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from fumes

to fragrances

We've all got problems, right?

Los Angeles, Chicago, your own home
town, your own industry want to quit
smoking and smogging. Pollution problems.

Your wife ponders which of a thousand
scents will accentuate her personality.
That’s her problem.

UOP wants to help you understand that
many of your problems are our problems.

UOP is a company with a nose for the
new. A sense of now. A driving scientific
curiosity.

Against air pollution UOP Air Correction
Division offers the widest variety of equip-
ment to control solid and gaseous pollu-
tants. Entire systems for air control,
industrial or urban, have been developed.
Consultation, source-testing, start-up
assistance are all part of UOP Air Correc-
tion’s service.

On the sunnier side, you might be sur-
prised to know that UOP makes fragrance
compounds for use in sexy perfumes, toi-
letries, cosmetics. Very likely the famous
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UOP has a piece of the action in your life.

name perfume your wife uses gets its magie
from a compound developed by UOP
Fragrances.

From fumes to fragrances is just one
band in UOP’s creative spectrum. Remem-
ber Platforming®? UOP Process Division
did it: designed, engineered and perfected
this and other revolutionary processes for
refining high-energy fuels.

And Universal Oil Products Company
is also poking its nose for the new into such
areas as air and ground transportation
equipment, fabricated metal products,
plastic laminates, advanced petroleum
processes.

No end in sight. Whoever you are, UOP
has a piece of the action in your life.
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Comtel has developed
a production line

control that
thinks for itselt

Here is a control concept that takes
a giant step ahead of conventional
digital, relay-actuated equipment. Our
Technical Sciences Division calls it
CABOT,” Control and Basic Opera-
tional Techniques.

CABOT will react to standard logic
inputs, but it also has innate analog
flexibility, being able to accept analog
data and create analog commands. It
can be programmed to interpret and
react proportionately to a multiplicity
of infinitely variable inputs, such as
temperature, pressure, torque, etc.
CABOT’s response sequence, degree,

or mix can be quickly altered by teletype commands. It

remembers these, too.

CABOT can control a machining center, an assembly
machine, an automatic inspection process—or even a com-

plete production line.

For a tire manufacturer, CABOT
controls an inspection and correction
station that can heft and spin a newly
made tire, pinpoint out-of-round force
characteristics, and prescribe the exact
grinding needed to achieve perfect
balance.

For a brake manufacturer, CABOT
provides on-line testing, dynamic bal-
ancing, and inspection, as well as being
able to duplicate any combination of
in-service conditions.

The unique blending of analog con-
trol concepts and computer technolo-
gies makes CABOT a tool for today’s as

well as tomorrow’s problems. It can adapt to control func-

tions-not yet envisioned! And, in many instances, CABOT re-

quires less investment than relay or logic panels or test sys-
tems with the same capacity but only digital capability. This

is another measurement of success for the men at Comtel.

Interested in knowing more about Comtel or CABOT? Write.

I

COMTEL CORPORATION

21250 W. 10%2 MILE ROAD, SOUTHFIELD, MICHIGAN 48075, 313-352-4650

Total Systems in Electronic Sciences

Detroit Testing Laboratory, Material and Product Evaluation Center « S. Sterling Company, £lectronic
Instrumentation » Southfield Electronics, Nationallnstrument Marketing » Technical Sciences Division,
Specialized Testing Systems « Comtel Components, Precision Component Sales ¢« Compar Midwest
Corporation, Component Distribution ¢« Oceanography & Pollution Research Division, Undersea and
Atmosphere Studies « Comtel Engineering, Inc., Television Communications Systems e Metrolonics
Associates, Inc., Linear Measurements o National Astro Laboratories, Inc., West Coast Standards
*TM Calibration and Certification, Traceable to NBS « SSCO Standards Laboratory, Inc., Midwest Standards
Calibration and Certification, Traceable to NBS « Comtel Leasing, Inc., Electronic Equipment Leasing
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Aha,
the old computer-

— takes-the-gas

trick.

! DIGITAL EQUIPMENT CORPORATION, Maynard,
ggggupz:(r)sple have no use for That's 9 to 5. After 5, well ... 3 e A S e e SRt
o R 8 — Cambridge, Mass. « New Haven, Conn. «
Therefs a COmPUter InSId_e' A Rochester, N.Y. « New York City « Long Island,
For them, DIGITAL has real, live, all integrated-circuit, N.Y. « Princeton, Parsippany, N.J. « Washington,
a D.C. « Cocoa, Fla. « Atlanta « Knoxville, Tenn.
Computerpacks — special- 4096-word core memory, Huntsville + Philadelphia » Pittsburgh »

o i _ Cleveland « Dayton « Chicago « Minneapolis
purpose laboratory systems. For FORTRAN-speaking, full general- Cleveland - Dayton - Ghicago - Minneap o

gas Chromatography. For signal purpose PDP-8/1. Nearby is the Denver « Albuquerque « Los Angeles + San
averaging. For pulse-height software that runs more than Francisco « Seattle. INTERNATIONAL, Ottawa «

Toronto « Montreal « Edmonton « Reading «

analysis. Each Computerpackis 4,000 PDP-8 installations around Manchester « Paris « Munich « Cologne « The

complete. With all the hardware, the world. Press a button and e R L
all the software, all the interfaces presto! There itis.

'—b%ver ything needed to get the v, can ignore the computer. But mnanan

Job done. it'll still be there — just in case. COMPUTERS - MOOULES
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After dinner,
light up a

Garrard

When your mood calls for the deep
satisfaction that only music, per-
fectly performed, can provide, it's
time to relax with Garrard's great
SL 95 Automatic Turntable. Enjoy the
utmost in reproduction quality; per-
fect tracking; cueing and anti-skating
controls; trouble-free performance;
and safety for your records, both in
manual and automatic play. The
unfailing accuracy of synchronous
speed assures that the music you
hear is always on pitch as recorded.

The SL 95 is priced at $129.50,
less base and cartridge. It is shown
on the Garrard Power-Matic Base,
$15.95, which automatically shuts off
the entire music system when the
last record is played. Seven other
fine Garrard models, from $37.50.

For complimentary Comparator
Guide, write Garrard, Dept. DC309,
Westbury, N.Y. 11590.

British Industries Co., a division of Avnet, Inc

THE COVER

The colorful patterns on the cover represent the development of a bright
flare on the sun as observed in the ultraviolet part of the spectrum by a
spectroheliograph aboard Orbiting Solar Observatory IV, 480 miles above
the earth’s surface (see “Ultraviolet Astronomy,” page 92). The sequence,
from left to right and top to bottom, shows events on the west limb, or edge,
of the sun recorded at five-minute intervals on November 29, 1967. The
measurements were made at a wavelength of about 1,035 angstroms,
deep in the ultraviolet region that is blocked by the earth’s atmosphere. In-
tense radiation of this wavelength originates some 2,000 kilometers above
the sun’s visible surface. Each contour interval represents an increase of 1.6
in brightness, progressing in nine equal steps from the coolest region
(largest red areas) to the hottest region in the center of the flare (yellow).
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Just printed.

‘A New Look at Growth”

This 48-page booklet brings you
key facts about 64 smallish
companies that look to us like
up-and-coming growth stocks.We
think many could double earnings
in the next 5 years—and some
could triple. If you'd like a free
copy, send us the coupon below.

We describe each company in about
300 words—enough to give you a
taste of its record, products,
competitive position, and prospects.
There’s also a chart showing the
price of the stock for the last 10 years
and the first quarter of 1969.

The back of the booklet has a
handy statistical section that covers
all 64 companies. It shows earnings
per share in '67 and '68, annual
dividend rate, recent price, number
of shares outstanding, and the P/E
ratio based on '68 earnings.

Why we took a new look at growth

Things have changed.
It used to be that practically all you
needed to sniff out a growth stock

City

was a good nose for technology.
Xerox smelled good to some people.
Polaroid smelled good to others.
And sure enough, both rose higher
than a soufflé at Pavillon.

But technology's not enough
anymore. The time has come, as the
Walrus said, to speak of many things.
Like marketing. And management.
And even of specialization.

It may seem odd in this age of
conglomerates, but somecompanies

MERRILL LYNCH,
PIERCE, FENNER & S8MITH INC

To: Merrill Lynch, P.O. Box 333
Wall Street Station, New York, N.Y. 10005

Please send me “A New Look at Growth—Companies
with Sales of Less Than $100 Million.”

Mr.
Mrs
Miss

(Please print)

Address S

got into our booklet mostly because
they specialize so profitably.
Certain software companies, for
example.

Why we left out the giants

We wanted companies that could
show dramatic gains in earnings.
That's a lot easier for Davids than
for Goliaths.

During the last five years, for
example, about half the companies
in our booklet increased their
earnings by 10 to 30 percent a year.

Some have boosted earnings by
over 70 percent a year. That's no
guarantee of future performance,
but it sure sounds encouraging,
doesn't it?

Although we focused on growth,
we didn't forget about quality. Among
others, we left out companies with
spotty earnings records, limited
marketability for their shares, and
relatively weak financial positions.

We put a lot into this booklet. We
hope you get a lot out of it.

Phone

State Zip
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LETTERS

In the April Scientific American
George W. Rathjens presents an interest-
ing balanced view on the psychology un-
derlying the competitive development of
nuclear armaments, the vehicles for their
delivery as well as countermeasures re-
lated thereto.

One problem, which is unfortunately
quite real but is nonetheless completely
disregarded in connection with all these
calculations and estimates, is that of the
chronic delayed effects that would re-
sult from an exchange involving nuclear
weapons. A Chinese source indicated
that even if a man-for-man fatality rate
resulted in the U.S.S.R. and the U.S. in
a nuclear war with China, they, the Chi-
nese, with their large numbers, would be
the obvious survivors and beneficiaries.

On reading Rathjens” paper as well
as other articles in this area I have the
uncomfortable feeling that others con-
cerned with defense may be laboring un-
der similar misconceptions. Even if a
defensive system were perfect and no
land target was hit, the fallout and radia-
tion from a massive utilization of nuclear
weapons, either in the stratosphere or in
the lower strata of the atmosphere,
would so hopelessly contaminate land
and foodstuffs that survivors would not
have access to clean, radiation-uncon-
taminated food and water for a long
time. Decontamination on such a large
scale seems a rather futile task, particu-
larly if some of the industrial capability
was rendered inoperative. . . .

J. HENry WiLcox

Bethesda, Md.

Sirs:

Karl H. Pribram’s article “The Neuro-
physiology of Remembering” [Scien-
TIFIC AMERICAN, January] attempts to
relate holography to memory. Pribram
believes that supporting evidence for
this hypothesis comes from work by J.
Stone and myself on retinal neurons in
the cat. We found the assumption of
linearity to have good predictive value
in describing the responses of these cells
to low-contrast stimuli. The relationship
is not exactly linear but the assumption
of linearity serves as a good approxima-
tion. Pribram notes that “convolution in-
tegrals” appear in the calculated re-

6

sponse curves of retinal neurons and
adds: “Convolution integrals and Fourier
transformations provide the mathemati-
cal basis on which holography was
founded. Thus at least a first step has
been taken to show that interference ef-
fects may operate in the central nervous
system.”

This analogy does not survive scru-
tiny. The common factor between holog-
raphy and calculated retinal responses
is the assumption of linearity. Convolu-
tion integrals occur whenever linearity
is assumed. But a great many physical
systems besides holograms are common-
ly described by linear analysis including
many problems in electronics, mechan-
ics, heat conduction and hydraulics. One
could, I believe, make as strong a case
for heat conduction as for holography
as a model of remembering.

There is no doubt that memory is
somehow distributed in the brain. But
what does the hologram hypothesis add?
The hypothesis is so vaguely formed that
there does not appear to be any possible
experiment that could disprove it. It is
not so much a hypothesis as the ghost of
one.

R. W. Robick

University of Sydney
Sydney, Australia

Sirs:

Two interesting letters concerning
“The Neurophysiology of Remember-
ing” have come to Scientific American.
One from Stephen Grossberg, published
in your March issue, claims “the exis-
tence of a mathematical theory of learn-
ing...and recall...that has already
given a rigorous form to Dr. Pribram’s
suggestion”; the other, printed above,
that “the hypothesis is so vaguely formed
that there does not appear to be any pos-
sible experiment that could disprove it.”

Grossberg has developed a long and
detailed mathematical description of the
organizational properties of “embedding
fields” that is meant to simulate occur-
rences in the brain. He does not, how-
ever, describe simple experiments to
test the assumptions or consequences
of the model that can be accomplished
by neurophysiologists with today’s tech-
niques. Rodieck admits that memory is
somehow distributed in the brain but
fails to find the holographic hypothesis
useful in generating testable ideas as to
Low memory might become distributed.

These criticisms are not new to me and
afford a good opportunity to dissociate
Dr. Nico Spinelli, whose work I quote
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so liberally in my article, from the holo-
graphic hypothesis. In my laboratory he
has for years played devil’s advocate by
taking both the Grossberg and the Ro-
dieck position on many occasions. He
wants a sharper engineering model that
simulates the brain’s rather than an op-
tical information-processing system; he
wants hypotheses framed so that they
can be experimentally tested. I am thus
well accustomed to the arguments made.
If there were no other reason, the fact
that the holographic hypothesis can gen-
erate interest, excitement and criticism
would make it well worth holding.

But of course there is more. One of
the major questions concerning coding
in the central nervous system is whether
or not the transformations involved are
more or less linear. There is good be-
havioral evidence that both linear and
nonlinear processes must be taking
place. For example, many of the facts of
perception suggest linearity (see Floyd
Ratliff, Mach Bands, Holden-Day, 1965),
whereas language is obviously nonlinear.
The question arises therefore as to the
particular processes served by the linear
and nonlinear mechanisms. My article
attempts to present the evidence that the
distribution of information in memory is
accomplished by virtue of some linear
mechanism analogous to that by which
holograms are produced. Experimental
results such as those that show the im-
perviousness of the discriminative proc-
ess to my aluminum hydroxide implan-
tations of striate cortex found no ready
explanation until it was shown that holo-
graphic reconstructions of images were
similarly resistive to punctate damage.
This does not say that all transformations
accomplished by the brain are holo-
graphic in nature, but that some are like-
ly to be.

As to the precision of the hypothesis,
I mean to attribute to the neural holo-
gram (1) linearity of transformation, (2)
distribution of information and (3) the
fact that spatial phase relationships as
well as intensity are coded. As Rodieck
points out, linear analysis applies to
many types of problem. The virtue of
the holographic model is that it restricts
the range of linear transformations need-
ing to be considered and that it empha-
sizes the spatial interactions among
neural elements. In doing this the holo-
graphic hypothesis provides a useful
alternative to detector theory in account-
ing for some (though not all) of the facts
of perceptual imagery and recognition.

Finally, therc is the “ghost” brought
up by Rodieck’s letter. One of the most
appealing arguments for the neural holo-
gram is a philosophical one. Gilbert



Ryle, in his famous term “the ghost in
the machine,” encapsulated the problem
psychology faces. Brain processes can be
studied, but where are the “images” we
see, the “feelings” we hold, the wishes
and wants, etc.? They are, of course, no-
where, although some boundary condi-
tions can be specified. One of the excit-
ing things to do with a holographic
image is to try to grab hold of it. One
can’t. The interference patterns are re-
corded, but the image becomes consti-
tuted in front of or behind the record,
shifts around according to one’s position
in space and disappears unless condi-
tions are just right.

The issue is whether nonbiological
mechanisms such as computers and hol-
ograms serve as useful models for bio-
logical (and specifically brain) processes.
I believe they do, but I agree with Ro-
dieck that hypotheses derived from stud-
ies of the models must be tested against
the results of actual experiments on or-
ganisms. But then this is what my labora-
tory is all about.

KARL H. PRIBRAM

Stanford University School
of Medicine
Stanford, Calif.
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Right here
is where the
Beseler Topcon Super D

makes you an
expert photo
micrographer ;
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The problems of precision photo
micrography have been solved with the
Super D. A high magnification focusing
finder slides in. A cross hair screen flips
in. A flexible coupling totally eliminates
vibration, ensuring sharp pictures. And
you can still read the meter as easily as
you do without the microscope. The
patented meter-on-the-mirror gives you
perfect exposures without adding bulky,
expensive, electronic devices.

BESELER TOPCON SUPER D t@ ®

Charles Beseler Co., 219 South 18th Street
East Orange, N. J. 07018




The Emancipator
Become
Show-Off!

The HP 9100A Calculator gave you
Freedom from waiting to get on the BIG computer;

Freedom from translating your problems into foreign
computer languages;

Freedom from starvation-level computing with
under-developed calculators;

Freedom from the drudgery of manual computation —
All for the one-time price of $4900.

NOW —EVEN GREATER COMPUTING FREEDOM IS YOURS.
GRAPHIC DISPLAY

Add the new HP 9125A X-Y Recorder. Make your HP 9100A
desk-top computing calculator a show-off. You will be
liberated from the tediousness of hand-plotting, from the

omnipresent human errors and from inundating reams
of data that go with point-to-point hand plotting.

Think back! Would a picture be worth athousand figures,
to you?...to your company? Be an innovator...be a
producer... a picture producer.

The 9125A recorder automatically draws the answers as
the calculator solves your problems —such as curve-fitting
(photo shows parabolic regression), differential equations,
roots of polynomials and calibration curves. It shows you

the results of your calculations faster, easier, and more
accurately than you can get with hand plots! It ends the
gnawing frustrationof interpreting the limbo between

data points. And...it gives you a calibrated plot

so you can ready your units directly!
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What's more, once the 9125A has given you a permanent
graphic presentation, you can modify the input data, plot
again, and immediately see the changes you have made.
Nuances in areas of critical importance can be readily

_identified because of the pin-point resolution of the
calculator/recorder combination — a resolution made
possible by the four-digit calculator output that locates
coordinate points with hair-splitting accuracy.

