of about 50
millivolts. The new condition is the first
phase of what is called an action poten-
tial.

The local region within the axon is
now positive, whereas the next adjacent
section, which still has a normal rest-
ing potential, is negative. Consequently
a current flows from the positive to the
negative region, completing the circuit
by returning to the positive region
through the conducting solution outside
the axon. The current arriving in the
region of normal resting potential opens
the membrane door to sodium and thus
triggers the generation of an action
potential like that in the region it has
just left. In this manner the impulse is
regenerated from point to point along
the axon and flows from one end of it
to the other. In each region, shortly
after an action potential has been
generated, the membrane’s permeability
to sodium is switched off and its per-
meability to potassium increases, and as
a result that section of the axon returns
to the resting potential. The entire local
action potential lasts only about a milli-
second.

For many years physiologists have

been looking into this process ex-
perimentally. What would happen if the
concentration of ions on one side of the
membrane or the other was changed
artificially? Isolated axons remain func-
tional for many hours when they are
immersed in a simple salt solution con-
taining the major ions present in sea-
water. It is an easy matter to vary the
concentration of these ions in order to
study their influence on the process
of impulse conduction. Experimenters
found that when they added potassium
to the medium, thereby reducing the
potassium gradient between the inside
of the axon and the outside, the resting
potential dropped. When they removed
sodium from the medium (replacing it
with an osmotically equivalent amount
of sugar or the positive organic mole-
cule choline), the axon became inca-
pable of propagating an electrical im-
pulse. These results supported the
general view of the critical roles normal-

ly played by the sodium and potassium
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AXOPLASM is removed from a piece of squid axon and replaced with an experimental solu-
tion. A piece of axon with a cannula fixed to its smaller end is placed on a rubber pad
and axoplasm is squeezed out of it by successive passes with a rubber roller (1-4). Then
the nearly empty sheath is suspended vertically in seawater (5) and the perfusion fluid
is forced through it, removing the remaining plug of axoplasm and refilling the axon (6-8).
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PERFUSED AXON is mounted so as to allow solutions to be changed with an internal elec-
trode in position, To fill it with a new solution, suction is applied to the external fluid.
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gradients in the generation of the
action potential and the resting po-
tential.

Experiments were also performed in
changing the composition of the axo-
plasm within the axon. To inject extra
sodium or potassium into the intact
fiber a special microsyringe was used
by Harry Grundfest, C. Y. Kao and M.
Altamirano at the Columbia University
College of Physicians and Surgeons,
and also by Hodgkin and Richard D.
Keynes at the University of Cambridge.
It is not possible to change the inside-
outside gradients of ions by any great
amount in this way, but when extra
sodium was injected into the axon,
raising its concentration closer to the
level of the sodium outside, the action
potential produced by an electrical im-
pulse was smaller than normal, presum-
ably because the usual inrush of sodium
ions was checked.

Gould one find a way to remove the
core of the axon and substitute a
strictly experimental solution inside the
fiber? Recently two different techniques
for doing this were developed almost
simultaneously, one by Ichiji Tasaki and
his co-workers at the Marine Biological
Laboratory in Woods Hole, Mass., and
the other by T. I. Shaw and the author
at the Plymouth Marine Laboratory in
Britain. In Tasaki’s method a fine capil-
lary tube is used to ream out some of
the axoplasm, and then a fluid is run
through the tube to wash out as much
of the remaining material as possible.
It is an extremely tricky operation,
particularly on the comparatively small
“giant” axons of the squid found in
North American waters, and a consider-
able amount of axoplasm is left in the
fiber.

Our technique is crude by compari-
son, but we have found that it effectively
removes most of the axoplasm. It is
based on an old stratagem: in 1937
Richard S. Bear, Francis O. Schmitt and
J. Z. Young, working at the Marine Bio-
logical Laboratory in Woods Hole, dis-
covered that if an end of an axon was
cut, they could squeeze the axoplasm
out of it much as one squeezes tooth-
paste out of a tube. We were led to
wonder about the casing left by this op-
eration. Did the squeezing spoil the
membrane’s properties or could it still
conduct an electrical impulse? We un-
dertook an experiment to answer the
question. We laid a section of axon
about eight centimeters long (a little
more than three inches) on a rubber pad
and squeezed axoplasm out of the wider



end by a series of fairly firm strokes
with a rubber-covered roller. When the
axoplasm had been extruded from half
of the axon’s length, leaving that part a
flattened sheath, we rolled the other
half to push some of its axoplasm into
the emptied section. To our surprise we
found that the roughly handled mem-
brane could still conduct and boost
electrical impulses. This experiment
showed that the excitable properties of
the membrane are not destroyed by ex-
trusion and encouraged us to try to
replace the axoplasm with artificial so-
lutions.

Our procedure was to insert a small
glass cannula into the narrower end of
the axon and squeeze out as much of
the axoplasm as possible; then, attach-
ing the cannula to a motor-driven
syringe, we suspended the nerve in sea-
water and forced “artificial axoplasm”
through the flattened sheath. When the
nerve was refilled, its excitability was
tested, and in about 75 percent of the
experiments the preparation was found
to function like a normal nerve. With
this method about 95 percent of the
axoplasm is extruded and a long length
of axon can be perfused. Once perfused,
the axon can be tied off at both ends
and handled like a normal axon. It is
more convenient, however, to mount it
in such a way that a microelectrode can
be inserted into the axon and, with the
electrode in place, the perfusion fluid
can be changed repeatedly [see illustra-
tions on opposite page]. It is also pos-
sible to change the external solution.

\Y/Te now undertook a series of per-
fusion experiments in collaboration
with Hodgkin. The first question we
asked was: What substances must the
axoplasm contain in order to generate a
resting potential and an action po-
tential? The requirements turned out to
be simple indeed. The only essentials
are that the solution be rich in potas-
sium ions and poor in sodium ions, and
that it have about the same osmotic
pressure and concentration of hydrogen
ions as normal axoplasm. As for the
negatively charged ions (which normal-
ly are ionized organic molecules), their
nature is not critical; we have used a
wide variety of negative ions success-
fully. A particularly convenient solu-
tion is buffered potassium sulfate. When
axons are perfused with this solution,
they produce resting and action po-
tentials that are almost identical with
those generated by intact fibers [see

top illustration at right].
It appears, then, that the bulk of the

natural axoplasm is not necessary for
the propagation of impulses. Are crucial
remnants of the original material left in
our axons—substances that could not be
dispensed with and that make conduc-
tion possible? It is not easy to answer
categorically; all that can be said is
that the axons are still fully functional
and can conduct up to half a million
impulses, even after they have been
washed by a flow of artificial solution
amounting to 100 times the volume of
the original fluid. If essential molecules
were diffusing from the remaining axo-
plasm to the membrane, they should
have been completely washed out by
such a massive flow. There remains the
possibility that something essential for
impulse conduction is supplied by a
layer of cells that surrounds the giant
axon. The function of these cells, called
Schwann cells, is obscure. Various kinds
of evidence suggest, however, that they
are not directly involved in electrical
conduction. For instance, when the
Venezuelan workers R. Villegas, Maximo
Gimenez and L. Villegas inserted two
microelectrodes into a squid nerve—one
into a Schwann cell and the other into
the axon—they were unable to detect
any electrical change in the Schwann
cell when an action potential passed
along the axon.

Perhaps the most remarkable finding
is the fact that apparently no source of
energy other than the difference in ion
concentrations on the two sides of the
membrane is needed to amplify an elec-
tical impulse and propagate it along
the axon. Our artificial axoplasm con-
tained no sugar, adenosine triphosphate
(ATP) or other chemical source of
energy, and it is unlikely that any ATP
was produced by the traces of original
axoplasm left in the sheath. Yet the
axon could generate both resting and
action potentials whenever the inside
and outside solutions had the right con-
centrations  of potassium  ions and
sodium ions.

To produce the resting potential we
need only make sure that the fluid per-
fusing the experimental axon is primed
with a sufficiently high concentration of
potassium. If we substitute sodium for
potassium in the potassium sulfate per-
fusion fluid, the resting potential drops,
and the amount of this drop depends on
the extent of the substitution; when the
concentration of potassium inside the
axon is reduced to the same level as
that outside, the potential drops to zero.
If we make the potassium concentration
outside much higher than that inside,
the inside of the axon becomes positive,
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ACTION POTENTIALS from an axon per-
fused with potassium sulfate (top) and from
an intact axon (bottom) are quite similar.
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DEGREE OF INFLATION with perfusion
fluid does not change the action potential
but does increase the conduction velocity.
These potentials were recorded from an
empty axon (top), a partly inflated one
(middle) and a fully inflated one (bottom).
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OUTSIDE POTASSIUM = 100 MILLIMOLES
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RESTING POTENTIALS of perfused axons depend on the potassium concentration gradi-
ent. The internal potassium content was changed by substituting sodium chloride for potas-
sium chloride inside the axons. The lower the potassium gradient, the less negative the in-
ternal potential became. With the gradient reversed the internal potential became positive.
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“OVERSHOOT,” the amount by which the action potential rises above zero, decreases as
the sodium gradient is reduced. These potentials are from a normally perfused axon (A4)
and axons in which a quarter (B) and half (C) of the potassium was replaced with sodium.
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that is, the sign of the resting potential
is plus instead of minus. These observa-
tions are what would be expected if the
resting nerve membrane is freely perme-
able to potassium ions but not to other
ions. The magnitude and the sign of the
potential generated are dependent on
the steepness and the direction of the
potassium concentration gradient.

These experiments also show that
the inward diffusion of the negatively
charged chloride ions contributes very
little to the resting potential. When
there is no potassium concentration
gradient, there is still a steep gradient
for chloride, and }}et the measured rest-
ing potential is close to zero. This type
of experiment suggests that the resting
membrane is highly impermeable to
negative ions but freely permeable to
potassium. A similar argument applied
to sodium indicates that the resting
membrane is also impermeable to this
ion.

During the action potential, on the
other hand, the permeability to sodium
ions is markedly increased, but the
amount by which the action potential
overshoots zero and becomes positive is
dependent on the sodium concentration
gradient. The progressive replacement
of potassium inside the axon by sodium
reduces the overshoot and finally abol-
ishes the axon’s ability to conduct im-
pulses; the ability is restored as the
sodium is washed out and replaced with
potassium. A rather interesting corollary
is the change in action potential that
occurs when most of the potassium sul-
fate in the perfusion fluid is replaced by
an osmotically equivalent amount of
sugar. Under these conditions the over-
shoot of the action potential is in-
creased, only to fall again when the
axon is refilled with potassium sulfate.
This suggests that when potassium is
present within the axon, it acts to some
extent as a barrier to the inflow of
sodium. That is to say, the potassium
ions serve in some degree as if they were
sodium ions, and when they are absent,
the sodium gradient from outside to
inside is steepened.

[n performing these experiments we

noticed that, although the substitu-
tion of sugar for potassium sulfate en-
hanced the action potential, it slowed
the axon’s conduction of impulses. Pre-
sumably this could be attributed to the
low electrical conductivity of sugar,
which would shorten the range of each
stage of propagation (that is, each local
circuit) and thereby slow the overall
rate of travel. Indeed, we found by



experiment that the higher the electrical
conductivity of the material we used
for perfusing the axon, the faster the
speed of impulse propagation.

Recent experiments on perfused axons
have been directed toward a detailed
analysis of the properties of the action-
potential mechanism. These investiga-
tions have depended to a large extent
on the device known as the voltage
clamp. This technique was devised al-
most 20 years ago by Cole and his co-
workers and by Hodgkin, Huxley and
Katz, and in their hands it provided
almost all the detailed evidence for the
sequence of changes in membrane
permeability that occurs during the
action potential.

The technique is simple in principle
but often very difficult in practice. The
idea is to produce a sudden displace-
ment of the membrane potential from
its resting value and to hold the po-
tential at this new fixed level by means
of a feedback amplifier. The current
that flows through a definite area of
membrane under the influence of the
impressed voltage is measured with a
separate amplifier [see illustration at
right].

When the membrane of an intact
axon is depolarized and the potential is
held at some value close to zero, the
current that flows is at first directed
inward, but it rapidly reverses its direc-
tion and continues to flow outward as
long as the membrane is kept de-
polarized. There is every indication that
the initial inward current is carried by
a rapid inflow of sodium ions resulting
from a transient increase in the mem-
brane’s permeability to sodium, and
that the delayed outward current re-
sults from a prolonged increase in its
permeability to potassium. For one
thing, experiments with the same tech-
nique show that if sodium is absent
from the outside medium, so that the
downward gradient of sodium con-
centration is from inside to outside in-
stead of the other way around, there
is a small initial outward flow of cur-
rent instead of an inward one. Sodium
ions now move from inside to outside
through the door of increased perme-
ability opened by depolarization of the
membrane. The same result can be
obtained, even when the axon is bathed
on the outside by seawater, by revers-
ing the resting potential, that is, by
making the inside of the axon positive
instead of negative and holding the
potential at the positive value. The po-
tential difference then drives sodium
ions out of the axon against the chemi-
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“VOLTAGE CLAMP?” is set up as shown in this schematic diagram. A change in membrane
potential is produced by the current-carrying electrode. Sensed by two other electrodes, the
potential is thereafter maintained by a small current regulated by feedback. The current
that flows through a known area of membrane at this fixed potential is then measured.

cal gradient, and a curent flows out-
ward. At some intermediate value the
applied potential just balances the tend-
ency of sodium ions to enter the axon
and there is no detectable early current.
This potential is called the sodium equi-
librium potential.

r[‘he technique of perfusing axons
+ allows the voltage clamp to be ap-
plied to situations in which the interior
of the axon, as well as the external en-
vironment, can be varied. What will
happen if sodium is completely absent
both outside and inside the axon? In
such a case we might expect that, if
the axon contains only potassium, de-
polarization of the membrane should
simply bring about a lasting outward
current, carried by potassium ions dif-
fusing out of the axon. When Knox
Chandler and Hans Meves of our
laboratory applied the voltage clamp,
they found that depolarization always
resulted promptly in a small outward
current that was identical in its prop-
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erties with the one normally carried by
sodium ions. Were potassium ions in the
axon acting like sodium ions in this case,
passing out through the same membrane
channel that opened up for sodium ions
during depolarization?

Chandler and Meves tested this sur-
mise by adding sodium to the formerly
sodium-free outside medium. If the
potassium ions within the axon did not
behave like sodium, the downward
gradient of sodium concentration from
outside to inside would be very steep;
hence a large inside-positive potential
should be required to prevent a flow of
current across the membrane. Actually
the experiments showed that the equi-
librium potential (the potential required
to abolish the early inward current)
had the value that would be expected
if the potassium inside the axon acted
like a small amount of sodium. These
results indicate that the channel by
which sodium ions enter the axon during
an action potential is not completely
specific for sodium ions. Chandler and

8l
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Meves were able to calculate from their
measurements that the “sodium chan-
nel” enables sodium ions to pass about
12 times more easily than potassium
ions.

This conclusion has recently been
strengthened by a different approach.
The fish known as the puffer manu-
factures a potent nerve poison called
tetrodotoxin; analysis by means of the
voltage clamp of how this poison acts
has shown that it very specifically blocks
the increase in permeability to sodium
that occurs immediately following de-
polarization. It has no effect on the
delayed increase in permeability to
potassium. When tetrodotoxin was ap-
plied to perfused axons, Chandler and
Meves found that it also blocks the
early current carried by potassium ions,
thus confirming the view that the po-
tassium is passing through the “sodium
channel.”

The axon membrane loses its capacity
for increasing its permeability to so-
dium when its resting potential is kept
at progressively less negative levels.
Hence as the resting potential is re-
duced toward zero (for instance by the
replacement of potassium ions inside
the axon with sodium or choline) the
mechanism for admitting sodium is pro-
gressively inactivated, and therefore the
axon’s capacity for producing an action
potential becomes progressively smaller.
If, however, the potassium in the per-
fusion fluid is replaced by sugar instead
of another ion, this loss is not so sharp;
the membrane maintains its activity, or
ability to increase its permeability to
sodium, at much lower levels of resting
potential. Chandler, Hodgkin and Meves
have proposed a possible explanation
for this puzzling result. They suggest
that the reduction or elimination of ions
in the perfusion fluid uncovers nega-
tively charged groups of atoms on the
inner face of the membrane. This
process would increase the electric field
within the membrane without altering
the total potential difference between
the internal and external solutions.
Accordingly a charged molecule within
the membrane will experience an im-
posed electric field identical with that
which it experiences in an intact axon at
the resting potential.

Experiments with perfused axons have

yielded results that would have
been impossible to obtain with intact
axons and thus represent a consider-
able advance, but in general they have
not produced any revolutionary changes
in ideas about the mechanism of propa-
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gation of the nerve impulse. They have,
however, served to define more sharply
the questions to be answered about the
basic chemistry of the process. How do
ions pass through the membrane? What
makes the resting membrane so much
more permeable to potassium than to
sodium? What specific change in the
membrane (brought about by a drop in
potential) causes it suddenly to open its
doors to sodium?

There are many hypotheses on these
questions but so far no convincing items
of evidence. The difficulties facing those
who are trying to solve such problems in
chemical terms are immense. Many of
the unique properties of living mem-
branes are dependent on the potential
that normally exists across them. The
application of the routine biochemical
technique of homogenizing cells in or-
der to isolate the cell membrane would
break up the membrane and destroy the
potential across it; this might so alter the
architecture of the molecular groups
involved in nerve activity that they
would be unrecognizable. Moreover, the
relevant groups are probably quite
thinly scattered through the membrane
material and hence much diluted by
less interesting molecules. Perhaps arti-
ficial membranes, synthesized from sub-
stances extracted from natural ones, will
yield some clues, but a complete ex-
planation of the behavior of the nerve
membrane in molecular terms is prob-
ably still a long way off.

Further experiments with perfused
axons may tell us something about the
process of recovery from nerve activity.
During the passage of an impulse in an
intact nerve there is a small net gain
of sodium and a small net loss of potas-
sium. If this were to continue un-
checked, the nerve would lose potassium
and gain sodium, and the concentration
gradients on which nerve activity de-
pends would be destroyed. The ten-
dency is counteracted by the mechanism
known as the “sodium pump,” which
uses metabolic energy in the form of
ATP to extrude sodium ions from the
axon in exchange for potassium ions.
Although an intact nerve can function
for some time without an operating
sodium pump, the pump is essential for
the long-term maintenance of nerve
activity. In perfused axons this is not
the case, since fresh fluid can be con-
stantly passed through the axon. There
is evidence, however, that the pump
mechanism survives perfusion and that
it can be activated by adding ATP and
small amounts of magnesium and sodi-
um to the perfusion fluid.
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The Prehistory of the Australian Aborigine

The native inhabitants of Australia were long thought to be relatively

recent immuigrants. In the past decade archae()logists have discovered

that man first reached the remote continent at

he prehistory of Australia ended

I in 1788, when the British landed
at the site of modern Sydney.

How many millenniums before that the
continent’s aboriginal inhabitants ar-
rived has not been precisely established.
Only a decade ago their prehistoric pe-
riod was widely believed to have been
no more than a brief prelude to the
European colonization. Today it seems
certain that the initial migration took
place in Pleistocene times—no less than

16,000 years ago and probably much
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earlier. Here I shall review the archaeo-
logical findings that shed some light on
the prehistory of the aborigines and
then describe recent field studies that, in
my opinion, quite drastically alter earli-
er views.

Sundered from Asia before Homo
sapiens evolved, Australia is a land
mass almost the size of the U.S. It has
12,000 miles of coastline and extends
from 43 degrees South latitude to
within 11 degrees of the Equator. A
third of its area lies north of the Tropic
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MAJOR PREHISTORIC SITES are located on a map of Australia. Devon Downs, in the
Murray River valley, was the first stratified site iit be found on the continent. Excavated in
1929, its lower levels are 4,500 years old. Kenniff Cave, a site the author found 1,000 miles
north of Devon Downs in 1960, contains strata that span some 16,000 years of prehistory.
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least 16,000 vears ago

of Capricorn. An equally extensive area
annually receives less than 10 inches of
rainfall. Only 7 percent of the land
mass rises above 2,000 feet; indeed, the
continent can be traversed from the
Gulf of Carpentaria in the northeast
to the southern coast without climbing
higher than 600 feet. Australia’s ma-
jor mountain and river systems are re-
stricted to its eastern and southeastern
parts. These topographic realities must
be reckoned with in considering pre-
historic patterns of human settlement.
Of equal significance are the usually
dry watercourses and salt pans of the
arid “outback,” which testify to a more
congenial climate in late Pleistocene or
early postglacial times.

In 1788 Australia was inhabited by
perhaps 500 aboriginal tribes; they
probably mustered a total population
of some 300,000. In coastal or river-
valley environments, where the popula-
tion density was comparatively high,
there were one or two individuals per
square mile. Elsewhere immense tracts
supported no more than one person ev-
ery 30 or 40 square miles. In so large an
area one might expect considerable vari-
ety in the inhabitants’ ecological and
technological adaptations, and reports
by early European observers and the
scantier evidence of archaeology docu-
ment such differences. For all its vari-
ety, however, the prehistoric period had
an underlying unity. Over the entire
continent the aborigines habitually
hunted, fished and gathered wild plants;
they had not learned agriculture. The
extent of nomadism in each tribal area
was largely determined by the local
availability of food.

Regional variations in the Australian
environment are actually more apparent
than real. In other lands differences
in topography, rainfall or latitude give



rise to diversity in plant and animal
species; in Australia these factors may
result merely in the substitution of one
member of the same plant or animal
family for another. The eucalyptus and
the kangaroo are ubiquitous. Another
phenomenon, universal in Australia and
unique to it, is the absence in pre-
historic times of formidable predatory
animals competing with man for the
same game. Such factors must have
encouraged a degree of human stan-
dardization, both in the character of
weapons and in the techniques of hunt-
ing and foraging. At the same time it
can be postulated that these factors dis-
couraged a dynamic experimental atti-
tude within prehistoric Australian soci-
eties.

n terms of material culture few Pale-
olithic peoples were more impover-
ished than the aboriginal Australians.
There were no horned, antlered or
tusked species of animals to provide the
raw material for the artifacts so valued
in hunting societies elsewhere. Flint and
similar fine-grained rocks were rare; in-
stead the aborigines made most of their
implements out of quartz or quartzite,
materials from which even the most
skilled knapper has difficulty producing
elegant objects. As for the elements of
culture beloved of so many writers on
archaeology—dwellings, tombs, grave
goods, ceramics, metals, precious stones,
cultivated crops and domesticated ani-
mals (with the exception of the dog)—
the aborigines had none.

Accordingly under the best of circum-
stances the investigator of Australian
prehistory is faced with a paucity of
archaeological evidence and a limited
range of diagnostic cultural traits. To
make matters worse, where bone arti-
facts might have survived, the high
acidity of the soil has often eaten them
away, and where desert dryness might
have preserved wooden artifacts the
voracious termite has destroyed them.
These disadvantages are partly offset by
the rich store of information on living
aborigines, beginning with the first Eu-
ropean descriptions and extending to
the fieldwork of contemporary ethnog-
raphers. The prehistorian must guard
against an anachronistic fallacy, how-
ever; he must not assume that customs
and technologies recorded during the
past 100 years constitute unambiguous
evidence when it comes to interpreting
prehistoric remains.

In 1929 a landmark in Pacific archae-
ology was established. In the valley of
the Murray River east of Adelaide, Her-

BASE OF THE CLIFFS bordering the Murray River in South Australia was a popular pre-
historic camping ground. Here, at Fromm’s Landing rock-shelter No. 2, the excavation of
a deep stratified deposit threw new light on earlier discoveries at nearby Devon Downs.
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EARLIEST TOOLS found at Kenniff Cave were scrapers such as these, shown actual size.
Made by trimming the edges of stone flakes, they were hand-held rather than hafted. They
are (top to bottom) a quartzite side scraper, trimmed along its right edge; a scraper made
from a broken quartzite flake, finely trimmed along its top edge; a round scraper, made
from chert, that was trimmed very steeply (see profile), and a quartzite flake with trimmed
projections and concavities on its bottom edge that suggest use in the manner of a spoke-
shave to work wood. Eleven thousand years passed before more elaborate tools were made.
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bert M. Hale and Norman B. Tindale of
the South Australian Museum excavated
a rock-shelter site, known as Devon
Downs, that contained 20 feet of strati-
fied deposits of human occupation. Hale
and Tindale divided the occupation
layers into three successive cultural
stages on the basis of the presence or
absence of stone or bone implements
they believed possessed diagnostic sig-
nificance. They called the earliest cul-
ture Pirrian, because the pirri, a sym-
metrical stone projectile point flaked
only on one side, was restricted to the
lower layers of the site. Pirris are aes-
thetically perhaps the most pleasing of
all the prehistoric aboriginal artifacts
[“c-1” to “c-3” in illustration on opposite
page]. Many of them are found on the
surface at sites in the interior of Austra-
lia, but it was at Devon Downs that they
were first discovered in a stratigraphic
context.

The excavators called the second cul-
ture Mudukian; muduk is the word used
by the Murray River aborigines for a
short length of bone, pointed at both
ends, that resembles the simple kind
of fishhook called a gorge [“f” in illus-
tration on opposite page]. At Devon
Downs muduks were found in the oc-
cupation strata above those that con-
tained pirris. Hale and Tindale gave the
uppermost occupation layers the label
Murundian; this was derived from the
subtribal name of the local aborigines.
The Murundian layers contain no dis-
tinctive objects of either stone or bone;
in effect the archaeological definition of
the culture is negative. Carbon-14 dat-
ing techniques were not available in
those days, but charcoal from a sample
of earth preserved in the South Austra-
lian Museum since 1929 was recently
analyzed and yielded a date for one of
the Pirrian strata of about the middle
of the third millennium s.c.

