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Eastern opens The Space Corridor.

Along it lie 4 key centers of aerospace activity. The kind of service that has made Eastern the
Boeing in Seattle. McDonnell in St. Louis. The choice of one in six of the nation’s air passengers.
George C. Marshall Space Flight Center in Hunts- A reservation confirmed in seconds.
ville. And Cape Kennedy. A leisurely meal with your choice of gourmet
Now Eastern links them all in one direct route. entrées. Expertly prepared.
With daily round-trip jet service from Seattle to And a competence of flight and maintenance
Orlando and Melbourne. personnel second to none.
The Space Corridor means new convenience for Because we offer more than a shortcut to space.
the traveler. As well as a new kind of service. We make it more enjoyable getting there.
EASTERN

We want everyone to fly
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Want a system that
retrieves and refile
at the touch of

a button?

Automated handling of records on
microfilm—even by the millions, is a
basic advantage of the RECORDAK
MiracopE System. It takes only a
split second to ““file’”’ an item on micro-
film, only seconds to retrieve it for
reference, only seconds to refile it.
But there’s more to this automated
record-handling system. One good
example is the MIRACODE System’s
unique ability to “browse’ the file—
tolocate adesired image by practically
any indexing method. By accession
number . . . by time . . . by author. . .
by descriptor . . . or by any combina-

;_;;'"";" |

tion of these, and in any sequence!

Put in another way, this means that
you only need to know something
about what you’re looking for. The
RECORDAK MIRACODE System does
therest.. .searches through the micro-
film... gives you a count of the images
that match your search parameters
... and displays the desired image or
images in seconds. Want a facsimile
print? Just press a button.

For more details, contact: Eastman
Kodak Company, Business Systems
Markets Division, Department PP-4,
Rochester, N.Y. 14650.

“Recordak” and ““Miracode’” are trademarks of Eastman Kodak Company. ?R[cﬂpbﬂ% Micmﬁlm Systems by Koda_k
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These fingers il
once trembled
uncontrollably.

The affliction, Parkinson’s dis-
ease or ‘shaking palsy.” Its cause,
a bit of diseased tissue deep with
in the brain—making the hands
tremble uncontrollably.

For years, doctors tried many
ways of destroying the trouble-
some spot. Today. in carefully
selected patients, operations for
Parkinson’s disease are per-
formed safely and successfully
with a new type of surgery based
on cryogenics —the science of ex-
treme cold —that was pioneered ‘
by Union Carbide, .

Working with surgeons at Saint | ‘ >

Barnabas Hospital, New York
City, Union Carbide designed
equipment by which the intense
cold of liquid nitrogen, at 320 de-
grees below zero F., is applied
with pinpoint exactness to the dis-
eased tissue. Instantly frozen and .
destroyed, the uncontrollable
trembling ceases

Medical science is finding
more and more uses for intense
cold —another example of how
Union Carbide takes familiar
things and puts them to new and
beneficial uses.

THE DISCOVERY COMPANY
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New,
{synchronous
and only

55950

Synchronous speed, previ-
ously available only in the
highest priced record playing
units, guarantees absolutely
constant turntable speed for
unwavering pitch, faithful
performance. Only Garrard
could have brought it to you
in a high-quality compact
automatic turntable at this
price. The SL 55 also features
cueing control, low mass tone-
arm for perfect tracking,
stylus pressure adjustment,
and all the other fine features
you expect from a Garrard.

The SL 55 is one of four
models in Garrard’s new
Synchro-Lab Series™, each
outstanding in its class. Prices
range from $59.50 for the SL 55
to $129.50 for the SL 95, the
ultimate in automatic tran-
scription turntables.

British Industries Corp., a division of Avnet, Inc.

For a complimentary Comparator Guide
describing all the new Garrard models, write;

Garrard, Dept. AD-16, Westbury, N.Y. 11590.

THE COVER

The electron micrograph on the cover shows the highly sculptured sur-
face of a pollen grain from the common morning glory (Ipomoea purpurea)
enlarged 2,400 times (see “Pollen,” page 80). The remarkable three-dimen-
sional quality of the micrograph is characteristic of pictures made with the
recently developed scanning electron microscope. In this instrument the
electron beam sweeps the surface of the specimen rather than passing
through it, as the beam does in the conventional electron microscope. Elec-
trons scattered backward from the beam, together with secondary electrons
emitted by the specimen, are then collected, amplified and projected on the
face of a cathode-ray tube. When the photograph of the tube image was
printed, a filter was used to add the characteristic yellow color of pollen.
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SCIENCE. "SCOPE

The extraordinary longevity of Hughes-built synchronous communications satel-
lites is causing a continuing downward revision of cost estimates for operating
satellite networks. Syncom II, originally designed for one year of service, is
still at work five years later. The Hughes satellites, including two Syncoms,
three Intelsats (Early Bird, Lani Bird, Canary Bird), and two Applications Tech-
nology Satellites, now have a combined service life of over 17 years. Every
satellite in synchronous orbit around Earth was built by Hughes.

Every target in Vietnam is a shooting target -- even the Army's Mark 1B satel-
lite communications ground terminals. A 20-minute attack in the middle of one
muggy night recently left nearly 60 bullet and shrapnel holes in the terminal's
huge nylon radome and also hit the antenna and one of the cargo vans housing
electronics gear -- but failed to put the Mark 1B out of business.

Twelve of the Mark 1B terminals, positioned around the globe, are providing
fast, reliable voice and teletype communications via DOD's satellite network.
Hughes has built a total of 14 for the Army Satellite Communications (SATCOM)
Agency, to be used by the Army, Navy, and Air Force.

The American Meteorological Society's 1968 award for outstanding service to
meteorology was presented recently to Santa Barbara Research Center, a Hughes
subsidiary, for building the spin-scan cameras that have been photographing the
earth's cloud cover from the Applications Technology Satellites.

First black-and-white photo of the earth's full face was made December 11, 1966,
from ATS-B over the Pacific. New multi-color camera aboard ATS-C, over the At-
lantic, took the first simultaneous full-color photo November 10, 1967.

Programmers needed for Europe and California: Hughes has immediate openings
for operational and compiler-language programmers, systems analysts, management
information system specialists, and software/hardware interface specialists, to
work on large-scale operational command-and-control systems, Please send your
resume to: Mr.'J.C. Cox, Hughes Aircraft Company, Culver City, California.
Hughes is an equal opportunity employer.

A compact Laboratory Tiltmeter developed by Hughes is so sensitive it can mea-
sure a tilt of only 1/100-millionth of an inch in a span of 10 inches. Its
basic sensor differs from earlier circular-bubble devices in that the bubble
moves beneath a high-precision quartz optical flat instead of a convex surface.

Tiltmeter's basic sensor can also be attached to instruments weighing up to two
tons. Only one is needed because its electrical output signals are proportional
to integrated tilt around either of two horizontal axes. Signals actuate a
powerful electro-pneumatic servo system to level the instrument.

Creating a new world with electronics
[ L T e 1
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HUGHES !

HUGHES AIRCRAFT COMPANY
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LETTERS

Professor Colwell [“Remote Sensing
of Natural Resources,” by Robert N.
Colwell; SciENTIFIC AMERICAN, Janu-
ary] is undismayed by the thought of an
unmanned, computer-carrying satellite
surveying the natural resources of a
region, computing cost/benefit ratios,
making decisions and telemetering the
decisions to the ground. To me this is a
thoroughly frightening prospect—all the
more so since the prestigious School of
Forestry at Berkeley could mount just
such a program.

Certainly there are some situations so
simple that this approach would work.
My concern is with the usual case.

We have some experience with mech-
anizing decision-making and in evalu-
ating the results. In the interests of
efficiency we have given directives
to various agencies, removed person-
al initiative and personal responsibility
and reduced the process to an algo-
rithm insofar as it is possible with falli-
ble components (people). Now consider
the results:

We tell the Highway Department to
worry about roads—and they try to run

Scientific American, April, 1968; Vol. 218, No. 4.
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
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freeways through redwood parks and
historic waterfronts. We give the Bu-
reau of Reclamation a mandate to worry
about water—and they are destroying the
lower Colorado River, straightening its
curves, burying its plant and animal life
beneath wide swaths of mud, rendering
a formerly beautiful riparian ecosystem
useless, sterile, ugly—and this in spite of
agreements to stop work until the rele-
vant state agencies and concerned citi-
zens” groups could present their case.
One could magnify examples ad nau-
seam.

I foresee in Colwell’s approach only
an exacerbation of this dysfunctional
procedure. Because the computer can
be made to arrive at the same decision
from the same data each time, we re-
gard its decision as somehow better than
the more equivocal sort that people are
likely to make. The trouble is that the
data are incomplete, “costs” and “bene-
fits” are inadequately defined, the deci-
sion is questionable—and with a bit of
efficiency the action is initiated and the
landscape torn into, all without being
touched by human minds.

The data incomplete? Of course.
Show me an economist who will venture
a dollar answer to the question that
should be central to all our resource
planning: “What is the cost to our grand-
children if we let our children grow up
with increasing alienation from the nat-
ural world?” On such questions hinges
the shaping of the human character and
the survival of human traits as we know
them. The important questions have
barely been phrased.

Dr. Colwell, if you must have com-
puters in space, may I at least write the
programs?

FERREN MACINTYRE

Scripps Institution of Oceanography
University of California, San Diego
La Jolla, Calif.

Sirs:

I apologize for my lateness in writing
about Harriet Zuckerman’s article “The
Sociology of the Nobel Prizes” [Scien-
TIF1IC AMERICAN, November, 1967], but
I am about two months behind in my
reading of your magazine.

I was working in Paris at the time
when the 1965 award in medicine and
physiology was conferred on three
IFrenchmen. As this was the first such
award made in that country since the
war, it was received with enthusiasm
and a period of vigorous introspection

© 1968 SCIENTIFIC AMERICAN, INC

occurred among French scientists. One
of the fortnightly seminars held in my
laboratory began with an address on the
environment most favoring the winning
of Nobel prizes.

When comments were invited, I
achieved instantaneous unpopularity
when 1 remarked that the American

economy had been little perturbed by
the war, and that Switzerland had not
been occupied, whereas France had
been invaded, Britain had had to give
her undivided attention to avoiding the
same fate, and the wings of scientific
thought in Germany had been clipped
to the officially approved pattern. The
same social pressures that restricted the
activities of scientists in Europe caused
many of those scientists to remove to
the U.S.

No objective appraisal of the socio-
logical background of scientific achieve-
ment during the past three decades, of
which Nobel prizes are one index, could
be made without considering the politi-
cal scene. One significant factor that
cannot be disregarded is the cultural
background of the winners.

SibNEY C. ALFORD

Department of Agricultural Chemistry
University of Tokyo
Tokyo

Sirs:

I read with considerable interest the
article by Riccardo Giacconi titled
“X-Ray Stars” in the December 1967 is-
sue of Scientific American.

My attention was drawn in particular
to pages 42 and 43, displaying the col-
limating system used. The concepts of
this system were developed (invented)
by John F. McGrath of our company and
are covered by U.S. Patent No. 3,324,-
294,

The first collimator developed on this
principle was used in an XUV spectrom-
eter built by our company and flown on
an Orbiting Geophysical Observatory
(OGO) spacecraft in 1964.

We are sorry that no credit and/or
reference was given to the inventor of
the collimator principles used in the in-
strument described in this otherwise
very interesting article.

PiETER R. WIEDERHOLD

Manager

Space Physics Division
Comstock & Wescott, Inc.
Cambridge, Mass.



Freedom From The Press.

Ironing day in the
housewife’s work week isn’t
what it used to be.

Thanks, in part, to Amoco’s
contributions to durable press
polyester fabrics.

Troublesome shirts, suits,
dresses, playclothes, and bed
linen come with a free press.
Stay wrinkle free, care free.

Our DMT (Dimethyl
Terephthalate) and fiber grade
TA (Terephthalic Acid) are
used as raw material building
blocks by many polyester
fiber manufacturers.

Amoco’s unique oxidation
process oxidizes xylenes to
acids in a single step, helping
us produce top quality
DMT and TA.

We were the first company
in the United States to
produce a fiber grade TA in
commercial quantities, and
we’re the only company that
can supply both DMT and TA
to polyester manufacturers.

I Where else will you find
DMT and TA on the job?

‘ Polyester films for
packaging.

Electrical recording tape.
‘ Wire enamels.

Surface coatings.

Tires.

Plastics.

Agricultural chemicals.

And the list keeps growing.

If you’d like more
information on AMOCO
DMT and TA, write us today.
Amoco Chemicals
Corporation, Department
9518, 130 East Randolph
Drive, Chicago, Illinois 60601.

AMOCO CHEMICALS A

Where what’s happening gets its start.
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Fouling prevention, How to handle fouling by marine
ile — microorganisms that attach themselves to under-
waler structures and grow into creatures such as bar-
nacles —is a problem as old as the history of ships. Now,
; R through a better under-
standing of these organ-
isms’ behavior, a new
and effective way to pre-
vent attachment has
been found by Lockheed
scientists. It involves
physical-chemical
#% changes made on a sur-
_ 228 face to create a repellent
BT b imant panels, & modified environment. While cur-
d 2 control, illustrate antifouling rent antifonlmg sysiems
[fectivencss after long submersion. (mainly poison-contain-
\ing paints) usually work only for a year or less, the
new method keeps surfaces clean indefinitely.
eep-diving submarines. A prerequisite for find-
Ing newer ways to handle deeper parts of the sea is
the development of more capable underwater
- vehicles. To this end, Lockheed is developmg
deep-submergence craft for various missions.
Although the undersea, or inner space, environ-
‘ment differs greatly from aerospace environ-
ments, considerable technology already g‘nined
_in aerospace programs is finding application in
. deep-diving vehicles. Instrumentation, controls,
~ structural materials and integration of systems
~ within limited envelopes are examples. Rapid
“advances also are being made in other areas.
~ One is the development of syntactic foam, a
flotation material carried to provide huoyancy
The foam is composed of hollow glass micro-
~ spheres —millions per cu. ft.—in a resin base. It
~ must survive tremendous pressures while hav-
~ing maximum buoyancy. Experiments to decrease
" its density without sacrificing structural integrity
* involye adding more voids of various controlled
X ;hu While the current state-of-the-art in syntactic
. foam is 44 Ibs. per cu. ft., a 35- to 25-Ibs.-per-cu.-ft.
" material is in the offing. When perfected, it will offset
* heavier payloads and withstand diving to greater depths.
The near future will see fuel cells replace hatteries as
deep-submersible energy sources, reducing weight and
greatly extending underwater operating time. Fuel cells
powered by hydrazine now are under test by Lockheed.
Others using hydrogen and oxygen also show promise.
Deep Quest. Launched in June, 1967, this Lockheed-
funded vehicle is designed for research at depths ta 8,000
] ft. Its bispherical pressure hull quarters a 2-man crew
’% plus 2 scientists. The vessel can perform a variety of
\ tasks, including ocean-floor mapping, taking bottom
’: samples and proving out advanced modes of instrumen-
B tation and communication.
[ DSRYV. The Deep Submergence Rescue Vehicle is sched-
‘ uled to become operational early in 1969. With a depth
1 capability of 3,500 ft., rescuing men from distressed sub-
marines will be its primary mission. It will mate with a
submarine’s escape hatch, clearing away debris with an
articulated manipulator if necessary. Measuring 49 ft.
long, it has room for 24 evacuees besides a crew of 3.
Rechargeable silver-zine batteries will give it 12-hr. en-
durance at 3 knots and a maximum speed of 5 knots.
Designed to fit into a C-141 jet transport, DSRV will
give the U.S. Navy worldwide, rapid rescue capability.

Improved wave forecastmg technigue. Lockheed
scientists have been working to improve wave prediction
techniques. While developing computerized methods of
forecasting (involving wave speed, direction, fetch, and
wind-over-water inputs), they devised a new tool —a
gnomonic map projection of the earth onto an icosa-
hedron. This special map displays vast ocean areas
almost without distartion.

The icosahedron’s orientation relative to the earth
sphere was optimized for wave studies through a long
series of computerized computations. This placed as
many vertices of the icosahedron’s 20 triangular faces as
possible on land, as many edges as possible along shore-
lines. So each face dlsplays elther mostly Iand or mostly

Gnomomc projeclwn Above unfoldad Below: icosahedral form.
water, with a minimum number of faces covering the
ocean areas.

The triangular faces of the icosahedron are broken up
by a superimposed grid based on a 60° coordinate system.
Each grid point represents a hexagonal area of ocean.
Each triangular face has 2 of its sides coincident with
60°-grid-system axes, while its 3rd side falls precisely
along a line of grid intersections. This arrangement per-
mits all grid points on the globe to be connected by great
cireles —and in any of 12 directions.

With the map’s multiple-projection presentation of a
near-distortion-free g id point reference, oceanographers
now can study and predict wave action over the entire
world’s surface with higher preeision.

Ligh(-imag‘inq Lockheed has found a way to pierce
the eterna arkness that envelopes most of the ocean
= = floor: a light-imaging
system designed for
use on deep-submers-
. ible vehicles such

™ - | as Deep Quest and

~___ DSRV.

h As the vehicle
slowly cruises, a nar-
row beam of high-
intensity light scans
the bottom. A recep-
Light beamed from nose of submersibleis tor om t he ship’s
pieked up by sensor at stern. underside “‘sees’’ the
lighted area and transmits an image to a viewing screen
that shows a real-time, contour picture.

Light-imaging, now in development, could prove
extremely valuable for search, mapping and research
operations. By using light in a new way, it gives men
sight even where fish are blind.

The activities described here are only a few of the
current Lockheed R&D projects in Oceanology. If you
are an engineer or scientist interested in this field of
work, Lockheed invites your inquiry. Write: K. R.
Kiddoo, Lockheed Aircraft Corporation, Burbank,
California 91503. An equal apportunity employer.
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Surveyor 7 sees laser light
beamed from earth

If you had looked moonward into the Arizona skies from
Kitt Peak National Observatory during the wee small hours
on Greenwich Day 20, 1968, your eyes would have been
able to follow a narrow pencil of blue-green light all the
way to the moon. At the far end, Surveyor 7 pointed its
camera earthward, saw the same light, and took pictures
to prove it. (See above, right.)

The light photographed came from two of six argon ion
lasers set up across the United States in a voluntary test ini-
tiated by University of Maryland Physicists Carroll O. Alley
and Douglas G. Currie, and conducted in cooperation with
NASA. At Kiit Peak, the light source was a moonlighting
Spectra-Physics Model 140, beamed backward through a
solar telescope to broaden its diameter to 60 inches and
minimize divergence on the way to the moon.

The success of the test means that lasers—now widely
used in bio-medical, industrial, and research applications —
may one day help Apollo astronauts communicate with the
earth and measure earth-moon distances with 6-inch
accuracy. May we provide some illumination on the
Model 140 and other Spectra-Physics lasers? Write us at
1255 Terra Bella Avenue, Mountain View, California
94040, or phone us at (415) 961-2550. In Europe, Speclra-
Physics, S.A., 18 rue Saint-

Pierre, Box 142, 1701 Fri-E Spectra-Physics
bourg, Switzerland.

© 1968 SCIENTIFIC AMERICAN, INC

APRIL, 1918: “The world has it-
nessed in the past two weeks the great-
est struggle of armed forces that has
ever occurred since history began its
record. There is no doubt that we are
at ‘the decisive moment of the war,” as
the Kaiser has so vehemently pro-
claimed, though the decision may ulti-
mately not be exactly as he wishes it.
Today and for days the Allied lines in
Picardy have been under pressure and
have been bent back over a front of more
than 30 miles, but they are very far from
being broken. The defensive strength of
the lines and the success in holding them
intact will depend entirelv on the well-
known resistance already offered by the
British and the French, aided by the
American and Portuguese contingents.
The German attacks have been pressed
with a view to an early decision and with
no account whatever taken as to loss of
lives. This battle appears to be the last
desperate throw of the dice; if it does
not go well, there will undoubtedly be
internal disruption of some sort.”

“Are spiral nebulae external galaxies?
This question has been actively debated
l)y astronomers during the past few
years, and a timely summary of evidence
pro and con is presented by Dr. Crom-
melin in a recent number of Scientia.
“Most of the evidence,” says Dr. Crom-
melin, ‘seems to favor the extra-galactic
position of the spirals; but if we once
adopt this, it follows that they are of
dimensions quite comparable to those of
our galaxy. This, combined with the re-
semblance of shape, justifies us in con-
cluding, at least as a plausible assump-
tion, that they are similar formations.”
Recent evidence also indicates that some
of the globular star clusters are as distant
as the spirals. Hertzsprung has suggest-
ed that the globulars are star systems in
a settled state, whereas spirals are the
result of the interpenetration and mu-
tual capture of two globular clusters.”

“NMuch attention was attracted not
long ago to the novel exploit of ‘harness-
ing a volcano,” as it was carried out near



Report from

William J. Spencer with equipment for detecting
vibrational modes. Through sloped tube, left, X-rays
strike crystal (in frame at center of apparatus). A

portion of beam is diffracted by the crystal (drawing, X-RAY
right) and passes through the slit. The main X-ray SOURCE
beam is stopped at the edge of the slit. During expo- ‘

sure, crystal and film are driven from left to right
so that entire crystal area is photographed. The

X-ray beam is set at a particular angle to the crystal CRYSTAL
(the Bragg angle), which for good crystals produces
a diffracted intensity greater than at other orienta-
tions. Vibrating the crystal reduces destructive inter-
ference and increases diffracted-beam intensity.

\

RELATIVE AMPLITUDE

3\ 'Y

FREQUENCY (KHZ)

X-ray photographs of a crystal showing four modes of vibration selected from the many
modes indicated by the resonance peaks on the curve. Dark areas are due to displacement
antinodes in the vibrating quartz disk. Diagonal lines are intrinsic crystal-lattice defects.
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- 1he Anatomy of
skl Vibrating Crystals

In modern amplifiers, filters, and
oscillators, piezoelectric crystals
are widely used to select signals at
certain frequencies. Such crystals
—of quartz, for example —provide
electronic selectivity because of
their ability to convert electric
waves into mechanical waves, and
mechanical waves back into elec-
tric waves, at certain resonant
frequencies. For any particular ap-
plication, the principal resonant
frequency is determined by the size
and geometry of the crystal, but in
addition to this principal vibration-
al mode, the crystal will vibrate in
a number of other modes.

To suppress these unwanted res-
onances, they must first be identi-
fied. And until recently we did this
by observing patterns created
when a crystal, coated with a fine
powder, is vibrated at high intensi-
ty. Since the powder collectswhere
the crystal surface is stationary, a
vibrational pattern or mode is re-
vealed. But the pattern at such high
signal levels may not correspond
to the modes produced at the low-
er signal levels of actual operation.

Recently, however,W.J. Spencer,
at the Bell Telephone Laboratories
location in Allentown,Pa. has used
X-ray diffractionas an accurateand
flexible method of observing vibra-
tional amplitude under realistic
conditions. The new method de-
pends on the fact that the intensity
of diffracted X-rays is extremely
sensitive to distortion of the crys-
tal lattice. The transmission of the
rays is greater through vibrating re-
gions of a crystal, and this darkens
such areas on the X-ray film. Sta-
tionary regions are light.

Vibration amplitudes of less
than a millionth of an inch are
easily observed. Thus, we obtain a
quick, sensitive photographic rec-
ord of displacement associated
with any crystal resonance under
conditions simulating actual use.
This technique helps us design bet-
ter filters for the Bell System.

Bell Telephone Laboratories

Research and Development Unit of the Bell System

Il



Tita Bing

Cradit

Max
Born

MY LIFE AND
MY VIEWS

Introduction by I. Bernard
Cohen. One of this century’s
most distinguished scientists,
winner of the Nobel Prize in
Physics, Max Born combines a
deep insight into the material
universe with a profound so-
cial conscience. Here he remi-
nisces about his life and his
work and ranges provocatively
over topics that have moved and
delighted him—history, philos-
ophy, politics, physics,and space
travel. This eminently readable
book will interest everyone con-
cerned with the history of sci-
ence and with the ethical and
political problems of the nuclear
age. $4.95

Peter G.
Bergmann

THE RIDDLE
OF GRAVITATION

An eminent physicist—at one
time a colleague of Albert Ein-
stein’s—presents a fresh and
essentially non-technical over-
view of the general theory of
relativity, Einstein’s theory of
gravitation. The discovery of
new astronomical bodies, the
quasi-stellar objects and the X-
ray sources, makes this book
particularly timely, for, as the
author shows, these exotic ob-
jects are throwing light on gen-
eral relativity. Profusely illus-
trated, with six appendixes, a
glossary, and a bibliography,
this book is a milestone in the
popularization of science. $7.95

% CHARLES SCRIBNER'S SONS

f: Over a Century
"~ of Responsible Publishinyg

Volterra in Tuscany, where volcanic
heat has been successfully utilized as a
source of power. Now a similar plan is
on foot in the vicinity of Naples, where
the heat of the dormant volcano known
as Solfatara is to be tapped in the same
way and used for generating electric
power and for other industrial purposes.
The well-known volcanologist F. A. Per-
ret is aiding this undertaking with his
advice and incidentally hopes to get in-
teresting scientific information in con-
nection with the proposed borings.”

“An interesting new field of research,
to which the practical requirements of
aeronautics will doubtless lend impor-
tance, has been suggested by Dr. L. A.
Bauer, viz., a magnetic survey of the air
analogous to those which have been
made on land and sea. The data of such
a survey will be needed by every air pilot
who steers by compass. Investigati()ns of
the change in the earth’s magnetic field
with altitude were made in balloons by
Gay-Lussac and Biot in 1804 and again,
half a century later, by Glaisher. How-
ever, says Dr. Bauer, the available ob-
servations to date do not possess the
requisite refinement, and it is to be
hoped that someday a non-magnetic
airship and the necessary instrumental
appliances will be available for conduct-
ing a magnetic survey of the atmosphere
similar to that which has been carried
out over the oceans by the non-magnetic
ship Carnegie.”

“It is surprising to learn that a mag-
nificent folio volume, a translation of the
first Latin edition (1556) of De re metal-
lica, by Georgius Agricola, containing
hundreds of footnotes and cross-refer-
ences revealing a vast amount of scholar-
ly research, was published in London in
1912 by Herbert C. Hoover and (Mrs.)
Lou H. Hoover. Since that time Mr.
Hoover has attained world-wide celeb-
rity for his philanthropic work in Bel-
gium and in this country, exhibiting a
genius for organization that is not usu-
ally looked for in a classical scholar.”

APRIL, 1868: “Prof. Nobel of Ham-
burg, not entirely content with his
former discovery, nitro-glycerin, has
brought out another explosive, to which
he has given the name ‘dynamite.” In-

stead of being an oily liquid, liable to .

leak from the vessel in which it is con-
fined and produce a spontaneously in-
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flammable mixture with rags, shavings
and other packing material, this pow-
der resembles snufl in appearance. In a
loose, non-compressed condition it does
not explode but burns slowly with little
smoke, an invaluable property in work-
ing closed mines or tunnels. A detonat-
ing cap is required to explode it. Recent
California papers contain accounts of the
prodigious power of this powder, dem-
onstrated in scme experiments tried in
that state. They recommend it highly as
being vastly more explosive and requir-
ing much less drilling or preparation of
the rock than gunpowder.”

“The owners of the Great Eastern,
mourning not only a non-appearance of
dividends but also a very heavy expense
in keeping the big ship in existence, are
in a sad state of perplexity, not knowing
what is to become of their unproductive
property. At the recent annual meeting
of the shareholders the directors’ report
deplored the failure of the company to
complete its contract with the new
French cable company, the latter refus-
ing to honor the terms of the agreement,
and the whole affair is now before the
law courts for adjudication. As far as the
future is concerned, the chairman tried
to persuade the company that the pros-
pects were encouraging, as there were
other cables to be laid and he was cer-
tain that their ship was the only one
which could accomplish such an under-
taking successfully. One hopeful propri-
etor suggested that the Leviathan should
be converted into an immense floating
hotel, but the plan was prcmptly voted
down. The shareholders are certainly
deserving of public sympathy.”

“Mr. George Bartlett left this city on
the evening of April 8th to visit a sister
residing in Providence, R.I. The next
afternoon he lay down to recover from
the fatigue of his journey, and soon after-
ward he was found to be dead. Thus
suddenly passed away a steadfast friend
and a zealous promoter of science ard
the arts. Mr. Bartlett was for several
years an editor on this paper, and in this
capacity he won the high regard of all
those who were associated with him.
His contributions to the paper were re-
markable for their clearness of expres-
sion and aptness of illustration; they
were always entertaining as well as in-
structive. He had the ability from edu-
cation and natural endowments to make
his name illustrious in literature and sci-
ence, and he lacked only the personal
ambition to do so. He printed very little
over his own name, and thus his real
worth was known only to his friends.”



THE PROBLEM: 401,000 Btu's generated in stopping the USAF / Lockheed C-5

THE SOLUTION: Brush
ABG BBTY”Illm . . pound for

pound absorbs almost four times
more heat than steel. Disk brake
heat sinks made exclusively from
Brush-developed ABG (aircraft
brake grade) beryllium helped B.F.
Goodrich and Lockheed engineers
buildabetter U.S.Air Force/Lockheed
C-5 transport. The advanced design
brake system of the world’s largest
aircraft uses 750 pounds of ABG
beryllium to control heat, trim “spin-

up” weight, and reduce brake stack
weight by 1,500 pounds.

Secondary weight saving is also
important. Lighter brakes mean less
inertia and lower bending moments
in the landing gear structure and, as
a result, the gear and its mountings
can be lighter.

Beryllium is an outstanding heat
sink. It is substantially lighter than
aluminum and combines structural
strength with these room tempera-
ture thermal properties . . . specific
heat (0.46 Btu/Ib/°F) . . . thermal

conductivity (104 Btu/ft/ft*/hr/°F)
. .. thermal diffusivity (1.9 ft2/hr).
Melting temperature is 2345°F and
properties are usable up to 1200°-
1500°F.

Brush experience produced ABG
beryllium to do a specific job and
then helped the customer obtain the
most from it. When heat is your
design problem, call us early in the
concept stage. Let us demonstrate
what Brush Beryllium can do for you.
Write for our detailed Beryllium Heat
Sink data sheet.

@) THE BRUSH BERYLLIUM COMPANY

17876 St Clawr Avenue
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«» Cleveland, Ohio 44110



In 1967, one
major supplier had
an integrated circuit

sales growth rate
more than double
anyone else.
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Any
semiconductor firm
can tell you who.

MOTOROLA SEMICONDUCTOR PRODUCTS INC.
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THE AUTHORS

ROBERT ROSENTHAL and LE-
NORE F. JACOBSON (“Teacher Ex-
pectations for the Disadvantaged”) are
respectively professor of social psychol-
ogy at Harvard University and principal
of an elementary school in the South
San Francisco Unified School District.
Rosenthal was graduated from the Uni-
versity of California at Los Angeles in
1953 and obtained a Ph.D. there in
1956. He taught at the University of
Southern California, U.C.L.A., the Uni-
versity of North Dakota and Ohio State
University before going to Harvard in
1962. Miss Jacobson was graduated from
San Francisco State College in 1946, re-
ceived a master’s degree at Sacramento
State College in 1951 and obtained the
degree of Ed.D. from the University of
California at Berkeley in 1966. She
writes: “The arts were my prime interest
aside from teaching school until I began
my doctoral work. Since then my extra-
job energies have been devoted to edu-
cational research, and I suspect that I'm
permanently hooked.”

JOSEPH K. STONE (“Oxygen in
Steelmaking”) is manager of the Steel
Plants Development Department of Kai-
ser Engineers, a division of Kaiser Indus-
tries Corporation. His entire career has
been in the steel industry, beginning in
1936 when he received a bachelor’s de-
gree in metallurgical engineering trom
Lehigh University. The scope of his
work has ranged from the metallography
of alloy steels to the development of pi-
lot plants for making steel by pneumatic
methods. Since 1956 he has been con-
cerned mostly with the L-D, or basic
oxygen, process that he describes in his
article; he writes that he has been “in-
volved in the preliminary development,
conceptual design or start-up of most of
the L-D plants in the U.S.”

SVEN R. HARTMANN (“Photon
Echoes”) is associate professor of physics
and an Alfred P. Sloan research fellow at
Columbia University. He was graduated
from Union College in 1954 and re-
ceived a doctorate in physics from the
University of California at Berkeley in
1961. After a year as a research physicist
at Berkeley he joined the Columbia fac-
ulty. His special interests are magnetic-
resonance effects, relaxation effects and
echo effects. He recently took up small-
boat sailing on the Hudson River and
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Long Island Sound; describing himself

as “a novice,” he says “I race and lose.

PATRICK M. HURLEY (“The Con-
firmation of Continental Drift”) is pro-
fessor of geology at the Massachusetts
Institute of Technology. He was born
in Hong Kong and lived there until he
was nine years old. After being gradu-
ated from the University of British Co-
lumbia in 1934 with a degree in mining
engineering he spent three years mining
gold in British Columbia. He obtained a
Ph.D. from M.L.T. in 1940 and has been
on the faculty there since 1946. He
serves as a consultant to industry and
government on mineral resources and
development. Hurley writes that in ad-
dition to his studies of continental drift
his recent work “has been on the abso-
lute abundance of minor elements in the
earth and on the rate of separation of
the crust from the earth’s interior.”

W. E. VAN HEYNINGEN (“Teta-
nus”) is master of St. Cross College
of the University of Oxford and read-
er in bacterial chemistry at the uni-
versity’s Sir William Dunn School of
Pathology. Born in South Africa, he
was graduated from the University of
Stellenbosch in 1931 and took a mas-
ter’s degree there in 1932. He holds
two doctorates from the University of
Cambridge: a Ph.D., obtained in 1936,
and an Sc.D., which was granted in
1952. Describing his college, he writes:
“St. Cross College came into being in
October, 1965, and I am its first master.
It is a college for graduate students
only, who come to take advanced de-
grees, and we are interested in all
subjects, but we do have a prepon-
derance of scientists. It is our mission
in life to make the application of
knowledge academically respectable.”

PATRICK ECHLIN (“Pollen”) is
head of the electron microscopy labora-
tory in the department of botany at
the University of Cambridge and a
fellow of Clare Hall. He obtained a
teacher’s certificate at Goldsmiths” Col-
lege of the University of London in
1954 and a bachelor’s degree in botany
at University College London in 1957.
For the next five years he was a Ful-
bright Scholar at the School of Medi-
cine of the University of Pennsylvania,
where he received a Ph.D. in medical
microbiology in 1961. In addition to
pollen his research interests include
the biology of blue-green algae (he
was the author of the article “The
Blue-Green Algae” in the June 1966
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issue of ScienTIFIC AMERICAN) and the
origins of photosynthesis. He writes
that outside of his work his interests
include “photography, gourmet cook-.
ing and the camping variety of world-
wide travel.”

H. E. WULFF (“The Qanats of
Iran”), who died in Pakistan on De-
cember 31, was senior lecturer in en-
gineering at the University of New
South Wales in Sydney, Australia. Be-
fore World War II, as principal of
the Technical College at Shiraz in
Iran, he collected information on the
preindustrial technologies of Iran. Two
years ago he published the results of
this work in a book, The Traditional
Crafts of Persia. From 1966 until his
death Wulff was leader of a team
doing research in the early technologies
of South Asia for the Smithsonian In-
stitution and the University of New
South Wales. He described the work
as “trying to rescue from oblivion the
knowledge of early technological ac-
tivities.”

JACK COLVARD ]JONES (“The
Sexual Life of a Mosquito”) is profes-
sor of entomology at the University of
Maryland. He was graduated from
Auburn University in 1942 and re-
ceived a master’s degree there in 1947.
In 1950 he obtained a Ph.D. from
Iowa State University. From 1950 to
1958 he was at the National Institutes
of Health, investigating the anatomy,
histology and physiology of Anopheles
quadrimaculatus, the southeastern ma-
laria mosquito, and also studying the
mode of action of various insecticides
on the hearts of those insects. He has
been at the University of Maryland
since 1958. Of his work there he writes:
“Teach general and advanced insect
physiology. Conduct research on the
anatomy and physiology of the repro-
ductive system of mosquitoes and on
the structure and function of insect
blood cells in general. Interest in com-
parative hematology extends from 1946
to present. Interest in the circulatory
system of insects in general extends from
1950 to present.” Jones plans to begin
studying the alimentary canal of mos-
quitoes in the near future.

KINGSLEY DAVIS, who in this
issue reviews Population Growth and
Land Use, by Colin Clark, is direc-
tor of International Population and Ur-
ban Research and professor of sociol-
ogy at the University of California at
Berkeley.



If you want
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more than luxury in your luxury car
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Watch the Bob Hope Show on NBC-TV.

You may find yourself
getting away more often
this year.

In the 1968 Imperial, distance is
not a deterrent to getting away.
It’s a tempting invitation.

The torsion-bar ride is
incomparable. Smooth. Sure.
Silent. One drive could change
your wholeidea of what a luxury
automobile should be.

On the straightaway, set the
optional Auto-Pilot speed control.
Re-adjust the seat. Assume a new
position. Relax. Tensions of mind
and muscle are soon forgotten.

For 1968, you may select from
four impressive sound systems.
Including an AM/FM radio that

|MPERIAL
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The 1968 Imperial LeBaron

tunes itself and an 8-track stereo
tape system that plays through
5-speakers.

See your Imperial dealer soon.
Choose a distant destination.
And make your getaway ... in the
1968 Imperial, finest automobile
built by Chrysler Corporation.
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We do it electronically, by controlling the precise mixi

and blending of colors for a large paint man
So that you get exactly what you expect in every can
no surprises or deviations—whether you buy i
or the next, in Newark, Houston or Kalamazoo.

Meanwhile, other Ex-Cell-O machines cut gears f
blades for jets. Still others tip freight cars, turn naval
guns, package syrup and sauerkraut. Our foun

creed: Precision on a production basis. Nothing's changed,
just grown. And we call it mass precision.

Tape readers from our Remex Electronics Division also feed

information and commands to computers and numerically 4 x Lo ’
controlled machinery (which we make, too). Write for your
copy of “'Capabilities in Mass Precision.”” Ex-Cell-O _ el 5
- Corporation, Box 386, Detroit, Michigan 48232. EX-CELL-O CORPORATION
a5
<
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leacher Expectations for the Disadvau 1taged

It is widely belieced that poor children lag in school because they are

members of a disadvantaged group. Experiments in a school suggest

that they may also do so because that is what their teachers expect

by Robert Rosenthal and Lenore I'. Jacobson

ne of the central problems of
American society lies in the fact

that certain children suffer a
handicap in their education which then
persists throughout life. The “disadvan-
taged” child is a Negro American, a
Mexican American, a Puerto Rican or
any other child who lives in conditions
of poverty. He is a lower-class child who
performs poorly in an educational sys-
tem that is staffed almost entirely by
middle-class teachers.

The reason usually given for the poor
performance of the disadvantaged child
is simply that the child is a member of
a disadvantaged group. There may well
be another reason. It is that the child
does poorly in school because that is
what is expected of him. In other words,
his shortcomings may originate not in
his different ethnic, cultural and eco-
nomic background but in his teachers’
response to that background.

If there is any substance to this hy-
pothesis, educators are confronted with
some major questions. Have these chil-
dren, who account for most of the aca-
demic failures in the U.S., shaped the
expectations that their teachers have for
them? Have the schools failed the chil-
dren by anticipating their poor perform-
ance and thus in effect teaching them
to fail? Are the massive public programs
of educational assistance to such children
reinforcing the assumption that they are
likely to fail? Would the children do ap-
preciably better if their teachers could
be induced to expect more of them?

We have explored the effect of teacher
expectations with experiments in which
teachers were led to believe at the begin-
ning of a school year that certain of their
pupils could be expected to show con-
siderable academic improvement during
the year. The teachers thought the pre-
dictions were based on tests that had
been administered to the student body
toward the end of the preceding school
year. In actuality the children designat-
ed as potential “spurters” had been cho-
sen at random and not on the basis of
testing. Nonetheless, intelligence tests
given after the experiment had been in
progress for several months indicated
that on the whole the randomly chosen
children had improved more than the
rest.

he central concept behind our in-

~ vestigation was that of the “self-
fulfilling prophecy.” The essence of this
concept is that one person’s prediction
of another person’s behavior somehow
comes to be realized. The prediction
may, of course, be realized only in the
perception of the predictor. It is also
possible, however, that the predictor’s
expectation is communicated to the oth-
er person, perhaps in quite subtle and
unintended ways, and so has an influ-
ence on his actual behavior.

An experimenter cannot be sure that
he is dealing with a self-fulfilling proph-
ecy until he has taken steps to make cer-
tain that a prediction is not based on
behavior that has already been observed.
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If schoolchildren who perform poorly
are those expected by their teachers
to perform poorly, one cannot say in
the normal school situation whether the
teacher’s expectation was the cause of
the performance or whether she simply
made an accurate prognosis based on
her knowledge of past performance by
the particular children involved. To test
for the existence of self-fulfilling proph-
ecy the experimenter must establish con-
ditions in which an expectation is uncon-
taminated by the past behavior of the
subject whose performance is being pre-
dicted.

It is easy to establish such conditions
in the psychological laboratory by pre-
senting an experimenter with a group of
laboratory animals and telling him what
kind of behavior he can expect from
them. One of us (Rosenthal) has carried
out a number of experiments along this
line using rats that were said to be ei-
ther bright or dull. In one experiment
12 students in psychology were each
given five laboratory rats of the same
strain. Six of the students were told that
their rats had been bred for brightness
in running a maze; the other six students
were told that their rats could be expect-
ed for genetic reasons to be poor at run-
ning a maze. The assignment given the
students was to teach the rats to run the
maze.

From the outset the rats believed to
have the higher potential proved to be
the better performers. The rats thought
to be dull made poor progress and some-
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times would not even budge from the
starting position in the maze. A question-
naire given after the experiment showed
that the students with the allegedly
brighter rats ranked their subjects as
brighter, more pleasant and more lik-
able than did the students who had the
allegedly duller rats. Asked about their
methods of dealing with the rats, the
students with the “bright” group turned
out to have been friendlier, more en-
thusiastic and less talkative with the ani-
mals than the students with the “dull”
group had been. The students with the
“bright” rats also said they handled their
animals more, as well as more gently,

than the students expecting poor per-
formances did.

Our task was to establish similar con-
ditions in a classroom situation. We
wanted to create expectations that were
based only on what teachers had been
told, so that we could preclude the pos-
sibility of judgments based on previous
observations of the children involved. It
was with this objective that we set up
our experiment in what we shall call Oak
School, an elementary school in the
South San Francisco Unified School Dis-
trict. To avoid the dangers of letting it
be thought that some children could be
expected to perform poorly we estab-

lished only the expectation that certain
pupils might show superior performance.
Our experiments had the financial sup-
port of the National Science Foundation
and the cooperation of Paul Nielsen, the
superintendent of the school district.

Oak School is in an established and
somewhat run-down section of a
middle-sized city. The school draws
some students from middle-class families
but more from lower-class families. In-
cluded in the latter category are children
from families receiving welfare pay-
ments, from low-income families and
from Mexican-American families. The

VERBAL ABILITY of children in kindergarten and first grade
was tested with questions of this type in the Flanagan Tests of
General Ability. In the drawings at top the children were asked to

cross out the thing that can be eaten; in the bottom drawings the
task was to mark “the thing that is used to hit a ball.” The tests
are published by Science Research Associates, Inc., of Chicago.
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REASONING ABILITY of children in kindergarten and first grade
was tested with abstract drawings. The children were told that
four of the drawings in each example followed the same rule and
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one did not. The task was to mark the exception. In the drawings
at top the exception is the circle; at bottom all the drawings ex-
cept the first one have parallel lines that terminate at a corner.



school has six grades, each organized
into three classes—one for children per-
forming at above-average levels of scho-
lastic achievement, one for average chil-
dren and one for those who are below
average. There is also a kindergarten.
At the beginning of the experiment in
1964 we told the teachers that further
validation was needed for a new kind of
test designed to predictacademic blocm-
ing or intellectual gain in children. In
actuality we used the Flanagan Tests of
General Ability, a standard intelligence
test that was fairly new and therefore
unfamiliar to the teachers. It consists of
two relatively independent subtests, one

focusing more on verbal ability and the
other more on reasoning ability. An ex-
ample of a verbal item in the version of
the test designed for children in kinder-
garten and first grade presents drawings
of an article of clothing, a flower, an en-
velope, an apple and a glass of water; the
children are asked to mark with a crayon
“the thing that you can eat.” In the rea-
soning subtest a typical item consists of
drawings of five abstractions, such as
four squares and a circle; the pupils are
asked to cross out the one that differs
from the others.

We had special covers printed for
the test; they bore the high-sounding ti-

tle “Test of Inflected Acquisition.” The
teachers were told that the testing was
part of an undertaking being carried out
by investigators from Harvard Univer-
sity and that the test would be given
several times in the future. The tests
were to be sent to Harvard for scoring
and for addition to the data being com-
piled for validation. In May, 1964, the
teachers administered the test to all the
children then in kindergarten and grades
one through five. The children in sixth
grade were not tested because they
would be in junior high school the next
year.

Before Oak School opened the follow-

ADVANCED TESTS were given to children in second and third
grades and grades four through six. Two examples from the test
of verbal reasoning for grades four through six appear here. In

the example at top the children were asked to “find the beverage.”
In the bottom example the instruction that the pupils received from
the teacher was “Find the one you are most likely to see in the city.”
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REASONING TEST for children in grades four through six was
based on the same principles as the test for younger children but
used more sophisticated examples. At top the exception is C, which

has no triangle. In the example at bottom the exception is E, be-
cause in all the other drawings the black and white squares are not
aligned vertically. The tests were used to measure pupils’ progress.
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ing September about 20 percent of the
children were designated as potential
academic spurters. There were about
five such children in each classroom.
The manner of conveying their names to
the teachers was deliberately made rath-
er casual: the subject was brought up at
the end of the first staff meeting with
the remark, “By the way, in case you're
interested in who did what in those tests
we're doing for Harvard. ...”

The names of the “spurters” had been
chosen by means of a table of random
numbers. The experimental treatment of
the children involved nothing more than
giving their names to their new teachers
as children who could be expected to
show unusual intellectual gains in the
year ahead. The difference, then, be-
tween these children and the undesig-
nated children who constituted a control
group was entirely in the minds of the
teachers.

All the children were given the same
test again four months after school had
started, at the end of that school year
and finally in May of the following year.
As the children progressed through the
grades they were given tests of the ap-
propriate level. The tests were designed

for three grade levels: kindergarten and
first grade, second and third grades and
fourth through sixth grades.