Completely documented programs for use with the
HP 9100A Calculator and the HP 9125A X-Y Recorder
are supplied with your instrument.

Show off with the 9125A for only $2475. Add $4900
if you don’t already have the 9100A. Both are ready
for immediate delivery.

Start your new liberation today. Call for a demonstration

or send your purchase order to any Hewlett-Packard Sales
and Service office (located in principal cities throughout
the world). For a 22-page brochure, write Hewlett-Packard,
P.O0. Box 301, Loveland, Colorado 80537. Europe:

1217 Meyrin-Geneva, Switzerland.

9100A/9125A puts answers just a glance away!

099720

HEWLETT ﬁ PACKARD
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PAPERS TO MULCH TOMATOES,
or cucumbers, or eggplant. Papers to resist
rain, sun, chemicals, and fungi. Also
papers to coat, or laminate, or insulate,
or saturate. Papers to perform a specific
function at lowest possible cost. These are
the VALUE-ENGINEERED PAPERS
FROM THE MILLS OF MOSINEE.
Call or write for more information. Ask
for our “Portfolio of Performance” on
Value-Engineering.

®

MOSINEE PAPER MILLS COMPANY
MOSINEE, WISCONSIN 54455
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0 AND 100
YEARS AGO

| ]

SCIENTIFICAMERICAN |

JUNE, 1919: “We are gratified to
note that in his testimony recently given
before the House Naval Affairs Com-
mittee the Secretary of the Navy an-
nounced that the second three-year
naval construction program had been
abandoned. SCIENTIFIC AMERICAN was
strongly opposed to this program on the
grounds that it was both inexpedient
and unnecessary—inexpedient because
it would tend to destroy the excellent
feeling that had sprung up between the
U.S. and the Allies as the result of our
participation in the war, unnecessary be-
cause the joint effect of the construction
of our first three-year program and the
elimination of the German fleet had en-
abled us to reach that strong position as
second naval power, which the great
national movement for preparedness had
set as its ultimate goal. The fact that the
second program has been abandoned
suggests that the Government is satis-
fied that the cooperation of our Allies
both in the matter of the proposed
League of Nations and in the matter of
naval disarmament is well assured. If
these great results have been achieved,
we believe the whole nation will join
with us in recognizing that the President
has performed a great and noble service
in the interests not merely of the sorely
stricken world of today but also of hu-
manity at large for all time to come.”

“Scarcely have we caught our breath
at the announcement that the U.S. Navy
seaplane NC-4, piloted by Commander
Read, had flown from America to Europe
by way of the Azores and the Spanish
Main than the message comes that a
British Vickers-Vimy bomber, with Cap-
tain Alcock at the controls, has swept
across the Atlantic from Newfoundland
to the Irish coast in one wild flight of
16% hours. The outstanding facts of this
non-stop flight are the astonishing speed
of about 120 miles an hour and the un-
erring precision with which Lieutenant
Brown, the navigator, held his way over
the course of 1,950 miles.”

“Perhaps the greatest significance of
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Major Hoke’s recent invention of a pre-
cision block gage accurate within mil-
lionths of an inch is that it has forced
the adoption by the Bureau of Standards
of the wave-length as the measuring ele-
ment. At present the standard yard is
defined as the length between two marks
on a certain metal rod at a certain
temperature. This is not ideal, for several
reasons. In the first place, why should
one have to go to Washington or Paris
to get a standard length? Would it not
be more rational to define the yard, the
meter, etc., in terms of something that
could be reproduced independently any-
where? Would it not be a good idea at
the same time to seek a standard that
had no relation to temperature? It surely
would, and the whole procedure in the
Hoke case fairly thrusts such a standard
upon our attention. Why should we not
define the yard and the meter as so many
wave-lengths of such a particular light?
For testing Hoke gages cadmium light
has been found to possess several notable
advantages. Major Hoke looks forward
to the day when the standard of length
will be defined as ‘so many wave-lengths
of such-and-such a light —cadmium per-
haps, or something else if anything better
can be found.”

JUNE, 1869: “The rate at which im-
migration to the U.S. is now progressing
is quite unprecedented. On the Atlantic
side Europe is pouring in vast numbers
of people of all ages who, fleeing from
the pressure of want, anticipate a life of
comparative ease and plenty in the less
crowded industries of the American con-
tinent. On the Pacific slope the Asiatic
races are beginning to form a large ele-
ment of the population, and a useful
element too, if report speaks truly. We
are of those who think this influx of
population will eventually be a benefit
to the country, after the proper process
of assimilation has been effected, and
provided that a proper policy on the part
of the general Government provides a
home market for the increased produc-
tion, consequent upon the increased
number of producers.”

“The question of the eight-hour work-
day was taken up at the cabinet meeting
on May 25, and after an extended dis-
cussion it was decided that President
Grant should issue a proclamation, or
an executive order, declaratory of the
effect of the law upon wages, which is



simply that the Act of Congress declares
that eight hours’ labor for the United
States shall be a day’s work, instead of
10 hours, without affecting the rate of
wages.”

“The celebrated Darwinian theory is
making proselytes rapidly. In fact, it
may be said that its advocates no longer

admit that it is simply a theory but hold
it to be demonstrated by the scientific
researches it has called forth. Among
the most prominent scientific men who

have fully embraced the theory is the
veteran Sir Charles Lyell, whose past

record does not indicate a man likely
to be led to hasty conclusions or apt to
adopt any theory unsupported by ample .

evidence of its truth.”

Are you

“Professor Bunsen of Heidelberg re-
cently met with a serious accident. e
had received a large quantity of the
metals of the platinum group and was
engaged in the preparation of pure

rhodium. He had precipitated a large Take the Renault 10 quizandsee. ~ Independent suspension means:
quantity of the finely divided metal and 4 doors instead of 2 means: :'__—! g"’ﬁ;ll, Iagr?llre mdert))endence. d
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then carelessly let the water boil out of [ ] B.It’s easier on the car pool. [] A.I don’t really know.
the bath, so that when Bunsen went [ 1 B.Me, either.

1 1to his Taborator idniol 3 glove compartments mean: b - y
e‘l one into his la )mutmy at midnight, he [ '] A.There’s more room to store things. 12 months/unhmlted mileage
found that the heat of the vessel had [ B.There’s more room tostore junk. ~ warranty means:
risen to 300 degrees Fahrenheit, instead ' "1 A.1 wish Renault made dish washers.
of 212 degrees, as the temperature 4-wheel disc brakes mean: [_IB.They’re pretty sure of themselves.
would have been if water had remained ; I‘é.’ll‘(f)an StO[Z the car. di 35 vhifes per pallon smeans:
: IR, .. | . € car stops on a dime. I .
in the l)ath.. H.e approached tl)e. vesset], p [0 & 1'll never fimish my free glass set:
put down his light and pu‘t one finger in Engine over drive wheels mean: [ B.Gas stations won’t get rich on me.
to mark the condition of things. Sud- "1 A.What are drive wheels?
denly there was a feartul explosion. Both [ 1 B.They get a better grip on the road.
of his eyes were severely burned, and i

e hande . o e of Synchromesh transmission means:
his hands were torn into a mass of open s
wounds. He had the presence of mind L A.It won .talways moake . FOR INFORMATION SEE NEAREST DEALER

Et ‘ d i lati pres ansule ¢ that horrible sound When.l ?h‘ft' OR WRITE RENAULT INC., 100 SYLVAN AVENUE

not to drop the plalmum capsuie con- B.I can brake by down-shifting. ENGLEWOOD CLIFFS, NEW JERSEY 07632

taining the rhodium; he put it back upon
the furnace before he called for help.
The explosion and the call for assistance
were fortunately heard by the servants,
and he was immediately carried to his
dwelling, which is in the same building
as the laboratory. It is known that some
years ago Bunsen lost the use of one eye
in a similar explosion, and it was now
feared that the other eye had been de-
str()yed, but upon closer examination
the physician expressed the hope that
the injury was not incurable. Upon hear-
ing this, the hero of science exclaimed:
“Thank God! T can now ascertain what
was the condition of the metal when it
blew up.””

“The Erie Railroad Company have
commenced selling through tickets by
the Union Pacific Railroad from New
York to San Francisco for $197.35.”
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A jet engine does lots more than
fly you to far away places.

Look around: Our jet-powered
generators help provide electrical
power for cities. Sleek new
TurboTrains use our jet engines

to zoom along at 135 mph.

Big pipelines use jet power

to pump gas long distances
quickly and economically.

And United Aircraft jets have
gone to seq; giant freighters
powered by jets are

setting speed records.

So, while working towards an
ideal transportation
system—coordinated,
efficient—we're also working

. on new ways for our jet engines
f:—--:::!_f?lr'-z@ to serve you. Here at
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R. W. DAVIES and R. AMANN (“Sci-
ence Policy in the U.S.S.R.”) are at the
Centre for Russian and East European
Studies of the University of Birmingham;
Davies is director of the center and pro-
fessor of Soviet economic studies and
Amann is assistant lecturer. Davies was
graduated from the University of Lon-
don in 1950 and obtained his Ph.D. from
Birmingham in 1954, whereupon he
went to the University of Glasgow for
two years before returning to Birming-
ham. He has collaborated with E. H.
Carr in a forthcoming study, Founda-
tions of a Planned Economy in the
U.S.S.R. Amann was graduated from
the University of Birmingham in 1964.
He is a coauthor of part of a report by
the Organisation for Economic Co-op-
eration and Development, Science Pol-
icy in the U.S.S.R. In preparing the
present article the authors were assisted
by their colleague, M. J. Berry. The ar-
ticle is based on the O.E.C.D. study of
Soviet science policy, which was made
by an international team including the
authors and Eugéne Zaleski, Joseph
P. Kozlowski and Helgard Wienert.

R. L. FLEISCHER, P. B. PRICE and
R. M. WALKER (“Nuclear Tracks in
Solids”) began their collaboration at the
Research and Development Center of
the General Electric Company. Fleischer
and Price are still there, although Price
will be leaving soon to become professor
of physics at the University of California
at Berkeley. Walker was named McDon-
nell Professor of Physics and director
of the Laboratory for Space Physics
at Washington University in 1967.
Fleischer received his Ph.D. in applied
physics from Harvard University in 1956
and spent four years as assistant profes-
sor of metallurgy at the Massachusetts
Institute of Technology before joining
General Electric. Price, who received his
doctorate in solid-state physics from the
University of Virginia in 1958, joined
General Electric in 1960 after study in
England. As a visiting professor he or-
ganized a research group studying nu-
clear tracks in solids at the Tata Institute
of Fundamental Research in Bombay.
Walker joined General Electric in 1954
after receiving his Ph.D. in elementary-
particle physics from Yale University.
He is a founder of VITA, an association
of more than 1,000 engineers and scien-
tists who contribute their skills in work-
ing on technical problems of underde-
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veloped nations. He is also a member of
the National Aeronautics and Space
Administration’s  lunar-sample-analysis
planning team.

RUSSELL ROSS (“Wound Healing”)
is associate professor of pathology at
the University of Washington School
of Medicine; his promotion to professor
will take effect on July 1. He was gradu-
ated from Cornell University in 1951
with a degree in chemistry and received
his Ph.D. in pathology from the Univer-
sity of Washington in 1962. He writes:
“Beyond the work in the area of wound
healing and fibrogenesis I have been
working extensively for the past several
years on the elastic fiber. Our knowledge
of this important connective-tissue ele-
ment has been limited and at this stage of
development is somewhat akin to our
knowledge of collagen 20 years ago. As
for my other interests, they relate to mu-
sic and sports, in particular tennis and
squash.”

ALFRED TARSKI (“Truth and
Proof”) is professor of mathematics at
the University of California at Berkeley.
Born in Poland, he received his Ph.D.
from the University of Warsaw in 1924
and taught there until he came to the
U.S. in 1939. He was a research asso-
ciate at Harvard University for two years
and a member of the Institute for Ad-
vanced Study for one year before going
to the University of California. Among
his many writings is the book Introduc-
tion to Logic and to the Methodology of
Deductive Sciences, which has appeared
so far in 10 languages and is scheduled
to be published in two more. The present
article is based on the Faculty Research
Lecture given by Tarski at Berkeley in
1963 and on the invited address he gave
at the University of London in 1966.

JOHN TYLER BONNER (“Hormones
in Social Amoebae and Mammals”) is
George M. Moffett Professor of Biology
and chairman of the department of bi-
ology at Princeton University. A gradu-
ate of Harvard College in 1941, he re-
ceived his master’s degree at Harvard
in 1942 and his Ph.D. there in 1947
(after four years of service in the Army
Air Forces). He has been at Princeton
since 1947. Bonner has worked exten-
sively on the biology of such organisms
as slime molds, algae and fungi. Among
his books are The Cellular Slime Molds,
now in its second edition, and The Scale
of Nature.

LEO GOLDBERG (“Ultraviolet As-
tronomy”) is Higgins Professor of As-
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tronomy and chairman of the depart-
ment of astronomy at Harvard Univer-
sity and director of the Harvard College
Observatory. He was a student at Har-
vard from 1930 to 1938, receiving his
bachelor’s degree in 1934, his master’s
degree in 1937 and his Ph.D. in 1938.
For 19 years before returning to Har-
vard in 1960 he was at the University of
Michigan, serving from 1946 to 1960 as
director of its observatory and chairman
of the department of astronomy. He de-
scribes “the application of atomic phys-
ics to the interpretation of astrophysical
problems™ as his “deepest interest.” He
also writes: “I have served on almost
every conceivable committee in univer-
sities, in professional societies and in
Government agencies. Only a very few
of these have been genuinely satisfying.”

E. OTTO HOHN (“The Phalarope”)
is associate professor of physiology at
the University of Alberta. He writes:
“Born March 14, 1919, in Basel, Switzer-
land, of Swiss parentage. Moved to En-
gland with parents in 1932 and gained
entrance scholarship in modern lan-
guages of Guy’s Hospital Dental School
(University of London), obtaining the
M.B.B.S. [bachelor of medicine and
bachelor of science] degree in 1943.
Then worked as hospital physician and
house surgeon in hospital of Guy’s
Emergency Medical Service sector until
1944, when offered full-time demonstra-
torship in physiology at Guy’s Medical
School. Married the same year, wife
English; two children, born 1949 and
1954. In 1947 obtained the position of
assistant professor of physiology at the
University of Alberta and acquired Brit-
ish nationality by naturalization before
leaving for Canada. In 1951 obtained the
Ph.D. in physiology from the University
of London.”

F. W. KARASEK (“Analytic Instru-
ments in Process Control”) is associate
professor of chemistry at the University
of Waterloo in Ontario. “When I got my
doctorate at Oregon State University in
1952,” he writes, “T went to the Phillips
Petroleum Research Center for a short
interlude of valuable industrial experi-
ence before entering on a university
teaching career. That short interlude
stretched to 17 years before I managed
to begin the teaching career. I was at-
tracted to the University of Waterloo not
only because of the lovely new univer-
sity but also because of the opportunity
to set up new analytical and instrumen-
tation courses. At home my main activi-
ties are related to the raising of seven
sons.”



American Can Company has a challenge for you:

Can you figure out how many mugs will balance the flower pot?

Here at American Can we have a similar problem...balancing people with jobs.

Because of our recent growth, a lot of exciting new jobs have been created.
Luckily we've got a lot of exciting people, too.

To help match the people with the jobs we've developed a unique team of
managers who specialize in studying each employee’s individual growth and
development. To identify all the qualified candidates for each new job, this team uses
a computerized records system.

Once we've identified all the qualified employees for a job, we're ready to start
interviewing and selecting. Knowing that we haven't overlooked anyone.

This way we’re almost always able to balance the right opportunity with the
right person. Including the man who manages the computer!

Of course you don’t need a computer to tell you that one ear of corn will balance %
of a cat. Do you?

American Can Company
Creative products that
shape your future.

100 Park Avenue

New York.N.Y. 10017
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Torinos

Cougar Convertibles

Mercury Montegos

There’s no denying that the
four-door sedan is a sensible, practi-
cal institution.

However, we feel that since you
most likely have a sensible, practical
institution sitting in your own ga-
rage, you might like to try some-
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Continental Mark I1I's

Man cannot live by four-

thing a bit different when you’re on
a business trip.

Consequently, at Hertz we give
you a choice of cars Henry Ford
never envisioned in his wildest
dreams. Everything from $8,000
Continental Mark III's to Mustang




Thunderbirds Ford LTD Hardtops

Mercury Wagons Mustang Mach I's
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Now you can afford your own
time-sharing computer: the GE starter set.

Watch it grow.

It's inevitable.
Anyonewho nowbuys
= a little time-sharing,
* will soon be wanting
far more.

General Electric makes your
transition a lot easier, and a lot less
expensive. With our new GE-410
system you can start out with a small
computer (to serve a few people) and
grow it into a very big one (to serve
hundreds of people).

You can save thousands because you
have no extra programming costs.
Just change the heart of the computer
— give it more power to handle more
remote terminals — and you're back
in business. All the programs you've
already developed will still work —
only faster.

You'll also save money because
General Electric time-sharing systems
do regular processing as well.
Essentially, that's two computers

for the price of one.