Writhin the past decade I have exca-
vated two rock-shelters at Fromm’s
Landing, a point only 10 miles down-
stream from Devon Downs. Carbon-14
dating indicates that the lowest levels
in these deposits were occupied early
in the third millennium B.c. Fromm’s
Landing and Devon Downs are thus
very close, both geographically and
temporally. The sequence of three cul-
tures identified by Hale and Tindale at
Devon Downs, however, was not evi-
dent at Fromm’s Landing. This is a
matter of more than casual importance
because Tindale has asserted—and the
assertion has received wide acceptance—
that the three cultures are distributed
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ARTIFACTS FOR HAFTING show a wide variety of forms. All
are shown actual size. The knife a is from the topmost stratum at
Kenniff Cave; stone blades like this, with resin or skin handgrips,
were still used by Queensland aborigines early in the 19th century.
The step-trimmed adze flake b was mounted on the end of a stick
and served as a chisel or gouge. The neatly trimmed pirri points
(c-1 to c-3) probably were projectile tips; c-I was excavated near

TG

Kenniff Cave and is 3,500 years old. The other two are surface finds
from South Australia. The three blades (d-1 to d-3) are called Bondi
points; their backs have been blunted by steep but delicate trim-
ming. The three microliths (e-1 to e-3) show similar fine trimming
on their backs. All presumably formed the working edges of various
composite tools. The pointed bone (f) is a 400-year-old muduk; it
may have served as a fishhook, a spear tip or even a nose ornament.
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PERCENT

DEPTH (FEET)

NONHAFTED TECHNOLOGY

CLASSIFIABLE STONE ARTIFACTS (TOTAL NUMBERS PER LEVEL)

: HAFTED TECHNOLOGY

£3d

ADVANCE IN TECHNOLOGY at Kenniff Cave took place about 3000 B.c., when the con-
cept of hafting was introduced. At four feet and deeper only hand-held scrapers (gray) were
found; above that, entirely new kinds of stone artifact (color) appear among the scrapers
(see illustration on preceding page). These artifacts are evidently parts of composite tools.

across the entire continent. I found the
pirris at Fromm’s Landing in associa-
tion with microliths, tiny stone blades
of the kind that in Old World cultures
are sometimes set in a haft of bone or
wood to form a composite tool. The
association contradicts Tindale’s belief
that such microliths are artifacts typical
not of the Pirrian but of the later Mu-
dukian culture.

his finding and others at Fromm’s
Landing led me to question the
basis of Tindale’s cultural diagnosis at
Devon Downs. It seemed more use-
ful to consider the elements the three
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Devon Downs assemblages had in com-
mon than to isolate discrete traits as
Tindale did. Flakes of stone used as
adzes, for example, were found in all
three Devon Downs culture levels; there
was no apparent break in the tradition
of stoneworking from the earliest time
to the latest. In reporting my findings
at Fromm’s Landing I suggested that
the differences in the inventory of vari-
ous Devon Downs strata might be at-
tributable to changes in artifact pref-
erence on the part of an aboriginal
population that was becoming increas-
ingly adapted to life beside a river,
with its varied and rich organic re-
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sources. Such an interpretation elimi-
nates any need to imagine the succes-
sive arrival of separate culture groups,
and all the elements of discontinuity
that such a succession implies.

By the standards of archaeology in
the Old World neither the Devon
Downs nor the Fromm’s Landing site
is particularly ancient. Between 1960
and 1964, however, my associates and
I excavated a rock-shelter in southern
Queensland that contained 11 feet of
stratified deposits; carbon-14 dating
showed that the lowest levels at this
site—Kenniff Cave on the Mount Mof-
fatt cattle station—are at least 16,000
years old. Troweling and sieving 85
cubic yards of sand and ash, we re-
covered more than 21,000 stone flakes
and waste fragments, most of them
quartzite. Among them were some 850
deliberately shaped and retouched arti-
facts. About 60 percent of the artifacts
were either broken or only lightly
worked. As a result the total number of
artifacts available for rigorous classifi-
cation and measurement was little more

than 350.

The sequence of stone artifacts at

Kenniff Cave constitutes the point
of departure for any current discussion
of Australian prehistory. Two facts give
the Kenniff Cave collection its special
significance. First, it includes examples
of most of the prehistoric implement
types known in Australia, arranged in
stratigraphic order. Second, the age of
the collection ranges from the im-
mediate past back to the late Pleisto-
cene.

For those accustomed to the rich-
ness of Old World Paleolithic sites the
Kenniff Cave assemblage will seem a
small sample, but it is one of the largest
Australian collections to be analyzed.
Recent work in the vicinity of Sydney
and in the Northern Territory (where
one excavation has uncovered more
than 2,000 worked projectile points)
has been more productive, but the re-
sults have not yet been published. My
experience elsewhere has often been
daunting. An excavation in Victoria
yielded 2,300 waste pieces and only
eight artifacts; the strata of a South
Australian site yielded an average of
three artifacts per 1,000 years of oc-
cupation.

The Kenniff Cave assemblage in-
cludes 261 specimens of the generalized
tool termed a scraper. Their distribu-
tion fluctuated with depth [see illustra-
tion on this page]. In the uppermost
four feet of the deposit scrapers were



relatively rare compared with other
types of implement. Throughout the
lower layers, however, they constituted
100 percent of all classifiable stone arti-
facts.

An implicit assumption underlies the
use of a descriptive label such as
“scraper.” In this case the assumption
is that scrapers were normally held in
the user’s hand. Scrapers are thus mem-
bers of the family of nonhafted stone
tools. They are technologically distinct
from hafted, composite tools of the
kind that presumably made use of the
microliths unearthed at the Murray
River sites in South Australia. Such
tools possess handles or other exten-
sions, together with fixatives such as
resin or gum or lashings such as hair,
vegetable fiber or sinew.

The sandy soil of Kenniff Cave is
so acid that, if any such organic con-
stituents of composite tools had once
been present, no evidence of them
now remains. The distinction between
nonhafted and hafted artifacts at Ken-
niff Cave is therefore a subjective one.
Nonetheless, the difference between the
percentage of scrapers in the upper
strata and in the lower led me to make a
basic assumption about the place of
nonhafted and hafted tools in Aus-
tralian prehistory. I postulated that the
apparent ignorance of hafting tech-
niques on the part of the early inhabi-
tants of Kenniff Cave was genuine
ignorance, and that an extensive phase
in the prehistory of the site occupied
a period during which this advanced
technology was literally unknown. Car-
bon-14 estimates indicate that this pre-
hafting phase lasted for at least 11,000
years, or from about 14,000 to about
3000 B.c.

When the Kenniff Cave scrapers were
set in their stratigraphic sequence and
subjected to careful measurement and
analysis, the results of the study con-
firmed that, as postulated, a continuity
of tradition had existed during this
period of 11 millenniums; the scrapers
showed no significant change either in
production technique or in size. Such
technological stability—or lack of inven-
tion—may be relevant when one con-
siders the social dynamics of a pre-
historic culture.

In contrast to the long period of stabil-

ity attested by the lower levels at
Kenniff Cave, the upper levels told
a sharply different story. Scrapers ap-
pear in diminishing percentages, and
accompanying them are various types
of small, delicately worked stone arti-

fact. Both the size and the shape of
these objects—one specimen measuring
only 1.7 centimeters by .5 by .1 centi-
meter is shown at e-1 on page 87—im-
ply their diverse functions as compo-
nents of hafted implements. Such is
certainly the case with the long stone
knives and with the artifacts identifiable
as adze flakes [“a” and “b” in illustra-
tion on page 87]. The latter objects,
which have a characteristic stepped ap-
pearance, were the stone working edges
of gouges or chisels, composite tools that
are widely represented in Australian
ethnographic collections. It is probably
the case with the pirri points (which
may have been mounted on projectile
shafts) and geometric microliths (a type
of artifact whose purpose is debated on
other continents but that is everywhere
assumed to be part of a hafted tool).

To judge from the level at which
these tool types are first found in the
stratigraphic sequence at Kenniff Cave,
the technology of hafting materialized
there about 5,000 years ago. The impact
of the new technology was fundamental.
During the 2,000 years that followed—
until about 1000 B.c.—most of the char-
acteristic types of stone implement that
have been unearthed or collected on
the surface by prehistorians in southern
Australia were deposited in the upper
strata of Kenniff Cave. It is of course
conjectural that the acquired knowledge
of hafting techniques was the factor that
enabled the aboriginal populations of
this period to develop greater flexibility
in the design of tools, but it is un-
mistakable in the stratigraphic record
at Kenniff Cave that the rate of tech-
nological advance accelerated during

OLDEST KNOWN DINGO, the Australian dog, was unearthed at a depth of six feet at
Fromm’s Landing rock-shelter No. 6. Dating from 1000 B.c., the animal shows no morpho-
logical differences from the dingos of today. Man and the dingo were virtually the only
predators in prehistoric Australia; they apparently killed off some species of marsupials.

TASMANIAN DEVIL is one of two species of marsupials whose bones are found only in
the lower strata at Fromm’s Landing. Because no major climatic changes occurred during
the 5,000 years the site was occupied, the disappearance of this animal and the Tasmanian
wolf from the area in the second millennium B.c. may be attributable to man and the dingo.
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FOSSIL MAN in Australia may be most authentically represented
by the skull unearthed at Keilor, near Melbourne, in 1940 (left);
recent additional findings at Keilor suggest that the skull is as
much as 18,000 years old. From the time of its discovery the Keilor
skull has been considered nearly a twin of a fossil skull from Wad-

the period from 3000 B.c. to 1000 B.C.

Bearing in mind the postulate that
a long period of nonhafted-tool tech-
nology was followed by a briefer period
of the more variable hafted-tool tech-
nology, it seems appropriate to review
the findings of other archaeologists at
a number of sites across the continent.
Let us begin with the sites that seem,
on the basis of established or assumed
chronology, to belong to the nonhafted-
tool phase. At the Tombs Shelter in
Queensland, near Kenniff Cave, a few
artifacts have been found that appear to
date back to the eighth millennium B.c.
They belong to the nonhafted tradi-
tion, and worked stones suitable for
hafting are found in the strata above
them. At Ingaladdi in the Northern
Territory a stone-tool industry that con-
sists of scrapers (and “cores” that were
reworked as nonhafted scraping or
chopping tools after flakes had been
struck from them) yields a date in the
fifth millennium B.c. Three sites in New
South Wales—Seelands, Curracurrang
and Capertee—cover a period from the
sixth millennium to early in the second
millennium B.c. All three evince non-
hafted phases and all are overlain by
layers containing artifacts suitable for
hafting. These lower-level tool kits con-
tain other nonhafted implements in ad-
dition to the ubiquitous scrapers; at
least that is how I interpret saw-edged
flakes at Capertee and core tools com-
mon to all three sites. The cores, flaked
on one or both faces, suggest that they
were held in the fist for some battering
or chopping function. Specimens from
Seelands have been measured by the
prehistorian J. M. Matthews; he finds
them comparable to the Southeast Asian
pebble industry named Hoabhinian, af-

ter a Vietnamese site.
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R. V. S. Wright of the University of
Sydney has recently undertaken an im-
portant excavation at Laura, on Cape
York in northeastern Queensland. The
technological sequence he has un-
covered may be comparable to that at
Kenniff Cave. The same may be true of
a ninth-millennium-B.c. occupation site
Tindale has found at Noola, near Caper-
tee in New South Wales. The Noola ma-
terial has not yet been formally de-
scribed, but Tindale’s brief published
note allows the relevant finds to be at-
tributed to a nonhafted phase. Some
years ago Tindale isolated a stone-tool
industry on Kangaroo Island, off the
coast of South Australia. No varieties of
artifact associated with hafted imple-
ments were found there, but flaked peb-
bles, scrapers and massive core tools
were numerous. Tindale postulated a
Pleistocene date for the occupation; so
far neither excavation nor carbon dating
has been attempted. This is an intrigu-
ing field for further investigation.

Still another early date is proposed
by Tindale and Richard Tedford of the
University of California at Riverside for
“nondescript” stone flakes found at a
surface site at Lake Menindee in New
South Wales. Charcoal samples at the
site have yielded carbon-14 dates of
17,000 and 22,000 B.C., but detailed evi-
dence for a direct association between
the charcoal and the artifacts has not yet
been published.

The reconstruction of the most recent
5,000 years of Australian prehistory is
further along than the work on the
earlier phases, although there is no
better agreement on how the evidence
from these five millenniums should be
interpreted. It is nonetheless possible
to relate my hypothesis concerning a
significant technological change involv-
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jak in Java (center), discovered in 1890 and of unknown age. The
discovery of an adolescent skull, possibly 40,000 years old (right),
in the Niah Caves of Sarawak in 1959 has added another possible
precursor to the aboriginal family tree. The scarcity of Australian
fossil evidence, however, renders all these conclusions tentative.

ing hafting techniques during this
period to the culturally oriented des-
criptions of findings by other workers.
Much of this work is in progress, and
since it would be improper to anticipate
the results here the survey that follows—
like those that have preceded it—draws
primarily on published reports and my
own experience.

""he Kenniff Cave site in Queensland

is more than 1,000 miles from the
Devon Downs and Fromm’s Landing
sites in the Murray River valley of
South Australia. In comparing the equiv-
alent upper and later levels of the three
sites, however, it is worth noting that
Kenniff Cave lies in the same system
of river valleys as Devon Downs and
Fromm’s Landing. The upper levels at
Kenniff Cave, like those at the South
Australian sites, contain pirri points,
microliths, adze flakes and other stone
artifacts representative of the hafted-
tool tradition. There are no bone
muduks at Kenniff Cave, but the acid
sands of the site would have destroyed
any that had been buried. Significantly
there is considerable contrast between
the size and finish of similar artifacts
from the Queensland and the South
Australian sites. This tends to confirm
my view that artifacts of the same
general type were subject to a process
of differentiation.

Although many more excavations are
needed to bridge existing gaps in knowl-
edge and lay the foundation for valid
generalizations, some hint of the rate at
which the concept of hafting diffused
among the aboriginal populations is
provided by the following carbon-14
results. As I have noted, the Fromm’s
Landing site and the upper strata at
Kenniff Cave belong to the early third



millennium B.c., and a layer containing
pirri points at Devon Downs dates from
later in the same millennium. This paral-
lels the age of the oldest hafted types
of stone artifact found in New South
Wales, those unearthed at Seelands.
The Ingaladdi site in the Northern
Territory has yielded pirris and other
points, some finished on one side and
some on both. These points appear with
relative suddenness in a layer that has
not been dated. A stratum a few inches
below the points, however, contains an
assemblage of nonhafted artifacts that
has been dated to the latter part of the
fifth millennium B.c. It begins to look as
if the period centered on the fourth
millennium B.c. will prove to be a cru-
cial one in the reconstruction of Austra-
lian prehistory.

For many years a key figure in the

documentation of the prehistory of
New South Wales has been Frederick
D. McCarthy, principal of the Aus-
tralian Institute of Aboriginal Studies;
his excavations at Lapstone Creek and
Capertee have provided a working basis
for systematizing evidence from else-
where in the state. Recent investiga-
tions in the Sydney and New England
areas of New South Wales have served
to test and elaborate McCarthy’s pi-
oneering studies. Under the sponsorship
of the institute Wright and J. V. S. Me-
gaw of the University of Sydney have
carried out important excavations, and
Isabel McBryde of the University of
New England has undertaken an all-
inclusive field survey.

McCarthy believed he had isolated
two cultures at Lapstone Creek. The
earlier of these he called Bondaian; its
characteristic tool is a small, asym-
metric, pointed blade reminiscent of a
penknife, with a sharp cutting edge and
a blunt back edge [“d” in illustration on
page 87]. The later culture he named
Eloueran; the characteristic tool is a
flake shaped like a segment of an
orange, with its back heavily blunted
and its cutting edge often polished by
use. Also found in the Bondaian levels
are geometric microliths. This is scarcely
surprising when one considers that the
skills needed to make microliths and
small blades are essentially the same.
Both require as their raw material thin
blades, one edge of which is then
artificially blunted.

Carbon-14 dates from Curracurrang,
Capertee and Seelands place the char-
acteristic artifacts of the Bondaian and
the Eloueran cultures in the second and
first millenniums B.c. Both could be as-
signed to my hafted phase. This empha-

sis on technology rather than on any
cultural context accords with McCar-
thy’s own observation that, in spite of
fluctuations in the fortunes of specific
traits, there is an underlying similarity
in the stoneworking techniques of the
two cultures.

The present rub in classifying Aus-
tralian artifacts is how to decide where
to draw boundaries and what degree of
emphasis to give single culture traits.
Within each group of artifacts there are
variations in size, shape and trimming.
What criteria, for example, distinguish
a thin Eloueran flake from a large, cres-
cent-shaped microlith? It is unsatisfac-
tory to lump all the pirris together,
and there is diversity even among the
bone muduks. The truth is that early
workers, myself included, selected an
ideal type and then blurred the edges
of distinction by treating deviations
from this ideal as atypical, even though
the deviations possessed inherent de-
finable characteristics. Today, in com-
mon with the trend in archaeology
around the world, the analysis of arti-
facts in Australia has shifted away from
the subjective methods of the past
toward laborious quantitative definition.
Most assemblages that have been exca-
vated recently are undergoing rigorous
statistical investigation. The Bondaian-
Eloueran problem should benefit from
this objective approach.

I have presented evidence in support
of the view that Australian prehistory
can be divided into two phases, dis-
tinguishable by a change in technology
from the exclusive use of nonhafted,
hand-held stone artifacts to the em-
ployment of many specialized stone
artifacts that were hafted to form com-
posite implements. What of the people
who used these nonhafted and hafted
tools? Some of the most interesting
evidence for the antiquity of man in
Australia comes from gravel quarries
at Keilor on the outskirts of Melbourne,
where a creek has cut a series of ter-
races. A human skull was unearthed
there in 1940, but its exact origin be-
came a matter of dispute. In attempting
to resolve the controversy, Edmund D.
Gill of the National Museum of Victoria
has obtained a series of carbon-14 dates
for the Keilor quarries; his earliest date,
centered around 16,000 B.c., is for char-
coal taken from a point some feet below
the 1940 level of the quarry floor. The
crucial issue is whether this charcoal is
from an aboriginal campfire or from
some natural conflagration. The fact
that a number of stone artifacts have
been found in the creek bed and em-
bedded in the banks of the terraces does
not automatically mean that the char-
coal is also the work of men. These
objects lack the authority of artifacts ex-
cavated from undisturbed stratified de-

EXCAVATION AT KENNIFF CAVE revealed evidence of human occupation from about
the 14th millennium g.c. until the present. The paler strata along the walls of the 11-foot pit
represent periods when the shelter was virtually deserted by prehistoric hunters; the darker
strata are rich in organic material. The outline paintings of human hands on the overhang-
ing rock were made by aboriginal tribesmen who have used the shelter during recent years.
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Does this look
like an answer

to global problems of ignorance,
disease and physical deprivation?

Not yet. But we're getting closer.

Behind this movement is a simple statistic with startling im-
plications for all of us — if you count all the scientists and
engineers since the beginning of recorded history, ninety
percent are alive today!

We are now in the midst of the result— an incredible explo-
sion of information from every corner of the globe. And
somewhere within this explosion will be the ultimate answers
to mankind’'s oldest, and newest problems.

The challenges are many. First, to understand the nature
of this giant intellectual force. Then, to find the best way to
collect it, classify it, store it... and distribute it appropriately

and instantly to the people who need it.

In this light, you might consider today’s Xerox products early
and primitive steps along a difficult but fascinating path.
You'd be right. Yet, has anyone taken these steps before us?

Your degree and background may be more appropriate to our
advanced work than you imagined. We're as interested in talk-
ing with communication systems specialists as electrome-
chanical designers, organic chemists as- much as program
analysts. This list is as broad as it is long. Maybe broader.
You'll find several specific (and urgent) openings outlined at
the right. If they suggest a possible community of interest,
send us your resume. An equal opportunity employer (M & F).

XEROX

The Xerox 914 Copier revolu-
tionized the office copying in-
dustry when it was introduced
in 1959...and really started us
on our way.

Less than 3 years later, the 813
further extended low-cost, qual-
ity office copying. One-seventh
the volume of the 914, it does
just about everything the 914
does except copy solid, 3-dimen-
sional objects.

XEROX, 914, 813, 2400 AND LDX ARE TRADEMARKS OF XEROX CORPORATION
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Another revolution. An electro-
mechanical-chemical-optical de-
vice called the 2400 because it
produces 2,400 copies per hour
directly from an original docu-
ment. No stencil or “master”
of any kind. You press a button.
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TOP PHOTO: LDX (Long Dis-
tance Xerography) scans, trans-
mits and reproduces images
over distances limited only by
the transmission medium.
Something like it may print the
morning paper at your break-
fast table some day, or help you
manage a global business.



Does this
look like
an answer
to your
career
problems?

MECHANICAL DEVELOPMENT
ENGINEERS. To work on new
commercial products of a pre-
cise electro-optical-mechanical
nature. Broad range of activities
involving analytical and experi-
mental feasibility studies to sup-
port advanced engineering con-
cepts as well as development
work through refined engineering
model stages. BS or MS required
in Mechanical, Electrical or Engi-
neering Physics disciplines.

ELECTRONIC DEVELOPMENT
ENGINEERS. Will assist in the
development of new techniques
and in the design of electronic
circuits and devices for govern-
ment contract and development
projects. Experience in two or
more of the following areas is re-
quired: automatic test equip-
ment design, analog/digital cir-
cuits, electro-optical subsystems,
display technology, information
theory, signal processing, sen-
sors, light modulation, imaging
and laser devices. BSEE required.

ENGINEERING PHYSICIST,
APPLIED PHYSICIST OR ENGI-
NEERING SCIENTIST. Experi-
ence in projects involving
electrostatics, triboelectrifica-
tion, or the handling of fine par-
ticles; also experience involving
gaseous discharge, light sources,
radiometry, sensitometry and op-
tics. B.S. in Engineering Physics,
Physics, or EE with experience
in the above areas.

These positions are in Rochester,
New York. Send resume, includ-
ing salary history to Mr. John J.
Foley, Xerox Corporation, Dept.
BBC-102, P.0. 1540, Rochester,

XEROX

An Equal Opportunity Employer (M&F)

posits under well-controlled conditions.

In 1965 the evidence favoring the
authentic antiquity of the Keilor skull
suddenly multiplied. Two miles from
the scene of the 1940 discovery earth-
moving equipment exposed a human
skeleton that was in a fair state of
preservation. Preliminary indications
are that the skeleton belongs to the
same level of terrace as that proposed
for the Keilor skull. Charcoal is plentiful
at the site, although some of it—tree
roots that were burned where they had
grown—is clearly the work not of man
but of nature. Artifacts are also present.
Obviously men lived here during the
period of terrace formation, and carbon-
14 determinations should establish the
age of the site. The National Museum of
Victoria is coordinating the investiga-
tions now under way at Keilor.

Man may have arrived in Australia
at the time of the continent’s climatic
climax, when inland rivers flowed, lakes
brimmed and the giant herbivorous
marsupials flourished. In any case he
almost certainly played a role in alter-
ing the ecological character of the con-
tinent (and, less directly, the soil)
through selective hunting activities and
frequent burning of vegetation. One
ecological effect resulted from man’s in-
troduction of the dog. Man and the
dingo together represented a scourge
to the prehistoric fauna; the two were
virtually the sole predatory carnivores
on the continent. What caused the ex-
termination of numerous marsupial spe-
cies: man and dog or climatic change?
The findings at Fromm’s Landing indi-
cate that the two carnivores played their
part. There is nothing in the evidence
to imply that, during the 5,000 years
spanned by the deposits at the site,
there were important fluctuations in
climate that might have exerted an
ecological influence. Mammal bones
identified at Fromm’s Landing represent
685 individuals of 31 species. In two
cases—Sarcophilus, the Tasmanian devil,
and Thylacinus, the Tasmanian wolf—
there are indications that the species
became extinct there during the second
millennium B.c. It is relevant that a
3,000-year-old stratum at the site has
yielded the skeleton of a dingo; this is
the earliest authenticated occurrence of
the dingo in Australia.

What were the racial origins of the
prehistoric Australians? This question
has been much debated, but the debate
is conducted virtually in a vacuum be-
cause of the scarcity of early human
fossils in Australia. Until the discovery
of the Keilor skeleton there was not one

© 1966 SCIENTIFIC AMERICAN, INC

such fossil whose authenticity was un-
challengeable. Now the Keilor skull
found in 1940—and perhaps a badly
crushed skull from Talgai in Queens-
land—may gain a more respectable sta-
tus. Still, two or threc specimens make a
small sample for determining the origin
of a race. Two fossil skulls found at
Wadjak in Java, to the northwest of
Australia, have been proposed as a link
in aboriginal evolution; these fossils,
however, remain undated. A skull from
the Niah Caves in Sarawak, to the north
of Java, is possibly 40,000 years old and
has also been compared with prehistoric
Australian remains. Caution must be the
keynote when there are such wide spa-
tial gaps in the fieldwork and so few
fossils.

The origin of the prehistoric inhab-
itants of Tasmania, the large island to
the south of Australia, also remains
an open subject. The last Tasmanians
(none survived the 19th century) were
an ethnographic rarity: a society using
stone tools without hafts of any kind.
Studies of changes in the sea level dur-
ing Pleistocene times have made it a
tenable theory that the Tasmanians
walked to Tasmania from Australia
when the intervening strait was dry
land; carbon-14 estimates have estab-
lished their presence in Tasmania 8,000
years ago. During the past two years
Rhys Jones of the University of Sydney
has achieved striking success in field-
work in northern Tasmania. When his
carbon samples are dated and his hu-
man skeletal material is analyzed, Tas-
manian archaeology will have entered
an objective era.

Now that it seems certain that Aus-
tralia was colonized in Pleistocene
times, the inadequacy of evidence on
this period not only in Australia but
also in its northern neighbors such as
New Guinea is painfully apparent. If
we are to retrace the steps of Australia’s
first colonists, detailed studies of changes
in the sea level are required. If we are
to seek out their early patterns of settle-
ment, we need far more precise dating
of environmental changes in the con-
tinent’s interior. With much of Aus-
tralia archaeologically unexplored, with
increasing numbers of investigators un-
dertaking fieldwork and with carbon-
14 chronologies providing new per-
spectives, these are exciting times for
the study of the continent’s prehistory.
It is certain that during the next few
years the nearly blank outline map of
that prehistory will come to be filled
with detail.
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One of a series briefly describing GM's research in depth

a logic circuit that
shrank from improvement

In an age of persistently expanding technological
complexity, we've used a different approach to
sophisticated electronics.

Simplicity.

Our simplified magnetic logic system uses a magnetic core
to compare and store its information. It makes decisions,
then responds.

We've told here before about fundamental studies of
ferromagnetism itself, and about development of square
loop ferrites. Now we’ve developed techniques,
components, and circuitry for improved magnetic logic.

A ferrite memory core, a silicon diode, and a resistor
combine into a logic module. Put modules together

and you can build complete control circuits. Add to these
the simple driver circuits we've engineered —to provide
the needed input pulses—and the output stage to

feed continuous control information to a machine.

True, all-semiconductor logic circuits can do this same
job. And they can act much faster than magnetic circuits.
But sometimes you don’t need all that speed. This
magnetic circuit will handle up to 50,000 information
pulses per second. And it needs only one-half to

one-fifth as many parts.