'I‘ i results indicated strongly that

~ children from whom teachers expect-
ed greater intellectual gains showed
such gains [see illustration below]. The
gains, however, were not uniform across
the grades. The tests given at the end
of the first year showed the largest gains
among children in the first and second
grades. In the second year the greatest
gains were among the children who had
been in the fifth grade when the “spurt-
ers” were designated and who by the
time of the final test were completing
sixth grade.

At the end of the academic year 1964~
1965 the teachers were asked to describe
the classroom behavior of their pupils.
The children from whom intellectual
growth was expected were described as
having a better chance of being success-
tul in later life and as being happier,
more curious and more interesting than
the other children. There was also a
tendency for the designated children to
be seen as more appealing, better ad-
justed and more affectionate, and as less
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GRADES

GAINS IN INTELLIGENCE were shown by children by the end of the academic year in

which the experiment was conducted in an elementary school in the San Francisco area.

Children in the experimental group (dark bars) are the ones the teachers had been told

could be expected to show intellectual gains. In fact their names were chosen randomly.’

Control-group children (light bars), of whom nothing special was said, also showed gains.
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in need of social approval. In short, the

children for whom intellectual growth

was expected became more alive and

autonomous intellectually, or at least.
were so perceived by their teachers.

These findings were particularly striking

among the children in the first grade.

An interesting contrast became appar-
ent when teachers were asked to rate the
undesignated children. Many of these
children had also gained in 1.Q. during
the year. The more they gained, the less
favorably they were rated.

From these results it seems evident
that when children who are expected to
gain intellectually do gain, they may be
benefited in other ways. As “personali-
ties” they go up in the estimation of their
teachers. The opposite is true of children
who gain intellectually when improve-
ment is not expected of them. They are
looked on as showing undesirable be-
havior. It would seem that there are haz-
ards in unpredicted intellectual growth.

A closer examination revealed that the
most unfavorable ratings were given to
the children in low-ability classrooms
who gained the most intellectually.
When these “slow track” children were
in the control group, where little intellec-
tual gain was expected of them, they
were rated more unfavorably by their
teachers if they did show gains in 1.Q.
The more they gained, the more un-
favorably they were rated. Even when
the slow-track children were in the ex-
perimental group, where greater intel-
lectual gains were expected of them,
they were not rated as favorably with
respect to their C()ntrol—group peers as
were the children of the high track and
the medium track. Evidently it is likely
to be difficult for a slow-track child, even
if his 1.Q. is rising, to be seen by his
teacher as well adjusted and as a poten-
tially successful student.

I{ow is one to account for the fact that

the children who were expected to
gain did gain? The first answer that
comes to mind is that the teachers must
have spent more time with them than
with the children of whom nothing was
said. This hypothesis seems to be wrong,
judging not only from some questions we
asked the teachers about the time they
spent with their pupils but also from the
fact that in a given classroom the more
the “spurters” gained in 1.Q., the more
the other children gained.

Another bit of evidence that the hy-
pothesis is wrong appears in the pattern
of the test results. If teachers had talked
to the designated children more, which
would be the most likely way of invest-



ing more time in work with them, one
might expect to see the largest gains in
verbal intelligence. In actuality the larg-
est gains were in reasoning intelligence.

It would seem that the explanation we
are seeking lies in a subtler feature of
the interaction of the teacher and her
pupils. Her tone of voice, facial expres-
sion, touch and posture may be the
means by which—probably quite unwit-
tingly—she communicates her expecta-
tions to the pupils. Such communication
might help the child by changing his
conception of himself, his anticipation of
his own behavior, his motivation or his
cognitive skills. This is an area in which
further research is clearly needed.

Why was the effect of teacher expec-
tations most pronounced in the lower
grades? It is difficult to be sure, but
several hypotheses can be advanced.
Younger children may be easier to
change than older ones are. They are
likely to have less well-established repu-
tations in the school. It may be that they
are more sensitive to the processes by
which teachers communicate their ex-
pectations to pupils.

It is also difficult to be certain why
the older children showed the best per-
formance in the follow-up year. Perhaps
the younger children, who by then had
different teachers, needed continued
contact with the teachers who had influ-
enced them in order to maintain their
improved performance. The older chil-
dren, who were harder to influence at
first, may have been better able to main-
tain an improved performance autono-
mously once they had achieved it.

]n considering our results, particularly

the substantial gains shown by the
children in the control group, one must
take into account the possibility that
what is called the Hawthorne effect
might have been involved. The name
comes from the Western Electric Com-
pany’s Hawthorne Works in Chicago. In
the 1920’s the plant was the scene of an
intensive series of experiments designed
to determine what effect various changes
in working conditions would have on the
performance of female workers. Some of
the experiments, for example, involved
changes in lighting. It soon became evi-
dent that the significant thing was not
whether the worker had more or less
light but merely that she was the sub-
ject of attention. Any changes that in-
volved her, and even actions that she
only thought were changes, were likely
to improve her performance.

In the Oak School experiment the fact
that university researchers, supported by
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CHILDREN IN LOWER GRADES showed the most dramatic gains. The chart shows the
percent of children in the first and second grades by amount of their gains in 1.Q. points.
Again dark bars represent experimental-group children, light bars control-group children.

Two lower sets of bars include children from higher groups, so that lowest set sums results.

Federal funds, were interested in the
school may have led to a general im-
provement of morale and effort on the
part of the teachers. In any case, the
possibility of a Hawthorne effect cannot
be ruled out either in this experiment or
in other studies of educational practices.
Whenever a new educational practice
is undertaken in a school, it cannot be
demonstrated to have an intrinsic effect
unless it shows some excess of gain over
what Hawthorne effects alone would
yield. In our case a Hawthorne effect
might account for the gains shown by
the children in the control group, but it
would not account for the greater gains
made by the children in the experimen-
tal group.

Our results suggest that yet another
base line must be introduced when the
intrinsic value of an educational innova-
tion is being assessed. The question will
be whether the venture is more effec-
tive (and cheaper) than the simple ex-
pedient of trying to change the expecta-
tions of the teacher. Most educational
innovations will be found to cost more
in both time and money than inducing
teachers to expect more of “disadvan-
taged” children.

lﬂor almost three years the nation’s
schools have had access to substantial
Federal funds under the Elementary and
Secondary Education Act, which Presi-
dent Johnson signed in April, 1965. Title
I of the act is particularly directed at
disadvantaged children. Most of the
programs devised for using Title I funds
focus on overcoming educational handi-
caps by acting on the child—through re-
medial instruction, cultural enrichment
and the like. The premise seems to be
that the deficiencies are all in the child
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and in the environment from which he
comes.

Our experiment rested on the premise
that at least some of the deficiencies—
and therefore at least some of the reme-
dies—might be in the schools, and par-
ticularly in the attitudes of teachers
toward disadvantaged children. In our
experiment nothing was done directly for
the child. There was no crash program
to improve his reading ability, no extra
time for tutoring, no program of trips to
museums and art galleries. The only peo-
ple affected directly were the teachers;
the effect on the children was indirect.

It is interesting to note that one “total
push” program of the kind devised un-
der Title I led in three years to a 10-
point gain in 1.Q. by 38 percent of the
children and a 20-point gain by 12 per-
cent. The gains were dramatic, but they
did not even match the ones achieved
by the control-group children in the first
and second grades of Oak School. They
were far smaller than the gains made by
the children in our experimental group.

Perhaps, then, more attention in edu-
cational research should be focused on
the teacher. If it could be learned how
she is able to bring about dramatic im-
provement in the performance of her pu-
pils without formal changes in her meth-
ods of teaching, other teachers could be
taught to do the same. If further re-
search showed that it is possible to find
teachers whose untrained educational
style does for their pupils what our
teachers did for the special children, the
prospect would arise that a combination
of sophisticated selection of teachers
and suitable training of teachers would
give all children a boost toward getting
as much as they possibly can out of their
schooling.
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ONYGEN I\ STEELMAKING

The mjection of pure oxygen mnto a mixture of molten iron and scrap

great]v speeds up the refining

o}

of steel. A process hased on the use

of oxygen 1S rapid]y rep]acing the open-hearth method of stee]making

he making of steel, one of man’s
I oldest arts, has been advanced by
many important refinements since
Sir Henry Bessemer inaugurated its
modern technology more than a century
ago, but it is certain that none of those
improvements has had a more dramatic
impact on the industry than one that is
now being introduced in steel mills the
world over. It involves the use of gase-
ous oxygen in the treating of iron to con-
vert it into steel. The injection of oxygen
speeds up every steelmaking process, re-
duces the cost of steelmaking and im-
proves the quality of the steel. A new
process based on the use of oxygen, in-
troduced on a broad scale within the
past 16 years, is replacing the open-
hearth method so rapidly that it is ex-
pected to become the leading steel-pro-
duction technique in the U.S. within the
next few years. Its effects on the steel
industry have been profound.

One related effect already in evidence
is a huge increase in the production of
oxygen. In 1950 the total consumption
of processed oxygen by the U.S. iron and
steel industry was about 18 billion cubic
feet; last year it was 185 billion cubic
feet, and it is expected to reach 295 bil-
lion cubic feet in 1972. The use of oxy-
gen in steelmaking has created a demand
tor oxygen by the ton rather than by
the pound. Until the mid-1950’s oxygen
was marketed in the U.S. mainly in bot-
tles—standard steel ones containing 220
cubic feet of the gas. Today it is being
produced at steelmaking centers and
stored and used in tonnage quantities
(24,160 cubic feet to the ton).

Large-scale production has of course
reduced costs; whereas the price of oxy-
gen by the bottle amounts to $150 to
$200 per ton, in bulk from large plants
it costs less than.$10 per ton. The low-
ered cost has intensified interest in the
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potential uses of oxygen for other prom-
ising applications in the iron and steel
industry, notably for the smelting of
iron in blast furnaces. Such uses could
eventually enlarge the market for oxy-
gen enormously.

The conversion of iron to steel de-
pends essentially on removal of carbon
and other impurities from the iron by
combustion. When Bessemer invented
his epoch-making converter—a furnace
in which air is blown through molten
iron—he recognized that the process
might be improved by using oxygen
rather than air, and he proposed doing
so as one of several alternatives. At the
time, however, there was no known way
to pr()duce the gas in quantity; pure oxy-
gen was just a lab()rat()ry curiosity. In
tact, oxygen did not become available
commercially until Carl Linde of Ger-
many showed at the turn of the century
that it could be obtained at a reasonable
cost by the liquefaction and distillation
of air. The efficient heat exchanger that
made tonnage production of the gas
practicable and sufficiently reasonable
in cost for use in metallurgical operations
was developed in the late 1920’s.

A few metallurgists, notably Frank
W. Davis of the U.S. Bureau of Mines
and Robert Durrer of Germany, then be-
gan to urge steelmakers to look into the
possibilities of oxygen. Many attempts
were made to develop new processes,
but it was not until 1952 that a new
method of steelmaking using high-purity
oxygen came into commercial use. In
the U.S., where the steel industry had
invested heavily in conventional open-
hearth furnaces and regarded oxygen as
too expensive for large-scale utilization,
little attention was paid to these early
proposals. In Germany and elsewhere
in Europe, however, some steelmakers
began to experiment.
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Most of the steel in Europe was pro-
duced by Bessemer converters of the
“basic” type (using a basic, or alkaline,
furnace lining and a slag composed pre-
dominantly of lime), which had been in-
vented by Sidney G. Thomas and Percy
C. Gilchrist of Britain. The experiment-
ers tried blowing mixtures of air and
oxygen, instead of air alone, through the
molten iron in the converter. Their tests
ran into serious trouble. Oxygen, by pro-
ducing higher temperatures, accelerated
the destruction of the bottom of the
turnace and the tuyeres, or nozzles,
through which the gas is introduced—a
process that is troublesome enough in
such furnaces when ordinary air is used
for blowing.

Nevertheless, European steelmakers
+ ' continued to experiment with oxy-
gen both before and after World War II.
Particularly active and persistent ef-
forts were made in a steel center at Linz
in Austria. During the war the Germans
built a large complex in Linz consisting
of modern blast furnaces, open-hearth
and electric furnaces for steel conver-
sion, and a nitrogen-producing plant
that generated oxygen as a by-product.
When, after the war, the Austrian gov-
ernment nationalized the plant, the plant
engineers decided to take advantage of
the existing oxygen pr()ducti()n to carry

BASIC OXYGEN FURNACE is shown on
the opposite page receiving a charge of
molten iron. Earlier the furnace, which is in
a plant operated by the Weirton Steel Di-
vision of the National Steel Corporation,
was given a charge of scrap metal. When the
scrap and iron are in, the vessel is tilted
upright and oxygen is blown into the mix-
ture to facilitate the process of combustion
by which the mixture is converted to steel.
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BASIC OXYGEN STEEL PLANT is operated by the Armco Steel
Corporation in Ashland, Ky. The two sloping tubes emerge from
the top of the main building, which contains two basic oxygen fur-

naces, and carry gases from the operating furnace down to the
precipitators, which are to the left of the stack. Precipitators clean
gas by removing solid material from it before it enters the stack.

REFINING OF STEEL takes place during a “blow” in a basic oxy-
gen furnace in the Great Lakes Steel Division of the National Steel
Corporation. After the pear-shaped furnace has been tilted to re-
ceive scrap metal and molten iron it is returned to a vertical posi-

tion and a water-cooled lance, dimly visible in the small bright
space at the top of-the photograph, is lowered into the furnace.
Through the lance pure oxygen at high pressure is blown into the
furnace. Process can produce 300 tons of steel in less than an hour.
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out a systematic program of studies. As
it happened, the fact that their steel fur-
naces were of the open-hearth instead of
the basic Bessemer type turned out to
be crucially important. An essential phys-
ical difference between the open-hearth
furnace and the Bessemer converter is
that in the open hearth the fuel and air
are burned over the top of the iron melt
instead of being blown through the bot-
tom of the furnace.

The Austrian experimenters at first
simply blew oxygen into the space above
the iron melt in an open-hearth fur-
nace. They succeeded in accelerating the
conversion of iron to steel, but the in-
creased flame temperature destroyed the
roof of the furnace and the regenerators
(for preheating air) became clogged with
dust. Next they tried feeding oxygen into
an electric furnace; again the heat
proved destructive, ruining the elec-
trode holders. The Linz engineers then
consulted Durrer, who, with a colleague,
Heinrich Hellbruegge, was experiment-
ing in Switzerland using oxygen in a two-
ton converter and in an electric furnace.
Durrer and Hellbruegge were injecting
a jet of oxygen into the molten iron
through a water-cooled lance placed
just above the surface of the iron.

The first trials of this system failed
in experiments at Linz designed to fol-
low Durrer’s instructions. The heat de-
stroyed the lance; the stream of oxygen
blown deep into the melt caused damage
to the bottom and other refractories of
the vessel, and the treatment failed to
remove enough of the phosphorus im-
purity from the iron. The Linz engineers,
as a result of information gleaned from
an accident, departed from the views
prevailing at the time. They reduced
the impact pressure of the oxygen jet
by using a different nozzle and raising
the lance farther from the surface of the
melt so that the oxygen jet did not pene-
trate deeply into it. This new concept
worked splendidly. The bottom of the
vessel was undamaged; the lance sur-
vived; carbon monoxide gas generated
by the burning of carbon in the iron
stirred the melt; phosphorus was effec-
tively removed, and the experiment pro-
duced steel of good quality.

From their initial experiments in a
two-ton vessel the Linz engineers went
on to further tests with larger units, and
in 1952 they installed the system on a
commercial scale, using vessels of 35-
ton capacity. The following year a sec-
ond plant of the same kind went into
operation at Donawitz in the ancient
ironmaking district of Styria in Austria.
The system has since been called the
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cause of growth of L.D process. Blast furnaces are used to smelt iron ore into pig iron.
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L-D process, from the initials of the
towns where the first two plants were
installed.

In sum, it took nearly a quarter of a
century to develop the L-D process to
a commercial scale, if one takes as a
starting date the discovery of techniques
for making cheap oxygen by the ton.
After many failures the discoveries at
Linz in 1949 led to the construction of
the first commercial-scale plant in 1952.

In its prevailing present form the L-D

furnace is a pear-shaped, tiltable ves-
sel resembling a Bessemer converter,
typically with a capacity of 150 tons.
Such a vessel is charged with 52 tons of
scrap steel and 120 tons of molten iron
(at about 2,350 degrees Fahrenheit). The
iron is poured from a ladle into the L-D
furnace after the scrap has already been
charged. The entire charging process
takes less than four minutes. The vessel
is then returned to the upright position,
and the lance, a tube some 50 feet long
and 10 inches in diameter, is lowered
through the mouth until its tip is from
four to eight feet above the surface of
the white-hot metal. Cooled by water
circulating around it at the rate of about
400 gallons per minute, the lance with-

stands the great heat of the fiery furnace.
Through the lance pure oxygen under a
pressure of 150 pounds per square inch
pours into the melt at the rate of 10,000
cubic feet per minute, making a great
roar and generating a tremendous flame
as it strikes the molten charge. The re-
sulting oxidation, burning part of the
iron and nearly all its impurities—carbon,
silicon, manganese and phosphorus—
liberates a large amount of heat. A flux
consisting of 10 tons of lime, some flu-
orspar and mill scale is added to form a
slag that absorbs the oxides of the me-
tallic impurities; the carbon is removed
as carbon monoxide, which is burned
(with a large flame) to carbon dioxide
as it mixes with the air on emerging from
the mouth of the vessel.

The refining process takes only about
20 minutes. When the carbon has been
consumed, the fire goes out. The oper-
ator withdraws the lance, tilts the vessel
and has a look at the molten steel. If he
has calculated correctly, he has 150 tons
of highly refined steel ready to pour. A
thermocouple and a spectrograph tell
him the temperature and the composi-
tion of the steel. If all is correct, he pro-
ceeds to tap the product by tilting the
vessel so that the molten metal pours

CONVERTER
ADDITIVES

through a taphole into a ladle. Measured

proportions of manganese, silicon, car-

bon and alloys are added to deoxidize

the steel and meet the required chemical |
specifications. The ladle then moves off

to pour the steel into ingots or castings.

The operator, after inspecting the fur-

nace lining for signs of wear, starts a new

cycle. Fifty minutes later another “heat”

of steel will be ready.

Unlike an open-hearth furnace, the
L-D converter requires no fuel; it de-
rives all the necessary heat from the
original molten charge and the combus-
tion of its impurities by the injected
oxygen. The L-D furnace uses about half
as much steel scrap as most open hearths
do. It produces 150 tons of high-quality
steel in less than an hour, whereas the
conventional open hearth used to take
nearly 12 hours for a 150-ton heat and
produced steel at the rate of about 16
tons an hour. The cost of the L-D proc-
ess itself, exclusive of raw materials, is
about $10 per ton less than that in an
old, inefficient open hearth and $2 per
ton less than the cost in open-hearth
plants using the most efficient present
methods of operation—which call for co-
pious amounts of oxygen.

Small wonder that most of the steel-
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BLOW

BASIC OXYGEN PROCESS consists of the five steps depicted here
schematically as they would be carried out in a plant such as the
one shown in the illustration on page 25. The basic oxygen furnace
is tilted (1) to receive a charge of scrap metal, which is followed (2)

28

© 1968 SCIENTIFIC AMERICAN, INC

by a charge of molten iron. The furnace is tilted upright (3) and
the lance is lowered into it for the 22-minute “blow,” which oxi-
dizes such impurities as silicon, phosphorus, manganese and sulfur.
Additives such as burned lime are put into the converter during the
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producing countries found it profitable
to invest in plants for the new process
and quickly converted to the L-D sys-
tem. Japan is among the leading pro-
ducers, making 65 percent of its steel in
L-D shops. It is estimated that by 1970
the L-D process will account for more
than 40 percent of the total world pro-
duction of raw steel, including that of

the U.S.

t first the U.S. was slow to adopt the
process. The reasons are under-
standable. Whereas Europe and Japan
emerged from World War II with steel
plants that, where they were not de-
stroyed by the war, were often pitifully
antiquated (much of their production
was in small Bessemer converters), the
U.S. had built up a huge investment in
the then superior open-hearth system,
with a capacity of 75 million tons a year,
or 90 percent of the nation’s total steel
production. There were 99 open-hearth
plants, averaging nine or 10 furnaces
each. The open-hearth process seemed
ideally suited to the American economy.
It consumes a great deal of scrap, which
is plentiful in this highly industrialized
country; it can use pig iron in either solid
or liquid form and can consume some

(JCIL]

OXYGEN-GENERATING PLANT

iron ore as a feed, and its need for fuel
(two to five million B.T.U.s per ton of
steel produced) is not a serious draw-
back on a continent so abundantly sup-
plied with petroleum, natural gas and
coal. Furthermore, the first reports of
the L-D success in Austria were not im-
pressive to most American steelmakers.
Why should their vast steel mills, based
on furnaces capable of producing hun-
dreds of tons in a single batch, replace
their furnaces with the 35-ton units of
which Linz was so proud?

The American industry after the war
continued to invest for the most part in
improvement of the open-hearth shops,
enlarging the furnaces, developing bet-
ter refractories to strengthen their re-
sistance to high temperatures and intro-
ducing oxygen into the open hearth to
enhance its performance. The continu-
ing reports from Europe, however, soon
convinced American steelmakers that
the L-D process was a major break-
through. The modest 35-ton furnace’s
output of 50 tons of steel an hour at Linz
was a startling advance over the rate of
production in American open-hearth fur-
naces. The American open-hearth opera-
tors therefore began to give attention to
the possibility of improving their pro-

LADLE
ADDITIVES

SLAG POT

early part of a blow to assist in the formation of a slag containing the oxidized impurities.
After the blow the furnace is tilted to one side (4) and the refined steel is poured off through
a taphole. Substances such as carbon and manganese are added to the ladle to bring the
batch of steel to precise specifications. In the final step (5) the slag is poured from furnace.
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duction with more liberal use of oxy-
gen. They found that enriching the com-
bustion of air with oxygen did in fact
speed steel production, but it also
burned out the furnace roof and filled
the air-preheating system with dust, just
as it had in early experiments at Linz.
They then tried feeding oxygen into the
furnace through the doors with steel
pipes; this method, however, consumed
the pipes too rapidly, cluttered up the
shop with hoses and required constant
attention. Nevertheless, by the use of
oxygen and various improvements in op-
eration, the largest and most efficient
open-hearth shops managed to reduce
the furnace heat time from 12 hours to
as little as five hours and to achieve a
production rate of more than 40 tons of
steel an hour.

This was still far from satisfactory in
comparison with the much faster pro-
duction in Europe’s L-D furnaces. Con-
sequently a few mills borrowed the idea
of the water-cooled lance and applied it
to the open hearth, feeding oxygen to-
gether with natural gas into the furnace.
The Steel Company of Canada and the
Ford Motor Company (in its steel mills)
pushed this technique farthest and at-
tained a steel-production rate of 100
tons an hour. As this was still consider-
ably short of the goal, Ford finally went
all the way and built an L-D plant,
which began operating in 1964. It at-
tained a production rate of 300 tons an
hour, and Ford tore down its open
hearths.

Throughout the nation the open-
hearth mills are now yielding steadily to
the competition of the L-D technique,
which in the U.S. is called the “basic
oxygen process’ (BOP). About a dozen
open-hearth shops have been scrapped
or put on permanent standby. In 1967,
40,500,000 tons of steel in the U.S.,
about a third of the nation’s total steel
production, was made in new furnaces
by the basic oxygen process. By 1970
this process will probably account for at
least half of the total.

Nthough the open hearth still dom-
+ % inates the industry, it survives main-
ly because it has itself gone over to a
large reliance on oxygen. The new open-
hearth furnaces built within the past
decade or so are equipped with lances
or water-cooled roof jets that feed the
metal bath with up to 1,300 cubic feet
of oxygen per ton of steel produced
(compared with 1,800 cubic feet per ton
in L-D furnaces). Even so, they cannot
match the rate of output or the low cost
per ton of steel produced in L-D shops.
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STAGES OF REFINEMENT of a mixture of scrap and iron into a
batch of steel are represented as they appear inside a furnace dur-

Moreover, in using oxygen the open
hearth generates a very dirty plume of
smoke from the furnace stack, which in
a large mill may necessitate a $10 mil-
lion investment in equipment to clean up
the smoke sufficiently to comply with
antipollution ordinances. In an L-D shop
the elimination of smoke is much less
costly.

The present position of the open-
hearth furnace is reminiscent of that of
the sailing ship when steamships came
in or that of the steam locomotive when
the diesel locomotive arrived. Just as the
sail and the steam locomotive eventually
had to yield to their more potent and
more efficient new competitors, so the
open hearth seems destined to become
obsolete in the near future. No doubt
some of the large new open-hearth units,
boosting their production by the use of
oxygen, will continue to be important
producers for at least 10 more years, but
their days are certainly numbered.

Current estimates forecast that by
1972 basic oxygen furnaces in the U.S.
will be producing about 96 million tons
of raw steel a year (and consuming about
173 billion cubic feet of oxygen), and
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the production from open hearths will
decline to 33 million tons of steel (with
a consumption of 44 billion cubic feet
of oxygen).

In contrast to the open hearth, the
electric-furnace technique for making
steel has been promoted to a more favor-
able position by the advent of the basic
oxygen process. It has proved to be both
feasible and helpful to inject oxygen
into an electric furnace: the oxygen
lance speeds up steel production in such
a furnace, reduces the electric-power
requirement by providing heat from
combustion and raises no particularly
difficult operating problems. The elec-
tric furnace has also benefited eco-
nomically from the popularity of L-D
furnaces, because its charge, or raw ma-
terial, is mainly scrap. The wide adop-
tion of the L-D process, which uses only
about half as much scrap as most open
hearths do, has sharply reduced the de-
mand for steel scrap and consequently
its price. At the lower prices for the raw
material, the electric furnace has be-
come competitive with other steelmak-

ing processes, not only in the manufac-,

ture of special alloy steels (which has
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ing a blow. The stages are (1) about 15 seconds after the beginning
of the blow, (2) approximately midway in the 22-minute operation,

been its forte) but also in the production
of ordinary steels. It has been predicted
that the electric-furnace output of steel,
now only about 15 million tons a year,
will rise to 31 million tons by 1970, with
a consumption of more than 12 billion
cubic feet of oxygen.

Oxygen is being given a growing role

in the finishing of steel. When steel
comes from the furnace and is rolled into
various  semifinished products—slabs,
blooms and billets—it is often pocked
with defects that must be removed be-
fore it is rolled into its final form, such as
sheet metal for automobile bodies. These
defects are now “scarfed” out of the sur-
face by a burning operation based on the
use of oxygen. The surface of the steel
slab is heated, then attacked with an
oxygen blast that burns the iron imper-
fections to iron oxide and sweeps the
oxide away as a slag. The operation used
to be performed with hand torches, but
to save time the oxygen blast is now ap-
plied to the entire surface, cleaning up
the surface at the expense of burning
away only 1 percent of the metal. In this
and other finishing operations the Amer-




(3) a minute or two before the oxygen is shut off and (4) 30 seconds
after the end of the blowing operation. The lance is being with-

ican steel industry already uses some 18
billion cubic feet of oxygen a year—equal
to the steel industry’s entire consump-
tion of commercial oxygen for all pur-
poses in 1930!

Remarkable as all these developments
in steelmaking are, they still tell only
part of the story of the impending im-
portance of oxygen in the iron and steel
industry. Its role in the making of iron
could become as important as in the
making of steel, and could generate a far
greater volume of consumption. For
nearly half a century imaginative metal-
lurgists have been advocating the use of
oxygen to improve the efficiency of the
smelting of iron ore in the blast furnace.
The idea has been tested in Europe and
in the U.S. with rather promising results.
Now that oxygen plants to produce the
cheap oxygen envisioned by Davis in
1924 have been built to supply oxygen
to the L-D process, use of the same oxy-
gen for smelting iron ore becomes prac-
tical. As a result the earlier proposals for
the use of oxygen in blast furnaces are
being reexamined.

In the blast furnace the production of
one ton of iron requires blowing in two

and a half tons of air. Basically it is only
the one-half ton of oxygen in that air that
does the work. If a practical system
were devised to perform the smelting
with air enriched in oxygen, the furnace
could be smaller, cheaper to build and
more efficient. Various approaches are
being tried, some of them adding a fuel
or steam along with the oxygen. These
tests have generally shown that oxygen
can in fact accelerate the production of
iron, reduce the amount of coke required
and bring about other improvements in
efficiency. A number of problems remain
to be solved before oxygen-enriched
smelting can be considered feasible for
general adoption. Oxygen is already
being used on a trial basis in a few fur-
naces, however, and in 1966 they con-
sumed some nine billion cubic feet of
the gas.

The potential market for oxygen in
blast furnaces, assuming that a suitable
process can be developed, is astronom-
ical. A modest addition of oxygen that
would enrich the blown-in air from the
normal 21 percent oxygen content to
26 percent would call for supplying
2,700 standard cubic feet of oxygen per
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drawn in the final illustration; the step is necessary so that the
furnace can be tipped to pour off first the steel and then the slag.

ton of iron produced. This is one and a
half times the amount used for each ton
of steel in the L-D process. For the pres-
ent annual iron production of about 90
million tons in the U.S. some 240 billion
cubic feet of oxygen would be required,
more than three times the amount now
consumed for L-D steelmaking. And the
demand of course would be considerably
greater if the oxygen enrichment of the
air blown into the blast furnace were ex-
tended by more than 5 percent.

"I he manufacture of iron and steel is

undergoing great changes, which
have been brought about by the use of
oxygen in large quantities in the L-D
process. The availability of oxygen in
tonnage quantities has led to its use in
the existing open hearths. The result has
been better and cheaper steels.

The use of tonnage oxygen in steel-
making is likely to serve as an example
to inspire other new applications of oxy-
gen to other metallurgical and chemical
processes. The improvements that result
seem certain to have important technical
and economic consequences all over the
world.
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PHOTON ECHOES

Experiments in which two light pulses are aimed at one end of a 1'u|)y

crystal and three light pulses are detected emerging from the other

end are explained in terms of the crystal’s inherent “plmse memory”

For the past few years my colleagues
and I at Columbia University have
been investigating a curious optical
phenomenon called the photon echo.
Our basic experimental technique is
quite simple. When we illuminate a ruby
crystal with two short bursts of coherent
light from a ruby laser, we sometimes
observe not two but three equally spaced
light pulses emerging from the other end
of the crystall The first two output pulses
are simply the original laser pulses trans-
mitted through the crystal. The third
pulse, on the other hand, is spontaneous-
ly emitted by the crystal as a delayed by-
product of the passage of the first two
pulses. It is this third light pulse that
we refer to as the photon echo. (In
quantum theory the photon is the quan-
tum, or energy unit, of light.)

The photon-echo experiment is one
of a large class of echo experiments in
which the excitation of a system by two
energy pulses separated by a certain
time interval (¢) leads to the spontaneous
emission of a third energy pulse ¢ sec-
onds after the second excitation pulse.
The effect of the first pulse is to induce
a macroscopic excitation in the irradi-
ated system that is quickly (but only ap-
parently) dissipated. The second pulse, ¢
seconds later, modifies the state of the
excited system in such a way that its
previous excitation experience is in ef-
fect “recalled.” When the time elapsed
after the transmission of the second ex-
citation pulse is equal to the time sepa-
ration of the two excitation pulses, the
macroscopic excitation induced by the
first pulse is re-formed by the irradiated
system and a signal is thereby radiated
to the outside world. As a general rule
the amplitude, or intensity, of the echo
signal decreases as the time interval be-
tween the first two pulses is increased.

The detailed behavior of such echo
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signals yields important information
about the relaxation characteristics of a
system (that is, the ways in which a sys-
tem returns to normal after being sub-
jected to a shock). Moreover, the inher-
ent memory represented by the echo has
been recognized for some time as being
potentially useful as a storage system
for a computer.

Although the photon-echo experiment
is easy to describe, its explanation is
rather subtle and should best follow a
short discussion of some of the earlier
echo experiments.

"I 'he earliest-known echo effect—called

the nuclear-spin echo—was discov-
ered in 1950 by E. L. Hahn at the
University of Illinois in the course of
some nuclear-magnetic-resonance exper-
iments. Hahn found that when he ap-
plied two resonant bursts of an osciliat-
ing magnetic field to a sample containing
a large number of paramagnetic atomic
nuclei placed in a large constant mag-
netic field, the paramagnetic nuclei gen-
erated an echo signal. The echo-generat-
ing mechanism in this case is compar-
atively easy to visualize. A paramagnetic
nucleus is one that has a magnetic mo-
ment parallel to its axis of spin. Such a
nucleus behaves rather like a tiny spin-
ning dipole magnet. When a paramag-
netic nucleus is placed in a magnetic
field, its magnetic moment precesses
around the direction of the magnetic
field in much the same way that the axis
of a spinning top precesses around the
direction of the earth’s gravitational
field. In a crystal lattice, however, the
spins of many nuclei interact with one
another and with the lattice so that they
eventually become polarized with their
magnetic moments effectively lined up
along the magnetic field. If one now ap-

plies a small circularly polarized mag-'
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netic field that is rotating at the frequen-
cy of the precessing nuclei in a plane
perpendicular to the constant magnetic
field, the nuclei will undergo a compli-
cated motion as they precess around the
resultant of the rotating field and the
constant field [see illustration on pages
34 and 35]. An important characteristic
of this motion is that at any instant the
angle between the direction of the mag-
netic moments and the direction of the
transverse rotating magnetic field re-
mains the same.

The downward spiral motion execut-
ed by each nuclear magnetic moment
eventually brings it into the transverse
plane, whereupon the rotating magnetic
field is turned off. The magnetic-field
pulse in this case is called a 90-degree
pulse, since the magnetic moment pre-
cesses through an angle of 90 degrees
around the direction of the transverse
rotating field. The magnetic moments
of all the nuclei in the sample are now
oriented at right angles to the constant
magnetic field and are rotating together
in the transverse plane at the resonance
frequency. As a result the coil that
houses the sample will have induced in
it an electrical signal, just as a motor
generator induces an electric current in
its coil.

The induced signal is quickly reduced
to zero, however, since there is a spread
in the resonance frequencies of the nu-
clear spins owing to spin-spin interac-
tions and inhomogeneities in the applied
magnetic field. As time progresses the
individual magnetic moments will pre-
cess at different rates and hence fan out
in the transverse plane. Since the mag-
netization of the sample is the vector
sum of all the nuclear magnets, it is clear
that the net magnetization will soon
disappear.

If a second resonant magnetic-field
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PRINCIPLE OF PHOTON-ECHO EXPERIMENT is illustrated by
this schematic diagram. Two short bursts of coherent light from a
ruby laser (left) are directed at a ruby crystal (center); under the
right conditions three light pulses are detected emerging from the
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other end of the crystal (right). The third pulse is the spontaneous-
ly emitted photon echo. The stylized oscilloscope traces at bottom
show that the time interval between the second excitation pulse and
the echo is equal to the interval between the two excitation pulses.
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ACTUAL EXPERIMENTAL SETUP used by the author and his
colleagues at Columbia University to study the photon echo is de-
picted here. To ensure against thermal excitations the ruby crystal
is cooled to 4.2 degrees Kelvin (degrees centigrade above absolute
zero) by suspending it from the base of a Dewar vessel containing
liquid helium ; the ruby laser is cooled to 77 degrees K. by means of
another Dewar vessel containing liquid nitrogen. The ruby laser
rod is mounted in an evacuated elliptical cavity at one of the
foci; a flash tube at the other focus is used to optically “pump”
the ruby rod. A Kerr-cell shutter serves to provide short, intense

pulses. Two pulses are obtained by passing the light through a beam
splitter, allowing the reflected light to impinge directly on the ruby
crystal while diverting the transmitted light into an optical delay
line. When the second pulse emerges from the delay line (between
30 and 400 billionths of a second later), it too is directed at the ruby
crystal. Because the output pulses are not parallel, the two excitation
pulses can be blocked by a screen in order to prevent them from
desensitizing the photomultiplier used to detect the echo. The
echo pulse passes through a hole in the screen and along a flexible
“light pipe”; the deiected signal is displayed on an oscilloscope.
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pulse is now applied with twice the in-
tensity of the first (or with the same in-
tensity but for twice as long as the first),
then each magnetic dipole will again
precess in a spiral motion around the re-
sultant of the rotating field and the con-
stant field. In this case, however, the
pulse is called a 180-degree pulse, since
each magnetic moment precesses 180
degrees around the direction of the
transverse rotating field. The important
feature of the new dipole configuration
is that the relative phase angle of any
two dipoles is exactly the negative of

\

what it was before the second pulse.
Accordingly the dipoles that precess
fastest are now last, whereas the ones
that precess slowest are now first. It is
clear that after a time interval equal to
the time it took for the dipole moments
to fan out in the first place they will all
be precessing together again in the
transverse plane. As soon as this macro-
scopic oscillating dipole moment is re-
formed, the coil housing the sample will
again detect a temporary electrical sig-
nal. This signal is the nuclear-spin echo.

The occurrence of a spin echo usually

requires that the local magnetic fields at
the various lattice sites remain more or
less constant during the time the echo
is formed, so that the phase “memory”
is easily restored. Nuclear-spin echoes
have been detected in many solids, lig-
uids and gases, and they are usually
characterized by a simple dependence
of echo amplitude on pulse-separation
time. The decay of the echo yields in-
formation regarding spin-spin interac-
tions, which are very difficult to study
in any other way.

The preceding analysis for a nuclear-

s
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ECHO-GENERATING MECHANISM is demonstrated for the com-
paratively simple case of the nuclear-spin echo, a phenomenon that
is similar in many respects to the photon echo. When a crystal con-
taining a large number of paramagnetic atomic nuclei is placed in
a large constant magnetic field (vertical colored arrows), the nu-
clei ultimately become polarized so that their magnetic mo-
ments (heavy black arrows) are all effectively lined up along the
magnetic field (I1). If one now applies a small circularly polarized
magnetic field (horizontal colored arrows) that is rotating at the
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precession frequency of the nuclei in a plane perpendicular to
the constant magnetic field, the nuclei will precess around the re-
sultant of the two magnetic fields (2). The downward spiral motion
executed by each nuclear dipole moment eventually (after several
hundred turns) brings it into the transverse plane, whereupon the
rotating magnetic field is turned off (3). The magnetic moments of
all the nuclei in the.sample are now oriented at right angles to the
constant magnetic field and are rotating together in the transverse
plane at the resonant frequency. As a result the coil that houses the
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spin echo was made for a particular
pulse sequence that had the effect of
rotating the magnetic moments through
angles of 90 degrees and 180 degrees
successively. Almost any other pulse se-
quence will lead to an echo; the other
echoes are weaker, however, and not as
easy to explain. Although we have con-
sidered only the interaction of the nu-
clear magnetic moment with an applied
magnetic field, the same analysis holds
for other nuclear interactions as well.
Electrons also spin and have a mag-
netic moment; accordingly one can ob-

~-
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serve electron-spin echoes. The behavior
of these echoes is quite striking in that
one usually observes large fluctuations
in the intensity of the echo as the separa-
tion between the excitation pulses is in-
creased. These fluctuations in intensity
are caused by the fact that the local
magnetic field at each electron site is
disturbed by the precessing nuclear
magnetic moment of the neighboring
atoms. Nonetheless, it is possible to ob-
tain strong electron-spin echoes, since
the time variation of the local fields has
some regularity to it; by spacing the

4
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excitation pulses carefully with respect
to the precession period of the neighbor-
ing nuclei one can enable the electron
spins to recover their “lost” phase.

So far we have considered only echoes

produced by easily visualized pre-
cessing magnets. If we generalize our
results, however, we find that we are
dealing with systems that contain a finite
number of energy levels capable of be-
ing excited by a direct resonant inter-
action. For example, the simple case of
echoes produced by protons in water

;

p
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sample will have induced in it an electrical signal. The induced sig-
nal is quickly reduced to zero, however, since spin-spin interactions
and inhomogeneities in the applied magnetic field will cause the
individual magnetic moments to precess at different rates and hence
fan out in the transverse plane (4). If a second resonant magnetic-
field pulse is now applied for twice as long as the first, then each
magnetic moment will precess around the initial direction of the
resonant field by an angle of 180 degrees and end up once again in
the transverse plane (5, 6). (If a magnetic moment happens to be

coincident with the initial direction of the resonant field, it simply
continues to rotate in the transverse plane at the resonant frequen-
cy.) The important feature of the new dipole configuration is that
the relative phase angle of any two dipole moments is exactly the
negative of what it was before the second pulse (7). After a time in-
terval equal to the time it took for the dipole moments to fan out in
the first place, they will all be precessing together again in the
transverse plane (8). The coil housing the sample will again detect
a temporary electrical signal representing the nuclear-spin echo.
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SIMILARITY between the permitted energy states of a nucleus
spinning in a magnetic field (left) and of an isolated impurity atom
in a crystal lattice (right) led to the prediction of the photon echo.
As the energy-level diagrams accompanying the drawings show,
both systems can be regarded as two-level systems capable of being
excited by a direct resonant interaction. (Occupied states are indi-
cated by colored lines, unoccupied states by black lines.) In the
case of a proton excited by a rotating magnetic field the “spin up”

and “spin down” energy states are coupled by an interaction of
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EXCITED STATES

o | GROUND STATES

EXCITED STATES

the proton’s magnetic dipole moment with the applied magnetic
fields. In the case of a chromium impurity ion in a ruby crystal ex-
cited by circularly polarized light, two of the ion’s many energy
levels are coupled by an interaction of the ion’s electric dipole mo-
ment with the rotating electric-field vector of the light. The electric
dipole moment of the atom arises from the induced polarization of
its electric-charge distribution represented by the positive nucleus
and the negative electron cloud. The nuclear-spin echo is de-
tected as an electrical signal; the photon echo, as a light pulse.
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can be analyzed in terms of an ensemble
of two-level systems, since protons have
only two energy states (corresponding
to “spin up” and “spin down”) that can
be coupled by an interaction of the pro-
ton’s magnetic dipole moment and an
external magnetic field. Using the meth-
ods of quantum mechanics, one can
readily show that in such a situation one
should expect to obtain a spin echo.

Another situation that is formally
similar to that of a proton in a magnetic
field is that of an isolated atom, either
in a gas or as an impurity in a crystal
lattice. Such atoms are characterized by
certain well-defined energy states, and
these states can always be coupled by
some interaction. An example of such a
system is the chromium impurity that
makes an aluminum oxide crystal a ruby.
When the chromium impurity ions in
ruby are excited by circularly polarized
light, it is possible to consider the chro-
mium system as an ensemble of two-
level systems coupled by an interaction
of the electric dipole moments of the
ions with the rotating electric-field vec-
tor of the circularly polarized light. The
transition between the two levels is
accomplished by irradiating the chromi-
um ions with resonant light pulses that
are capable of exciting only two of the
ions’ many energy levels, making it pos-
sible to neglect the rest. This formal
connection between the chromium-atom
systems and the nuclear systems leads
to the prediction of an echo phenomenon
similar to the nuclear-spin echo. The
echoes produced by the chromium ions
will be light pulses formed by a macro-
scopic oscillating electric dipole moment
without the need for any applied con-
stant field to provide an axis for the
dipoles to precess around. The small
wavelength of the expected radiation
with respect to the size of the sample
also suggests a new kind of echo phe-
nomenon.

Our group at Columbia, consisting of

Isaac D. Abella, Norman A. Kurnit
and myself, began our search for this
new echo in 1964. We quickly decided
that the experiment should be performed
using a ruby laser as a light source and a
ruby crystal as the medium in which to
form the echo. To ensure against ther-
mal excitations that would relax the
echo and prevent us from observing it,
we cooled the ruby crystal to 4.2 degrees
Kelvin (degrees centigrade above ab-
solute zero) in a bath of liquid helium.
The cooling of the ruby crystal to such
low temperatures caused us some in-
convenience: we then had to cool the
laser crystal, since the frequency of the

excitation pulse from the ruby laser is
temperature-dependent. This depen-
dence arises from the fact that as the
temperature increases, thermal excita-
tions shake the chromium atoms in their
environment and modify their effective
interactions with the neighboring atoms.
Fortunately we had to cool the laser
crystal only to 77 degrees K., the tem-
perature of liquid nitrogen.

The ruby laser rod was supported
from the base of a nitrogen-filled Dewar
vessel and was contained in an evacu-
ated elliptical cavity at one of the
foci [see bottom illustration on page
33]. At the other focus of the cavity
a flash lamp was placed to optically
“pump” the ruby rod. In order to obtain
short, intense pulses a Kerr-cell shutter
was employed to “Q-switch” the ruby;
this enabled us to obtain high-energy
pulses with a small cross section and a
duration of about 15 billionths of a
second. Two pulses were obtained by
passing the light through a beam splitter,
which is nothing more than a thin flat
plate that partially reflects and partially
transmits light that impinges on it. The
reflected light is aimed directly at the
ruby crystal, and the transmitted light is
diverted into an optical delay line. The
optical delay line consists of an arrange-
ment of spherical mirrors that provides
a long optical path for the second light
pulse so that it emerges delayed by a
time equal to the distance traveled di-
vided by the velocity of light. Typical
delay times were between 30 and 400
billionths of a second. When the second
pulse emerges from the delay line, it is
aimed at the same point on the ruby
crystal where the first pulse struck.

We wanted the light pulses to be as
closely spaced in time as possible to
avoid relaxation effects. This caused a
problem, because the initial pulses can
desensitize the photomultiplier used to
detect the echo. That is what happened
even when we put a Kerr-cell shutter in
front of the photomultiplier to try to
block the excitation pulses and allow
only the echo through. Here we were
fortunate because a calculation showed
that, when the light pulses are not paral-
lel, the echo is radiated in a direction dif-
ferent from that of either of the excita-
tion pulses. This effect enables us to use
nonparallel light pulses and to block the
path of the excitation pulses by placing
a screen in front of the photomultiplier,
allowing only an opening for the echo
to get through.

The calculation that led to this con-
clusion is quite straightforward, and its
essence can be explained simply. The
first pulse, whose lines of constant phase
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lie in parallel planes, stimulates a spatial
excitation with a similar plane-wave
character. The second pulse, which
strikes the crystal from a slightly differ-
ent angle, superposes its corresponding
planes of constant phase on those of the
first pulse. The echo will then be propa-
gated in a direction that is perpendicular
to the planes in which the rephased di-
pole moments are in phase. These planes
are obtained by requiring that the phase
angle of the first excitation pulse vary
twice as fast spatially as the phase angle
of the second excitation pulse [see illus-
tration on next page].