Only General Electric gives you such
a wide choice in time-sharing. From
a single terminal to the largest, most
flexible time-sharing systems yet
devised. One is right for you.

No wonder more time-sharing is done
on General Electric computers than
any other kind. Contact your nearest
GE Information Systems Sales
Representative. Or write:
Section 290-38, General Electric,
1 River Road,
Schenectady, N.Y. 12305.

290-38

GENERAL D ELECTRIC

© 1969 SCIENTIFIC AMERICAN, INC



SCIENTIFIC

Established 1845 AMERIC AN June 1969

Volume 220

Number 6

Science Policy in the US.S.R.

A new study shows that the US.S.R. operates a research

and development establishment comparable in size to that

of the U.S. The differences between the two are getting fewer

he competition between the U.S.

I and the U.S.S.R. in space tech-

nology and advanced weapons is
only one aspect of a major effort that has
become the focus of attention in all in-
dustrial nations. This effort is “research
and development.” Research (the search
for new knowledge) and development
(the entire process of converting new
knowledge into new processes and prod-
ucts) play a key role in industrial growth,
public health and military power. There
is a growing awareness, however, that
the size of a nation’s R. and D. budget is
only one factor in the successful pursuit
of scientific knowledge and sound tech-
nology. A great deal seems to depend
on good management, and at least as
much depends on providing adequate
incentives, not only for discovery and in-
vention but also for innovation: the task
of carrying new ideas from the feasibility
stage to commercial application. As a re-
sult there has been much critical discus-
sion lately of how R. and D. is organized
and applied in the two countries where
it has reached its highest state.

It is widely supposed, particularly
since the launching of the first Soviet ar-
tificial satellite, that the central planning
of scientific and technical effort gives
the U.S.S.R. a built-in advantage over
the Western nations. This is not to say
that the U.S.S.R. is at this stage ahead
of the Western nations in science and
technology but that to many observers
it has seemed to be moving faster and
with greater responsiveness to national

by R. W. Davies and R. Amann

and social needs. A closer examination
of the Soviet R. and D. effort makes it
clear, however, that this is an oversim-
plification. In the U.S.S.R. as elsewhere
there is much questioning of current pol-
icies toward science and technology. An
extensive study of Soviet science policy,
just completed by an international team
in which the authors of this article par-
ticipated, shows that the U.S.S.R. is un-
dertaking a reorganization of its R. and
D. efforts and searching for new forms
of incentive. The study was conducted
for the Organisation for Economic Co-
operation and Development by a group
consisting of Eugéne Zaleski of the Na-
tional Center for Scientific Research in
France, Joseph P. Kozlowski of the U.S.
National Science Foundation, Helgard
Wienert of the O.E.C.D. secretariat and
the authors, assisted by our colleague
M. J. Berry, of the Centre for Russian
and East European Studies at the Uni-
versity of Birmingham. Similar O.E.C.D.
surveys had previously been made of re-
search and development policies in west-
ern Europe and North America. It is
hoped that the comparative studies of
the various strategies and experiences
will be of value to all the countries con-
cerned.

" he starting point of our work on

Soviet science was an attempt to esti-
mate the magnitude of the R. and D.
effort compared with that of the U.S.
The comparison cannot be exact, be-
cause the two countries differ in their

© 1969 SCIENTIFIC AMERICAN, INC

definitions of research and development.
We can, however, make a rough estimate
of the manpower engaged in these activ-
ities. Taking only those personnel who
have completed a higher education, our
Birmingham group calculates the num-
ber employed in R. and D. in the
U.S.S.R. (for the year 1965) to be some-
where between 454,000 and 631,000,
as compared with 497,000 in the U.S.
(for the fiscal year 1963-1964). These
figures do not include professionals
doing research in the social sciences and
humanities. Kozlowski puts the Soviet
figure somewhat higher than we do; he
calculates that in 1965 there were 588,-
000 engineers (not to speak of natural
scientists, economists and so on) engaged
in R. and D. in the U.S.S.R. On the
whole it appears reasonable to conclude
that in terms of manpower the U.S.S.R.
is devoting at least as much effort as the
U.S. toR. and D.

Of course this does not necessarily
mean that the level of scientific and tech-
nical output in the U.S.S.R. is compa-
rable to that in the U.S. The available
evidence indicates that R. and D. pro-
ductivity per man is distinctly lower in
the US.S.R., except possibly in high-
priority sectors such as military and
space research. The lower productivity
is mainly a reflection of the degree to
which the U.S.S.R. lags behind the U.S.
in economic development, education and
technology. The total national income of
the U.S.S.R., with its larger population,
is no more than 60 percent of that of the

19



LARGEST SOVIET TELESCOPE will also be the world’s largest when completed. It will
have a mirror six meters (236 inches) in diameter, nearly a meter larger than the 200-inch
reflector on Palomar Mountain. The new instrument will be located near Zelenchukskaya

in the Caucasus at an altitude of 6,800 feet. In this picture, which consists of two separate
exposures, the telescope is being assembled at the Optico-Mechanical Works in Leningrad.
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U.S. More than 30 percent of the Soviet
population is employed in agriculture,
as against only 5 percent in the U.S. The
median number of years of schooling
that have been received by the adult
population (age 16 or over) in the
U.S.S.R.is only 6.6; in the U.S. itis 11.9.
In the R. and D. sector, as in the Soviet
economy as a whole, there is a relative
shortage of the abundant equipment and
lavish research facilities found in the
more advanced U.S. economy.

Just because the Soviet economy is
less advanced than the U.S. economy the
Soviet rivalry with the U.S. in advanced
weapons and space programs has caused
the Russians numerous difficulties. The
pressure on material and qualified-man-
power resources is considerable, par-
ticularly as the U.S.S.R. is currently ap-
plying an increased share of its resources
to the production of consumer goods and
the buildup of less advanced industries.
It is therefore not surprising that, as in
the U.S., its outlays on R. and D. have
slowed markedly in the past few years.
In the five years from 1957 to 1962 the
total manpower employed in Soviet R.
and D. more than doubled; in the four-
year period from 1962 to 1966 it in-
creased by only 28 percent [sec bottom
illustration on page 26 and top illustra-
tion on page 27]. There has been a simi-
lar slowing of the expenditure for R. and
D. from an annual increase of 15 or 20
percent in the late 1950’s to about 10
percent in recent years [see bottom il-
lustration on page 271.

This is the background to the first of

the critical issues now facing the
Soviet policy-makers: How much of the
national resources should be devoted to
R. and D.? Officials of the State Com-
mittee for Science and Technology are
pressing for a big rise in expenditure.
Vadim A. Trapeznikov, first deputy
chairman of the committee and a lead-
ing authority on automation, recently
proposed an intensive program, involv-
ing an annual expenditure increase of
20 to 25 percent for R. and D., for the
five-year period 1971-1975. He present-
ed calculations suggesting that every
ruble spent on research and develop-
ment produced an annual increase of
1.49 rubles in national income, as against
a return of only .39 ruble on each ruble
invested in the economy as a whole. On
the other hand, some officials of the
State Planning Commission (Gosplan)
have taken the opposite position. They
are arguing against major increases in
R. and D. expenditure and have cited
figures purporting to show that the re-
turn on R. and D. is considerably less



than Trapeznikov stated; they contend
that the return fell short of the .74 ruble
per ruble of expenditure that was ex-
pected in 1966. Thus a vigorous con-
test over the level of research expendi-
tures seems to be under way at the top
levels of the Soviet government.

The second major issue now troubling
the Soviet policy-makers concerns the
relative allocations to fundamental re-
search and to development. We were
not able to obtain precise figures on what
proportions of the Soviet R. and D. re-
sources are spent respective]y on basic
science, on applied research and on de-
velopment. According to some Soviet
statements, 10 to 12 percent of the R.
and D. budget goes into fundamental
research (about the same as the pro-
portion devoted to science in the U.S.)
and somewhat less than 50 percent goes
into development (as against 66 percent
in the U.S.). If these figures are accurate,
about 40 percent of R. and D. in the
U.S.S.R. is allocated to applied research,
compared with 22 percent in the U.S.
There would seem to be an odd paradox
here: the U.S.S.R., which has always
stressed the practical purposes of science,
apparently spends considerably less of its
R. and D. funds on translation of dis-
coveries into the development of new
processes and products than the U.S. A
striking example of this relative skimp-
ing on development can be seen in the
field of nuclear physics. The U.S.S.R.
has poured huge investments into ma-
chines for basic studies in high-energy
physics; it has built the world’s most
powerful particle accelerator, a proton
machine of 76 billion electron volts
(BeV), and is now considering whether
to construct a 1,000-BeV accelerator
(already designed in outline) or to go
directly to one of 2,000 or even 10,000
BeV, perhaps in cooperation with other
countries. Yet the U.S.S.R. has failed in
the recent past to provide adequate
funds for pilot facilities to develop
nuclear power, according to a com-
plaint voiced by the chairman of the
ccmmittee responsible for the building
of nuclear power plants.

There has been much public debate
among Soviet scientists and officials on
the need to correct this “imbalance” be-
tween research and development. All
agree on the necessity of more attention
to development; the discussion turns on
whether the needed funds required
should be found within the research
budget or transferred from the general
national capital budget. Leading sci-
entists have objected to any invasion of
the appropriations for basic science. At
the general meeting of the U.S.SR.

Academy of Sciences last year the presi-
dent opposed a proposal that the Acade-
my enter on certain projects in app]ied
research, on the ground that “this would
divert resources intended for funda-
mental research.”

The conflict over basic versus applied
science is bringing to the fore important
questions concerning the system of or-
ganization of R. and D. in the U.S.SR.
In certain respects this system differs
sharply from the arrangements in the
U.S. and Britain. Whereas in the West-

ern countries basic research is conducted
mainly in universities, in the U.S.S.R.
most of it is carried on by academies that
are not primarily educational institu-
tions. A second important difference is
that applied research and development
in the US.S.R. are conducted princi-
pally in establishments directly under
the control of the government depart-
ments responsible for particular in-
dustries, in contrast to the situation in
the U.S., where industrial corporations
carry on most of the applied research and

ARRAY OF ANTENNAS at a Soviet deep-space facility is used to track vehicles sent on
interplanetary missions. The array provided two-way communication with JVenera 5 and
Venera 6,which ejected instrumented capsules into the atmosphere of Venus last month. The
capsules made measurements of the composition and pressure of the planet’s atmosphere.
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development, even that paid for by the
government,

To understand the problems confront-

ing the U.S.S.R. we need to take a
more detailed look at its research organi-
zation. At the center of the system, but
not in control of it, stands the Academy
of Sciences [see illustration below]. In
Czarist Russia the Imperial Academy of

Sciences was primarily a club of distin-
guished scientists like the Royal Society
of London. The Bolshevik revolution and
the subsequent five-year plans trans-
formed the Academy into a national cen-
ter for fundamental research that now
maintains nearly 200 scientific establish-
ments spread over the U.S.S.R. from
Leningrad all the way to eastern Siberia.
In addition there are special research

academies for medicine, agriculture and
education, and each of the principal
Soviet republics has an Academy of Sci-
ences of its own. The network of acad-
emies as a whole employed in 1965 some
74,000 scientists, all of them engaged in
research rather than teaching [see top
illustration on page 26].

The various departments or ministries
of the central government operate a
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ORGANIZATION OF SOVIET SCIENCE fans downward from the
central organs of the Communist party into three groups that ad-
minister all scientific activity in the U.S.S.R. They are the U.S.S.R.
Academy of Sciences (together with the loosely affiliated academies
in the separate Soviet republics), the industrial and governmental
ministries and the ministry for higher and secondary specialized
education. The last of the three groups is concerned primarily with
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education; first two groups sponsor the lion’s share of research and
development. The “Academy system” employs about 20 percent of
all scientific workers in research and development, and the “Minis-
try [or branch] system” 80 percent. The State Committee for Sci-
ence and Technology is responsible for the coordination of research
and development. It has recently been pushing for a larger bud-
get than the State Planning Commission thinks can be justified.

© 1969 SCIENTIFIC AMERICAN, INC



separate network of research institutes,
known as the “branch” system, that is
devoted mainly to research and develop-
ment for the branches of industry and
government. This system employs more
than 316,000 scientists—about four-fifths
of all the Soviet scientists who work in
R. and D.

Characteristic of the difference be-
tween the research setup in the U.S. and
that in the U.S.S.R. is the fact that,
whereas the first nuclear reactor in the
US. was built on a university campus
(in the squash court of Stagg Field
at the University of Chicago), the first
reactor in the U.S.S.R. was constructed
in a laboratory attached to the Academy
of Sciences. In the U.S.S R. creative re-
search workers in the sciences and the
humanities are attracted to the acade-
mies rather than to the institutions of
higher education (VUZy), which are
largely preoccupied with education. The
VUZy do conduct some research, and
in recent years the ministry in charge of
them has increased their research facili-
ties, so that they now have more than
700 research institutes and laboratories
attached to them. The main lecturing
stafl, however, has such a heavy teaching
schedule (generally 18 hours a week for
40 weeks a year) that the lecturers are
left with little time for serious research.
At a recent confrontation between the
Minister of Higher Education and the
presidium of the Academy of Sciences
the president of the Academy tried to
discourage proposals that research re-
sources be shifted toward the VUZy net-
work. He spoke approvingly of the sup-
posed arrangements at the universities of
Oxford and Cambridge, where, accord-
ing to his account, “there is a category
of ‘tutors” who simply teach, nothing else
being required of them.”

The branch system for industrial re-
search and development is similarly
under question and undergoing re-
examination. The issue there turns on
giving industrial firms or enterprises a
larger role in R. and D. Some of them,
notably in the heavy-electrical-equip-
ment and machine-tool industries, al-
ready have developed this function in a
major way, with well-equipped research
laboratories and design departments
attached to their factories. In general,
however, most industrial research in the
U.S.S.R. remains centralized in facilities
operated by the government ministries.
We found this reflected, for instance,
in the awards of patents (called “certifi-
cates of authorship” in the U.S.S.R.); an
analysis of those issued to identifiable
inventors in a sample six-month period
showed that about 52 percent went to R.

and D. establishments under the minis-
tries and only about 14 percent to in-
dustrial firms.

he centralization of industrial R. and

D. is a heritage of the high-pressure
drive for industrialization that was
launched by the U.S.SR. four decades
ago. It enabled the government to
mobilize the nation’s scarce scientific
and technical manpower, to channel in
know-how from abroad, and to proceed
rapidly with the planning and design of
power stations, factories and products
on a nationwide scale. In the past 10
years, however, it has become increas-
ingly clear to the Soviet scientific com-
munity and to the government that a
system designed to push a largely un-
developed economy through an ele-
mentary industrial revolution is not
necessarily appropriate for the U.S.S.R.
in its present state of industrialization,
when it must cope with rapid tech-
nological change and is anxious to out-
strip the US. technologically and eco-
nomically. In hundreds of self-critical
articles and speeches leading industrial-
ists, scientists and politicians in the
U.S.S.R. have recently urged that there
is a pressing need to close the big tech-
nological gaps that exist between the
U.S.S.R. and the U.S. in many industries.

It is in this general context that Soviet
policy-makers have undertaken in the
past 10 years a massive reorganization
of the R. and D. system. The reconstruc-
tion has two main aims: to increase the
efficiency of research by improving its

coordination, and to improve the sys-
tem for applying research findings to
industrial development.

Lack of coordination has been a
persistent complaint of Soviet research
workers for more than three decades.
Writers on the subject have deplored the
existence of considerable duplication of
effort and poor communication between
the different parts of the research system.
Responsibility for research has been
divided between the Academy system
and the branch system; it has also been
split up further among many different
authorities within each system. Science
expenditure has lacked unified control:
the funds have come from diverse
sources, mainly from the central state
budget but also in part from industry,
and within the state budget R. and D.
has been divided among a number of
heads.

An important first step toward greater
coordination was taken during World
War II, when the U.S.S.R., like the U.S.,
set up large agencies, supported by its
defense department, for certain major
projects. The most important of these
was the Soviet equivalent of the Man-
hattan project in the U.S., headed by
Major General Leslie R. Groves; in 1943
the U.S.S.R. organized an atomic-bomb
program under a Scientific and Techni-
cal Council with a well-known industrial
administrator as chairman and a leadin g
nuclear physicist, Igor V. Kurchatov, as
deputy chairman. Kurchatov’s role was
comparable to that of J. Robert Oppen-
heimer. After the war the U.S.S.R. made

LAUNCHING OF SOYUZ 4 on January 14 was shown on Soviet television. Soyuz 4, con-
taining one cosmonaut, later docked in orbit with Soyuz 5, containing three cosmonauts.
Two of the men in Soyuz 5 transferred to Soyuz 4, after which the two spaceships landed.
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ELECTRONIC COMPUTER M-220A, one of the latest Soviet mod- ing plans to install a nationwide computer system for controlling
els, resembles machines built in the West. The U.S.S.R. is now mak- the flow of raw materials, intermediate products and finished goods.

el

PETROCHEMICAL PLANT at Sterlitamak in the Bashkir Repub- been giving high priority to the production of synthetic rubber,

lic represents one of the largest Soviet construction projects of the plastics and synthetic fibers. In the period 1959-1965 its output of
past decade. One of the plant’s main products is synthetic “natural” these materials grew at an average rate of 19 percent a year com-
rubber (polyisoprene). For the past dozen years the U.S.S.R. has pared with a growth rate of about 9 percent for industry in general.
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several attempts to organize a coordinat-
ing agency for its R. and D.; the problem
proved to be so difficult, however, that it
did not succeed in forming a viable or-
ganization until 1961. The State Com-
mittee for Coordination of Scientific
Research, established that year, was re-
organized in 1965 as the State Com-
mittee for Science and Technology, and
that body is now in general charge of all
applied research and development.