Its cost approaches that of a relay logic system. It has
low impedance, too— 10 ohms in the core circuit—
providing a high immunity to electrical noise.

These systems aren’t out of the laboratory yet. But
we think they have a great future.

GM General Motors

Research Laboratories
Warren, Michigan 48090
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FALSE SCORPIONS

These small, harmless relatives of the true scorpions are

surprisingly abundant in woodland regions. Their retiring

way of life conceals some fascinating patterns of behavior

uralist—and the animals happen to
be numerous, easy to observe and yet
unfamiliar to most people—he feels com-
pelled to share his pleasure with others.
Such is my feeling about the false scor-
pions, harmless relatives of the ven-

If a group of animals delights a nat-
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FALSE SCORPION of the species Chelifer cancroides is enlarged
some 30 diameters in this drawing. The nearly 2,000 species of
false scorpion make up an order in the class Arachnida. The large
pedipalpi that resemble a crab’s claws are used mainly as weapons
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by Theodore H. Savory

omous true scorpions that are well
known and feared in hot countries. The
false scorpions look like tiny tailless
scorpions less than a quarter of an inch
long. There are nearly 2,000 species
of them, constituting an order in the
class Arachnida (which includes the
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PEDIPALP
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spiders, the harvestmen, or “daddy
longlegs,” and the mites). False scor-
pions can be found in wooded regions
throughout the world. The fact that
many people never see one is due to
the animals’ retiring way of life, not to
their scarcity. In the woods or a subur-

in predation. The small organs between the pedipalpi, the chelic-
erae, contain extensions of the mouth that flood the prey with
digestive juices and later imbibe it in dissolved form. The chelic-
erae also contain glands that secrete a silk similar to that of spiders.
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ban backyard 100 or more specimens
can be taken from an area of 10 square
yards in a month if one knows their
likely whereabouts.

The best way to get to know false
scorpions for oneself is to go into a
wooded area with a wide-mesh strainer
and sift handfuls of fallen leaves in it
so that any small animals in the leaves
will shower down on a sheet of news-
paper. If one is reasonably lucky, there
will be one or two false scorpions among
them. An aid to identification is pro-
vided by Robert Hooke’s description of
three centuries ago: a “crab-like insect”
with 10 legs, two of which resemble
crab’s claws, and “other hands, very
PEDIPALP is used by the false scorpion as a pincer for attack and defense. The animal’s ~ 1€ar placed to its mouth.” At first, af-
two pincers are huge in proportion to its body; when extended, they about double its length  ter falling onto the paper, the animals
The long hairs on the pincers (and chelicerae) are thought to be sensitive organs of touch. will have drawn in their legs and will
be still, but after perhaps half a minute
they will begin to move. They stretch
out their legs, spread their large pedi-

. \ fr————SPINNERET palpi (the crablike claws, or pincers) in
.l front of them like the antennae of an in-

ar Y k sect and begin to walk slowly across the

/f,/ i paper with an oddly dignified air that

\ / 4 / = EXTERNAL distinguishes them at once from any
\/i ' / :} ‘_ — SERULLA other living creature. As soon as one
1B ¥ ‘-'\I = INTERNAL sees them th}ls one cannot help being
AT Fitag SERULLA struck by their character: here are small

| /IO 97722 animals displaying in their general bear-

of 7 ‘<\-I' 4 ing the equivalent of human personality.
¥ - /" g q P y
/ V — FLAGELLUM Perhaps as the false scorpion pro-
.’. L( ceeds across the paper it meets some
\ b } DUCTS OF other animal and touches it lightly with
kS SILK GLANDS one of the long, hairlike bristles that

cover its limbs. The reaction is immedi-
ate. The pincers are withdrawn and the
scorpion darts backward with a speed
that is astonishing compared with its

R ] “h/

CHELICERA, one of two manipulative organs near the mouth, consists of a fixed finger
(smaller extension) and a movable one. Ducts of the silk glands open onto the spinneret at earlier majestic progress. This rapid re-
tip of movable finger; other ducts open onto the serrulae. Role of the flagellum is unknown.  treat is characteristic of false scorpions.
Not many animals can go backward as
easily as forward and very few can go

e backward much more rapidly.

o — w“i'—l;:_—_g_éii}?ACE ROSTRUM After such an intriguing introduction
P = / false scorpions invite closer acquaint-
== v N — ance. To bring them home alive and

_ e install them in suitable cages does not

\ SO e N oy require elaborate arrangements. Labora-
/ RN T Sy TN tory zoologists often follow the soulless
R > NS e oz A procedure of putting the false scorpion
7 : : / in a plain glass tube with a loose cotton
plug and a slip of paper on which the
animal can rest. I have had good results
LAMINAE using a glass dish, such as a Petri dish,
MOUTH with moist filter paper on the bottom. If
one plans to keep the animals for long

periods, it is well to cover the bottom of

the dish with small stones and on top

of this to sprinkle a layer of white sand.

The gravel can be kept moist (an essen-

MOUTH PARTS of the chelicerae include a set of grooves and channels through which di. ~ tial condition) and the sand makes a
gestive juices flow outward and food is imbibed. Arrows show route of intake.Retractor mus- light background against which the in-
cle and pharyngeal pump are part of sucking apparatus. Laminae are extensions of mouth.  habitants can be seen clearly. A few
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small stones will provide them with the
shelter they seem to enjoy. The dish
must be covered because the animals
are able to climb the vertical sides.

In captivity false scorpions will live for

weeks or months in apparent com-
fort. They must, of course, be fed. False
scorpions, like true scorpions and like
spiders and daddy longlegs, are preda-
tors that normally catch and kill their
prey. Unlike daddy longlegs, however,
they refuse to eat anything that is not
alive, and so living things must be
supplied to them. An obvious source
of food for a false scorpion would be
the small animals that fell through the
strainer in its company. Among these
may be daddy longlegs, tiny spiders,

mites, flies, the wingless insects known

BUILDING OF A COCOON in the open is depicted in four stages.
The false scorpion surrounds itself with “bricks” of wood and stone
(1). Brushing the bricks with its chelicerae to supply a silken

as springtails and other false scorpions.
I have seen false scorpions respond to
each of these potential meals. The ones
I have kept would neglect the mites,
flies and daddy longlegs, and would
back away from spiders. Once I swung
a small spider on its thread into the
jaws of a false scorpion. The spider was
killed instantly, but no attempt was
made to eat it. The springtails were
seized with avidity; a dozen or more
would vanish in an hour, leaving no
trace. Occasionally false scorpions (as
well as true ones) will make a meal of
a wounded or ailing member of their
own species, but this is rare if other
food is available.

The way in which a false scorpion
feeds is unusual, with the process of di-
gestion beginning before the animal has
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taken its prey into its body. The victim
is grasped by the pincers; then the
chelicerae—the small organs Hooke de-
scribed as hands located near the mouth
—tear it open and are thrust into it.
Glands in the chelicerae flood the prey
with a saliva containing digestive fer-
ments. These convert the victim into a
nutrient solution that the false scorpion
imbibes.

One of the surprising aspects of a
false scorpion’s feeding is the complete
consumption of its food. Whereas spi-
ders and daddy longlegs leave a debris
of emptied legs and dried carapaces,
false scorpions leave hardly any trace of
their meal. In another respect, however,
the feeding pattern of false scorpions
is like that of other arachnids: they do
not require frequent, regular meals and

mortar, it assembles them into a dome (2 and 3). Finishing the
cocoon, which may be used for molting, hibernating or laying eggs,
the animal rests (4). A cocoon in a crevice would be cylindrical.
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INCUBATION CHAMBER of the mother false scorpion is secreted
by glands in the walls of her oviduct and remains attached to her
body (left). The eggs are fertilized as they descend into the cham-
ber. The larvae come out of the individual egg membranes still
attached by short beaks to the mother. After several days she forces

seem indiflerent to semistarvation. Zo-
ologists who keep spiders know that
they do not have to feed the animals
often and that many a spider is overfed
it given one fly a day. False scorpions
may be fed daily, but Herbert W. Levi,
who studied them at the University of
Wisconsin, found that adults fed once
a week seemed better off than those
leading their natural lives in the woods.

At the start of a meal—often, in fact,
when prey has only been sighted—a
false scorpion begins to rub its chelic-
erae with its pincers. This procedure
is not analogous to a man’s washing his
hands, although it looks as if the animal
were scraping or sucking dirt from its
limbs. Actually the pincers are cleaning
the mouth parts of the chelicerae, a
complex arrangement of grooves and
channels through which digestive juices
flow outward and digested solutions are
sucked inward. It is essential that the
chelicerae be kept clear for this dual
purpose. The pincers are fundamentally
weapons of attack and defense and can
remain soiled.

’]*he chelicerae have yet another im-

portant function. They contain silk
glands that secrete a viscous fluid that
hardens into fine thread. The silk is
probably similar to that of spiders (no
biochemist has chosen to analyze it),
but for false scorpions its use is limited.
Spiders have so exploited the silk they
produce that their lifelong behavior is
dominated by it. False scorpions use
their silk only on the occasions when
they construct a cocoon-like shelter in
which to pass the winter, lay their eggs
and shed their skins.
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False scorpions grow discontinuously
by molting the hard outer skeleton that
covers their body. They undertake this
major operation in the safety of a cocoon
built in one of two forms, depending on
the physical surroundings. If a cocoon
is to occupy a crevice, it will consist of
a circular base or mat of silk with sides
rising to the roof of the crevice and
making a roughly cylindrical chamber.
If the chamber is built in the open, it
will resemble an igloo with a dome-
shaped top [see illustration on preceding
pagel.

Before construction begins the false
scorpion can be seen wandering about
as if it were searching for a suitable
spot. Once this is found the animal
starts to collect material such as small
pieces of wood or bark, bits of stone
and so on, which it arranges in a circle
around itself. Joining the pieces with
strands of silk, the animal lays founda-
tions on which it places more wood and
stone, brushing each addition to the
rising wall with its chelicerae to pro-
vide a silken fixative. Soon it becomes
necessary to go outside and collect more
material. The false scorpion steps over
the wall, picks up a splinter or two in
its pincers, transfers the material to its
chelicerae and carries it back. One is
reminded of a bird flying back to its
nest with straws in its beak.

As the wall rises and arches inward,
the unfilled hole in the center gets
smaller, yet the scorpion seems to have
little difficulty forcing its way in and
out. Finally the last brick is laid and
the builder is imprisoned in the struc-
ture. This incarceration does not stop
its activities; the animal continues to
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yolk into their bodies, which become greatly inflated. The incu-
bation chamber swells, flattening the mother’s abdomen (right).
For about two weeks the larvae absorb this meal; they then reach
the first nymphal, or preadult, stage. At this point they break out of
the chamber and leave the cocoon in which the process takes place.

add silk to the wall of the cocoon,
sweeping its chelicerae over the surface
like a paintbrush. Silk threads emerge
and coalesce, eventually to cover the
entire inside with a continuous sheet of
what may well be described as silk wall-
paper. Several days may have passed
before this last phase is complete.
Secure now from outside interference,
the false scorpion will shed its skin. First
it rests for a day or so with closed pin-
cers and legs rigid and straight. Its ab-
domen, normally flattened, swells by
becoming narrower and deeper. Sud-
denly the carapace breaks loose from
the front part of the body, rising up-
ward with an almost explosive force.
Then the old skin begins to slide back-
ward to the accompaniment of some
twitching of the abdomen. The legs re-
main still. The whole affair, which is
much more passive than the strenuous
molting of a spider, may occupy the
better part of a day. When it is over,
the false scorpion moves its legs into
their usual position and is able to walk
about. It proceeds slowly for the first
day or two; if it falls over, it will have
some difficulty righting itself. In the
course of their lives false scorpions, at
least those that have been thoroughly
observed, shed their skin four times.

Clear]y the chelicerae of a false scor-

pion are organs of great value and
versatility, although to the casual ob-
server they are overshadowed by the
enormous pincers. Each chelicera con-
sists of two parts [see middle illustration
on page 96]. There is a broad, flat
“hand,” elongated at one point to form a
fixed “finger.” Close to the fixed finger



there is a movable finger that forms a
grasping organ. At the base of the fixed
finger a group of spines forms a flagel-
lum of uncertain function; on its inner
edge is a comblike organ called the in-
terior serrula. The fixed finger ends in a
sharp point; at the tip of the movable
one is a rounded spinneret onto which
the ducts of the silk glands open; this
spinneret takes a wide variety of forms
in the different genera of false scorpions.
A second comb, the exterior serrula, is
found on the inner edge of the fixed
finger. In addition to the silk and diges-
tive glands there are two other glands
in each chelicera; one of them secretes
through a single duct near the tip of
each finger, the other through many
ducts onto the combs.

Normally the chelicerae are held hori-
zontally and pointing forward, but they
can be moved and in fact are very ac-
tive. They serve as jaws in feeding, cut-
ting open the prey. They also pick up,
hold, carry and distribute silk. The
combs are used in cleaning the rostrum
(a beaklike part of the mouth) and
other mouth parts. They are lined with
hairlike spines that probably serve as
highly sensitive organs of touch. It is
interesting to note that these spines are
not scattered haphazardly over the sur-
face; they occupy specific positions, and
students can identify each one.

As I have indicated, false scorpions
build cocoons for reasons other than
molting. In the winter they build hiber-
nation chambers (false scorpions may
live for two or three years), which are
shared by two or three individuals. Fe-
males build a variation of the cocoon, in
the shelter of which they lay their eggs
and bring up their young. The females
also produce, as an extension of their
bodies, an incubation chamber in which
the eggs are actually laid. This chamber
is made of a secretion from glands in
the wall of the oviduct; when the secre-
tion is extruded, it takes the form of an
inverted mushroom with the stem at-
tached to the oviduct opening [see illus-
tration on opposite page]. The eggs are
fertilized during their downward pas-
sage and about 20 fall one by one into
the chamber. The chamber is not de-
tached, as are most egg cocoons, but re-
mains in position under the abdomen of
the female. The eggs develop within it.

When the larvae break out of the
egg membrane, they are still attached
by short beaks to the body of the
mother, absorbing a nourishment pro-
duced by the degeneration of her ova-
ries. A few days later a remarkable
event takes place: the mother, by mus-
cular contraction, forces yolk into the

bodies of the young larvae. They be-
come inflated to about three times their
previous size; the incubation chamber
is enlarged and pushes the shriveled ab-
domen of the female into an almost
vertical position. For about two weeks
thereafter the inflated larvae absorb
their enormous meal and develop into
the first nymphal, or preadult, stage.
This development involves the first
molting of the false scorpion’s life. In
the first nymphal stage the larvae break
out of the cocoon and begin to lead in-

dependent lives. They feed themselves
and molt three more times before be-
coming adults about a year later.

Adulthood is defined by mating, a step

preceded by a complicated court-
ship that marks the end of the false
scorpion’s retiring style of life. The
courtship begins with a form of dance
in which the male takes the initiative.
He stops close to a female, shaking his
abdomen and waving his pincers. The
female is quiet with a significant still-
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COURTSHIP of false scorpions takes the form of a mating dance begun by the male. He
approaches the female (from the right in this drawing), shaking his abdomen and pincers
(1).If she moves, he halts the procedure; if not, he drops a vertical thread from his genital
opening (2). This hardens into a pillar on which he leaves seminal fluid before backing
away (3). The female advances (4) and straddles the pillar (5). The male then returns and
shakes her by the legs (6) to ensure that the fluid is detached within her body. The draw-
ing is based on studies by Max Vachon of the National Museum of Natural History in Paris.
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PHORESY, a method of travel used occasionally by false scorpions, involves grasping the
legs of an animal such as a “daddy longlegs” so that the scorpions can move long distances
without expending energy. Phoresy seems advantageous when food in an area is scarce.

ness: if she moves, the male stops his
maneuvers; if not, he draws closer until
his forelegs almost touch her. At this
point he suddenly lowers his body and
on rising is seen to have left a vis-
cous vertical thread, drawn from his
genital opening. In a few seconds the
thread has hardened into a tiny pillar
known as a spermatophore. The male
backs away, leaving a drop of seminal
fluid on the pillar that stands between
the two dancers. Signaled by a particu-
lar movement of the male’s pincers, the
female moves forward in such a way
that the spermatophore enters her body.
The male then grasps her by the legs
and shakes her vigorously so that the
drop of fluid is detached and remains
within her to fertilize the eggs when
they are laid. The two false scorpions
then part. If they meet again, they show
no particular interest in each other.

Courtship of this kind, which is wide-
spread among arachnids and other in-
vertebrates, is easier to describe than
to explain. It may have two functions:
first, the mutual stimulation of the two
participants, and second, the exact plac-
ing of the female so that the spermato-
phore will be oriented properly. Other
interpretations have been suggested; it
cannot be said that zoologists agree on
the best explanation.

rl—‘he false scorpions that live among
the fallen leaves in woods are the
easiest to find, but many others live in
quite different kinds of surrounding.
Some are almost always to be found
under the loose bark of dead or dying

trees, and others abound among stones
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and slates. A few species remain close
to the sea; some live among rocks that
are regularly covered by the tide. Others
come into human habitations and may
be found among books in the library
or clothes in the closet. (A common
name for the animal is “book scorpion.”)
Some species live in ants’ nests, but
this comes as no surprise; these habitats
are popular with animals of almost every
class and order. It is surprising, how-
ever, to find false scorpions in beehives.
There is even some evidence that they
eat the pollen from the bees legs.

Having a wide choice of possible
habitats is a sign that an animal is a
success in the evolutionary struggle.
Insects and birds are obvious examples
of successful types of animal life; so
too are spiders and roundworms. The
success of false scorpions involves their
ability to adapt their bodies to various
degrees of moisture in the surrounding
air. Almost all invertebrates that live
on land need some protection against
the excessive loss of water. Indeed, the
retention of water often determines their
behavior and distribution. Some in-
vertebrates, for example, may be active
only after sunset; they lie in shelter
during the day. It is therefore of con-
siderable interest to learn that false
scorpions can survive in wholly dry air
for times varying from a few hours (for
the species that frequent fallen leaves)
to many days (for those that live in dry
places such as houses).

IAS a conclusion to this brief account of

the order of false scorpions, one of
its unsolved mysteries should be men-
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tioned. It has long been known that
false scorpions will at times cling to the
legs of flies, daddy longlegs and other
creatures so that they can be transport-
ed for relatively long distances with no
expenditure of energy. False scorpions
are not parasites, and there is no ques-
tion of their having got into such a
situation by accident. This mode of
travel, known as phoresy, seems to be a
response to specific conditions of the
environment. Only a few species of
false scorpion have been observed to
use it, and they do so only at certain
times of the year. In the periods when
phoresy is employed, however, it seems
to be the preferred means of transpor-
tation. In 1945 Max Vachon of the
National Museum of Natural History in
Paris recorded 78 false scorpions on
the legs of 57 daddy longlegs in one
week in August. The largest load carried
by any one daddy longlegs was eight in-
dividuals. All were of the same species
and all but one were mature females.

The fact that the females were mature
indicated that phoresy is not reserved
for the dispersal of the young. Vachon
found that all his specimens had either
recently mated or had just produced a
brood of young. Since all were in need
of food, he concluded that hunger had
induced them to seize the legs of flies
or daddy longlegs and thus travel to
a neighborhood where prey might be
more plentiful.

The study of false scorpions is en-
riched by the beauty and precision re-
vealed when their bodies are examined
in the microscope. The intricate design
in the construction of their tiny frames
is breathtaking. For example, the num-
ber and position of the spinelike hairs
near the animal’s mouth change in a
characteristic way during the various
stages of its growth. The devout assure
us with confidence that the number of
hairs on our heads is ordained; in the
same spirit the zoologist can state that
the very hairs on a false scorpion’s jaws
are arranged systematically.

Is it useful to know and record such
facts? A professor of biology has recent-
ly written, “No merit attaches to the
pursuit of useless knowledge,” adding
that the amount of useless information
awaiting pursuit is greater than the
united ability of men to follow it. If
it can be said that any knowledge is
useless, his dictum might cause some
reflection among those who follow false
scorpions. Useful or not, however, the
pursuit of some types of knowledge
brings an enjoyment unique in itself
and a satisfaction one does not want
to forgo.
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THE AIRGLOW

A faint but constant light 1s emitted by a layer of excited atoms

and molecules 1n the earth’s upper atmosphere. The events that oive

rise to this radiation have now been reproduced in the laboratory

! | Yhe night sky is illuminated by a
number of different sources, lo-
cated both outside the atmosphere

and within it. Among the major con-

tributors to this collective illumination
are the moon, the stars and the lights of
cities. Yet if it were possible in some
way to eliminate all the light from these
familiar sources, the sky would still not
be completely black. In the latitudes of
the Temperate Zones a faint multicol-
ored glow would remain, almost uni-
form in brightness over the entire sky.

(In arctic and antarctic latitudes the

glow is often overpowered by the light

of the aurora.)

The general term for this phenom-
enon is the airglow; depending on the
time of day it is observed, it is also
called the nightglow, the twilightglow
and the dayglow. Because the airglow
is most difficult to observe during the
day, studies of the phenomenon have
usually concentrated on the nightglow,
with the expectation that the processes
that give rise to the nightglow are sim-
ilar to those that give rise to some of the
dayglow and the twilightglow (both of
which are now under intensive study).
Since some quite different processes may
be initiated by the direct action of sun-
light on the earth’s atmosphere, however,
considerable differences between the
nightglow and the dayglow are to be
expected.

It has long been known that the air-

ARTIFICIAL AIRGLOW was produced in
the author’s laboratory at the Stanford Re-
search Institute. The predominantly green
color inside the bottom pipe arises from the
de-excitation of nitrogen dioxide molecules
(NO,,) flowing through the system. A close-
up of the spherical gas inlet at the head
of the greenish stream appears on the
cover. A schematic drawing of the entire
apparatus appears on the next two pages.

by Robert A. Young

glow originates within the atmosphere.
The first spectrogram of the airglow,
obtained early in this century, was
clearly distinguishable from spectro-
grams of stars or the aurora. Until 1927,
however, none of the radiation from
the airglow was associated with a spe-
cific atomic or molecular event. Then a
distinct green line at a wavelength of
5,577 angstrom units in an airglow
spectrogram was identified as originating
with excited oxygen atoms. Later it
was found that most of the airglow
radiation in the blue region of the spec-
trum was associated with molecular ox-
ygen (O,), and that radiation in the
infrared region was associated with
the hydroxyl radical (OH). Airglow
spectrograms have also revealed the
existence of sodium in the upper atmo-
sphere. So far, however, no emission
from nitrogen, the most abundant gas
in the atmosphere, has been reliably
identified in such spectrograms.

For the past few years my colleagues
and I in the department of atmospheric
sciences at the Stanford Research In-
stitute have been engaged in studying
the processes that excite the airglow.
We have concentrated particularly on
the green spectral line of atomic oxy-
gen at 5,577 angstroms. A large part of
our research effort has gone into re-
producing this and other airglow radia-
tions in laboratory apparatus [see il-
lustration on opposite page].

Before proceeding to a discussion of

our experiments, it may be useful
to review briefly how excited atoms and
molecules emit light. As is often said,
the electrons that surround the nuclei
in atoms and molecules are in a very
general way analogous to planets travel-
ing in orbit around the sun. When an
electron is farther from its “sun” than it
is ordinarily, the atom or molecule is
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electronically excited. When the elec-
tron returns to its lowest energy level,
or smallest orbit, its excess energy is
emitted in the form of an electromag-
netic wave. In the case of atoms this
emission is at a specific wavelength and
accounts for a single bright line in a
spectrogram. The atomic nuclei in mole-
cules, on the other hand, both revolve
around a common center of mass and
vibrate back and forth; for each jump of
an electron back to a smaller orbit the
emission is fanned out into bands by
the revolution of the nuclei and the
bands are displaced by the vibration of
the nuclei.

Most of the atomic lines and molecu-
lar bands in the spectrum of the air-
glow are seldom observed in the labora-
tory. One reason is that these lines and
bands arise from changes in the internal
structure of atoms and molecules that
seldom happen; in the language of
quantum mechanics such changes are
said to be “forbidden.” Time is an im-
portant factor in determining if a for-
bidden change will occur, and on the
atomic scale events that can preempt
the forbidden change are plentiful and
occur with great rapidity. For example,
excited atoms and molecules generally
lose their excess energy by radiation ap-
proximately a hundred-millionth of a
second after being excited. Molecules
vibrate some 10 trillion times per sec-
ond, and collisions between atoms and
molecules begin and end in a trillionth
of a second. It would appear, therefore,
that when forbidden emissions of en-
ergy are observed that require a full
second (as in the case of the green line
of atomic oxygen), 10 seconds or 100
seconds (as in the case of other for-
bidden emissions of atomic and molec-
ular oxygen), these events must be oc-
curring in extreme slow motion in the
atomic world.
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EXPERIMENTAL SYSTEM in which the author and his colleagues
studied the excitation of atomic oxygen is depicted schematically
on these two pages. Molecular nitrogen gas is admitted to the
system at top left, where a microwave discharge dissociates some
of the gas into atomic nitrogen. After the gas travels through
the two upper sections of the glass pipe, nitric oxide is added to
the system through the gas inlets located along the bottom section
of pipe. The nitric oxide reacts with the nitrogen atoms to form
oxygen atoms and more molecular nitrogen. The oxygen atoms in
turn interact to produce excited oxygen atoms, which are de-excited
both by emitting light and by colliding with other, nonexcited

"\ SPHERICAL GAS INLET /"

atoms. (These processes are studied in the large spherical bulb at
the far right, where measurements of light intensity are made.) In
order to separate these two effects another gas (called a quenching
gas) that does not react with nonexcited atomic oxygen but does re-
move the excess energy of excited atomic oxygen is introduced to
the system in measured amounts until it removes excited oxygen
atoms as quickly as they are removed by collisions with nonexcited
atomic oxygen plus radiation. The amount of quenching gas needed
to reduce the light intensity by half verified the author’s analysis
that attributed the major loss of excited oxygen atoms in the ex-
perimental apparatus to reactions with nonexcited oxygen atoms.

Several forbidden emissions of oxy-
gen have been recorded in the spec-
trum of the airglow. If one were to try
to reproduce such emissions in a labora-
tory experiment at, say, a hundredth of
atmospheric pressure at sea level, each
excited atom and molecule would col-
lide at least a million times per second
with other atoms and molecules; thus
there would be a great many oppor-
tunities for the excess energy to escape
in the collisions before being radiated.
Under such circumstances emission
from the excited particles is said to be
quenched. It is clear that at least part
of the reason for the peculiar spectrum
of the airglow is the low collision rate of
atoms and molecules in the upper at-
mosphere, where the air pressure is on
the order of a millionth of the pressure
at sea level.