The experiment described above was
performed repeatedly without success
until we decided to apply a large mag-
netic field. All studies of electron-spin
relaxation in the “ground” state and the
excited states of ruby had been conduct-
ed with high magnetic fields, and al-
though extrapolation of these results
indicated that for our experiment a mag-
netic field was not necessary, we decid-
ed to play it safe and apply a magnetic
field anyway. Because of the crystal
structure of ruby there is a direction
called the optic axis in which the index
of refraction is independent of polariza-
tion. It seemed that if we did apply a
magnetic field, then for reasons of “sym-
metry” we should apply it along the
optic axis. We did so and we immediate-
ly detected the photon echo. We found
that as the spacing between the excita-
tion pulses was increased, so was the
spacing between the excitation pulse
and the echo [see illustration on page
40]. When we turned off the magnetic
field, the echo disappeared. We also
found to our surprise that when the ap-
plied magnetic field was rotated a few
degrees away from the optic axis, the
echo disappeared.

After we had convinced ourselves that
we had detected an actual photon echo
and not some spurious reflection, we
submitted a paper to Physical Review
Letters for publication. I mention this
because shortly after it was submitted
we found that we were unable to obtain
any more photon echoes! A week passed
with no success until we found that the
trouble was caused by the extreme sen-
sitivity of the orientation of the mag-
netic field with respect to the optic axis.
We had again doubled the time between
the excitation pulses and the importance
of the field orientation had drastically
increased. The crystal and the magnetic
field had to be aligned to within a de-
gree, which was difficult to do with our
experimental configuration.

In subsequent experiments we have
shown that one can obtain photon ech-
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PHOTON ECHO IS PROPAGATED in a direction different from
either of the two excitation pulses when the excitation pulses are
not parallel. The first light pulse, whose lines of constant phase lie
in parallel planes, stimulates a macroscopic excitation in the ruby
crystal with a similar plane-wave character (1). The second pulse,
which strikes the crystal from a slightly different angle, superposes
its corresponding planes of constant phase on those of the first
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pulse (2). The echo will then be propagated in a direction perpen-
dicular to the planes in which the rephased dipole moments are in
phase (3). These planes are obtained by requiring that the phase
angle of the first excitation pulse vary twice as fast spatially as the
phase angle of the second excitation pulse. The black dots in 2
and 3 indicate one family of points for which the rephased dipole
moments of the macroscopic excitation will have the same phase.
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oes in the absence of a magnetic field.
The magnetic field inhibits the neigh-
boring aluminum nuclei from “flipping”
the electron spin of the chromium ion or
modulating the energy separation of the
atomic states that are responsible for the
echo. By making the time separation
between the excitation pulses small
enough, however, it is possible to ob-
serve an echo signal before it has time
to relax completely. A sharp rise in echo
amplitude takes place at an applied
magnetic field of about 10 gauss, which
is approximately the magnetic field at
the chromium lattice sites attributable
to the aluminum neighbors [see top il-
lustration at right]. The dips at higher
fields are due to “level crossings” in the
ground state and arise because the ruby
system is not an ideal two-level system
but rather a more complicated system
with four levels in the ground state
alone.

he critical dependence of the orien-
* tation of the magnetic field with re-
spect to the optic axis is now being
studied in our laboratory with the help
of electron-spin echoes. In an experi-
ment with Daniel Grischkowsky we
found that the ordinary electron-spin
echoes of chromium ions in ruby are also
strongly dependent on the orientation of
the magnetic field. A detailed analysis of
this simpler problem has shown that the
critical dependence on orientation is due
to an enhanced quantum-mechanical in-
teraction that arises when the compo-
nent of the precessing nuclear moments
of the aluminum atoms that lies in the
average direction of the spin of the
chromium electron fluctuates in time.
Accordingly the echoes last longest
when the aluminum nuclei precess
around an axis that is parallel to the
average spin direction of the chromium
ions, a condition that is not met when
the applied magnetic field is either too
weak or tilted away from the optic axis.
Although the aluminum nuclei are effec-
tively free, the chromium ion is strongly
perturbed by the crystalline fields, with
the result that its magnetic moment only
points along the magnetic-field direction
when it is parallel to the optic axis,
whereas at lower applied magnetic fields
the nonuniform dipolar field of the chro-
mium ion makes a sizable contribution
to the magnetic field at the aluminum
sites, with the result that the aluminum
nuclei then precess about nonparallel
axes. The occurrence of the echo dips at
higher fields is thus caused in part by
the extreme sensitivity of the spin orien-
tation of the chromium ion with respect
to the magnetic-field direction in the
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SHARP RISE in the amplitude, or intensity, of the photon echoes emitted by an excited
ruby takes place at an applied magnetic field of about 10 gauss, which is approximately the
magnetic field at the chromium lattice sites that can be attributed to the neighboring alumi-
num atoms. The dips at higher fields are due to “level crossings” in the four-level ground
state of the ruby. The two sets of points were obtained for experiments in which the pulse
separations were 34 billionths of a second (color) and 75 billionths of a second (black).
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RELAXATION EFFECTS can be studied by means of photon echoes. In this example the

intensity of the two sets of echoes decreases as the temperature of the ruby is raised. The
pulse separations for the two sets were 50 billionths of a second (black) and 103 billionths
of a second (color). Quantized lattice vibrations called phonons cause the echo to decay.
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energy region of the level crossings in the
ground state.

The main use of the photon echo, like
all other echo phenomena, is in the study
of relaxation effects. As the temperature
of the ruby sample is raised, for example,
the amplitude of the echo decreases [see
bottom illustration on preceding page].
The quantized lattice vibrations called
phonons interact with the excited chro-
mium atoms and cause energy-level
transitions that make the echo decay. A
detailed study of this process enables
one to understand the nature of the in-
teraction of the chromium atoms and
phonons.

It is not just the relative directions of
the excitation pulses that are important;
their relative polarizations are important
also. If the two excitation pulses are
plane-polarized at a certain angle with
respect to each other, then it can be
shown that the echo is plane-polarized
with respect to the first pulse at an angle

that is twice as large as the angle be-
tween the excitation pulses. This cir-
cumstance enables one to select the echo
in another way: by polarizing the ex-
citation pulses at 90 degrees with re-
spect to each other and then using a
polarizer in front of the detector to elimi-
nate the light from the second pulse.
By doing this and letting the excitation
pulses propagate in parallel directions,
we obtained multiple echoes. In this
case the echoes were so strong that they
themselves acted as excitation pulses and
produced further echoes. Up to three
echoes were observed in this way. These
echoes had not been seen previously
since the directions in which they were
propagating were not the same and only
the first echo was reaching the detector.

It is now tempting to excite any sys-
tem with two resonant shocks in the
hope of seeing an echo, even when one
may not be certain beforehand that an
echo is theoretically possible. For ex-

OSCILLOSCOPE TRACES of the photomultiplier response to two series of light pulses,
each consisting of two excitation pulses and an echo, show that as the spacing between the
excitation pulses was increased (top to bottom), so was the spacing between the second ex-
citation pulse and the echo. Time increases to right at 100 billionths of a second per division.
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ample, if one generates a plasma, or
ionized gas, in a large magnetic field,
the free electrons in the plasma’ will
travel in helical paths whose axes are
along the direction of the magnetic field.
The frequency of the circulating elec-
trons, called the cyclotron frequency,
depends only on the value of the mag-
netic field and not on the velocity of
the electrons. Now we again have a res-
onant magnetic system as we had with
the nuclear spins, and one may wonder
whether we can obtain echoes.

The answer is that we can, as was
shown by Daniel E. Kaplan and Robert
M. Hill of the Lockheed Research Lab-
oratories, who employed a pulsed micro-
wave generator to excite the cyclotron
resonance. Their result was quite mys-
tifying, however; a quick calculation
shows that no echo should really be ex-
pected in this situation. The process by
which cyclotron echoes are formed turns
out to be different from the process as-
sociated with the spin or photon echoes.
When nuclear magnets are excited by a
resonant pulse of energy, one can at
most invert the nuclear spins—any fur-
ther increase in the energy of the exci-
tation serves to bring them back to their
initial state, and this in fact plays a cen-
tral role in the formation of ordinary nu-
clear-spin echoes.

On the other hand, the resonant ex-
citation of an electron in its cyclotron
orbit can result in a continual increase
in the electron’s energy (or the radius of
its cyclotron orbit). In contrast to the
photon echo the cyclotron echo is ex-
plained in terms of a “bunching” of elec-
trons in momentum space that is unbal-
anced by a velocity-dependent relaxa-
tion mechanism. This echo phenomenon
offers a convenient way to study relaxa-
tion processes due to collision processes
in a plasma.

Two-pulse echoes are not the only
possible type. By exciting a system with
three or more pulses one can obtain a
whole series of additional echoes. Some
of these echoes are produced by the
mechanism described in this article;
others are produced by different mecha-
nisms and therefore decay with a differ-
ent characteristic relaxation time.

With the advent of “mode-locked”
lasers that can produce light pulses of ex-
tremely short duration (on the order of a
ten-trillionth of a second), one can now
visualize the possibility of using the pho-
ton-echo technique to make measure-
ments of very short relaxation phenomena
under almost ideal conditions or alterna-
tively of using photon echoes for compu-
tational operations or for information
storage in an extremely fast computer.



In hope of doing each other some good

SCIENCE %o INDUSTRY
T U-SOSikmanee

Science and Industry, Romeo and Juli-
et, ham and eggs—common speech em-
ploys certain close associations. Ham
is good with eggs, Romeo and Juliet
did feel close, but just how close are
Science and Industry today? The ques-
tion is a live one for young scientists
trying to make up their minds which
way to go. They wonder whether in-
dustry really needs them or just likes
to think so.

There was a time when identity of
interest between science and industry
was widely taken for granted and a
time before that when such congru-

ence was a fresh idea. Kodak’s history
dates back to that olden time. Lord
Kelvin—a mighty name in the history
of physics—paid us enough attention to
take over the vice-chairmanship of our
Board of Directors in 1899. The emi-
nent chemist Sir William Ramsay, iso-
lator of the noble gases, persuaded one
of his more scintillating students to cast
his lot with industry, with the result
that the young man became our re-
search director in 1912 and embarked
on making color photography as easy
and ubiquitous as it is today.

Thus was the house built and the
pattern set. To work in the house, a
degree in chemistry or physics or in
their engineering counterparts has been
particularly desirable as a ticket of
admission, largely because it is then
easy to find useful tasks the bearer can
do as he learns what the business is
all about.

Paper on which are printed one’s
personal name and some words of
truth has been the ultimate product for
only a tiny fraction of the technical

An inner envelope

If color slides from 135- or 120-size
film constitute serious business for you,
buy a supply of a new item which the
Kodak dealer has just laid in: Kobpak
Special Processing Envelope for Kobak
High Speed EKTACHROME Film. Then,
when you encounter a situation that
makes you wish that this fastest of
Kodak color films were yet 2%5 times

—and a minor in Photo-Interpretation

United Nations

When setting off to the isle of Jamaica
for some fun, forget about looking up
the place where this picture was taken.

as fast, the special processing envelope
will make it so. You may be unable to
detect any sacrifice in quality. We make
film and do processing on the assump-
tion that you turn to color photography
not just to relieve the monotony of
black-and-white but to re-create more
accurately the perceptions engendered
on viewing the subject.

The establishment is supposed to im-
prove the quality of life on the island.
That’s no fun.

Ruth Masters is working here with
aerial photography. The United Na-
tions is helping the citizens of Jamaica
learn to use it more effectively both for
mapping and for “P.L,” which is a
military term. Photo-interpretation, a
fallout from the art of war, is now
rapidly moving into a new phase. Peo-
ple are getting into it who know nothing
about war. They operate on the under-
standing that objective study of the
physical environment must guide im-
provement of the economic, social, and
psychological environments. Yet what'’s
good economically may be bad for the
body or the spirit, whether or not your
choice in theologies tells them apart.

© 1968 SCIENTIFIC AMERICAN, INC

people in industry. The percentage
shrinks because that’s really what the
campuses are for, and the campuses
are booming with money and people.
We cheer and even help.

Still, the scientist who decides to go
with us is not renouncing his oppor-
tunities to be challenged by his subject.
As long as he feels the challenge and
responds to it, we have the wherewithal
(in both problems and rewards) to
keep him happy. Here’s the sneaky
part, though: if when looking inside
himself 5, 10, 15 years later he dis-
covers that he is less interested in the
subject than he had thought he was,
the bottom doesn’t fall out. We count,
in fact, on that to happen in most but
not all cases. That’s how we get the
people who run the house, joining on
an equal footing those who had felt
nonacademic from the start. That’s
also the process that makes room for
fresh talent from the campuses.

The process ought to be more widely
understood.

Put the exposed roll into the envelope
and the envelope into the appropriate
KoDpAK Prepaid Processing Mailer. Affix
postage and mail to our nearest process-
ing station, which needs no instructions
on what to do and has been fully paid
through purchase of the envelope and
mailer for return to you of the resultant
mounted slides with the special processing
service.

The physical world does matter.

There is a citizen of Norway at the
U.N. Secretariat in New York who
argues that peaceable photo-interpre-
tation should now drop its guise as a
separate craft, that students preparing
themselves to serve in fields from politi-
cal science to limnology, from geology
to anthropology, need firsthand knowl-
edge of photo-interpretation if they are
to do a better job for humanity, includ-
ing themselves.

The man may be addressed as fol-
lows:

Chief, Cartography Section

Resources and Transport Division

Department of Economic and

Social Affairs
United Nations, N.Y. 10017

Do you have any questions for him?
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Open Oceans

draft of a treaty that would en-
A sure orderly exploitation of the
oceans and would curb military
activities in undersea areas has been pre-
sented to the Senate by Senator Clai-
borne Pell, Democrat of Rhode Island.
He urged consideration of the treaty be-
cause of “the probable danger of anarchy
in the Ocean Space of this globe” aris-
ing from the fact that technology has
brought advanced nations “to the verge
of total undersea capability at any depth
of the world ocean.” International co-
operation in the oceans, the Senator said,
“is of comparable importance to that

achieved in the field of outer space.”
The treaty, which was believed in
Washington to be the first one prepared
by a member of Congress rather than by
the Executive Branch, would establish
free access to ocean space by all nations.
Exploration and exploitation of the nat-
ural resources of the ocean bottoms
would be regulated by licenses issued
under the authority of the United Na-
tions. Nations would be prohibited from
emplacing on the ocean bottoms “any
()bjects containing nuclear weapons or
any kinds of weapons of mass destruc-
tion.” Such areas could be used, how-
I ever, for the temporary stationing of
military submarines and for the emplace-
ment of devices to detect or track sub-

| marines.

Fastest Pulse in the Galaxy
A celestial object that emits radio

pulses so frequent and so precisely
timed that they were at first thought to
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have a technological origin has been re-
ported in Nature by workers at the Mul-
lard Radio Astronomy Observatory of
the University of Cambridge. The radio
pulses repeat at the precise interval of
1.3372795 = .0000020 second. Indeed,
the timing of the pulses is so regular that
one can detect from them whether the
earth in its orbit is moving toward the
source or away from it. This and other
evidence made it clear that the signals
did not originate from an artificial source
within the solar system. The rapid dis-
covery of three similar sources in other
parts of the sky also makes it unlikely
that the emissions are anything but nat-
ural. The best guess at present is that the
pulses are generated by the stable oscil-
lations of white-dwarf stars. The work-
ers who reported the discovery are A.
Hewish, S. J. Bell, J. D. H. Pilkington,
P. F. Scott and R. A. Collins.

Precisely timed pulsations are not un-
known among variable stars. For exam-
ple, many variables of the RR Lyrae type
have pulsation periods of about half a
day, and over many years of observation
these periods are found to be constant to
one part in 108 Such stars are said to
have a high Q circuit, meaning that they
are resonating at a natural frequency
with only a tiny loss of energy on each
cycle. The natural frequency of such a
star (or of any body) varies as the square
root of the density; the higher the den-
sity, the higher the frequency. If the sun
were to start resonating at its natural
frequency, it would have a period of
about an hour. The period of 1.34 sec-
onds of the new radio object suggested
that if it were a variable star, its density
would be enormous. Such would be the
case in a white-dwarf star or a neutron
star. Neutron stars have been proposed
on theoretical grounds but have never
been directly observed. In them matter
would be so dense that most of its elec-
trons would have been forced onto pro-
tons to form neutrons.

In a recent study at Princeton Univer-
sity, D. W. Meltzer (now at the Univer-
sity of Rochester) and Kip S. Thorne
(now at the University of Chicago and
the California Institute of Technology)
calculated the pulsation periods for stars
with central densities from 105 to 101?
grams per cubic centimeter (covering
the range from white dwarfs to neutron
stars). A minimum period of about eight
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seconds was ccmputed for a white dwarf
consisting of iron with a density of 107
grams per c.c. A neutron star, being of
much higher density, would pulsate
much more rapidly: about 1,000 times
per second. Thorne is now reviewing his
calculations with James Ipser of Cal
Tech; they believe that neutron stars are
still ruled out as candidates but that pul-
sation periods as brief as a second might
be possible for dwarfs composed of ele-
ments other than iron.

As for the mechanism of pulsation,
Thorne suggests that a young white
dwarf may still retain an envelope of hy-
drogen that occasionally becomes hot
enough for nuclear burning to occur for
a short time. This could set the star
“ringing,” and the pulsations might go
on for hundreds or thousands of years.
In the case of a neutron star the phenom-
enon of collapse by which the star is
formed might provide the energy needed
to start it pulsating. Shock waves from
the pulsations may accelerate electrons
and give rise to the radio emissions.

A tentative identification of the 1.34-
second object has been reported in Na-
ture by Martin Ryle and Judy A. Bailey
of the Mullard Radio Astronomy Ob-
servatory. They believe it is a blue star
of 18th magnitude that appears close to
the calculated radio position on Palomar
Sky Survey plates. They estimate that
the star is between 150 and 300 light-
years away. Astronomers at the Mount
Wilson and Palomar Observatories be-
lieve that if the object exhibits a 1.34-
second period in the visible part of the
spectrum, the pulsations should be de-
tectable with the 200-inch Palomar tele-
scope.

Antarctica’s Ancient Amphibian

rrhe first evidence that land verte-
~ brates once lived in Antarctica has
been uncovered by a group of geologists
from the Institute of Polar Studies at
Ohio State University. The evidence is a
fossilized fragment of the lower jaw of
a freshwater amphibian, probably about
four feet long, that lived more than 200
million years ago. Animals closely relat-
ed to the Antarctic amphibian, a sala-
mander-like creature known as a laby-
rinthodont, lived at the same time in
Africa, Australia and Madagascar. This
provides another impressive argument
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for the theory that Antarctica was at one
time joined to these three land masses
(and probably to South America and In-
dia as well), forming a single giant conti-
nent that has been named Gondwana-
land. Some 200 million years ago rifts
formed in Gondwanaland and the land
masses we now know drifted apart (see
“The Confirmation of Continental Drift,”
by Patrick M. Hurley, page 52).

The jawbone fragment of the laby-
rinthodont was found last December in
a succession of sediment layers 2,500
feet thick that form a cliff near the upper
Beardmore Glacier, 325 miles from the
South Pole. The bone was lying in the
bed of an ancient stream, surrounded by
fossil freshwater plants of the early
Triassic period. Below it in the clift, and
therefore older, were such typical Gond-
wanaland plants as the fern Glossopteris.

The Ohio State party was led by Peter
J. Barrett of New Zealand. The fossil
fragment was identified by Edwin H.
Colbert, curator of vertebrate paleon-
tology at the American Museum of Nat-
ural History. He believes that the dis-
covery in Antarctica of a freshwater land
vertebrate closely related to species
known to have existed elsewhere is even
more convincing evidence for Gond-
wanaland than the existence of similar
plant life in the same regions, because
one can imagine spores being carried
across salt-water barriers but scarcely a
freshwater animal. Presumably Antarc-
tica was not centered over the South
Pole when the labyrinthodont was alive
but drifted there from a more tropical
latitude.

Health and Smoking (Discontinued)

Between 1959 and 1965 the number of
¥ American men who smoked ciga-
rettes declined by about 22 percent, ac-
cording to a survey of more than a mil-
lion men and women conducted by the
American Cancer Society. Whereas 45.8
percent of men over 30 smoked in 1959,
only 35.8 percent smoked in 1965.
Among women the comparable figures
were 25.8 percent and 22.6 percent, for
a relative decrease of 12.4 percent.

A study of individuals who reported
their smoking habits over the six-year
period confirmed what might have been
expected: the habit is harder to break
the more one smokes. Among men who
smoked less than half a pack a day in
1959, 47.5 percent reported in 1965 that
they had given up smoking. Among
two-pack-a-day smokers (20 to 39 ciga-
rettes) 24 percent had quit. And among
the heaviest smokers (40 or more ciga-
rettes a day) only 18.6 percent were able
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to stop—but this is still almost one man
in five.

The study also shows that the ciga-
rette habit is harder to break the younger
one is when one begins smoking. Among
men who began smoking before they
were 15 years old, 47.3 percent reported
no change in their consumption; 13.5
percent said they were smoking more
and 23.2 percent had stopped. Among
men who began smoking after age 24,
the comparable figures were 36.5, 11.4
and 38.5 percent. The results of the sur-
vey are reported in the American Journal
of Public Health by E. Cuyler Ham-
mond and Lawrence Garfinkel of the
American Cancer Society.

The Genetic Code (Concluded)

r]‘he quest to assign a meaning to all

- 64 triplet “words” in the genetic
code is apparently ended with the find-
ing that the triplet UGA is a “period”
that results in the termination of a pro-
tein chain. Thus UGA plays the same
role as two other triplets, UAG and
UAA, that had previously been found to
terminate protein synthesis. The other
61 triplets, or codons, designate one or
more of the 20 amino acids the living
cell links in various sequences to make
protein molecules.

The letters U, G and A stand respec-
tively for the nitrogenous bases uracil,
guanine and adenine; another base, cy-
tosine (C), is the fourth in the set of four
“letters” that can be assembled into 64
different triplet sequences. When they
are attached to a backbone consisting of
alternating units of ribose sugar and
phosphate, the four bases, in various
triplet sequences, form molecules of
messenger ribonucleic acid (messenger
RNA). These molecules transcribe the
genetic message of the genes and convey
it to the site of protein synthesis. A single
molecule of messenger RNA, however,
usually carries the information needed
for making more than one kind of pro-
tein molecule. The question therefore
arose: What is the signal, presumably
embodied in a codon, that tells the cell
machinery when one protein molecule
is finished and another is to be started?

A study of mutants of the bacterium
Escherichia coli, conducted in many lab-
oratories, finally supplied the answer. It
was found that after mutation the mes-
senger RNA for a particular protein
sometimes formed two short protein
chains instead of one long chain. This
happened when one of the codons in the
messenger RNA mutated to become
UAG or UAA. Prior to mutation the
codon might have been any other trip-
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let differing in the first, second or third
position, for example GAG, UGG or
UAU. Before mutation these triplets
specified a particular amino acid; after
mutation to UAG or UAA they no long-
er specified any amino acid and thus
the protein chain terminated. UAG and
UAA were termed nonsense codons.
Last year workers at the Laboratory
of Molecular Biology at the University
of Cambridge found evidence that the
unassigned triplet UGA also acted as a
nonsense codon, but they were not quite
sure that it was fully equivalent to UAG
or UAA as a chain-terminator. This was
subsequently demonstrated by David
Zipser of Columbia University. He pro-
duced E. coli mutants in which the
change of one letter in a particular codon
led to the formation of a single long pro-
tein chain instead of two short ones. By
analyzing his results Zipser could show
that the mutation had changed UGA
into UGG (the codon for the amino acid
tryptophan) and that UGA therefore
must have acted as a chain-terminator.

Fourth Enzyme Structure

C arboxypeptidase is the fourth enzyme

(and sixth protein) whose three-
dimensional structure has been mapped
in detail by X-ray crystallography. Car-
boxypeptidase cleaves molecules of food
protein by hydrolyzing peptide bonds.
Perhaps the chief novelty of the carboxy-
peptidase investigation is that the mole-
cule’s overall structure has been eluci-
dated well in advance of its amino acid
sequence. The molecule consists of a
single chain of 307 amino acid units, 25
percent more than the next-largest en-
zyme (chymotrypsin) to be mapped by
X-ray methods. The amino acid se-
quence of only the first third of the car-
boxypeptidase chain has so far been
established with certainty; the sequence
of the middle third is still tentative and
the sequence of the remainder is un-
known.

William N. Lipscomb and his co-
workers at Harvard University were able
to overcome this disadvantage by push-
ing their X-ray analysis to approximately
atomic dimensions: two angstrom units.
The analysis of only one protein, myo-
globin, has been carried to a higher reso-
lution (1.5 angstroms), and myoglobin
has only half as many amino acid units
as carboxypeptidase does. The X-ray
map of carboxypeptidase is so detailed
that Lipscomb has been able to identify
about 80 percent of the amino acids,
taking into account their position in the
chain as well as their shape. About 30
percent of the molecule consists of heli-
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Ceramics in fine form
meet electronics’ pressing demands

As you would expect, the potters’ craft has progressed since
the Jomon ware of Neolithic Japan. Yet today’s manufac-
turing processes are broadly the same as those 9,500 years
ago! The basic materials and range of applications have be-
come extremely diverse however.

Recently, ceramists became interested in a powder metal-
lurgy process known as hot pressing. This is a piece produc-
tion process, usually confined to the laboratory, in which
the traditionally separate operations of forming and sintering
a powder are carried out simultaneously.

Hot pressing gives extremely good control of the grain size and
porosity of a material — an im-
portant factor in the production
of ceramics with special electrical
and magnetic properties. Its sin-
tering temperature is lower, so
you can sinter materials which
would decompose at higher tem-
peratures and it gives better di-
mensional accuracy too.

In spite of these attractive fea-
tures, hot pressing is intrinsically
more complicated and expensive
than the conventional process.
Therefore it has been used only
where expense is no object e.g. in
aerospace projects.

Other problems are the adhesion
of the material to the die wall and
relatively short die life.

In electronics there is a growing
need to produce ferrites, titanates
and similar materials of consistent-
ly high quality, as economically
as possible. Seeking a solution,

Electronmicrograph of the fracture surface of a
magnesium-manganese ferrite showing the regular
fine grains.

G. S. Gruintjes of our laboratory asked: Why can’t we push
the heated powder through the hot die under a pressure
applied by two opposing punches? In that way we could
prevent the product sticking to the die wall. It worked. Next
phase ... Why can’t we add another batch of powder on top
of the product during this movement? In that way we could
make products with a large height to diameter ratio. It wor-
ked. But many problems remained.

With these ideas as a basis,Dr. G.J. Oudemans and his team at
Philips Research Laboratories in Eindhoven Holland, set out to
make a continuous hot pressingprocess. Theyselected alumina
as the die material, preventing pos-
sible fracture by putting it under
compressive stress. They also expe-
rimented with powder supply and
pressure sequences. The result?
Long rods of ferrites with sub mi-
cron grains of uniform size and a
beautifully smooth finish. Denser
piezo-electric materials. Die life
of over a year. And a fully auto-
matic process.

The continuous process has made
hot pressing an agreeable labora-
tory operation. With it, our team
is making fine grained ferrites
with better high frequency or
microwave properties than are
obtained by conventional means.
They also produced a sodium-po-
tassium niobate ceramic with less
than 1% porosity.

But the process is not for the
laboratory only ... it is already
‘being taken out of our hands for
use in the factory.

In the Research Laboratories of the Philips group of companies, scientists work together in many fields of science. Among these are: Acous-
tics, Cryogenics, Information Processing, Mechanics, Nuclear Physics, Perception, Solid State, Telecommunications, and Television.

Our research is an essential tool for maintaining the [pups
standards implied in the slogan:

trust in PHILIPS is world-wide \_&/
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You'll travel three times faster
than the speed of sound
in the new SST.

(The steels are ready whenever you are)

1,800 miles per hour in the cold
stratosphere 12 miles above the earth.
That’s three times as fast as present
jetliners, and twice as high!

Long as a football field. .. five
stories tall at the tail . . . propelled by
the world’s most powerful turbojet
engines by General Electric, this
fantastic plane will squeeze the
person-to-place world three times
smaller than ever!

The economic impact of the
Boeing SST, planned for operation by
1974-75, will be unparalleled in com-
mercial transportation by air. For
instance, production of the SST’s will
create 100,000 new jobs throughout
the country in hundreds of companies.

To date, over a hundred of these
planes are on order by commercial
air carriers around the world. Predic-
tions are for the sale of more than
400 SST’s by 1980.

Months of simulated supersonic
flight testing revealed that only the
very finest materials, including
supersteels, would meet the rugged
demands. That’s why substantial ton-
nage of Republic Hi-Performance*
steel will be used in critical areas in
each SST. A special Republic HP
steel was developed specifically for
this supersonic aircraft, and it won
unqualified acceptance in competi-
tion with several other kinds of high

strength steel tested.
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Soon this fantastic enterprise will
become reality. But the precision
steels for this and other large-scale
American developments of the future
are ready now.

At this moment, the long reach of
steel from Republic is probing into
areas wherever man’s imagination
needs it — from the ocean depths to
outer space, from the heartbeat of
man to the drumbeat of defense.

Republic Steel Corporation, Cleve-
land, Ohio 44101.

* A Trademark of Republic Steel Corporation

You Can Take the Pulse of Progress at

REPUBLIC STEEL

CLEVELAND, OHIO 4410}






BESIDES
WORKING IN THE OCEAN,
NORTH AMERICAN ROCKWELL
IS BUSY...

Producing axles, brakes, springs and
universal joints for heavy-duty
vehicles at the Rockwell-Standard Divisions.

Developing a sodium-cooled Fast
Breeder Nuclear Reactor at the
Atomics International Division.

Working on the nation’s most
advanced military and space electronics
systems at the Autonetics Division.

Producing single shuttle looms,
bearings and weaving machines at the
Draper Division.

Powering all three stages of Apollo/
Saturn V that will send man safely to

the moon and return at the
Rocketdyne Division.

Producing filters, industrial gears,

other power transmission equipment and
cotton ginning machinery at the
Industrial Divisions.

Probing the future of supersonic travel
with data from the X-15 and XB-70A
advanced research aircraft at the

Los Angeles Division.

Building tactical missiles, the mach 2
Vigilante reconnaissance airplane and the
OV-10A light armed reconnaissance
airplane at the Columbus Division.

Designing and building Apollo service

and command modules at the Space Division.

Producing the country’s fullest line of
business, agricultural and pers%nal
aircraft at the Aero Commander Division.

Probing the basics of physics,
chemistry, metallurgy and mathematics
at the Science Center.

Designing at the Ocean Systems Operations
a four-man research submarine that
will operate at 2,000 feet.

And we’re working overseas with
affiliates and licensees in nineteen foreign
countries.

North American Rockwell Corporation,
2300 East Imperial Highway, El Segundo,
California 90245

cal regions, chiefly the alpha helix of 3.6
amino acid units per turn. This is rough-
ly equal to the proportion found in the
molecule of lysozyme but much less than
the 75 percent in myoglobin. Another
configuration, the “pleated sheet,” ac-
counts for some 20 percent of the car-
boxypeptidase molecule. There are four
pairs of pleated-sheet sections, including
parallel arrangements never before ob-
served.

A major goal of enzyme investigations
is to discover how enzymes work. Car-
boxypeptidase forms a complex with
many simple substrates consisting of two
or three amino acid units. X-ray studies
of one such complex show that the car-
boxypeptidase molecule changes shape
significantly when the substrate is pres-
ent and being split by hydrolysis. A par-
ticular portion of the enzyme shifts 14

| angstroms—about a quarter of the width

of the whole molecule—to engage part
of the substrate. This is the largest dis-
placement yet seen in X-ray studies of
enzymes and supports the “induced fit”
model of enzyme action.

Investigators who have worked with
Lipscomb in his six-year study include
G. N. Reeke, J. A. Hartsuck, Martha L.
Ludwig, F. A. Quiocho and T. A. Steitz.
The Harvard group collaborated closely
with Hans Neurath of the University of
Washington, whose laboratory has been
analyzing the amino acid sequence of
the enzyme. Bert L. Vallee of the Har-
vard Medical School has been partici-
pating in studies of the enzyme’s mode
of action.

Falling Birthrate

he birthrate of the U.S. reached its

lowest level in history last year, ac-
cording to the National Center for
Health Statistics of the Department of
Health, Education, and Welfare. The
rate was 17.9 live births for every 1,000
persons in the population. It compared
with the previous low of 18.4, which was
reached in 1966 and in the depression

| years of 1933 and 1936. The highest rate

of recent times was 26.6 in 1947, soon
after the end of World War II. Last year
the absolute number of births also de-
clined: it was 3,533,000, compared with
3,606,000 in 1966.

Arthur A. Campbell, chief of the Na-
tality Statistics Branch of the center,
said the decline resulted from two major
changes in the timing of births among
women of childbearing age. The young-
er women of the group are tending to
have babies somewhat later than was
the case a decade ago, and the older
women are tending to stop having babies
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somewhat sooner. Campbell also noted
that there appears to be a trend toward
smaller completed families of two or
three children instead of three or four as
in the past.

Factory-made Rain

Since 1925 it has been raining more

than it used to in La Porte, Ind., and
more than in nearby cities; there has
been more thunder and a lot more hail.
It now seems probable that the “La
Porte anomaly” is caused by heat from
the Chicago industrial complex some 35
miles west, or upwind. The anomaly had
been noted some time ago and the link
to Chicago had been suggested: In 1962
Glenn E. Stout of the Illinois State
Water Survey pointed out that the rising
curve of precipitation at La Porte gen-
erally matched a curve for annual steel
production in the Chicago area and that
production peaks were associated with
periods of high precipitation. The pos-
sibility remained, however, that the
weather anomaly was “fictional,” the re-
sult of errors in observation or factors
affecting the exposure of precipitation
gauges.

Stanley A. Changnon, Jr., of the State
Water Survey therefore reviewed pre-
cipitation, thunderstorm and hail rec-
ords for La Porte and compared them
with records for nearby communities. He
reports in the Bulletin of the American
Meteorological Society that the agree-
ment among the three kinds of records
makes observer bias unlikely. Most of the
increase in precipitation has been in the
warm season of the year, whereas any
overexposure of gauges would have af-
fected snowfall more than rain. The pre-
cipitation curve for La Porte, Chang-
non found, matches a curve for days of
smoke and haze in Chicago—a reflection
of industrial activity. Moreover, regional
patterns for thunderstorms and hail sup-
port the high values at La Porte. Chang-
non concludes that the La Porte weather
anomaly is real.

Industrial activity increases air tem-
perature, the amount of water vapor and
the number of smoke and dust particles
that can serve as nuclei for condensation
or freezing and thus increase rainfall.
Which factor is responsible for La
Porte’s weather? The increases in thun-
derstorms and hailstorms
warm-season rain suggest that what is
special at La Porte is additional convec-

as well as

tive activity, or upward movement of
warmed air. Changnon notes too that La
Porte often had thunder or hail in the
early morning when nearby communi-
ties did not. Of the various possible fac-
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tors, a “thermal island” created by in-
dustrial heat would have a relatively
great effect in the ordinarily cool morn-
ing hours. On the basis of such data
Changnon suggests that heat from in-
dustry is the primary cause of the con-
vective activity responsible for the La
Porte anomaly.

Sexual Behavior and Mongolism

"I'he declining frequency of sexual re-

- lations that is characteristic of older,
long-married couples may explain the
high incidence of mongolism in children
born to older women. This hypothesis is
proposed in an article in Nature by
James German of the Cornell University
Medical College. The congenital anom-
aly called mongolism, which involves
mental retardation and certain physical
signs, occurs about once in 650 births.
The rate is about one in 3,000 in women
under 30 but rises to one in 40 births in
women 45 and over. Since 1959 mon-
golism has been associated with a chro-
mosomal abnormality: the baby’s cells
have an excess of chromosomal material,
usually in the form of an extra chromo-
some, Number 21. The chromosomal
error was assumed to be the result of
some kind of deterioration of the female
germ cells in older women. German be-
lieves delayed fertilization may be a
more likely explanation.

The human egg, having left the ovary,
remains fertilizable for about 24 hours,
German points out. On the basis of ani-
mal studies, it is likely that the egg be-
gins to deteriorate before it becomes in-
fertile; the deterioration can include a
disarrangement of chromosomes. Male
spermatozoa maintain their fertilizing
potential for about 48 hours. If inter-
course occurs at least about every two
days, therefore, an egg entering the Fal-
lopian tube is likely to be met by a fresh
spermatozoon and to be fertilized be-
fore it begins to deteriorate. If coitus
occurs only sporadically, or regularly
but infrequently, delayed fertilization is
possible. In general the frequency of
marital coitus decreases with age, and
so the older woman would be more likely
to bear a mongoloid child.

German suggests that his hypothesis
could be checked by surveys concentrat-
ing on frequency of sexual intercourse
rather than on age. Is the incidence
of mongolism higher in those women,
young or older, who have infrequent re-
lations than in those who have frequent
and regular coitus? Among older wom-
en, is the incidence lower for those who
have been married recently and who
might as a group be expected to be more

50

active sexually than those married for a
long time? In this connection German
cites one survey in which the duration of
marriage was recorded for mothers of
mongoloid children. Among older wom-
en there was “a striking lack of marriages
of short duration,” although a group of
older mothers ordinarily includes many
women who married late in life.

If his hypothesis should prove to be
correct, German writes, it will show
that human disease can be the result of
a seemingly normal pattern of behavior
rather than of damage from some inhos-
pitable environment or of a spontaneous
error of nature. Moreover, the way
would be open to a reduction in the in-
cidence of mongolism.

Pre-Neolithic Danubians

rro the total of about half a dozen vil-

- lages known to have thrived without
benefit of organized farming 7,000 to
9,000 years ago in the Near and Middle
East can be added one more from a new
area: Central Europe. The village is
near Lepenski Vir (“the whirlpool of
Lepena”) on the Yugoslav bank of the
Danube about a mile above the point
where the Boljetinska River joins the
main stream. This is an area where the
Danube narrows to run through a steep-
walled canyon on its way to the Iron
Gates; the site was discovered in the
course of salvage archaeology in an area
that will soon be flooded by a hydro-
electric project. Last summer and fall
Dragoslav Srejovi¢ of the University of
Belgrade excavated a three-yard-thick
cultural deposit covering a steeply
pitched, 100-yard stretch of beach in the
canyon. The upper half of the deposit
proved to contain remains typical of the
Staréevo culture, a Neolithic horizon in
the Balkans that flourished some 7,000
years ago.

The lower half of the Lepenski Vir
site, the contents of which give no hint
that its inhabitants possessed domesti-
cated plants or animals, includes the re-
mains of some 30 rectangular one-family
dwellings with hard lime-plastered floors
and central hearths. Fifteen human buri-
als have been unearthed. Among the ani-
mal remains are fishbones, the tusks of
wild boar, a set of large stag antlers, the
bones of small carnivores and the skull
of a bovine animal.

The greatest surprise at Lepenski Vir
was the discovery of some 40 decorated
stone objects, many of which came from
the lower level at the site. Made from
red or gray sandstone with designs in-
cised in negative relief, the stone ob-
jects are usually spherical and range
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from the size of a fist to more than a foot
and a half in diameter. Motifs range
from quizzical human faces to geometric
meanders that resemble the decorations
executed on bone by the hunting peo-
ples of postglacial Europe a few millen-
niums earlier.

Carbon-14 dates for the site are not
yet available. The sophistication of the
pre-Neolithic village suggests, however,
that the main elements in the revolution
that reached Europe from the Near East
were more the specific techniques of
food production than any broad funda-
mentals of social organization.

Bypassed Spinal Cord

\‘/hen someone suffers a completely

severed spinal cord, it is generally
assumed that he has permanently lost
the use of muscles controlled by nerves
branching from the cord below the
break. Studies at a rehabilitation center
in England now suggest that in such a
person the muscles themselves can pro-
vide pathways between regions below
the break and the brain. At a recent
meeting of the Royal Society of Medi-
cine, Sir Ludwig Guttmann of the Stoke
Mandeville Hospital pointed out that
muscle systems such as the latissimus
dorsi are connected at the lower end to
the pelvis, the rib cage or the spine and
at the upper end to parts of the skeleton
that may be above a break in the spinal
cord; by the same token these muscle
systems have nerve connections with
the cord above the break. The latissimus
dorsi itself extends to the pelvis, but it is
normally involved in movements of the
arm. Under Guttmann’s care, patients
with severed spinal cords have learned
to use the muscle to move the paralyzed
pelvis instead. This movement in turn
improves the tone of paralyzed muscles
in the hip and knee.

Guttmann also described how nerve-
muscle systems below a break in the
spinal cord and totally isolated from the
brain can be trained to function. For ex-
ample, reflex arcs can be established that
will stiffen and lock the extensor muscles
of the legs so that, after a number of
practice sessions, injured persons are
able to stand upright on their paralyzed
legs for as long as half an hour. Suggest-
ing that other nerve-muscle reflexes
should be investigated in the hope
of similarly reconditioning respiratory,
eliminative and sexual function in spinal-
injury paralysis, Guttmann concluded
with a quotation from the pioneer neu-
rophysiologist Sir Charles Sherrington:
“Each and every part of the animal is
integrative.”



How Renault scrimps

on gas without
scrimping on car.

The Renault 10 can scrimp at
the rate of 35 miles a gallon.

One of the chief reasons for
this remarkable mileage is the
Renault 10’s engine. Quite sim-
ply, if youdon’t waste power, you
don’t waste gas. Which isn’t all
that simple.

In practice, it meant develop-
ing a new casting technique to
get a more compact engine block.
By keeping the block size down,
we keep the car size down, which
keeps the gas consumption down.

It meant anchoring the crank-
shaft with 5 main bearings (as
much as most V-8's) to cut vi-
brations down to an irreducible

minimum. No vibration, no pow-
er waste, no gas waste.

A PIECE OF PAPER CAN
SUPPORT A 4}5 Ib.BRICK

To explain the next bit of gas-
saving we've set up a little dem-
onstration. (above)

The Renault10

*P.0.E. EAST COAST.
AUTOMATIC TRANSMISSION
OPTIONAL. FOR INFORMATION
WRITE RENAULT,INC.,
BOX 12, 750 3RD AVE,NYC
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= RENAULT®

Without those pleats, the same
paper would never even support
another piece of paper. That, in
principle, is the kind of extra
wrinkle we design into the steel
structure of the Renault 10. It
allows us to increase strength

and rigidity without increasing
sheer dead weight. And by not
increasing dead weight, again, we
don’t increase gas consumption.

Now, with your permission,
a little documentation on how
little scrimping there is on car.
Included in the $1,745* price:
Seats that have been compared
with the seats in a Rolls-Royce.
And which convert into twin
beds. 11 cubic feet of trunk. Top
speed, 85. Self-adjusting 4-wheel
disc brakes. 4-wheel independ-
ent suspension. 4 doors. 4-speed
synchromesh transmission.

If there’s any scrimping on
the Renault 10 at all, it’s on the
gas tank. It only holds ten gal-
lons. (About 350 miles worth.)
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The Confirmation of Continental Drift

After years of debate many lines of evidence now favor the idea

that the present continents were once assembled into two great

land masses: Gondwanaland in the south, Laurasia in the north

s recently as five years ago the hy-
A pothesis that the continents had
drifted apart was regarded with
considerable  skepticism, particularly
among American investigators. Since
then, as a result of a variety of new find-
ings, the hypothesis has gained so much
support that its critics may now be said
to be on the defensive. The slow accept-
ance of what is actually a very old idea
provides a good example of the intensive
scrutiny to which scientific theories are
subjected, particularly in the earth sci-
ences, where the evidence is often con-
flicting and where experimental demon-
strations are usually not possible.

As long ago as 1620 Francis Bacon
discussed the possibility that the West-
ern Hemisphere had once been joined
to Europe and Africa. In 1668 P. Placet
wrote an imaginative memoir titled La
corruption du grand et du petit monde,
ou il est montré que devant le déluge,
TP Amérique n’était point séparée des au-
tres parties du monde (“The corruption
of the great and little world, where it is
shown that before the deluge, America
was not separated from the other parts
of the world”). Some 200 years later An-
tonio Snider was struck by the similari-
ties between American and European
fossil plants of the Carboniferous period
(about 300 million years ago) and pro-
posed that all the continents were once
part of a single land mass. His work of
1858 was called La Création et Ses Mys-

FIT OF CONTINENTS (opposite page)
was optimized and error-tested on a com-
puter by Sir Edward Bullard, J. E. Everett
and A. G. Smith of the University of Cam-
bridge. Over most of the boundary the av-
erage mismatch is no more than a degree.
The fit was made along the continental slope
(light gray) at the 500-fathom contour line.
The regions where land masses, including
the shelf, overlap are black; gaps are white.

by Patrick M. Hurley

téres Dévoilés (“The Creation and Its
Mysteries Revealed”).

By the end of the 19th century geolo-
gy had come seriously into the discus-
sion. At that time the Austrian geologist
Eduard Suess had noted such a close
correspondence of geological formations
in the lands of the Southern Hemisphere
that he fitted them into a single continent
he called Gondwanaland. (The name
comes from Gondwana, a key geological
province in east central India.) In 1908
F. B. Taylor of the U.S. and in 1910 Al-
fred L. Wegener of Germany indepen-
dently suggested mechanisms that could
account for large lateral displacements
of the earth’s crust and thus show how
continents might be driven apart. Weg-
ener’s work became the center of a de-
bate that has lasted to the present day.

Wegener advanced a remarkable
number of detailed correlations, drawn
from geology and paleontology, indicat-
ing a common historical record on the
two sides of the Atlantic Ocean. He pro-
posed that all the continents were joined
in a single vast land mass before the
start of the Mesozoic era (about 200 mil-
lion years ago). Wegener called this
supercontinent Pangaea. Today the evi-
dence favors the concept of two large
land masses: Gondwanaland in the
Southern Hemisphere and Laurasia in
the Northern.

In the Southern Hemisphere an addi-
tional correlation was found in a suc-
cession of glaciations that took place in
the Permian and Carboniferous periods.
These glaciations left a distinctive rec-
ord in the southern parts of South Amer-
ica, Africa, Australia, in peninsular In-
dia and Madagascar and, as has been
discovered recently, in Antarctica. The
evidence of glaciations is compelling.
Beds of tillite—old, consolidated glacial
rubble—have been studied in known
glaciated regions and are unquestioned
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evidence of the action of deep ice cover.
In addition many of the tillites rest on
typically glaciated surfaces of hard crys-
talline rock, planed flat and grooved by
the rockilled ice moving over them.