Headed by Vladimir A. Kirillin, an
outstanding thermodynamicist who car-
ries much influence with political au-
thorities as well as with his fellow
scientists, this agency has a number
of departments, dealing with specific
branches of the economy, with coordina-
tion, with planning and with the financ-
ing of R. and D. It also has a number of
advisory councils, each concerned with
a broad scientific or technological prob-
lem. The committee has found it very
difficult, however, to influence the direc-
tion of scientific activities or to institute
a system of general coordination. Con-
sequently, instead of attempting to plan
all expenditures on research it has since
1965 been concentrating on a fairly small
number of major scientific and technical
problems. It is also sponsoring assess-
ments of long-range scientific and tech-
nological planning.

Among the long-range projects are
studies of the national resources of fuel
and power and of the development of
an integrated transport system, made by
commissions whose reports have now
been approved in principle by the gov-
ernment. For the short run the State
Committee for Science and Technology
has tried to plan for five-year periods or
longer rather than for each year. Its
plan for the 1966-1970 period dealt
with about 250 problems, including the
design of power plants, the construc-
tion of a 1,500-kilovolt transmission line
from Kazakhstan to the center of Euro-
pean Russia and a start on the construc-
tion of a nationwide automatized system
for the recording and control of supplies
of materials and machines. Each “coordi-
nation plan” covers the whole cycle of
creation of a facility from research to
production and secures the necessary
financing for the project.

It is not yet clear how effective these

recent changes have been. Since the
Soviet economic system is operated on
a year-to-year basis by a detailed central
plan, the committee’s attempt to dis-
regard minor projects and to cut down
on annual planning has run into con-
siderable criticism. Officials of Gosplan
complain that the policy has “resulted

ATOMIC POWER CONTROL ROOM in Novo-Voronezh regulates a water-cooled reactor
of 365,000 kilowatts. The U.S.S.R. placed the first atomic power plant in operation in 1954.

in substantial deterioration in the plan-
ning of research” and has brought about
a decline in the R. and D. performance
of industrial ministries.

Fundamental research remains under
the jurisdiction of the Academy of Sci-
ences, which has been assigned full
responsibility for the coordination and
planning of work in the natural and
human sciences. The presidium (govern-
ing body) of the Academy is charged
with the task of preparing a compre-
hensive national plan for all research in
these fields, wherever undertaken. The
main responsibility here rests with the
four sections into which the Academy is
now divided, each of which is headed
by a strong vice-president (the sections
are physics and mathematics, chemistry
and biology, the social sciences and the
earth sciences).

In practice the efforts of the Academy
to coordinate fundamental research have
met many difficulties. Some of the formal
procedures for preparing research plans
are excessively bureaucratic, and there
is much evidence that its influence on
the other agencies involved in funda-
mental science (the VUZy and the other
academies) is rather weak. Nevertheless,
there are good signs of improvement
in coordination. In recent years the
U.S.S.R. has increasingly gone in for
what is known in the West as “mission-
oriented” fundamental research: the
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deliberate search for basic knowledge
that is speciﬁcally required for a par-
ticular purpose. An increasing propor-
tion of the support for science is being
allotted to funds that are earmarked for
special projects in which various dis-
ciplines are enlisted to work on a par-
ticular problem. A typical example is an
extensive project now under way for
study of food resources in the ocean.
The presidium of the Academy first in-
structed two of its divisions to prepare,
in collaboration with the Ministry of
Fisheries, a program of needed studies.
After receiving a preliminary report
from this survey, the Academy instructed
a number of its own establishments to
undertake specified research projects and
at the same time also requested three in-
dependent authorities (the ministries of
fisheries and higher education and the
Ukrainian Academy of Sciences) to carry
out certain related studies. The central
Academy assigned responsibility for co-
ordinating all these research activities
to one of its advisory councils.

The introduction of mission-oriented
programs does not seem to have seriously
cramped the general independence or
autoromy of Academy scientists who are
pursuing basic research. In the budget
grant to every Academy institute a defi-
nite part is allocated to entirely free
research. Even within the grants ear-
marked for specific projects the institute
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1956

' 1961 l 1965

SCIENTIFIC ESTABLISHMENTS|SCIENTIFIC ESTABLISHMENTS|SCIENTIFIC ESTABLISHMENTS

| NUMBER  SCIENTISTS | NUMBER  SCIENTISTS | NUMBER  SCIENTISTS
|__NUMBER _ SC - B UL S
U.SSR. ACADEMY OF SCIENCES 195 15,716 167 19,068 193 05,471
REPUBLIC ACADEMIES OF SCIENCES | 295 8,673 401 01,846 39 | 26,700
ACADEMIES DEPENDING ON f
MINISTRIES OR STATE COMMITTEES 248 7760 | 319 16,676 416 ‘ 21,738
TOTAL FOR ACADEMY SYSTEM 738 32,150 887 57,590 958 ‘ 73,918
PERCENT 2.8 30.2 213 241 203 18.9
MINISTRIES, STATE COMMITTEES, | ' |
DEPARTMENTS AND . ' .
ECONOMIC COUNCILS o208 74250 3285 | 180,910 3,766 316,482
PERCENT | 72 69.8 78.7 | 759 79.7 IR
TOTAL 2,756 106,400 4172 238,500 4724 | 3%0400 |

DIVISION OF R. AND D. EFFORT between the Academy system
and the branch system has been shifting. In 1956 26.8 percent of
the scientific establishments and 30.2 percent of the scientists were
under the jurisdiction of the academies, with the remainder under

1962 1966
CAUTIOUS  GENEROUS | CAUTIOUS  GENEROUS
ESTIMATE ESTIMATE | ESTIMATE ESTIMATE
_(1,000) - ~(1,000) (1,000)
A. SCIENTIFIC WORKERS IN R. AND D. |
(INCLUDING SOCIAL SCIENCES AND HUMANITIES)
1. SCIENTIFIC ESTABLISHMENTS, PROJECTS AND DESIGN . '
ORGANIZATIONS NOT SERVING CONSTRUCTION |
a. SCIENTISTS ' 299 299 ’ 418 418
b. SUPPORTING PERSONNEL 780 1140 950 1,406
c. TOTAL 1079 | 1439 | 1,368 1,824
2. PROJECT AND PROJECT-SURVEY ORGANIZATIONS L5 45 53 53
3. HIGHER-EDUCATION ESTABLISHMENTS
a. SCIENTISTS | 45 45 59.5 595
b. SUPPORTING PERSONNEL 45 595 59.5
c. TOTAL ‘ 90 90 [ 119
4. PERSONNEL ENGAGED IN R. AND D. AT ENTERPRISES 150 300 ] 198 39
5. RESEARCH STUDENTS ’ 49 49 i 73 73
TOTAL \ 1,413 1,923 | 1811 2,465
! gu_ B B
B. SCIENTIFIC WORKERS IN SOCIAL SCIENCES AND HUMANITIES |
1 a. SCIENTISTS | 4 41 65 65
b. SUPPORTING PERSONNEL o7 39 37 55
c. TOTAL 68 80 102 [ 120
3. a. SCIENTISTS 19 19 % [ 2%
b. SUPPORTING PERSONNEL 10 10 13 13
c. TOTAL 29 N 39 39
5. RESEARCH STUDENTS 12 ' 12 ‘ 15 15
—— p——————t-
TOTAL 109 121 . 156 174
?&E&glﬂg s\lg(c)l'z’EEs%?Ethésg' AANr\I;DHUDI\.AANITlES) 1,304 1,602 | 71655 2.291

TOTAL SOVIET R. AND D. MANPOWER in 1966 was 1,811,000
according to a cautious estimate or 2,465,000 according to a more
generous estimate, both figures being some 28 percent above com-
parable estimates for 1962. The number of workers formally classi-
fied as “scientists” is the same according to both estimates; the
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the ministries. By 1965 these percentages had dropped to 20.3 and
18.9 percent respectively as the number of ministry scientists more
than quadrupled. Within the Academy system the republican acade-
mies grew much more rapidly than the U.S.S.R. Academy itself.

difference is in the number of supporting personnel. Comparable
U.S. figures are not available, but the National Science Foundation
estimates that the number of U.S. scientists and engineers engaged
in R. and D. in 1966 was 520,500. Between 7 and 9 percent of So-
viet R. and D. workers are in the social sciences and humanities.
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director and the investigators assigned
to the research have considerable lati-
tude in practice to decide on the actual
program of studies for themselves. More-
over, the scientific community in the
U.S.S.R. exercises a strong influence on
the government’s science policies. The
central committee of the Communist
party includes a number of members of
the Academy of Sciences, and key ad-
ministrative posts throughout the R. and
D. system are held by scientists rather
than by professional administrators or
politicians. Norman Kaplan, an Ameri-
can sociologist who studied the ad-
ministration of medical research in the
U.S.S.R., found that the research insti-
tutes in this field are less subject to
control by nonscientist administrators
than similar institutes in the U.S.

What progress has the U.S.S.R. made

on the second major problem,
namely the practical application of its
research results in the form of new
products and industrial processes? This
has received even more attention than
the coordination of research. Everyone
agrees that the development side of
R. and D. is weak, and that even af-
ter industrial innovations are developed
they diffuse into the economy at large
too slowly.

Two main factors appear to have con-
tributed to this situation. The first is
the organizational disunion we have al-
ready described: the separation between
the academies’ research establishments
and the industrial R. and D. network, the
fragmentation of responsibility in the
latter network among a number of dif-
ferent ministries and the divorce of the
factories in turn from the ministries’
central institutes. The managers of So-
viet industrial enterprises frequently
complain that Academy institutes do not
appreciate the needs of industry and that
research and design staffs in the ministry
institutes give too little regard to the
requirements of the factory floor or the
needs of the consumer (similar com-
plaints are, after all, not unheard of in
Western countries). The second factor
standing in the way of the application of
research results has been the strong ori-
entation of Soviet economic planning
toward production rather than innova-
tion. The industrial ministries and fac-
tories have been judged primarily by
their ability to meet the production goals
set up for them and to stay within the
limits placed on costs. As a result the
ministries have skimped on expenditures
for development and commercial appli-
cation of new products and processes
and the factory managements have re-
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SOVIET SCIENTIFIC MANPOWER has been growing since 1957 at an annual rate of 11.5
percent, using either “generous” or “cautious” estimates. These logarithmic plots show,
however, that the rates have been declining slightly; if constant, the lines would be straight.
The shaded areas indicate the manpower fraction in the social sciences and humanities.
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GROWTH OF SOVIET SCIENCE EXPENDITURES has been at the rate of about 12 per-
cent a year, but again the rate has been slackening. The shaded area represents capital in-
vestment in facilities. The broken lines indicate planned expenditures. The actual total ex-
penditure in 1967 was 8.2 billion rubles. It is estimated that the ruble buys between $2.50
and $3.50 worth of R. and D. at U.S. prices, so that the Soviet outlay on “science” fell be-
tween $20.5 billion and $28.7 billion. In 1967 the U.S. spent $23.8 billion on R. and D.
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SUPERSONIC TRANSPORT, TU-144, made its first flight on De-
cember 31, 1968, several weeks ahead of the Concorde, the British-

French supersonic transport. The TU-144, designed to carry 120
passengers at 1,500 miles an hour,may be in regular service by 1971.

ACCELERATOR AT SERPUKHOV near Moscow is more than

twice as powerful as any in the West. Placed in service last year,

sisted innovations whose introduction
might interrupt or slow down the flow
of production.

Serious efforts to break through these
obstacles have been made in the present
decade. Since 1961 an annual plan for
the introduction of research results into
industry has been incorporated in the
annual national economic plan. This has
forced an increase in attention to the
need for innovation but has proved to
be at best a clumsy instrument, running
into difficulties that we have already
mentioned. The Soviet authorities have
therefore experimented with changes in
the basic structure of the R. and D.
establishment that are designed to bring
research, development and production
more closely together.

One of these new organizational ar-
rangements is a “factory center” where
research institutes, design bureaus and a
production enterprise are all combined
in a single administrative unit. This
scheme has found particular application
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in the heavy-engineering and machine-
tool industries. Another system that may
be more widely applied is the bringing
together of research institutes working
in related fields to form a research and
teaching complex that is closely associ-
ated with industries in the area. Notable
examples of institutions of this type are
the long established Leningrad Poly-
technical Institute and the relatively new
Novosibirsk Science Center and Uni-
versity. A third experimental form might
be called a “research corporation”; this
works for industry as a kind of service
organization, providing it on a fee basis
with a variety of services from expert
counseling on improvement of produc-
tion processes to the design and con-
struction of a completely new plant.
These Soviet experiments obviously
resemble arrangements that are familiar
in the West, particularly in the U.S.: the
large industrial firm with its own elabo-
rate R. and D. organization, the uni-
versity with laboratories that perform
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the machine accelerates protons to an energy of 76 billion elec-
tron volts. Only a small part of the accelerator track appears here.

applied research in close association
with industry, the research firm that con-
tracts its services to various industrial
producers, the engineering company
that designs and builds plants. In the
U.S.S.R. these arrangements are being
applied in a cautious way, with atten-
tion to retaining the outstanding features
of Soviet R. and D.: large-scale opera-
tion, with its attendant economies, and
the ability to focus on major national
objectives. In the next decade or so the
U.S.S.R. is likely to develop an interest-
ing combination of its own traditional
approaches and Western arrangements
for R. and D.

hese ingenious and promising ex-

periments to bring about a closer
organizational union between research
and production still leave the U.S.S.R.
with the need to provide incentives to
innovation throughout the economic
system and to tailor products more
directly to the requirements of industry.



Two proposals toward these ends have
been approved and are now being put
into effect. One is a system of contracts
that will give the users of the products
a greater voice in the direction of re-
search. A large part of R. and D. re-
sources will no longer be paid direct to
the research organization from the state
budget; instead it will be made available
to ministries or to individual enterprises,
which will place orders for the develop-
ment or design of specified products.
The other proposal is that more com-
petition be introduced into R. and D.
No one establishment, it is argued,
should have a monopoly on a particular
problem or a particular field. It is antici-
pated that the element of competition
among R. and D. organizations will lead
to a greater fertility of new ideas and
products. Competition would, however,
be restricted to the mock-up (or at most
the prototype) stage; the Soviet system,
it is argued, must avoid the wasteful
duplication of production facilities char-
acteristic of private capitalism.

These proposals, although important,
still represent only a small step toward
the effective promotion of innovation.
They still leave the ultimate respon-
sibility for approving and financing new
products and processes with government
planners and industrial ministries; they
deal with the early stages of innovation
but not with the crucial issue of the en-
couragement of commercial production.
In the long run the Soviet government
intends to deal with these difficulties by
a much greater use of the profit motive
to encourage industrial enterprises to
innovate, but progress in this direction
has been hindered by the Soviet pricing
system. The prices assigned by the state
to new products often fail to provide for
the initial costs of tooling up for and
introducing the products and are certain-
ly not sufficient to encourage industrial
firms to introduce new products on their
own initiative. A number of Soviet econ-
omists have therefore proposed that
prices for new products, instead of being
fixed by a central state agency, be nego-
tiated between the producer and the
consumer, thereby allowing the market
force of demand to operate in encourag-
ing innovation.

Side by side with the search for
economic incentives for R. and D. or-
ganizations and industrial firms, gov-
ernment leaders and planners in the
U.S.SR. are now making strenuous
efforts to provide personal financial
incentives to scientists, engineers and
production workers, designed to foster
inventions and their rapid application
in industry. Considerable use is being

made, for example, of bonuses promised
in advance to scientists and designers
for the prompt fulfillment of research
projects and bonuses to factory workers
for the successful development of new
processes or products. Attempts are be-
ing made to relate the size of the bonus
to the gain the economy will realize
from the innovation.

The theory, or assumption, that seems
to lie behind the great stress on economic
incentives to organizations and individu-
als is that the economic gains derived
from inventions and their application
should be used to provide an automatic
mechanism for stimulating innovation.
Paradoxically, the Soviet leaders appear
to be prepared to accept, within a frame-
work of government planning, at least
as great a reliance on the financial incen-
tive to the individual and the profit mo-
tive asis now regarded asrealistic among
most economists in the private-enterprise
economies of the West. Western experi-
ence would seem to indicate that per-
sonal bonuses cannot easily be related to

the fate of particular projects. It is also
fairly clear that the great emphasis on
R. and D. and innovation by large cor-
porations in the U.S. cannot be explained
entirely by the higher prices to be ob-
tained from new products. Much of the
motivation for successful R. and D. flows
from the competitive situation: compa-
nies must continually develop new proc-
esses and products to forestall rivals and
to maintain their share of the market. On
the other hand, most authorities in the
Western countries believe that in many
fields the spur of competition is no longer
effective in promoting innovation, and
that consequently there is a need for new
economic relationships between govern-
ment and industry and new methods
of government management of research.
Hence the efforts in the coming years on
both sides—in the U.S.S.R. and in the
Western nations—to devise satisfactory
organizational forms for R. and D. and
to develop satisfactory incentives for in-
novation should be of considerable mu-
tual interest.