ULTRAVIOLET
SUNLIGHT

0,—>0+0

The best estimate of the location of
the airglow in the atmosphere has
been made with the aid of rocket-
borne light detectors. According to
these studies the green light from atom-
ic oxygen and the blue light from mo-
lecular oxygen is produced in a rather
narrow layer some six miles thick
approximately 60 miles above the sur-
face of the earth. Infrared radiation
from hydroxyl radicals comes from a
somewhat lower level, and red light
from atomic oxygen comes from a much
higher one [see bottom illustration on
page 107]. It seems reasonable to expect
some change in the condition of the at-
mosphere in the vicinity of these emis-
sion layers.

A suggestion as to what the change
might be was made in 1931 by the Brit-
ish physicist Sydney Chapman, who was
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engaged at the time in analyzing the
effect of the sun’s radiation on the com-
position of the earth’s atmosphere.
Chapman’s theory of how ozone (Oj)
was formed in the atmosphere led him
to surmise that some molecular oxygen
would be dissociated into individual
oxygen atoms at altitudes above 55
miles by the action of ultraviolet radia-
tion from the sun. Molecular nitrogen
(Ns) would be similarly affected only at
much greater altitudes. Chapman fur-
ther suggested that some of the oxygen
atoms produced by ultraviolet radia-
tion during the day would interact at
night to produce the nightglow.

Since the nightglow persisted un-
diminished through the entire night,
only a small fraction of the available
oxygen atoms could be used up in this
process, and a more or less constant

GREEN
AIRGLOW

-

RADIATIVE MECHANISM responsible for the green spectral line
at 5,577 angstroms was suggested by the British physicist Sydney
Chapman in 1931. According to Chapman’s hypothesis, some molec-
ular oxygen (O,) would be dissociated into individual oxygen
atoms (O) at altitudes greater than 55 miles by the action of ultra-
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violet light from the sun. Some of the atoms produced in this way
during the day would react in threes at night to produce molecular
oxygen plus excited atomic oxygen (color). In about a second the
excited oxygen atoms would emit their excess energy in the form of
an electromagnetic radiation with a wavelength of 5,577 angstroms.
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layer of atomic oxygen would be re-
quired. At the time Chapman formu-
lated his hypothesis only the green line
at 5,577 angstroms had been positively
identified in the airglow spectrogram
as originating from atomic oxygen; oth-
er lines and bands were observed, but
their origin was unknown. Chapman
proposed that the green emission from
atomic oxygen was produced by the
interaction of three oxygen atoms to
produce an oxygen molecule plus an
excited oxygen atom [see bottom illus-
tration on opposite page].

Emission bands produced by excited
oxygen molecules were later identified
in the airglow spectrum. It was at first
supposed that these bands were pro-
duced when pairs of oxygen atoms com-
bined (with the aid of a stabilizing col-
lision of each pair with a third atom or a
molecule) to form excited oxygen mole-
cules. Our laboratory experiments have
confirmed this mechanism in the case of
the ultraviolet bands produced by ex-
cited molecular oxygen, but it appears
that some other mechanism involving
ozone molecules is responsible for oxy-
gen bands in the infrared. The intense
infrared emission band produced by
vibrationally excited hydroxyl radicals,
first identified in the airglow spectrum
in 1950, can also be achieved in the
laboratory (and presumably in the air-
glow as well) by the reaction of a hy-
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drogen atom (H) with an ozone mole-
cule to form an excited hydroxyl radical
plus an oxygen molecule. The process
whereby atomic oxygen is excited to
produce red emission lines at 6,300
and 6,364 angstroms is apparently quite
complicated, and several mechanisms
have been proposed.

l/_\lthough in terms of the total light
emitted by the airglow the green
light of atomic oxygen at 5,577 ang-
stroms is negligible, this single emission
line in principle contains as much in-
formation about conditions in the air-
glow layer as any of the brighter emis-
sion lines or bands. Whether or not this
potential information is received de-
pends on the detectability of the emis-
sion. Two factors other than brightness
determine this detectability: first, how
distinct the emission is from other lines
or bands, and second, how sensitive the
light detector is. The green line of
atomic oxygen at 5,577 angstroms is
conspicuously isolated from other air-
glow emission lines, and modern pho-
toelectric detectors are particularly ef-
ficient in the green region of the
spectrum. Together these two factors
more than compensate for the com-
parative weakness of the atomic-oxygen
emission at this wavelength.
The same two factors also account
for the fact that the green spectral line
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of excited atomic oxygen has been more
fully studied than any other aspect of
the airglow. The relative ease of ob-
serving this particular emission line of
atomic oxygen in the airglow holds true
for artificial airglows produced in the
laboratory, and much of our present
work is devoted to exploiting these
advantages.

If the major fuel that is “burned” to
power the airglow is atomic oxygen, as
Chapman suggested, the largest quan-
tum, or unit, of energy available for
excitation by a single reaction is equal
to the energy that would be given up
if these atoms were to form molecules.
The molecules most likely to be formed
when atomic oxygen reacts with other
constituents of the upper atmosphere
are molecular oxygen and ozone. The
energy given up by either of these re-
actions is less than five electron volts,
which is quite small compared with the
energy, say, of the charged particles
that produce the aurora or excite radia-
tion in laboratory discharges. This small
quantum of energy available to excite
the constituents of the upper atmo-
sphere is another major factor in deter-
mining the unique spectral properties
of the airglow.

There is still only indirect evidence
of the existence of a layer of atomic
oxygen in the upper atmosphere. Re-
fined measurements of the intensity of
the sun’s ultraviolet radiation, the rate
at which molecular oxygen can absorb
this radiation, and the mean density
and temperature of the upper atmo-
sphere all strongly suggest, however,
that an average of a trillion oxygen
atoms per cubic centimeter are present
in the airglow emission layer at an alti-
tude of about 60 miles. Laboratory
measurements indicate that compara-
tively few of these atoms are consumed
during the night by chemical reactions.
It follows that each day’s accumulation
of oxygen atoms must be removed by
bulk transport to lower regions of the
atmosphere. In sum, it appears very
likely that the layer of atomic oxygen
envisioned by Chapman does indeed
exist.

In order to discuss in a quantitative
way the chemiluminescent processes
that may be responsible for the airglow
it is necessary to know how the speed
of a particular reaction is related to the
concentrations of the reactants. The
rate at which any two substances react
to form other substances is proportional
to their collision rate, and this rate in
turn is proportional to the multiplica-
tion product of their concentrations.
When more than two reactants must in-
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teract simultaneously, the rate of the
reaction involves additional concentra-
tion factors. If an excited atom or mole-
cule can lose its excess energy only by
radiating a photon, or quantum of light,
then the number of photons radiated
per second must be equal to the num-
ber of atoms or molecules excited per
second.

On this basis Chapman’s mechanism
for the production of the green spectral
line of atomic oxygen implies that the
intensity of the emission is proportional
to the cube of the atomic-oxygen con-
centration. The “proportionality con-
stant” in such a relation is called the
rate coefficient; the speed at which the
reaction takes place is found by multi-
plying the rate coeflicient by the con-
centrations of the reactants. From esti-
mates of the density of atomic oxygen
in the airglow layer and from measure-
ments of the rate of emission for the
green line in airglow spectrograms, the
rate coefficient can be computed. It is
this rate coefficient, then, that must be
measured in order to verify Chapman’s
excitation mechanism.

]n attempting to validate Chapman’s
- hypothesis experimentally, we have
made use of a phenomenon first stud-
ied systematically by Lord Rayleigh
in 1911. This phenomenon occurs after
nitrogen at low pressure is subjected to
an intense electrical discharge. When
the discharge is stopped, the gas con-
tinues to glow—in some cases for hours.
For the next 40 years many workers, in-
cluding Rayleigh, attempted in vain to

4,000
-~ 4,358
— 5,000

SPECTROGRAMS of the aurora (top), the airglow (middle) and
an artificial airglow produced in the author’s apparatus (bottom)
are compared. The main difference between the aurora and the
airglow spectrograms is the absence of molecular nitrogen (N,)
emission bands in the right half of the airglow spectrogram.
The laboratory spectrogram represents an incomplete approach to
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fully understand this “afterglow.” Then
in 1956 George B. Kistiakowsky and his
colleagues at Harvard University ap-
plied the technique of mass spectros-
copy to the nitrogen afterglow. They
found that the major reactant responsi-
ble for the luminosity was atomic nitro-
gen. When nitric oxide (NO) was added
to their gas mixture, one excited oxygen
atom was produced for each nitrogen
atom consumed.

Kistiakowsky’s discovery made it pos-
sible to prepare measured amounts of
atomic oxygen from atomic nitrogen and
nitric oxide in an environment of molec-
ular nitrogen to simulate very closely
the actual condition of the earth’s upper
atmosphere. (Small amounts of molec-
ular oxygen would improve the simu-
lation.) Since molecular oxygen, in
contrast to molecular nitrogen, rapidly
de-excites atomic oxygen, some strata-
gem for producing excited oxygen atoms
in the absence of oxygen molecules is
essential to a laboratory study of the
airglow emissions of atomic oxygen.

The first laboratory observation of
the green spectral line of atomic oxy-
gen in an oxygen-contaminated nitro-
gen afterglow was made in 1928 by
Joseph Kaplan, who was then at Prince-
ton University. In 1960 Charles A.
Barth of the Jet Propulsion Laboratory
of the California Institute of Technology
and Kenneth C. Clark and I, then at
the University of Washington, inde-
pendently made the first measurements
of the intensity of the green line in an
afterglow produced by known amounts
of oxygen atoms diluted with molecular
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nitrogen. At almost the same time Wil-
liam Schade, working with Kaplan at
the University of California at' Los An-
geles, observed the green line in the
presence of both atomic nitrogen and
atomic oxygen.

Although it is fairly easy to dupli-
cate the composition of the atmospheric
airglow layer in the laboratory, the in-
tensity of the green light produced is
so faint that it is undetectable unless
enormous volumes of gas are used. Af-
ter all, even direct observations of the
nightglow require extremely sensitive
detectors. Instead the concentrations of
the reactants believed necessary to pro-
duce selected airglow emissions were
greatly increased in these experiments,
thereby increasing the rate of excitation
of the atoms and molecules responsible
for some characteristic airglow light.
Although this expedient facilitated the
measurement of light and reactant con-
centrations—and hence the determina-
tion of the rate coefficient of the reac-
tion producing the light—it was not
without its drawbacks.

The most serious drawback was the
concomitant increase in the collision
rate, brought about partly by the higher
concentrations of the reactants and part-
ly by the requirement that diffusion to
the boundaries of the experimental sys-
tem be slow. As I have mentioned,
the low collision rate of excited atoms
and molecules in the upper atmosphere
allows these systems to radiate light
rather than exchanging their energy in
collisions. It was not at all clear five
years ago whether or not the same ab-
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simulated airglow, but it does contain the conspicuous green line
of atomic oxygen (O) at 5,577 angstroms. It also contains molecu-
lar nitrogen bands, which are not present in the spectrogram of
the complete simulation. Other atoms and molecules responsible
for emission lines and bands in the airglow spectrogram are molec-
ular hydrogen (H,), sodium (Na) and the hydroxyl radical (OH).



sence of quenching would obtain in a
laboratory experiment, and a complete
study of quenching under these circum-
stances had to be undertaken. This in
itself was a difficult project, and it was
combined with the necessity of making
absolute measurements of both very
faint light fluxes and highly reactive
atomic fragments. It is not surprising
that more than 35 years elapsed before
Chapman’s suggested airglow-excitation
mechanism could be verified.

n 1963 Robert Sharpless and I con-
- ducted a series of experiments at the
Stanford Research Institute that mea-
sured both the intensity of the green
line at 5,577 angstroms and the con-
centration of atomic oxygen produced
by the reaction of atomic nitrogen with
nitric oxide in a low-pressure, flowing-
gas system. We found that the light in-
tensity was proportional to the square of
the atomic-oxygen concentration. This
finding is in conflict with the prediction
that the light intensity would be pro-
portional to the cube of the atomic-
oxygen concentration, which was made
on the assumptions that the Chapman
reaction produced excited oxygen atoms
and that all the atoms radiated.

Clearly at least one of these assump-
tions is incorrect. This being the case,
we must ask the question: What would
be the relation between the light inten-
sity and the concentration of atomic
oxygen if the excited oxygen atoms that
are responsible for the radiation we
observe are indeed produced by the
Chapman reaction but subsequently lose
their energy by both emission and colli-
sion? It is necessary to bear in mind that
the proportionality of light intensity to
the concentration of excited atoms is
fixed by the internal structure of the
atoms and is not changed by other
processes that may also de-excite these
atoms.

If oxygen atoms are de-excited by
radiation only, their rate of de-excitation
equals the rate of emission, but if colli-
sions also remove energy from excited
atoms, their rate of de-excitation is
larger than their rate of emission and
consists of two components, one (radia-
tion) independent of the environment
and the other (collisions) linked to the
density of the collision partners.

In a steady state (that is, one in which
all the variables change slowly) the
number of excited atoms produced per
unit of time must equal the number lost
per unit of time. The rate of loss is pro-
portional to the number of atoms pres-
ent only when one excited atom at a
time is involved in the de-excitation

ENERGY (ELECTRON VOLTS)
ENERGY LEVEL

ELECTRON ENERGY LEVELS of atomic oxygen are shown in this diagram, together with
four electron transitions between energy levels that account for characteristic emission lines
in spectrograms of the airglow. Transitions ¢ and b are responsible for red emission lines
at 6,300 and 6,364 angstrom units respectively. Transition ¢ produces the green spectral
line at 5,577 angstroms, and transition d produces an ultraviolet line at 2,972 angstroms.

100 7

ALTITUDE (MILES)

.25 .5 .75
RELATIVE INTENSITY OF AIRGLOW

INTENSITY OF AIRGLOW produced by several different radiative mechanisms varies
with altitude. Green light from atomic oxygen (colored curve) and violet and red light
from molecular oxygen (solid black curve and solid gray curve respectively) is produced
in a rather narrow layer some 60 miles above the surface of the earth. Infrared radiation
from hydroxyl radicals (broken gray curve) comes from a somewhat lower level, and red
light from atomic oxygen (broken black curve) comes from a much higher one. The data
for the curves in this graph were obtained by D. M. Parker and his colleagues from rocket
observations of the upper atmosphere conducted by the U.S. Naval Research Laboratory.
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CONCENTRATION (PARTICLES PER CUBIC CENTIMETER)

CONCENTRATIONS of various atoms and molecules in the upper atmosphere are repre-
sented here. The bulge in the colored curve for atomic oxygen (O) in the vicinity of the
airglow layer was predicted in Chapman’s hypothesis of the mechanism responsible for the
green spectral line at 5,577 angstroms. The other curves represent nitrogen dioxide (NO,),
sodium (Na), two forms of nitric oxide (NO), the hydroxyl radical (OH), water (H,0),
ozone (Qj), hydrogen (H), atomic nitrogen (N), molecular oxygen (0,) and molecular
nitrogen (N,). The graph was constructed from measurements and theoretical estimates by
Charles A. Barth of the Jet Propulsion Laboratory of the California Institute of Technology.

process. (Because of the very small
number of excited atoms compared with
the total number of atoms—excited and
nonexcited—available for collision, this
is a good approximation.) In the Chap-
man excitation process the rate of pro-
duction of excited atoms is proportional
to the cube of the concentration of all
oxygen atoms; it is also proportional to
the rate of loss of excited atoms. The
density of excited atoms divided by
their radiative lifetime is equal to the
light intensity. Consequently the rate
of production of excited atoms divided
by the proportionality constant that re-
lates excited atoms to their rate of loss,
and by the radiative lifetime of the ex-
cited state, will be proportional to the
light intensity that results when the ex-
cited atoms radiate. If the rate of loss
of excited oxygen atoms is dominated by
collisions with nonexcited oxygen atoms,
one of the oxygen-density factors in the
production rate will be canceled by
the oxygen-density factor in the loss
rate, and the light intensity will be pro-
portional to the square of the concen-
tration of oxygen atoms.

Thus it appears that the proportional-
ity constant that relates the light inten-
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sity to the square of the oxygen concen-
tration is actually a ratio of constants.
The numerator is the rate coefficient of
the Chapman reaction (which produces
excited atoms) and the denominator
is the rate coefficient of another reac-
tion (which produces nonexcited atoms)
multiplied by the radiative lifetime of
excited atomic oxygen. Since this life-
time has been calculated (it is approxi-
mately one second), it should be possible
to obtain the rate coefficient of the
Chapman reaction from our earlier mea-
surements, if these are supplemented by
a determination of the rate coeflicient
of collisional de-excitation of excited
oxygen by nonexcited oxygen.

To make this measurement and to in-
~crease the precision of the earlier
studies, a larger and much improved
experimental system was built in 1964
at the Stanford Research Institute. In
this apparatus Graham Black and I
made extensive new observations of the
quenching of excited atomic oxygen.

I shall briefly describe the operation
of this new system and the findings it
yielded. Since changes in the concen-
tration of atomic oxygen affect both the
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production rate and the loss rate of
excited oxygen atoms, it is difficult to
separate these effects. If some gas could
be found, however, that does not react
with nonexcited atomic oxygen but does
remove the excess energy of excited
atomic oxygen, then this gas could be
added to the mixture of excited and
nonexcited oxygen until it removes ex-
cited oxygen atoms as quickly as they
are removed by collisions with non-
excited atomic oxygen plus radiation.
When this point is reached, the inten-
sity of the emission from the excited
oxygen atoms will be half what it was
before the quenching gas was added.

We found that nitrous oxide (N,O)
and carbon dioxide (CO,), which did
not react with nonexcited oxygen atoms,
were gases suitable for quenching the
radiation from excited atomic oxygen.
Since the rate at which these gases de-
excite oxygen atoms is proportional to
their concentration in the gas mixture,
one would expect that the amount of
quenching gas added to reduce the
light intensity by half would be pro-
portional to the density of nonexcited
atomic oxygen. This was indeed true
when the density of nonexcited atomic
oxygen was large enough. The finding
verified our analysis that attributed the
major loss of excited oxygen atoms in the
experimental apparatus to reactions with
nonexcited oxygen atoms. In order to
obtain the rate of the atomic-oxygen
quenching reaction, however, the rate of
the added-gas quenching reaction must
be known.

If the concentration of atomic oxygen
could be reduced sufficiently, radiation
would be the predominant form of
energy loss from excited oxygen atoms;
if this radiation were detectable, the
rate of excitation of oxygen atoms could
be measured directly. As the concentra-
tion of atomic oxygen is decreased,
however, the rate of excitation decreases
much faster than the rate of quenching
loss decreases, and as a result the light
intensity is reduced to an undetectable
level. If it were not for this complica-
tion, the rate of the Chapman reaction
could be obtained directly.

These circumstances suggest an ex-
trapolation procedure to obtain the rate
coefficient for the quenching of excited
oxygen atoms by the added gas. Once
this quantity is found, the same proce-
dure will also yield the rate coefficient
for the de-excitation of oxygen atoms
by nonexcited oxygen atoms. It is this
latter parameter that is needed to con-
vert our previously measured propor-
tionality constant (relating light inten-
sity to the square of the nonexcited-
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Ford Motor Company research in radiation cross-linking mechanisms
leads to a new paint-curing process

Polymerization initiated by high-energy electrons is
being explored by Ford Motor Company scientists.
The kinetics of the copolymerization of unsaturated
esters with styrene show that unusually rapid rate
processes occur by mechanisms which do not follow
classical concepts. These results reflect the unique mode
of interaction between high-intensity, high-energy
electrons and organic molecules.

Optimum reaction rates at a given radiation intensity
are noted for solutions containing 65% ester (Figure 1).
The overall rate depends both on the reactivity of the
components and the steric constraints imposed on the
system by the rigid network produced. Since the
reaction occurs at room temperature, below the glass
transition point of the network, the growing chains
are not sufficiently mobile to accommodate the con-
figuration predicted by the established copolymerization
theory. The structure of the product depends instead
on the concentration of double bonds at the instant
of radiation.

As the beam intensity becomes greater (Figure 2),
the rates increase linearly; network formation occurs
within small, isolated volume elements swept out by
the incident electrons. At still higher intensities, the
volume elements overlap, so that the efficiency of the
reaction now is reduced. A consequence of such
fundamental studies was the development of a major
innovation in paint-curing technology. Chemical struc-
tures exhibiting maximum sensitivity to radiation, and
with rheological and weathering properties required
for optimum performance, were designed and synthe-
sized. The result is a coating that cures in seconds.
And at room temperature.
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Figure 1. This graph shows the rate of polymerization as a function of ester
concentration; commercially useful systems are in the 65% ester range
[Burlant and Hinsch, J. Polymer Science, 2, 2135 (1964)].
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Figure 2. This graph shows the rate of polymerization as a function of radiation
intensity for 65% ester solutions; optimum rate occurs with an electron beam
intensity of 40 MRAD-min-1 [Burlant and Hinsch, J. Polymer Science, 3,
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atomic-oxygen concentration) to the rate
coefficient of the Chapman reaction. If
the amount of quenching gas needed to
reduce the light intensity by half is
plotted on a graph against the density
of atomic oxygen, a straight line results,
since the densities are proportional to
each other [see illustration below]. Be-
cause the excited oxygen atoms can
radiate, however, this line does not pass
through the point of origin but rather
crosses the added-quenching-gas axis at
a finite value. The amount of the quench-
ing gas indicated by this crossing is then
the amount needed to de-excite oxygen
atoms at the same rate as that at which
they radiate. Thus the rate coefficient of
the added-gas quenching reaction is
equal to the rate of light emission per
excited atom divided by the density of
the quenching gas. The slope of the line
is the ratio of the added-gas quenching
rate coeflicient to the nonexcited atomic-
oxygen quenching rate coefficient. By
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CARBON DIOXIDE CONCENTRATION (10
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dividing the added-gas quenching rate
coefficient by the slope of the line, the
rate coefficient of quenching by nonex-
cited atomic oxygen can be obtained.
Finally, the measured proportionality
constant that relates light intensity to
the square of the oxygen density is mul-
tiplied by the radiative lifetime of the ex-
cited oxygen atoms and by the rate co-
efficient of quenching for nonexcited
atomic oxygen to yield the rate coeffi-
cient of the Chapman reaction.

Nmzingly, everything happened in

our apparatus just as we had antici-
pated. Several gases that react slowly
with oxygen and nitrogen—for example
nitrous oxide, carbon dioxide and mo-
lecular oxygen—were used to quench
the radiation from the excited oxygen
atoms. All these quenching gases indi-
rectly gave the same value for the
quenching rate coefficient for nonex-
cited oxygen atoms. When combined

EXTRAPOLATION PROCEDURE is employed to find the amount of quenching gas
needed to de-excite oxygen atoms at the same rate as that at which they radiate. If the
amount of quenching gas needed to reduce the light intensity by half is plotted against the
density of atomic oxygen, a straight line results, since their densities are proportional to
each other. Because the excited oxygen atoms can radiate, however, this line does not pass
through the point of origin but rather cuts the added-quenching-gas axis at a finite value.
The amount of quenching gas indicated by this intercept is then the amount needed to de-
excite oxygen atoms at the same rate as that at which they radiate. From the slope of the line
the rate coefficient for de-excitation of atomic oxygen by nonexcited atomic oxygen can be
obtained. The four different kinds of dots indicate readings for different mixtures of
nitrogen and other gases in which the excited and nonexcited oxygen atoms were embedded.

10
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with either our original measurements
relating light intensity to the square of
the atomic-oxygen density or the mea-
surements made in our new system, the
rate coefficient of the Chapman reaction
turned out to be the same as that de-
duced from the direct measurements of
the nightglow. Chapman’s hypothesis
was finally confirmed: three nonexcited
oxygen atoms can combine in the upper
atmosphere to form an oxygen molecule
and an excited oxygen atom, which can
then emit light at 5,577 angstroms.

The airglow still has some secrets. In
the very near future, however, the other
chemical processes that power the air-
glow will undoubtedly be identified and
their rate coefficients measured. The
phenomenon of the airglow has become
a tool to be exploited in other investiga-
tions by physicists, chemists and mete-
orologists.

For example, the mass transport of
air to and from the airglow region
of the atmosphere may be part of
an important global circulation system.
By using atomic oxygen as a tracer of
air motion this circulation system could
be studied. In the polar regions the sun
is below the horizon for several months
and therefore cannot replenish excited
atomic oxygen lost by radiation and by
massive air movements. A study of the
concentration of excited oxygen atoms
under these conditions may lead to a
determination of the speed of the air
mass of which they are a part. Fortu-
nately new observational techniques
now make it possible to observe the
polar airglow in spite of the interference
of auroral light.

he ultraviolet radiation from the sun

that powers the airglow does not
reach the earth’s surface. Hence the air-
glow is a potentially useful indicator of
changes in a component of sunlight that
are not measurable directly by con-
ventional ground-based techniques. A
reanalysis of airglow data for the past
50 years may reveal significant fluctua-
tions in the amount of ultraviolet radia-
tion from the sun. Because of the slow
response of the airglow to solar excita-
tion, however, it is not certain that brief
solar disturbances can be monitored in
this way.

It is difficult to predict how our new
knowledge of the airglow will be used in
the future. But since the airglow mirrors
the chemical state of the upper atmo-
sphere it cannot fail to attract increas-
ing attention as long as man insists on
traversing this boundary between the
earth and the rest of the universe.
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MATHEMATICAL GAMES

The hierarchy of infinities
and the problems it spawns

by Martin Gardner

A graduate student at Trinity
Computed the square of infinity.
But it gave him the fidgets
To put down the digits,
So he dropped math and took up divinity.
—ANONYMOUS

mathematician at Stanford Univer-

sity, found a surprising answer to
one of the great problems of modern set
theory: Is there an order of infinity
higher than the number of integers but
lower than the number of points on a
line? To make clear exactly what Cohen
proved, something must first be said
about those two lowest known levels of
infinity.

It was Georg Ferdinand Ludwig Phil-
ipp Cantor who first discovered that
beyond the infinity of the integers—
an infinity to which he gave the name
aleph-null-there are not only higher
infinities but also an infinite number
of them. Leading mathematicians were
sharply divided in their reactions. Henri
Poincaré called Cantorism a disease
from which mathematics would have to
recover, and Hermann Weyl spoke of
Cantor’s hierarchy of alephs as “fog on
fog.”