This kind of evidence has been found
throughout the Southern Hemisphere. In
all regions the tillites are found not only
in the same geological periods but also
in a sequence of horizontal beds bearing
fossils of identical plant species. This se-
quence, including the geological periods
from the Devonian to the Triassic, is
called the Gondwana succession. The
best correlations are apparent in the
Permocarboniferous beds, where two
distinctive plant genera, Glossopteris
and Gangamopteris, reached their peak
of development. These plants were so
abundant that they gave rise to the Car-
boniferous coal measures, which are
commonly interbedded in the Gond-
wana succession [see top illustration on
next two pages].

The South African geologist Alex L.
du Toit and others have sought out and
mapped these Gondwana sequences so
diligently that today they provide the
strongest evidence not only that these
continental areas were joined in the past
but also that they once wandered over or
close to the South Pole. It is inconceiv-
able that the complex speciation of the
Gondwana plants could have evolved in
the separate land masses we see today.
It takes only a narrow strip of water, a
few tens of miles wide at the most, to
stop the spread of a diversified plant re-
gime. The Gondwana land mass was ap-
parently a single unit until the Mesozoic
era, when it broke into separate parts.
Thereafter evolution proceeded on di-
vergent paths, leading to the biological
diversity we observe today on the differ-
ent continental units.

Wegener and Du Toit published their
work in the 1920’s and 1930’s. The de-
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bate for and against drift became polar-
ized largely between geologists of the
Southern Hemisphere and the leaders
of geophysical thought in the Western
Hemisphere. Eminent geophysicists such
as Sir Harold Jeffreys of the University
of Cambridge voiced strong opposition
to the hypothesis on the grounds that
the earth’s crust and its underlying man-
tle were too rigid to permit such large
motions, considering the limited energy
thought to be available.

Not all felt this way, however. In the
late 1930’s the Dutch geophysicist F. A.
Vening Meinesz proposed that thermal
convection in the earth’s mantle could
provide the mechanism. His ideas were
supported by his gravity surveys over
the deep-sea trenches and the adjacent
island arcs of the western Pacific. The
results implied that some force was
maintaining the irregular shape of the
earth’s surface against its natural tend-
ency to flatten out. Presumably the force
was somehow related to thermal convec-
tion. Arthur Holmes of the University of
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.l GLOSSOPTERIS

GONDWANA SUCCESSION is the name given to a late Paleozoic
succession of land deposits found in South America, Africa, Ant-
arctica, India and Australia. The succession contains beds of tillite

Edinburgh added his weight to the ar-
gument in favor of the hypothesis, and
he was followed by S. W. Carey of Tas-
mania, Sir Edward Bullard and S. K.
Runcorn of Britain, L. C. King of South
Africa, J. Tuzo Wilson of Canada and

others [see “Continental Drift,” by J.
Tuzo Wilson; SCIENTIFIC AMERICAN,
April, 1963]. The historical and dynami-
cal characteristics of the earth now en-
gaged the attention of many more geo-
physicists, and today the interplay of all
branches of geology and geophysics gen-
erates the excitement of a new frontier
area.

Continents and Oceans

Although the general nature of the
carth’s crust is familiar to most readers
of Scientific American, it is worth re-
viewing and summarizing some of its
major features while asking: How do
these features look in the context of con-
tinental drift? The earth’s topography
has two principal levels: the level of the
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GANGAMOPTERIS

(glacial rubble), coal deposits and a diversity of plants arranged
in such a way that perhaps 200 million years ago the different areas
must have been a single land mass known as Gondwanaland, or at

continental surface and the level of the
oceanic plains. The elevations in be-
tween represent only a small fraction of
the earth’s total surface area. What
maintains these levels? Left alone for
billions of years, they should reach equi-
librium at an average elevation below
the present sea level, so that the earth
would be covered with water. Instead
we see sharp continental edges, new
mountain belts, deep trenches in the
oceans—in short, a topography that ap-
pears to have been regularly rejuvenated.

The continental areas are a mosaic of
blocks that are roughly 1,000 kilometers
across and have ages ranging from about
3,000 million years to a few tens of mil-
lions. In Africa there appear to be sev-
eral ancient nuclear areas, or cratons,
surrounded by belts of younger rocks.
Most of the younger belts have an age
of 600 million years or less, contrasting
sharply with an age of 2,000 million to
3,000 million years for the cratons.

A closer look at the younger belts tells
us that although much of the material is
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the very least a closely associated mass connected by land bridges. Only two of several
major plant genera are plotted here: Glossopteris and Gangamopteris. The depths of the
various deposits have been arbitrarily aligned between the lower and the basal Permian.

apparently new, there are large blocks
that have the same age as the cratons.
It looks as if the earth’s surface has been
warped and folded around the ancient
continental masses, catching up seg-
ments of the crust and intruding young-
er igneous rocks into the folds. In some
places the ancient material has been al-

TYPICAL GONDWANA FLORA are Glossopteris communis
(leaf at left) and Gangamopteris cyclopteroides (right), two spe-
cies of fern that are identified in the Gondwana succession illus-

tered beyond recognition, but elsewhere
it has been left fairly undisturbed and
its antiquity can be determined by ra-
dioactive-dating methods. These com-
posite belts are termed zones of rejuve-
nation. When they are eroded down to
sea level, all we see, as far as topogra-
phy is concerned, is another part of the
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continental platform. Geological map-
ping. however, reveals the belt structure
clearly. A closer look at the cratons
shows us that they too have the struc-
ture of preexisting mountain belts that
have been carved into segments, with
the younger material always cutting
across the older structural pattern.

We see the process in action today.
Our young mountain belts have not been
ercded to sca level but show high eleva-
tions that are clearly apparent; we do
not need geological surveys to observe
them. It is only when we see the global
distribution of these mountain belts on
land areas, together with the distribu-
tion of rifts and their associated ridges
under the oceans, that we begin to per-
ceive the possibility that vast motions of
the earth’s surface may be their cause
[see illustration on next two pages].

The earth is also encircled by belts of
geological activity in the form of vol-
canoes, earthquakes and high heat flow,
and observable motions in the form of
folded rocks and the large displace-
ments known as faults. In recent years
the direction of displacements that are
not observable on the surface has been
deduced by the study of seismic waves
arriving at various points on the earth’s
surface frem earthquakes. It is now pos-
sible to tell the direction of slippage in
the zones of rupture within the solid
rocks of the earth’s near-surface regions,
so that the directions of the forces can
be obtained.

If one looks at a map such as the one
on the next two pages, one is immediate-
ly struck by the large scale and systemat-
ic distribution of these lines of geologic
activity. Some of the systems are coher-
ent over distances of several thousand
kilometers. This immediately suggests
the large-scale motion of material in the
earth’s interior. It does not, however,
necessarily imply motions extending a
similar distance into the interior. It is

trated at the top of these two pages. The fossils from which these
drawings were made were uncovered in the central part of Antarcti-
cain 1961-1962 by William E. Long of Alaska Methodist University.
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possible to have sheets of rigid material
supporting stresses and fracturing over
great distances if the underlying materi-
al is less rigid.

The topography of the ocean floors
has been rapidly revealed in the past two
decades by the sonic depth recorder.
The principal systems of ridges and
faults have been mapped in considerable
detail by such oceanographers as Bruce
C. Heezen and Maurice Ewing of Co-
lumbia University and H. W. Menard of
the Scripps Institution of Oceanography.
The layers of sediment on the sea floor
have also been explored by such meth-
ods as setting explosive charges in the
water and recording the echoes. It be-
came a great puzzle how in the total
span of the earth’s history only a thin
veneer of sediment had been laid down.

160 140 120 100

(518

40

40

60 —

160 140 120

WORLDWIDE GEOLOGICAL PATTERNS provide evidence that
the major land masses have been driven apart by a slow convection
process that carries material upward from the mantle below the
earth’s crust. The dark-colored lines identify the crests of oceanic
ridges that are now believed to coincide with upwelling regions.
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The deposition rate measured today
would extend the process of sedimenta-
tion back to about Cretaceous times, or
100 to 200 million years, compared with
a continental and oceanic history that
goes back at least 3,000 million years.
How could three-quarters of the earth’s
surface be wiped clean of sediment in
the last 5 percent of terrestrial time?
Furthermore, why were all the oceanic
islands and submerged volcanoes so
young? The new oceanographic investi-
gations were presenting questions that
were awesome to contemplate.

In the early 1960’s Harry H. Hess of
Princeton University and Robert S.
Dietz of the U.S. Coast and Geodetic
Survey independently proposed that the
oceanic ridge and rift systems were
created by rising currents of material
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which then spread outward to form new
ocean floors. On this basis the ocean
floors would be rejuvenated, sweeping
along with them the layer of sedimen-
tary material. If such a mechanism were
at work, no part of the ocean basins
would be truly ancient. Although this
radical hypothesis had much in its favor,
it appeared farfetched to most.

Tracking the Shifting Poles

During this time a group of physicists
and geophysicists were studying the
directions of magnetism “frozen” into
rocks in the hope of tracing the history
of the earth’s magnetic field. When an
iron-bearing rock is formed, either by
crystallization from a melt or by pre-
cipitation from an aqueous solution, it is

These ridges are crossed by large transcurrent tracture zones. The
broken lines show the approximate limits of the oceanic rises. The
light gray areas identify the worldwide pattern of recent moun-
tain belts, island arcs, deep trenches, earthquakes and volcanism
that apparently mark the downwelling of crustal material. The
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slightly magnetized in the direction of
the earth’s magnetic field. Unless this
magnetism is disturbed by reheating or
physical distortion it is retained as a
permanent record of the direction and
polarity of the earth’s magnetic field at
the time the rock was formed. By mea-
suring the magnetism in rocks of all ages
from different continents, it has been
possible to reconstruct the position of
the magnetic pole in the past history of
the earth. Great impetus was given to
this study by P. M. S. Blackett and Run-
corn, who with others soon found that
the position of the pole followed a path
going backward in time that was differ-
ent for each continent [see top illustra-
tion on next page].

The interpretation of this effect was
that the continents had moved with re-
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downwelling seems to coincide with the oc-
currence of deep earthquakes (triangles)
and earthquakes of intermediate depth (sol-
id dots). Upwelling zones seem to coincide
only with shallow earthquakes (open dots).

spect to the present position of the mag-
netic pole, and that since the paths were
different for each land mass, they had
moved independently. Because it was
unlikely that the magnetic pole had
wandered very far from the axis of the
earth’s rotation, or that the axis of rota-
tion had changed position with respect
to the principal mass of the earth, it
was concluded that the continents had
moved over the surface of the earth.
Moreover, since the shift in latitude of
the southern continents was generally
southward going backward in time, the
motions were in accord with the older
evidence pointing toward a Gondwana-
land in the south-polar regions. In short,
the magnetic evidence supported not
only the notion of continental drift but
also the general locations from which the
continents had moved within the appro-
priate time span.

This was still not enough to sway the
preponderance of American scientific
opinion. Finally, at the annual meeting
of the Geological Society of America in
San Francisco in 1966, came the blows
that broke the back of the opposition.
Several papers put forward startling new
evidence that related the concepts of
ocean-floor spreading and continental
drift, the cause of the oceanic-ridge and
fault systems and the direction and time
scale of the drift motions. In addition,
the development of new mechanisms
explaining displacement along faults
brought into agreement some of the for-
merly contradictory seismic evidence.

In the study of rock magnetism it was
observed that the earth’s magnetic field
not only had changed direction in the
past but also had reversed frequently. In
order to study how frequently and when
the reversals occurred three workers in
the U.S. Geological Survey—Allan Cox,
G. Brent Dalrymple and Richard R.
Doell—carefully measured the magnet-
ism in samples of basaltic rocks that
they dated by determining the amount
of argon 40 in the rocks formed by the
decay of radioactive potassium 40. They
noted a distinct pattern of reversals over
some 3.6 million years [see “Reversals
of the Earth’s Magnetic Field,” by Allan
Cox, G. Brent Dalrymple and Richard R.
Doell; ScienTiFic AMERICAN, February,
1967]. Their finding was soon confirmed
when Neil D. Opdyke and James D.
Hays of Columbia University found the
same pattern in going downward into
older layers in oceanic sediments. It was
thus established that the polarity of the
magnetic field had universally reversed
at certain fixed times in the past.

Meanwhile an odd pattern of magnet-
ism in the rocks of the ocean floors had
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been detected by Ronald G. Mason and
Arthur D. Raff of the Scripps Institution
of Oceanography. Using a shipborne
magnetometer, they found that huge
areas of the ocean floor were magnetized
in a stripelike pattern. Putting together
these patterns, the discovery of mag-
netic reversals and Hess’s idea that the
oceanic ridges and rifts were the site
of rising and spreading material, F. J.
Vine, now at Princeton, and D. H. Mat-
thews of the University of Cambridge
proposed that the hypothesis of the con-
tinuous creation of new ocean floors
might be tested by examining the mag-
netic pattern on both sides of an oceanic
ridge. The extraordinary discovery that
the pattern was symmetrical with the
ridge was demonstrated by Vine and
Tuzo Wilson, who studied the two sides
of a ridge next to Vancouver Island.

The history of the magnetic field go-
ing back into the past was laid out hori-
zontally in the magnetism of the rocks of
the sea floor going away from the ridge
in both directions. It appeared that new
hot material was rising from the rift in
the center of the ridge and becoming
magnetized in the direction of the earth’s
field as it cooled; it then moved outward,
carrying with it the history of magnetic
reversals. Since the dates of the reversals
were known, the distance to each re-
versed formation gave the rate of spread-
ing of the ocean floor [see bottom illus-
tration on next page].

This important piece of work was
quickly followed up by James R. Heirtz-
ler, W. C. Pitman, G. O. Dickson and
Xavier Le Pichon of Columbia, who
have now shown that the ridges of the
Pacific, Atlantic and Indian oceans all
exhibit similar patterns. In fact, these
workers have detected recognizable
points in the history of magnetic rever-
sals back about 80 million years, or in the
Cretaceous period, and have drawn iso-
chron lines, or lines of equal age, over
huge strips of the ocean floors. Hence
it is now possible to date the ocean floors
and perceive the direction and rate of
their lateral motion simply by conduct-
ing a magnetic survey over them. The
implications for the study of drifting
continents are immediately apparent.

These and other new findings do not
unequivocally call for continental drift.
It might be possible to have sea-floor
spreading without drifting continents.
Nonetheless, the directions and rates of
motion for both sea-floor spreading and
continental drift are entirely compatible.
Above all, the principal objection to a
hypothesis of continental movement has
been removed.

Looking back, it is interesting to ob-
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NORTH MAGNETIC POLE would appear to have wandered in-
explicably during the past few hundred million years (colored lines
at left), on the basis of “fossil” magnetism measured in rocks of
various ages in various continents. The diagram is based on one by

Allan Cox and Richard R. Doell of the U.S. Geological Survey. The

C RIDGE

G/LBERT REVERSAL
GAUSS NORMAL
MATUYAMA REVERSAL
BRUNHES NORMAL
BRUNHES NORMAL
MATUYAMA REVERSAL

GAUSS NORMAL

pole could hardly have followed so many different tracks simul-
taneously ; evidently it was the continents that wandered. K. M.
Creer of the University of Newcastle upon Tyne found that the
tracks could be brought together if South America, Africa and Aus-
tralia were grouped in the late Paleozoic as shown at the right.

MAGNETIC-POLARITY EPOCHS

GII BERT REVERSAL

YEARS BEFORE PRESENT (MILLIONS)

EVIDENCE FOR SEA-FLOOR SPREADING has been obtained
by determining the polarity of fossil magnetism in rocks lying on
both sides of oceanic ridges. In the diagram rocks of normal, or
present-day, polarity are shown in color; rocks of reversed polarity
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are in gray. The displacement of the two blocks represents a
transcurrent fracture zone. The symmetry suggests that the rocks
welled up in a molten or semimolten state and gradually moved
outward. The diagram is based on studies by a number of workers.
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serve how each new piece of evidence
presented in the past was met by coun-
terevidence. Wegener’s reconstruction,
for example, was countered by numerous
geologists who took exception to his de-
tailed arguments. The arguments for the
Permocarboniferous Gondwana glacia-
tions were countered by Daniel I. Axel-
rod of the University of California at
Los Angeles and others in this country.
They contended that most species of fos-
sil plant tend to be restricted to zones
of latitude that hold for the continents
in their present position, a fact that is
hard to reconcile with the presumed
pattern of glaciation. The idea that the
great Gondwana land masses drifted in
latitude has also been opposed by F. G.
Stehli of Case Western Reserve Univer-
sity; his studies suggest that ancient
fauna were most diverse at the Equator,
and that the Equator defined in this way
has not shifted.

Another Test of the Hypothesis

Any hypothesis must be tested on all
points of observational fact. The balance
of evidence must be strongly in its favor
before it is even tentatively accepted,
and it must always be able to meet the
challenge of new observations and ex-
periments. My own interest in the prob-
lem of continental drift was stimulated
at a 1964 symposium in London spon-
sored by the Royal Society and arranged
by Blackett, Bullard and Runcorn. At
that time Bullard and his University of
Cambridge associates J. E. Everett and
A. G. Smith presented an elegant study
of the geographic matching of conti-
nents on both sides of the North and
South Atlantic. They had employed a
computer to produce the best fit by the
method of least squares. Instead of using
shorelines, as had been done in earlier
attempts, they followed the lead of
S. W. Carey; he had chosen the central
depth of the continental slope as repre-
senting the true edge of the continent.

The fit was remarkable [see illustra-
tion on page 52]. The average error was
no greater than one degree over most of
the boundary. My colleagues and I at
the Massachusetts Institute of Technol-
ogy now began to think of further test-
ing the fit by comparing the sequence
and age of rocks on opposite sides of the
Atlantic.

Radioactive-dating techniques for de-
termining the absolute age of rocks had
reached a point where much could be
learned about the age and history of
both the ancient cratonic regions and
the younger rejuvenated ones. For such
purposes two techniques can be used in

combination: the measurement of stron-
tium 87 formed in the radioactive decay
of rubidium 87 in a total sample of rock,
and the measurement of argon 40
formed in the decay of potassium 40 in
minerals separated from the rock. A col-
laborative effort was arranged between
our geochronology laboratory and the
University of Sio Paulo in Brazil (in par-
ticular with G. C. Melcher and U. Cor-
dani of that institution). We also enlisted
the aid of field geologists who had been
working on the west coast of Africa (in
Nigeria, the Ivory Coast, Liberia and
Sierra Leone) and on the east coast of
Brazil and Venezuela. The Sio Paulo
group made the potassium-argon mea-
surements of the Brazilian rock samples;
we did the rubidium-strontium analyses
on samples from all locations.

European geochronologists (notably
M. Bonhomme of France and N. |. Snel-
ling of Britain) had done pioneering
work on the Precambrian geology of for-
mer French and British colonies and pro-
tectorates in West Africa. Of special
interest to us at the start was the sharp
boundary between the 2,000-million-
year-old geological province in Ghana,
the Ivory Coast and westward from
these countries, and the 600-million-
year-old province in Dahomey, Nigeria
and east. This boundary heads in a
southwesterly direction into the ocean
near Accra in Ghana. If Brazil had been
joined to Africa 600 million years ago,
the boundary between the two provinces
should enter South America close to the
town of Sdao Luis on the northeast coast
of Brazil. Our first order of business was
therefore to date the rocks from the vi-
cinity of Sdo Luis.

To our surprise and delight the ages
fell into two groups: 2,000 million years
on the west and 600 million years on the
east of a boundary line that lay exactly
where it had been predicted. Apparent-
ly a piece of the 2,000-million-year-old
craton of West Africa had been left on
the continent of South America.

In subsequent work on both sides we
have found no incompatibilities in the
age of many geological provinces on
both sides of the South Atlantic [see il-
lustration on next page]. Furthermore,
the structural trends of the rocks also
agree, at least where they are known.
Minerals characteristic of individual
belts of rocks are also found in juxtaposi-
tion on both sides; for example, belts of
manganese, iron ore, gold and tin seem
to follow a matching pattern where the
coasts once joined.

Can such comparisons be made else-
where? To some extent, yes. Unfortu-
nately the rifting process by which a
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continent breaks up seems to be guided
by zones of rejuvenation between cra-
tons, as if these zones were also zones of
weakness deep in the crust. It is neces-
sary for the break to have transected the
structure of the continent, cutting across
age provinces, if one is to get a close
refitting of the blocks. In the North At-
lantic this is-not the case, but the conti-
nental areas on both sides were simul-
taneously affected by an unmistakable
oblique crossing of a Paleozoic belt of
geological activity [see illustration on
page 62]. Actually the belt covers the
region of the Appalachian Mountains
and the Maritime Provinces of North
America, with an overlap along the coast
of West Africa, and then splits into two
principal belts: one extending through
the British Isles and affecting the Atlan-
tic coast of Scandinavia and Greenland
and the other turning eastward into Eu-
rope. There is a superposition of at least
four periods of renewed activity affect-
ing the various parts of this complex. All
four are represented on both sides of the
North Atlantic, making this correlation
extremely difficult to explain unless the
continents were once together.

My colleagues H. W. Fairbairn and
W. H. Pinson, Jr., and I, as well as other
workers, have made age measurements
in the northern Appalachians and Nova
Scotia for many years, and we have
found all four periods well represented
in New England. The earliest period of
activity (which Fairbairn has named
Neponset) is dated about 550 million
years ago; it is seen in some of the large
rock bodies in eastern Massachusetts and
Connecticut, in the Channel Islands off
the northern coast of France, in Nor-
mandy, Scotland and Norway. The next-
oldest period (the Taconic) was about
450 million years ago and is found on
the western edge of New England and
in parts of the British Isles. The next pe-
riod, going back about 360 million years,
is strongly represented in the entire span
of the Appalachians and Nova Scotia
(where it is called the Acadian) and in
England and Norway (where it is called
the Caledonian). Finally, about 250 mil-
lion years ago, the activity seemed to
move into southern Europe and North
Africa, where it has been called the Her-
cynian. This activity, however, also ex-
tended into New England; much of
southern Maine, eastern New Hamp-
shire, Massachusetts and Connecticut
show rocks of this age. Here the event
is called the Appalachian.

Farther south the Lower Paleozoic
section of the northwest coast of Africa
(Senegal) appears to continue under the
younger coastal sediments of Florida.
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This African belt shows large rock units
with ages equivalent to the Neponset,
and also evidence of the younger events.

The Fitting of Antarctica

The recent extensive geological sur-
veys in Antarctica have been highly re-
\Varding in reconstructing Gondwana-
land. Prior to the end of the Permian
period the younger parts of western Ant-
arctica were not yet formed. Only east-
ern Antarctica was present, including
the great belts of folded rocks that form
the Transantarctic Mountains. These
consist of two geosynclines, or sediment-
filled troughs: the inner Eopaleozoic and
the outer Paleozoic [sce illustration on

page 64]. The inner belt includes late
Precambrian and early Cambrian sedi-
ments, which were folded and invaded
by igneous rocks during late Cambrian
or early Ordovician times (about 500
million years ago). Thus the inner belt is
similar in age to the widespread event in
the rest of Gondwanaland. It is marked
by the Cambrian fossil Archaeocyatha,
an organism that formed barrier reefs.
These coral-like structures are found
transecting sediments in bodies known
as bioherms. The outer belt, farther
within western Antarctica, is a geosyn-
cline filled with Lower Paleozoic sedi-
ments. Like the northern Appalachians,
it was deformed and invaded by igneous
rocks in the middle and late Paleozoic.

Later it was covered with a quite repre-
sentative Gondwana succession, with its
glacial deposits, coal and diverse plants.

There seems to be a similar record of
events in eastern Australia. The bio-
herms of the Cambrian Archaeocyatha
are found in a belt extending northward
from Adelaide and mark the edge of an
early geosyncline filled with sediments
including late Precambrian and Cam-
brian ones. Later in time, and farther to
the east, great thicknesses of Silurian
and Lower Devonian sediments accu-
mulated in the Tasman trough. Com-
pression and igneous intrusion occurred
in this Tasman geosyncline mostly in the
late Lower Devonian period to the mid-
dle Devonian (about 350 million years

TENTATIVE MATCHING of geological provinces of the same
age shows how South America and Africa presumably fitted to-
gether some 200 million years ago. Dark-colored areas represent
ancient continental blocks, called cratons, that are at least 2,000
million years old. Light-colored areas are younger zones of geo-
logical activity: mostly troughs filled with sediments and volcanic
rocks that were folded, compressed and intruded by hot materials,
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forming granites and other rock bodies. Much of this activity was
450 million to 650 million years ago, but some of it goes back 1,100
million years. The dots show the sites of rocks dated by many lab-
oratories, including the author’s at the Massachusetts Institute of
Technology. Solid dots denote rocks older than 2,000 million years;
open dots denote younger rocks. The region near Sdo Luis is
part of an African craton left stranded on the coast of Brazil.
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ago). The later cover of sediments in-
cludes a Gondwana succession similar to
the one in Antarctica.

There is also strong evidence for a
juncture between Australia and India,
particularly in the Permian basins of
sedimentation of the two continental
blocks and in Gondwana sequences of
coal and plants. Limestone beds contain-
ing the same Productid shells are found
in the upper layers of the sequence on
both sides. A correlation also exists be-
tween the banded iron ores of Yampi
Sound in northwestern Australia and the
similar ores of Singhbhum in India.

The illustration on page 64 is a recon-
struction of Gondwanaland based on
the evidence we have discussed so far.
The three land masses—Antarctica, Aus-
tralia and India—have been fitted to-
gether not at their present shorelines but
where the depth of the surrounding
ocean reaches 1,000 meters. As can be
seen, the fit of the edges is good. The
detailed fit of this assemblage into the
southeastern part of Africa is still de-
bated because most of the edges lack
structures that cut across them. Never-
theless, I have included the edge of Af-
rica in the map to show how it might
possibly fit on the basis of limited age
data from Antarctica.

This arrangement of land masses in
the late Paleozoic is extremely tentative. |
It is now up to the geochronologists to
test each juncture more closely for cor-
relations in geologic age, and up to the
field geologists to match structure and
rock type. One particularly interesting
fit may be forthcoming in a study of the
boundaries of shallow and deep marine
glacial deposits, and of the land tillites
around what appears to be the start of
an oceanic basin at the time Antarctica
was breaking away. This attempt to es-
tablish the former position of Antarctica,
which is being made by L. A. Frakes
and John C. Crowell of the University
of California at Los Angeles, may set in
place the key piece in the puzzle. A
detailed correlation of fossil plants in
Antarctica with those of the adjacent
land masses, which has been undertaken
by Edna Plumstead of the University of
Witwatersrand, is similarly limiting the
possible position of the blocks.

The Age of the Atlantic

When did Gondwanaland begin to
break up? One of the best pieces of evi-
dence for the start of the opening of the
South Atlantic is the age of offshore sedi-
ments along the west coast of Africa.
Drilling through these sediments down
to the ancient nonsedimentary rocks |
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MATCHING OF NORTH ATLANTIC REGIONS is more difficult than in the South Atlan-

tic. This tentative, pre-drift reconstruction of a portion of Laurasia depends on matching

ancient belts of similar geological activity. The dark gray belt represents the formation
of sediment-filled troughs and folded mountains in the early and middle Paleozoic (470
million to 350 million years ago). The medium gray belt was formed in the late Paleozoic
(350 million to 200 million years ago). The latter belt overlapped the region of the former
in the northern Appalachians and in southern Ireland and England, but diverged eastward
in Europe. Four distinct and superimposed periods of geological activity occur on both
sides of the present North Atlantic, providing strong evidence for a previous juncture.

shows that the layer of sediments is quite
young: not older than the middle Meso-
zoic (about 160 million years ago). If
the South Atlantic had been in existence
for a major part of geologic time, the
continent of Africa would unquestion-
ably have developed a large shelf of
sediments along the entire length of its
western margin. The continental shelf
would consist of sediments dating all the
way back to the time of the ancient cra-
tons. This is not the case. It looks as
though the rift started from the northern
edge of western Africa in the middle
Triassic and slowly opened to the south
until the final separation occurred in
the Cretaceous. The east coast of Africa,
on the other hand, apparently started to
open earlier, in the Permian.

With the acceptance of sea-flyor
spreading and continental drift the glo-
bal problems of geology are beginning
o be solved. Although the train of
thought on such matters is not universal-
ly accepted in detail, it is something like
the following. Continental areas appear
to have greater strength, to a depth of
100 kilometers or so, than ocean basins
do, so that they tend to maintain them-
selves as buoyant masses that are not
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destroyed by sinking motions. They can,
however, be ruptured. Rising material
pushes the surface apart; sinking materi-
al pulls the surface together and toward
the region of sinking. Therefore if a sink-
ing zone is established in an oceanic re-
gion, the continents will move toward
the zone, and if a rising zone is estab-
lished under a continent, the continent
will split apart and the parts will move
away from the zone. When the ocean
floor moves toward a sinking zone in an
oceanic region, it forms a deep trench
bordered by volcanoes, chains of islands
or elongated land masses such as the
Philippines and Japan. When an ocean
floor moves toward a continent, it ap-
pears to pass under the continental bor-
der, forming a great mountain chain.
The mountain chain may be in part
piled-up material that was already pres-
ent and in part volcanic material that
rose as the ocean swept its load of sedi-
ment, underlying volcanic rock and the
continental shelf itself toward and un-
der the edge of the continent. The proc-
ess leads to a melting of underlying rock
and to the intrusion of new volcanic ma-
terial. The west coast of South America
is a good example.
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Another example is the thrust of India
into Eurasia that formed the Himalayas.
It has long been known that there was a
large body of water between Africa and
Eurasia and that a great thickness of
sediments was deposited there at some
time during the past 200 million years.
This body is known as the Tethys Sea.
It was located north of Arabia and ex-
tended from the former location of the
Atlas Mountains to east of the Hima-
layas. As I have mentioned, it appears
that Gondwanaland not only broke up
but also moved northward, with India
and Africa pushing up into Eurasia.
This motion apparently caused the buck-
ling up of sediments in the Tethys Sea,
giving rise to the mountain ranges that
now form a contorted chain from the
western Atlas range through the Medi-
terranean, the western Alps, the Cau-
casus and the Himalayas.

The way the present mountain sys-
tems of the earth fall along great circles
suggests that the motions in the earth’s
interior have a large-scale coherence, of
the order of the dimensions of the earth
itself. The prevailing explanation stems
from a new lead in seismology: a zone in
the earth at a depth of 100 or 200 kilem-
eters has been found to transmit seismic
waves more slowly than the layers above
and below it and to absorb seismic
energy more strongly. This low-velocity
zone is generally thought to consist of a
material whose strength is reduced be-
cause a small amount of it is molten or
because its temperature is approaching
the melting point. The surface of the
earth may therefore move around on this
low-strength layer like the skin of an
onion. It is believed the earth loses heat
partly by conduction outward and part-
ly by convection currents in the relative-
ly thin layer above the weak zone. These
currents, as they have been depicted by
Walter M. Elsasser of Princeton and
Egon Orowan of M.LT., form rather flat
convection cells.

A hypothesis that is currently popular
is that the mechanism of spreading at
the oceanic ridges involves the intru-
sion of hot material into ruptures near
the swrface. This material is the same as
that in the low-velocity zone, lubricated
by partly molten rock. A small propor-
tion of the intruded material actually
loses some of its melted fraction upward,
giving rise to volcanoes and creating a
thin layer (about five kilometers thick) of
volcanic rock at the surface. The masses
of intruded material cool as they move
sideways from the central ridge, which is
overlain by the thin layer of volcanic
rock. This results in the observed distri-
bution of seismic velocities at various
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depths, helps to explain why the flow of
heat to the surface decreases with dis-
tance from the ridge and accounts for
the pattern of magnetic reversals. At the
sinking end of the convection cell this
relatively rigid block of mantle material
with its thin cover of basalt (plus a thin
cover of new sediment) moves down-
ward on an inclined plane.

It is clear where these concepts will

lead. If folded mountain belts are the
“bow waves” of continents plowing
their way through ocean floors and ram-
ming into other continents, we can use
them to show us the relative directions
of motion prior to the last great drift
episode. If we look at the pre-drift
Paleozoic mountain belts, such as the
Appalachian belt of North America, the
Hercynian of Europe and the Ural of

Asia, we find that they are located inter-
nally in the great continental masses of
Gondwanaland and Laurasia. This sug-
gests that these pre-drift supercontinents
had been formed by the inward motion
of several separate blocks, which came
together before they broke apart. Ge-
ologists have a new game of chess to
play, using a spherical board and strange
new rules.
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troughs, in eastern Australia are correlated in age and location
with similar troughs along the Transantarctic Mountains. The deep
Permian basing of northwest Australia match those of India.
Glacial deposits, fauna and metal ores provide other correlations.

PART OF GONDWANALAND, tentatively reconstructed, brings
together East Antarctica, Africa, Australia, Madagascar, India. The
fit is at the 1,000-meter depth contour of the continental slope.
Late Precambrian and Paleozoic geosynclines, or sediment-filled
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DIGITAL EQUIPMENT CORPORATION makes computers for
the laboratory, computer peripherals for the laboratory, com-
puter systems for the laboratory. We always have, and we
always will.

Sit down and choose. The right combination for you is here.
Small, personal computers for on-line, real-time, one-man
one-machine investigations. Big, time-swapping, time-shar-
ing, multi-processing computers suitable for whole depart-
ments. Specific computer systems that just plug in and solve

problems. Special systems that can be configured to your
special requirements.

Each of these has been designed knowing that the objective
is the successful experiment. We relate peripherals to real
inputs, useful outputs. We know what an interfacing problem
is — and we have the modules to solve it. High speed inte-
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grated circuit modules, lower speed noise immune modules.
Full lines of both.

If you are in a scientific laboratory here are DIGITAL'S com-
puters available to you: PDP-8, PDP-8/S, PDP-8/l, LAB-8,
LINC-8, PDP-8 Multianalyzer, PDP-9, PDP-9 Multianalyzer,
and five versions of the large PDP-10. From $10,000 to
$500,000.

Peripherals include A to D converters, displays, line printers,
teletypes, expanded memory equipment such as the DECdisk,
magnetic tape transports, DECtape, and more.

Much more.

Send for free detailed application information in your area
of interest.

DIGITAL and the laboratory are old friends.
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Space base

TRW's Space Park is oné of the nation's foremost industrial cen-
ters for advanced technology. The 17,000 Systems Group people
here and at 25 other locations throughout the world represent
every scientific, engineering and administrative discipline
needed to design and build space systems and subsystems.
Planned in the space age, Space Park now has 15 research,
engineering and manufacturing buildings. Its integration and
test facilities include high bays to 88 feet, and nine space cham-
bers to 30 feet in diameter, with solar simulation. Additional
buildings for 7,000 employees are now under construction,

In less than a decade, this unique combination of modern facil-
ities and talented people has resulted in contracts to design and
produce 123 spacecraft ranging from 1%z to 2,000 pounds, plus
scores of major subsystems. TRW spacecraft have already
logged more than 356,616 operating hours in space.

TRW was the first industrial firm to build and launch a space-
craft— Pioneer | in 1958. The TRW record includes Explorer VI,
six more Pioneer spacecraft, six Orbiting Geophysical Observa-
tories, ten Vela nuclear detection satellites, thirty-one Environ-
mental Research Satellites, and many military satellites. The
Apollo Lunar Module's Descent Engine and Abort Guidance Sys-
tem are also TRW products.

~ For more information about TRW capabilities and products,
please contact Marketing Services, TRW Systems Group, One
Space Park, Redondo Beach, California 90278.

TRW

e TRW Systems Group is one of four major operating units of TRW INC. (Formerly
3 o Thompson Ramo Wooldridge Inc.), where 75,000 people at over 200 locations
around the world are applying advanced technology to electronics, space, de-
fense, auwtomotive, alrcrall and industrial markets.
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FOR

AUTOMATION . .
SYSTEMS ’-

ANYWHERE

INTHE WORLD..
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Honeywell’'s computer operations are
global in scope with data processing
installations in countries throughout
the world. We can add input/output
and terminal devices to fill special
needs, develop advanced program-
ming aids and construct systems pack-
ages to help users in specific fields
solve special jobs.

But our products are only part of
the story. Honeywell is on the spot
with the service you need, too. We'll
help you with site planning, personnel
training, startup, operation, and around-
the-clock maintenance.

Wherever your foreign operations
are located, look to Honeywell for fast
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action and single source responsibility
on all your computer needs.

Want more facts on Honeywell's
global capabilities in computers, pro-
cess automation or control systems?
Write: Honeywell International, Min-
neapolis, Minn. 55408.

FREE DYMAXION GLOBE KIT

For your free Honeywell edition of
R. Buckminster Fuller’s Dymaxion Sky-
Ocean World Map in color, with in-
structions for assembling it into a 6”
Dymaxion Globe, just mail the coupon.

Honeywell

AUTOMATION
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it forms a 20-faced globe.
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TETANUS

Bacteria that may barely infect a trivial wound can produce enough

toxin to cause the severe and often fatal symptoms of this discase.

Tetanus 1s hard to treat, but it could be eradicated by immunization

Early in the 19th century the Scot-
tish surgeon Sir Charles Bell made
a drawing of a British soldier who
had been wounded at the Battle of Co-
runna, during the Peninsular War in
Spain. The soldier was rigid: his back
arched, his hands and feet clenched, his
jaw set in a terrible grimace—the “sar-
donic smile” of tetanus, or lockjaw [see
illustration below]. A victim of tetanus is
in a state of spastic paralysis. He is un-
able to move, although the muscles of
his body are contracting with all their
strength, because for every muscle pull-
ing in one direction another is pulling as
strongly in the opposite direction. Bell's
soldier was exerting tremendous energy,
pitting himself against himself. He was
exhausted but could not possibly rest,
and he was suffering intense pain. Soon

by W. E. van leyningen

he would die, because there was no way
to save him.

Tetanus is an ancient and ferocious
infectious disease that was described by
Hippocrates 24 centuries ago. It is a dis-
ease of wounding, but not just of serious
wounds. Any break in the skin—a super-
ficial scratch or the puncture of a drug
addict’s needle—is susceptible to the in-
fection. The organism that causes tet-
anus was identified in 1889; it is the
ubiquitous bacillus Clostridium tetani,
present in soil, dust and clothing. It acts
not directly but by producing a nerve
toxin that has been isolated and purified
and found to be one of the most power-
ful poisons known. The action of the
toxin is now understood in a general way
and is being studied at the molecular
level. Meanwhile tetanus continues to be

one of the world’s greatest killers. This
need not be, because the disease could
be virtually eliminated by an intensive
worldwide program of immunization.
The prevalence of tetanus is masked,
as B. Bytchenko of the World Health Or-
ganization has pointed out, in part by the
fact that the disease does not cause epi-
demics. It strikes individuals rather than
large communities or regions, and is
therefore less noticed than infectious dis-
eases such as smallpox, cholera, tuber-
culosis and malaria. Yet it ranks high
among the infectious diseases as a cause
of death. Tetanus is badly underreported
because in many countries it is not a “no-
tifiable” disease. Bytchenko has calcu-
lated that if it were reported on the same
basis as smallpox, it would be found to
account for some 164,000 deaths a year.

VICTIM OF TETANUS, a soldier wounded at the Battle of Corun-
na in 1809, is seen in a drawing made by the Scottish surgeon and
anatomist Sir Charles Bell and published in 1832 in his book The
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Anatomy and Philosophy of Expression. The patient’s muscles are
working against one another, leaving him in a state of spastic pa-
ralysis; his jaw is set in the “sardonic smile” of tetanus, or lockjaw.
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MORTALITY RATES from tetanus vary widely, depending on the stage of development
of the region. These rates have been corrected for widespread underreporting of tetanus.
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shown in parentheses. If tetanus were as widely reported as smallpox, the World Health
Organization estimates, it would account for twice as many deaths as smallpox (color).
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A remarkably high proportion of the
victims of tetanus die of it. The recorded
percentage has been as high as 97 per-
cent (based on a study of tetanus cases
resulting from July 4 celebrations in the
U.S. from 1904 to 1907) and is seldom
lower than 40 percent. The very lethality
of the disease makes its toll less obvious.
As R. Veronesi of the University of Sdo
Paulo Faculty of Medicine hasremarked,
if tetanus did not kill people but rather
left them paralyzed, “we would see,
every 10 years, more than one million
tetanus-crippled individuals in the streets
of the world, and confronted with this
situation perhaps people and govern-
ments would ask immediately for mea-
sures to control the problem.”

Any tabulation of tetanus mortality
+ X rates shows tremendous differences
between the developed and the develop-
ing regions of the world. The rates tend
to increase toward the Equator, and in-
deed tetanus is listed by the World
Health Organization among the 10 lead-
ing causes of death in a number of tropi-
cal countries. The correlation is not with
climatic and soil conditions, of course,
but with social and economic conditions;
tetanus is closely associated with primi-
tive sanitation. A high proportion of the
deaths are caused by “tetanus neonato-
rum,” a disease of newborn babies in the
first two or three weeks of life. It results
from infection of the umbilicus after the
cord has been cut with dirty instruments
or under insanitary conditions. (In some
countries it is even the practice to apply
cow dung to the navel.) Umbilical teta-
nus accounts for 30 to 80 percent of the
deaths from tetanus in tropical countries
and for as many as 70 percent of all
deaths of newborn infants; in one state
in Brazil that has about 15 million in-
habitants more than 1,000 babies die of
umbilical tetanus every year.

Tetanus appears, however, in people
of all ages and as a result of all kinds of
injuries. Apart from accidental injuries
these include negligent surgical opera-
tions, vaccination, circumcision, abortion
and ear-piercing as well as the injection
of drugs. (In the past 11 years 72 percent
of all tetanus cases in New York City oc-
curred in heroin addicts; the fatality rate
among these cases was 86 percent com-
pared with 38 percent among nonaddict
victims of tetanus.)

Clearly tetanus could be avoided to a
large extent by the application of sim-
ple sanitary measures, for example by
persuading (and enabling) children in
tropical countries to wear shoes or san-
dals and thereby avoid many of the daily



small wounds that can lead to infection.
The effect of improved sanitation was
demonstrated in Japan, where the mor-
tality from tetanus declined steadily
from 2.9 deaths per 100,000 inhabitants
in 1947 to fewer than .5 in 1964. This
last figure was about equal to the rate in
France, where preventive immunization
had been applied on a nationwide scale
since 1940, although immunization had
not been widely practiced in Japan. The
improvement in Japan can be traced in
part to a decreasing death rate from tet-
anus of the newborn, and that in turn
may be correlated with an increase in
the proportion of babies delivered in
hospitals rather than at home (from 2.4
percent in 1947 to 58 percent in 1961).

The attainment of sanitary conditions
in the developing countries is easier said
than done, of course, and it will not be
possible until their economic condition is
greatly improved. Immunization, on the
other hand, can prevent tetanus no mat-
ter how insanitary the environment or
how infested the wound. To understand
immunization against tetanus we must
first inquire into the nature of the disease
and how the infecting bacillus brings it
about.

rI’etanus is an unusual kind of infec-
tion. Not only is the wound that
causes it often trivial; there is also no vis-
ible pathology that can be detected at
postmortem examination. No lesions are
produced in the tissues that can be de-
tected even with the electron micro-
scope. The bacillus that infects the
wound has hardly any capacity to invade
the tissues; it proliferates only to a lim-
ited degree, so that the wound hardly
appears to be infected. Clearly the mere
presence of the infecting organisms can-
not account for the violent, widely dis-
tributed symptoms of the disease.

This was apparent even in the early
days of the germ theory of disease to Ar-
thur Nicolaier of the University of Ber-
lin. He observed that the organisms
(which had not yet been identified) that
presumably caused tetanus did not seem
to be distributed through the body. He
also noted that the symptoms of tetanus
were similar to those caused by the po-
tent poison strychnine, and in 1885 he
suggested that the organism acted by
producing a strychnine-like poison. In
1889 the Japanese bacteriologist Shiba-
saburo Kitasato, working with Emil von
Behring in Robert Koch’s laboratory in
Berlin, isolated Clostridium tetani. The
following year a Danish investigator,
Knud Faber, confirmed Nicolaier’s idea.
He reproduced tetanus symptoms in ex-
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TETANUS DEATH RATE has declined since World War II at roughly the same rate in
Japan (color), France (black), the U.S. (light color) and England and Wales (gray). Among
these countries only Japan was not practicing preventive immunization in those years.

The decline there was apparently due to increasingly effective public health and sanitation.

perimental animals by injecting them
with filtrates of C. tetani cultures from
which all the bacilli had been removed.
He thus proved that a poison was pro-
duced by the germs and was capable of
acting independently of them. The first
such bacterial toxin, the one produced
by the diphtheria bacillus, had been dis-
covered the year before at the Institut
Pasteur in Paris by Emile Roux and Al-
exandre Yersin. In 1896 Emile van Er-
mengem of the University of Ghent dis-
covered the toxin responsible for the
bacterial food poisoning known as botu-
lism. Germ-free filtrates of tetanus bacil-
li and botulinus bacilli (Clostridium bot-
ulinum) are extremely toxic: a cubic
centimeter may contain enough poison
to kill more than a million mice.

When some of these bacterial toxins
were isolated and purified during the
past 25 years, they turned out to be far
more toxic than such poisons as strych-
nine and arsenic or the snake venoms
[see illustration on page 77]. An amount
of tetanus, botulinus or dysentery toxin
weighing no more than the ink in the
period at the end of this sentence would
be enough to kill 30 grown men; an
ounce could kill 30 million tons of liv-
ing matter; half a pound would be more
than enough to destroy the entire human
population of the world. (These calcula-
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tions are theoretical and somewhat the-
atrical, since they are based on determi-
nations of the smallest injection that will
kill a mouse, and the projection to mass
killing of men involves some unrealistic
assumptions. Botulinus toxin, for exam-
ple, has been considered seriously as an
agent of warfare, but for a number of
reasons—including the fact that such tox-
ins are about a million times less toxic
when administered by mouth or through
the lungs rather than by injection—its
military applications would seem to be
limited.)