“SCIENCE CITY,” Akademgorodok near Novosibirsk in western Siberia, was created sev-
eral years ago to provide advanced training for young people with a special aptitude for
mathematics and physics. This photograph shows some of the 3,200 students who took ex-
aminations at Akademgorodok last summer for admission to Novosibirsk state university.
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Nuclear Tracks in Solids

Charged particles leave damage trails in nonconducting solids such

as mineral crystals, glasses and plastics. The etched tracks provide

information on the age of the solid or the nature of the particles

by R. L. Fleischer, P. B. Price and R. M. Walker

vised ingenious systems for studying

invisible subnuclear particles by vi-
sualizing and analyzing the tracks they
leave in cloud chambers, photographic
emulsions, bubble chambers and spark
chambers. There is an older system of
particle detection—one almost as old as
the solar system. For billions of years
the tracks of cosmic rays and of various
products of radioactive decay have been
recorded in naturally occurring solids.

Seven years ago, at the General Elec-
tric Research and Development Center,
we learned how to make these tracks
readily visible. Since then, both in the
same laboratories and at Washington
University, we have examined them in

In the 20th century physicists have de-
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rocks from the earth’s crust, in ancient
man-made objects, in meteorites and in
lava from the ocean floor. The study of
these fossil nuclear tracks yields informa-
tion about the history of the earth and
the solar system and about cosmic radia-
tion. Contemporary particles also register
tracks in insulating solids such as mica,
glass and plastics. The unique character-
istics of solid-state particle detectors,
which are now in general use in labora-
tories throughout the world, have al-
ready produced significant results in
physics and chemistry. We have found
unexpected practical applications for
track-registering solids in such diverse
areas as biomedical technology, environ-
mental research, microanalysis and nu-

NUCLEAR TRACKS are enlarged 125,000 diameters in an electron micrograph, made by
the authors, of a very thin sheet of mica that was irradiated with fission fragments. The
tracks are visible because the crystal lattice was distorted along the lines of damage caused
by the particles. The apparent length of the tracks is related to their angles of inclination.
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clear technology. In this article we shall
first tell how tracks are formed and re-
vealed in solids and then discuss some
of the scientific and technological appli-
cations of the phenomenon.

When a massive charged particle pass-

es through an electrically non-
conducting solid, it produces a narrow
trail of radiation-damaged material: the
track. In the case of a heavy positive
ion—a nucleus stripped of many or all of
its orbiting electrons—passing through a
crystalline solid, we believe the damage
is caused by an “ion explosion.” The posi-
tively charged particle knocks electrons
out of atoms in the crystal lattice, leav-
ing a wake of positive ions. These ions
thereupon repel one another violently,
disturbing the regular lattice. The proc-
ess is slightly different in the case of a
noncrystalline polymer such as a plastic
[see illustrations on page 32]. We have
found that virtually all insulating solids
register the tracks of heavily damaging
particles and under normal conditions
retain them indefinitely. On the other
hand, intensive search has so far not re-
vealed any metals or good semiconduc-
tors that record such continuous tracks.
We believe the reason is that electrons
move so fast in conductors that they neu-
tralize the atoms of an incipient track
before it can form.

Tracks in solids were first described
in 1959 by E. C. H. Silk and R. S. Barnes
of the Atomic Energy Research Estab-
lishment at Harwell in England. They ir-
radiated thin sheets of mica with fission
fragments and observed the tracks with
the electron microscope. In the mica
they were using the tracks faded, how-
ever. Moreover, electron microscopy is
a powerful tool for studying structural
detail on a near-atomic scale but not for
finding out about rare events (such as the



ETCHED NUCLEAR TRACKS are seen in photomicrographs
made by the authors. Tracks of fission fragments in mica were
etched with hydrofluoric acid for 30 minutes (top left). Fossil
tracks from the spontaneous fission of uranium in obsidian are re-
vealed as broad, cone-shaped etch pits after immersion in hydro-
fluoric acid for one minute (top right). Ancient tracks of heavy
cosmic rays in a crystal from near the surface of a meteorite were

etched for 50 minutes in concentrated sodium hydroxide; the long-
er tracks were left by nuclei heavier than iron (bottom left). When
a thorium silicate crystal was bombarded with argon ions, com-
pound nuclei were formed that decayed by fission; etching for one
minute in phosphoric acid revealed a few three-pronged ternary
fissions (bottom right). Enlargements are 700 diameters in the up-
per micrographs, 2,000 at bottom left and 1,400 at bottom right.
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passage of specified nuclear particles) on
a grand scale. In 1961 we began where
Silk and Barnes had left off, attempting
to stabilize the tracks and then to make
them more readily visible.

We first found that the damage trails
in mica could in effect be “developed”
and fixed by immersing the crystal in hy-
drofluoric acid. The reason is that the
damage trails are highly reactive regions.
Any trail that intersects the surface is

rapidly dissolved by the acid, leaving a
hollow, cylindrical tube some 50 ang-
stroms in diameter. (One angstrom is one
ten-millionth of a millimeter.) If the ex-
posure to the acid is prolonged, we then
discovered, the etching continues at a
slower rate. The undamaged wall of the
tube is attacked and the diameter of the
tube increases into the micron (thou-
sandth of a millimeter) range. This is
comparable to the wavelength of visible
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TRACK IS FORMED in a crystalline solid when a highly charged particle (dark color)
knocks electrons out of atoms along its path. The atoms, now similarly charged ions (light
color), repel one another, leaving their original positions in the lattice (open circles). This
creates a cylindrical region of disorder and distortion, easily attacked by an etching reagent.
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IN AN ORGANIC POLYMER the charged particle ionizes and excites molecules, breaking
the chains. The chain ends form new species (color) that are highly reactive chemically.
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light, so that the enlarged tubes scatter
transmitted light and show up clearly
as dark lines when the sample is viewed
with an ordinary light microscope (or as
bright lines in a dark-field microscope).

The tracks take various forms, de-
pending primarily on the solid, how it is
etched and the nature of the particle
[see top illustration on opposite page].
In some materials the radiation-dam-
aged regions are attacked far more rap-
idly than the rest of the sample; the
enlarged tracks that result taper very
slightly and appear nearly cylindrical.
In other solids the rate of attack is not
much greater along the trail of damage
than it is on undamaged surfaces, includ-
ing the previously etched walls; the re-
sulting tracks are conical in shape, the
cone angle being governed by the ratio
of the etching rates in damaged and un-
damaged material. Choosing the best
etching reagent has been largely a mat-
ter of trial and error, although we have
developed a few guidelines. Some easily
attacked minerals such as mica and apa-
tite can be etched with common acids at
room temperature; more resistant min-
erals such as the feldspars require strong
bases and high temperatures, and zir-
con responds to phosphoric acid heated
to more than 900 degrees Fahrenheit.
Many plastics, on the other hand, can be
etched with such oxidizers as household
bleach.

The density of the ionization damage
caused by any moving particle is directly
proportional to the square of the elec-
tric charge of the particle, which varies
with its atomic number. It is also ap-
proximately inversely proportional to the
square of the particle’s velocity. These
relations can be expressed by a family
of curves for a number of different nu-
clei [see bottom illustration on opposite
page] ranging from hydrogen (whose
ion, the proton, has one unit of electric
charge) up to the transuranium element
curium (which has 96 units of charge
when all its electrons have been re-
moved). As the curves indicate, a parti-
cle doces the least damage when it is trav-
eling with nearly the speed of light; as its
velocity decreases, its damage density in-
creases. The reason is that the particle is
more effective the more time it spends in
the vicinity of each atom it encounters—
until it is going so slowly that it again
accumulates the electrons it had lost and
thus becomes less heavily ionized.

Different solids have different sensi-
tivities to nuclear particles. The most
sensitive are the organic polymers, or
plastics, some of which undergo detect-
able chemical changes when they are
irradiated by slow protons and alpha
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SHAPE OF ETCHED TRACK is governed by the ratio of the
etching rate V., along the track to the rate V; on undamaged sur-

particles (helium ions). Some minerals,
in contrast, are so insensitive that they
only record the passage of nuclei as
heavily dumaging as low-energy iron
ions. In experiments with heavy ions
from particle accelerators and with cos-
mic rays we have found that each in-
sulating solid has a well-defined thresh-
old damage density below which no
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tracks are produced. This threshold
characteristic, as we shall see, contrib-
utes significantly to the value of such
solids as track detectors.

The starting point for our investiga-

tion of tracks in solids was the hope
of finding stored nuclear records of nat-
ural radioactive processes that occur on

TIME 2t

faces. When V. is much the greater, the enlarged track is nearly
cylindrical; when the rates are similar, the track is a shallow pit.

the earth and in space. In the case of
terrestrial materials, tracks result from
the decay of radioactive atoms within
the sample itself. In the case of meteor-
itic material, tracks also record the im-
pact of cosmic rays.

Of all the decay processes the easiest
to observe in solids is the spontaneous
fission of uranium. From time to time a
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DAMAGE DENSITY in various nonconducting solids is given as
a function of velocity and of energy per nucleon for a number of
nuclei. The damage density increases with increasing charge, or
atomic number, from hydrogen (H) to curium (Cm); it also in-
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creases as the particle slows down (until it is going so slowly that it
becomes less ionized). The gray horizontal lines represent the
thresholds for track recording in materials ranging from sensitive
plastics (bottom) to typical constituents of stony meteorites (top).
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IFOSSIL TRACKS of two kinds are seen in mica. Fission tracks are
enlarged 1,350 diameters (left). Alpha-recoil tracks are enlarged
10,000 diameters (right). The latter, registered by nuclei recoiling

nucleus of uranium 238 splits into two
heavy fragments that recoil in opposite
directions and travel about 10 microns.
Most natural solids contain uranium, in
concentrations ranging from a few parts
per billion to many parts per million.
Within the solid the tracks of spontane-
ous fissions accumulate like the ticks of
a clock, preserving a record of the time
since the material solidified. To read the
clock one need only etch and count
the fossil tracks and then determine the
uranium content of the sample. This is
done by exposing the crystal to a dose
of neutrons from a reactor that will in-
duce fission in a known fraction (say one
in a million) of the uranium atoms; a
count of the new fission tracks gives the
uranium concentration and then, on the
basis of the known rate of spontaneous
fission, one can calculate the age. (Al-
though spontaneous fission occurs in a
few atoms other than uranium 238, the
rate is very low and such fissions can be
ignored.)

Fission-track dating is direct and vi-

16,000,000
\

sual and has proved to be applicable to
many materials and over an enormous
range of ages. The critical factor is the
uranium content of the material to be
dated. A concentration of one part per
million—which is common in rocks—pro-
vides enough tracks to date an object
older than some 100,000 years easily. By
selecting minerals with a higher uranium
content, such as zircon, apatite and cer-
tain volcanic glasses, we can date much
younger samples, and some man-made
glass objects from as late as the 19th
century can be dated if they are unusual-
ly rich in uranium. Applying the fission-
track methed to human prehistory, we
undertook to date a pumice deposit with
which early hominid remains were asso-
ciated at Olduvai Gorge in Tanzania.
L. S. B. Leakey, G. H. Curtis and J. F.
Evernden had established an age of 1.8
million years for another rock in the same
bed, using a method based on the rela-
tive content of argon and radioactive
potassium. Our result—obtained by a
method subject to different kinds of

8,000,000
\

as they emit an alpha particle, are more abundant than fission tracks
(black hole, center) but so short that they are only visible under
special illumination or (as here) in ascanning electron micrograph.

error—was 2,03 million %= 280,000 years,
a reasonably good agreement.

Some of our most difficult and most
useful age determinations were made
with samples of basaltic glass dredged
up from the vicinity of the Mid-Atlantic
Ridge by Fabrizio Aumento of the Ge-
ological Survey of Canada. The ridge is
believed to be the line along which deep
convection currents are continuously
pushing molten material up to the ocean
floor, causing it to spread symmetrically
toward Europe and North America [see
“Sea-Floor Spreading,” by J. R. Heirtz-
ler; ScienTtiFic AaERICAN, December,
1968]. The spreading hypothesis was
confirmed on the basis of geomagnetic
reversals recorded in strips on the ocean
floor and by dating samples at some dis-
tance from the ridge, but until the fis-
sion-track method was developed there
was no way to date the most recently
solidified material near the axis of the
ridge. With J. R. M. Viertl, we were able
to date such samples. They were remark-

ably young, ranging from only about

WEST

SEA-FLOOR SPREADING is confirmed by the steady increase in
the age of samples dredged up at increasing distances from the rift
valley at the axis of the Mid-Atlantic Ridge. Fission-track dating
established the ages (11,000 and 230,000 years) of two samples near
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the valley too young to be dated by other methods. The next three
samples, too altered to be track-dated, were dated by conventional
methods. The oldest sample (16 million years) was protected by a
ferromanganese crust and was dated on the basis of fission tracks.



11,000 years in the central “rift valley”
to 230,000 years farther out. Beyond
that most of the glassy ocean-floor rock
has become too altered chemically for
fission tracks to be preserved, but Au-
mento found one older sample that was
sufficiently preserved to date by the fis-
sion-track method at about 16 million
years [see bottom illustration on oppo-
site page]. The regular sequence of ages
increasing with distance makes it pos-
sible to establish a spreading rate of
about an inch per year.

Recently a whole new vista for nuclear-
track dating has opened up with the
discovery that fossil tracks are formed
by a second radioactive-decay process,
one that leaves much more plentiful rec-
ords than the rare spontaneous-fission
events. For every uranium-238 nucleus
that undergoes spontaneous fission there
are some two million nuclei that decay
by emitting an alpha particle. (Other nu-
clei, including those of thorium and cer-
tain rare-earth elements, also undergo
alpha decay.) The alpha particles are
not heavy enough to register tracks di-
rectly, but with each alpha emission the
emitting nucleus recoils a little. These
recoil nuclei are much heavier and leave
permanent tracks. (The nuclei are elec-
trically almost neutral, and we believe
they produce damage not through ion-
ization but by displacing atoms bodily.)
The tracks are only about a two-thou-
sandth as long as those of spontaneous
fission and can be observed only with
the phase-contrast light microscope or
the electron microscope. Now that we
know they are present, however, we are
finding them in many samples. Because
of their abundance they hold great prom-
ise for dating very young objects and
also for providing higher age resolution.
Meteorites are prized as investigative
tools because they contain the oldest
solid matter yet found in the solar system
and because they have functioned as
long-term probes of the interplanetary
medium. Fossil tracks have yielded new
information about both the composition
of meteorites and the particles that have
impinged on them. Consider first the
material more than a foot below the sur-
face of a large meteorite, where few cos-
mic ray nuclei can have penetrated; any
particle tracks must date from the time
when, as part of a much larger body, the
matter first cooled to a temperature low
enough for tracks to be permanently
recorded.

When we examined crystals from
deep within a number of large iron me-
teorites, we found far more tracks than
could be accounted for by spontaneous
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AGE BY FISSION-TRACK METHOD (YEARS)

FISSION-TRACK DATING gives ages that compare well, over a wide time span, with
known ages or ages determined by other methods. A mica sample (bottom left) was held
against uranium foil for six months; the age of man-made glass was known. Fossil-track
samples include mica (open circles) and such minerals as zircon, apatite, hornblende, allan-
ite, epidote and sphene (colored dots). Objects dated in the 1,000-t0-100,000-year range by
the fission-track method were not graphed because they cannot be dated by other methods.

uranium fission, even assuming an age of
4.5 billion years, the age of the solar sys-
tem. Detailed calculations indicate that
most of the tracks must be from the spon-
taneous fission of atoms of plutonium
244, an isotope of an extinct element
that, because of its short half-life of 82
million years, has decayed away during
the lifetime of the solar system; man
knows of it only because it has been
manufactured in nuclear reactors and
accelerators. The spontaneous-fission
rate is 400,000 times higher for pluto-
nium 244 than for uranium 238, and so
the plutonium leaves a clear record of
its relatively short life. Its fission tracks
serve as an “interval clock”; it measures
the interval between the time when the
solar system was formed from interstellar
matter and a later time when the me-
teorites had cooled enough to retain
tracks. The elapsed time turns out to be
a few hundred million years. Studies of
plutonium-244 fission tracks should be
useful not only in establishing the chro-
nology of meteorite formation and cool-
ing but also in confirming current theo-
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ries on the nuclear synthesis of very
heavy elements.

For many millions of years regions

near the surface of meteorites (and of
other bodies such as the moon) have
been bombarded by a heavy flux of the
high-energy bare atomic nuclei we call
cosmic rays, which are prevented by the
atmosphere from reaching the earth. One
of our original goals was to detect cosmic
ray tracks in meteorites, and we first
achieved that goal in 1964 with Michel
Maurette of the University of Paris and
Paul Pellas of the Paris Museum. In al-
most every meteorite we have examined
we have found the tracks of true galac-
tic cosmic rays—particles that originated
beyond the solar system. Their number
increases with the proximity of the sam-
ple to the outside of the meteorite and
with the duration of the meteorite’s ex-
posure as an unprotected small body.
(Particles emitted sporadically in solar
flares, which might produce many more
tracks of a similar nature, are lower in
energy and would penetrate no more
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COSMIC RAY TRACK of a superheavy nucleus (atomic number about 82) was recorded
in a photographic emulsion (top) and in a sheet of Lexan polycarbonate plastic (bottom)
lifted to about 130,000 feet by balloon. In the plastic what is seen are the cones etched in-
ward along the track from the surface points at which the particle entered and left the sheet.
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CALCIUM COSMIC RAY was identified by analyzing its path through a stack of four Lexan
sheets. These prints show the cones etched along the track; each print is a composite of
three exposures at different depths in the clear plastic. For interpretation see opposite page.
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than about half an inch in a meteorite;
that much is lost by ablation as the me-
teorite heats up in passing through the
earth’s atmosphere. We hope soon to see
solar-particle tracks in material brought
back from the crust of the moon.)