On the other hand, David Hilbert
said, “From the paradise created for us
by Cantor, no one will drive us out,”
and Bertrand Russell once praised Can-
tor’s achievement as “probably the great-
est of which the age can boast.” Today
only mathematicians of the intuitionist
school and a few philosophers are still
uneasy about the alephs. Most mathe-
maticians long ago lost their fear of
them, and the proofs by which Cantor
established his “terrible dynasties” (as
they have been called by the Argentine
writer Jorge Luis Borges) are now uni-
versally honored as being among the
most brilliant and beautiful in the his-
tory of mathematics.

In 1963 Paul ]J. Cohen, a 29-year-old
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Any infinite set of things that can
be counted 1, 2, 3...has the cardi-
nal number 8, (aleph-null), the bottom
rung of Cantor’s aleph ladder. Of course,
it is not possible actually to count such
a set; one merely shows how it can be
put into one-to-one correspondence with
the counting numbers. Consider, for ex-
ample, the infinite set of primes. It is
easily put in one-to-one correspondence
with the positive integers:

PO
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The set of primes is therefore an
aleph-null set. It is said to be “count-
able” or “denumerable.” Here we en-
counter a basic paradox of all infinite
sets. Unlike finite sets, they can be
put in one-to-one correspondence with
a part of themselves or, more technical-
ly, with one of their “proper subsets.”
Although the primes are only a small
portion of the positive integers, as a
completed set they have the same aleph
number. Similarly, the integers are only
a small portion of the rational numbers
(the integers plus all integral fractions),
but the rationals form an aleph-null
set too.

There are all kinds of ways in which
this can be proved by arranging the
rationals in a countable order. The most
familiar way is to attach them, as frac-
tions, to an infinite square array of lat-
tice points and then count the points
by following a zigzag path, or a spiral
path if the lattice includes the negative
rationals. Here is another, intriguing
method of ordering and counting the
positive rationals that was proposed by
the American logician Charles Sanders
Peirce.

Start with the fractions 0/1 and 1/0.
(The second fraction is meaningless, but
that can be ignored.) Sum the two
numerators and then the two denomi-
nators to get the new fraction 1/1, and
place it between the previous pair: 0/1,
1/1, 1/0. Repeat this procedure with
each pair of adjacent fractions to ob-
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tain two new fractions that go between
them:

0
1

11 2
2 1 1

O =

The five fractions grow, by the same
procedure, to nine:
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In this continued series every rational
number will appear once and only once,
and always in its simplest fractional
form. There is no need, as there is in
other methods of ordering the rationals,
to eliminate fractions, such as 10/20,
that are equivalent to simpler fractions
also on the list, because no reducible
fraction ever appears. If at each step you
fill the cracks, so to speak, from left
to right, you can count the fractions
simply by taking them in their order
of appearance. This series, as Peirce
said, has many curious properties. At
each new step the digits above the lines,
taken from left to right, begin by re-
peating the top digits of the previous
step: 01, 011, 0112 and so on. And at
each step the digits below the lines are
the same as those above the lines but
in reverse order. The series is closely
related to what are called Farey num-
bers (after the English geologist John
Farey, who first analyzed them), about
which there is now a considerable litera-
ture.

It is easy to show that there is a
set with a higher infinite number of
elements than aleph-null. To explain
one of the best of such proofs a deck
of cards is useful. First consider a
finite set of three objects, say a key,
a watch and a ring. Each subset of this
set is symbolized by a row of three
cards [see illustration on opposite pagel;
a face-up card [white] indicates that the
object above it is in the subset, a face-
down card [gray] indicates that it is not.
The first subset consists of the original
set itself. The next three rows indicate
subsets that contain only two of the
objects. They are followed by the three
subsets of single objects and finally
by the empty (or null) subset that con-
tains none of the objects. For any set
of n elements the number of subsets
is 27. Note that this formula applies
even to the empty set, since 2° = 1 and
the empty set has the empty set as its
sole subset.

This procedure is applied to an in-
finite but countable (aleph-null) set
of elements at the left in the illustra-



tion on the next page. Can the subsets of
this infinite set be put into one-to-one
correspondence with the counting in-
tegers? Assume that they can. Symbolize
each subset with a row of cards, as be-
fore, only now each row continues end-
lessly to the right. Imagine these in-
finite rows listed in any order whatever
and numbered 1, 2, 3... from the top
down. If we continue forming such
rows, will the list eventually catch all
the subsets? No—because there is an
infinite number of ways to produce a
subset that cannot be on the list. The
simplest way is to consider the diagonal
set of cards indicated by the arrow and
then suppose every card along this di-
agonal is turned over (that is, every
face-down card is turned up, every face-
up card is turned down). The new di-
agonal set cannot be the first subset be-
cause its first card differs from the first
card of subset 1. It cannot be the sec-
ond subset because its second card
differs from the second card of subset
2. In general it cannot be the nth sub-
set because its nth card differs from
the nth card of subset n. Since we have
produced a subset that cannot be on the
list, even when the list is infinite, we
are forced to conclude that the original
assumption is false. The set of all sub-
sets of an aleph-null set is a set with
the cardinal number 2 raised to the
power of aleph-null. This proof shows
that such a set cannot be matched one
to one with the counting integers. It
is a higher aleph, an “uncountable”
infinity.

Cantor’s famous diagonal proof, in
the form just given, conceals a startling
bonus. It proves that the set of real
numbers (the rationals plus the ir-
rationals) is also uncountable. Consider
a line segment, its ends numbered 0
and 1. Every rational fraction from 0
to 1 corresponds to a point on this
line. Between any two rational points
there is an infinity of other rational
points; nevertheless, even after all
rational points are identified, there re-
mains an infinity of unidentified points—
points that correspond to the unrepeat-
ing decimal fractions attached to such
algebraic irrationals as the square root
of 2, and to such transcendental irra-
tionals as pi and e. Every point on the
line segment, rational or irrational, can
be represented by an endless decimal
fraction. But these fractions need not
be decimal; they can also be written in
binary notation. Thus every point on
the line segment can be represented by
an endless pattern of 1's and 0’s, and
every possible endless pattern of 1’s and

Subsets of a set of three elements
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A countable infinity has an uncountable infinity of subsets (left) that correspond to the real numbers (right)

0’s corresponds to exactly one point on
the line segment.

Now, suppose each face-up card at
the left in the illustration above is re-
placed by 1 and each face-down card
by 0, as shown at the right in the
illustration. \We have only to put a
binary point in front of each row and
we have an infinite list of different
binary fractions between 0 and 1. But
the diagonal set of symbols, after each
1 is changed to 0 and each 0 to 1, is
a binary fraction that cannot be on the
list. From this we see that there is
a one-to-one correspondence of three
sets: the subsets of aleph-null, the real
numbers (here represented by binary
fractions) and the totality of points on
a line segment. Cantor gave this higher
infinity the cardinal number C, for the
“power of the continuum.” He believed
it was also 8, (aleph-one), the first in-
finity greater than aleph-null.

By a variety of simple, elegant proofs
Cantor showed that C was the number
of such infinite sets as the transcendental
irrationals (the algebraic irrationals, he
proved, form a countable set), the num-
ber of points on a line of infinite length,
the number of points on any plane
figure or on the infinite plane, and the
number of points in any solid figure
or in all of three-space. Going into high-
er dimensions does not increase the
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number of points. The points on a line
segment one inch long can be matched
one to one with the points in any higher-
dimensional solid, or with the points
in the entire space of any higher
dimension.

The distinction between aleph-null
and aleph-one (we accept, for the mo-
ment, Cantor’s identification of aleph-
one with C) is important in geometry
whenever infinite sets of figures are
encountered. Imagine an infinite plane
tessellated with hexagons. Is the total
number of vertices aleph-one or aleph-
null? The answer is aleph-null; they
are easily counted along a spiral path
[see top illustration on page 116].
On the other hand, the number of dif-
ferent circles of one-inch radius that can
be placed on a sheet of typewriter paper
is aleph-one because inside any small
square near the center of the sheet there
are aleph-one points, each the center
of a different circle with a one-inch
radius.

Consider in turn each of the five
symbols J. B. Rhine uses in his “ESP”
test cards [see Dottom illustration on
page 116]. Can it be drawn an aleph-
one number of times on a sheet of
paper, assuming that the symbol is
drawn with ideal lines of no thickness
and that there is no overlap or intersec-
tion of any lines? (The drawn symbols
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need not be the same size, but all must
be similar in shape.) It turns out that all
except one can be drawn an aleph-one
number of times. Can the reader show,
before the answer is given next month,
which symbol is the exception?

The two alephs are also involved in
recent cosmological speculation. Richard
Schlegel, a physicist at Michigan State
University, has called attention in sev-
eral papers to a strange contradiction
inherent in the “steady state” theory.
According to that theory, the number of
atoms in the cosmos at the present time
is aleph-null. (The cosmos is regarded
as infinite even though an “optical hori-
zon” puts a limit on what can be seen.)
Moreover, atoms are steadily increasing
in number as the universe expands. In-
finite space can easily accommodate any
finite number of doublings of the quan-
tity of atoms, for whenever aleph-null
is multiplied by two, the result is aleph-
null again. (If you have an aleph-null
number of eggs in aleph-null boxes, one
egg per box, you can accommodate an-
other aleph-null set of eggs simply by
shifting the egg in box 1 to box 2, the
egg in box 2 to box 4, and so on, each
egg going to a box whose number is
twice the number of the egg’s previous
box. This empties all the odd-numbered
boxes, which can then be filled with an-
other aleph-null set of eggs.) But if the
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Spiral counts the vertices of a hexagonal tessellation

doubling goes on for an aleph-null num-
ber of times, we come up against the
formula of 2 raised to the power of
aleph-null—that is, 2 X 2 X 2... repeat-
ed aleph-null times. As we have seen,
this produces an aleph-one set. Con-
sider only two atoms at an infinitely re-
mote time in the past. By now, after
an aleph-null series of doublings, they
would have grown to an aleph-one set.
But the cosmos, at the moment, cannot
contain an aleph-one set of atoms. Any
collection of distinct physical entities
(as opposed to the ideal entities of
mathematics) is countable and therefore,
at the most, aleph-null.

In his latest paper, “The Problem of
Infinite Matter in Steady-State Cosmol-
ogy” (Philosophy of Science, Vol. 32,
January, 1965, pages 21-31), Schlegel
finds a clever way out. Instead of re-
garding the past as a completed aleph-
null set of finite time intervals (to be

sure, ideal instants in time form an
aleph-one continuum, but Schlegel is
concerned with those finite time inter-
vals during which doublings of atoms
occur), we can view both the past and
the future as infinite in the inferior
sense of “becoming” rather than com-
pleted. Whatever date is suggested for
the origin of the universe (remember,
we are dealing with the steady-state
model, not with a “big bang” or oscil-
lating theory), we can always set an
earlier date. In a sense there is a “begin-
ning,” but we can push it as far back
as we please. There is also an “end,”
but we can push it as far forward as
we please. As we go back in time, con-
tinually halving the number of atoms,
we never halve them more than a finite
number of times, with the result that
their number never shrinks to less than
aleph-null. As we go forward in time,
doubling the number of atoms, we never

w+0O

Five “ESP” symbols
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double more than a finite number of
times; therefore the set of atoms never
grows larger than aleph-null. In either
direction the leap is never made to a
completed aleph-null set of time inter-
vals. As a result the set of atoms never
leaps to aleph-one and the disturbing
contradiction does not arise.

Cantor was convinced that his endless
hierarchy of alephs, each obtained by
raising 2 to the power of the preceding
aleph, represented all the alephs there
are. There are none in between. Nor
is there an Ultimate Aleph, such as
certain Hegelian philosophers of the
time identified with the Absolute. The
endless hierarchy of infinities itself,
Cantor argued, is a better symbol of the
Absolute.

All his life Cantor tried to prove that
there is no aleph between aleph-null
and C, the power of the continuum,
but he never found a proof. In 1938
Kurt Godel showed that Cantor’s con-
jecture, which became known as the
“continuum hypothesis,” could be as-
sumed to be true, and that this could
not conflict with the axioms of set
theory.

What Cohen proved in 1963 was
that the opposite could also be as-
sumed. One can posit that C is not
aleph-one; that there is at least one
aleph between aleph-null and C, even
though no one has the slightest notion
of how to specify a set (for example
a certain subset of the transcendental
numbers) that would have such a car-
dinal number. This too is consistent
with set theory. Cantor’s hypothesis is
undecidable. Like the parallel postulate
of Euclidean geometry, it is an indepen-
dent axiom that can be affirmed or
denied. Just as the two assumptions
about Euclid’s parallel axiom divided
geometry into Euclidean and non-
Euclidean, so the two assumptions about
Cantor’s hypothesis now divide the
theory of infinite sets into Cantorian
and non-Cantorian. Set theory has been
struck a gigantic blow with a cleaver,
and exactly what will come of it no one
can say.

he answers to last month’s penny

problems follow:

1. To double the eight pennies in a
row into four stacks of two coins each,
number them from one to eight and
move 4 to 7,6 to 2,1 to 3, 5 to 8. For
10 pennies, simply double the pennies
at one end (for example, move 7 to 10),
to leave a row of eight that can be
solved as before. Clearly, a row of 2n
pennies can be solved in n moves by
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Rhombus-to-circle puzzle

The rolling penny

doubling the coins at one end until eight
remain, then solving for the eight.

2. Six pennies in rhombus formation
[top illustration at left] can be formed
into a circle, in accordance with the
rules given, by numbering them as
shown and moving 6 to touch 4 and 5,
5 to touch 2 and 3 from below, 3 to
touch 5 and 6.

3. A triangle of 10 pennies is inverted
by moving three coins as shown in the
middle illustration at the left. In work-
ing on the general problem, for equi-
lateral formations of any size, readers
may have realized that the problem is
one of drawing a bounding triangle (like
the frame used to group the 15 balls for
a game of billiards), inverting it and
placing it over the figure so that it en-
closes a maximum number of coins. In
every case the smallest number of coins
that must be moved to invert the pat-
tern is obtained by dividing the num-
ber of coins by 3 and ignoring the
remainder.

4. The 10-coin triangle, with positions
numbered as shown last month, is re-
duced to one coin in five moves by first
removing the penny at spot 3, then
jumping: 10-3, 1-6, 8—-10—-3, 4—6—
1—4, 7-2. I shall report later on letters
received about the 15-coin triangle.

5. Readers were asked to prove that
if a penny is rolled once around a closed
chain of pennies, touching every penny,
the number of rotations made by the
penny is a constant regardless of the
chain’s shape. We shall prove this first
for a chain of nine pennies.

Join the centers of the coins by
straight lines as shown at the top of the
bottom illustration at the left to form a
nine-sided polygon. The total length (in
degrees of arc) of the perimeters of the
pennies, outside the polygon, is the same
as the total of the polygon’s conjugate
angles. (The conjugate of an angle is the
difference between that angle and 360
degrees.) The sum of the conjugate
angles of a polygon of n sides is always
%n 4 1 perigons (a perigon is an angle
of 360 degrees).

As the penny rolls around the chain,
however, for every pair of pennies it
touches it fails to touch two arcs of
1/6 perigon each, which together are
1/3 perigon [see bottom of illustration].
For n pennies, it will fail to touch n/3
perigons. We subtract this from %n + 1
to obtain %n + 1 as the total perimeter
over which the penny rolls in making
one circuit around the chain. As ex-
plained last month, the penny rotates
two degrees for each degree of arc over
which it rolls, therefore the penny must
make a total of %n + 2 rotations. This
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Straight-line configuration

obviously is a constant, regardless of
the number of pennies or the chain’s
shape, because the centers of any chain
of pennies must mark the vertices of an
n-sided polygon. (The formula also
applies to a degenerate chain of two
pennies, whose centers can be taken
as the corners of a degenerate polygon
of two sides.)

A similar argument establishes ¥n
— 2 as the number of rotations made
by a penny rolling once around the
inside of a closed chain of six or more
pennies and touching every penny. The
formula gives zero rotations for the
chain of six, inside which it fits snugly,
touching all six coins. For an open
chain of n pennies it is easy to show
that the rolling penny makes %(2n + 4)
rotations in a complete circuit.

6. The sixth configuration of 10 pen-
nies having five straight lines of four
coins each is shown above.

7. To put penny C between two
touching pennies A and B without touch-
ing A or moving B, place a fingertip
firmly on B and then slide C against B.
Be sure, however, to let go of C before
it strikes B. The impact will propel A
away from B, so that C can be placed
between the two previously touching
coins.

8. Three pennies can be placed with
two heads on one side of a line and
two tails on the other as shown below.

How to place the pennies
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Conducted by C. L. Stong

reserving the shapes of snowflakes
Pcan be an engrossing wintertime

avocation. One does this by catch-
ing the flakes in a thin film of plastic
that has been dissolved in a solvent.
Surface attraction spreads the dissolved
plastic over the snowflake; when the sol-
vent evaporates, the hardened plastic
retains a permanent impression of the
flake. A collection of these jewel-like
forms not only is beautiful but also can
shed light on the meteorological process-
es that account for the fall of snow.

Every snowflake carries in its struc-
ture a record of the atmospheric condi-
tions responsible for its formation and
growth. Because only one flake at a
time can fall through a given path in
the air the structure of each flake is
unique. Of course gross similarities are
observed in all crystalline substances,
snowflakes not excepted. In snowflakes
such similarities are explained by the
fact that water habitually forms hexag-
onal crystals and by prominent mete-
orological factors such as the depth of
the air through which the crystals fall,
the temperature at various elevations
and related differences in the ratio of
water vapor to other gases in the at-
mosphere.

Investigators who specialize in de-
ciphering the history of snow crystals
must sometimes wish it were possible to
make permanent collections of actual
flakes. Unfortunately snow crystals are
as perishable as they are beautiful. Usu-
ally the crystals either melt or sublime
(evaporate from solid to vapor) prompt-
ly on reaching the ground. For centuries
students of snowflakes had to content
themselves with drawings of the char-
acteristic forms. A partial solution to the
problem of recording the geometric pat-
terns of flakes came in the 19th century
with the invention of photomicrogra-
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On preserving the shapes of snow crystals

by catching snowflakes in dissolved plastic

phy. One zealous amateur, Wilson A.
Bentley of Jericho, Vt., took up the hob-
by in 1885 and eventually published a
book of more than 5,000 pictures of
snowflakes; the book is still prized as
the classic reference in its field.

The most significant advance, how-
ever, came in 1940 with the replication
of snowflakes in plastic. This technique
was developed by Vincent J. Schaefer of
Schenectady, N.Y., then a research as-
sociate at the General Electric Research
Laboratories and now director of re-
search at the Atmospheric Sciences
Research Center of the State University
of New York. “About 25 years ago,”
writes Schaefer, “while I was waiting
for a bus on my way home from work, a
snowfall occurred that consisted of un-
usually beautiful snow crystals of the
dendritic, or branching, type. I won-
dered if it might not be possible to de-
vise a way of preserving such beauty. I
had recently been making castings of
crystal patterns in aluminum, and the
thought came to me that perhaps a
modification of the procedure could
successfully capture the impression of
snow crystals and that of frost patterns.

“When I reached home, I placed in a
bottle a small amount of a new plastic
solution with which I had been ex-
perimenting and put it in the freezing
compartment of the refrigerator. This
substance was polyvinyl formal. It is
obtainable under the brand name Form-
var 15-95 from the Monsanto Com-
pany, Bircham Bend Plant, P.O. Box
2130, Springfield, Mass. 01101. The
solution I refrigerated consisted of one
gram of Formvar 15-95 in 100 milli-
liters of ethylene dichloride, a solvent.

“When the material had cooled below
the freezing point of water, I spread a
thin layer of it on an equally cold glass
microscope slide, scraped a few frost
crystals from the walls of the freezing
compartment onto the wet slide and
then—leaving the slide in the refrigera-
tor—waited for the solvent to evaporate.
After a few hours, when the slide was
dry, I took it out of the compartment
and examined the frost crystals with
a hand lens. They were perfectly pre-
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served and remained so long after the
slide had become warm! My excite-
ment can be imagined.

“During the rest of the winter I was
out in many snowstorms making replicas
of snow crystals by this method and in-
vestigating other methods. Naturally I
learned that there are a few tricks to
the technique. Not all my early replicas
were equally good. Even so, the art of
replicating snowflakes in plastic is fair-
ly easy to master after the experimenter
becomes familiar with the behavior of
the plastic.

“The replica consists of a film of plas-
tic with several properties. The film is
thick enough (and hence strong enough)
to retain its shape when the ice melts.
Yet it is thin enough to make a faithful
impression of sharp corners and other
crystalline details and to permit rapid
evaporation of the solvent.

“One minor difficulty that can plague
the beginner is the sublimation of the
crystal as the solvent evaporates. An-
other is ‘blooming,” the formation of a
white, powder-like surface on the nor-
mally transparent plastic film. Blooming
occurs during evaporation if the sur-
face of the film cools below the dew
point of the surrounding air so that
moisture condenses on the drying sur-
face in the form of tiny water droplets
or frost. Ways to prevent blooming in-
clude maintaining the replica solution
a bit colder than 0 degrees centigrade,
reducing the rate at which the solvent
evaporates (such as by immersing the
replica in an atmosphere charged with
enough solvent vapor to retard evapora-
tion) or lowering the relative humidity.

“For optimum results the concentra-
tion of Formvar in solution must also be
adjusted with respect to the size of the
particles to be replicated. In the case of
‘diamond dust’—ice crystals that rarely
exceed .2 millimeter in diameter—and
other crystals up to approximately one
millimeter in diameter, the concentration
of Formvar in solution should range be-
tween .1 and .5 percent when ethylene
dichloride is used as the solvent. Such a
proportion, for example, would be .1 to
.5 gram of Formvar in 100 milliliters of



ethylene dichloride. The concentration
can be increased to 1 percent in the case
of ordinary snow and frost crystals. For
replicating snow on the ground, as well
as rime and graupel (also known as soft
hail), the concentration should be in-
creased to 2 percent or more.
“Evidently luck was with me on the

occasion of that first experiment. I
have never hit on a more effective rep-
licating material. Still, materials other
than Formvar dissolved in ethylene di-
chloride can be used. Any solvent can
be substituted that is not soluble in wa-
ter. For example, chloroform can be
used if more rapid evaporation is de-

sired. Accelerated evaporation induces
quicker cooling, however, thereby en-
couraging the condensation of moisture
and the possibility of blooming. The
experimenter should avoid such com-
mon solvents as acetone, amyl acetate
and alcohol because they are soluble in
water. Similarly, benzene is unsatisfac-

Snow crystals called hexagonal plates

Examples of stellar snow crystals
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tory as a solvent because it solidifies be-
fore it reaches the freezing point of
water.

“Tust as it is possible to use solvents
other than ethylene dichloride, so one
can use plastics other than polyvinyl
formal. Among the alternatives are poly-
styrene and methyl methacrylate. Poly-
styrene is readily available as Styro-
foam. Polymerized methyl methacrylate
is commonly known as Plexiglas. Scraps
of Plexiglas reduced to granules by
means of a wood rasp dissolve readily.
Both materials are soluble in either eth-
ylene dichloride or chloroform.

“A number of procedures have been
devised for making replicas. One of the
simplest calls for the plastic solution to
be stored in a squeeze bottle made of
polyethylene and kept below the freez-
ing temperature of water. Enough solu-
tion is squirted onto a cooled glass slide
to wet the upper surface. The slide is
exposed to falling snow in order to col-
lect specimens on the wet surface and is
then placed in a cold, ventilated area for
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Some of the small crystals called “diamond dust”

Frost crystals

drying. The characteristic odor of the
solvent becomes less apparent as the
slide dries. When the odor can no longer
be detected, the replica is ready for use.
The best results are obtained when the
slide is kept well below 0 degrees C. un-
til the plastic hardens. Hardening may
require some hours even in a well-venti-
lated area. Water molecules of the speci-
men migrate through the plastic film
without difficulty.

“The most beautiful snowflakes occur
in three basic forms: hexagonal plates
imprinted with symmetrical designs, tri-
angular plates and six-pointed stars with
lacelike branches. Surprisingly, few
storms produce perfect crystals of these
types in substantial quantity. The den-
dritic stellar forms usually appear in
large numbers during gentle snowfalls
on cold, still nights.

“The platelike crystals, both hexag-
onal and triangular, appear to originate
in high clouds. Six-pointed stars of sim-
ple design often form at altitudes of
1,000 feet or less. Elaborately orna-
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mented crystals of the stellar type most
often fall from clouds of intermediate
height—the crystals of greatest com-
plexity appearing when the weather is
mild. The crystals comprising diamond
dust are so small that they require many
hours to fall a few thousand feet. Most
of them sublime on the way. For this
reason it appears that these minute par-
ticles form close to the ground. Snow-
storms of the most common type pro-
duce clusters of flakes in random array
that contain few symmetrical crystals
and range in diameter from a few milli-
meters to several centimeters.

“Nicely formed crystals can be caught
on a sheet of black velvet (black for ease
of visibility and velvet for ease of han-
dling) that is exposed to the fall for a
few seconds and then examined in a
cold, sheltered location such as an un-
heated shed, garage or tent. Specimens
can be lifted from the velvet easily with
a toothpick that has a small drop of
1 percent replica solution on the tip.
The drop of solution can be collected



on the tip by dipping the wood into the
solution and withdrawing it quickly.
The bottom of the suspended drop is
then quickly but gently applied to the
center of the specimen. Surface tension
will lift the crystal from the velvet. Care
must be taken not to press the wooden
tip against the specimen or the crystal
may be broken.

“The crystal is then transferred to
the wet slide. Surface tension exerted
by the large area of fluid now in contact
with the bottom of the crystal will pull
the specimen away from the wooden
point. It will promptly sink into the film
on the slide. As many as 20 crystals can
be so arranged on a two-inch cover glass
of the type used for making 35-milli-
meter projection slides. Once prepared,
replicas can be covered by a second
glass fastened in place with binding
tape for optical projection, photographic
enlargement or microscopic examina-
tion. |

“Base materials other than glass can
be used. Replicas show up nicely on
black cardboard, for example. I have
also used sheets of polyethylene, which
are easy to cut into strips of the desired
size. The thin transparent plastics such
as Saran Wrap can serve as flexible
mountings. They are easy to handle
when they are supported by a frame
such as an embroidery hoop.