Why the tetanus and botulinus bacilli
should produce these immensely potent
toxins is a problem of great philosophical
and practical interest. Diphtheria toxin
and most other bacterial toxins attack
and break down the tissues of the animal
infected by the parent organism. In do-
ing so they assist the bacteria in their in-
vasion, because the bacteria grow well in
disintegrating tissues. The tetanus and
botulinus toxins, however, do not attack
animal tissues generally. It does not ap-
pear to be of any survival value to the
tetanus and botulinus bacilli to produce
toxins that not only confine their action
to nerve tissue but also, as far as can
be seen, cause no damage even in this
tissue. Yet on evolutionary grounds it is
hardly conceivable that the bacilli should
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EXCITATION AND INHIBITION of a motoneuron, a nerve cell
controlling a voluntary muscle, are shown schematically. Excitatory
(color) and inhibitory (gray) afferent fibers (at left in each draw-
ing) form synapses at the surface of a cell body. Impulses from the

NORMAL BOTULISM
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NERVOUS CONTROL of muscles that raise and lower the forearm
is diagrammed very schematically. In a normal individual (left) im-
pulses from the brain can excite a motoneuron (1) to cause the bi-
ceps to contract, stretching the triceps. A stretch-sensitive receptor
(2) in the triceps would thereupon cause a triceps motoneuron (3)

72

excitatory fiber (a) release a chemical transmitter that causes the
motoneuron to fire efferent impulses along its axon (right side of
drawing). Impulses from the inhibitory fiber release a different
transmitter (b) that opposes excitation, so that no impulse is fired.

TETANUS

to fire and oppose the stretching—except that this firing is inhibit-
ed by impulses from an inhibitory nerve (4). In botulism (center)
the neuromuscular junction is blocked (5), causing flaccid paraly-
sis. In tetanus (right) the inhibitory impulses to the triceps moto-
neuron are blocked (6); both muscles contract, causing a spasm.
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produce the toxins unless they have some
survival value. If we could find out why
these toxins are produced, we not only
would learn something important about
bacterial physiology but also might find
clues to the mechanism of the extraordi-
nary action of the toxins on animals.

]t is interesting to compare the action

of botulinus and tetanus toxins, since
they are produced by closely related
organisms and since both act on the
nervous system and “are highly toxic
without doing any apparent structural
damage. Botulinus toxin prevents muscle
activity and thereby causes a flaccid pa-
ralysis; tetanus toxin promotes muscle
overactivity and thereby causes a spas-
tic paralysis.

Let us consider (in a necessarily over-
simplified way) the functions of the vol-
untary nervous system in raising the
forearm. Nerve impulses travel from the
brain (or from different sensory regions,
such as those in the skin) down a bundle
of “afferent” axons, or nerve fibers, to the
spinal cord. There the fibers split up and
make synapses, or junctions, with mo-
toneurons, the cell bodies of motor-nerve
fibers leaving the spinal cord. Each of
these “efferent” axons connects with fi-
bers of the biceps muscle of the upper
arm. The synapses in the spinal cord are
part of the central nervous system; the
neuromuscular junctions at the biceps
are part of the peripheral nervous sys-
tem. At each central synapse and at each
peripheral junction there is a gap about
200 angstrom units (.00002 millimeter)
wide. When an impulse from the brain
reaches a central synapse, it causes a
chemical substance to be released from
the ending, flow across the gap and ex-
cite the motoneuron, initiating a new
impulse that travels along the efferent
fiber to the peripheral neuromuscular
junction. There a different chemical
transmitter is released from the nerve
ending and flows across the gap to the
muscle, exciting it and causing it to con-
tract. The excitatory transmitter at the
neuromuscular junction is acetylcholine.
The transmitters in the central nervous
system have not vet been identified.

Now, in the resting state muscle tone
is maintained by the constant gentle ten-
sion of opposing muscles. For example,
the forearm is levered about a fulcrum,
the elbow joint, essentially by two sets
of muscles: on one side the biceps, whose
contraction raises the forearm, and on
the other side the triceps, whose contrac-
tion pulls the forearm down. \When the
biceps contracts slightly, the triceps is
stretched a little. Stretch-sensitive recep-

tors in the triceps are thereby excited
and send impulses up afferent fibers to
the spinal cord, where they excite mo-
toneurons that stimulate the triceps in
turn to contract and oppose the stretch.
The stretch reflex plays a necessary role
in maintaining posture and controlling
muscle movement, but if every contrac-
tion of the biceps were opposed too
much by the triceps, there could be no
voluntary movement at all because the
forearm would be locked in a spastic
state. Therefore the afferent impulse that
causes the biceps to be excited must at
the same time ensure that the triceps
will be somewhat relaxed; that is, it must
inhibit any stretch-reflex excitation of
the triceps. This inhibition is achieved
within the spinal cord by the branching
of the nerve fiber carrying the impulse
from the brain. One branch excites the
biceps; the other branch excites a short
“interneuron,” a nerve cell within the
spinal cord that releases not an excitato-
ry but an inhibitory transmitter from its
ending. The inhibitory transmitter acts
on the triceps motoneuron, opp()sing the
action of the excitatory transmitter re-
leased there from the stretch-sensitive
afferent nerve. As a result the motoneu-
ron is not excited, the triceps does not
contract and the biceps is free to pull
the forearm up [see bottom illustration
on opposite page].

Botulinus toxin acts at the neuromus-
cular junctions, as A. S. V. Burgen and
his collaborators at Middlesex Hospital
in London showed in 1949. It prevents
the release of acetylcholine, the excita-
tory transmitter, from the efterent nerve
endings; excitatory impulses are blocked
before they can reach the muscles, and
the result is a state of flaccid, limp pa-
ralysis in which no limbs can be moved.

Tetanus, on the other hand, acts in
the spinal cord, apparently by suppress-
ing inhibition. (Strychnine seems to act
in the same way, it was suggested by Sir
John Eccles and his collaborators in Aus-
tralia in 1957.) In the absence of inhibi-
tion the stretch reflex of the triceps goes
unopposed, so that when the biceps con-
tracts, the triceps contracts too. The fore-
arm is locked in a state of spastic paraly-
sis, unable to move in any direction.

S()me years ago N. Ambache found, at

the Institute of Ophthalmology in
London, that an injection of either tet-
anus or botulinus toxin in the eye of a
rabbit paralyzes the muscles that con-
tract the pupil in response to light. It is
acetylcholine that excites these involun-
tary muscles, and so at least in this case
tetanus exhibits the same kind of action
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as botulinus. Tetanus toxin may have
other such peripheral effects that are
usually masked by its dramatic impact
on the central nervous system.

Although the neurophysiology of tet-
anus toxin’s action is reasonably clear,
not much is known of what goes on at
the molecular level. The first clue to a
chemical process that may play an im-
portant role came from an observation
made in 1898 by August von Wasserman
and T. Takaki of the Koch Institute for
Infectious Diseases. They found that
when the toxin is added to nerve tissue,
it is bound, or taken up, by the tissue.
This binding is specific: no other bacte-
rial toxin (including botulinus toxin) is
bound by nerve tissue and no other tis-
sue of the body binds tetanus toxin. In
my laboratory at the University of Ox-
ford we have discovered that the site of
this binding is apparently in the synap-
tic membranes of the nerve endings and
that the substance apparently respon-
sible for the chemical fixation of toxin is
a ganglioside, a fatty substance found
main]y in nerve tissue. There are a num-
ber of gangliosides, each somewhat dif-
ferent in chemical structure. They are
alike in that each has two portions, one
composed of water-repellent fatty acids
and sphingosine and the other com-
posed of water-soluble sugars. As a re-
sult they are readily water-soluble even
though they are fatty, and this ambiva-
lence suggests that they may have an im-
portant function in cell membranes. We
have found that sialic acid, one of the
components of the sugar portion, is es-
sential for the fixation of the tetanus tox-
in; if the sialic acid is removed, the toxin
is no longer bound. It is apparent, how-
ever, that only certain sialic acid groups
are involved in the fixation of toxin and
that their position in the ganglioside mol-
ecule greatly affects their binding abil-
ity [see illustration on page 76].

Tetanus toxin may be bound to gan-
glioside in a ratio that is nearly molecule
for molecule, but no detectable change
takes place in the ganglioside molecule.
The part the binding plays in tetanus is
not yet established; it may not be an es-
sential stage in the action of the toxin.
As I have mentioned, there are hints that
tetanus and botulinus toxins may have
fundamentally the sume mode of action
at the molecular level. If that is the case,
then (in view of the fact that botulinus
toxin is not bound by nerve tissue) it is
possible that what the binding of tetanus
toxin by ganglioside does is simply to
divert this toxin to the central nervous
system.

Whatever its basic mode of action,
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Polaroid doesn’'t mak
But all of them can mal

We must have a hand in there somewhere.

Ourpartinthese other people’s cameras isthe Polaroid
Land camera back. It lets these specialized instruments
record with Polaroid Land films—make black-and-white
pictures in seconds, color pictures in a minute.

When a camera gets a Polaroid back—either as a built-
in back or as an accessory—it offers some unique advan-
tages. You know about your recording immediately. And
if itisn't perfect the first time, you can take another then
and there. You never have to repeat time-consuming
setups later.

And you never waste any time in a darkroom. You take
your pictures, study them, and continue working without
interruption. Your pictures go right into your research
notebook. It's like taking notes with photographs.

There are three Polaroid camera backs. The pack film

back, the roll film back and the Polaroid 4 x 5 film holder
The pack film back is compact, lightweight, and fast-
loading. The roll film back uses a variety of special pur-
pose films, including transparency, infrared, and ultra-
high speed. The 4 x 5 film holder fits into conventiona
4 x 5 camera or instrument backs. There are 5 Polaroic
4 x 5 films, including one that provides a high-resolutior
negative along with a positive.

At last count, eighty companies were offering a Pola:
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any of these cameras.
> pictures in 15 seconds.

roid camera back as standard equipment for their scien-
tific instruments. And that covers an impressive range of
applications. In fact, just about any kind of recording you
require can now be on-the-spot recording. The cameras
you see here give you an idea of the versatility of the
Polaroid camera back.

1. The Technical Operations’ Beckman & Whitley X500
Image Converter (it takes quantitative pictures of ultra-
high-speed phenomena at exposure times from 5 to 1000
nanoseconds).

2. The Canalco Microdensitometer (it measures the elec-
trophoretic patterns of complex protein systems).

3. The Hudson Automatic Machine & Tool Company
Projectina (a combination projector and microscope).

4. The BNK Model 3-A Camera (for photographing high-
speed phenomena).
5. The Photogrammetry Photo/Scout (a long focal length
camera for aerial photography).
6. The Bausch & Lomb DynaZoom Metallograph (for re-
search and other industrial metallography).
7. The Tektronix C-27 Camera (for oscilloscope trace re-
cording).
8. The Zeiss Photomicroscope (for medical and indus-
trial photomicrography).
9. The Geo Space GT-2 Portable Refraction System (it
records seismographic data photographically).
10. The Sloan Angstrometer (it measures the absolute
thickness of vacuum-deposited thin films).

Would you like to know more about Polaroid Camera
backs? Write to: Technical Sales, Dept. 108, Polaroid
Corporation, Cambridge, Mass. 02139. Polaroid ®
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it is quite clear that the toxin is respon-
sible for all the symptoms of tetanus.
These symptoms can be mimicked ex-
actly in experimental animals by the
injection of purified toxin (and indeed in
humans into whose bodies the toxin has
been inadvertently introduced in labora-
tory accidents). Since the disease is en-
tirely due to the toxin, it is technically

STRUCTURE

FATTY ACID

SPHINGOSINE

v
GALACTOSE
GALACTOSAMINE
[ Gaiactose HsiaLc Acip]
SPHINGOSINE
TAY- T
SACHS GLUCOSE

| GALACTOSE

Hsiauc acio|

GALACTOSAMINE

rather a simple matter to prevent the dis-
ease by immunizing against the toxin.
Like other bacterial toxins (and the ac-
tive principles of snake venoms), teta-
nus toxin is a protein, and proteins are
antigenic: when they are injected, they
stimulate the formation of antibodies
(antitoxins) that neutralize the toxins and
prevent them from acting. The discovery
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GANGLIOSIDES are the substances in nerve tissue that bind tetanus toxin. Here general
structures are given for the four gangliosides most abundant in nerve tissue and for one
that is increased in Tay-Sachs disease. Each has fatty (gray) and sugar (color) components.
The sialic acid groups are specifically responsible for binding toxin. As shown by the
number of grams of toxin bound per gram of ganglioside (right), only certain sialic acid
groups (dark color) take part in this process; the others have no effect on the binding.
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of antitoxins to both diphtheria and teta-
nus toxins was announced by von Behr-
ing and Kitasato in 1890. The antitoxin
was present in the blood serum of ani-
mals that had been immunized by sub-
lethal doses of attenuated toxin, and its
neutralizing activity persisted when the
immune serum was transferred into oth-
er animals. That is to say, unexposed
animals could be made “passively” im-
mune by being injected with the serum
of “actively” immune animals.

In 1920 W. T. Glenny of the Well-
come Laboratories in London and G.
Ramon of the Institut Pasteur in Paris
independently discovered that toxin
rendered harmless by treatment with
formaldehyde could still remain anti-
genic, or capable of stimulating antibody
formation. This nontoxic antigenic ma-
terial is called toxoid. Antitoxic serum is
made on a large scale by hyperimmu-
nizing horses with repeated large doses
of toxoid and then refining their blood
serum.

'I“ e antitoxin proved its worth in
“ World War I. During the first months
of the war nearly eight British soldiers
out of every 1,000 who were wounded
died of tetanus—an alarmingly high pro-
portion. By the end of 1914 there was an
ample supply of antitoxin for immediate
injection of all wounded troops at the
front and the death rate from tetanus
dropped sharply. In the years between
the wars it became the practice, wher-
ever possible in the world, to inject all
injured patients routinely with antitoxic
serum to prevent the development of
tetanus. Antiserum has a serious disad-
vantage, however: it may give rise to
serum sickness, an allergic reaction to
the foreign (horse) protein in the serum.
The risk of fatal serum sickness is much
greater in people who have a history of
previous injections of serum, whether
against tetanus or some other disease.
Indeed, it is now recognized that if rea-
sonable sanitary precautions are taken,
the risk of tetanus is less than the risk of
fatal serum sickness. Moreover, although
passive immunization has some value in
preventing tetanus, it has become evi-
dent that its therapeutic effect once the
disease is established is less than was
hoped for. Once the toxin has become
attached to the susceptible substance in
nerve tissue, antitoxin cannot displace or
neutralize it. For these two reasons the
administration of tetanus antiserum has
now been discontinued in many coun-
tries.

Direct, active immunization of hu-
man populations with tetanus toxoid is a
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much better proposition as a preventive
measure. The risk of allergic reaction
to the toxoid is negligible. The immu-
nity lasts much longer, since the anti-
body produced is the subject’s own pro-
tein, not the protein of a horse. And the
immunity is more effective because the
antitoxin is present in the body before
the toxin produced by infecting bacilli
is and can therefore prevent the binding
of toxin by nerve tissue.

Deaths from tetanus are now rare in
the many countries where active immu-
nization of all children and members of
the armed forces against tetanus is rou-
tinely practiced. The virtual elimination
of tetanus in these countries is one of the
great triumphs of combined laboratory
research and public health services.

To prevent tetanus in communities
(and even whole countries) all that is
needed is for every member of the com-
munity (or the country’s population) to
receive two injections of tetanus toxoid
spaced six weeks apart. A booster dose
after six months and an occasional boost-
er thereafter are considered desirable
but are probably not essential. Even the
unborn can be protected: ]. C. Suri,
R. MacLennan and K. W. Newell have
demonstrated in India, New Guinea and
South America respectively that the ac-
tive immunization of women (whether
they are pregnant or not) virtually elimi-
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nates umbilical tetanus in children they
bear subsequently. In primitive commu-
nities, of course, it is often difficult to
make sure that an individual receives
two injections some weeks apart. For this
reason R. Veronesi in Brazil and C. Mer-
ceux in France have been investigating
the possibility of active immunization by
means of a simultaneous multiple injec-
tion of concentrated toxoid over a small
area on one occasion. Their preliminary
tests indicate that active immunity can
be achieved in this way even though
antitoxin may not be detectable in the

blood.

In contrast to prevention, the treatment
of tetanus once contracted is a dif-
ficult and expensive procedure. Since
1954 it has been the practice in severe
cases to treat the patient with D-tubocu-
rarine, a poison that paralyzes the mus-
cles much as botulinus toxin does. This
drastic treatment paralyzes the patient
so that even his breathing must be assist-
ed by a respirator, but it does prevent
the terrible spasms of tetanus. If the pa-
tient can be kept alive long enough, the
damage caused by the tetanus toxin is
eventually repaired and he is completely
restored to health.

Unfortunately this heroic form of
treatment has not been as successful as
expected. It does prevent death from the
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exotoxins, are simple proteins. The scale is logarithmic. The dos-
age figures are theoretical; they assume that the toxin is injected.

asphyxia that follows the inhalation of
vomit during a major spasm or from the
chest complications and oxygen deple-
tion that follow recurrent minor inhala-
tions during lesser spasms. Yet the death
rate from tetanus remains high, and in-
deed the prevention of death from spasm
appears to have uncovered other sites
of action of tetanus toxin that were not
known before. There are signs that the
toxin may act on the involuntary nervous
system, which controls the heart and
blood vessels, among other organs. In
Alexander Crampton Smith’s hospital
wards and laboratories at Oxford, evi-
dence is beginning to accumulate that
patients with tetanus may die from heart
and circulatory abnormalities that are re-
flected in such symptoms as increased
heart rate and blood pressure and con-
striction of the blood vessels. The possi-
bility that the involuntary system is im-
plicated in death from tetanus suggests
new ways to treat tetanus patients, but
more research in this area is needed.

Meanwhile it is far simpler to make
sure that everybody is actively immune
to the disease. At an international con-
ference on tetanus in Switzerland in
1966 the delegates called on organized
medical groups and public health au-
thorities to bring about “universal active
immunization against tetanus at the ear-
liest practicable date.”
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POLLEN

The tiny grains that carry the male genetic material of plants are

closely studied with, among other instruments, the scanning electron

microscope. Their baroque architecture raises fundamental (questions

ollen grains, the dustlike cells that
Ptransfer the male genetic material

in the reproduction of flowering
plants, are among the shortest-lived in-
dependent bodies in nature, and yet a
major component of pollen grains is one
of the most enduring natural materials.
Few pollen grains remain alive for more
than a few days after they have been
dispersed; some live only a few hours.
With the exception of the pollen of
aquatic plants such as Zostera (eelgrass),
however, all pollen grains are covered
with an extremely tough substance
called sporopollenin. The sporopollenin
outer wall of a pollen grain remains in-
tact in concentrated acids and alkalis at
temperatures as high as 500 degrees
Fahrenheit. Samples taken from the
depths of ancient bogs contain grains of
pollen that are clearly recognizable in
spite of having been buried for hundreds
of thousands of years. (Fossilized pollen
grains have been isolated from Creta-
ceous deposits some 100 million years
old.) The durability of pollen, together
with the fact that the pollen grains of
each plant genus (and even some spe-
cies) have their own distinctive form,
have made pollen analysis an important
tool for investigating the vegetation and
the climate of the past.

In the Botany School at the University
of Cambridge we have been studying
the form of pollen grains for a number
of years. We have been concerned not

SURFACE OF POLLEN from the geranium
is enlarged 11,000 times in a micrograph
made with the scanning electron microscope
(opposite page). The instrument produces a
contoured image which shows that the sur-
face of the grain is made up of tiny rods
that project upward from an openwork floor.

by Patrick Echlin

only with the differences among grains
but also with changes in the grains as
they grow to maturity. With the recent
development of the reflection scanning
electron microscope we have been able
to examine pollen grains in unprecedent-
ed detail. This kind of microscope differs
from the conventional transmission elec-
tron microscope in that the electron
beam, instead of passing through an ul-
trathin specimen, scans the surface of an
opaque specimen. The scattered elec-
trons, together with secondary electrons
emitted by the specimen itself, are then
amplified and form an image of the sur-
face in strong relief on the face of a
cathode-ray tube [see illustration on
page 84]. Although the resolution of the
scanning microscope is not as high as that
of the transmission microscope, its usable
depth of focus is much greater and its
specimens are simpler to prepare. It is
therefore possible to examine a large
number of specimens in a relatively short
time. Such an instrument is of immense
value in the study of specimens as com-
plex as the surfaces of pollen grains.

Before describing what we have
learned about the maturation of pol-
len grains it will be useful to review the
role of pollen in plant reproduction and
to describe the morphology of the ma-
ture pollen grain. Let us begin with the
stamen, the male organ of the flower
where the pollen is formed [see top
illustration on next page]. The stamen
usually consists of a short stalk or fila-
ment, and at its tip is the structure
known as the anther. The anther con-
sists of four elongated sacs within which
the pollen grows. At maturity the anther
bursts open along a predetermined line
of cells that are weaker than their neigh-
bors, thereby releasing the pollen.
The pollen eventually travels to the
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female organ of the same flower or of
another flower of the same species, a
journey that can be accomplished in a
variety of ways. The female organ, the
pistil, consists of an ovary at the base of
a stalk called the style and, at the top of
the style, the sticky structure known as
the stigma. If the pollination has been
successful, the grain adheres to the stig-
ma and fertilization begins. The pollen
grain puts forth an extension, the pollen
tube, which by the secretion of special
enzymes is able to penetrate the surface
of the stigma. Then the pollen tube
grows downward between the cells of the
style until it reaches the ovary, providing
a path along which the pollen grain’s two
nuclei travel. One nucleus fuses with the
egg nucleus in the ovule to form the em-
bryo; the other fuses with two “polar”
nuclei to give rise to the nutritive endo-
sperm tissue.

Fertilization is only one of two inde-
pendent functions served by pollen. The
other is setting in motion the physiologi-
cal processes that form the plant’s fruit.
The chemical constituents of pollen, al-
though they are mainly protein and fat,
also include vitamins, free amino acids,
pigments and small amounts of two
growth hormones: indoleacetic acid and
gibberellin. The last two substances in-
duce the production of hormones in the
plant’s female organ, which in turn stim-
ulate the growth of the ovary wall and
the formation of the fruit. The fact that
this function of pollen is separate from
fertilization is indicated by experiments
in which the formation of fruit was in-
duced by dead pollen, pollen extracts
and even pollen from other species. Such
fruit, however, lacks male nuclei and is
therefore sterile.

The amount of pollen produced by a
single plant varies greatly among spe-
cies, but even in the most pollen-poor
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PISTIL

FLOWER CROSS SECTION shows a cluster of stamens, each with a pollen-filled anther at
its tip, surrounding a central pistil with a sticky stigma at the tip and an ovary in the base.
One pollen grain adhering to the stigma has grown a long tube (color) reaching the ovary.
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GRAIN OF POLLEN, beginning as a single cell (a), undergoes meiosis (b, ¢) to become a
cluster of four microspores called a tetrad. When mature, the tetrad separates into individ-
ual microspores (d), each of which has two cell nuclei (e). If a free pollen grain comes in
contact with a stigma, the tube cell becomes involved with the growth of the pollen tube
toward the ovary (f) and the generative cell then travels down the tube to fertilize the ovule.
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ANTHER CROSS SECTIONS show the two kinds of tissue (left) that respectively give,rise
to mature grains of pollen and to the tapetum, or inner wall, of the anther cavity. When
mature (right), the anther splits open and the loose pollen in its cavities is dispersed.
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flowers many thousands of pollen grains
are shed for each ovule that is eventual-
ly fertilized. In the hazel tree (Corylus),
for example, the average is 2.5 million
grains per fertilized ovule. A single shoot
of the hemp plant (Cannabis) may pro-
duce more than 500 million grains. At
the other extreme, even a large flax plant
(Linum) may produce no more than
20,000 grains.

Forest trees, many of which are pol-
linated by the wind, manufacture large
quantities of pollen, the number of
grains per acre running into many bil-
lions. So much pollen is given off by
evergreens that the discharge is some-
times visible as a cloud over the forest,
and pollen can be scooped up by the
handful from the surface of a forest lake.
It has been estimated that the spruce
forests of southern and central Sweden
produce 75,000 tons of pollen a year.

l)ollen grains display a wide range of

sizes. Among the largest are the
grains of the pumpkin (Cucurbita); they
may be 250 microns (.25 millimeter) in
diameter. At the other end of the scale
are the grains of forget-me-not (Myo-
sotis), only two to five microns in diam-
cter. Once they are shed the pollen
grains of most plants travel separately,
but the grains of some species—orchids,
for example—remain in clusters.

Speaking generally, the size of the
pollen grain is related to the means of
its dispersal. Grains between 20 and 60
microns in diameter are usually carried
from one plant to another by the wind.
Grains that are larger or smaller than
that are usually transported by insects.
Some plants do not depend on either
wind or insects: the pollen from each
flower’s anthers simply falls onto its own
stigma.

Plants that are pollinated by insects
generally possess some mechanism for
attracting the pollinators. One is odor,
including not only odors that are pleas-
ant to man but also many that are un-
pleasant. Another, often combined with
odor, is conspicuous color, usually on
the petals of the flower but occasionally
on other parts of the plant. Visits by pol-
linators are also encouraged by edible
pollen and by nectar. The pollen of in-
sect-pollinated plants cannot easily be
blown away by the wind, and it is often
located within the flower in such a way
that it can be easily reached only by the
appropriate insect.

The flowers of wind-pollinated plants
are characterized by simplicity of struc-
ture. They are not scented or showy, do
not produce nectar and usually produce
large amounts of powdery pollen. The
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TOUCH-ME-NOT (Impatiens grandiflora) pollen is seen magni- HORNBEAM (Carpinus) pollen grain is magnified 2,200 times. The

fied 3,500 times. The furrow lines of the grain are faintly visible. characteristic deep-sunken pores have even deeper center openings.

WALLFLOWER (Cheiranthus) pollen grains are magnified 2,300 BLUE-EYED GRASS (Sisyrinchium bermudiana) pollen is magni-

times. They are marked by prominent furrows and many tiny pits. fied 1,250 times. The furrow in the oblong grain lies out of sight.

THRIFT (Armeria maritima) pollen, magnified 1,400 times, shows FLAX (Linum austriacum) pollen grain is magnified 1,250 times. It
a deeply sculptured surface and a furrow marked by broken ridges. displays deep furrows and a surface dotted with small blunt spines.
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flowers of many wind-pollinated trees
open and release their pollen before the
leaves appear, so that pollen transport
is not obstructed by the dense mass of
foliage that develops later. The wind
can carry small grains of pollen a sur-
prisingly long way. Air samples collect-
ed over the North Atlantic, more than
400 miles from the nearest land, con-
tained pollen grains of the alder Alnus
viridis. Peat deposits on the isolated
South Atlantic islands of Tristan da
Cunha contain pollen grains of the ever-
green beech (Nothofagus) and the joint
fir (Ephedra). It is unlikely that either of
these plants ever grew on the islands,
and the evergreen beech is not found
in southern Africa, the closest land. It
therefore seems likely that the evergreen
beech pollen, and probably the pollen
of both plants, was borne to Tristan da
Cunha by the prevailing westerly winds

ELECTRON GUN

SCANNING MICROSCOPE (right) differs from the conventional
transmission electron microscope (left) in its use of whole speci-
mens rather than thin sections. In both instruments a beam of
electrons is used to bombard the object being studied. In the scan-
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from South America, nearly 2,500 miles
away. This, of course, is an extreme case;
pollen is usually not carried very far
by the wind because it is collected and
washed out of the air by rain.

Pollen grains are divided into two ma-
jor classes on the basis of gross morphol-
ogy. Ome class is characterized by a
single germinal furrow, the other by
three germinal furrows. The grains also
have a wide range of other morphologi-
cal characteristics, such as the form and
location of the apertures in the grain wall
known as pores and other features of
wall structure. When pollen grains are
arrayed in order of size, it becomes
apparent that the walls of the small-
est grains are comparatively featureless.
The grains of middle size, mostly the
windborne pollens, are also generally
rounded and smooth. The larger pollen
grains typical of insect-pollinated plants,

however, are often elaborately sculp-
tured. An example is the pollen grain of
the mallow (Malva), the surface of which
appears in the illustration at top right on
page 86. The grain walls of the larger
pollens are also sometimes coated with
an oily adhesive substance.

How do these variations in surface
morphology arise? Is there a point dur-
ing the growth and maturation of the
grain at which its characteristic form
appears? What factors are primarily re-
sponsible: heredity, influences from the
microenvironment or a mixture of both?
In an effort to find answers to such ques-
tions we have examined the ultrastruc-
ture of pollen grains from a number
of plants at various stages on the way
to maturity. The description of pollen-
grain growth that follows is based on
our study of pollen from a species of
hellebore (Helleborus foetidus). With
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ning microscope some electrons that are scattered by impact with
the specimen and others that are emitted by the specimen during
bombardment are collected to form a cathode-tube image character-
ized by great depth of focus and a three-dimensional appearance.



certain minor differences, the process
is the same as the one that has been
observed in the pollen grains of other
plants.

Pollen grains resemble most other liv-
ing plant cells in that the living cyto-
plasm of the grain is surrounded by a
thin wall of cellulose; in pollen this wall
is called the intine. Immediately outside
the intine is another layer known as the
exine. The principal component of the
exine is sporopollenin, the tough sub-
stance that gives pollen its remarkable
durability. The chemical nature of sporo-
pollenin is somewhat obscure. Gas chro-
matography indicates, however, that it is
primarily a polymer of monocarboxvlic
or dicarboxylic fatty acids with a fairly
high molecular weight.

In a few groups of plants the exine
is a fairly uniform sheath. More com-
monly it is complex and is itself divided
into an outer component (the ektexine)
and an inner one (the endexine). The in-
ner component, which completely covers
the intine, is usually a smooth layer. It
is the outer component that forms the
structures that give the grain walls their
rich detail. These structures are made up
of tiny rods called bacula. The rods differ
widely in size and may be either isolated
or clustered in groups. In some plant
genera the tips of the bacula are fused
to form a tectum, or roof, that is per-
forated or sculptured in characteristic
ways [sec illustrations at top of next two
pages]. In other genera the bacula have
a spinelike appearance, and the tips of
the spines can be rounded, pointed or
shaped in other ways. Long and short
spines on the surface of the tectum may
surround crater-like pores, as they do in
morning-glory pollen, looking rather like
a high-speed photograph of a splashing
water droplet. Or the spines may cover
the surface of the pollen grain in sym-
metrical arrays of peaks, as they do in
woodsmallow pollen, like some surrealist
portrait of a lunar landscape.

r]“he early stages of pollen growth are

- intimately associated with the devel-
opment of the anther, the pollen-produc-
ing organ at the tip of the stamen.
Precursor cells in the young anther,
comprising what is called archesporial
tissue, give rise to two distinctively dif-
ferent components. One of them, the
primary parietal layer, forms both the
outer wall of the anther and its special-
ized inner wall, called the tapetum. The
tapetum, consisting of one or more lay-
ers of cells, plays an essential role in the
formation of pollen grains: abnormal
development of the tapetum invariably

TRANSMISSION MICROGRAPH shows many details of grain structure visible in a trans-
verse section through a mature pollen grain. This is pollen from a hellebore (Helleborus
foetidus), a member of the buttercup family. Structures visible in the micrograph include
the main components of the grain’s tough outer coat. The inner layer of the coat, the endex-
ine, is darker than the outer layer, the ektexine, and is quite thick in the vicinity of a furrow
(lower left). The rodlike elements whose fused ends form both the roof and the floor of the
pollen grain’s outermost covering are visible as dark upright structures along the entire cir-
cumference of the pollen grain. The electron micrograph enlarges the grain 6,200 times.

SCANNING MICROGRAPH shows the external appearance of a pollen grain of the same
hellebore species. The smoothness of the outermost grain covering is broken by two deep
furrows. The tiny, crater-like openings in the surface are areas in which the tips of rods
have not fused completely in forming a roof. The pollen grain is seen magnified 3,400 times.
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POLLEN SURFACE DETAILS are visible in four scanning micro-
graphs. Magnified 4,500 times (left), pollen of the Asiatic shrub Pimelea

disrupts the maturation of the pollen.
The second archesporial component
is the primary sporogenous tissue. This
tissue produces the many pollen mother
cells from which the pollen grains later
arise. Each mother cell divides by the
process of meiosis, in which the usual
diploid number of chromosomes in the
cell nucleus is reduced by half. At the
end of this process the original cell has
been transformed into four microspores,
cach with a haploid number of chromo-

POLLEN-GRAIN DEVELOPMENT is shown in schematic cross
sections. The first four stages (left) are not at the same scale as the
next five. When the two kinds of tissue that comprise the anther
interior can first be distinguished (1), cells within each kind are
linked by bridges but no links exist between the two kinds. The
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somes. The four microspores, collective-
ly called a tetrad, then mature into four
pollen grains within the anther cavity.
The tetrad stage is an important one
in the development of the pollen grain.
The surface features of the mature grain
are definitely related to the original or-
ientation of the microspore within the
tetrad. One such feature is the single
furrow that characterizes one of the two
major classes of pollen grains; the furrow
develops on the side of the grain that is
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CELL MEMBRANE

has a roof of large plates that bear many tiny spines. Pollen
of the mallow (Malva) is magnified 2,500 times (second from

not in contact with the other three grains
during the tetrad stage. It is also during
the tetrad stage that the outer layer of
the grain wall develops the more com-
plex configurations characteristic of each
genus.

In our study of the development of
pollen within the hellebore anther the
earliest stage we have recognized so far
comes after the differentiation of arche-
sporial tissue into its parietal and spo-
rogenous components. Transmission elec-

DENSE MATERIAL

inner, sporogenous tissue gives rise to pollen mother cells that share
a common pool of protoplasm (2). Next the mother cells undergo
meiotic division: until each consists of a tetrad of microspores
(3). Each tetrad is isolated by a layer of callose tissue. The tetrads
then separate (4). Meanwhile aggregates that will become Ubisch



left) ; it is covered with spines. Pollen of the bluebell (Endym-
ion) is magnified 16,000 times (third from left); it has many

tron micrographs show sporogenous cells
surrounded by tapetal cells. Bridges of
protoplasm called plasmodesmata are
visible between tapetal cells and be-
tween sporogenous cells but not between
the two kinds of cell.

The next event we can recognize is
the transformation of sporogenous cells
into a mass of mother cells. This is the
result of mitosis, the process of cell di-
vision in which the number of chromo-
somes is not reduced by half but remains

LESS DENSE

MATERIAL CALLOSE

bodies have formed in the surrounding anther tissue, the tapetum.
Networks of dense endoplasmic reticulum now begin to form in the
cytoplasm within each microspore (5, only one microspore shown).
In areas where these networks are absent the microspore cell mem-
brane becomes coated with a dense fibrous material (6), containing

the same. The pollen mother cells are
interconnected by canals through which
the cytoplasm passes freely. According-
ly the entire mass of pollen mother cells
is a kind of large single cell that shares
a common pool of cytoplasm.

Each pollen mother cell continues to
grow in size and is progressively envel-
oped in a layer of callose, an amorphous
cell-wall substance. Callose has been
shown to be resistant to the diffusion of
relatively small molecules; it seems clear
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large and small roof openings. Pollen of the Australian shrub Calliste-
mon, magnified 16,700 times (right), has only a lacelike trace of a roof.

that its function at this stage is to act as
a barrier between mother cells. Thus far
the sharing of cytoplasm has presumably
presented no problems. With the micro-
spores about to emerge, however, the
requirements of genetic identity prob-
ably demand that each nucleus act with-
in its own independent unit of cyto-
plasm. In any case it is not until each
mother cell is successfully isolated from
the others by a layer of callose that the
mother cell undergoes meiosis and is

/ \ .
3E CELL GENERATIVE
CLEUS CELL NUCLEUS

gaps in which a less dense material now appears (7). Callose di-
minishes (8), the maturing grain’s layer of ektexine develops and
Ubisch bodies erupt from the tapetum. As the endexine and the in-
tine appear (9) the pollen grain reaches the state of full maturity
and its nucleus divides into a pollen tube cell and a generative cell.

87



CALLOSE

CELL MEMBRANE : A RS :
" ENDOPLASMIC RETICULUM

CYTOPLASM

© 1968 SCIENTIFIC AMERICAN, INC



transformed into a tetrad of microspores.
Each of the four microspores is simi-
larly sheathed in callose and isolated
from its siblings.

In the next stage the first precursor
of the mature pollen grain’s exine outer
coat appears. The microspore is still en-
closed within its wall of callose, but the
cell membrane that forms a boundary
between the callose and the microspore
cytoplasm begins to increase in thick-
ness. A network of denser substances in
the microspore cytoplasm, consisting of
elements in the endoplasmic reticulum,
appears in some regions immediately
below the cell membrane. We believe
the region in which this endoplasmic
reticulum develops corresponds to the
area on the surface of the mature pollen
grain where the furrow (or furrows) will
eventually form.

In the regions not associated with en-
doplasmic reticulum the thickened cell
membrane now has a convoluted ap-
pearance. A thin layer of fibrous materi-
al, which is dark in transmission electron
micrographs, begins to appear along the
top of the convolutions outside the cell
membrane. When the fibrous material
has reached a certain thickness, gaps ap-
pear in it, and material that has a some-
what lighter appearance in transmission
electron micrographs is deposited in the
gaps. The regions where the deposition
of this lighter (and more uniform) ma-
terial takes place correspond to the areas
where the first elements of the precursor
to exine, known as primexine, are sub-
sequently deposited. This phase of mat-
uration thus appears to be the one in
which the surface pattern of the mature
pollen grain is determined.

The progression from 'primexine to
exine is not difficult to follow. Elements
of the primexine give rise to precursors
of the rodlike bacula of the mature exine.
Hellebore pollen grains have a distinc-
tive roofed appearance; our studies show
how the roof develops in a series of
steps. The first is the positioning of the
bacula, which in cross section look like
pillars. The upper end of each baculum
now spreads sideways in all directions.
When the spreading tips meet, they
form a perforated roof on top of the pil-
lars. While this is going on the lower

DEVELOPMENT of the outer coating of a
hellebore pollen grain is seen in a series of
transmission micrographs magnified 50,000
times (opposite page). Marks above each
photograph indicate area in the drawing at
right, in which structures are identified.

ends of the bacula also spread sideways
and coalesce to form a floor at the base
of the pillars. Roof, pillars and floor to-
gether comprise the outermost, or ek-
texine, layer of the pollen-grain wall. As
the ektexine structure is completed it is
impregnated with sporopollenin. As this
feat of construction and coating is being
accomplished the layer of callose that
surrounds the maturing pollen grain
gradually becomes thinner. Finally the
callose layer disappears, the tetrads
break apart and the individual grains of
pollen lie free within the anther.

During the microspores’ growth into
mature pollen grains structural changes
also occur in the cells of the tapetum, the
inner wall of the anther. At the same
time that meiosis is transforming mother
cells of the hellebore into tetrads, the
tapetal cells of the anther enlarge and
begin to form curious spherical bodies.
These bodies, which in their eventual
free state are called Ubisch bodies (after
their discoverer, G. von Ubisch of the
University of Heidelberg), are at first
closely associated in the tapetal cells
with rows of the cytoplasmic particles
known as ribosomes. Later they are asso-
ciated with the tapetal cells’ network of
endoplasmic reticulum.

The next change to occur in the tape-
tum coincides with the microspores’ de-
velopment of their first structural wall
elements. Some of the spherical bodies
within each tapetal cell now begin to
migrate to the cell surface, where they
break through into the anther cavity. As
soon as a sphere breaks through it is
encased in sporopollenin and can be
considered a mature Ubisch body.

It must be more than coincidence that
the Ubisch bodies receive their coat of
sporopollenin at the same time the ek-
texine elements of the pollen-grain wall
do. We believe that most tapetal cells
and pollen-grain cells alike have the ca-
pacity to secrete sporopollenin but that
only in developing pollen grains is the
substance laid down in an elaborately
organized manner.

During the period when the spherical
precursors of the Ubisch bodies appear
and begin to migrate the cells of the
tapetum show increasing signs of dis-
solution. Their cellulose walls diminish
in thickness, their cytoplasm becomes
less dense and many of the subcellular
bodies in it become unrecognizable. By
the time the Ubisch bodies break free
into the anther cavity, the tapetal-cell
walls have disappeared and enly a thin
cytoplasmic membrane surrounds each
tapetal cell. What function the Ubisch
bodies serve is not known.
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As the pollen grain’s protective ek-
texine covering is forming, the second
component of the outer coat—the en-
dexine—is deposited below it. The proc-
ess involves a number of thin white
membranes that appear to arise from the
cytoplasm and provide a locus around
which sporopollenin is deposited. As
the deposition proceeds the membranes
grow into plates that finally merge to
form the endexine zone. No sign of ei-
ther the membranes or the plates can
be seen in the mature pollen-grain wall.

Formation of the endexine zone sig-
nals that the pollen grain has almost
reached maturity. All that remains now
is for the last component of the grain
wall—the intine—to form inside the en-
dexine. This takes place quite rapidly.
At about the same time the nucleus of
the pollen grain also takes a last step
toward maturity: the simple mitotic di-
vision that gives rise to the male sexual
nucleus and the nucleus of the future
pollen tube. Recently Roger Angold,
working in our laboratory, has shown
that in the development of the pollen
grain of the bluebell (Endymion) the
male generative, or sexual, nucleus be-
comes surrounded by a thin wall of cellu-
lose. This wall forms in close association
with the intine, then surrounds the gen-
erative nucleus and eventually pinches
off and becomes completely separate
from the intine. Our own studies have
shown that a similar wall is formed at
this stage in hellebore pollen.

As these climactic events occur in the
pollen grain the tapetal cells of the an-
ther wall also make their final contribu-
tion. Within each cell the spherical bod-
ies that have not broken free to become
Ubisch bodies gradually coalesce, and
when the tapetal-cell membrane finally
dissolves, the aggregates enter the an-
ther cavity. It may be that these coa-
lesced bodies give rise to the sticky ma-
terial—an oleaginous substance called
tryphine—that covers the mature pollen
grains of most insect-pollinated plants.

Almost all we know about the de-
tails of pollen growth and development
comes from the analysis of electron mi-
crographs. Returning to the questions
raised earlier—whether the surface pat-
terns of pollen grains are created by na-
ture or nurture, something within the
pollen grain itself or some element in the
microenvironment—it is interesting to
note that the first responses to these
questions were given long before elec-
tron microscopy was available as a re-
search tool.

It is quite clear to us that, in hellebore
at least, the patterning of the pollen
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Heaven Can Wait
Lately, we’ve had a hair-raising rash of second
sales to people who bought Rover 2000’s
within the past year. We say hair-raising because
these sales are to drivers who “totaled” their
first Rovers in accidents which should, by ordinary
logic, have been fatal. ( An accident serious
enough to “‘total” a car generally “totals” the
occupants as well. )
[t takes-a bit more doing to “total” a Rover
than a car of lesser rigidity. Consequently, we feel
a certain pleasurable surprise every time a Rover
owner walks away unscathed after clobbering

his car to junk.

We asked several of these drivers at what point
they’d decided to buy a second Rover. The

typical answer:

“*When I realized I'd survived.”

Come in or call your Rover dealer or, write
Leyland Motor Corporation of North America,
111 Galway Place, Teaneck, New Jersey-07666.

The Rover 2000
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grain’s surface is a consequence of in-
formation inherited by the microspore
when meiosis transforms each ‘mother
cell into four microspores. We have se-
lected as the key point in time the mo-
ment when locations for the later depo-
sition of primexine appear in the fibrous
material between the microspore mem-
brane and its covering of callose. Are
there any factors within the microspore
cytoplasm that determine these loca-
tions? As long ago as 1911 Rudolf Beer
observed thin threads radiating from
the nucleus of the pollen grain of the
morning glory (Ipomoea). Beer hinted
that in some mysterious way these
threads determined the organization of
the exine. With the aid of the electron
microscope we have located in the cyto-
plasm of hellebore pollen grains that ap-
pear to be microtubules radiating from
the nucleus in the manner of Beer’s
morning-glory threads. We believe the
microtubules, together with other cyto-
plasmic organelles called dictyosomes,
may be the factors that determine the
pollen grain’s exine pattern. This view,
based at least in part on a duplication of
Beer’s finding of nearly 60 years ago, is
not unchallenged. John Helsop-Harrison
of the University of Wisconsin, together
with John Skvarla and Donald A. Larson
of the University of Texas, believe sur-
face patterns in the pollen grains they
have investigated are determined by the
endoplasmic reticulum instead.

Can the microenvironment be dis-
missed as an insignificant factor in the
patterning of pollen-grain surfaces?
Again we can turn to an earlier answer.
In 1935 Roger P. Wodehouse, then
with the Arlington Chemical Company,
produced convincing evidence that in
many types of pollen the pattern of pores
and furrows bore a close relation to the
contact geometry of the microspores
during their association in the tetrad.

ur hellebore studies have produced
evidence in general support of Wode-
house’s conclusion: One of the three fur-
rows that mark each hellebore pollen
grain may well be initiated at the point
of common contact within the tetrad.

t would thus appear that both heredity
and environment play a part in deter-
mining the complex surface patterns of
pollen grains. If one or the other factor
must be declared the more significant,
heredity far outweighs environment.
Granting that some gross features such
as furrowing may be attributed to tetrad
contact geometry, all the rest—including
the myriad variations in wall structure
and patterning—is the product of inheri-
tance alone.



Communications R&D is coming through loud and clear at Martin Marietta.
You can, too.

Look at the Random Access Discrete
Address system we’re developing for
the Army. Called RADA, it puts auto-
matic dial radio in the battlefield with-
out the use of wire or switchboard
operators.

The system is adaptive; it automatically
selects the channel that is best for each
communications situation. RADA can

Martin Marietta is an equal opportunity employer.

handle voice, facsimile, teletypewriter
and data. And the system allows confer-
ences, busy override and interface with

switched-wire systems—while provid-
ing full system security.

RADA has a capacity for more than

40,000 discrete addresses, adequate for

an army of 20 augmented divisions. And

the whole system is both mobile and
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allows a high degree of flexibility.

This is just one example of the exciting
projects we’ve got going in communica-
tions—and many other fields. If you'd
like to get involved, write George F.
Metcalf, Vice President—Professional &
Management Relations, Aerospace
Group, Friendship International Airport,
Maryland 21240.

MARTIN MARIETTA
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Do you want
to go LSI now?

If you really want LSI now, grab
the next plane to Mountain View,
(It lands in San Francisco.) It’s the
quickest, least expensive way to get
LSI into your system.

Plan to bring along your blueprints.

And be ready to answer a lot of
questions. We’ll need to know what
you have in mind for sub-systems,
functions and specs. And, don’t be
surprised when we ask “why”’ a
couple of times. It’s all part of
Fairchild’s systems approach to
complex circuitry.