Cosmic rays consist of protons and a
wide range of heavier particles, but
meteorite crystals are quite insensitive
and record only the tracks of extremely
heavy nuclei. Analysis of the reduction
in track density with increasing depth
demonstrates that most of the cosmic
rays we see in meteorites are due to the
nuclei of iron, a fairly abundant element
in the cosmic radiation; calibration stud-
ies with iron nuclei in accelerators con-
firm this conclusion. The tracks indicate
that the rate of arrival and the energy
of the iron nuclei have remained essen-
tially constant for the past 20 million
years. We can also calculate the rate at
which the meteorites have been ground
away by collisions with interplanetary
dust: less than a millimeter every mil-
lion years. Satellite data on impinging
dust particles confirm this low rate.

Perhaps the most significant aspect
of our cosmic ray studies in meteorites
has been what one of our colleagues re-
fers to as “breaking the iron curtain.”
Through studies with high-altitude bal-
loons investigators had established the
relative abundance in cosmic rays of the
various elements—up to iron. The abun-
dance of elements beyond iron was a
mystery because such extremely heavy
cosmic rays are exceedingly scarce. The
damage-density curves [see bottom illus-
tration on page 33] show that an iron nu-
cleus will produce tracks in a meteorite
mineral only when its velocity drops to
about 6 percent of the speed of light, or
in the last few microns of its trajectory
in the solid. It is also clear that heavier
nuclei will record tracks over a greater
range. The problem of detecting ex-
tremely heavy nuclei therefore comes
down to finding long tracks against a
background of short iron tracks. With
Maurette and then with D. Lal, R. S.
Rajan and A. S. Tamhane of the Tata
Institute of Fundamental Research in
Bombay, we found that elements heavier
than iron are indeed present in cosmic
radiation; taken together, they are about
a five-thousandth as abundant as the
iron nuclei. The effort is now to establish
the relation of track length to atomic
number, so that the composition of the
extremely heavy cosmic rays can be de-
termined with high resolution.

I_Iaving discovered the fossil tracks of
extremely heavy nuclei in meteor-
ites, we were anxious to search, with



plastic detectors and nuclear emulsions,
for these rare particles in present-day
cosmic radiation. Before we could get
our experiment off the ground (literally,
since these are high-altitude balloon
experiments), Peter H. Fowler of the
University of Bristol succeeded in find-
ing the first contemporary extremely
heavy cosmic ray nuclei. He and his col-
leagues sent large packages of nuclear
photographic emulsion to high altitudes.
The tracks they recorded established the
existence of cosmic rays as heavy as lead
and uranium and suggested an exciting
possibility: the detection of a transu-
ranium nucleus.

This caused quite a stir among astro-
physicists and nuclear physicists alike.
First of all, no one is sure whether the
cosmic rays that reach the solar system
were born in our galaxy, and therefore
have an average lifetime measured in
millions of years, or are part of an all-
pervasive universal radiation with a far
greater lifetime and an awesome total
energy. The existence of transuranium
nuclei, with their short half-life, implies
comparatively nearby (galactic) sources
where heavy nuclei are built up by rapid

neutron capture. Quantitative studies of
the transuranium radiation’s composition
could provide the key to the age and ori-
gin of cosmic rays.

To nuclear theorists, moreover, the
presence in cosmic rays of transuranium
nuclei would offer a chance to test the
“shell” model of the nucleus. The model
predicts that the trend toward decreas-
ing half-life with increasing atomic
number beyond uranium should be re-
versed in the vicinity of atomic number
114 [see “The Synthetic Elements: IV,”
by Glenn T. Seaborg and Justin L.
Bloom; ScIENTIFIC AMERICAN, Aprill;
there should therefore be stable “super-
heavy” elements. Estimates of the half-
life of the most stable superheavy nu-
cleus range up to as much as 100 million
years. That is too short for it to have
survived in the earth’s crust, but it may
be long enough for such nuclei to be
detectable in cosmic rays.

Fowler’s experiments showed that the
flux of superheavy cosmic rays at the
top of the earth’s atmosphere is no more
than about one per 10 square meters of
detector per day. The flux of iron nu-
clei is a million times as high and that

of all cosmic rays is more than a billion
times as high, so that it is not easy to
find a superheavy nucleus. Plastic de-
tectors lend themselves to a simple meth-
od we worked out for locating heavy-
particle tracks. From a stack of plas-
tic and photographic-emulsion detectors
that have been exposed to cosmic radia-
tion we remove certain plastic sheets and
etch them until the cones etched in-
ward along tracks meet and form holes
through the plastic. When the sheets are
fed through an Ozalid copying machine,
ammonia diffuses through the holes and
makes spots on the copying paper; we
can then locate the tracks of the same
particles in other sheets of plastic from
the stack and in the emulsion for de-
tailed study.

With George E. Blanford, M. W.
Friedlander, Joseph Klarmann, J. P.
Wefel and William C. Wells of Washing-
ton University, we have exposed five sets
of such stacks, each about 15 square
meters in total area, on balloon flights to
an altitude of about 130,000 feet. (The
last three flights were carried out in col-
laboration with Fowler’s group.) So far
we have studied the tracks of some 40
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PARTICLE IDENTIFICATION is based on the fact that a cosmic
ray nucleus slows down in the plastic sheets, and the consequent
rate of change of the etched cone length with distance is a unique
function of the atomic number and the mass of the particle. Here
the path (color) of the calcium nucleus (see bottom illustration on
opposite page) is diagrammed as seen from above (top) and from
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the side (bottom). In sheet I the entering ion’s damage rate is be-
low the threshold for track recording in Lexan. The rate increases
as the particle’s velocity decreases and a short cone is etched at
the bottom of the sheet. In sheets 2 and 3 the cones get longer and
the particle comes to rest in sheet 4. Measurements of cone length
establish a damage-density curve that identifies the particle.
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nuclei with an atomic number above 60,
of which half a dozen may be heavier
than uranium. Our aim is precise iden-
tification of these superheavy particles,
and for this purpose we have recently
developed a new technique in collabora-
tion with D. D. Peterson of the Rens-
selaer Polytechnic Institute and C.
O’Ceallaigh, D. OSullivan and A.
Thompson of the Dublin Institute for
Advanced Studies. The method (which
has a unique property: its resolution im-
proves with increasing atomic number)
is based on the fact that in plastic the
etching rate along a track increases ex-
ponentially, rather than linearly, with
damage density. Measurements of cone
lengths at several points along a parti-
cle’s trajectory enable us to trace out its
damage-density curve with high preci-
sion and thus determine the particle’s
charge and mass. At this stage we think
we can resolve individual atomic num-
bers and we have some hope of eventu-
ally resolving isotopes with the same
atomic number.

Since solid-state detectors are adapted
to a search for rare, highly ionizing par-
ticles, it occurred to us to look for mag-
netic monopoles: hypothetical elemen-
tary particles of magnetism whose exis-
tence has been postulated on the basis of
symmetry principles but that have never
been detected [see “Magnetic Mono-
poles,” by Kenneth W. Ford; ScieNTIFIC
AMERICAN, December, 1963]. Because
a moving magnetic monopole should
have a strong electric field and conse-
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quently a high ionizing-damage rate,
solid-state detectors should record their
passage. In his dredging for ocean-floor
samples to be dated, Aumento had
brought up some ferromanganese ma-
terial that because of its long period of
formation and ability to trap magnetic
particles seemed a likely place to hunt
for magnetic monopoles. With H. R.
Hart, Jr., W. M. Schwarz and I. S. Ja-
cobs, we put about 18 pounds of the ma-
terial through a high-field superconduct-
ing magnet with plastic track detectors
at each end in an effort to extract, accel-
crate and then detect any trapped mono-
poles. None were found. As in the case
of all previous monopole experiments,
this does not quite prove that the parti-
cles do not exist. It does suggest, how-
ever, that the maximum number of mag-
netic monopoles reaching the earth since
it was formed has been no more than .5
per square centimeter!

\X/Te realized early in our investiga-

tions that the threshold property of
solid-state detectors would allow us to
see the tracks of heavy particles emitted
in nuclear reactions without being dis-
tracted by a dense background of light-
particle tracks. In collaboration with
workers at the Lawrence Radiation Lab-
oratory of the University of California
at Berkeley we undertook several experi-
ments, one of them a search for ternary
fission. W. J. Swiatecki of Berkeley had
predicted that whereas uranium fissions
into two fragments, superheavy nuclei
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KURCHATOVIUM, element number 104, was identified by Russian physicists with the aid
of a chemical separation system built into their cyclotron. Atoms of a new element formed
by the fusion of neon and plutonium atoms were chlorinated and carried through a filter
along with hafnium chloride ions (colored dots). Passage through the filter showed that the
new element was number 104, the chloride of which should have a boiling point like that of
hafnium chloride; any actinide chlorides (black dots), with higher boiling points, would
have been stopped. The presence of element 104 was established by tracks in glass detectors.
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should tend to fly apart into three frag-
ments under the same circumstances.
We bombarded a crystal of thorium sili-
cate with the heaviest nuclei then avail-
able in an accelerator: argon ions with
energies of 400 million electron volts.
About one in a million of the argon ions
collided and fused with a thorium nu-
cleus, forming a highly unstable com-
pound nucleus that usually fissioned im-
mediately—and about one in 30 times we
saw three fragment tracks instead of two.
The key to the success of this experiment
was the high threshold of the thorium
silicate. The bombarding ions produced
no tracks; tracks were formed only by
heavier particles emitted in nuclear re-
actions, including the ones we were
looking for.

At the Joint Institute for Nuclear Re-
search at Dubna, Russian physicists ex-
ploited the threshold property to detect
one or two ﬁssioning transuranium atoms
a day in a cyclotron seething with radio-
activity. The unstable elements beyond
uranium had been synthesized as far as
atomic number 103 (lawrencium); the
Dubna group was trying to synthesize
element 104. They bombarded a plu-
tonium target with high-energy neon
atoms and deduced, with glass detec-
tors, that they were creating a few atoms
a day of element 104, which appeared to
have a half-life of .3 second and to decay
by spontaneous fission. They called the
element kurchatovium, after the late
Russian physicist Igor V. Kurchatov.

To establish that the new element was
indeed number 104 (an identification as
yet unconfirmed in other laboratories)
the Dubna workers devised a chemical
test. It was based on the fact that ele-
ment 104 falls below element 72, haf-
nium, in the periodic table of the ele-
ments and should therefore have sim-
ilar chemical properties. They built a
fast chemical separation system right
into their cyclotron and proceeded to
show that the chloride of their element
had a boiling point near 300 degrees
Celsius—comparable to that of hafnium
chloride and much lower than chlorides
of elements 93 through 103, the syn-
thetic elements of the “actinide” series.

In the Dubna workers™ system atoms
of any kurchatovium (or actinides) that
were produced in the neon-plutonium
reaction would enter a stream of haf-
nium chloride and chlorine, be convert-
ed into chlorides and be swept into a
heated filter within .1 second; any fis-
sioning atoms that passed through the
filter would register tracks in glass de-
tectors [see illustration at left]. Control
runs showed that the high-boiling-point
actinide chlorides were stopped by the



CANCER CELLS (large gray structures) were filtered out of a
blood sample by a Nuclepore filter that permitted blood cells to
pass through. The filter, which has uniform cylindrical holes five

filter. When the filter was kept at 250 de-
grees C., any chlorides made in the neon-
plutonium reaction were also stopped.
When the filter was heated to 350 de-
grees, however, the hafnium chloride
could pass through—and so, apparently,
did kurchatovium chloride: the detectors
recorded about two spontaneous fissions
a day, the rate predicted for the volatile
kurchatovium chloride! The enormous
amount of background radiation in the
cyclotron during the required operating
time of some 600 hours made glass or
some other solid-state detector indis-
pensable in this experiment.

New fundamental knowledge often

has unexpected technological con-
sequences. One practical device based
on nuclear-track recording is the Nucle-
pore filter we developed at the General
Electric Research and Development
Center when we realized that the track-
etching process could be regulated to
make sieves with almost any desired den-
sity of precisely sized holes, meeting the
increasing demand for filters that can
discriminate between objects that are

very similar in size. Plastic sheeting is
exposed to collimated fission fragments
in a small reactor, producing nearly par-
allel tracks through the plastic; the tracks
are then etched to produce holes ranging
in diameter from a few atom spacings up
to many microns. In our laboratory C. P.
Bean and R. W. DeBlois have made a
device that sizes and counts viruses or
other minute objects. A plastic mem-
brane with just one hole a few tenths of
a micron in diameter separates two elec-
trically conducting solutions in which the
particles to be sized are suspended. As
a virus or other object passes through the
hole, the electrical conductivity across
the membrane suddenly drops—by an
amount proportional to the decrease in
the hole’s volume resulting from the
presence of the particle.

Track-etch plastics are being used by
H. W. Alter and his colleagues at Gen-
eral Electric as image-recorders in neu-
tron radiography and alpha-particle au-
toradiography and for bulk-tracing, a
technique whereby the movement of
water through a river system or of dis-
charged gases through the atmosphere
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microns (.005 millimeter) in diameter, is made by exposing a thin
polycarbonate sheet to fission fragments and etching the tracks. The
filter can be manufactured with various hole sizes and densities.

can be determined. A known concen-
tration of tracer particles is introduced
into the fluid system and later the par-
ticle concentration is measured at vari-
ous points. The tracer can include an
element that is not itself radioactive but
that fissions or emits alpha particles on
exposure to neutrons. Each sample col-
lected is placed in contact with a plastic
track-detector and exposed to neutron
irradiation, and the resulting track den-
sity is a measure of the particle concen-
tration at each site.

Bulk-tracing was one of the subjects
discussed last month at the first inter-
national conference, in France, on track
registration in solids. So was the infor-
mation one can expect to derive from
fossil-track analysis of the first samples
from the surface of the moon, and so
also were sea-floor spreading and trans-
uranium cosmic rays. That is a wide
spectrum for a scientific conference, but
it is typical of the early stages of a new
scientific development, when those who
apply a new tool to widely differing
tasks in very different disciplines still
have much to say to one another.
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WOUND HEALING

In man and other higher animals an intricate, three-step process

involving a variety

of cells renews mjured tissue. Studies of

this process could yield ways of controlling several diseases

hen a salamander loses a leg,
it can grow a new one, but man
has not retained this ability to

duplicate injured tissue. The liver and
the surface layer of the skin are among
the few mammalian tissues that can
regenerate themselves; otherwise man
must rely on wound healing. This is an
intricate physiological process in which
several different kinds of cells appear at
successive intervals in order to absorb
foreign matter, destroy bacteria and re-
pair the injury.

Clearly wound repair is essential to
health and comfort. It also represents
a biological adaptation without which
complex multicellular organisms could
neither survive nor evolve. Because of
its medical importance the general char-
acter of the process has been known for
years. Recently, however, the advance of
biochemistry and the development of
the electron microscope and other re-
search tools have enabled investigators
to observe and understand in greater de-
tail the molecular events that manifest
themselves on the macroscopic level as
inflammation, scar formation, restoration
of the skin’s surface and the other stages
of wound repair. Furthermore, because
the study of wound repair involves ex-
amining some of the most basic features
of living tissue, progress in this field of
inquiry could yield information that
might lead to new understanding of such
illnesses as cancer, rheumatoid arthritis
and rheumatic heart disease.

The process of wound repair differs
little from one kind of tissue to another
and is generally independent of the form
of injury. Wound repair can therefore be
somewhat arbitrarily divided into three
overlapping and probably related stages,
each characterized by the activities of
particular populations of cells.

These stages are clearly seen in a
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deep skin cut. Initially blood flows into
the gap created by the cutting instru-
ment, fills the space and clots, uniting
the edges of the wound. Within several
hours the clot loses fluid and the surface
becomes dehydrated, so that it forms the
hard scab that serves to protect the
wound. Inflammation begins as fluids
enter the wound around the clot. The in-
jury at this stage may become swollen
and painful. Then, about six hours after
wounding, various kinds of white blood
cells start to migrate into the wound and
begin removing and breaking down cel-
lular debris, bacteria and other foreign
material. Subsequently in the dermis, or
subsurface layer, the cells called fibro-
blasts enter the wound and build scar
tissue by manufacturing collagen fibers
and other proteins. Meanwhile the epi-
dermis, or surface layer, creates a new
surface similar to the old one. When
this layer is almost completely formed,
the scab sloughs off.

A the University of Washington School
of Medicine we have been investi-
gating the repair of both the surface
and subsurface layers. Our tools are the
light microscope, the electron micro-
scope, autoradiography and substances
labeled with radioactive isotopes. Medi-
cal-student volunteers provide some of
the material for our study. To collect
specimens we make one-centimeter in-
cisions on the inside surface of the upper
arm of each student and remove the
wounded areas at successive intervals
with a rotating-punch biopsy tool. This
painless procedure enables us to study
each stage of wound repair in detail, just
as biology students observe the develop-
ment of a chicken embryo by incubating
eggs and opening them at different in-
tervals.

Healing in the dermal layer begins
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when a clot forms from the blood that
flows into the wound immediately after
injury. As the blood coagulates, fibrino-
gen molecules from the blood quickly
link up into interconnected strands of
fibrin. These strands provide a network
throughout the wound defect that some-
what tenuously unites its edges. Mean-
while at the surface fibrin and other pro-
teins in the blood serum dehydrate and
form the scab.