“To speed up the drying of replicas
I have frequently made precoated
slides. The base material is dipped into
or otherwise coated with a replica solu- |
tion of the required concentration and
dried. The precoated surface is then |
moistened uniformly with solvent and
charged with specimens. The Coating|
dissolves in the immediate vicinity of ‘
the snowflakes. Much of the excess sol-
vent is soaked up by the surrounding
film. Because of surface attraction every
nook and cranny of the specimen ac-
quires a thin plastic coating. Some of
my most successful replicas have been
made by this procedure.

“Crystals smaller than one millimeter
in diameter, such as ‘diamond dust,” can
be replicated most successfully by a
variation of the precoated-slide tech-
nique. After the crystals have come to
rest on the dry coating the slide is ex-
posed to the vapor of the solvent, either
ethylene dichloride or chloroform. (A
vapor chamber for exposing slides can
be improvised from a small wooden
box equipped with an airtight lid. A
shallow dish of solvent placed on the
bottom of the chamber provides the
vapor; a slit in the side of the box that
opens onto an inner shelf admits the
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Crystals originating in cirrus clouds

slide.) The vapor condenses as a thin
film on the coating but tends to-accu-
mulate around each specimen. There
it dissolves the plastic locally and by
a combination of surface tension and
capillary effects coats the snowflakes in
three dimensions.

“Another convenient technique makes
use of the clear lacquer solutions now
commercially available in aerosol-spray
cans. Snowflakes that have collected on

a base material are simply sprayed with
the solution. The method is particularly
useful for replicating frost on window-
panes. For best results the spray can
should be held far enough away so that
the plastic is almost dry when it makes
contact with the crystals. The optimum
distance varies with the drying time of
the spray and must be determined by
experiment. Krylon, an aerosol lacquer
available from dealers in paint and art

A “capped column” crystal

supplies, is particularly effective for this
technique.

“Replication experiments need not be
limited to small crystals and frost. For
example, interesting and useful records
of snow accumulations on the ground
can be compiled by making daily repli-
cas during a period of a week or more.
For the base I use a sheet of window
glass as wide as the snow is deep and
from 15 to 20 inches or more in length,

Sections obtained on successive days from a layer of snow
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battle tank project and unique land-
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depending on the desired number of
replicas. I apply a vertical strip of 5
percent solution about two inches wide
at one end of the glass and press the
glass gently against a vertical cut in
the snow layer. The glass is then re-
moved, along with the adhering film of
snow, and placed with the replica side
up in a cold, sheltered place. The plas-
tic will dry within 24 hours and the
film of snow will have sublimated. At
approximately the same hour on suc-

Iceedmg days additional strips, each

adjacent to its predecessor, are similarly
applied to the glass and the replicating
procedure is repeated. The series pro-
vides a sequential account of the grad-
ual consolidation of snow by recrys-
tallization even when the temperature
remains well below freezing through the
entire period of observation. Such ef-
fects as the gradual disappearance of
layering that is always evident in fresh
falls and the conversion of light flakes
into ‘corn” snow of relatively high den-
sity become strikingly evident in the
record.

“Replicas can also be made of the
structure of bulk ice, much as the crys-
talline pattern in metals is revealed by
polishing and etching techniques. Ex-
periments of this kind can be made
even in summer in locations where hail-
stones fall. In fact, any kind of ice can
be used: an icicle from the edge of a
roof, a small piece of ice from a pond
or stream or even an ice cube from the
refrigerator. Whatever the specimen, the
ice should be kept well below freezing
temperature. If necessary, place the
specimen in the freezing compartment
of a refrigerator for a few hours. Begin
the procedure by cutting a piece of
plastic foam about the size of the speci-
men. This will be used as a handle to
insulate the specimen from heat. To
attach the handle, make a reasonably
flat surface on the specimen by sawing
or otherwise cutting off any roughness.
Then spread a bit of water on the plas-
tic foam and apply the wet surface to
the flattened ice. The water will prompt-
ly freeze, cementing the handle to the
specimen.

“Next, heat an electric iron or other
flat metal object until it is warm to the
touch. Press the specimen against the
warm iron until the ice melts enough
to form a flat surface. Immediately
wipe the surface dry with a soft cloth.
The temperature of the specimen will
have risen substantially. Return it to
the freezing compartment for an hour
or so.

“Cover one surface of a flat board
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about 10 inches square with a piece of
velvet stretched tight and securely
tacked at the edges. The velvet will serve
as a polishing buff. Remove the cooled
ice from the freezing compartment and,
manipulating the specimen by the han-
dle, rub the flattened surface of the ice
briskly across the velvet until it acquires
a polished surface. The polishing opera-
tion requires only a minute or so. Then
store the specimen in a cold, dry atmo-
sphere for etching. The crystalline pat-
tern will appear in a matter of minutes.
Etch pits, marking crystal boundaries
in the ice, are formed by sublimation.
They stand out clearly as differences in
the intensity of reflected light. Etching
by sublimation requires that both the
ice and the atmosphere be dry. Other-
wise frost may form on the specimen
and spoil the experiment.

“To replicate the etched surface,
cover the polished area with a film of
2 percent Formvar solution and store
the specimen in a freezing compartment
until the plastic is dry. Then transfer
the ice to a bowl of water. The replica
will float free when the ice melts. It can
then be maneuvered onto a glass slide
and, when dry, covered by a second
slide to make a permanent mount.

“Beautiful ice crystals can also be
grown synthetically and replicated. For
this experiment I use a water-soluble
material such as polyvinyl alcohol or
gelatin in concentrations ranging from
1 to 3 percent—one to three grams of
alcohol or unflavored Knox gelatin in
100 milliliters of distilled water. A sheet
of well-cleaned glass or other base mate-
rial is flooded with a film of the solution
and placed level in a cold, protected
location until the film is supercooled—
that is, has chilled below its normal
freezing point. If a minute ice crystal
or other appropriate freezing nucleus
is now touched to the film, beautiful
crystals will form immediately. As the
crystals grow the alcohol or gelatin will
precipitate out of the ice, marking the
outlines of each crystalline feature. If
the assembly is maintained at subzero
temperature for several days, the ice
will sublime, leaving a replica of great
beauty.

“By careful seeding it is possible to
grow huge single crystals of ice by this
method. I have made some that measure
up to 10 inches in diameter by restrict-
ing nucleation to a single site. Similar
effects can be induced in soap bubbles
that are either free-floating or held in
a ring. They are difficult to replicate but
useful for the detection of ice-forming
nuclei in the air.”
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When the ski report says head for the hills...

MG's Octagon spirit makes the going a pleasure

The MGB doesn'’t take “no” from
the weather. Not on a ski

holiday any more than it would
on the 4th of July.

The reason is that it's got what

it takes to be an all-weather
champ. The MGB proved this the
hard way when it pow-ed through
mountain snow and ice to win
the Monte Carlo Rally Grand
Touring Category.

A rugged 1798 c.c. engine,
positive rack and pinion steering,

THE OCTAGON SPIRIT: THE IRRESISTIBLE

non-fade disc brakes and firm
suspension make the MGB a
car that keeps its feet on the
ground —free of the vicious,
unpredictable tricks that careless
design can lead to. In essence,
it is a high-performance car
you can trust.

And a high-performance car you
drive in comfort. An efficient
heater, tight roll-up windows,
foam bucket seats in English
leather, and a snug convertible
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top make winter sometning you
see but don’t feel.

Such all-weather performance,
plus up to 30 mpg gas economy
and minimum maintenance,
has made the MGB America’s
largest-selling imported

sports car.

Test drive one soon.

Prove to yourself that in snow
or sun MG’s Octagon spirit
makes the going

a pleasure.

FORCE OF A HIGHLY MOVABLE OBJECT



1. Time Domain Reflectometry is used for testing single and multi-
layer printed circuits and strip lines, such as those found in modem
computers. Instrument rise-time of 150 picoseconds permits resolution
of discontinuities to within one inch.

2. The oscillogram is an actual trace on the 140A Oscilloscope with
the 1415A Time Domain Reflectometer plug-in. Two inductive dis-
continuities are shown at a BNC connector joining a pair of 50-ohm
cables. The distance between the discontinuities represents the
connector length itself.

3. TDR can be used to test impedance of coaxial cables and for
checking cable assemblies to maximize signal transmission.

4. The electronic design lab finds broad use for TDR. In measuring
transmission line characteristics, the engineer can locate, identify and

measure the magnitude of reactive and resistive discontinuities. Thus,
design can be altered to improve performance.

5. TDR is useful in liquid measurements. A slotted coax prabe allows
liquids to flow through freely, permits identification of liquids by
their variation in dielectric constants. Typical applications would be
locating different layers in a pressurized or high-temperature vessel,
measuring liquid interfaces at low temperatures or in the presence
of foam...even determining completion of a chemical reaction by
displaying the disappearance of an interface.

6. Problems within inaccessible coax cable are being solved by Time
Domain Reflectometry: construction and maintenance of aircraft,
ships, broadcast facilities, missile ground-support systems and the
like. Cable can be tested for damage during installation and for
degredation with age, vibration, bending.
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Introduction by Hewlett-Packard of a new high-
frequency oscilloscope with unique plug-in module
capabilities has produced Time Domain Reflectom-
etry, the first practical technique for high-frequency
testing of transmission line devices. The TDR unit is
acombination of instruments conveniently packaged
for ease of use, flexibility and maximum value.

Time Domain Reflectometry capabilities are avail-
able in the 140A Plug-in Oscilloscope, which accepts
two standard-size plug-ins—vertical and horizontal
units—or a single special-purpose plug-in such as
the 1415A Time Domain Reflectometer. The 1415A
is an instrument which quickly and accurately meas-
ures electrical distance, reflection coefficient and
other transmission path parameters.

The 1415A is essentially a “closed-loop” radar,
consisting of a fast-rise pulse generator, single-
channel sampler and time base generator. A voltage
step from the pulse generator is fed into the test
system, and reflections are observed on the scope
cathode-ray tube. Reflections occur each time the
step encounters an impedance mismatch (i.e., dis-
continuity). Displays provide both qualitative and
quantitative data, distinguish between resistive,
capacitive and inductive discontinuities, and actually
permit pinpointing the discontinuities to within 1",

HEWLETT |

Time Domain Reflectometry:
New measurement contribution...from Hewlett-Packard

The Hewlett-Packard TDR system is totally cali-
brated, providing a vertical sensitivity (calibrated in
reflection coefficient) of 0.005/cm. Horizontal cali-
bration provides easy measurement of airline cables
to 300 meters or polyethylene cable to 200 meters.
A convenient accessory sliderule permits simple
conversion for cables having other dielectrics. The
fastest sweep speed permits equation of 1 cm on the
scope crt with 1 cm of actual polyethylene line, with
a calibrated delay to permit inspection of every sec-
tion of a line.

Typical of the problems that can be found and identi-
fied quickly are water in cables, crushed cables,
damage caused by flex and bends in cables, trans-
mission difficulties in buried or hard-to-reach cables,
cables damaged by temperature or age, and faulty
connectors joining cables.

Time Domain Reflectometry is another reason for
looking to Hewlett-Packard for today’s most ad-
vanced measuring instrumentation. It is another
example of state-of-the-art measurement techniques
offered in quality-manufactured, conservatively per-
formance-rated, value-priced instruments. More in-
formation on TDR is available by writing Hewlett-
Packard, Palo Alto, California 94304, Tel. (415)
326-7000; Europe: 54 Route des Acacias, Geneva.

| PACKARD

An extra measure of quality
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The Library of Science invites you to accept
any 3 of these outstanding books on
mathematics and technology(t‘;':‘lgzﬁf) for only 4
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1. MASERS AND LASERS, by M. Brotherton.
What impact will masers and lasers have on the
physical, medical, and communication sciences?
This brilliant book provides the answer—and
reviews basic principles and applications.

List Price $8.50

2. THE NATURE OF SOLIDS, by Alan Holden.
An up-to-date view of one of the most exciting
areas of modern physics —the science of the
solid state. Includes fascinating discussions of
electrical conduction, semiconductors, etc.
List Price 36.95

3. MATHEMATICS FOR THE PHYSICAL SCI-
ENCES, by Herbert S. Wilf. A unique integra-
tion of seven major mathematical disciplines
that bear directly upon central problems and
issues in the physical sciences. Covers each
method from theory to computational tech-
niques. List Price $7.95

4. CHAMBERS’ TECHNICAL DICTIONARY,
edited by Tweney and Hughes. The leading tech-
nical dictionary—a comprehensive, 1,028-page
volume that defines and pronounces over 60,000
terms in 120 branches of science and technology.

List Price $7.95

5. ELEMENTS OF MATHEMATICAL LOGIC,
by Jan Lukasiewicz. The classic book on the
two simplest logical systems — the sentential cal-
culus and Aristotle’s syllogistic. Includes meth-
odology of the sentential calculus.

List Price $6.50

6. THE ARCHITECTURE OF MOLECULES. A
uniquely beautiful book. Nobel Prize-winner
Linus Pauling’s lucid, authoritative guide to the
world of electronic structure, coupled with 57
full-page drawings in full color by distinguished
illustrator Roger Hayward. List Price $10.00
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7. MATHEMATICS AND PLAUSIBLE REA-
SONING, by George Polya. Two non-technical
volumes showing methods of problem-solving
in mathematics with plausible reasoning, to-
gether with scientific applications of these
methods. List Price $9.00

8. LOGIC AND BOOLEAN ALGEBRA, by B. H.
Arnold. Detailed overview of the achievement
of mathematician George Boole, from the birth
of mathematical logic to the capabilities of
electronic brains. List Price $9.00

9. NEW MATHEMATICAL LIBRARY. Five au-
thoritative paperback volumes on calculus, ra-
tional and irrational numbers, uses of infinity,
the lore of large numbers, and inequalities.
List Price $9.75

10. MATHEMATICAL METHODS FOR DIGI-
TAL COMPUTERS, edited by Ralston & Wilf.
Illuminating exposition of the most useful tech-
niques of numerical analysis for solving the
mathematical and physical problems of the digi-
tal computer. List Price $9.00

11. INTERNATIONAL DICTIONARY OF AP-
PLIED MATHEMATICS. Brings together all im-
portant concepts of applied mathematics and 31
basic branches of physics and engineering. In-
cludes more than 8000 entries, ranging from the
algebraic equation to relativity, plus an adden-
dum of French, German, Russian, and Spanish
terms. List Price $25.00

12. HISTORY OF TECHNOLOGY, Volume 5,
edited by Singer and others. A wide-ranging
volume covering all technological developments
of the late 19th century. With sections on the
rise of the chemical, electrical, and other indus-
tries. 530 illustrations. List Price $26.90

C-L01

CHAMEBERY
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13. BASIC MATRIX ALGEBRA AND TRANSIS-
TOR CIRCUITS, by G. Zelinger. Shows how
matrix theory can be most efficiently used — par-
ticularly by radio and electronics engineers.
Among the topics: transistor models and simple
network elements, and single stage transistor
amplifiers. List Price $6.50

14. INTRODUCTION TO THE THEORY OF
SETS, by Joseph Breuer. “The most encompass-
ing idea of modern mathematics’ is cogently
explained in this sound book for the non-
specialist. Covers all points from finite sets to
paradoxes. List Price $8.00

15. OPERATIONAL CALCULUS, by Jan Miku-
sinski. The first English edition of this widely
acclaimed volume. Offers new tools for applica-
tion to engineering and physical problems. Also
includes the relationship between operational
calculus and other branches of mathematics.
List Price $15.00

16. ELEMENTARY MATRIX ALGEBRA, by
Franz E. Hohn. A virtually encyclopedic intro-
duction to matrix algebra and its many applica-
tions in atomic physics, game theory, industrial
‘“transport’’ problems, other areas.

List Price $8.00

17. PROBABILITY THEORY AND ITS APPLI-
CATIONS, by William Feller. The single most
important introduction to probability theory
and its fundamental concepts — extensively illus-
trated with typical problems. List Price $10.75

18. NUMBER THEORY AND ITS HISTORY,
by Oystein Ore. A still unmatched account of
“the last great uncivilized continent of mathe-
matics’’ —the domain of number theory, bril-
liantly demonstrated and illustrated.

List Price $7.50

Will you join 57,000 scientists, educators, and
related professionals in The Library of Science?

e The Library of Science offers the largest selection

of outstanding books covering every major area of science and
technology. Members receive free monthly Reports on
selections, featuring reviews by distinguished authorities in
each area, including Harlow Shapley, Martin Gardner

and Warren Weaver.
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by N. W. Pirie

Science 1IN History, by J. D. Bernal.
C. A. Watts & Co. (four pounds four
shillings).

‘e he fox knows many things, but
l the hedgehog knows one big
thing.” That fragment from the
writings of the early Greek poet Archi-
lochus gave Isaiah Berlin the title for
his book The Hedgehog and the Fox,
which contrasted two types of historian:
those who ranged, or even rambled,
over all aspects of their subject and
those who had a clear picture of what
they were trying to demonstrate and
made every facet of the story contribute
to it. Marx is a hedgehog and Macaulay
is a fox. Berlin would have trouble
categorizing J. D. Bernal. He is an in-
triguing, if zoologically improbable, hy-
brid.

Bernal carefully explains that he is
not writing a history of science. He is
undoubtedly doing that, and doing it as
effectively as many writers who have
no other aim. He is also writing a uni-
versal history from the standpoint of the
development of science and technology
and is arguing that the long-term trends
in history—the rise and fall of civiliza-
tions rather than dynasties—can be un-
derstood only when the technical com-
petence and philosophical outlook of the
participants are understood. Technical
competence does not show itself merely
in the improvement of weapons, wheth-
er in the familiar transition of materials
from stone to bronze to iron or in the
design of military machinery. He at-
taches importance to these things but
attaches more to the stages by which
communities were able to get away
from a primitive subsistence economy
and build up a surplus.

Bernal is a Marxist and analyzes the
situation at each stage in Marxist terms.
Those who do not share his philosophi-
cal and economic views—either because
they understand and adhere to the capi-

BOOKS

About the role of science in history,

in contrast to the

talist philosophy or, more likely, because
they have no coherent economic phi-
losophy but, having been nurtured in a
capitalist environment, find his termi-
nology unfamiliar in a scientific work—
will often wince at what looks like the
obtrusion of politics. They will be mis-
taken. Words such as “exploitation,”
“parasitism,” “imperialism” and so forth
have a clear meaning in the context and
save a great deal of space. Bernal points
out that the very existence of an exten-
sive parasitic class, that is to say, a class
that consumed exuberantly while not
making a material return (medieval
churchmen, for instance), is the best evi-
dence we have for the existence of a
surplus and therefore of agricultural and
mechanical competence. It is not neces-
sary to agree with Bernal’s strictures on
the ways in which the surplus was used
in order to accept the existence of these
ways as evidence that the surplus was
there.

The material in this book is based on
the Charles A. Beard Lectures given at
Ruskin College in Oxford in 1948. It has
expanded steadily in successive editions
and has not unexpectedly been sub-
jected to active criticism in book re-
views, letters and comments in other
publications. In some of the notes in his
book Bernal replies to criticism in a
refreshingly combative manner; it is
pleasant to find someone saying that
something is nonsense when that is what
he thinks it is.

Having explained that he is not writ-
ing a history of science, Bernal goes on
to say that he does not intend to define
science. He comments on its nature at
many points, saying, for example, that
it is “ordered technique,” “rationalized
mythology” and that it “implies social-
ism,” but he is wise to avoid a rigid
definition when the meaning that can
usefully be applied to the term varies
with the state of the art. It would be
difficult to stretch a satisfactory up-to-
date definition of science so as to make
it cover the slow development of knowl-
edge in prehistoric communities. This
development is discussed briefly, and it
is hard to see how anything much fuller
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history of science

could be managed in the absence of
a written record. Nevertheless, Bernal
seems to underrate the amount of accu-
rate memorized information accumu-
lated during the preliterate phase. No
plant large enough to handle is now
used on a significant scale as a source of
food or drugs that was not known to
primitive man. All we have done is
move plants about in the world and
breed better varieties.

Greek science is generally discussed
by people who are not scientists and
who have an entirely irrational respect
for the verbal pitfalls the Greek philoso-
phers dug for themselves. Commenting
on Zeno’s paradoxes, Bernal says: “These
subtleties were taken to prove that the
visible world cannot really exist; but
they may serve as well to show that
pure reason can be sillier and emptier
than anything the senses can contrive.”
He is, however, fully aware of the abid-
ing value of Greek mathematics. Not
unexpectedly he agrees with most other
commentators in attributing the inade-
quacy of Greek science and technology
to the use of slaves; with abundant labor
there was little stimulus urging people
to think in concrete physical terms. The
slave-based economy even generated a
snobbery that made Plato, who was
born wealthy, sneer at philosophers who
took fees. Bernal is sympathetic to Hip-
pocrates and points out that he came as
near to a rational conception of disease,
without magical or religious causes and
cures, as was possible at the time. He
also has a good word for Alexander,
who, by setting up and financing the
museum in Alexandria, started the tra-
dition of government support for science
on which most of us now depend. But
he is oddly antagonistic to Aristotle, in
spite of a note in this edition apologiz-
ing for his harshness in earlier ones.
Aristotle cannot be blamed for having
been adopted by Aquinas and run as a
sort of Roman Catholic mascot for 1,000
years, nor can he be blamed for being
an enthusiastic practical biologist who
drifted at times into writing intellec-
tually coherent but often ill-founded
physics and philosophy. After all, Bernal
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has been known to be similarly mobile
in the opposite direction.

“Knowledge that is not being used
for the winning of further knowledge
does not even remain—it decays and
disappears.” That is Bernal’s accurate
summing up of the end of Greek science
and the sterile period of Roman domina-
tion, when “barbarians,” who, on their
wet lands, were better farmers than the
Romans, adopted unsuitable methods
and gained some roads in exchange.
Gibbon attributed the decay to Chris-
tianity and other religions: “The various
forms of worship, which prevailed in
the Roman world, were all considered
by the people as equally true; by the
philosopher as equally false; and by
the magistrate, as equally useful.” Bernal
does not agree and looks for other rea-
sons; he does not quote Gibbon’s famil-
iar sentence and he may not have at-
tached enough weight to the last phrase
in it. An effective government with
nothing to fear from its neighbors is
likely to prefer religions that support
the status quo to scientific efforts liable
to upset it. China, which is considered
very briefly here because Joseph Need-
ham is recording its scientific history so
thoroughly, is a case in point. Having
shown unparalleled scientific and inven-
tive capacity while Europe was bar-
barous, the Chinese lost the spirit of
inquiry as they gained isolation and
strong government. With the loss of iso-
lation science is now returning.

The Arabs, as is well known, main-
tained the Greek texts during the Dark
Ages. They also contributed magnifi-
cently to chemistry because their phi-
losophers were practical pharmacists
and workers in metal and glass. This
attitude of mind reached medieval Eu-
rope and was well stated by Roger
Bacon in praising Peter Peregrinus: “He
knows natural science by experiment,
and medicaments and alchemy and all
things in the heavens or beneath them,
and he would be ashamed if any lay-
man ... should know anything about the
soil that he was ignorant of.” Few peri-
ods have been associated with so much
technological change, partly because of
local invention and partly because of
information diffused by travelers. The
horse collar, windmill, clockwork, com-
pass, sternpost rudder, spectacles, pa-
permaking, printing with movable type,
Arabic numerals, gunpowder and alco-
hol all appeared at this time. The last
two had a particular philosophical im-
pact: they opened up new vistas in the
properties of matter. John Mayow re-
marked later: “Nitre has made as much
noise in philosophy as it has in war.”

132

The volatility, inflammability and phar-
macological activity of alcohol excited
equal wonder; Bernal asserts that its
distillation was the first chemical indus-
try. It was an aspect of technology of
immediate interest to primitive people.
Those who spoke Gaelic called it uisge
beatha, the water of life, and so gave
us the word “whisky,” and Manhattan
means “the place where we got drunk.”
The Renaissance is a curious period.
There was a genuine concern with prac-
tical observation and the work of arti-
sans, as is shown by the development
of naturalistic art and accurate anatomy,
astronomy and geography. Skepticism
flourished: Rabelais, outlining an educa-
tional regimen for Pantagruel, advised
disregard for the alchemical ideas of
Ramoén Lull, and Copernicus forthright-
ly condemned the Ptolemaic system that
200 years earlier so wise a man as
Alfonso of Castile had felt able to con-
demn only obliquely. (“If God had
consulted me before embarking on the
Creation, I would have suggested some-
thing simpler.”) Nevertheless, it also
tolerated the mystical biochemistry of
Paracelsus and the magnificent undisci-
plined imagination of Da Vinci, of
whom Bernal remarks: “He could invent
machines for almost any purpose and
could draw them incomparably well,
but hardly any of them, and none of the
most important, would have worked.”
Science as we understand it, with
controlled experiment complementing
accurate observation, may be said to
have started with William Harvey. He
did not dispute about what the heart
ought to do and where the blood ought
to go; he measured the flow from the
heart and demonstrated the imperme-
ability of its septa to a flow of that
magnitude. And he described the ex-
periment, which a child can repeat, on
the superficial veins that demonstrates
centripetal flow in them. Harvey’s con-
temporary Galileo was also an experi-
menter, and a very great one, but the
Middle Ages still enmeshed him, as is
shown by his remark that he did experi-
ments to convince others on matters
about which reason had already made
him certain. This is the old outlook, as
Boyle recognized when, in The Scepti-
cal Chymist, he has the Aristotelian say:
“For it is much more high and philo-
sophical to discover things a priori than
a posteriori. And therefore the peripa-
tetics have not been very solicitous to
gather experiments to prove their doc-
trines, contenting themselves with a few
only, to satisfy those that are not capa-
ble of a nobler conviction. And indeed
they employ experiments rather to illus-
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trate than to demonstrate their doc-
trines.” Two theorists stand out in this
period: Bernardino Telesio and Francis
Bacon. The former urged scientists to
eschew Aristotle’s “final causes”; that is
to say, he got rid of “ought™ as Harvey
did. The latter advocated enormous
schemes of planned experimentation but
did not realize how much an actual
physical contact with the experimental
material contributes to a scientist’s
thinking. Like Antaeus in the Greek
legend, scientists tend not to be produc-
tive for long when their feet are held
off the ground! Bacon may have been
prudent in sticking to theory; he died
as a result of one of his few recorded
experiments—stuffing a chicken with
snow in the course of studying putre-
faction.

Descartes realized that experimenta-
tion on the necessary scale would be an
expensive business and so paved the
way for endowment. Bernal points out
that this was thoroughly in accord with
the mercantile spirit of the 17th cen-
tury but that local conditions controlled
the form of subvention. In autocratic
France, where Colbert was setting up
nationalized industries, there was gov-
ernment support. Britain, with its pleas-
ant habit of operating as a semianarchy,
set up the private-enterprise Royal So-
ciety dedicated “to improve the knowl-
edge of natural things, and all useful
Arts, Manufactures, Mechanick prac-
tices, Engynes and Inventions by Ex-
periment.”