We’ll take your requirements and
match them against our family of
fundamental building blocks. We’ve
got LSIs (and MSIs) that work in
any digital logic system. The most
advanced circuitry on the market.
Offspring of computer-aided design
and double-layer metal technology.
And, they’re all so versatile, we can
probably give you a counter that
has a dozen other applications in
your system.
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But, you’ll only be able to build half
a system with standard building
blocks. To finish the job, you’ll
need interface devices to tie the whole
thing together. And, here’s where
Fairchild can really save you time
and money. We don’t have to custom
design each LSI interface circuit.
We use Micromatrix™'-a unique
cellular array that’s completed when
we add your specific interconnection
pattern. Your specs customize the
entire array for your system.

Of course, there’s a lot more to the
story. But, you ought to hear it in
person. Just call your Fairchild
salesman. He knows the flight
schedule to San Francisco.
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Or do you want
to think about it?

We’ve got an LSI design kit. It’s
based on our new 4500 Bipolar
Micromatrix Array — the first device
in a highly versatile LSI family.
The 4500 is an eight-cell array that
can be customized for virtually any
function. All it needs is your inter-
connection pattern. You can
determine the pattern by designing
your own Microamatrix array
with our kit. You can buy a
kit from your Fairchild
distributor for
about $100. And, in a
couple of months, we’ll see you
in Mountain View.
FAIRCHILD

SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation 313 Fairchild Drive, Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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The (anats of Iran

Some 3,000 years ago the Persians learned how to dig underground

aqueducts that would bring mountain ground water to arid plains.

Today the system provides 75 percent of the water used in Iran

traveler flying over Iran can see
A plainly that the country has an
arid climate. The Iranian plateau

is largely desert. Most of Iran (excepting
areas in the northwestern provinces and
along the southern shores of the Caspian
Sea) receives only six to 10 inches of rain-
fall a year. Other regions of the world
with so little rainfall (for example the dry
heart of Australia) are barren of attempts
at agriculture. Yet Iran is a farming
country that not only grows its own food
but also manages to produce crops for
export, such as cotton, dried fruits, oil-

by IL E. Wulff

seeds and so on. It has achieved this re-
markable accomplishment by developing
an ingenious system for tapping under-
ground water. The system, called qanat
(from a Semitic word meaning “to dig”),
was invented in Iran thousands of years
ago, and it is so simple and effective that
it was adopted in many other arid re-
gions of the Middle East and around the
Mediterranean.

The qanat system consists of under-
ground channels that convey water from
aquifers in highlands to the surface at
lower levels by gravity. The qanat works

of Iran were built on a scale that rivaled
the great aqueducts of the Roman Em-
pire. Whereas the Roman aqueducts
now are only a historical curiosity, the
Iranian system is still in use after 3,000
years and has continually been expand-
ed. There are some 22,000 qanat units
in Iran, comprising more than 170,000
miles of underground channels. The sys-
tem supplies 75 percent of all the water
used in that country, providing water
not only for irrigation but also for house-
hold consumption. Until recently (before
the building of the Karaj Dam) the two

ALLUVIAL FAN

UNDERGROUND AQUEDUCT conveys water gently downhill
from the highlands to disiribution canals in the arid plain below.
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The water source is the head well (right), which reaches down to
the water table. The other shafts provide ventilation and give access



million inhabitants of the city of Tehran
depended on a qanat system tapping the
foothills of the Elburz Mountains for
their entire water supply.

Discoveries of underground conduits
in a number of ancient Roman sites led
some modern archaeologists to suppose
the Romans had invented the qanat sys-
tem. Written records and recent excava-
tions leave no doubt, however, that
ancient Iran (Persia) was its actual birth-
place. As early as the seventh century
B.C. the Assyrian king Sargon II reported
that during a campaign in Persia he had
found an underground system for tap-
ping water in operation near Lake Ur-
mia. His son, King Sennacherib, applied
the “secret” of using underground con-
duits in building an irrigation system
around Nineveh, and he constructed a
qanat on the Persian model to supply
water for the city of Arbela. Egyptian
inscriptions disclose that the Persians do-
nated the idea to Egypt after Darius I
conquered that country in 518 B.c. Scy-
lax, a captain in Darius’ navy, built a
qanat that brought water to the oasis of
Karg, apparently from the underground
water table of the Nile River 100 miles

away. Remnants of the qanat are still in
operation. This contribution may well
have been partly responsible for the
Egyptians’ friendliness to their conquer-
or and their bestowal of the title of
Pharaoh on Darius.

References to qanat systems, known
by various names, are fairly common in
the literature of ancient and medieval
times. The Greek historian Polybius in
the second century B.c. described a
qanat that had been built in an Iranian
desert “during the Persian ascendancy.”
It had been constructed underground,
he remarked, “at infinite toil and expense
... through a large tract of country” and
brought water to the desert from sources
that were mysterious to “the people who
use the water now.”

Qanats have been found throughout
the regions that came within the cul-
tural sphere of ancient Persia: in Paki-
stan, in Chinese oasis settlements of Tur-
kistan, in southern areas of the U.S.S.R.,

for cleaning and repair of the conduit tunnel below. Called qanats
the irrigation systems

after the Semitic word meaning “to dig,”

in TIraq, Syria, Arabia and Yemen.
During the periods of Roman and then
Arabian domination the system spread
westward to North Africa, Spain and
Sicily. In the Sahara region a number of
oasis settlements are irrigated by the
ganat method, and some of the peoples
still call the underground conduits “Per-
sian works.” In the Middle East several
particularly interesting qanats construct-
ed by Arab rulers of early medieval times
have been excavated. In A.n. 728 the
caliph of Damascus built a small qanat to
supply water for a palace in the country.
A century later the caliph Mutawakkil in
Iraq likewise constructed a qanat sys-
tem, presumably with the aid of Persian
engineers, that brought water to his resi-
dence at Samarra from the upper Tigris
River 300 miles away.

Thanks to detailed descriptions by
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were invented in Persia during the first millennium B.c. The hori-
zontal tunnel of the qanat is commonly from six to 10 miles long.
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several early writers, we have a good
idea of the techniques used by the origi-
nal qanat builders. Vitruvius, the first
systematic historian of technology, gave
an account of the ganat system in tech-
nical detail in his historic work De Ar-
chitectura (about 80 B.c.). In the ninth
century A.D., at the request of a Persian
provincial governor, Abdullah ibn-Tahir,
a group of writers compiled a treatise on
the subject titled Kitab-e Quniy. And
about a.n. 1000 Hasan al-Hasib, an
Arabian authority on engineering, wrote
a technical work that fortunately is still
available and gives surprisingly gcod de-
tails of the construction and maintenance
of the ancient qanats.

The methods used in Iran today are
not greatly different frem the system
devised thousands of years ago, and I
shall describe the system as it can now

EXCAVATION OF A QANAT begins at the downhill end after a
trial well (right) has successfully tapped the uphill water table.
Where the gradually sloping tunnel passes through zones of loose
earth (left) hoops of tile support the walls, but a tunnel generally
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be observed. The project begins with a
careful survey of the terrain by an expert
engaged by the prospective builders. A
qanat system is usually dug in the slope
of a mountain or hillside where material
washed down the slope has been depos-
ited in alluvial fans. The surveyor ex-
amines these fans closely, generally dur-
ing the fall, looking for traces of seepage
to the surface or slight variations in the
vegetation that may suggest the pres-
ence of water sources buried in the hill-
side. On locating a promising spot, he
arranges for the digging of a trial well.
Two diggers, called muganni, take up
this task. They set up a windlass at the
surface to haul up the excavated materi-
al in leather buckets and proceed to dig
a vertical shaft about three feet in diam-
eter, one man working with a mattock
and the other with a short-handled
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spade. As they load the spoil in the buck-
ets, two workers at the surface pull it up
with the windlass and pile it around the
mouth of the shaft. If luck is with them,
the diggers may strike an aquifer at a
depth of 50 feet or less. Sometimes, how-
ever, they dig down 200 to 300 feet to
reach water, and this necessitates install-
ing a relay of windlasses at stages 100
feet apart on the way down.

When they arrive at a moist stratum—
a potential aquifer—the diggers scoop
out a cavity to its impermeable clay bot-
tom, and for the next few days the leath-
er buckets are dipped into the hole peri-
odically to measure the rate of accumu-
lation of water in it. If more than a trickle
of water is flowing into the hole, the sur-
veyor can conclude that he has tapped
a genuine aquifer. He may then decide
to sink more shafts into the stratum in

lacks masonry except at the discharge point. Ventilation shafts are
dug at intervals of 50 yards or so; earth and rock excavated from
the tunnel fa¢e are winched to the surface through the shafts.
Sightings over a pair of oil lamps help to keep the tunnel diggers’



the immediate area to determine the ex-
tent of the aquifer and its yield.

The surveyor next proceeds to chart
the prospective course of an under-
ground conduit through which the wa-
ter can flow from this head well or group
of wells to the ground surface at some
point farther down the slope. For the
downward pitch of the conduit he selects
a gradient somewhere between one foot
in 500 and one in 1,500; the gradient
must be slight so that the water will flow
slowly and not wash material from the
bottom of the conduit or otherwise dam-
age it. For his measurements the survey-
or uses simple instruments: a long rope
and a level. (The ninth-century treatise
Kitab-e Quniy described a tubular water
level and a large triangular leveling de-
vice with a plumb that was then em-
ployed in this task.) The surveyor lets the

HEAD WELL
-

progress on a straight line. A lamp flame
that burns badly also gives warning of bad
air. Before the tunnelers break through to
the head well, men at the surface bail it dry.

rope down to the water level in the well
and marks the rope at the surface to
show the depth. This will be his guide
for placing the mouth of the conduit;
obviously the mouth must be at some
point a little below the water level indi-
cated by the rope. A series of vertical
shafts for ventilation will have to be sunk
from the surface to the conduit at certain
measured intervals (perhaps 50 yards)
along its path. Consequently the survey-
or must determine the depth from the
surface for each of these shafts. He uses
a level to find the drop in the ground
slope from each shaft site to the next and
marks the length of this drop on the
rope. This tells him how far down from
the surface each shaft would have to be
dug if the conduit ran a perfectly level
course. He then calculates the additional
depth to which each should be dug (in

fariel
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view of the prospective pitch of the con-
duit) by dividing the total drop of the
conduit from the well’s water level to
the mouth by the number of proposed
ventilation shafts.

As the muqganni proceed to dig the
conduit itself, guide shafts are sunk to
the indicated depths at intervals of about
300 yards to provide information regard-
ing the route and pitch of the conduit for
the diggers. They start the excavation of
the conduit from the mouth end, digging
into the alluvial fan. To protect the
mouth from storm-water damage they
often line the first 10 to 15 feet of the
tunnel with reinforcing stone. The con-
duit is about three feet wide and five
feet high. As the diggers advance they
make sure they are following a straight
course by sighting along a pair of burn-
ing oil lamps. They deposit the exca-

TUNNEL CROSS SECTIONS indicate some ¢f the variations possible in qanat conduits.
The tunnel walls may be strengthened with tile hoops (a) or where the tunnel passes
through clay or well-compacted soil the walls may be left unlined (b).If the head well should
go dry and therefore need to be dug deeper, the conduit would also need to be deepened (c).
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vated material in buckets at the foot of
the nearest ventilation shaft, and it is
hauled up by their teammates above.
The tunnel needs no reinforcement
where it is dug through hard clay or a
coarse conglomerate that is well packed.
When the muganni come to a boulder
or other impassable obstacle, they tun-
nel around it and then must recover
their bearing toward the next ventilation
shaft. They show a good deal of skill in
this, relying partly on their sense of di-
rection and partly on listening for the
sounds of the diggers working on the
vertical shaft ahead. The greatest dan-
ger encountered by the muganni is
sandy, soft, friable or otherwise unstable
soil, which may cause the roof of the
tunnel to collapse on them. In such pas-
sages the diggers generally line the ex-
cavation with oval hoops of baked clay
as they cut away the tace of the work.
Gases and air low in oxygen also are
hazards; the diggers carefully watch
ther oil lamps for warning of the possi-
bility of a suffocating aunosphere. As
the muqganni approach the aquifer they
must be alert to another danger: the
possible flcoding of the tunnel by a
sudden inrush of water. This hazard is
particularly great at the moment of
breakdhrough into the head well; the
well must be emptied or tapped very
cautiously if the men are not to be
washed down the conduit by a deluge.
Because of all these hazards muganni
call the qanat “the murderer” A mu-
ganni always says a prayer before en-
tering a qanat, and he will not go to work
on a day he considers unlucky.
Depending on the depth of the aqui-
fer and the slope of the ground, qanats
vary greatly in length; in some the con-
duit from the head well to the mouth is
only a mile or two long, and at the other
extreme one in southern Iran is more
than 18 miles long. Commonly the
length is between six and 10 miles. The
water discharge obtainable from indi-
vidual qanats also varies widely. For
example, of some 200 qanats in the
Varamin plain southeast of Tehran the
largest yields 72 gallons per second and

RUINS OF PERSEPOLIS, the ancient capi-
tal of Persia built by Darius in 520 B.c., are
at the center of the aerial photograph on the
opposite page. The rows of small holes re-
sembling pockmarks reveal the presence of
several qanat systems below the surface:
each hole is the top of a ventilation shaft.
Most of the qanats around the ruins of
Persepolis were built only a few decades ago.

WINDLASS CREW, sheltered from the sun by an improvised tent, raises a load of ac-
cumulated silt in the process of cleaning a qanat conduit tunnel. Standing beside the tent
is a child who is needed on this job because the ventilation shafts are smaller than usual.

the smallest only a quarter of a gallon
per second.

Not until the qanat has been com-
pleted and has operated for some time
is it possible to determine whether it will
be a continuous “runner” or a seasonal
source that provides water only in the
spring or after heavy rains. Because the
initial investment in construction of a
qanat is considerable, the owner and
builders often resort to probing and la-
borious devices to enlarge its yield. For
example, they may extend branches from
the main conduit to reach additional
aquifers or excavate the floor of the ex-
isting conduit in order to lower it and
tap water at a deeper level [see illustra-
tion at right on page 97]. A great deal of
care is also given to the maintenance of
the qanat. The ventilation shafts are
shielded at the top with crater-like walls
of spoil and sometimes with hoods to
prevent the inflow of damaging storm
waters. Muganni are continually kept
employed cleaning out silt that is washed
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into the conduit from the aquifer, clear-
ing up roof cave-ins and making other
repairs.

As is to be expected of a system that
has existed for thousands of years
and is so important to the life of the na-
tion, the building of qanats and the dis-
tribution of the water are ruled by laws
and common understandings that are
hallowed by tradition. The builders of
a qanat must obtain the consent of the
owners of the land it will cross, but per-
mission cannot be refused arbitrarily. It
must be granted if the new qanat will
not interfere with the yield from an ex-
isting qanat, which usually means that
the distance between the two must be
several hundred yards, depending on
the geological formations involved.
When the parties cannot agree, the mat-
ter is decided by the courts, which nor-
mally appoint an independent expert to
resolve the technical questions at issue.
Similarly, there are traditional systems
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for the fair allocation of water from a
qanat to the users. If the qanat is owned
by a landowner who has tenant farmers,
he usually appoints a water bailiff who
supervises the allotment of water to each
tenant in accordance with the size of the
tenant’s farm and the nature of the crop
he is growing. When the peasants them-
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TILE HOOPS are piled up near one of the vertical shafts that lead
to the conduit tunnel of a qanat under construction in rural

selves own the qanat, as is increasingly
the case under the new land reforms in
Iran, they elect a trustworthy water
bailiff who sees that each farmer re-
ceives his just share of the water at the
proper time—and who receives a free
share himself for this service. The bai-
liff is guided by an allocation system that

has been fixed for hundreds of years.
For instance, three hamlets in the region
of Sehdeh in western Iran still receive
the shares that were allotted to them in
the 17th century by the civil engineer in
the reign of Shah Abbas the Great. The
hamlets of Dastgerd and Parvar are en-
titled to eight shares apiece and Karton

Iran. Their presence indicates that the construction crew has en-
countered a zone of loose earth and must shore up the tunnel walls.

ROW OF CRATERS, each one marking the mouth of a qanat ven-

tilation shaft, runs across an arid plain in western Iran. The walls
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of the craters protect the shafts and the tunnel below from erosional
damage from the inflow of water during a heavy desert rainstorm.



We built an airline
for professional travellers.

American can’t forget a request for dia-
pers or a dinner of baby food.

We own the world’s biggest business com-
puter, just for remembering.

It remembers a businessman’s order for
chili instead of the regular main course. It
rememberssalt-free diets and kosher meals,
too.

Of course we didn’t build this computer

for babies. We built it for professional
travellers—businessmen who buy up to fifty
plane tickets a year.

We go all out for customers like them.

For them we flew the first fan-jets. Built
the first Stewardess College. Were the first
to check bags at the curb. To introduce the
air credit card. To seat everyone within five
rows of a movie screen.
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In fact, we baby them.

Just as we do all our passengers, whether
they’re on their first flight or their hundred-
and-first.

On American Airlines, everyone gets the
full professional treatment.

That’s the American Way.

American Airlines




Heredity, Evolution, and Society

I. MICHAEL LERNER, University of California, Berkeley

An understanding of genetics and evolutionary thought—and their impli-
cations for human society —should be part of the cultural

equipment of every educated person today. This book will provide
readers with a scientific background for the momentous questions relat-
ing to these subjects that now confront all of us. Covering an

array of topics never before brought together in a book of this kind,
the author emphasizes the social, political, and psychological
ramifications of the biological laws governing

heredity and organic evolution. Particular attention is paid to such
areas of human inheritance as genetic problems of race, the
consequences of various human mating systems, and the impending
prospect of manipulation of human genetic resources.
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Biometry

THE PRINCIPLES AND PRACTICE OF STATISTICS
IN BIOLOGICAL RESEARCH

ROBERT R. SOKAL and F. JAMES ROHLF, The University of Kansas

This book provides a balanced presentation of statistical methodology
for the descriptive, experimental, and analytical study

of biological phenomena. Assuming no mathematical knowledge
beyond college algebra, the authors develop the

subject from an elementary introduction to the advanced level needed
for current biological research. The book includes a number of

newly developed statistical procedures. Especially

compiled and computed statistical tables to accompany the text are
available as a separate paperbound volume.

Human Respiration

A PROGRAMMED COURSE
OLOF LIPPOLD, University of London

This manual is intended to be used by persons who are studying
physiology for the first time. Although it is not designed to
replace a standard textbook, students will find that

it serves as a useful supplementary guide and review that
affords an opportunity to solve realistic problems. The major
topics covered include the lungs, the thorax, the

bronchi, oxygen and carbon dioxide transport, clinical
physiology, respiratory control and regulation, and clinical and
applied physiology problems.
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five new books In biology

39 Steps to Biology

SCIENTIFIC
AMERICAN

With Introductions by GARRETT HARDIN, University of California,
Santa Barbara

Readings from

Much emphasis is placed today on the recent triumphs of molecular
biology in revealing important unities in the living world.

This collection of thirty-nine readings is intended to lead the reader into
some of the more unsettled—indeed, mysterious—areas of biology

that can be seen by returning to a direct study of the diversities and
unities of nature. Topics covered include some surprising

adaptations that cannot be easily explained in terms of natural selection,
some apparent contradictions between survival requirements

and social reactions, population problems, and

such man-centered problems as air pollution, the effects of smoking,
and finally, the possibility of human self-extinction.

Interneurons
THEIR ORIGIN, ACTION, SPECIFICITY, GROWTH, AND PLASTICITY
G. ADRIAN HORRIDGE, University of St. Andrews, Scotland

Over the past decade researchers have found that the complex processes
that govern behavior are brought about by combinations of

nerve cells that are neither sensory nor motor in function. In this
monograph in comparative, integrative neurophysiology,

the author reviews the experimental findings relating to these cells

and speculates on how far the findings lead to an under-

standing of the brain. He also considers to what extent models of brains
can be tested and suggests the existence of reinforcement

neurons, as part of a theory of learning.

W. H. Freeman and Company

660 Market Street, San Francisco, California 94104
7 Cromwell Road, London S.W.7
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Point of
no return.

Turn back or go ahead?

For the American pioneers, an
overland journey was a major effort
in logistics. To make it through alive,
they needed food, water, reliable
transportation, protection from
weather and defense against attack.

Even in our time of superhighways
and jet-fast transportation, land
challenges remain unchanged in much
of the world.

LTV Aerospace Corporation, with
over 50 years of experience to draw
on, is applying successful aerospace
technology to solve challenging
“earth-bound” needs. We build
accurate missile systems for surface
tactical missions. And versatile land
vehicles for military transport . . . or
for a variety of civilian uses:
transportation, cargo trucks, or
inexpensive tractors to aid in
cultivating the world’s underdeveloped
farm areas.

Gaining ground, defending it,
increasing its production—these are
important technological areas at

LTV Aerospace, but only parts of the
whole. We're building advanced
systems and Froducts to take up the
challenges of all environments, from
the sea depths to outer space . . . as
well as the hostile land.

There is a tremendous range of
scientific and engineering talent
required throughout our company.
Whether your interest is in research,
design, development, production or
management . . . we have a need and
a place for your special skills.

Write Professional Placement, Dept.L,
P.O. Box 5907, Dallas, Texas 75222.
An equal opportunity employer.

LTV AEROSPACE CORPORATION

A SUBSIDIARY OF LING - TEMCO - VOUGHT, INC. DALLAS
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to nine shares, and these allocations are
built into the outlets from the qanat dis-
tribution basin: the outlets at Dastgerd
and Parvar are eight spans wide and the
one at Karton is nine spans wide.

The agricultural production made
possible by the qanats amply repays the
investment in construction and mainte-
nance. My own recent inquiries showed
that the return on these investments in
the value of crops and sale of water
ranges from 10 to 25 percent, depending
on the size of the qanat, the yield of wa-
ter and the kind of crop for which it is
used. A qanat about six miles long costs
between $13,500 and $34,000 to build,
the cost varying with the nature of the
terrain. For a qanat 10 to 15 miles long
the cost runs to about $90,000.

Construction costs have risen in re-
cent years as the standard of living in
Iran has improved and labor costs have
increased. Moreover, the division of
large landholdings into smaller ones un-
der the new land-distribution policy, as
well as the introduction of expensive
modern farming machinery, has made
it difficult for the individual landowners
to afford the expense of constructing
new qanats or maintaining old ones.
Many of these farmers are now drilling
wells and using diesel pumps, rather
than building underground conduits, to
bring the water to the surface. Conse-
quently the construction of new qanats
may cease, unless the peasants’ newly
formed village cooperatives find it prof-
itable and can raise the necessary capital
to build them.

Whatever the future of Iran’s ganat
system may be, it stands out today as an
impressive example of a determined and
hardworking people’s achievement. The
22,000 qganats in Iran, with their 170,-
000 miles of underground conduits all
built by manual labor, deliver a total of
19,500 cubic feet of water per second—
an amount equivalent to 75 percent of
the discharge of the Euphrates River
into the Mesopotamian plain. This vol-
ume of water production would be suffi-
cient to irrigate three million acres of
arid land for cultivation if it were used
entirely for agriculture. It has made a
garden of what would otherwise have
become an uninhabitable desert. There
are indications that in early times the
country had a flourishing vegetation
that gradually dried up, partly because
of deforestation and the loss of fertile
soil by erosion. The Persian people re-
sponded to potential disaster with an
ingenious and farsighted solution that
represents a classic tribute to human
resourcefulness.

MASONRY MOUTH of an Iranian ganat is equipped with a pair of sluice gates that allow
diversion of the water into separate canal systems. The amount of qanat water that may be
allotted to village or individual is sometimes determined by decisions made centuries ago.

STREAM OF QANAT WATER flows past a wall-enclosed garden in an Iranian town. The

stream first flows through the town and then is diverted into farm irrigation channels.
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It’s a hard world.

But help is on the way.

It is no longer necessary to take the work

to the hardness tester. A small diamond, of the
same type used in indenters in conventional
surface hardness testers, is the business end of a
small, portable electronic instrument which

cuts parts hardness inspection time dramatically.
Photo shows such a unit in use at

Pratt & Whitney Aircraft.

Unlike conventional testers, which measure the
degree of penetration of a test material when
subjected to pressure, the diamond penetrator of
the “Sonodur” instrument is lightly touched

to the surface of a test part, as is being done to
the jet engine hubs in the photograph.

The probe, a slender magnetostrictive rod
topped with the diamond, is electronically
vibrated to its natural resonant frequency.

The change in frequency which occurs when the
diamond is brought into contact with a test part,
caused by the dampening effect of the metal,

is almost instantly registered on a meter dial.
Direct read-outs accurate to one point,

plus or minus, of the Rockwell “C* scale.

But you don't have to test jet engine parts for
hardness to take advantage of diamond tools.
If you cut, polish, grind, or abrade anything,
chances are that diamonds can do the

job better and more profitably. Your tool and
wheel maker can show you how.

De Beers World’s leading source
of natural and synthetic diamonds

for industry . . . backed by
the Diamond Research Laboratory.

Shannon, Ireland #
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The Sexual Life of a Mosquito

Modern methods of insect control call for detailed knowledge

of aninsect’s physiology and behavior. Reproduction in Aedes

aegypti, the yellow-fever mosquito, is surprisingly elaborate

he spectacular success achieved in
I recent years in eradicating the
screwworm fly by blocking its re-
production has encouraged hopes that
a similar strategy might be effective
against a much more serious insect pest
—the mosquito. Mosquitoes, transmitting
malaria, yellow fever, encephalitis and
other grave diseases, have probably
caused more human deaths than any oth-
er group of insects. The control or elimi-
nation of the mosquito, like the control
or elimination of any insect pest, may
call for an entire arsenal of judiciously
chosen methods, and new methods are
constantly being sought. Among the
most attractive methods are biological
ones: they are aimed at a specific pest
and do not involve the use of chemicals
that may be hazardous to other orga-
nisms. Biological methods of control,
however, require an intimate knowledge
of the target species’ way of life.

The surest method of eradicating a
species is to destroy its ability to re-
produce. In the case of the screwworm
fly this was accomplished by sterilizing
males and releasing them into the wild
population in saturating numbers. This
tactic is now being studied with vari-
ous species of mosquito, and it has
proved highly effective in the labora-
tory. Unfortunately it has not met with
much success under natural conditions.
Clearly there is a need for more in-
formation about the sexual life and
repr()ductive mechanisms of mosqui-
toes. The relatively small amount of
information already available has sug-
gested a number of approaches to pre-
venting the reproduction of the insect
and bringing about the autocide of
disease-carrying species.

The sexual behavior of mosquitoes
varies remarkably from species to spe-
cies. The species for which the most de-
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tailed information has been gathered is
the yellow-fever mosquito Aedes aegyp-
ti, which has probably caused as much
human illness and as many human
deaths as any other man-biting mosqui-
to. Here I shall describe what has been
learned about the sexual life of this spe-
cies by many investigators, including my
colleagues and myself at the University
of Maryland.

Every mosquito begins its life with the
fertilization of the egg. Within the pro-
tective shell of the egg the embryo de-
velops rapidly. When eggs containing
fully developed embryos are placed in
water that is poor in oxygen, they give
rise to larvae. In about a week the lar-
vae are mature. All mosquito larvae go
through four distinct stages of growth,
shedding their old skin before each new
stage. Microscopic examination of the
insect in its last larval stage shows that it
has already formed the rudiments of the
antennae, eyes, legs and wings of an
adult mosquito. The antennae are en-
closed within two small sacs in the lar-
va’s head. These sacs disclose the in-
dividual’s sex: if they are large and well
developed, the larva will give rise to a
male; if they are small and poorly devel-
oped, the adult will emerge as a female.

After the transformation from the lar-
val to the pupal state, the pupa (which
to the unaided eye looks something like
a comma) completes the development of
the anatomical structures that will char-
acterize the adult. In this development
the alimentary tract is completely re-
modeled, the female forms its internal
reproductive organs, the male develops
mature sperm in its testes and many oth-
er changes hidden from surface view
take place. The decaying larval tissues
provide food for the synthesis of the
adult tissues. In about two days the pupa
sheds its skin and the insect emerges
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as an adult mosquito. The female then
differs from the male not only ana-
tomically but also in behavior. For ex-
ample, whereas the Aedes acegypti male
feeds only on plant nectar and water,
the female has a thirst, in addition, for
animal blood—a thirst the male mosquito
does not share because its proboscis
lacks the necessary cutting tools.

""he male is relatively small and is

distinguished by large, hairy anten-
nae. Shortly after the male’s emergence
into the winged state its rear end under-
goes a remarkable rotation. The last two
segments of the abdomen, pivoting on
the membrane between the seventh and
the eighth segment, begin to rotate (ei-
ther clockwise or counterclockwise). In
the first three hours this end portion
turns 90 degrees, and by the 20th hour
it has made a full turn of 180 degrees, so
that the male’s rear end is upside down
from its original position. The change is
permanent. Were it not for the 180-de-
gree reversal of the abdominal tip, the
male would be unable to copulate with
the female—whose abdomen always re-
tains its original position.

Similar rotations of the male abdo-
men are characteristic of all Diptera
(two-winged insects). What kind of
mechanism is responsible for this curi-
ous twist? The process is not fully
understood. There is no indication that
the muscles of the body wall cause
the rotation. It appears that the twist-
ing force may be applied by powerful
rotational contractions of the hindgut,
operating rather like a screwdriver. It
has also been suggested that the mem-
brane on which the end segments piv-
ot may originally be plastic and then
slowly harden during the rotation, thus
fixing the rear end in the new position.
The membrane itself shows no external



COPULATING MOSQUITOES belong to the yellow-fever species male while swinging around to hang below her (top right). In this
Aedes aegypti. The male mosquito is attracted to the female (teth- position he brings his genital organs into contact with those of the
ered to a fine steel wire by rubber cement) by the sound of her mov- female (bottom left and right). These photographs and the others
ing wings (top left). With tiny hooks on his leg tips he grasps the fe- in this article were made by Thomas Eisner of Cornell University.
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MALE AND FEMALE YELLOW-FEVER MOSQUITOES are the adult male (right), and her antennae are less elaborate. The
shown 10 times actual size. The adult female (left) is larger than two rectangles outline the parts depicted in the cross sections below.

\[
OVARIES

TESTES

ANAL HOOKS

N = EIGHTH SEGMENT

e — = ———

REPRODUCTIVE ORGANS of the female mosquito (top) and the ture of the male’s genital apparatus is more complex than that of
male (bottom) appear in longitudinal section. The external struc- the female; her internal structure is more complex than the male’s.
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sign of having been twisted, but if the
insect is dissected, the twist is clearly
visible in internal organs such as the
tracheae (air tubes), the nerve cord and
the sperm ducts.

During the rotation of the male’s
rear end, spermatozoa from its two
testes pass down thin-walled sperm
ducts to fill two seminal vesicles at
the end of the abdomen. The sperm,
consisting of needle-like heads and
long tails, all become precisely aligned
inside the vesicles with the heads point-
ing toward the abdominal tip. On both
sides of the seminal vesicles are large,
pear-shaped accessory glands that se-
crete a major component of the semi-
nal fluid. A small ejaculatory duct
opens into the male’s copulatory organ.

The genital apparatus is extremely
complex [see bottom illustration on op-
posite page]. The copulatory organ it-
self, deeply retracted in a fleshy pocket,
is composed of a hinged pair of tiny,
curved plates; these are intricately at-
tached to a pair of large claspers posi-
tioned externally on the abdominal tip.
A large anal cone between the two clasp-
ers obscures the copulatory organ. On
both sides of the cone are hooks that
serve as grasping accessories. The exter-
nal genital structures of male mosquitoes
are so intricate and distinctive that
taxonomists use them to identify many
mosquito species. '

Whereas the male mosquito’s repro-
ductive system is complex on the out-
side and relatively simple on the in-
side, the female’s is relatively simple
on the outside and complex on the
inside. Externally it consists of two pad-
dle-like plates (called cerci) with long
sensory hairs above the anus and a long
tonguelike structure next to the retracted
vagina below the anus. The vagina is
S-shaped and contains three interlock-
ing valves of different shapes, one of
them with teeth along its tip. Four
distinct internal structures open into the
vagina: a sac called the bursa, which
first receives sperm from the male; a
tiny, globular accessory gland; three
spherical organs called spermathecae to
which the sperm migrate by way of a
tiny funnel and long, twisted ducts,
and a long oviduct through which the
eggs pass from the ovaries.

In general female mosquitoes must feed

on blood to develop eggs. Some spe-
cies can develop the first batch of eggs
without having had a blood meal, but
even these require blood in order to lay
subsequent batches. Some species must
have more than one blood meal before

ROTATION of the tip of the male mosquito’s abdomen takes place early in adult life. Be-
fore the 180-degree turn (which may be clockwise or counterclockwise) the clasper claw
points up (left); it points down when the turn is completed about 20 hours later (right).
With the tip reversed, copulation can occur (see illustrations at bottom of next two pages).

their eggs can mature. The blood meal
initiates a chain of essential physiological
events in the female. It is believed that
her stomach, greatly distended by the
drink of blood, presses on the nerve cord
and causes it to send electrical signals to
the brain. Within an hour the message
excites certain cells in the upper part of
the brain to secrete a hormone into the
insect’s circulating body fluid, and this
in turn results within a few hours in
the secretion of a secondary hormone
from a pair of small glands in the fe-
male’s neck. The latter hormone trig-
gers a spectacular series of events in
the ovaries. Submicroscopic pits (as
many as 300,000 of them) appear on
the surface of the egg. The eggs then

begin to imbibe protein from the fluid in
the ovary that collects in the surface
pits; droplets of yolk form rapidly and
soon fill the egg. The egg cell enlarges
enormously and the egg nucleus, origi-
nally large, shrinks to a tiny mass of ge-
netic material. A thin shell forms over
the egg within the ovary.

A female mosquito that has fed on
blood will produce and lay eggs even if
she has not been fertilized. Fertilization,
however, strikingly increases her egg
production. Immediately after her blood
meal the female is not very attractive to
males, but at any other time she attracts
them instantly merely by flying about.
The males are drawn by the buzzing
sound of the wings. The attractive

SPERM inside the seminal vesicle, the male’s storage sac, are precisely aligned. The head-
pieces (dark cigar-shaped areas) all point in the same direction. The tails are wormlike. At
right is the wall of the vesicle (mottled area). Magnification in this electron micrograph,
made by Victor H. Zeve of the National Institutes of Health, is about 15,000 diameters.
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FEEDING on human blood from an index finger, a female yellow-
fever mosquito appears at left. The needle-like part of the proboscis

sounds are in the range between 300 and
800 vibrations per second. Experiments
conducted by Louis M. Roth, then at the
U.S. Army Quartermaster Research and
Development Center, show that a male
mosquito will pursue a sound in this
range regardless of the source—whether
it is male or female, of its own or another

COPULATORY POSITION, bringing the male yellow-fever mos-
quito below the female, is shown at left. In the schematic diagram at
right of the anatomy of the male and female insects, the organs are
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mosquito species or even simply a tuning
fork. (Mature females and males just
emerged from the pupal state beat their
wings at about the same rate and are
pursued by older males; young, newly
emerged females have a different beat
and therefore are not pursued.) Accord-
ing to Roth, the male’s hearing range is
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is piercing the skin. At right the mosquito is seen with abdomen
swollen from the blood meal. Only the female insect drinks blood.

only about a foot. Roth has also demon-
strated that the male is deaf to the flying
female if his antennae are removed or
prevented from vibrating.

The stimulating sound causes the male
not only to pursue the source but also to
seize it with his claspers. He will clasp
the cloth walls of a cage if a tuning fork

COPULATORY
ORGAN

drawn as they appear before coital contact. The male’s copulatory or-
gan (hereretracted),the anal hook and the clasper are rigid elements;
in coitus they stretch and distort the female’s more flexible tissues.



is sounded outside the walls, and indeed
will seize anything that comes within
his reach in the direction of a suitable
vibrating source, including a male mos-
quito.

The process of copulation with a fe-
male is rapid but complex. On reaching
the flying female the male first seizes her
back with his legs, the tips of which are
equipped with little grappling hooks.
Then, with remarkable agility, he swift-
ly swings around until he is hanging
face-to-face below his partner. The fe-
male, exhibiting no obvious response,
may continue her flight, or the pair may
fall to the floor of the cage. In either
case the male quickly proceeds to bring
his genitalia into contact with those of
the female [see illustrations at bottom of
opposite page and below]. His claspers
grasp her cerci; this causes the tongue-
like plate under her anus to move up-
ward and expose the edges of the vagina.
The male then uses his anal hooks to pull
the female’s genitalia toward him. He
rapidly extends his previously retracted
copulatory organ so that teeth at its tip
mesh with the teeth on the dorsal valve
in the vagina. The forceful entry everts
the valve, and the hinged plates of the
male’s organ then spread out and widen

the vagina, enlarging the opening into
the bursa. At that instant the male organ
discharges a large quantity of seminal
fluid, containing about 2,000 sperm, into
the bursa. The pair then quickly sepa-
rate, frequently with a parting kick
against the male by the female’s hind
legs. The entire copulatory act takes
from 14 to 20 seconds under natural cir-
cumstances, and about 30 seconds when
a nonflying pair of mosquitoes are arti-
ficially induced to mate in the laboratory
under a microscope.

Experiments in our laboratory have

established that an Aedes aegypti
male can be induced to mate mechani-
cally if its rear end is placed in contact
with the genitalia of an unfertilized fe-
male. The technique is quite simple. A
male and a female are lightly anesthe-
tized, a drop of glue is put on the head
of a pin and the glue is applied to the
abdomen of each insect. The mosquitoes
are then rubbed together while being ob-
served under the microscope. The tech-
nique makes possible a number of ex-
periments that otherwise could not be
done. With it we have demonstrated that
the rear end of the male alone, immedi-
ately after being severed from the rest

of the body, is capable of copulating
with and inseminating a female. A note-
worthy and perhaps critically important
finding is the fact that in such experi-
ments only the rear end of an unfertil-
ized female will cause the male to ex-
tend his copulatory organ and ejaculate.
When a fertilized female is offered me-
chanically to a male under the micro-
scope, he somehow recognizes instantly
that she has been mated and he makes
no attempt to copulate with her; in-
deed, he frequently draws away. A fly-
ing female, however, may induce the
male to copulate even if she has been
fertilized. Andrew Spielman and his col-
leagues at the Harvard School of Public
Health have recently found that if these
females are reinseminated, the mass of
semen is rapidly ejected. Presumably the
enticement of the female’s buzzing over-
rides the male’s recognition of her fer-
tilized condition.

A male mosquito can inseminate five
or six females in rapid succession. He
may copulate with many more—as many
as 30 within 30 minutes—but his supply
of seminal fluid and sperm is exhausted
after five or six matings. It takes about
two days for the male to refill the seminal
vesicles with a fresh supply of sperm and

COPULATION begins as the male grasps the female with clasper
and anal hook, thereby pulling her genitalia closer and enlarging
the vagina entrance (left). The copulatory organ then thrusts for-
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ward, engages the teeth of the dorsal valve and spreads to widen the
entrance into the bursa (right). In this position the male ejaculates
into the bursa sperm from the seminal vesicles (colored arrows).
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DEVELOPMENT OF EGGS begins after the female mosquito imbibes blood (color) and
her gut distends («). The gut then presses on the ventral nerve cord and signals are sent
to the brain (b). In response certain brain cells secrete a hormone into the insect’s circulat-
ing fluid (c), giving rise to the secretion of a second hormone by the corpora allata (glands
in the neck). With the arrival of this hormone at the ovary (d), protein from the blood en-
ters the ovary fluid and is taken up by the eggs. Yolk droplets form and eggs enlarge (e).
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regenerate the accessory-gland material.

Let us turn our attention now to the
female. After her bursa has been filled
with semen from the male the long,
threadlike sperm swim toward the open-
ing of the bursa and line up in dense
bundles with their tails undulating rap-
idly. They remain there for 30 to 40
seconds. Then groups of the sperm
abruptly make a sharp U-turn, swim to
the funnel leading to the spermathecae
and make their way up long, twisted
ducts to those receiving organs. Gener-
ally they reach only two of the three
spermathecae. Within less than five
minutes the migrating sperm (perhaps
1,000 of them, probably together with
seminal fluid) have filled the two reser-
voirs, and there the sperm swim rapidly
in circles and remain active as long as the
female lives. In short, once the female
has been mated, she is fertilized for the
rest of her lifetime.

The behavior of the sperm in the fe-
male’s reproductive tract presents sev-
eral puzzles. Why do the highly active
sperm wait in the bursa for 30 to 40
seconds before starting their journey to
the spermathecae? How do they make
their way there without error, although
neither the bursa nor the ducts provide
contractions that might give them direc-
tion? Why do no sperm or so few sperm
enter the third spermatheca? Curiously,
our experiments have failed to develop
any definite proof that the sperm can
actually travel to the spermathecae with-
out assistance. In fact, our efforts to fer-
tilize females by artificially inseminating
their bursae with highly active sperm
and accessory gland material have gen-
erally been unsuccessful. We deduce
from these facts that in some unknown
way the female exercises a control of her
own over fertilization.

At all events, the consequences of her
fertilization are quite clear. The sperm
that reach her spermathecae enable her
to produce fertile eggs. And a fertilized
female lays a great many more eggs than
an unfertilized one, as a result of the slow
absorption into her body of the seminal
material (sperm and granular material
from the male’s accessory glands) that
remains behind in her bursa after the
migration of sperm to the spermathecae
stops. It is not clear how the spermatozoa
get out of the spermathecae to reach the
egg. The sperm cell does, however, enter
the egg through a specialized tiny open-
ing at its front end just as it is laid.

he female lays her eggs one at a
time. After finding a suitable water
site for depositing them, she first lifts her



Pick a bad one. Really bad. Full of
potholes and cobbles, the kind of wash-
boarding that canshake your hind teeth
loose.

Then drive the new BMW over it.
Fast. Then slow. And then let the as-
tonishment sink in.

This car actually soaks up the bumps,
flattens them out and softens them as
you never thought possible.

How?

First, the car features a unique, fully-
independent suspension. Unique be-
cause that suspension also incorporates

'The worst road you can find
is the best place to find out about BMW.

a multi-jointed rear axle, so a BMW’s
wheels take a virtually unshakable grip
on even the roughest road.

Then we combine that suspension
with the kind of rugged engineering
and precision craftsmanship that made
the Bavarian Motor Works’ reputation.

The result? The best roadability of
any car in the world.

And if you want to know how really
remarkable that is, remember that this
car sells for a mere $2600 in the U.S.

Of course, there is a lot more ex-
citement about BMW, too.
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Like a cruising speed of 100 mph.
And virtual freedom from repairs. And
gas economy of up to 30 miles to a
gallon.

For the whole story, see your BMW
dealer. He’s got the car that you can
have the time of your life with, even
when you’re giving it a rough time.
Suggested retail prices start at $2,597 P.O.E. New
York. U.S. Importer: Hoffman Motors Corporation,
375 Park Avenue, New York, N.Y., 1862 S. La
Cienega Blvd., Los Angeles, Calif. Dealers coast to
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Bavarian Motor Works

The Sportsman’s Car



Complete in paperback / $2.45

| Robert Ardrey

| The author of

AFRICAN GENESIS
THE

TERRITORIAL
IMPERATIVE

Mw

A personal inquiry into the animal
origins of property and nations

“One of the most exciting books
about the nature of man that has
ever been presented.” —Newsday

As At your bookstore now

A DELTA BOOK / Published by Dell

Science reporting
at its best

of theSea

R sciende
. The new s ’ \
= > T!.&uﬂﬂ["“‘“?[ni

by JOHN BARDACH

A marine biologist, author of
DowNsTREAM: A Natural His-
tory of the River, now explores
the promises and limitations of
the sea as a storehouse of food for
man. He also offers a lucid ac-
count of the latest developments
in the still young science of ocean-
ography: How rapid is the prog-
ress of undersea technology? Will
there be cities on the sea? Settle-
ments under the sea? In discuss-
ing such questions, Dr. Bardach
points the way for future research
on which man’s survival may well
depend. With many illustrations.

$6.95 at all bookstores,
or from Dept. 14

&ﬁ Harper & Row

1817 49 E. 33rd St.,, N.Y., N.Y. 10016

hind legs and fans them up and down.
Then she wipes the tip of her abdomen
with them and vigorously scrubs them
together. The tip of the abdomen al-
most touches the water surface. Her
cerci and the tonguelike plate below
the anus are pressed close together and
point down. As an egg descends from
the ovary through the oviduct there is
considerable contraction and twitching
of the genital structures, particularly the
edges of the vagina. In emerging from
the vagina the large white egg pushes
the cerci and subanal plate upward,
everts the vaginal opening and then
drops into the water. One egg follows an-
other until the female has delivered her
batch. Some species of mosquito array
the eggs in rafts on the water. Some
species lay their eggs while hovering
over the water, the eggs dropping like
little bombs. Others eject their eggs into
water that has collected in the hollow of
a tree. There is even a mosquito that lays
her eggs on her hind legs and then dips
her legs into the water to set the eggs
free.

The female mosquito has a remark-
able capacity for retaining eggs in her
ovaries after the eggs have fully ripened.
The majority of mosquitoes will not lay
eggs unless they have located an ap-
propriate site for them. We have been
able to force such females to deposit
their eggs under the microscope, how-
ever, by a shock treatment such as crush-
ing the head or thorax or cutting off the
head or abdomen. Within less than a
minute after the injury eggs begin to
emerge from the vaginal opening, and
occasionally a considerable number will
be laid.

We have also investigated the action
of portions of the egg-delivering system.
If the ovary itself is cut away from the
body when it is greatly distended with
ripe eggs and placed in a drop of saline
solution on a glass slide, eggs will slide
out through the open end. It appears,
however, that in normal circumstances
the main force for drawing eggs out
of the ovary under natural conditions
comes from vigorous rhythmic contrac-
tions of the internal oviducts (the exit
ducts of the ovaries). Ordinarily the
lateral oviducts are constricted, and this
constriction may be responsible for the
ovary’s retention of ripe eggs until the
female has found a suitable site in which
to lay them.

rl‘he female mosquito invariably lays

her eggs in daylight, principally in
midafternoon between 2:00 and 3:00
p.a. It has been demonstrated by A. J.
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Haddow and J. D. Gillett of the East Af-
rican Virus Research Institute in Uganda
that light controls the egg-laying rhythm
(perhaps by activating some hormone);
these workers showed that the mosquito
will lay her eggs in the nighttime hours
and refrain in the daytime hours if the
light cycle in her cage is reversed.