After the clot has formed, the dying
and broken tissue produces substances
that cause blood vessels in the nearby
uninjured tissue to leak, perhaps by
altering the intercellular structure of the
vessel walls so that the cells do not fit
together as tightly as they did before.
The resulting flow of serum contains a
number of proteins such as globulin, al-
bumin and antibodies. If the wound
contains viruses (or is a lesion caused by
viruses), the globulin and antibodies may
attack them, but normally this fluid
merely provides a sustaining environ-
ment for the white cells that begin to fol-
low it into the wound about six hours
later.

The first of these cells are the neutro-
phils. To get into the wound the neu-
trophil and the other white cells that fol-
low it must migrate through the walls
of the blood vessels in the nearby tissue.
In order to get through the wall of a
blood vessel a white cell inserts a bit of
its cytoplasm between the cells lining
the vessel and forces them apart. The
blood cell can then slip through from the
bloodstream into the adjacent tissue [see
illustration on page 43].

Once inside the wound, a neutrophil
can provide two kinds of defense. First,
the cell can ingest organisms, by the
process termed phagocytosis. In many
cases the neutrophils kill the bacteria
and digest most of their remains. In a



STAGES OF WOUND HEALING are shown in these photomicro-
graphs. At top left, 24 hours after wounding, a wine red scab has
already formed and purple fibrin strands unite the edges of the
gap. Surface cells have intruded into the wound and begun to in-
gest fibrin and red and white blood cells. At top right, 24 hours
later, surface cells have formed a layer under the scab. Inflam-

matory cells are lodged among the fibrin strands. At bottom left,
14 days after wounding, surface layers are complete and white con-
nective-tissue cells have restored the bluish subsurface layer. At
bottom right, six days later, high magnification reveals a sub-
surface layer of parallel collagen bundles and a few cells. Micro-
graphs were made by James D. Huber of University of Washington.




AT THE TIME OF WOUNDING gap fills with blood from broken
vessels and cellular debris from the surface (epidermal) and sub-
surface (dermal) layers. Blood contains red cells and fibrinogen
molecules, which form into strands that unite the wound’s edges.
Yellow cells of the dermis called fibroblasts surround the wound.

@-

A DAY LATER bluish neutrophils enter the wound from sur-
rounding blood vessels and begin to ingest bacteria and debris.
The epidermal cells, held together by desmosomes, have also in-
truded. Other epidermal cells begin to reproduce (note dividing
nuclei) so that those that migrate into the wound will be replaced.
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TWO DAYS LATER wedges of epidermis have met under the
scab, and the next generation of inflammatory cells, called mono-
cytes, have entered the wound to complete the scavenging process.
Meanwhile the fibroblasts that make the collagen and other connec-
tive-tissue proteins of the dermis have migrated into the defect.

SEVEN DAYS LATER the scab has sloughed from the restored
epidermis. A few monocytes and neutrophils remain in the wound.
At this stage the fibroblasts actively make collagen and other
dermal-tissue proteins. The new connective tissue is denser than
the original, unwounded dermis and is permeated by blood vessels.
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sterile wound such as the one made by
a surgeon a neutrophil has no bacteria
to ingest. Under these circumstances the
cell appears to degenerate and die. At
this point the neutrophil’s outer mem-
brane ruptures, pouring enzyme-con-
taining granules of different sizes into
the wound. As the enzymes are released
from the granules, they may attack the
extracellular debris at the site of injury;
such material can then be more easily
removed by the cells that subsequently
appear in the wound. Earl P. Benditt
and I first observed this dissolution of
neutrophils and the release of their
granules when we studied healing skin
wounds in guinea pigs in 1960. George
F. Odland and I have since made iden-
tical observations in man. The mature
neutrophil seems particularly suited for
its specific task. Its cytoplasm contains
only a few of the organelles found in
most other cells. It has a life-span of only
a few days and can neither synthesize
proteins nor divide to replicate itself.

Within the first 12 hours after in-
jury a second kind of white blood cell,
the monocyte, begins to migrate into
the wound. On entering the wound
a monocyte becomes a macrophage: a
phagocytic cell that removes most of the
debris from the injured area by ingesting
and then partially digesting it. Unlike
the neutrophil, the monocyte has a fairly
long life-span, it can synthesize proteins
(particularly the enzymes it uses in phag-
ocytosis) and it remains extremely active
in the latter part of the inflammatory
phase of wound repair. There is no evi-
dence thus far that the monocyte can
divide.

Electron-microscope studies of wounds
in both guinea pigs and humans show
that the monocyte goes through a series
of changes before it begins to envelop
and digest bacteria and debris. At first
the cell contains comparatively few of
the organelles responsible for the syn-
thesis of protein within its cytoplasm.
After the cell appears in the wound,
however, it forms organelles. Subse-
quently small granules appear within
the cytoplasm. This organelle system is
called the rough endoplasmic reticulum,
and it consists of membrane-lined chan-
nels with small, dense particles attached
to the outer surface of the membrane.
These particles are ribosomes; they syn-
thesize the enzymes that degrade the de-
bris ingested by the monocyte. It is re-
markable to see how a mature monocyte
becomes engorged with large vacuoles
containing various forms of material, in-
cluding whorls and membrane-like struc-
tures. It is believed that these structures

are the remnants of the debris the cell is
unable to digest completely [see illustra-
tion at bottom right on page 45].

Macrophages were once thought to
originate in the connective and lymph-
oid tissues near the wound. Alvin Volk-
man and James L. Gowans of the Uni-
versity of Oxford recently demonstrated
in a definitive series of experiments,
however, that they stem from a small
pool of rapidly dividing precursor cells
in the bone marrow. Then they travel to
the wound in the bloodstream.

Although neutrophils and monocytes
play a vital part in wound repair, there
are times when they can be destructive.
This is particularly true when exagger-
ated inflammation persists for abnor-
mally long periods of time, as it does in
some diseases such as rheumatoid arthri-
tis. In this debilitating disease there is
often marked destruction of the synovial
membranes of the joints, which secrete
the fluids that lubricate the joints, and
in later stages of the disease the car-
tilage and bones of the joints may be par-
tially destroyed and may subsequently
adhere to each other. Repetitive inflam-
mation, with its overabundance of in-
flammatory cells and release of their en-

zymes, may be partially responsible for
much of the damage. It is for this rea-
son that cortisone and other drugs that
suppress inflammation have been used
to treat arthritis. A better understanding
of the role played by neutrophils and
monocytes could lead to further im-
provementin the methods for controlling
the disease.

r[‘oward the end of the inflammatory

response another kind of cell, the
fibroblast, appears and begins to repair
the injury by secreting the collagen and
the protein polysaccharides that form
scar tissue. Collagen endows the scar,
which eventually serves to replace the
wound defect, with great tensile
strength. The most abundant protein in
the animal kingdom, it is the major fi-
brous constituent of skin, tendon, liga-
ment, cartilage, bone and the stroma (a
form of connective tissue that supports
most glands and organs).

Scar tissue begins to form when the
collagen molecules aggregate into fibrils
that in the electron microscope exhibit a
regular pattern of bands. The fibrils in
turn are bound by the protein polysac-
charides into fibers, which can be seen

NEUTROPHIL, enlarged by 14,000 diameters in this electron micrograph, begins its trip to
the wound from inside a blood vessel embedded in connective tissue near the wound. To
escape from the vessel into the connective tissue the granule-filled neutrophil squeezes a
process, or extension of itself (below center), between the cells of the vessel wall and forces
them apart. At upper left sections of two more neutrophils can be seen in the vessel’s hollow.
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AT THE CENTER OF A WOUND 24 hours old neutrophils are cleaning up fibrin strands,
foreign matter and cellular debris. Some have already burst, pouring their protein-digest-
ing granules into the gap. Fuzzy “halos” around some granules may indicate that they have
already started to break down the plasma protein. A monocyte has also entered the wound
and has begun to ingest material. Map below identifies cells, granules and other features.
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with the light microscope. After about
two weeks (in the case of a linear inci-
sion) the synthesis of connective-tissue
proteins begins to decrease and a proc-
ess of remodeling takes place; it is this
process that gives scar tissue its great
strength. During remodeling many of the
randomly oriented smaller collagen fi-
bers that had formed earlier are broken
down and reassembled into thick bun-
dles. As the bundles form they orient
themselves along the lines of stress
in the healing wound. Eventually they
gather into large fibers that look much
like those in unwounded tissue. In fact,
the difference between the original der-
mis and the scar tissue is one of degree
rather than kind. Scar tissue is denser, its
strands tend to lie more parallel to one
another, and it contains fewer cells and
blood vessels.

Just as the direction of stress deter-
mines how collagen bundles orient them-
selves in a wound, so the amount of scar
tissue that forms depends in part on how
much stress the wounded area normally
receives as the body moves. More scar
tissue may be needed to strengthen an
injury on the hand or the leg than is
needed for one on a comparatively quiet
surface such as the chest or the abdo-
men. Heredity also plays a role. Negroes
and Orientals, for instance, are more
likely than whites to produce the raised
scars called keloids.

The rough endoplasmic reticulum of
the fibroblast synthesizes the collagen
and other proteins that form scar tissue.
In the fibroblast this organelle is highly
developed, and the ribosomes attached
to its membranes have a characteristic
spiral or curved configuration [see upper
illustration on page 46]. The rough en-
doplasmic reticulum of the monocyte is
much less developed, which probably
reflects the fact that the small amounts
of protein synthesized by this cell are en-
zymes that work only within the cell to
digest material in the wound. In con-
trast, the fibroblast synthesizes proteins
for the construction of scar tissue and se-
cretes them into the extracellular space.

In a series of studies that confirmed
this finding Benditt and I traced the
manufacture of collagen through the or-
ganelles of individual fibroblasts. In or-
der to follow the process we had to label
some amino acid constituent of the pro-
tein with a radioactive atom. We chose
the amino acid proline because it has
the advantage of being the source of
both proline and hydroxyproline, which
together account for some 25 percent
of the collagen molecule. We then fol-
lowed labeled proline by making a series
of electron-microscope autoradiographs.



MONOCYTE does not develop the capacity to ingest and digest
foreign material until it has entered the wound. This cell in the

dermis outside a wound displays features typical of the young
monocyte: a large, round nucleus and a vesicle-filled cytoplasm.

MONOCYTE BECOMES PHAGOCYTIC soon after it enters
wound. The monocyte ingests foreign material by enclosing it in a
vacuole, such as the one near the cell’s nucleus. This particular
vacuole contains strands of fibrin and serum protein from the clot.

MATURE MONOCYTE, surrounded by dense fibrin strands, has a
distended cytoplasm containing many vacuoles that are filled with
ingested material, and whorl-like structures that may consist of un-
digested lipoprotein. This cell has been enlarged 11,000 diameters.
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An autoradiograph is made by placing a
layer of photosensitive emulsion on a
section of tissue in which cells are syn-
thesizing protein from amino acids, in
this case proline. Since the silver grains
of the emulsion lie close to the radioac-
tively labeled proline they are exposed

just as the grains on an ordinary photo-
graphic negative are. Under the high
resolution of the electron microscope the
exposed silver grains thus reveal which
organelles in an individual fibroblast use
proline. By quantitatively analyzing a
large number of these autoradiographs

FIBROBLAST, enlarged 15,000 diameters, manuafactures collagen molecules and other pro-
teins in its mazelike “rough endoplasmic reticulum.” Proteins are synthesized at the dark
sites called ribosomes and are then transferred into the elongated channels. Many collagen
fibrils, from which scar tissue forms, surround the cell. Part of nucleus can be seen at right.
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BLOOD VESSEL REGENERATION begins, as shown in this electron micrograph, when a
sprout branches from the vessel wall into the connective tissue. The sprout can be seen at
center jutting out to the right, away from the grayish wall of the vessel. Sprouts eventually
divide and form new series of vessels until a network extends throughout the wound. Part
of a red blood cell can be seen in the old vessel’s interior, in the upper left-hand corner.
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made in sequence we have traced the
pathways followed by the amino acid
and the substances into which it became
incorporated through the rough endo-
plasmic reticulum and the other organ-
elles of the fibroblast [see bottom illus-
tration on opposite p(lge].

The fibroblast manufactures proteins
as other cells do, but it appears that it
may secrete one of the proteins, col-
lagen, differently. For example, George
E. Palade and his colleagues at Rocke-
feller University have demonstrated
that the digestive enzymes synthesized
by the exocrine cells of the pancreas are
sequestered in the rough endoplasmic
reticulum. Then the proteins are passed
along to the region of the cell called the
Golgi complex, which consists of a series
of vesicles (cavities) and sacs that con-
tain no ribosomes. Here the proteins are
packaged into structures called condens-
ing vacuoles. Subsequently these vacu-
oles form zymogen granules, in which
the characteristic secretions of the exo-
crine cell are stored before they are
released from the cell.

ZNthough fibroblasts also have a Golgi
complex, the process of secretion in
these cells may be much more complex
than it is in the exocrine cells. Benditt
and I have reasoned that if a fibroblast
stores its proteins after manufacture
and transports them to special secretory
mechanisms and sites as the exocrine
pancreatic cell does, considerable time
would elapse between the moment a
fibroblast picked up an amino acid and
the moment the amino acid, now part of
a protein molecule, would be secreted
back into the intracellular space. In order
to measure the time a fibroblast needs
to incorporate proline and other amino
acids into a finished protein molecule we
made a series of light-microscope auto-
radiographs of tissue in which fibroblasts
were utilizing labeled proline and se-
creting collagen into the extracellular
space. We observed that within an hour
after the labeled amino acid had been
injected into the abdominal cavity of a
guinea pig it was localized predominant-
ly within the fibroblasts, and that after an
hour it had already begun to appear in
the space adjoining the cells [see top il-
lustrations on opposite page]. If the fibro-
blast has an appreciable storage phase
in its manufacturing and secretion cycle,
we would have expected the labeled pro-
teins to remain for a longer period of
time in some compartment within the
cell, as they do in the exocrine pancreas.
Fibroblasts, therefore, may secrete
collagen directly from the rough endo-



plasmic reticulum, probably by forming
small vesicles that pinch off from the sacs
of the reticulum and migrate a compara-
tively short distance to the outer mem-
brane of the cell. The vesicles would
then fuse with the membrane and re-
lease their contents into the extracellu-
lar space [see illustration on next page].
There may also be a second secretion
channel for collagen. We have ob-
served sites that could be potential
openings between the cavities of the
rough endoplasmic reticulum and the
extracellular space. Such a site may
evolve into a passage through which ma-
terial sequestered within the cavities
could be released directly to the exterior.

Since autoradiography is a somewhat

imprecise technique, this view of
protein synthesis in the fibroblast cannot
be stated as a definite fact. The difficulty
is this: fibroblasts make several proteins
simultaneously, including collagen, and
proline is a constituent of all of them.
Therefore in an autoradiograph it is not
possible to tell whether collagen or some
other labeled protein is represented by a
particular silver grain. We will be able
to remove some of the uncertainty, how-
ever, by tracing the passage of proteins
through the fibroblast, and using bio-
chemical information to determine
which labeled proteins are present in
each cell compartment at a given time.
Current evidence of this kind seems to
support the view that the rough endo-
plasmic reticulum synthesizes both col-
lagen and the proteins that will later be
joined with polysaccharides. These lat-
ter proteins then travel in vesicles to the
Golgi complex, where polysaccharides
are added, whereas the collagen may be
secreted directly from the rough endo-
plasmic reticulum into the space outside
the cell.

It will be interesting to determine
definitely which intracellular pathway
or pathways the fibroblast can use. Such
information would help in the interpre-
tation of pathological changes and sug-
gest ways of studying the regulation of
synthesis and secretion by fibroblasts. If
clinicians could control the synthesis and
secretion of collagen, they might be abie
to ward off some of the disabling effects
of rheumatic heart disease. Patients with
rheumatic fever become disabled be-
cause the heart continuously forms a
new connective-tissue scar in order to
repair a valve that is being repeatedly
injured by infection. Eventually much
of the valve is replaced by the dense
scar tissue, and the thin, pliable valve
becomes a thick, rigid structure that can-

ONE HOUR after radioactively labeled pro-
line has been administered to a guinea pig
all this amino acid has been taken up by
the dark fibroblasts, an event indicated by
the localization of the exposed silver grains
that appear as black dots around the dark
fibroblasts in this light autoradiograph.

FOUR HOURS LATER most of the labeled
proline has returned to the light gray space
between the cells as part of the collagen they
manufacture. This experiment shows that
the fibroblasts secrete collagen immediately
without storing it for long periods internal-
ly in organelles such as the Golgi complex.

ROUGH ENDOPLASMIC RETICULUM of a fibroblast is enlarged by 14,000 diameters in
this electron-microscope autoradiograph. Exposed silver grains mark sites in this part of the
cell where ribosomes are synthesizing collagen and other proteins. This autoradiograph is
one of a series taken so that the pathways of protein synthesis in the cell could be traced.
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PROTEIN PATHWAYS are shown in this
idealized fibroblast. The evidence suggests
that collagen (solid arrows) is secreted in
two ways: a vesicle may detach from the
rough endoplasmic reticulum and empty the
collagen through the cell’s membrane wall,
or a channel may open that connects the re-
ticulum directly with the space outside the
cell. Other proteins (broken arrows) are
synthesized in the reticulum, transferred to
smooth-chambered Golgi complexes where
polysaccharides are added, and secreted
through the cell wall by speckled vesicles.
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not close in the normal fashion. If the
production of scar tissue could be regu-
lated at the fibroblast level, hearts affect-
ed by rheumatic fever might be saved.
There are other diseases in which too
little scar tissue forms. They might be
controlled if fibroblasts could be induced
to manufacture more collagen.