If human history followed a rational
course—even such a limitedly rational
course as the fossil record suggests for
evolution—it should now have been
possible to inaugurate the scientific
revolution. Final causes were out, ex-
periment was in, and it was generally
agreed that a proper balance should be
struck between fundamental and ap-
plied research. Bernal calls the Dark
Ages the Age of Faith; the period from
the end of the 17th to the beginning of
the 18th century is often called the Age
of Reason. It would be more accurate to
call it the Age of Schizophrenia, and we
still live in it. The beginning of the cen-
tury was dominated by Newton; his
Philosophiae Naturalis Principia Mathe-
matica is an unmatched intellectual
achievement. Most symposia on the his-
tory of science (certainly all those held in
Britain) pay tribute to his unique pow-
ers, yet half a million words by him
languish unpublished in London and
Cambridge. His interest in the last
phases of alchemy, and in the possibility
of occult knowledge, is considered un-
seemly. It was no doubt mistaken, and
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there is more than a grain of truth in
the description of him as “the last of the
Magi,” but it would be interesting to
know just what he thought—if only
to comprehend William Blake’s couplet
“May God us keep/From Single vision
and Newton’s sleep!”

To a present-day reader even New-
ton’s published writings show, if not the
“fourfold Vision” called for by Blake,
at least double vision. Boyle published
as much theological matter as science.
John Wilkins, in “An Essay towards a
Real Character, and a Philosophical
Language,” analyzed the essential na-
ture of language and was far ahead of
his time in outlining an international
symbolic notation based on concepts
rather than words. He then went on to
refute “some Atheistical scoffers” by de-
voting many pages to the size of Noah’s
ark. Even here his scientific acumen did
not desert him: he became the fore-
runner of quantitative nutrition by ex-
pressing requirements in sheep units
and so ultimately as hay. Joseph Priest-
ley was as much a theologian as a scien-
tist and, as Bernal records, surprised the
French by his belief in God. The list
can be extended up to the present day,
and it raises a problem to which Bernal
pays too little attention: How do some
scientists contrive to live in two incom-
patible intellectual environments?

From the middle of the 18th century
until the end of the 19th there was fairly
uniform development in all the sciences
and technologies and step by step they
took on a modern aspect. Scientists
increasingly became specialists and no
longer tried to cover the whole domain
single-handed. Recognizing this, Bernal
changes the form of his survey and fol-
lows right through the period a few
separate aspects of knowledge in isola-
tion from the others. He speculates on
the factors that led to the uneven re-
gional development of knowledge. The
idea of variations in the innate capacity
of the people involved is quickly dis-
missed. James Watt is amusingly quoted
as saying that “the Scots were natural-
ly incapable of becoming engineers”; it
would be salutary to have a comprehen-
sive anthology of similar pontifical illu-
sions as a warning to contemporary
racists. Bernal argues that an important
factor was the absence of an obstruc-
tive, complacent, landed group, per-
fectly content with things as they were.
This satisfactorily explains the rise of
the chemical industry in Scotland, engi-
neering around Birmingham and in New
England, and university research in
Germany. Both here and later he com-
ments on the relative ease with which
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financing can be got for meeting an
existing need in a novel way, or for
developing a new use for a process or
material that already exists, in contrast
to the tremendous opposition and delay
that confront any attempt to do some-
thing novel using a novel technique.
The mind seems to jib at coping with
two new ideas at once. This is well illus-
trated by Bernal’s masterly account of
the development of the steam engine
and electricity. With the former, prac-
tice kept ahead of theory for a century
because pumping and hauling were all
too obviously burdensome; the latter,
insofar as it penetrated beyond the labo-
ratory at all, did so for 50 years essen-
tially as a toy and a sideshow in fairs.

This section of the book begins and
ends with political analyses of the rela-
tionship of scientists to the community
during the period when the style of re-
search as a paid occupation was estab-
lished. It seems unnecessarily gloomy.
The cautious political conformism of
those who are dependent on a govern-
ment or an industry for their jobs is con-
trasted with the old unruliness of the
scientific aristocrat or the scientist who
earned his living on the side by ped-
dling aphrodisiacs, horoscopes or some-
thing of the sort. The real contrast
would seem to be between the period
when only a few people per million
were scientists in even the most devel-
oped countries and the period when the
proportion had increased to a few per
thousand. Conformity is always a pity,
but all we are forced to recognize is
that, with the steady increase in the
scale of science, scientists increasingly
are becoming an average cross section
of the population, with a training rather
than a mania.

Having reached the end of the 19th
century, we are just halfway through
this monumental book. The mode of ap-
proach is again changed. Contemporary
politics are introduced, and with them
value judgments on which there will be
sharp differences of opinion. We are all
at one in condemning slavery or poking
fun at the feudal system and are pre-
pared to agree that these systems were
obstacles to progress. The protean forms
“democracy” has taken, and now takes,
raise more difficulty. My prejudice is to
dislike all governments as unfortunate
necessities but to recognize some varia-
tion in their degree of incompetence
and in the out-of-dateness of their basic
concepts. (It may be this impartiality
that causes me similar trouble and delay
from the visa-issuing officials of both the
U.S. and the U.S.S.R.) Bernal devotes
a great deal of space to attacking this
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attitude, which is common among sci-
entists, and finding reasons for it. The
reason is simpler than he thinks. Any-
one who works in Communist-influenced
organizations soon finds that Commu-
nists still have something, but not much,
to learn from capitalists about fraud,
evasion, special pleading and sudden
switches of policy. Examples of the last
three abound in Bernal’s eulogy on the
state of affairs in science and education
in the U.S.S.R. and China. The increas-
ing government control over the univer-
sities in Britain is condemned, whereas
the total control in some other countries
is commended on principle, and not just
because it leads to much bigger univer-
sities; the Lysenko episode is handled
tactfully, there is a justified jeer at logi-
cal positivism because it has resulted in
little experimental advance but no simi-
lar jeer at dialectical materialism, which
is not noticeably more productive. Ber-
nal advocates what he calls “provision-
alism,” that “whatever we think now,
people in a very short time from now
will think differently and better.” We
could have done with more political
provisionalism.

All of this arises in the course of dis-
cussing the growth and present state of
the social sciences. Much of this section,
unlike the rest of the book, has a hector-
ing and pamphleteering tone. Malthus
is tediously called “Parson” Malthus,
and Marx is referred to as the Galileo
of the social sciences. Aristotle might
have been a more suitable avatar. But
the section is redeemed by some sensi-
ble strictures on advertising and opinion
polls, and by some stories of the misuse
and nonuse of operational surveys dur-
ing World War II. Bernal discusses the
extent to which some surveys (those
advocated or carried out by the Fabians,
for example) were simply means for
postponing the time when something
had to be done about an obvious scan-
dal. More up-to-date examples of this
could usefully have been given. This
delay may be the motive behind many
present-day nutritional surveys in de-
veloping countries. It is obvious that
food is needed; which precise deficiency
is paramount is a somewhat academic
point. There is also a brief history of
economic theory enlivened by many
sardonic comments on the nonsense
promulgated by distinguished econo-
mists. Here, as at other points in the
book, Bernal may be too prone to at-
tribute malice and corruption to those
with whom he disagrees. Folly and
shortsightedness, which is much easier
to recognize many years later than it is
at the time, is often an adequate expla-
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SECOND EDITION

GARRETT HARDIN

UNIVERSITY OF CALIFORNIA,
SANTA BARBARA

. Thoughtful and broadly conceived, this text is a thoroughly modern introduction to biological science.

. Much of the traditional subject matter of botany and zoology is clarified and integrated by means of
the unifying concepts of molecular biology and ecology.

. Biology is presented as an intellectually exciting and rewarding enterprise, rich in implications.

. The scientific method is introduced early, and the student is repeatedly encouraged to develop the
habit of looking at the world in a speculative, reckoning way.

. The problem approach involves the student in the subject, constantly testing his understanding and
developing his ability to think critically.

. By following the historical path of discovery, the author conveys to the student an appreciation of
the nature of scientific truths and of the ways in which they are discovered.

. A separate Teacher’s Manual includes answers to all the problems in the book, plus helpful discussions.

The two principal influences that affected this thorough revision are the rapid development of molec-
ular biology and the increased interest of biologists in a policy of total ecological accounting, with
emphasis on the consequences of human interference in the world of nature. The first influence is
most evident in Part I, in which Professor Hardin discusses problems of metabolism and heredity in
the light of recent advances in molecular biology. In Part II the author uses the language of cyber-
netics to clarify problems of ecology and evolution. In the last three Parts, which deal with plants,
animals, and heredity, he resurveys much of traditional biology from the viewpoints afforded by the
unifying concepts of ecology and molecular biology.

Although thoroughly revised for the second edition, BIOLOGY, ITS PRINCIPLES AND IMPLI-
CATIONS retains the style, approach, and design of the first edition, which was characterized in a
review in Science as “a distinguished contribution to liberal education...a biology text with very

few peers.”
OUTLINE PART |. Life at the Cellular Level PART IIl. Our Plant-dependent World
OF CONTENTS PART Il. Equilibria, Ecology, and PART IV. The Animal Way of Life
Evolution PART V. Heredity
READY THIS MONTH. W. H. Freeman and Company

660 Market Street, San Francisco, California 94104
Warner House, 48 Upper Thames Street, London, E. C. 4
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NEW DISCOVERIES IN SCIENCE FROM RESEARCH IN ST. LOUIS

St. Louis’
Washington University
expands toward
major Science Center

This year Washington University was
one of the first universities to receive
major science development grants un-
der anew National Science Foundation
program. The University has launched
a capital fund drive for $70,000,000.
And the Ford Foundation has awarded
it a $15,000,000 challenge grant. Much
of this money will be used to develop
a national science center here.

Many avenues of information from
the center to local industry will be pro-
vided through seminars, conferences,
and courses.

A novel partnership between the
University and Monsanto Company
also shows how its research facilities
can work with local industry. The De-
fense Department has awarded them a
$2,000,000 contract to work in part-
nership, to develop new ‘“‘composite’”
materials for use in aerospace and
military applications.

If this sounds like the kind of envi-
ronment you’d like to locate your new
plant or laboratory, write for our
brochure, ‘“St. Louis—A Research
Center.”” Contact A. G. Baebler, Mgr.,
Industrial Development Dept.

UNION

ST. LOUIS, MISSOURI 63166

Can you solve
this problem?

. There are three numbered statements
in this box.

. Two of these numbered statements
are not true.

. The average increase in |.Q. scores of
those who learn to play WFF 'N PROOF
is more than 20 points.

Is statement No. 3 true?

A NEW DIMENSION IN EDUCATIONAL GAMES
designed by Yale Professor

Box 71 FX,

New Haven, Connecticut
Please send me . . . WFF’N PROOF
game/s @ $6.25 each (including $.25
for postage and handling). I enclose
S, and understand that if I
am not completely satisfied, I can re-
turn the kit in 10 days for a full re-
fund of the purchase price.
Name
Address ..
City ..o

Refund and return privileges guaranteed!

Dealer Inquiries Invited
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nation. As with Bernal's account of
Greek philosophy, this is an interesting
section; the subject is not often discussed
by an experimental scientist.

Economists, like scientists, have their
imaginations trammeled by the environ-
ment in which they live. It is because
Bernal recognizes that this is half of his
theme that the book is called Science
in History and not “The History of Sci-
ence.” At every period, what serves as
a satisfactory explanation of a set of
phenomena is a metaphor based on
some aspect of the contemporary scene.
Socrates used navigation, cooking and
childbirth; 17th- and 18th-century phys-
iologists used bellows, levers and clock-
work, and so on. This reciprocity be-
tween technology and explanation is so
obvious that social metaphors based on
Darwinian evolution and the “state of
the market” were natural enough at the
end of the past century, and Bernal
may be a little unfair in pillorying
economists for their use. Furthermore,
it is odd to find, in an earlier section,
surprise being expressed that in current
theory the gene resembles a computer
tape. Those who framed the theory were
familiar with computer technology.

A final chapter surveys the whole
scene and outlines many possible im-
provements in the organization of sci-
ence and the scientific literature where-
by planning could be made tolerable
to the temperamentally anarchic people
who tend to be the most original think-
ers. Bernal points out certain essential
preliminaries to this desirable state: the
transfer to research of some of the re-
sources now wasted on preparations for
war, the elimination of the secrecy and
restriction that preparations for war en-
tail and, most important of all, sufficient
general improvement in scientific educa-
tion to ensure that our rulers get a little
of it and become aware of how things
work and what the immediate possi-
bilities are. Although Bernal realizes
that biological problems are now domi-
nant, political bias leads him to under-
rate their complexity. The defects of
capitalism are so great that there is no
need to exaggerate them. The statement
that biological research in underdevel-
oped regions is undertaken only when
“conditions have become so bad that
they have interfered with profit making
itself” is extreme. It is obvious that
progress would be more rapid if there
were much more money, but a number
of honestly conceived and well-financed
projects in underdeveloped areas have
run into unforeseeable biological com-
plications.

The attempt to encompass in one
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book the nature, history, philosophy,
present state, probable future and most
serious frustrations of science is heroic.
There are few besides Bernal who
would have made it and still fewer who
would have been successful. The book
undoubtedly is successful. I have com-
mented on some matters of political em-
phasis and there are a few factual errors
in the biological sections, but these do
not affect the general sweep of the
argument.

Short Reviews

C OMING OF AGE IN AMERICA: GROWTH

AND ACQUIESCENCE, by Edgar Z.
Friedenberg. Random House, Inc.
(85.95). A study of adolescents based on
observations, interviews and tests direct-
ed to more than 200 students randomly
selected in nine secondary schools, with
one exception coeducational and lo-
cated in small towns or small cities in
different parts of the U.S. The aim was
to discover how the children grow up
in the schools, how they interact with
their fellows, teachers and school ad-
ministrators, what their values are as
evinced in reactions to fictional but typi-
cal school situations and “problems”
(presented to them as episodes de-
scribed on cards), what animates and
moves them, which features of Ameri-
can culture they accept and which they
reject, and how the complex of influ-
ences, demands, requirements and re-
sponsibilities of the educational system
shapes their entire personality. “The
highest function of education,” Frieden-
berg says, “is to help people understand
the meaning of their lives, and become
more sensitive to the meaning of other
peoples’” lives and relate to them more
fully.... I do not, of course, suggest that
this is or has been the primary function
of education in the United States or any
other major industrial country.” It is to
this point—to the ways in which educa-
tion subverts this function—that he de-
votes the greater part of his book. He
emphasizes not only the shortcomings
of teachers and administrators but also
the difficulty that even a dedicated and
trained staff would have today in dis-
charging its duties properly because of
the inherently antagonistic forces that
operate so powerfully in our mass so-
ciety. The ideals of education he sets
forth are not to be achieved, in his view,
because the schools themselves can do
no more than express their actual posi-
tion in society, and the policies they car-
ry out necessarily reflect the compro-
mises the staff must make to maintain
that position.



In any case, education designed to
help people understand themselves and
relate more sensitively to the lives of
others is bound to be education for a
minority, “for only a minority will ac-
cept it or demand enough of themselves
to take part in it.” The problem, then, is
not how to extend the appeal of such
education but how to protect and sup-
port it against the hostility of people
who are frightened or outraged by it.

The adolescents with whom Frieden-
berg worked exhibit in miniature almost
all the foibles of our society. Their val-
ues are the conventional, most accepta-
ble values, which mass media, Madison
Avenue, ministers, clubs and other social
organizations of the community, schools
and of course government ceaselessly
proclaim and attempt to inculcate. This
is not, it needs scarcely be said, a sur-
prising discovery, but its implications
and consequences are far more disturb-
ing than even most thoughtful per-
sons recognize. Two outstanding merits
of Friedenberg’s books are the clarity
and forcefulness of his presentation, sup-
ported by an imaginative scheme of ex-
perimental design, and his undisguised
bias in favor of the youngsters them-
selves; they, he insists, are more the
victims than the beneficiaries of our edu-
cational system. As long as our children
are raised in such a system, required to
acquiesce in its controls and adopt its
values, the promise-of a great society—
of which they are presumably to be the
executors—is likely to remain little more
than the sloganeering of politicians. This
is a deeply felt and powerfully argued
book.

HE MANAGEMENT OF WILD MaM-

MALS IN CAPTIVITY, by Lee S. Cran-
dall. The University of Chicago Press
($13.50). Not less than 60 million per-
sons annually visit the zoos and aquari-
ums of the U.S. Many of them must feel
that they would like to know more about
the animals than can be gleaned from
the tersely worded plaques usually at-
tached to cages and enclosures. Their
interest and that of a variety of others—
administrators, zoo keepers, pet dealers,
veterinarians—is admirably served in this |
excellent book by Lee S. Crandall, gen- '
eral curator emeritus of the New York
Zoological Park (“the Bronx zoo”) and
for more than 50 years an observant,
sympathetic and imaginative student of .
wild mammals. He gives exactly the kind |
of information one would like to have:
where the mammals came from and
how they were transported to the zoo,
how they must be handled to keep them
healthy and happy, what their dispo- |

ToW§
Programmers

interested in Manned Space
Flights to the Moon and Beyond

Programmers at Bellcomm, a systems engi-
neering contractor of the National Aeronautics
and Space Administration, are applying their skills
to simulation languages and techniques, numerical
analysis, trajectory analysis, information storage
and retrieval, problem-oriented languages, time-
shared systems, monitors, assemblers and com-
pilers, display systems and techniques.

Immediate openings are available in applica-
tions and system programming to work with en-
gineers and scientists in the following areas:

O Lunar Reconnaissance Trajectories

O Apollo Communications System Capability
O Targeting and Trajectories

O Surveyor Approach and Descent

O Space Environment Simulation

O Crew Performance Models

If you're interested in a rewarding career in
space, you are invited to send your résumé to
Mr. N. W. Smusyn, Personnel Director, Bellcomm,
Inc., Room 1401-M, 1100 17th St., N.W., Wash-
ington, D.C. 20036. Bellcomm is an equal oppor-
tunity employer.

Bellcomm, Inc.
A Bell System Company
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Painted by Gloria Velasco, a junior at Los Alamos High School. Sixth in the series.

The Road to Discovery

Now in the design stage, the $55 million Los Alamos Meson Physics
Facility (LAMPF) will serve as the world’s first linear proton acceler-
ator in the 800 MeV energy range. It will be capable of producing
an average beam current of 1 milliampere, manifestly higher than that
attained by any other machine of comparable output energy.

This 2,600-foot-long ‘‘meson factory’’ will open important avenues
of basic and applied research. Such a meson producer will have many
applications for studies in medium energy physics, particle physics,
nuclear structure, biology, solid-state physics, radiation chemistry,
and for neutrino experiments.

If you would like to join LASL scientists and engineers in this exciting
venture, send your resume to Director of Personnel, Division 66-30,
P.O. Box 1663, Los Alamos, New Mexico.

alamos

SCIENTIFIC LABORATORY
OF THE UNIVERSITY OF CALIFORNIA
LOS ALAMOS, NEW MEXICO

los

An equal opportunity employer. U.S. citizenship required.
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sitions are, the diets of the various

| species, their lifespan, their mating

habits in captivity, and so on.

Crandall has written numerous scien-
tific papers on the subject, is a master of
its large literature and has collected in-
formation about the experiences of ma-
jor zoological parks all over the world.
He writes easily and pleasantly and em-
bellishes his survey with anecdotes and
odd facts. One learns, for example, that
a macaque gets a coddled egg as part of
its breakfast and that its afternoon re-
past includes vegetables, fruits, raisin
bread, chopped meat, cod-liver oil and
“five or six peanuts.” Vampire bats re-
quire a daily supply of fresh blood, al-
though not necessarily sucked from the
neck of a maiden. An otter’s food intake
should average from 25 to 35 percent
of its body weight per day, preferably
given in four meals at six-hour intervals.
Tigers show strong temperamental dif-
ferences: of three cubs raised at the
Bronx zoo, Raniganj (a male) was al-
most from birth recorded as being
“definitely bad tempered,” his brother
Rajpur as being “fat and indolent” and
their sister Dacca as “bright and friend-
ly.” Sea lions, who seem to have an ap-
petite, when such objects are available,
for bottle caps, rubber balls and the like
—the effects of which are not infrequent-
ly fatal-require large doses of vitamin
B;. Curiously, some infant sea lions are
unable to swim until they are a couple
of months old and require not only care-
ful instruction from their mothers but
also ceaseless surveillance lest they fall
into the water and drown. A young At-
lantic walrus named Herbert who came
to lodge at the Bronx zoo in 1951,
weighing 240 pounds, presented many
feeding problems, both as to content
and as to schedule. Finally a formula
was improvised of undiluted evaporated
milk, Mazola oil and cod-liver oil, to
which was added, with the aid of a
Waring blendor, comminuted mackerel.
On this diet his weight was brought up
from 240 to 958 pounds in 17 months,
at which time he died from the effects
of eating a rubber ball. Crandall also
has in his repertory a fine collection of
elephant stories, one of which concerns
a fabulous female named Cutie, who,
among other extraordinary feats, suc-
ceeded in traversing a half-moat (called
a ha-ha) and jumping sideways over a
wall—an accomplishment almost every
student of elephants will assure you is
quite impossible.

HE CoLLECTED PAPERs orF LORD
-+ RUTHERFORD OF NELSON: VOLUME
II1. Published under the scientific direc-



tion of Sir James Chadwick. John Wiley
& Sons, Inc. ($15). The third volume of
Rutherford’s papers covers his period
as Cavendish Professor of Experimen-
tal Physics at Cambridge from 1919 to
1937. During this time almost the entire
emphasis of his researches and those of
his group was on the nuclear constitu-
tion of the atom, the disintegration of
elements by the emission of alpha par-
ticles and the transformation of nuclei by
bombardment. The first major paper is a
Bakerian Lecture on the nucleus deliv-
ered in 1920; this is followed by a series
of communications reporting the growth
of knowledge of atomic structures, which
was achieved by the use of increasingly
sophisticated instruments and experi-
ments, which were in turn guided and
interpreted by increasingly sophisti-
cated theories. One starts with a vision
of the atomic world ruled by the me-
chanics of Galileo and Newton, only to
find that these rules will not reach, that
they must be replaced by the subtle and
complex systems of quantum and wave
mechanics invented by Werner Heisen-
berg, Erwin Schrodinger, Max Born,
P. A. M. Dirac and others. Throughout,
however, Rutherford’s reports of his
techniques and his interpretations are
conveyed in his characteristically clear,
concrete and intuitive manner. Mathe-
matical formalisms concerned him little,
although he had no difficulty following
the most abstract flights of his pupils
and disciples. He understood a phenom-
enon when he could see it, or at least
imagine it in terms of experience—tiny
particles, elasticity, mechanical, mag-
netic and electric forces, pushes, repul-
sions, attractions, collisions. In this he
resembled Michael Faraday or perhaps
even Enrico Fermi, and his accounts
are a model of graphic discourse and
deft extrapolation. Looking back on his
work, one finds oneself wishing that
contemporary physicists could explain
what they are doing and thinking as
well as he could. It is for these quali-
ties, as well as for his immense contribu-
tions so vividly described in these pages,
that all physicists—students as well as
seasoned practitioners—can learn much
from, and delight in, this volume and its
predecessors.

N ATHEMATICS AND Locic 1N HisToRY

AND IN CONTEMPORARY THOUGHT,
by Ettore Carruccio. Aldine Publish-
ing Company ($8.75). EVOLUTION OF
MaTHEMATICAL THOUGHT, by Herbert
Meschkowski. Holden-Day, Inc. ($5.95).
Carruccio’s book, a translation from the
Italian, is both more than and less than
a history of mathematics. The object is

to show the development of certain fun-
damental concepts and the contribution
of mathematical thought to the evolu-
tion of logic. A good deal of space is
devoted to Greek mathematics, often
interwoven with philosophy and dialec-
tics; close attention is paid to the rise
of modern infinitesimal analysis and to
non-Euclidean geometries, and there is
a substantial section on metamathemat-
ics and logic. Some of the material is
clearly presented and comprehensible
to almost any serious reader even if he
has no special knowledge of the sub-
ject; the major part, however, is fairly
heavy going and will make sense only
to the mathematician. One is struck by
disproportions of emphasis. Probability,
for example, has only a shabby little cor-
ner and number theory even less than
that. Altogether a curious book—idio-
syncratic, parochial in its sources (the
bulk of the references in a fairly ex-
tensive bibliography are to Italian au-
thors) and by no means as helpful in
establishing the connections between
mathematics and other aspects of cul-
ture as the author promises. Yet certain-
ly it is not devoid of either value or
interest in fields such as logic, where
the author’s enthusiasm and fullness of
presentation match his competence.
Much less ambitious and more suc-
cessful is Meschkowski’s Evolution of
Mathematical Thought. It grew out of
lectures intended for a wide circle
of students and sought, as he says, to
awaken in them some understanding of
mathematical thinking in the frame-
work of the liberal arts. It discusses
succinctly and lucidly a variety of top-
ics, most of them related to the founda-
tions of mathematics and logic: infinity,
Georg Cantor’s creation of the theory of
sets, antinomies and paradoxes, intui-
tionism, geometry and experience, for-
malism, mathematical logic and de-
cision problems. Meschkowski handles
intricate problems in a lively, good-
humored way. He does not burden the
reader with unnecessary complexities,
but he says enough to excite his won-
der, perhaps even to engross him to the
point at which he is unlikely to drop
the story until he can find out—in other
books—how it ends. This little volume

of 157 pages, although grievously over- |

priced, is recommended without res-
ervation.

AESTHETICS AND TECHNOLOGY IN

BuiLping, by Pier Luigi Nervi.
Harvard University Press ($9.95). Nervi,
one of the world’s most distinguished
architects, was invited to share the
Charles Eliot Norton Lectureship at
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Oxford

High Energy Nuclear
Reactions

By ARTHUR BRADBURY CLEGG, Jesus College,
Oxford. Describing some significant features
of reactions produced by bombarding nuclei
with nucleons that have energies of 100MeV
or more, this study makes an understanding
of reaction mechanisms possible, from which
considerable information about the structure
of the nuclei involved can be derived. Par-
ticular attention is given to some relatively
simple reactions, including elastic and inelastic
scattering and knockout reactions.