A female that is ready to lay eggs ex-
plores possible sites primarily with her
feet. She flies about and alights on vari-
ous water surfaces, setting all six legs
down on the water. The hairs on her legs
evidently possess a chemical sensitivity,
particularly to salinity. It has been shown
by Robert C. Wallis, who was then at
the Johns Hopkins School of Medicine,
that they can distinguish between dis-
tilied water and weak saline solutions.
Most species of mosquito prefer fresh
water for laying their eggs, but some fa-
vor brackish waters. On finding a favor-
able site the female walks to the edge of
the water and lays her eggs there.

Soon after they are laid the white eggs
swell and turn black. Normally the egg
hatches into a larva in two days. If the
conditions are not suitable, the larva,
even though they are fully developed
within the shell of the egg, can remain
alive for a considerable time. Charles L.
Judson of the University of California at
Davis has shown that when such eggs
are placed in water with a low oxygen
content, the pharynx of the larvae sud-
denly becomes active. It makes rapid
swallowing motions, apparently without
actually imbibing fluid, and proceeds to
break out of the shell. A small spine
on top of its head presses against the
shell along a preformed line and the top
of the shell neatly snaps oft.

The larva wriggles out quickly, air
suddenly enters its breathing tubes,
which take on the appearance of silvery
capillaries, and its heart begins to beat.
The insect at once starts to feed, and so a
new cycle of mosquito life gets under
\Vﬂy.

here are definite periods in the lite

cycle of mosquitoes in which re-
production can be profoundly aftected
by some specific treatment. William R.
Horsfall and J. R. Anderson of the Uni-
versity of Illinois have demonstrated, for
example, that the sex of larvae in certain
strains of mosquito can be completely
reversed by subjecting the larvae to a
certain temperature at a certain peri()d.
Many other entomologists are examining
similar phenomena in the sexual life of
mosquitoes in the hope of finding some
way of eliminating the insect when it is
not wanted.
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MATHEMATICAL GAMES

Puzzles and tricks

with a dollar bill

by Martin Gardner

remarkable variety of small man-

A made objects lend themselves to

tricks and puzzles that are some-

times mathematical in character. This

month we take a not so serious look at
some puzzling aspects of dollar bills.

A curious folding stunt involving sym-
metry operations on the rectangular
shape of a bill is well known to magi-
cians. The performer holds the bill at
each end, with the picture of Washing-
ton upright [see illustration on opposite
page]. He folds the bill in half length-
wise, then in half to the left and once
again in half to the left. Then he unfolds
the bill, apparently by reversing the
three previous steps, but now Washing-
ton is upside down! When others try to
do the same thing, the bill stubbornly
refuses to invert.

The secret lies in the second fold.
Note that it is made by carrying the
right half of the bill behind the left half.
The third fold is made the opposite way.
When those two folds are undone, they
are both opened to the front. This has
the effect of rotating the bill 180 degrees
around a vertical axis, as you will see by
comparing the bill at step 2 with the bill
at step 6. Even so, the final inversion
comes as a surprise. One must prac-
tice until the three folds can be made
smoothly and quickly. The unfolding
should be slow and deliberate while you
assert (magicians have the privilege of
fibbing) that you are carefully repeating
the same three steps in reverse time
sequence.

Origami experts have devoted much
time to devising ways of folding dollar
bills into such things as a finger ring,
bow tie, peacock, rabbit in hat; indeed,
two treatises on this have been published
by the Ireland Magic Company of Chi-
cago: The Folding Money Book by Adol-
fo Cerceda (1963) and The Folding
Money Book Number Two by Samuel
and Jean Randlett (1968). The folds de-
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scribed in those books are rather com-
plicated, but here is a simple and amus-
ing one that readers are invited to dis-
cover for themselves before the solution
is given next month. How can a dollar
bill be given two creases in such a way
that it makes the best possible picture of
a mushroom?

All bills have identifying eight-digit
serial numbers, and of course those num-
bers can figure in many different kinds
of mathematical diversion. Has the
reader ever played dollar-bill poker?
Each of two players takes a bill from his
pocket and the two then alternate claims
of a pair or better, using the digits of the
serial number as if they were cards. No
straights or full houses are allowed,
but sets of like digits may go higher than
four of a kind. At each turn a player
must raise his claim or call. Bluffing is
permitted. After a call both numbers are
inspected and the player who made the
last claim is allowed to use the serial
numbers on both bills to satisfy his claim.
For example, if he had claimed six 3’s
and there are two 3’s in his serial num-
ber and four or more in his opponent’s,
he wins his opponent’s dollar. Otherwise
he loses his dollar.

A trick that was a favorite of Royal
V. Heath, a New York stockbroker and
amateur magician who in 1933 wrote a
book called Mathemagic, begins by
someone’s being asked to take a dollar
bill from his pocket and look at the serial
number. He calls out the sum of the first
and second digits and then the sum of
the second and third digits, the third
and fourth, and so on to the end. For an
eighth and final sum he adds the last and
second digits. The performer jots down
these eight sums as they are called.
Without making any written calculations
he immediately writes out the bill’s serial
number.

The problem is one of solving quickly
a set of eight simultaneous equations.
The solution goes back to Diophantus,
a third-century algebraist who lived in
Alexandria; the earliest presentation of
it as a trick that I have found is in The
Magician’s Own Book (Dick and Fitz-
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gerald, 1857). The anonymous author
explains a simple procedure for calculat-
ing the original number: Add the second,
fourth, sixth and eighth sums; subtract
the sum of the third, fifth and seventh
sums; halve the result. This can be done
easily in the head as the sums are called
out. Starting with the second sum, the
numbers are alternately subtracted and
added as shown schematically on page
120. Halving the final result gives the
second digit of the serial number. In-
stead of calling it out, however, the per-
former subtracts it from the first sum so
that he can write and call out the serial
number’s first digit. It is a simple matter
to give the remaining digits in order.
The second is already known. Subtract-
ing it from the second sum gives the
third digit of the serial number. The
third digit subtracted from the third
sum gives the fourth digit, and so on to
the end.

The trick is not limited to the digits
of eight-digit numbers. It applies to any
series of real numbers, positive or nega-
tive, rational or irrational. If there is an
even number of numbers in the series,
the procedure just explained is used. If
there is an odd number of numbers, you
ask that the final sum be that of the last
and first numbers. Instead of ignoring
the first sum, start with the first sum and
alternately subtract and add. Halving
the final result then gives the first (not
the second) number in the original se-
ries. Suppose, for instance, the series is
100, —27, 2/3, —1, 2,456. The five
sums will be 73, —26%, —1/3, 2,455 and
2,556. When these are alternately sub-
tracted and added, the result is 200.
Half of 200 is 100, the first number of
the original series.

Many tricks with serial numbers are
based on what magicians call the “nine
principle,” which in turn derives from
the fact that our number system is based
on 10. For example, ask someone to take
a bill from his pocket while you stand
with your back turned. Have him jot
down its serial number. Tell him to
scramble the eight digits—that is, to
write them down in any order—to make
a second eight-digit number and then
to subtract the smaller number from the
larger. With your back still turned, ask
him to cross out any digit (except zero)
in the answer and then call out to you,
in any order, the remaining digits. You
immediately name the digit that he
crossed out.

The secret lies in the fact that if any
number is scrambled and the smaller
number is taken from the larger, the
difference has a digital root of 9. An ex-



ample will make this clear. Suppose the
serial number is 06281377 and that this
is scrambled to 87310267. The differ-
ence is 81028890. The digital root of
this number is obtained by adding the
digits in any order, casting out nines as
you go along. Eight plus 1 plus 2 is 11,
but in your mind you add the digits of
11 and remember only 2, which is the
same as taking 9 from 11. Continue in
this way, adding the digits whenever a
partial sum has more than one digit. The
single digit at the finish is the digital
root. Since the number obtained by sub-
traction is certain to have a digital root
of 9, it is easy to determine the missing
digit. Merely add the digits as they are
called, casting out nines as you go along.
If the final digit is 9, your subject must
have crossed out 9. Otherwise take the
final digit from 9 to get the crossed-out
digit.

Many other procedures also result in
numbers with digital roots of 9. For in-
stance, your subject can add the digits
of the serial number and then subtract
the sum from the serial number. Or he
can add the digits, multiply by 8 and
add the product to the original num-
ber. Instead of naming a number crossed
out in the final result, you can calculate
a person’s age by asking him to add his
age to the final result and call off, in any
order, the digits in the sum. What you
do is obtain the digital root of the num-
bers called out and then keep adding
nines to it mentally until you reach
what you estimate to be his age. Sup-
pose a woman follows any of the above
procedures that produce a number with
a digital root of 9. She adds her age and
gives you, in scrambled order, the digits
in the sum. Assume that they have a digi-
tal root of 4. In your mind you simply
tick off: 4-13-22-31-40-49 and so on,
picking the number that seems most like-
ly to be her age. (When in doubt, pick
the lower!)

For another trick based on the nine
principle, obtain a bill with a serial num-
ber that has a digital root of 9 and carry
it with you. You ask someone to jot down
eight random digits but, before he starts,
you appear to have an afterthought.
Take out your bill and tell him to use the
digits of its serial number; it is a handy
way, you explain, to obtain random dig-
its. While your back is turned he can
scramble the number and add the two
eight-digit numbers, and you can pro-
ceed with any of the tricks described
above. Indeed, he can form as many
scrambled eight-digit numbers as he
wishes; their sum will always have a dig-
ital root of 9. He can scramble and multi-
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An ancient formula solves a dollar-bill trick

ply by any number; the product will
have a digital rcot of 9. If he suspects
that your bill is a special one and insists
on using one of his own, shift to one of
the previously described procedures.

A bit harder to puzzle out is the fol-
lowing serial-number stunt that ap-
peared recently in a magic periodical
with the unlikely name The Pallbearers
Review. The subject writes down the
serial number of his own bill, reverses it
and adds the two numbers. He crosses
out any digit and reads the result aloud,
substituting x for the missing digit. Sup-
pose the serial number is 30956714. The
subject begins by adding this to its re-
versal, 41765903. He crosses out 6 in the
sum and reads aloud: 72722x17. How
can you figure the missing digit? The
nine principle is not involved here; I
leave it as a second problem to be an-
swered next month.

Serial numbers serve, of course, to
forestall various kinds of criminal activi-
ty, but there is at least one swindle in
which a bill’s serial number plays an es-
sential role. The fraud pops up from
time to time in American bars. A man at
one end of the bar starts doing magic
tricks for the bartender and customers
seated nearby. After a few tricks he an-
nounces that he will perform the most
sensational trick he knows. It requires a
$10 bill. He asks the bartender to lend
him such a bill and, to make sure that
the identical bill is returned, asks him
to copy down the bill’s serial number.
The magician folds this bill and ap-
parently seals it in an envelope. Actu-
ally it is passed through a slot in the back
of the envelope and palmed. The empty
envelope is burned in an ashtray, seem-
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ingly destroying the bill. While the en-
velope burns, the magician secretly pass-
es the bill to a confederate as he walks
by on his way to the other end of the
bar. The confederate uses the bill to
pay another bartender for a drink. After
the envelope is burned the magician tells
the bartender to look in his cash register,
where he will find the original bill. The
bill is found, its serial number is checked,
everyone is flabbergasted, and the two
swindlers leave with a profit of about $9
in change.

Does the reader know how to use a
dollar bill as a ruler? The distance from
the right side of the shield below the ea-
gle to the right margin of the bill is one
inch. The width of “United States” at
the top of the green side is two inches.
The rectangle containing the words
“Federal Reserve Note” at the top of the
bill’s face is three inches wide. The bill
itself is three-sixteenths of an inch longer
than six inches. Eliminate one margin
and you come very close to six inches.

I conclude with a series of puzzles, all
concerning a $1 bill unless otherwise
specified:

1. The numeral 1 appears in 10
places on a dollar bill, not counting those
numbers that vary from bill to bill but
including the 1 in 1963 and the Roman
numeral I below the pyramid. How
many times does a word for 1 appear?

2. How many times does the word
“ten” appear on a $10 bill?

3. Find the date 1776 on a dollar bill.

4. Find a picture of a door key.

5. Find a word that is an anagram of
“poetics.”

6. Find a word that is an anagram of
“a night snow.”
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7. Find these four four-letter words:
“sofa,” “dose,” “shin,” “oral.”

8. Find “Esau” and “Iva.”

9. Find the phrase “at sea.”

10. Find a Spanish word printed up-
side down.

11. Fird a word with “O” as one of
its letters, but an “O” pronounced like
a“W.”

12. What is the meaning of the eye
above the pyramid and who suggested
that it be put there?

13. On a $5 bill find “New Jersey”
and the number 172.

Est month’s first problem was to find a

rule, given a perfect number’s Eu-
clidean formula, for writing that number
in binary form. The formula: 27 = (27
— 1). The rule: Put down n ones fol-
lowed by n — 1 zeros. Example: Perfect
number 23 ~ (25 — 1) = 496 has the bi-
nary form 111110000.

The rule is easily understood. In bi-
nary form 27 is always 1 followed by n
zeros. The expression on the left side of
Euclid’s formula, 2" = 1, therefore has
the binary form of 1 followed by n — 1
zeros. The parenthetical expression (27
— 1), or one less than the nth power of
2, has the binary form of n ones. The
product of these two binary numbers ob-
viously will be n ones followed by n — 1
Zeros.

Readers will find it amusing to test a
theorem given last month, that the sum
of the reciprocals of the divisors of any
perfect number (including the number
itself as a divisor) is 2, by writing the
reciprocals in binary form and then
adding.

There are several ways to state rules
for determining the firal digit of a per-
fect number by inspecting its Euclidean
formula, but the following rule seems
the simplest. It applies to all perfect
numbers except 6. Halve the first expo-
nent and note whether the result is even
or odd. (If the exponent has more than
two digits, only the last two must be
halved to obtain this result.) If even, the
perfect number ends in 6; if odd, it ends
in 8. Example: The 23rd perfect has the
formula 211.212(211,213 — 1) Half of 12
is 6, an even number, and so the 23rd
perfect ends in 6.

It is interesting to study the endings
of perfect numbers in systems other than
the binary and the decimal system. If
the base is a multiple of 3, all perfects
except 6 have terminal digits of 1. If the
base is a multiple of 6, as in the duo-
decimal (base 12) system, all perfects ex-
cept6endin4.

January’s column on square numbers



Some computers baffle even the most
experienced scientist. Others are a snap.

'No computer is going to help a scientist much
I'he’s scared to go near it. Or if it's so complicated
he spends more time learning to use it than his
problem is worth. But one that's designed for
impe, direct, conversational operation is a joy.

First, you have your choice of FORTRAN, ALGOL or
Conversational BASIC. Whichever best fits your prob-
lem. In Conversational BASIC you work back and
forth, on-line with the computer. Yet you can learn
to use BASIC in less than four hours.

This software gives the HP family of computers ex-
ceptional power for their size. But the real advantage
is convenience. HP is also an instrument maker—we
understand the scientist who may want to hook up a
gas chromatograph, or a digital voltmeter, to a com-
puter for direct data acquisition, and we make it easy.

Our Input/Output interfaces put the computer right
next to the instrument. Easily, with standard plug-in
cards. And software drivers that automatically pro-
gram the data flow into the computer. We've simpli-
fied the system so that you can easily control the in-
instruments through the computer. Without being
baffled.

For more information about HP computers and their
straightforward software, call your local HP field engi-
neer. Or write Hewlett-Packard, Palo Alto, California
94304; Europe: 54 Route des Acacias, Geneva.
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brought many letters from readers who
found an easy way to expand the base-
10 automorph that ends in 5. Just square
it and take the digit next to the auto-
morphic tail. For example: 90,625 =
8,212,890,625. The next digit is 8 and
therefore the six-digit automorph is 890,-
625. This makes possible a simple com-
puter program.

So many readers sent in print()uts of
giant automorphs that I must be content
with mentioning only Martin Ross, of
the Information Control Systems in De-
troit, who supplied printouts of the two
base-10 automorphs to 5,000 digits and
of the two base-6 automorphs to 500 dig-
its, and Jerry M. Feinberg and Terry
Moore, two sophomores at the Califor-
nia Institute of Technology, who sent a
printout of 22,300 digits for the base-10
automorph that ends in 5.

The number of different automorphs
for any number system is 27, where p is
the number of different prime factors in
the base. Thus if the baseis2 X 3 X 5 =
30, there are 2% =8 different auto-
morphs. This includes the trivial cases of
0 and 1, which are automorphic in all
number systems. Edwin M. McMillan,
the University of California physicist
who won the Nobel prize in chemistry in
1951 and who enjoys number theory as
a hobby, was the first to inform me of
this. McMillan proved the theorem be-
fore he found out that it had been done
earlier, and he also discovered a variety
of other fascinating theorems about au-
tomorphs.

Joseph S. Madachy pointed out that
Father Victor Feser, in Recreational
Mathematics Magazine for August,
1962, page 39, anticipated the work I
reported on “par numbers” (squares with
curious reversal properties) in Febru-
ary’s answer section.

R. L. Brackney of Whittier, Calif., and
Victor Meally of Mount Merrion in Ire-
land caught Dr. Matrix in an error. The
numerologist had contended (in the Jan-
uary issue) that he had proved that if two
integers are unequal and one is a reversal
of the other, their product is square if
and only if the two numbers are them-
selves square. Dr. Matrix probably came
on this theorem in Excursions in Number
Theory, by C. Stanley Ogilvy and John
T. Anderson, pages 88-89, where it is
given as a conjecture only. Either Dr.
Matrix pretended he had proved it or
his proof was faulty, since there is an in-
finity of counterexamples: for instance,
288 x 882 = 5042. The series 2,178,
21,978, 219,978 and so on (inserting 9’s
in the middle) is one of several infinite
series of counterexamples.



The scientist.

A man apart, yet within.

Once it got rolling, the Age of Adventure never stopped.
The instigators, Copernicus, Galileo, Kepler and others,
challenged superstition and dogma. They broke the lockstep of
Aristotelian thought and turned on the light that ended the
Dark Ages. Their collective efforts set up a momentum of scien-
tific inquiry that has continued undiminished to the present.
The early adventurers, the proto-scientists, were greeted

with ridicule and abuse, excommunication, exile, the stake
and other questionable honors.

Today’s men of science are recognized, well-rewarded and
have a world of time to enjoy life and live it all the way up.
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“The adventurous life” aptly describes a career with
LTV Electrosystems. We are in the business of pushing
the frontier of electronics technology to the most advanced
state of the art.

We invite you to examine the career opportunities of-
fered by LTV Electrosystems at any of its 12 facilities
in five states.

Write Bill Hickey, Supervisor of Professional Placement,
P.O. Box 6118, Dallas, Texas 75222. He’ll tell you about the
broad range of disciplines and special challenges offered by
LTV Electrosystems. An equal opportunity employer m/f.

LTV ELECTROSYSTEMS, INC.

A SUBSIDIARY OF LING-TEMCO-VOUGHT, INC.
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Crystals of salol in polarized light

Crystals of oxalic acid in polarized light Mouthparts of a blowfly in Rheinberg illumination
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Conducted by C. L. Stong

ost objects examined under the
microscope have colorless fea-
tures that are difficult to see in

white light. The microscopist often de-
tects the presence of such structures by
creating images that are colored syn-
thetically. Plant and animal tissues, for
example, can be dyed by chemicals that
color individual features selectively. The
microscopist observes the image of the
dye and from it draws conclusions about
the nature of the specimen. The tech-
nique is limited in application because
some substances reject dyes or are dam-
aged by them.

Synthetic images of many objects can
be made by manipulating the light so
that rays transmitted by the specimen
emerge altered in intensity, direction or
color or some combination of the three.
The principal scene of these operations
is the substage of the microscope, which
includes the condensing lenses and the
iris diaphragm associated with them, a
filter, a mirror and a lamp assembly.
Control of the image is largely lost after
the rays emerge from the specimen. The
body-tube assembly of the instrument,
which includes the objective lens and
the eyepiece, merely magnifies the im-
age to a size that is convenient for view-
ing. The performance of this part of the
microscope is fixed by the instrument
maker. The substage components pro-
vide opportunities for innovation in cre-
ating images; the opportunities have
sustained the interest of amateurs in mi-
croscopy for more than a century. Some
techniques of lighting that yield colored
images of remarkable detail are dis-
cussed by Mortimer Abramowitz, assist-
ant superintendent for instruction in the
public schools of Great Neck, N.Y. He
writes:

“I have been experimenting with two
systems of lighting. One was first sug-

AMATEUR SCIENTIST

Two methods of microscope

lighting that produce color

gested by the British microscopist Julius
Rheinberg. The second makes use of
polarized light. Both systems add color
to imzlges that would otherwise appear
in black and white.

“T am primarily interested in making
color photomicrographs. For this reason
I begin experiments by adjusting the
substage components of the microscope
for a type of lighting that was developed
specifically for photomicrography by the
German microscopist  August Kohler.
Kohler illumination is then modified for
either Rheinberg illumination or polar-
ized light. In Rheinberg illumination col-
or is introduced by inserting filters of se-
lected hues into one or more regions of
the light that floods the specimen. Alter-
natively, color effects can be developed
in Kohler illumination by inserting po-
larizing filters of two kinds at appropri-
ate points in the optical path of the
instrument.

“The kind of specimen used for dem-
onstrating Rheinberg illumination should
be one with prominent features. Exam-
ples include the appendages of a small
insect, a thin section of wood and living
protozoa. Magnification of about 100
diameters, such as is provided by a 10X
objective lens in combination with a 10X
eyepiece, is adequate. Open the iris dia-
phragm of the condenser fully. Turn on
the Jamp and adjust the mirror to direct
some light through the instrument.

“Kohler illumination is established by
a series of simple adjustments. Move the
body tube up or down until the speci-
men appears in sharp focus. Partly close
the diaphragm of the lamp and move the
substage condenser up or down until a
sharp image of the diaphragm appears
in the plane of the specimen, as viewed
through the eyepiece. Center the light
by moving the lamp or mirror.

“Enlarge the diameter of the disk of
light by opening the lamp diaphragm
until its edge just disappears trom view.
Remove the eyepiece, observe the spot
of light that appears in the rear lens of
the objective and close the iris dia-
phragm of the substage condenser until
the diameter of the spot appears to be
about three-quarters of the diameter of
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the rear lens. Replace the eyepiece and
examine the specimen. It will appear
against a bright background. Most de-
tails will seem darker than the back-
ground, but (depending on the nature
of the specimen) some may seem bright-
er. In general the brightness of the back-
ground will be uniform.

“The microscope has now been ad-
justed for ‘bright field” work. The term
refers to a form of lighting that is useful
for making photomicrographs of stained
specimens in black and white or color.
The tenuous structures of some speci—
mens, however, are difficult to see
against the bright background. Many of
the structures can be brought into view
by a simple modification of Kohler il-
lumination. The effect of the change is
to reverse the character of the scene: the
image appears bright against a dark
background.

“This effect can be achieved by block-
ing the solid cone of rays that normally
enters the objective lens and illuminat-
ing the specimen with the surrounding
hollow cone of rays that remains. The
solid cone is blocked by putting an
opaque disk of appropriate diameter
in the center of the substage iris dia-
phragm, which is just below the con-
densing lenses. The opaque disk can be
cut from black paper. It is cemented to
a disk of clear glass that fits into the fil-
ter holder of the instrument’s substage.

“The unobstructed circular space that
remains between the edge of the opaque
disk and the edge of the filter holder
transmits a hollow cone of light through
the condenser. The light illuminates the
specimen with oblique rays that miss the
objective lens. None of the rays reach
the eye directly. The field appears dark.
Features of the specimen, however, dif-
fract, or scatter, light from the hollow
cone. Some of the rays enter the objec-
tive lens. They are brought to focus at
the eye in the form of a bright image
that appears against the dark back-
ground. Minute details that are easily
overlooked in a bright field stand out
clearly against the dark field in an image
of high visibility.

“To prepare an opaque disk of the
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right size for dark-field work, adjust the
instrument for Kohler illumination. Re-
move the eyepiece and replace it with
a pinhole aperture. The pinhole, which
should be about a millimeter in diame-
ter, can be made in a thin sheet of black
cardboard or metal that is painted flat
black. The hole must be centered on the
axis of the body tube. It can be support-
ed in this position by an opaque bottle
cap that fits snugly into the body tube. A
larger hole is cut in the center of the cap
to expose the pinhole [see bottom illus-
tration on opposite page].

“With the pinhole in place and Kohler
illumination established, look through
the pinhole and close the iris of the con-
denser until the edge of the iris barely
cuts into the field of view. Open the iris
until its edge just disappears. Measure
the diameter of the opening of the sub-
stage iris diaphragm at this adjustment.
An opaque disk about 5 percent larger

in diameter will, when it is placed in the
substage filter holder, block all direct
rays to the objective lens and result in
dark-field illumination.

“Although dark-field illumination re-
veals many features of specimens that
cannot be seen clearly against a bright
field, visibility can be increased still
more by introducing color into the im-
age. The background can be made to
appear in color by substituting a trans-
parent colored disk for the opaque disk.
Specimens then scatter white light into
the objective and appear bright against
a background of the selected color [see
illustration below].

“What I have described is a simple
version of Rheinberg illumination. Full
Rheinberg illumination is established by
installing a colored filter in the form
of a ring in the clear space between the
colored stop and the edge of the filter
holder. When complementary hues are

white light
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How Rheinberg illumination is achieved

© 1968 SCIENTIFIC AMERICAN, INC

selected for the colored stop and the
surrounding annulus, the specimen ap-
pears in one color against a background
of contrasting color. Effective combina-
tions are red against green and blue
against yellow. A third color can be in-
troduced by dividing the annulus into
four equal parts and installing contrast-
ing colors in adjacent sectors—red, say,
in one pair of opposite quadrants and
green in the other pair. The colored
stop, which might be dark blue, provides
the third color [see illustration on page
128].

“The colored field is lighted by the
solid cone of direct rays from the colored
stop, whereas the image is formed by
annular rays of lesser intensity that are
scattered into the objective by diftrac-
tion. If the two Rheinberg filters are
equal in density, the rather dim image
of the specimen may be lost in the bril-
liant background. The relative intensity
can be adjusted in several ways. The
density of the colored stop can be in-
creased by means of multiple layers of
colored plastic. Alternatively, a neutral-
density filter can be combined with the
colored plastic. I cut such filters from a
piece of developed negative film that
has been exposed in a camera to a sheet
of white paper. The density of the nega-
tive is controlled by the exposure.

“The brightness of the background
color can be made continuously variable
by the use of two Polaroid filters. The
filters transmit waves of light that vi-
brate in a single plane but absorb waves
that vibrate in other planes. A filter
consists of a plastic sheet in which nee-
dle-like crystals of iodoquinine are em-
bedded. They all point in a single direc-
tion, like the pickets of a fence. Light
waves that vibrate in a plane parallel to
the crystals are transmitted by the Po-
laroid. Waves that vibrate in other di-
rections are increasingly absorbed by
the filter as the plane of vibration de-
parts from the direction in which the
crystals point.

“Light that makes its way through one
sheet of Polaroid will be transmitted by
a second sheet turned so that the crystals
of both sheets are parallel. Conversely,
the second sheet will largely absorb light
transmitted by the first if its crystals
make a right angle with respect to those
in the first sheet. By placing one Polar-
oid filter in the central stop of the Rhein-
berg filter and a second one in or on the
evepiece of the microscope, the bril-
liance of the background can be con-
trolled by rotating the upper Polaroid
filter. Polaroid filters, sheets of plastic in
assorted colors (for making Rheinberg
filters), clear disks of glass, Canada bal-



sam and related supplies for the micro-
scope are available from the Edmund
Scientific Co., Barrington, N.J. 08007.

“Three-color Rheinberg illumination
is particularly effective for examining
specimens that display recurring fea-
tures. These specimens include textiles
and the fossils of marine plants such as
diatoms. When a specimen of fine silk is
examined under three-color Rheinberg
illumination, the warp appears in one
color and the woof in another; both ap-
pear against the background of the third
color. The colors can be blended and in-
terchanged by rotating the specimen.

“Color filters for Rheinberg illumina-
tion can be made by cutting the central
disks and the surrounding rings from
thin sheets of colored plastic and ce-
menting them with Canada balsam to
disks of clear glass that fit into the filter
holder of the instrument. For best re-
sults the edges of adjacent colors should
be covered by an opaque border about
three millimeters wide. The border can
consist of a ring of black paper cemented
directly to the filters. The accompanying
photomicrographs [at right on page 124]
illustrate some effects of combining two
and three colors. Most of my photomi-
crographs are made with a Nikon S-Ke
microscope and a Nikon EFM Microflex
camera.

“Images so colored do not correspond
perfectly to the actual appearance of the
object under examination. The same sit-
uation is more or less true of all micro-
scope images. Complete correspondence
between the object and its image can be
approached but not attained because
light from a point comes to a focus as a
small disk of finite size. Disks resulting
from closely spaced points merge into a
fuzzy spot. Moreover, all the light from
a point would be required for the forma-
tion of a perfect image of the point,
whereas only a small portion of the emit-
ted light ever reaches the image. Most
of the light is scattered in other direc-
tions. For such reasons the microscopist
must judge the true nature of the object
by examining the image while taking
account of the techniques that were used
to create it. Color, when employed in
this sense, becomes a powerful aid for
isolating individual details in specimens.

“Although Rheinberg illumination in-
creases the visibility of specimens that
have physically distinct parts, it is of less
use for examining the fine, transparent
features of rocks, crystals and plant fi-
bers and of no use for detecting patterns
of stress in glass and other amorphous
substances. Many of these materials,
however, have an optical property of
great value to the microscopist. They ro-

Symmetrically arranged group of diatoms in Rheinberg illumination

tate the plane in which light waves vi-
brate. This property can be used for cre-
ating color in many features of otherwise
clear and transparent materials.

“The technique requires only two ac-
cessories: a pair of Polaroid filters and a
retardation step wedge, which consists
of a series of progressively shorter strips
of Scotch tape applied to a microscope
slide [see top illustration on page
130]. The material to be examined is
placed on the slide of the microscope,
lighted by the Kohler technique and
focused. A Polaroid filter is placed in
the filter holder below the substage con-
denser. The second Polaroid filter, which
is called the analyzer, can be placed on
top of the eyepiece and supported in that
position by a holder made from an
opaque bottle cap. The analyzer can also
be put in a holder attached to the front
end of the eyepiece. When the analyzer
is rotated, the brightness of the back-
ground will vary from a maximum to a
minimum twice during each revolution.
The brightness of details in the specimen
will vary similarly and some may appear
in color.

“If the retardation step wedge is now
inserted under the specimen in a position
that admits light through two thick-
nesses of Scotch tape, the image will be
seen as a spectacular pattern of hues that
span the spectrum. The various colors
can be made to blend, to shift from one
detail of the specimen to another and to
change in saturation by rotating the
wedge with respect to the optical axis
of the microscope. Rotate only the
wedge, not the specimen slide. The in-
sertion of the wedge will move the speci-
men and throw the image out of fo-
cus. The instrument should be refocused
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each time the position of the wedge is
changed. The saturation of the colors
can be decreased from vivid hues to
pale pastels by advancing the wedge so
that the light passes through several ad-
ditional layers of Scotch tape.

“More pleasing colors and images of
improved resolution can be produced by
substituting thin sheets of mica for
Scotch tape. The sheets can be split
from a block of mica by thrusting the
point of a sewing needle into the edge
of the block. The optimum thickness of
the sheets must be determined experi-
mentally but will be about .003 inch.
Split off a sheet about the thickness of
tissue paper and try it on the stage of
the microscope. If the colors are brighter
than those that appear when Scotch
tape is used, cut the sheet into strips and
make the wedge. If the colors are not
brighter, try thinner or thicker sheets.

“Some transparent materials fail to
show color when they are examined by

plastic
bottle cap

body tube of
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Pinhole for an eyepiece
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Three-color Rheinberg filter

this technique. Indeed, nonopaque sol-
ids can be divided into two groups ac-
cording to how they appear when they
are examined between a pair of Polar-
oid filters that are rotated to the ‘crossed’
position at which they transmit mini-
mum light. One of the two groups con-
sists of substances that do not rotate the
plane in which light vibrates. Such sub-
stances, which are described as being
optically isotropic, remain dark when
viewed between the filters; an example
is ordinary table salt. The second group
consists of substances that do rotate the
plane of polarization. Called anisotropic
substances, they include such readily
available chemicals as potassium chlo-
rate, oxalic acid, calcium carbonate, bo-
ric acid, salol and DDT. Many plant
fibers, most transparent plastics, thin
sections of rock and also glass that has
been heated until it is soft and cooled
without annealing are anisotropic.
“Specimen slides of these materials,
particularly the chemicals, are easy to
prepare. Place one or two drops of dis-
tilled water in the center of a clean slide
and sprinkle a few crystals of the chemi-
cal into the water. Granulated sugar is an
excellent specimen, as is vitamin C. Do
not add more of the substance than will
dissolve in the water at room tempera-

| ture. Place the slide in a dustproof box

until the water evaporates. Examine the
resulting deposit of crystals with polar-
ized light. (Some chemicals that do not
dissolve in water can be melted by heat
and cooled on a slide, where they re-
crystallize.)

“Most of the accompanying photomi-
crographs were made with a 35-millime-
ter camera equipped with a self-con-
tained exposure meter and a telescopic
eyepiece through which the image can
be viewed until the moment of exposure.
Pictures of comparable quality can also
be made with an improvised lightproof
box for supporting the film [see “The
Amateur Scientist,” February, 1961]. In
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either case the illumination of the image
is fairly low because much of the light is
absorbed by the polarizing filters. The
experimenter can compensate for part of
the absorption by increasing the bright-
ness of the lamp. The filters are sensitive
to heat, however, and may be damaged
by temperatures above 60 degrees cen-
tigrade. They can be protected by the in-
sertion of a heat filter between the lamp
and the lower Polaroid. Heat filters of
this type are used in 35-millimeter slide
projectors and are available from dealers
in photographic supplies.

“Exposures can be made with flash-
bulbs if care is taken to put the bulb in
the position normally occupied by the
microscope lamp. If the flash results in
overexposure, the intensity can be re-
duced by inserting a neutral-density fil-
ter between the flashbulb and the mirror
of the microscope. The neutral-density
filter must be of good optical quality
to prevent the introduction of spurious
color.

“A light meter sensitive to .5 footcan-
dle and capable of indicating exposure
intervals of 20 seconds or more is help-
tul for determining exposures. I usually
‘bracket’ the meter reading by making
exposures one stop higher and one stop
lower than the ones indicated by the
meter. With practice one learns to judge
the brightness of the image by eye and
to make the exposure accordingly. Color
film is sensitive to the length of the ex-
posure as well as to the intensity of the
light.

“Some films take on false color during
exposures of more than 1/10 second.
This error can be corrected by the use
of a special filter. For example, when
exposing Kodachrome IIA for intervals
between 1/10 second and 10 seconds,
insert a CC 10R filter between the lamp
and the microscope; for exposures be-
tween 10 and 20 seconds use a CC 20R
filter. Incidentally, optical imperfections
in filters degrade the quality of the im-
age least when they are placed between
the light source and the instrument; the
degradation is somewhat greater when
they are placed between the objective
lens and the camera. Filters should never
be used between the specimen and the
objective lens.

“The hues of color photographs are
determined in part by the temperature
of the light source. Kodachrome IIA is
designed for a temperature of 3,400 de-
grees Kelvin. When this film is exposed
by a lamp that is rated at 3,200 degrees
K., for example, a correction filter must
be used, in this case an 82A Wratten
filter.

“Full information on the characteris-
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The sun in the light of the red hydrogen line at 6,563 R, 0.25 & bandwidth, photographed through a Zeiss H-alpha Monochromator (Lyot filter).

Zeiss explores
the universe

The world of Zeiss extends from the
confines of the microcosm to the in-
finity of outer space.

In astronomical studies, for ex-
ample, Zeiss telescopes scan the
heavensfromobservatoriesthrough-
out the world.

In solar research, telescopes
equipped with H-alpha monochrom-
ators detect solar flares which
cripple communications and could
be hazardous to manned space pro-
jects.

For education and for the train-
ing ofastronauts, Zeiss planetarium
projectors reproduce galaxies and
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constellations within the domes of
planetaria.

Zeiss astronomical instruments
help bring our universe within the
grasp of human understanding.
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ed in order to scientifically investigate
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34100. THE APES. Vernon Reynolds. Pro-
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36230. BIOCHEMISTRY. Ernest R. M. Kay.
Brilliant demonstration of the total life
process. Presented in terms of the chem-
ical events that underlie the remarkable
interdependence of structure and func-
tion in living cells. $7.95

39900. A COMPREHENSIBLE WORLD: On
Modern Science and Its Origins. Jeremy
Bernstein. Delightful exploration by a
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40260. CONQUISTADORS WITHOUT
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55290. INFORMATION, COMPUTERS AND
SYSTEM DESIGN. Ira G. and Marthann E.
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cepts of systemsdesign—information thé-
ory and system theory—into a complete
and functional whole. $12.50
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68760. PHYSICAL SCIENCE, ITS STRUC-
TURE AND DEVELOPMENT. Edwin C.
Kemble. Integrates chemistry, physics,
geology, and astronomy into one com-
prehensive science. ‘‘Rewarding.”
—I. Bernard Cohen. Harvard Univeiszlgyd

74170. THE RIDDLE OF GRAVITATION.
Peter G. Bergmann. A masterful exposi-
tion of the general theory of relativity—
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by Kingsley Davis

PorurLaTioN GrowTH AND Lanxp Usk,
by Colin Clark. St. Martin’s Press
($14).

olin Clark is famous as the author
cof The Conditions of Economic
Progress, originally published in
1940 and now in its third edition, which
profoundly influenced all subsequent
study of economic development. He is
also known for his skill in quantitative
analysis and for the unusually wide
range of his interests and knowledge.
Familiar with the economic statistics of
nearly every country in the world, he has
written widely on cities, agriculture, in-
come, industry and population with re-
spect to nations as diverse as China and
Australia, France and the U.S. Never
one to shirk a major issue, he wrote (in
1939) A Critique of Russian Statistics
and (in 1942) The Economics of 1960.
On the less scholarly side, Clark is
known for critical sharpness and strength
of opinion, traits that do not always en-
dear him to colleagues, and he is one
of the few distinguished social scientists
in the English-speaking world who are
at the same time spokesmen for the views
of the Roman Catholic church.

In the present book, 20 years in the
writing, all these traits are manifested
in a new and puzzling amalgam. The old
interest in long-run trends, the old flair
for empirical data and skill in their anal-
ysis, the dazzling breadth of knowledge,
the critical sharpness, the subtle defense
of an unspoken religious ideology—all
are there. Knowing the toil that goes into
such a work, I wish I could call the re-
sult brilliant, whether or not I agreed
with it, but somehow, in spite of the ex-
cellence of particular sections, an over-
all integration is missing. The old in-
gredients are overplayed this time, and
they are mutually discordant. The gen-
eral theme—clearly a major issue of
today’s world—gets lost from view or in-
advertently contradicted in long stretch-
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Colin Clark and the benefits

of an increase in population

es of irrelevant writing. The separate
chapters, usually beginning or ending
abruptly in picayune points, have little
structure. The tools of scholarship are
casually handled, with frequent omis-
sions of authors, dates or titles, occasion-
al misspellings, ambiguous labeling of
charts and tables, use of derived ratios
without absolute figures, and unex-
plained inconsistencies. These faults,
condoned by a man who knows better,
not only impede an evaluation of his
work but also, when combined with dis-
regard of contrary arguments and evi-
dence, erode one’s trust in it.

The overall position is not new to
Clark. He took it in 1942 in The Eco-
nomics of 1960 and has maintained it
since then, on television, in learned pa-
pers and in an article in Fortune in 1960.
“Population growth,” he says in the
preface to the present volume, “brings
economic hardship to communities liv-
ing by traditional methods of agricul-
ture; but it is the only force powerful
enough to make such communities
change their methods, and in the long
run transforms them into much more
advanced and productive societies.” In
industrial communities “the principal
problems created by population growth
are not those of poverty” but of exces-
sive concentration and “the unmanage-
able spread” of cities. The thesis appears
self-contradictory, but let us examine its
logic and his evidence.

Clark’s theory of population econom-
ics is eclectic. He cites Sir William
Petty’s idea that a dense population
brings economies of scale, Everett Ha-
gan’s view that investment errors prove
less costly when population is growing
than they do when it is not growing,
Albert O. Hirschman’s thought that a
growing population offers the possibility
of windfall profits and expanding mar-
kets and therefore stimulates investment,
and Alfred Sauvy’s contention that the
per capita overhead costs of government
and public services are less when popu-
lation is growing than they are when it
is not growing. Clark adds that a slowly
growing population, with its large pro-
portion of old people, will tend to con-
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sume capital rather than to save it, be-
cause the old save less than the young.
He also suggests that the parents of large
families make more effort to save, and
that in such families younger sons expect
less of an inheritance and therefore make
great effort to accumulate for them-
selves.

From Clark’s silence on contrary
views the unwary reader might conclude
that the last economist to lament popula-
tion growth was Thomas Malthus. The
writings of such modern economists as
Joseph ]. Spengler, Ansley ]. Coale,
James E. Meade, Edgar M. Hoover and
Ragnar Nurkse, to mention only a few
who have dealt with the theory of the
adverse effects of population growth,
are ignored. Since Clark has not provid-
ed his readers with a basis for critical
judgment, I shall try to do so.

The economic benefits of rapid popu-
lation growth in Clark’s theory are all on
the basis of other things being equal.
The benefits will be gained if population
growth influences no variables in the sys-
tem other than the ones it is supposed to
influence favorably. The ground for ex-
pecting adverse economic effects, how-
ever, is precisely that as population
growth proceeds it tends to damp vari-
ous crucial factors. For instance, a rapid
increase in population would provide
economies of scale if the purchasing
power, or productivity, of the added
people remained satisfactory. But the
very nature of rapid population growth
is that it gives rise to a high proportion
of child dependents. Since the produc-
tivity of human beings depends over-
whelmingly on their skills, the fact that
a disproportionately large stream of chil-
dren is flowing into the society places a
heavy burden on parents, who have less
time per child for the transmission of
skills, and on the schools. The schools
themselves require highly trained labor
that is frequently in short supply and are
therefore peculiarly susceptible to de-
terioration with added strain. If the skills
of the population are not improving, eco-
nomic development will not take place.
In that case population growth will not
provide an expanded market, will not
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stimulate investment and will not re-
duce the overhead costs of government.
Clark’s view thatlarge families will make
more of an effort to save than small ones
is again an other-things-being-equal
theory. The capacity to save is not only
a function of effort but also one of in-
come, which is in turn dependent on the
circumstances of the society. Moreover,
saving is now more a matter of corporate
and government policy than of individ-
ual volition.

Clark does not rest his case on eco-
nomic benefits alone. These, he says,
“are only one part of much wider chang-
es in the nature of society, in its cultural
and political as well as its economic as-
pects, which population growth evokes.”
A dense population, he believes, is ad-
vantageous for art and science and for
freedom, particularly freedom from state
regulation. His theory of how population
exercises such effects is even less spe-
cific than his theory of how it brings
economic advantages, but he seems to
think that population growth is valuable
because it offers hardship, thus challeng-
ing people to improve their lot. This
argument holds only if it is assumed that
there are no hardships other than popu-
lation growth. Even so, it is a sterile
tautology. All hardships can be (and
many have been) justified on the ground
that they encourage human achieve-
ment. This is the theological basis for
explaining evil. It is of course impossible
to refute, because for every improve-
ment in human life there is necessarily a
corresponding prior evil—the absence of
that improvement. Furthermore, Clark
admits that some societies fail to rise to
the challenge of population growth. If
this is the case, there must be an inter-
vening variable. This variable, whatever
it is, might be sufficient in itself to gen-
erate progress.

Theory is clearly not Clark’s forte.
Casual theorizing weakens his ambitious
effort to achieve universal generality.
The only instrument that would allow
analysis of cause-and-effect relations be-
tween population and society on a world
basis would be a complex theoretical
model. So let us shift to the evidence,
remembering that without theory we
may have abundant statistics but little
understanding.

Consider Clark’s proclaimed associa-
tion between population growth and so-
cial progress. Even if he had had statis-
lical evidence to prove that population
grew swiftly with the rise of “Greece
about the sixth century B.c., Holland in
the sixteenth century a.p., Britain in the
latter part of the eighteenth century,
Japan at the end of the nineteenth and
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the beginning of the present century,”
or that Roman population declined as
Roman civilization did, what reason
would he have to assume that the de-
mographic change caused the social
change? Without a theory of the mech-
anisms of interaction, capable of being
independently tested, mere correlation
has little use. As far as classical civiliza-
tions are concerned, there is no statisti-
cal evidence that would enable us even
to correlate population growth and social
progress. From what we can piece to-
gether about mortality it would be fool-
ish to think that any major civilization
achieved growth rates remotely approxi-
mating those of the past 150 years. In
other words, to the modern mind the
surprising thing about the Greek popu-
lation in classical times would be how
slowly it grew. (Clark’s vagueness about
his independent variable is exasperat-
ing; it is usually impossible to tell wheth-
er it is population density, a high rate of
population growth or any growth at all
that has the beneficial effects he alleges.)

Turning to modern history, from
which we have some reliable evidence,
one certainly finds through the 19th
century an association between popula-
tion growth and prosperity. It is, how-
ever, a loose association, admitting of
much variation, it reverses itself in the
20th century and, above all, when it ex-
ists, it is due to causation that runs from
economic improvement to population
growth, not vice versa. The long-run ef-
fect of the escalating economic gains as-
sociated with the Industrial Revolution
was to lower death rates drastically, and
to lower them more rapidly than birth
rates were lowered. The result was an
unprecedented rate of population in-
crease. In northwestern Europe, where
people were already numerous, this
growth would probably have damped
the pace of economic development if it
had not been mitigated by two factors:
first, a great outward migration (which
had the further effect of bringing vast
new overseas resources to the service of
Europe), and, second, a decline of fer-
tility that, in its later stages, was faster
than the drop in mortality. These de-
pressants reduced Europe’s population
growth to a slow pace in the 20th cen-
tury, yet the rates of economic improve-
ment did not decline but in most cases
rose to their highest levels.

Since World War I the correlation
between population and prosperity has
disappeared everywhere—not only in the
advanced countries but also in the world
as a whole. Clark’s own data show this.
In his chapter “The History of Popu-
lation Growth” he gives estimates for
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world regions, from which I find that the
population increase between 1920 and
1962 was 58 percent for the underde-
veloped countries and 47 percent for the
developed. This result emerges in spite
of the author’s apparent effort to con-
ceal it. Not only does he omit estimates
for certain backward but fast-reproduc-
ing Asian countries but also he gives
China 572 million people in 1920 (near-
ly 100 million more than the United
Nations gives the whole of East Asia at
that time and 12 million more than John
D. Durand in his recent world estimates
gives China 30 years later!). Having
credited China with 572 million in 1920,
he “finds” that it had a zero growth rate
between 1920 and 1950, and since it
weighs so heavily in the total population
of the underdeveloped world, he thus
minimizes the association of population
growth with poverty that characterizes
the 20th century. If China is omitted,
then according to Clark’s table the un-
derdeveloped regions grew by 97 per-
cent between 1920 and 1962, compared
with 47 percent for the developed re-
gions. Of course, he could maintain that
the underdeveloped regions, although
still poor, are moving ahead faster than
the developed ones, and that it is for
this reason their populations are grow-
ing faster. But he knows that the under-
developed countries are falling farther
behind in the economic race, a trend in-
terpreted by most experts as showing
that rapid population growth is hinder-
ing, not helping, progress.

By avoiding a comparison of popula-
tion increase in developed and under-
developed countries Clark escapes the
necessity of explaining why the increase
is so much higher in the poorer nations.
An explanation would bring out the fact
that since World War 1 the control of
death rates has become increasingly in-
dependent of domestic economic condi-
tions, first because public health tech-
niques, once they have emerged, are
relatively inexpensive to apply, and sec-
ond because the supplies, personnel and
organization can be furnished largely
from the outside. In his chapter on mor-
tality Clark devotes 18 pages to a specu-
lative history of mortality from the
Bronze Age to the 19th century and half
a page to a bare mention of the accelerat-
ing drop in mortality since the 1930’s
(without separating the developed coun-
tries from the underdeveloped ones). He
thus ignores the basic fact that death
rates in today’s underdeveloped coun-
tries have dropped far faster than they
did in the early history of the industrial-
izing countries, and that the reason is
that mortality control is now much more



independent of domestic economic im-
provement than it once was. Some of the
more progressive underdeveloped coun-
tries—Taiwan, Chile, South Korea, cer-
tain nations in eastern Europe—are de-
veloping socioeconomic conditions that
move fertility downward to an industrial
level. In the more backward and more
numerous of the underdeveloped nations
fertility is either rising or holding steady,
giving them an extremely high rate of
population increase that is a function not
of their economic development but rath-
er of their lack of it.

Instead of admitting the ominous
divergence between population growth
and economic improvement in the 20th
century Clark shifts his ground. He for-
gets about the actual direction of the
two trends and tries to prove his theory
of why they should be associated. Be-
ginning with economies of scale and
confining himself to manufacturing, he
finds that in 18 industrialized nations,
“all other things being equal, productiv-
ity tends to rise by a factor of the one-
sixth power of the increase” in the scale
of manufacturing. But “scale of manu-
facture” is defined as the total value of
manufacturing production for each na-
tion, which is governed by the size of
the market and the productivity of the
workers, not by the size of the popula-
tion. I calculated the population growth
of each of his 18 countries during the pe-
riod covered (1910 to 1960) and found
no correlation between it and the rise
either in value of manufactures or in
productivity of labor in manufacture, as
he gives them.

Clark further tries to show statistically
that the rate of savings is favorably in-
fluenced by population growth. In 31
countries, including underdeveloped as
well as developed ones, he finds that a
20 percent growth in population per
decade raises the proportion of national
income saved by 2 percent. Since he
does not give the data, his procedure
cannot be tested by other approaches
without spending weeks to regather the
information. He does, however, give the
rates of saving for the 31 countries.
When I related these rates to the popu-
lation growth of the countries for the
period 1955-1961, I did find a correla-
tion, but it was a negative one. Actually
Clark’s 31 countries are a mixed lot, with
quite difterent circumstances. By group-
ing them one can show that the basic
difference is between European and non-
European countries. For the period
1955-1961 the 16 European countries
in the group had a higher savings rate
(16.4 percent on the average) than the
15 non-European countries did (12.3

Have you ever thought of owning a forest?

Forest Ownership .an
Pleasure and Profit

Forest
Ownership
for
Pleasure
and

Profit

by
Hardy L. Shirley and Paul F. Graves

Many busy professional and business men already know the rewards of
forest ownership—the pleasure of having a quiet recreation spot of
their own, the satisfaction of contributing to the conservation of our
natural resources, the knowledge that this is an investment that grows
steadily in value without constant supervision.

There is forest land available throughout most of the country, accessible
even to many urban areas. Now two authorities on forest estate manage-
ment have written this unique handbook to give you the practical
information you need to select, and purchase forest acreage, and to
manage, profit from, and enjoy the many satisfactions of a forest

of your own.
Order from Dept. F
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Box 8, University Station
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Lysergic Acid Diethylamide
(LSD)

in the Treatment of
Alcoholism

REGINALD G. SMART
THOMAS STORM

EARLE F. W. BAKER and
LIONEL SOLURSH

The subject of much urgent investigation
in the past few years, LSD is here dis-
cussed in its possible role as therapeutic
agent in the treatment of alcoholism. The
well-researched conclusions of this study
indicate that, contrary to wide-spread
opinion, it is not a useful addition to
therapy for alcoholics. This important
study should be of interest to everyone in
the field of drug research and social medi-
cine, and to all those concerned with the
misinformation surrounding LSD, and
the increasing misuse of this drug.

$6.00
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Now Available —

MECHANICAL MaR

The Physical Basis
of Intelligent Life

DEAN E. WOOLDRIDGE, Director and former
President, Thompson Ramo Wooldridge
(TRW Inc.)

Here Dr. Wooldridge demonstrates
that our physical and behavioral prop-
ertics—indeed, the very origin of life—
are entirely the results of the normal
operation of physical Jaws on inanimate
matter.

He also shows how purely physical
structures, including  man-made ma-
chines, can exhibit real intelligence. He
even traces consciousness and its content
to physical states of neuronal material.
Finally, the import of these provocative
propositions on traditional concepts
such as personality, free will, morality
and religion is cxplored. 212 pp., $8.95

At your bookstore or direct from publisher for

(====="==10 DAYS FREE EXAMINATION ===~

| McGraw-Hill Book Co., Dept. 23-SA-48 §
I 330 West 42nd St., New York, N.Y. 10036 E
| Send me Wooldridge’s MECHANICAL MAN =
for 10 days on approval. In 10 days | will &
remit $8.95 plus a few cents for delivery l
costs and local tax, if any, or return boo
postpaid.

Name (print)

Address

City State

For prices and terms outside U.S. write
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McGram-Hill Int'l NYC |
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TEACHERS:
Bring the
excitement of
this magazine
into your
classrooms with

Offprints

SCIENTIFIC
AMERICAN

COMMUNI ATION
BY LASER

The unique intellectual stimulation
you find each month in the pages of
this magazine can be a part of your
standard classroom fare if you regu-
larly include SCIENTIFIC AMERICAN
Offprints in your reading assignments.
From a constantly growing inventory
of more than 550 available articles—
reproduced from the magazine with
full text, full illustration, and full
color—you can select those most suit-
able for the design of your course and
use them as enrichment ‘“chapters”
along with your textbook.

Hundreds of thousands of students
have already responded to SCIENTIFIC
AMERICAN Offprints with fresh enthu-
siasm for their courses and with a bet-
ter grasp of the subject.

Why not try a selection of Offprints
in your next course? They are still
only 20¢ each.

For a free descriptive brochure,
write to

5 W.H. FREEMAN
s AND COMPANY

660 Market St., San Francisco, California 94104
7 Cromwell Road, l.ondon S.W.7
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percent), but the European nations had a
far slower rate of population growth (4.5
percent in six years) than the non-Euro-
pean countries did (15.1 percent). The
data suggest that populations with a
high proportion of aged persons in them
tend to save more than those with young-
er populations.

Not content with proving to his own
satisfaction that population growth pro-
motes economic development, Clark, in
his chapter “Population and Food,” pro-
tects his flank by refuting the predictions
of those who see calamity ahead. Here
he has an easier time, not only because
he is an expert in agricultural economics
but also because the proponents of pop-
ulation control have been slipshod in
their reasoning. Setting out to show that
the earth could support a huge popula-
tion, he uses on the demand side two
standards of food consumption, one a
“subsistence unit,” the equivalent of a
quarter-ton of grain per person per year,
and the other the American level. On the
production side he uses a “standard
land” measure in which “the sort of
farmland to which we are accustomed
in the humid temperate countries” has
a value of 1, with other lands being a
fraction or multiple of that according to
their potential. On this basis he finds
that the world could support, on the
American standard of consumption, 47
billion people, or about 14 times the
present world population. At the sub-
sistence standard—for practical purposes
taken to be the Japanese level of food
consumption and the Asian standard of
timber requirements—the world could
support 157 billion people. If we were
to acquire methods of improving the
efficiency of photosynthesis, Clark adds,
we could support even more people.

Clark thus takes advantage of the
naiveté of those opponents of popula-
tion growth who state the problem in
terms of food. Like other organisms, hu-
man beings cannot live long without eat-
ing; consequently the p()pulation cannot
“exceed” the food supply for more than
a few days. There are doubtless millions
who have less to eat than they would
like, or less of the right kind of foods
than they need for good health, but this
has little to do with the “support” of
population, because these same millions
are obviously reproducing and rapidly
growing in numbers. Clark rightly be-
rates the Food and Agriculture Orga-
nization and other agencies for their
false propaganda about a “hungry
world.” He cites other critics to the effect
that the FAO’s criteria for minimum
calorie requirements are absurdly high.

“FAO,” he says, “like many similar or-
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gunizuti(ms, appears to waste enormous
sums of money, and devotes much of its
energies to political manoeuvres to se-
cure its own perpetuation and aggran-
dizement.” If it “were disbanded and a
fraction of its revenue devoted to the
universities and private institutes...,
the world would be better off.”

By presenting the population problem
as one of feeding the world’s people, the
advocates of population control must ar-
gue their case primarily by reference to
the future. Although the human popula-
tion is not starving today, it will, if it
keeps growing rapidly, starve in the fu-
ture. This view enables Clark, and those
who share his position, also to argue in
terms of the future. They correctly point
out that if all resources were rationally
utilized to augment the food supply, the
number of people who could be fed
would be many times the present num-
ber. It makes no difference that the
proposition is hypothetical; so is the
proposition about future starvation.
Clark would have a more difficult time
if his opponents stopped thinking bio-
logically and started thinking sociologi-
cally. Since human beings do not live by
bread alone, the crux of the problem lies
in the variety of losses they suffer from
population growth, not simply tomorrow
but yesterday and today. As far as the
future is concerned, since it appears that
starvation has in the past seldom been
the main cause of death, it is unlikely
that the world’s prospective population
growth, if it is stopped, will be stopped
by starvation. If it is stopped by mortali-
ty, the causes will more likely be warfare
and disease. If it is stopped by fertility
control, the motive for such control is not
likely to be fear of starvation but fear
of a loss of numerous values other than
nourishment.

Clark himself shows more recognition
of the social disadvantages of popula-
tion growth than many of the antipopu-
lationists. After seven chapters of inter-
mittent praise for population expansion,
he gives the reader welcome but surpris-
ing relief: he opposes big cities. He feels
so strongly about them that he is willing
to sacrifice one of his cherished values—
economic freedom through the unre-
stricted marketplace—in order to get rid
of all cities of more than a million in-
habitants, a feat he would accomplish
by taxing employment in cities and sub-
sidizing employment in small towns and
rural areas.

The interesting thing about this dis-
taste for big cities is not that it is widely
shared or that it comes naturally to a
man who spent many years in Queens-
land, Australia, and then 15 years in



Oxford, England (population 109,000 in
1967). It is rather that Clark’s attitude
toward cities seemingly conflicts with
his attitude toward population growth.
Let us see if the conflict is real.

His objection to large cities is not on
economic grounds. The real problems
of population growth in industrial coun-
tries, he says, are not those of impov-
erishment. “Such growth...enriches us
economically.... What it does do is to
create acute problems of requirements
of land, for our homes, our recreation,
for driving and parking our cars, for
industry, and for many other uses.”
He accounts for these disadvantages in
terms of what the economist calls “ex-
ternalities”—the indirect consequences
of economic transactions for individuals
not in a position to be directly a party to
those transactions. “One of the most im-
portant examples of an ‘externality’ in
the modern world,” he says, “is the con-
gestion of traffic.” When a man buys a
car to drive to work instead of using a
train or a bus, he is accepting the extra
costs for himself, but inadvertently he
“imposes upon other road users further
costs arising from the slowing down of
traffic, additional use of fuel, and ad-
ditional probability of accidents.” The
other users “have no opportunity of en-
tering the market as competing buyers
or sellers, and thereby affecting the de-
cision of the customer in (uestion as to
whether or not to buy the car.” Similar
externalities arise, according to Clark,
regarding the availability of land for
recreation, agreeable residential sites
and other needs.

His argument is convincing. But is it
not applicable to family size and popula-
tion growth as well? If city expansion has
deleterious noneconomic effects, does
not general population expansion also
have such effects? Cannot the concept
of negative externalities be applied to
reproduction as cogently as to car-buy-
ing? A particular father may enjoy hav-
ing nine children and be willing to bear
the extra costs directly chargeable to
him, but he thereby increases the bur-
den on his fellow citizens, who must sup-
port the schools and must endure extra
noise, congestion and competition for
goods, and yet who have no chance to
be a party to his reproductive decisions.
The externalities of reproductive behav-
ior extend even to the next generation,
which obviously has no control in the
matter.

Clark’s justification for general popu-
lation growth should apply equally to
cities. Historically urbanization is more
strongly correlated with economic de-
velopment than population growth is.

CER-VIT AND BROAD-BAND COATING -

ANOTHER QUESTAR “FIRST”

Part of our job in making the world’s
finest and most versatile small telescope
is continually to be aware of the new
materials and techniques that can improve
the performance and convenience of our
product. Now we are making Questar
mirrors of Cer-Vit, that fabulous sub-
stance which has essentially no thermal
expansion, surpassing even quartz in its
stability.

And to augment the efficiency of a
Cer-Vit mirror we apply a broad-band
dielectric coating that increases its reflec-
tivity to 99%. Further. to reduce the light
loss at each surface of the front lens to
less than 1/10 of 1%, a VLR (very low
reflection) coating is applied which trans-
mits all frequencies of the visible spec-
trum. With this combination total light
grasp is increased by approximately 22%.
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A Cer-Vit mirror is used in the 7-inch
Questar, shown above, a new instrument
of the same superfine quality that has
given Questar its world-wide reputation.
Each one that leaves our hands is star-
tested and will resolve .5 second of arc.

At lower left the Duplex 3Y-inch
Questar is shown in its handsome leather
case — contained in one cubic foot of
space, a complete portable observatory
that when needed for terrestrial use alone
can be quickly converted to the Field
Model.

Questar, priced from 3795, is described
in our newest booklet which contains
more than 100 photographs by Questar
owners. Send $1 for mailing anywhere in
No. America, By air to rest of Western
Hemisphere, $2.50; Europe and North
Africa, 33.00; elsewhere, 33.50.

QUESTAR

BOX120.NEWHOPE PENN.18938
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There has never been economic modern-
ization without a corresponding urbani-
zation. If, therefore, the justification of
population expansion is to be found in its
alleged economic effects, why is this not
also the justification for city expansion?
If it is sensible to stop city growth, why
is it not sensible to stop population
growth?

Even more indicative of Clark’s in-
consistency is the fact that general pop-
ulation growth and city growth are close
to being the same thing. Cities are no
longer growing overwhelmingly by mi-
gration, as they did in the 19th century
and early in the 20th, but by their own
excess of births over deaths. In the U.S.
in 1960, for instance, there were 22
metropolitan areas with more than a mil-
lion inhabitants. These areas, with 36
percent of the nation’s total population,
had added nearly six million people by
1966. This seems like a frightening addi-
tion to our big cities in six years—and so
it is—but the rate of increase was exactly
the same as that for the nation as a
whole. During the six years, of course,
other metropolitan areas (six in all) en-
tered the million-plus class. If we include
them, the proportion of the nation’s peo-
ple living in metropolitan areas of more
than a million rose from 36 to 39 percent
in six years. If the Government were to
have implemented Clark’s recommenda-
tion that a million be the maximum size
of city allowable, it would have had to
“disperse” 64 million Americans in 1960.
Six years later it would have had to dis-
perse 76 million. In the year 2010, if our
cities grow no faster than the rate pre-
dicted for our total population, approxi-
mately 165 million people will have to be
dispersed.

It is hard to avoid the conclusion that
Clark’s views are contradictory. If they
are, he shows himself to be at one with
his church. The ambivalence between
an urge for population increase and a
distrust of cities runs deep in Catho-
lic ideology. The heart of the church
still belongs to the Middle Ages. Medie-
val society had, in the church’s eyes,
an idyllic combination of rustic virtues
and numerous births. It also had, how-
ever, virtually a fixed population, which
helped the society to retain its rural sim-
plicity. Modern death control has unin-
tentionally destroyed the idyll and has
faced the church with the painful choice
of giving up either its preference for
large families or its penchant for rurality.
Having turned to Clark as one of its dis-
tinguished lay social scientists, making
him a member of the Pope’s expert com-
mission on population and family limita-
tion, the church receives no consistent
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answer; it gets back only a reflection of
its own indecision.

In emphasizing Clark’s general thesis,
I have not done his book justice, because
that thesis is not its best feature. Most
parts of the book are tangential or irrele-
vant to his major argument, and some
of them are the most interesting. The
best chapters are those that deal with
topics on which he himself has done
research, namely the two chapters on
cities and the location of people and in-
dustries and the chapter on population
and food (which contains his main dis-
cussion of agriculture). His chapters on
central topics in demography—fertility,
mortality and population growth—are, in
spite of their wide and esoteric coverage
of the research literature, somewhat old-
fashioned. I have emphasized his main
theme because it bears on a major issue
and should therefore not be allowed to
stand by default. Clark’s reputation and
his skill with words and numbers give
his argument a halo of credibility that
may mislead the unpracticed eye.

Short Reviews

CANCER EpipEMIOLOGY: METHODS OF

Stupy, by Abraham M. Lilienfeld,
Einar Pedersen and John E. Dowd. The
Johns Hopkins Press ($6.50). The sta-
tistics of disease found their classic entry
as a tool of the physician with the Lon-
don cholera epidemic of 1854. John
Snow went from house to house south of
the Thames, in a district where two pri-
vate Companies C()mpeted to supply wa-
ter. Twelve hundred patrons of the
Southwark & Vauxhall Company were
dead of that scourge; only a hundred of
their neighbors, who were customers of
the Lambeth Company, which served
about half as many people, had died.
The inference was plain: cholera was
waterborne, and the Southwark water
was the more polluted. No one yet knew
of the vibrio that causes cholera. Snow
did not need that argument; it was yet
to come. His case was made.

In our days cancer, by no means con-
tagious in the normal sense, has become
a kind of contagion through exposure to
all sorts of agents—particularly old age.
This brief and clear book is an introduc-
tion to the methods of the epidemiolo-
gist: the comparisons, the corrections for
age and improved diagnosis, the con-
trols, the studies to follow up a hunch,
and the careful double-blind studies to
test a subtle theory. It is written for
readers interested in cancer but un-
trained in these methods. Half of the
book is a practical guide to the statistical
methods used, and it also contains a
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World Health Organization classifica-
tion of neoplasms. The first draft of the
work was made by an expert committee
in one week. Like another famous com-
mittee product—the King James Version
—the book is a success, although not, to
be sure, on quite so exalted a level.

This is detective work with a real
mission. The data shown are fascinating,
and they present still-open cases, such
as the rising mortality from the leu-
kemias seen nearly worldwide. Is it
merely better diagnoses or is it the use
of Xrays? Or what is it?

There are two eloquent graphs. One,
made by the pioneers on the statistics
of lung cancer, Richard Doll and A. B.
Hill of London, was published in 1964.
By that time there had been plenty of
British physicians each year convinced
by earlier data to give up smoking cig-
arettes. The plot shows the death rate
from lung cancer, standardized for age
and amount smoked, as a function of the
years elapsed since these doctors had
stopped smoking. The curve falls steadi-
ly and smoothly by a factor of five in
15 years, when it reaches a plateau. Ge-
netics, occupation, air pollution and
work habits, one can assume, remained
unchanged; the smoking of cigarettes
stopped and the lung cancer deaths went
down. Another bar graph speaks vol-
umes. A small black line barely shows
the number of dead per man-year from
bronchogenic carcinoma, adjusted for
age, among men who never smoked. A
tall bar running to the top of the page—
60 times higherl—shows the same sta-
tistic for the foolhardy smokers of more
than two packs a day.

CAPE GeLipONYA: A BronNzeE AGE
Suipwreck, by George F. Bass,
with the collaboration of Peter Throck-
morton, Joan du Plat Taylor, J. B.
Hennessy, Alan R. Shulman and Hans
Giinter Buchholz. The American Philo-
sophical Society ($5). The fishermen of
the Aegean drag up amphoras by the
thousands as they pull their weighted
nets across the bottom. In 1953 one
Turkish trawler off the southern coast of
Turkey caught a bronze bust of De-
meter. A couple of years later hard-hel-
met divers had seen some bronze bars at
16 fathoms among the great boulders
and the playing dolphins off the cape
mentioned by Pliny as “dangerous to
mariners,” and where a lighthouse is
maintained by the Turks today.

The bronze was Cypriot ingots and
scrap dating from about 1200 B.c., the
cargo of a Phoenician ship wrecked with
a captain who sailed as a merchant smith
with all the tools of his trade. Among



Western Electric gets a fast fix on magnetics.

Anyone planning to use a mag-
netic material for anything more
subtle than picking things up had
better know its hysteresis curve.
That's the curve that shows how
much magnetic flux is induced in
a material by applied magnetizing
forces of either polarity. Western
Electric uses many kinds of mag-
netic materials in the communica-
tions equipment we build for the
Bell System. And for very subtle
purposes indeed.

So we draw a lot of hysteresis
curves. And, by old test methods
it could take up to two hours to
draw even one.

Since flux changes in many of

the materials we use produce very
weak forces, people have been try-
ing for years to work out a hystere-
sigraph that will get these forces
to move a recording pen. Until re-
cently, the closest anybody had
come was one of our engineers.

His device employed a galva-
nometer, a mirror, a pair of photo-
cells, a servo amplifier and motor,
and an elaborate set of balancing
and positioning controls. It drew
nice curves, but the slightest vi-
bration threw it off, and getting it

set to go again took time, skill, and
infinite patience.

The same engineer who devised
that hysteresigraph recognized the
possibilities of a newly developed
device called an electronic opera-
tional amplifier. He designed a
new, all-electronic hysteresigraph
around it that draws accurate
curves in about five minutes,
needs hardly any adjusting, and is
completely indifferent to vibration.

This is the kind of continuing in-
ventiveness Western Electric brings
to its job as manufacturing and
supply unit of the Bell System.

Wesftern Electric

MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM

-
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‘This is a perfect model

You are looking at the Brain. An impressionistic kinds of computers, they take into accounting
model of that fantastic computer, the human the fallability of the human kind. (To put that
brain. in plain English, we make data recorders for
But we all know the malfunctions of a human 100% accurate input, and scanners to process
computer can cause malfunctions of an input information at the lowest possible
electronic computer. rejection rates.)

While our systems are compatible with both Our computer support systems handle all kinds
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The mecharical Brain, courtesy of Cleveland Health Museurmn.

of an Imp erfect computer.

of information, make it computer readable. To learn more, write Addressograph Multigraph
And get it to the computer quicker, with Corporation, Department 6801, 1200 Babbitt
100% accuracy. Road, Cleveland, Ohio 44117. Or call your
Clerical or non-clerical, people have been taught nearest branch office (we're in the Yellow

to operate our systems in a matter of minutes. Pages.)

And once they’'ve learned how, the problems of A lot of people with perfect computers say
computer input virtually disappear. we've got the perfect input systems.

ADDRESSOGRAPH division CORPORATION

... helping people communicate
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What’s an ad for softwood plywood doing in a magazine full
of information on far-out space age materials?

Maybe it’s to remind you of a lot of useful properties you’ve
either forgotten about or never even knew.

Like its ancestor, good old wood,
plywood has certain desirable quali-
ties that many plastics and metals
lack. Such as: predictable strength
under stress. Resistance to chem-
icals. Natural insulation. Easy
fastening. And absolute refusal to
rust or corrode.

Sanded. Unsanded. Preprimed. Pre-
painted. Hardboard faced. Medium
Density Overlaid (smooth, flat, paint-
able). High Density Overlaid (hard-
surfaced, abrasion-resistant, espe-
cially resistant to acids). Aluminum-
faced. Vinyl coated. Fiberglassed.

But in plywood, man and 7-\—[|
technology have improved on

nature, to give this surpris-
ingly versatile material its own
set of unique advantages. You
know the splendid job plywood
does in construction. But have
you seriously considered its
suitability for hundreds of de-
manding applications in the
industrial sector? From acid
tanks to mock-ups of the SST,
it's worth considering. So, in
345 words, here’s plywood: —

Strength: Astonishing. Pound
for pound, actually stronger
than steel. Thanks largely to
its cross-laminated construc-
tion, plywood excels in impact
resistance, stiffness, compres-
sion and flexural strength. E.g.:
ultimate load on a 3/4” panel,
supported on 16” centers, and
through a typical forklift wheel,
is 5,200 pounds. For more on
plywood’s strength and test
descriptions, see Product De-
signer’'s Guide, offered below.

Corners: Square” Everything |
about plywood is square and
true. It's designed by engi-
neers for engineers.

Standard panel size: Big.
Width, 48”. Length, 96”. Thick-
ness, from 1/4” to 1-1/8”. Over-
sized panels to 72” by 144" avail-
able. Theoretically, a scarfed panel
may be made a mile long —if you
can figure out how to carry it away.”

- B toec’

Surface: Your choice, among
some 50 textures, patterns, or spe-
cial coatings impervious to natural
and unnatural hazards. Including:

.Hk'

\\hf? 1

lﬂf 1l|

Glue: Exterior or Interior. Interior
type plywood, made with highly
moisture resistant glue, is used
where the product won’t encounter
prolonged dampness or exposure.
Exterior type is made with 100%
waterproof glue and with a higher
grade of inner plys. It simply
will not delaminate even if left
exposed or submerged for years
on end (or on its side).

| 1/4" to 1-1/8"
| (3 plyto7ply)

_~ DFPA grade-trademark:
Back-stamp on all plywood man-
ufactured under the American
Plywood Association testing
and inspection program. (Same
information is edge-branded on
panels which for appearance
purposes do not have stamps
on faces.)

Designates type of plywood (see
“‘glue”, above)

AT
A '3'HL

-4 t06’

Epoxy coated. Polyvinyl fluoride
overlaid. And many, many more.

Species: Used to be mostly Doug-
las fir. Now, improved knowledge of
wood properties and how to com-
bine and balance them permits use
of some 30 species, grouped accord-
ing to stiffness. (Group number ap-
pears on every panel.)
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Species Group Number

Grade of veneer on panel face

Grade of veneer on panel back
Product Standard and Mill number
Symbol of testing agency indicating
that plywood was made in accordance

with the industry’'s oldest, most reli-
able testing and inspection program.

There is, of course, more to
tell. Such as actual examples
of ways many firms have used
plywood to good advantage.
And more on plywood itself: Its
gas permeability (low), hygroscopic
and thermal changes (minimal),
dielectric properties (when dry),
chemical resistance (superb). But
you’ll find it all in these publica-
tions: “Guide to Plywood for Prod-
uct Designers” and “U. S. Product
Standard PS 1-66 for Softwood Ply-
wood.” Yours by writing us at Ta-
coma, Washington 98401, Dept. SC.

* AMERICAN PLYWOOD ASSOCIATION
Tesrco
Plywood quality-tested by the Division For Product Approval N
i)



them were standard weights for markets
in eight lands and his personal cylinder
seal, an heirloom then centuries old.
This small merchantman, in size and
shape rather like the 10-meter fishing
vessel that found it, was “excavated”
in the summer of 1960 by an expedi-
tion wholly professional in its central
purpose but cheerfully amateur in the
equipment and attitudes of the pioneer.
Its aim was to dig up the wreck, not in
the treasure-salvage style of the divers
who at the turn of the century brought
up what they saw of a precious cargo
off the Greek island of Antikythera but
in the meticulous and observant style
of the archaeologist. The archaeologists
themselves had to work the depths. That
meant uqualungs, improvisation and,
above all, slow labor. It was not possible
to supervise crews of divers in the work;
only a couple of divers went down each
day, to draw, photograph, measure and
dislodge, after careful discussion and
photographic planning of the day’s ef-
fort. Helmeted divers did the heaviest
work, often with an aqualung diver pres-
ent to “guide their leaden feet through
the wreck with his hands.” They raised
the big coralline lumps to the surface
with air-filled plastic balloons; they
learned to work in light so much
changed by the sea that “blood from
minor cuts...was green.”

Here in word and drawing and photo-
graph is the ship, its contents and their
meaning after 30 centuries. The sailors
had a single oil lamp and ate olives free-
ly with meals, as Aegean sailors do to-
day. The polished weights they used
were mainly of hematite, made to an
accuracy of one part in 1,000. These
weights, all used by one man at one
period, are far more uniform than con-
temporary finds on land, where samples
of different age and use are hard to
avoid. The wreck is what the experts
call a “closed deposit.”

The scrap tools are lovingly identified;
the ingots are all measured and ana-
lyzed; the pottery is carefully typed.
The tin, found as a powdery oxide, is the
earliest industrial sample of this metal
known; the absence of traces of ger-
manium and cobalt argues that it did
not come from the famous tin workings
of Cornwall. The lead too is isotopically
not British in origin but Levantine—iron
is absent. Carbon-14 dating was done on
brushwood that lined the vanished hull
as a cushion for its heavy cargo, a prac-
tice followed to this day on the same sea
route. The carbon date is 1200 B.c. Pot-
tery, scarabs, the shape of the ingots
as represented in Egyptian frescoes, the
style of the tools all concur.

The single find seems to demonstrate
that the Phoenicians plied the sea as
traders centuries before the era of their
great colonial expansion; Homer was not
anachronistic in his picture of these peo-
ple at the time of Troy. The scale and
the diving methods of this small success
under the sea are already outdated, but
its lesson, like its finds, will remain.
There is a great reward for the archaeol-
ogist who remains in control, in the coral
ooze as in the desert dust.

r]‘HE First MERCHANT VENTURERS:
- Tue Axciext LEvVANT IN HISTORY
axp Coaerce, by William Culican.
McGraw-Hill Book Company ($5.50). A
compact and elegant account of the sec-
ond millennium B.c.: the fortunes and
fate of its seafarers, their tools, their art
and their alphabets. The very ingots
fished up off Cape Gelidonya are here
in color photographs. The Phoenicians
planted the pomegranate throughout the
Mediterranean. The author compares
this symbol to that culture itself: . . .ripe
but enduring, and if not the most pal-
atable, at least the most shapely fruit.”

COMPUTATIONAL ANALYSIS OF PRrEs-

ENT-Day AxEericaN ENcLisH, by
Henry Kucera and W. Nelson Francis.
Brown University Press ($15). Here are
some 300 pages of computer output,
with a handsome and learned surround
of explication and analysis. The topic
is the 1,600 feet of magnetic tape on
which the authors and their colleagues
recorded just over a million words of
text, all published in the U.S. in 1961.
The Corpus, as they call it, was a care-
fully stratified random sample. It in-
cludes 500 texts, each 2,000 words long,
drawn from 15 types of writing—every-
thing from “the sports page...to the
scientific journal ... and from popular ro-
mantic fiction to. .. philosophical discus-
sion.” Newspapers furnished about a
sixth of the sample, learned writing a lit-
tle less, fiction of all kinds nearly a fourth.
Once the categories were chosen and
weighted by the authors the texts were
selected randomly from the big library
holdings in Providence, with a few other
sources such as “one of the largest
secondhand magazine stores in New
York....”

In the book the 50,000 distinct words,
formulas, abbreviations and whatnot
that form the sample are arranged in
two great lists: by frequency and then
alphabetically. A statistical treatment
of the data by John B. Carroll makes
clear how closely the frequencies follow
the well-known log normal distribution.
From his two-parameter fit (which is
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really excellent) he can derive from the
theory the expected finite number of
words in the entire population sample,
which comes to about 350,000. Such a
distribution has rather strange proper-
ties. Nearly half of the word forms list-
ed occur only once in a million times,
whereas the 80 most frequent words—
down to man—comprise more than half
of the total sample. The 92nd place is
held by mathematical formulas as a
whole—any set of symbols including
signs for operations. Ouwr common print-
ed language is about one part in 1,000
mathematics. After Washington, which
must include the city, the most-men-
tioned person is Kennedy (in 1961 Amer-
ica). Viet Nam in all its forms and cog-
nates appears 30 times; Hanoi is missing.
The Anglo-Saxon four-letter words are
not fit to print: they occur fewer than
10 times in all. Iron and oxygen are the
most-mentioned elements, tied at 43.
One, two, three appear in that order a
total of 5,000 times. Zero occurs a couple
of dozen times, infantry only twice.

The tape itself—plus a manual for
using it, raw material for a dazzling
number of curiosities and linguiétic re-
searches—is available to all who wish to
order a copy. The heroine of the enter-
prise is Loretta Felice, who punched the
entire megaword.

RADAR Or~iTHOLOGY, by Eric East-

wood. Methuen & Co Ltd ($12).
Radarmen during World War II came to
realize that the occasional small dots
randomly scattered over the face of the
picture tube they viewed were caused by
birds. Their aphorism was that “all birds
are angels”; “angels” was the generic
word for mysterious signals that were
definitely not aircraft. By the 1950’s the
high-power search radar sets using cen-
timeter waves showed not a few dots
but whole nebulas—shifting signals,
mostly around an altitude of 3,000 feet
or less, moving both with and against
the winds at 40 miles per hour. Some-
times the angels spread over 100 miles.
Were all of them birds? By a decade ago
it was well established that bird “angels”
were indeed commonplace. A high-pow-
ered research radar, such as the one at
Bushy Hill in Essex around which much
of this British book is centered, can de-
tect a few birds at many scores of miles,
and every single bird up to some 10
miles away. The North Sea, the waters
off Cape Cod and the plains of Illinois
have been searched by day and night to
take a census of the birds, their migrant
patterns, their numbers, directions,
speeds and altitudes. The Distant Early
Warning Line has made a coordinated
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study of the migration of birds into the
Canadian Arctic, a use far more hopeful
than the grimmer task for which it was
designed. Eastwood, a physicist who has
himself done much pioneer work on bird
signals, gives an account of all these mat-
ters in a book aimed at the nonelectronic
reader. The radar photographs are re-
markably clear and interesting.

The most startling result so far is the
identification of ring angels. These rings,
beautifully circular, form around many
points in England at dawn—around Can-
terbury, around Trafalgar Square. They
spread out in concentric fashion like the
ripples from a stone thrown into a pond,
moving at 40 miles per hour. Observers
who were watching from the central
spot finally confirmed the remarkable
truth: these angels are rings of starlings,
which fly out in great spreading circles
from their roosts at dawn. Half a dozen
such concentric starling rings can be
seen at once, spaced a few minutes apart.
Sometimes flights can be seen converg-
ing at sunset, but not in clear rings. A
well-marked ring contains some 100,000
birds; there were three million starlings
within the range of Bushy Hill.

Radar will increasingly help to make
known the way of a bird in the air; work
on signals from single birds, on the iden-
tification of species, on studies using
widespread groups of radar stations lies
in the future of this powerful form of
bird-watching.

"['ue Minp oF THE DoLpHIN: A NoN-

" HUMAN INTELLIGENCE, by John Cun-
ningham Lilly. Doubleday & Company,
Inc. ($5.95). After six wet and thought-
tul years we have a second book by our
envoy among the dolphins. Most of the
new book is a sober, possibly somewhat
shallow but everywhere honest effort by
Lilly to search out the nature of the
human mind as an indispensable pref-
ace to the ultimate arrival at a meeting
of minds with our distant cousin. He
does not fail to discuss mental health,
religion or cultural restrictions. There
is a chapter considering “the spiritual
side.” He contrasts the freely breathing
but gravity-bound clothed human with
the dolphin: the dolphins are under the
enormous discipline of a lifelong con-
scious necessity to seek the pool of the
air, but they are immune from gravity,
effortlessly acrobatic, they rid them-
selves of waste without need for dis-
posal, they are always thermally com-
fortable, they sense by sound, smell and
touch, little by sight. So it is to some de-
gree with a human being suspended in a
warm, silent, salty pool in the dark,
breathing by mask, in sensory near-isola-
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tion. Lilly writes here out of experience;
his essay is a moving evocation of an-
other world of the mind.

In the laboratory matters move slow-
ly. The most explicit report is of an ex-
periment in joint living. The dolphin
was met halfway. Margaret Howe and
Peter, a young dolphin, for 10 weeks
shared a couple of rooms flooded knee-
deep with seawater. Miss Howe’s journal
is fascinating to read; she and her in-
separable friend grew to exchange a pro-
found trust. Peter seems to have fallen in
love with his teacher, a situation she was
required to handle with courage, candor
and tact. The game they played with
counting colors and languages, how-
ever, remained uncertain, enigmatic and
obscure. If the large brain of Tursiops
houses a great mind, we have not yet
made contact with it. Lilly has faith
in what the future holds. The book ends
with the heartening news that the Rus-
sian government made dolphin-catching
illegal in 1966, and with a plea for shal-
low flooded parks where dolphin and
man might make extensive voluntary
contact. Perhaps we ()ught not to expect
too much in so few years; after all, dol-
phins have been watching men for a long
time. It was an Athenian who wrote:
“Oh, my good, kind dolphins, beware
the savagery of men!”

r[‘m«: Cosmos oF ARTHUR HoLLy
-+ ComproN, edited by Marjorie John-
ston, with an introduction by Vannevar
Bush. Alfred A. Knopf ($10). It was
Nobel laureate Compton, director of the
laboratory, who telephoned Cambridge
when the first nuclear chain reaction had
been achieved to report that “the Italian
navigator has just landed in the New
World.” In this volume are collected
Compton’s informal autobiography and
44 papers addressed to the general pub-
lic on a wide variety of topics, both in
science and outside it. The story of the
sunny Ohio boyhood of this faculty child
at a small denominational college, his
graduate work in the Ivy League and his
year of research abroad is, as he writes,
“more or less representative” of the
scientists of our country in the years be-
fore World War II. His account will re-
main an important and touching docu-
ment. After the war that innocence was
gone, and his papers are filled with ac-
counts of the decision to use the bomb in
combat, of the McCarthy attack on in-
tellectuals, of the struggle against atomic
testing and above all of his pride in his
Mennonite heritage, his Christian be-

lief and an American “spirit of enter--

prise combined with a certain altruism
...more than ordinarily present among
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our people.” He thought the atomic at-
tacks on Japan were justified in that they
ended the war; indeed, he had written
an intimate memorandum arguing for
“a military demonstration with minimum
human damage.” He stoutly defended
J. Robert Oppenheimer and others be-
fore their accusers. He favored a ban on
large nuclear tests, which more or less
became the form of the present treaty.
He was never a severe critic of any
American institution, and he never
voiced those black dilemmas that have
been the vision of so many of his re-
flective contemporaries. Altogether he
played the role that he personally fitted
so well: the moderate, reasonable, right-
minded man, with an inherent—almost
complacent—sweetness.

rl‘mz WOoRLD FROM ABOVE, edited by

Hanns Reich. Hill and Wang, Inc.
($7.50). Aerial photographs presented
frankly as objects of beauty—abstract,
metaphorical and revealing. A hundred
in black and white and a handful in
color, these photographs, with a few
pages of critical text, set out to dazzle
the eye and the mind. They succeed all
too easily. Here are four trees: one, a sil-
houette in flames, is the delta of the
Colorado River; another, a feathery
leafless form, the tracks of automobiles
in the snow; the third, dark roots search-
ing, the tide ebbing from the sands of a
North Sea canal; the fourth, a gnarled
and bent fruit tree in winter, the delta of
the Rajang River in Borneo. The book is
all artifice of choice and viewpoint,
beautifully contrived.

rI‘REASURES oF PREHISTORIC ART, by
André Leroi-Gourhan. Harry N.
Abrams, Inc. ($40). The logical and sta-
tistical arguments of Professor Leroi-
Gourhan, which make plain the intellec-
tual depth of Paleolithic art, are by now
familiar to SCIENTIFIC AMERICAN read-
ers. Here is the rich and ponderous vol-
ume, in a clear English translation by
Norbert Guterman, that documents his
point of view. It is a worthy successor to
the fine large volumes by Abbé Breuil
and Paolo Graziosi that in the past dec-
ade have presented this art to American
readers. The color plates are still larger
and handsomer, and the whole book is
still more sumptuous than we have seen
before. Five hundred careful black-and-
white photographs and small index
drawings describe the major works with
clarity and precision. The coverage of
minor objects is perhaps less complete
than Graziosi’s, but the photographs by
Jean Vertut show us the art with better
vision and with new understanding.
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It’s only 32 years
until the year 2000.
Make the most of them.

RCA is seeking engineers, scientists
and programmers who can think far
ahead of their time.

Who want to influence what hap-
pens, rather than the other way
around.

Who want a variety of absorbing
projects, not an endless routine.

Who want rewards and opportunities
commensurate with their worth.

Such individuals will fit into the
constant state of change and growth
atRCA.

You'll be working for one of the
world’s most diversified companies,
yet the tone and flexibility are those
of a small organization. RCA project
teams are of limited size—to foster
greater creative effort and personal
satisfaction. Here you'll find a very
large number of |IEEE fellows.

If you think you are the kind of
engineer, scientist or programmer
RCA is looking for write to:

Mr. T. A. Beckett, Dept. SA-1, RCA,
30 Rockefeller Plaza, New York, N.Y.
10020. We are an equal opportunity
employer.
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Announcing the world’s
most advanced new
family of computers.

The NCR
Century Series.

Never before so much
performance at

so low a cost.
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NCR announces a new family of
computers. The Century Series repre-
sents a new chapter in electronic data
processing and incorporates the most
modern technological developments.

We spent years designing and per-
fecting the Century Series of comput-
ers. For all levels of users. For both
business and scientific applications.
And for easy, low-cost installation.

A compatible family of computers.
The Century Series will meet your
requirements today and
tomorrow. You can
increase capacity
and power as your
needs change. No
need to start over
again. And no ex-
pensive reprogram-
ming.

Great advancements in
computer technology are in-
corporated in all members of the fam-
ily. Their internal memories utilize thin
film, short rods. Offering speed in the
800 nanosecond range. Yet automated
manufacturing techniques have made
this ultra-fast memory lower cost than
slower core memory.

Monolithicintegrated logic circuitry
is used throughout the Century com-
ponents. This new generation of super
circuits has the power of conventional
or hybrid types used in the past and at
a fraction of the size. A universal type
is arranged in only six different pat-
terns to make up 80% of all logic
circuitry in theCentury. This standard-
ization achieves a high degree of op-

erating reliability at greatly reduced
cost.

Dual spindle disc unit is an impor-
tant common feature of all Century
computers. For small Century systems
it provides magnetic file processing.
For larger Century systems the disc
unit serves as a storage device for op-
erating software.

Wide range of CPU memories, from
16,384 to 524,288 eight-bit characters.

Future Century com-

> puters will
=== offer memo-
] ries up to
one million
characters. The lowest
cost Century offers three-way si-
multaneity and on-line processing.

You can move up to nine-way si-

multaneity and multi-programming,

and eventually to multi-processing
and 17-way simultaneity.
Expandability! All Century com-

puters have it. You can add
more disc units with 108 or
180 kc transfer rates and eight-
million character capacities. Card
Random Access Memory (CRAM)
units each with a capacity of 125 mil-
lion characters. Magnetic tape units
with transfer rates up to 240 kc. 3000
LPM printers. MICR sorter/readers.
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OCR readers. Punched card and tape
equipment. Remote on-line devices.

Sophisticated software! No other
computer in the same price range as
any Century computer can offer as
much. Compilers, operating systems,
applied programs and utility routines.
All written, tested and ready-to-go for
all members of the family. Program-
ming languages: COBOL, FORTRAN
and NCR’s own NEAT/3. You’'ll appre-
ciate the completeness of the Century
operating system.The monitor section,
for example, can completely schedule
a Century computer’s operation. Pro-
grams are loaded and automatically
executed in the desired sequence
based on priority, date or special con-
ditions.

NEAT/3, a language with built-in
simplicity, incorporates simple Eng-
lish instructions with powerful tools
that enable the computer to generate
its own program. Complicated logic
and coding are eliminated be-
cause flexible procedural in-
structions and pre-programmed
major computer functions are
combined in one language.

Get the complete story
of the Century. There’s
much more to tell about
the Century Series that
gives unequalled per-dol-
lar performance. Call your
NCR representative today
for more information or
write to The National Cash
Register Company, Dayton,

Ohio 45409.

THE NATIONAL CASH REGISTER CO, DAYTON 45409 ®
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ey Blg deal And, & good one, even for

. - Anaconda, a company that's one of the
e wld 5 deing producers of copper. '

A In diversifying, Anaconda is
. growing. Growing lo meet sharply increasing
.. metal needs of the economy. The two new pot-
lines nearing completion at our aluminum
e here at Columbia Falls; Montana, will be

PR,

RS P i i mopmaﬂon-next year lncmasing our capac-
e '3';’;—?":" rity'?&ngcen '

We're doing this to keep up with
: rapidly expanding line of aluminum prod-
sy ~ from foll and' industrial sheet to finished
" ‘{"""JH‘ chll;ctuml forms, and electrical ‘wire gnd
f il A *.._ caBTo for udvancbd engineering applications.
wq-, _; '\ -* 'What's more, we're aiming at a
s '('. completely integrated aluminum operation.
’¥{ '1e developing o new source of alumina fo
‘eed our potlines from a processing plant near

]:xmnla ore deposits in the Caribbean area.
~Anaconda is growing not only
in ‘aluminum, but alsc in copper, molybde-
‘num, uranium and ‘q wide variety of rionfer-
ranl metals vital to growth and” progress.

25 B’wuy,-H.Y.. N. Y 10004

L AT