7 figures. $2.90

The Theory of
Atomic Collisions
Third Edition

By SIR NEVILL MoTT, University of Cambridge,
and SIR HARRIE MASSEY, Uhniversity of London.
This completely revised and expanded edition
takes account of the substantial research
that has been done since the second edition
appeared in 1949. While incorporating the
new methods and results, this edition follows
the general lines of its predecessor. Research
has been extensive in the area of collision
phenomena partly due to their applications
in the study of the upper atmosphere, astro-
physics, plasma physics, and lasers.

191 figures. $19.20

The Algebraic
Eigenvalue Problem

By J. H. WILKINSON, National Physical
Laboratory, England. Since the advent of
electronic computers a very large number of
algorithms have been proposed for the solu-
tion of the algebraic eigenvalue problem. In
this book the relationships between those
algorithms are exposed and a critical assess-
ment of them is given based on rigorous error
analyses. In order to give deeper insight into
the factors which determine numerical sta-
bility, descriptions of both stable and unstable
algorithms are included. Two related prob-
lems, the solution of linear equations and the
calculation of zeros of polynomials, are also
covered, and the techniques of error analysis
which are developed are applicable to a wide
range of computations. Hlus. $17.60

Melting and Crystal
Structure

By A. R. UBBELOHDE, Imperial College, Lon-
don; President, Faraday Society. In many
ways the liquid state of matter presents one
of the richest and most diversified groups of
unsolved problems in modern physical chem-
istry. By surveying current information in
this field, this book aims to focus attention
on liquids considered as ‘‘melts.” Quasi-
crystalline models and anti-crystalline models
related to them, may often be better suited to

| describe liquids not too near their critical

points, than the quasi-gaseous analogy. Many
new avenues for research on fluid condensed
states of matter involve this approach, and the
book has been written to stimulate and serve
in their exploration. 95 figures. $10.10

Oxford University Press
New York
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SCIENCE IN THE CAUSE OF MAN
By GERARD PIEL

$1.65, now at your bookstore
RANDOM HOUSE
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Harvard University for the year 1961-
1962. This book, heavily illustrated, is
based on his lectures. The text, although
relatively brief, imparts valuable infor-
mation about Nervi’s highly original
methods and techniques, such as his use
of precast and cast-in-place concrete, and
the advantages of reinforced concrete in-
herent in its economy, technical fitness
and beauty—particularly when Nervi in-
vents the shapes. The photographs of
structures embodying Nervi’s designs are
as enlightening as they are attractive.
They include such stunning creations as
the Flaminio Stadium in Rome, the
UNESCO buildings in Paris, the Pirelli
skyscraper in Milan, the Burgo paper
mill in Mantua, the Port Authority bus
terminal of the George Washington
Bridge in New York, the Corsa Francia
elevated road in Rome and the Nathaniel
Leverone field house at Dartmouth Col-

lege.

THE Love oF ANxiETY, by Charles

Frankel. Harper & Row Publishers
($4.50). A collection of graceful and
frequently penetrating essays on a vari-
ety of topics: John Dewey’s legacy,
illusions of foreign policy, George San-
tayana, the anti-intellectualism of in-
tellectuals and the love of anxiety,
which is called a present-day philo-
sophical preoccupation. Anxiety has al-
ways had its uses and can be most
fruitful when it spurs men to question
and analyze, but in its current wide-
spread form, Frankel says, it leads to
blank despair based on the conviction
that the more terrifying problems of
our day represent a kind of conspiracy
against humanity that is not amenable
to the ways of reason.

STRUCTURE AND FUNCTION OF THE

Epipuysis CeRreBri, edited by J.
Ariéns Kappers and J. P. Schade. Amer-
ican Elsevier Publishing Company, Inc.
($37.50). This 10th volume in the series
“Progress in Brain Research” contains
some 37 papers on the pineal gland, a
remarkable part of the nervous system
that was first described, probably by
Herophilus of Alexandria, more than
2,000 years ago, continued to attract
the interest of physicians, physiologists
and even philosophers for more than 20
centuries and has in recent years drawn
increasing scientific attention as impor-
tant facts about its structure and func-
tion have come to light. An impressive,
handsomely made book.

HE PSYCHOANALYTIC STUDY OF THE

CuiLp: Vorume XIX, edited by
Ruth S. Eissler, Anna Freud, Heinz
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Hartmann and Marianne Kris. Interna-
tional Universities Press, Inc. ($10).
Dedicated to Heinz Hartmann on his
70th birthday, this 19th volume of an
established series contains, among other
things, the first English translation of
the introductory chapters of a book by
Hartmann on concept formation in pPsy-
choanalysis (published in German in
1927), nine articles on aspects of normal
and pathological development (includ-
ing one by Dorothy Burlingham on the
role of hearing in the development of
the blind) and a number of clinical con-
tributions touching on such topics as
children’s reactions to the assassination
of President Kennedy.

EGICAL Positivism, edited by A. J.

Ayer. The Free Press ($2.95). A
paperback republication of a collection
of papers by the founders of logical
positivism, among them Moritz Schlick,
Rudolf Carnap, Otto Neurath, Frank D.
Ramsey, Bertrand Russell, Friedrich
Waismann, Hans Hahn and the editor
himself. One of the most valuable fea-
tures of the book is an exhaustive 55-

page bibliography.
Notes

Use or COMPUTERS IN BIoLOGY AND
MepiciNg, by Robert S. Ledley. Mc-
Graw-Hill Book Company ($29.50). A
966-page view of past, present and pro-
posed uses of computers in biology and
medicine.

SoutH: MAN AND NATURE IN ANT-
ARCTICA, by Graham Billing and Guy
Mannering. University of Washington
Press ($15). A lavishly illustrated ac-
count, with supporting text of moderate
length, of the New Zealand Antarctic
research program. Some of the photo-
graphs are stunning.

EtHics, by G. E. Moore. Oxford Uni-
versity Press ($1.25). A soft-cover edi-
tion of one of the late G. E. Moore’s
major essays.

Paipera: THE IpEaLs oF GREEX CUL-
TURE, by Werner Jaeger. Oxford Uni-
versity Press ($2.50). The first volume of
Jaeger’s profound study dealing with
ancient Greece and the mind of Athens
is here reissued in soft covers.

BioLocicaL RuyraM REesearcH, by
A. Sollberger. American Elsevier Pub-
lishing Company, Inc. ($25). An account
of rhythmic phenomena in the living
world: biological clocks, developmental
rhythms, population cycles, rhythms in



psychopathology, photoperiodism, lunar

and seasonal rhythms and so on.

ADVANCES IN THE STUDY OF BEHAV-
10uR, edited by Daniel S. Lehrman,
Robert A. Hinde and Evelyn Shaw. Aca-
demic Press Inc. ($9.50). Beginning a
new series that views current problems
with emphasis on the study of the be-
havior of animals.

ScieNnce IN THE NINETEENTH CEN-
TURY, edited by René Taton. Basic
Books, Inc., Publishers ($17.50). The
third volume of History of Science,
translated from the French, contains
articles on mathematics, astronomy, the
physical, geological and biological sci-
ences, and science and society. It has
both the strong and the weak points of
its predecessors, already described in
these columns.

RAcE, LANGUAGE AND CULTURE, by
Franz Boas. The Free Press ($3.95). A
reissue in soft covers of a collection of
62 papers by a preeminent anthropolo-
gist, first published in 1940.

THE FOUNDATIONS OF INTUITIONISTIC
MatrEMATICS, by Stephen Cole Kleene
and Richard Eugene Vesley. North-
Holland Publishing Company ($7).
monograph based on almost a quarter-
century of research that relates intui-
tionistic mathematics, closely associated
with the ideas of L. E. J. Brouwer and
Arend Heyting, to the theory of re-
cursive functions.

UNITED STATES GOVERNMENT OR-
GANIZATION MANUAL: 1965-66. Govern-
ment Printing Office ($1.75). A new
edition, revised to June 1, 1965, of this
official publication that offers a compre-
hensive and reliable description of the
organization and functions of the agen-
cies in the legislative, judicial and ex-
ecutive branches of the United States
Government.

Cosmic Ray Puysics, by A. E. Sand-
strom. John Wiley & Sons, Inc. ($15).
A monograph, addressed to specialists,
on the present stage of development in
cosmic ray physics.

BIBLIOGRAPHY OF STATISTICAL LiIT-
ERATURE: 1940-1949, by Maurice G.
Kendall and Alison G. Doig. Hafner
Publishing Co., Inc. ($10.50). The sec-
ond of three projected volumes covering
the literature of statistics and probability
from the 16th century, containing about
6,000 references to articles published in
the years from 1940 through 1949.
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JPL has plenty of Space for you.

Among other things
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Observatory u.'-Table Mount

Our people have the finest technical equipment

M '_"-:

ain, California.

We've flown by Venus, taken close-
up photos of the Moon, and sent back
pictures of the surface of Mars. Now,
we are planning even more ambitious
missions; such as soft landings on the
Moon and Mars.

There's a lot happening at JPL, and
with our expanding horizons of space
exploration, across-the-board open-
ings have been created in a wide

We captured the first Martian photos with Mariner [V

.. .time for advanced research in planetary spacecraft

variety of disciplines. Here's your
chance to exchange your ideas with
the finest minds in space exploration
... and to make your contribution to
the opening of America's frontier of
the future.

Are you our kind of engineer? A
man who can use outside contractors
as an extension of his own abilities...
a man equally at home with an idea

.. .and this close-up of the crater Alphonsus three minutes

before Ranger impacted.

... ond time for other things.

or a slide rule?

You'll live in Southern Cadlifornia,
where people like you are making
things happen—all the year 'round.
It's nice work and you can get it,

Send your complete resume to:

JET PROPULSION
LABORATORY

4802 Oak Grove Drive, Pasadena, California
Attention: Personnel Department 3

"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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JPL has plenty
of Space for you

Increasing space exploration responsibilities
at JPL have created opportunities for talented
engineers and scientists. If you're our man,

send your resume to JPL.

Senior Engineers & Scientists

ENVIRONMENTAL
Thermal
Electromagnetics
Dynamicists
Planetologists
SYSTEMS
For design, analysis, test and launch of
complex spacecraft systems.
Also for the design of ground tracking
data handling.
SYSTEMS PROGRAMMERS
Design and implementation of multicomputer
operations.
TELECOMMUNICATIONS
Development of deep space tracking,
communication and telemetry systems.
Also spacecraft radio systems and sensing
radars.
GUIDANCE AND CONTROL
Planning and design of guidance systems.
Advanced development of planetary spacecraft
central computers.
STRUCTURAL |
Development of space vehicles and components.
FAILURE ANALYSIS |
Investigation and research of electronics
parts failure.
MATERIALS
Evaluation of reentry shield materials.

Advanced development of spacecraft materials.
JET PROPULSION

@ LABORATORY

4802 Ocak Grove Drive, Pasadena, California
Attention: Personnel Department 3
*'An equal opportunity employer."" Jet Propulsion Labora-

tory is operated by the California Institute of Technology
for the National Aeronautics and Space Administration.
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the subjects covered by articles in this
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pages 26-33; August, 1965.

BEARINGS

Tue FRICTION AND LUBRICATION OF
Sorips. F. P. Bowden and D. Tabor.
Oxford University Press, Part I, 1954,
Part I, 1964.

New Forms oF BEARING: THE GaAs AND
THE SPIRAL GROOVE BEARING. E. A.
Muijderman. Philips Technical Re-
view, Vol. 25, No. 10, pages 253-288;
October 2, 1964.

Ox Rorring-FricTiON. Osborne Rey-
nolds in Philosophical Transactions of
the Royal Society of London, Vol.
166, Part 1, pages 155-174; 1876.

SpiraL GroovE BEARrINGs. E. A. Muy-
derman, thesis (in English). Philips
Research Laboratories, Eindhoven,
the Netherlands, March, 1964.

THE NERVE AXON

Tue CoNpbucTION OF THE NERvVOUS IM-
pULSE. A. L. Hodgkin. Liverpool Uni-
versity Press, 1964.

THE PREHISTORY
OF THE
AUSTRALIAN ABORIGINE

ABORIGINAL MAN IN AusTRrALIA. Edited
by Ronald M. Berndt and Catherine
H. Berndt. Angus and Robertson,
1965.

AUSTRALIAN ABORIGINAL StUDIES. Edit-
ed by H. Sheils. Oxford University
Press, 1963.
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Square (Kit “/B"’)
Incredible new tool of visual technology. Demonstrates

Spiral (Kit “B")

many advanced physics concepts. ﬁ)pllcatlons to
probability theory, information theory including removal
of noises in signals.Also demonstrates theory of perspective,
potential theory and physical optics. Now used by re-
searchers, designers, inventors. Creates fantastic visual
effects. Employed with uncommon success in 8ackaging,
textlles and graphic arts. Forms basis for “OP-ART”,

“OP-DESIGNS”, “OP-EQUATIONS". Range of math
problems from stmple arithmetic to calculus of vectors.
Measures diffraction pattern movement produced by
lasers. Gauges diffusion of molecules in solution or heat
waves. Evaluates liquid flow, stress lines, distortion of
metals. Effects elastic moduli. Elements used include
equi-spaced linear, logarithmic and circular rulings.
Developed and simplified for business and scientific uses
by Dr. Gerald Oster, Brooklyn Poly. Inst. Kit contains:
8 basic patterns on both clear acetate in lantern slide
size—3 14”x4” (.020” thick) and white Kromekote coated
one side—33{”x415” (.012” thick); two pieces 314{”x4”
150-dot screen on film; copy of Dr. Oster’s book, ‘‘The
Science of Moiré Patterns’’—an introduction to this new
world of visual technology.

AMAZING OPTICAL BUYS

and OTHER SCIENTIFIC BARGAINS

A FANTASTIC NEW BUSINESS TOOL
Checks, Measures, Experiments, Solves

MOIRE PATTERNS KITS

100's OF INDUSTRIAL APPLICATIONS

NOW AVAILABLE IN FULL COLOR |
Wait 'til you see the (antastlc rainbow of color—all 8
patterns in Deluxe Kit ‘““A’ in full transparent colors,
red, yellow and blue. Complete instructions. |
Stock No. 60,530-S....... (KitA)........ $12.50 Ppd. |

NEW DE LUXE EXPERIMENTERS' MOIRE KIT “B"
Eight new, totally different black and white patterns,
including 30 line logarithmic spiral (illustrated above—
most compelling of all figures); Coarse sines; 65 line |
sines; perspective squares; medium grating; Gaussian |
gratmg. converging c|rcles. elliptical zone plate; plus
instructions by Dr.

Stock No. 70,790-S...................... $6.00 Ppd.
NEW MOIRE KIT “B” IN COLOR. 8 new patterns
above in red, yellow and blue; with inst. by Dr. Oster.
Stock No. 60 $12.50 Ppd.

NEW JUMBO 20" x 25" MOIRE PATTERNS. Excel-
lent for dlsplays and signs. Write for details and prices.
MOIRE PATTERN ACCESSORY KIT. For addition-
al experiments. Contains metallic balloon, calcite, two |
kinds of diffraction gratings, one-way mirror foil, polanz-

Stock No. 70,719-S (Kit A) .$8.50 Ppd. ing materials, Ronchi rulings, assortment of lenses. |
Stock No. 60,464-S (Without book). ..$6.50 Ppd. Stock No. 60,487-5 ..................... $8.00 Ppd.
See the Stars, Moon, Bargains Galore! Hours of Fun! Only $5

.-'_" ; Planets Close Up!
- 3” ASTRONOMICAL

REFLECTING TELESCOPE
60 to 180 Power—Famous Mt.
Palomar Type! An Unusual Buy!
See the Rings of Saturn, the
fascinating planet Mars, huge
craters on the Moon, Phases of
Venus. Equatorial mount with
lock on both axes. Aluminized
and overcoated 3” diameter
high-speed f/10 mirror. Telescope comes equipped with a
60X eyepiece and a mounted Barlow Lens. Optical Finder
Telescope included. Hardwood portable tripod. FREE with
Scope: Valuable STAR CHART plus 272-page “HAND-
BOOK OF HEAVENS” plus “HOW TO USE YOUR

TELESCOPE” BOO
Stock No. 85,050-S . $29.95 Postpaid
Tel '

4Y4" Astr P
255 Power. New Vibration Free Metal Pedestal Mount.
Stock No. 85,105-S $79.50 F.0.B. Barrington, N. J.

SUPERB 6" REFLECTOR TELESCOPE!
Inc. electric clock drive, senmz circles, equatorial mount, pedestal base.
4 eyepieces for up to 576X. Teflon bearings.
Stock No. 85,086-S............... $199.50 F.0.B. Barrington, N. J.

I Reflect,

that will provide hours of plea-
of fun. Order yours now.

WOODEN SOLID PUZZLES
12 Different puzzles that will
«+ stimulate your ability to think
u and reason. Here is a fascinat-
ing assortment of wood puzzles

"~ .

- sure. Twelve different puzzles,
animals and geometric forms
to take apart and reassemble,
give a chance for all the family,

young and old, to test sklll patience and, best of all, to
stimulate ablllty to think and reason while having lots
Stock No.70,205-S................. 53.00 Postpald
SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES!
NEW WORKING MODEL
DIGITAL COMPUTER
ACTUAL MINIATURE VERSION
OF GIANT ELECTRONIC
BRAINS

e

Fascinating new see-through model computer

actually solves problems, teaches computer

fundamentals. Adds, subtracts, multiplies, shifts, complements, carries,

memorizes, counts, compares, sequences. Attractively colored, rigid plas-

tic parts easily assembled. 12% x 3%4* x 43{“. Incl. step-by-step assembly

diagrams, 32-page instruction book covering opemtmn computer language

(bmary system),
Stock No. 70,6835 ... ... uiiiiiiiieiiieeineeieanas $5.98 Ppd.

Make Your Own Powerful AstronomicalTelescope

+ GRIND YOUR OWN
ASTRONOMICAL MIR-
ROR. Kits contain fine an-
nealed pyrex mirror blank,
tool, abrasives, diagonal
mirror and eyepiece lenses.
You can build instruments

=
-
2
e
(&

s
3

ringing ln value from $75.00 to hundreds of dollars.
Stoek Me. Diam. Mirror Thickness _Price

70,003-5 45" 3 $ 7.50 Ppd.
0.004-5 6” 1’ 11.9 Ppd.
10,005-5 8” 1%° 19.5 pd.
70,006-5 10 13- 30.75 f.0.b.
70.007-% 1234 247 59.95 Barrington

MAIL COUPON FOR F

Completely New 1966 Edition
I 148 Pages—Nearly 4500 Bargains |
EDMUND SCIENTIFIC C
I Barrington, New Jersey 08007
Please rush Free Giant Catalog S
Name

Address

CATALOG
e

ORDER BY STOCK NUMBER .SEND CNECK OR MONEY ORDER

NEW POPULAR SCIENCE FUN CHEST

Here are Edmund’s 9 top selling science
toys and curiosities in one_fascinating, low-
cost package. Perfect gift item. Amuse and
delight young and old for hours on end
Educational, too! Teach basic science
ciples in a wonderful new fun way. Incl.:
Solar Radiometer—spins at 3,000 rpms. -
bert the Bobbing Bird—runs continuously on
thermal energy; Amazing Sealed Mercury |
Puzzle Five 2-sided Ceramic Magnets; Blg
Burning Glass in Zip-Lip Poly Ba
\Iagnenc Doggie and Spinning Ball—ball spms
as dog approaches; Diffraction Grating Rain-
bow Viewer; PIK-UP Ring (with Edmund
TAK); Popular booklet, *‘Astronomy and You''.
complete instructions.

-

All in die-cut storage box
STOCK NO. 70,787-S . .

SCIENCE TREASURE CHESTS

Science Treasure Chest—Extra-powerful mag-
nets, polarizing filters, compass, one-way mirror
film, prism, diffractiongrating and lots of other items
for hundreds of thrilling experiments, plus a Ten-Lens
Kit for making telescopes, microscopes, ete. Full in
structions mclude

Stock No.70,342-S ............... $5.50 Postpaid
Science Treasure Chest DeLuxe—Everything in
Chest above plus exciting additional items for more
advanced experiments including crystal-growing kit electric motor,
molecular models set, first-surface mirrors, and lots more.

Stock No.70,343-S ........c.iiinininiiininainnnns $10.50 Postpaid

Brand New, Quick-Charge, Industrial Surplus

NICKEL-CADMIUM BATTERY
Unparalleled Value

For the first time a 6-volt, light-weight nickel-
cadmium battery in stainless steel, strap type
casing. 4 amp hour capacity. Almost unlimited
life—thousands of discharge-charge cycles with
minute deterioration—charges fully in approx.
1 hr. with Edmund charger kit. Just a few drops
of water per year provide full maintenance.
Hundreds of uses for hobbyists, amateur photographers,
campers, model builders, etc. Unequalled for rechargeable
lanterns; cycle scooters, and boat lights; portable fluorescent
and ultra-violet lights; electronic flash units. Battery re-
quires minimum of electrolyte; is sealed to prevent loss;
delivers nearly 100% of output below freezing temperatures
compared to 50% by lead-acid batteries. No corrosive fumes
under any stage of recharge. Can’t be damaged by accidental
charge in reverse (but not recommended). Stud type terminals
on top 1%” apart marked for polarity, 6/32 thread, nuts and
lock-washers. 6”x2”x4”. Wt. 2 lbs. 12 ounces.
Stock No. 70,776-S.................... 15.00 Ppd.
CHARGER KIT FOR 6-VOLT BATTERY. Charges in
approx. 1 hr. Shuts off automatically, attaches to Stock
No. 70,776 battery case. Includes transformer, ballast re-
sistors, charger circuit board, mounting hardware, 8-ft.
cord, plug switch, assembly instructions.

Stock No. 70,807-S..................... $8.00 Ppd.
ONE 1.2 VOLT NICKEL-CADMIUM CELL

Stock No. 40,798-S $3.95 Ppd.

Revoluti y Technological Breakthrough
LIVING UNDER WATER

Underwater Ant Nest Used

to Dramatize Development

Sensational new development may
be forerunner to underwater cities,
. the day man will live under the sea.

Silicone Rubber Membrane enables
ants (and other creatures) to live and breathe normally
by obtaining life giving oxygen from water even
though ant nest is submerged and sealed off completely
from atmosphere. When ants consume oxygen in nest,
pressure decreases below that of oxygen pressure in the
water—allows oxygen from_water (but not water) to
pass through membrane. Nest comes complete with
sand, food, certificate to be returned for supply of ants.

Complete instructions. Supply limited. Use your
aquarium or order ours, listed below.
Stock No. 70,801-S

(Ant nest, membrane, instr.)......... $8.75 Ppd.
22 GALLON PLASTIC AQUARIUM
Stock No.90,014-S...................... $7.95 Ppd.

. SATISFACTION GUARANTEED'

EDMUND SCIENTIFIC CO. 8ARRINGTON, NEW JERSEY
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ERN AUSTRALIA FROM LATE PLEISTO-
CENE TO THE PRESENT. Norman B.
Tindale in Records of the South
Australian Museum, Vol. 13, No. 1,
pages 1-49; April 30, 1957.

THE STONE AGE OF AusTRALIA. D. J.
Mulvaney in Proceedings of the Pre-
historic Society, New Series, Vol. 27,
pages 56-107; December, 1961.

FALSE SCORPIONS

| ARacHNIDA. Theodore H. Savory. Aca-

demic Press Inc., 1964.

TuHE PseEuposcorpiONS OF ILLINOIS.
G. Clayton Hoff in Bulletin of the
Illinois Natural History Survey, Vol.
24, Article 4, pages 413-498; June,
1949.

THE SPiDER Book. John Henry Com-
stock. Comstock Publishing Co.,
1948.

THE AIRGLOW

ActivE NITROGEN AT HIGH PRESSURE.
J. F. Noxon, thesis. Physics Depart-
ment, Harvard University, 1957.

Puysics oF THE AURORA AND AIRGLOW.
Joseph W. Chamberlain. Academic
Press, 1961.

ReacTiONs OF OxYGEN AToms. Fred-
erick Kaufman in Progress in Reac-
tion Kinetics: Volume I. Edited by
G. Porter. Pergamon Press, 1961.

THE SPECTRUM OF ACTIVE NITROGEN.
K. P. Bayes, thesis. Chemistry De-
partment, Harvard University, 1959.

MATHEMATICAL GAMES

Beyonp THE Goocor. Edward Kasner
and James Newman in Mathematics
and the Imagination. Simon and
Schuster, 1940.

TaE INDEPENDENCE OF THE CONTINUUM
HypotHests. Paul J. Cohen in Pro-
ceedings of the National Academy of
Sciences, Vol. 50, No. 6, pages 1143-
1148; December, 1964.

Tue INDEPENDENCE OF THE CONTINUUM
Hypotugsis: II. Paul ]. Cohen in
Proceedings of the National Academy
of Sciences, Vol. 51, No. 1, pages
105-110; January, 1964.

INTRODUCTION TO THE THEORY OF SETS.
Joseph Breuer. Prentice-Hall, Inc.,
1958.

THE AMATEUR SCIENTIST

PREPARATION OF PERMANENT REPLICAS
oF SNow, Frost, AND ICE. Vincent J.
Schaefer in Weatherwise, Vol. 17,
No. 6, pages 279-287; December,
1964.



Moving air is easy. .. controlling it takes an expert

The one man who can transform an organ from a machine to a beautiful musical
instrument is the voicer. With delicate ear, skillful hand and great judgment, this P a %

artisan “fits” an organ to its environment. Using a simple lip tool, he "cuts up” the W -

upper lip of a pipe or bends the languid to regulate the sheet of wind and pro- -"j TORRINGTON
duce the exact tonal quality desired. In the science of moving air, our Engineers R '

have to be "voicers”, too, because every Torrington blower unit, blower wheel and E:‘
fan is designed and built with the end use in mind. What's your requirement?

The Torrington Manufacturing Company.

TORRINGTON, CONN. VAN NUYS, CALIF. ROCHESTER, IND. OAKVILLE, CANADA  NIVELLES, BELGIUM SWINDON, ENGLAND  SYDNEY, AUSTRALIA
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"The faculty of imagination
is...the principal source
of human improvement."

Dugald Stewart
(1753-1828)

Despite advances in automation,
chemical research can never be
a push-button operation.

For research requires imagination.
First, to select the areas of human
need. Then, to devise programs

to meet those needs.

Automation expedites our research
effort. But our chemists and scientists
never forget that the human touch

must precede the push-button touch.

And they use this approach, whether
the goal be a more productive earth--
or a mightier reach toward the stars.

Allied Chemical Corporation
61 Broadway, New York, N.Y. 10006

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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