Many early workers postulated that
wound fibroblasts, like monocytes, arise
from white blood cells. Together with
Jack W. Lillywhite we have conducted
several experiments using white cells iso-
lated from the blood of experimental ani-
mals to test this hypothesis, and we have
found it wanting. We obtained the white
blood cells by two different methods. In
one method the blood was withdrawn
by puncturing either the heart or a vein,
so that the needle had to pass through
multiple layers of connective tissue be-
fore reaching the blood. In the other
method the blood was secured by care-
fully isolating an artery and inserting a
plastic tube into it. Here only the layers
of the vessel wall were penetrated.

White blood cells obtained by these
two methods were then allowed to grow
in special chambers, which were planted
under the skin or in the abdominal cav-
ity of an experimental animal. The cells
taken from the heart or a vein divided
actively, formed large amounts of colla-
gen and looked somewhat like fibroblasts
or modified smooth-muscle cells. The
white cells obtained from an artery did
not divide, and no collagen formed in
the chamber. Special filters with a mesh
too fine to pass cells eliminated the pos-
sibility of fibroblast precursors entering
the chambers once they were sealed.
Therefore the connective-tissue cells
found within those chambers in which
collagen had formed must have ap-
peared as a result of contamination of
the blood by a few connective-tissue cells
that were picked up when the needle
punctured the heart or a vein, a re-
sult suggesting that the fibroblasts in
a wound originate in connective tissue
nearby.

As the fibroblasts synthesize the col-
lagen and the protein polysaccharides of
the healing wound’s matrix of connective
tissue, large numbers of small blood ves-
sels form throughout the wound. Ac-
cording to the classic observations of
Eliot R. Clark and Eleanor L. Clark of
the University of Pennsylvania, these
capillaries originate as budlike structures
on nearby vessels, penetrate the wound
and grow into loops. The loops then
ramify throughout the wound by the
division of their cells. As the capillaries
from different sites migrate through the
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wound, they meet and form an inter-
connecting network of vessels.

In the early stages of wound repair
this network of capillaries provides com-
paratively large quantities of oxygen for
the cells that are actively synthesizing
protein in the wound. John P. Remen-
snyder and Guido Majno of the Harvard
Medical School have demonstrated that
before the new capillary network forms
there is a marked gradient of oxygen
within the wound, the center of the
wound being the most deficient in oxy-
gen. This gradient, they say, may be par-
tially responsible for the branching of
new vessels into the region. Once the
continuity of the connective tissue has
been reestablished many of the new cap-
illaries regress. Thus the wound changes
from a tissue that is rich in blood vessels
and actively dividing cells into one that
has a much simpler cellular structure.

K scar tissue renews the dermis the

epidermal cells begin to close the
surface of the wound. In uninjured skin
these ordered cells normally form a series
of layers, each of which arises from the
layer next to the dermis. The disruption
of the epidermal layers causes some of
the cells nearest the wound to degener-
ate, and most of the others lose the or-
derly, oriented appearance they had in
their undisturbed state. Within 12 hours
after wounding these cells become amor-
phous and develop ruffled borders and
blisters, much like those seen in the ac-
tively moving cells grown in tissue cul-
ture.

The cells at the outer surface of the
epidermis, the epithelial cells, are also
highly mobile, and they travel quickly
into the wound. The migration of the
epithelial cell seems to be well orga-
nized. Normally these cells are attached
to one another at sites called desmo-
somes, each of which is somewhat like a
spot weld. In the course of migration the
cells probably break up these attachments
and re-form them. There are two reasons
for believing that this happens; first, we
have observed migrating cells attached
to one another by desmosomes and, sec-
ond, it would be difficult to explain the
remarkable mobility of these cells if they
were not able to rearrange their sites of
attachment as they move into the wound.

The scaffolding of fibrin derived from
the clotted blood that forms the first
provisional “patch” in the wound also
guides the migrating epidermal cells as
they slide glacially from all sides under
the scab and into the wound. As the cells
migrate through this milieu they exhib-
it a feature quite unusual for epidermis.



They actively participate in the ingestion
and digestion of the strands of serum
protein and fibrin lying in their path [sec
upper illustration on next page]. This be-
havior is similar to the phagbcytosis ac-
complished by the white blood cells
found deeper in the wound. In both in-
stances such activity serves to clear the
wound of debris and of the fibrin scaf-
folding that united the wound margins.
When the leading edges of the sheets of
epidermal cells meet and form a contin-
uous layer beneath the scab, each cell
regains its normal identity, and as the
thickness of this layer of cells is restored
the rate of division among the epidermal
cells returns to what it was before the
injury.

Once the epidermal cells have closed
the wound, how do they “know” that the
time has come to resume their normal
shape and growth rate? It has been sug-
gested by many investigations, in par-
ticular those conducted in the laboratory
of Michael Abercrombie at University
College London, that one of the factors
in the control of cell division is “contact
inhibition.” Abercrombie noted that cells
in tissue culture continue to divide until
they establish contact, at which point
they stop dividing. Perhaps the same
process occurs in man and other animals,
but there is no evidence that this is so.
Moreover, no one knows how contact
inhibition works. Some investigators
have suggested that as the cells touch
each other the distribution of electric
charge on their surface changes, and
that the change serves as a signal that
halts growth, but here again we have
little evidence. The problem is an inter-
esting and important one. If the process
through which normal cell growth stops
and starts can be learned, investigators
might be able to figure out what has
happened in tumor cells that continue to
divide even though they repeatedly
come in contact with one another.

Since epidermis and dermis heal more

or less simultaneously, it seems rea-
sonable to ask if the two processes inter-
act and are in any way deperdent on
each other. Hermes C. Grillo, who works
in the laboratory of Jerome Gross at the
Harvard Medical School, has found
that the answer may well be affirmative.
The connective tissue, it will be recalled,
undergoes a process of remodeling in
which bundles of collagen fiber form
along the lines of stress running through
the wound. This remodeling probably
occurs as a result of the repeated dis-
solution and re-formation of collagen
fibrils. What agent dissolves the fibrils?

SURFACE HEALING BEGINS as the leading cell in a wedge of epidermis migrates into
the wound. Fibrin strands and serum protein surround the cells. The cell’s blunt, boxing-
glove-like edge abuts a red blood cell. Desmosomes, which attach the epidermal cells to one
another (see map below), can be seen at the cell’s trailing edge, near the center of the pic-
ture. The cells and other bodies in this electron micrograph are enlarged by 4,500 diameters.
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According to one hypothesis, the agent
is the enzyme collagenase, which comes
primarily from the epidermis, perhaps in
response to chemical signals from the
dermis. Grillo’s experiments provide evi-
dence supporting this idea. He found
that when he added epidermal cells
to dermal cells in a tissue culture, they
greatly enhanced the production of col-
lagenase. As in the case of contact inhi-
bition, however, someone must demon-
strate that epidermis and dermis behave
this way together in the living animal.

If the chemical events in simultaneous
processes in the dermis and epidermis
affect one another, it also seems possible
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that each stage in wound repair is an
essential antecedent of the one following
it. There is some evidence to support
this hypothesis. As early as 1920 Alexis
Carrel of the Rockefeller Institute suc-
ceeded in inhibiting the inflammatory
response so that relatively few neutro-
phils appeared in the wound, and he
found that the subsequent formation by
fibroblasts of connective-tissue proteins
was much delayed. Even earlier it was
observed that the interruption of the
formation of connective tissue can pre-
vent wounds from healing. In his book
A Voyage around the World, published
in 1748, Richard Walter, chaplain to

49



George Anson, commander of the
squadron that made the voyage, de-
scribed the plight of seamen suffering
from scurvy whose wounds failed to
heal. Their scurvy was due to a lack of
fresh fruit or vegetables in their diet,
and it was later discovered that without

such foods scurvy sufferers cannot form
connective tissue because they have no
source of vitamin C.

Burton Wolbach of the Harvard Medi-
cal School confirmed the importance of
vitamin C to collagen formation in 1926.
In the microscope he observed that fibro-

EPIDERMAL CELLS slightly to the rear of the leading edge of the epidermis contain
round, dense vacuoles, filled with the serum protein and fibrin they have cleared from the
wound by ingestion. Serum protein and somewhat darker patches of fibrin separate some
of the cells from one another. These epidermal cells are strikingly different from those in
undamaged tissue, which contain no vacuoles and have a different cytoplasmic structure.
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CELL POPULATIONS that occupy the wound at different times can be divided into three
groups, each with its own special task to perform. The stages tend to overlap one another
and may well be interdependent, since suppression of one can delay the start of the next.

50

© 1969 SCIENTIFIC AMERICAN, INC

blasts from guinea pigs with scurvy pro-
duced a gelatinous, collagen-like sub-
stance with none of collagen’s structural
strength. It was only recently that the
action of vitamin C in collagen forma-
tion has been clarified. Normally vita-
min C allows hydroxyl groups (OH) to
be added to the amino acids proline and
lysine through the action of an enzyme,
converting them into hydroxyproline and
hydroxylysine. Hydroxylation, as the
process is called, takes place after the
amino acids have been synthesized into
almost complete collagen molecules in
the rough endoplasmic reticulum of the
fibroblast. Without vitamin C the hy-
droxyl groups cannot be added, the col-
lagen molecules remain incomplete and
may not be secreted by the cell. There-
fore collagen fibrils cannot form.

Our electron-microscope studies re-
veal that this chemical flaw is accom-
panied by a breakdown of the endoplas-
mic reticulum of the fibroblast. The walls
of the cavities in the reticulum appear to
be broken down, so that large, vacuole-
like structures form. In addition, the
ribosomes attached to the membrane of
the endoplasmic reticulum are no longer
arranged in the characteristic configura-
tion seen in normal cells. We do not yet
know how the morphologic changes ob-
served in the fibroblasts are related to
the biochemical changes that have been
described in scurvy. The morphologic
changes can be readily reversed, how-
ever, by feeding the experimental ani-
mal vitamin C; the cells resume their
normal appearance within 24 hours, and
recognizable collagen fibrils begin to ap-
pear in the extracellular space within 12
hours. It will be interesting to determine
whether an increased rate of synthesis,
or simply hydroxylation of a stored intra-
cellular precursor of collagen, causes this
rapid appearance of collagen.

Studies of wound repair have yielded

much information about this impor-
tant defense mechanism of the body.
Like all research efforts, however, this
one has generated new questions as well
as new answers. For example, we should
like to determine if there are important
relationships between each of the dif-
ferent kinds of cells that migrate into the
wound during the healing process, and
to identify the factors that cause cells to
start or stop multiplying. It may also be
possible to modify with drugs the various
protein-synthesizing activities of the cells
in wounds in order to provide an optimal
amount of connective tissue. These and
other important problems remain to be
solved, perhaps by further study of the

healing wound.



In hope of doing each other some good

Sara and her bacillus

Sara Goodhue’s daddy, Dr. Charles T.,
is a microbiologist who works at a com-
pany that makes a lot of film and cam-
eras. You might wonder why a micro-
biologist would work at a place like
that, but you would stop wondering
when you remembered that molecular
biology does not deal only with giant
molecules of profound philosophical
significance. It also deals with small,
simple ones such as are needed in great
big quantities because light-sensitive sil-
ver salts keep failing to level off their
growth rate in the economy.

Sara’s daddy was getting a little dis-
couraged. Neither he nor Dr. James R.
Schaeffer nor Mr. Hugh Risley nor Mr.
Richard Stevens, who all worked to-
gether very hard, was able to find a
bacterium to eat C(CH,,OH) 4. It’s too
darned artificial a molecule, but one
some factories find easy to make.

Since Sara was already nine years
old, her daddy decided it was time for

her to help. So she put on her boots,
went out to the little creek behind the
house, and brought back some mud in
which lived this bacillus, along with
many otherkinds:
And this bacil-
lus really did eat
C(CH,0OH) 4.
Goodness knows
why. Since no- -
body in his right ne
mind truly loves a bacillus, Dr. Good-
hue and Dr. Schaeffer were not inter-
ested in feeding this one just for its own
sake. They named it Flavobacterium
oxydans and enslaved its descendants,
who, being naturally highly prone to
mutation, were taught in only a couple
of years to eat C(CH,OH), down

CH,OH
|

HOOC —C — CH,0H
|
CH,OH

only as far as

and then give it all up, nearly 100%
of it, while subsisting on nothing but
acetic acid.

The product which F. oxydans has
been taught to give for its keep, known
astris(hydroxymethyl) acetic acid, used
to be expensive and dangerous to
make on a large scale. We like it very
much.

If you think you’d like it too, we'd like
to know. Please drop a note to Eastman

Kodak Company, Eastman Organic Chem-
icals, Rochester, N.Y. 14650.

Omit gin
A certain well known brand of qui-
nine water can be made to lase. It lases
much better than its equally well known
competitor. We have no intention of
disclosing which is which, nor the cir-
cumstances that inspired this particular
study, nor the precise ultimate objec-
tives of our main study of organic dye
lasers. When the work turns up some-
thing that ought to be published in a
serious way, we present it to a proper
forum.

Meanwhile if some ambitious young-
ster is asking for your guidance in making
a liquid laser, refer him or her to Bruce
Burdick, Mail Code 918, Eastman Kodak
Company, Rochester, N.Y. 14650.

On American soil

At a proper forum entitled “New Hori-
zons in Color Aerial Photography” un-
der the auspices of the American So-
ciety of Photogrammetry and the So-
ciety of Photographic Scientists and
Engineers at New York’s Coliseum on
Monday morning, June 9, a man from
the Kodak Research Laboratories ex-
plains why he has been assembling
samples of as many different categories
of American soil and sand as a con-
certed effort can collect, and to what
purpose the light reflectance of all these
samples has been measured—wet and
dry—over a broad spectral range.

If you see why you should attend but
are reading this too late to do so, contact
can be established through Aerial Prod-

uct Planning, Eastman Kodak Company,
Rochester, N.Y. 14650.

What do you want to do with your money?

We keep trying to sell things. Perhaps, as hinted above, color
film could make a soil scientist’s working days more produc-
tive. Perhaps super 8 film can teach better than a book. Per-
haps someone had better keep the electron microscopes sup-
plied with reliable film. How much are these things worth?

Through the city where the things are made, a river flows
into a large lake. Far fewer species of animals and plants
probably inhabit that river than when the Seneca tribe of the
Iroquois confederacy ruled its banks. How many Senecas
today are pedologists, teachers, or electron microscopists we
do not know, nor how abundantly sturgeon spawned in the
coves back when no Seneca could or would aspire to such a
life. Since nobody expected to pick up a can of beans after a
hard day at the electron microscope, very little forest was
cleared for bean acreage. Plenty of tree root hairs kept the
soil from silting the river.

Enough persuasive words have been spilled. It is now dimly
seen that convenience sometimes carries too high a price in
tawdriness. Let us ask ourselves how far to reverse our mighty
engines. Let us give ecologists credit for being as smart as our
engineers, chemists, and geologists.

Applied ecology probably cannot restore the exact pre-
Columbian state of the river and the lake but might come
closer than you think, given sufficient backing. How much do
you want to pay?

If you want beans or film at the lowest possible price, it
might still be economically feasible to seed the river banks
several times a year with mud turtles from a commercial
mud-turtle hatchery. You would be able to show the kids a
turtle sunning himself on the side of a car that some older
kid ran over the bank on a summer night in ’62. And that
would be that, if you want the lowest possible price.

The cost of reducing and reversing environmental degrada-
tion could be put on the same financial basis as the more
familiar and traditional price-determining factors. Do you
buy that idea?

Now that we are all agreed, next question is how much
applied ecology to apply. The United Nations General As-
sembly has unanimously (!) agreed to hold a conference in
1972 to pick some winning answers. We shall try to antici-
pate them. Why wait for 1972?

EASTMAN KODAK COMPANY An equal-opportunity employer
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[ast years Xerox machine.

There are no '67, '66, '65, '64
or '63's, either.

Instead of making your Xerox
machine go obsolete by plan, we're
forever looking for ways to make
it go better. By plan.

Even while the machine’s in
an office somewhere, running off
copies, we're continually improv-
ing things inside it. Changing this,
reworking that.

You don't have to request it.
We just do it. At no extra charge.
Keeping your Xerox machine

X_

“this year’'s” doesn’t stop here,
though.

Suppose your needs should
change next month, and you pre-
fer a different Xerox model.

Fine. There's a clause in your
Xerox lease agreement that lets
you have it—on just 15 days’ notice.

Business generosity? No.

We figure even if you signed
with Xerox back in '63, you'd bet-
ter get results that are '69.

Or maybe you'll turn to some-
body else’s '70.

OX

XERQXCORPORATION,ROCHESTER, NEWYORK 14603, OVERSEAS: SUBSIDIARIES THROUGHOUT LATIN AMERICA; AND IN ASSOCIATION WITH RANK ORGANISATION LTD, RANK XEROX LTD., LONDON; AND THROUGH RANK XEROX LTD., FUJLXEROXCO., LTD. TOKYO, XEROX IS A REGISTERED TRADEMARK OF XEROX CORPORATION.
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“Perceptive and penetrating.’
—DonN K. PrICE,
Harvard University

Science
and the
Federal Patron

By MICHAEL D. REAGAN,

University of California, Riverside

“A pleasure to read. The book
brings together in one place the
entire current debate on science
policy and the problem of estab-
lishing priorities within science.
...Professor Reagan is to be
congratulated for a careful and
perceptive job of scholarship, as
well as for many original insights
that will undoubtedly influence
future science policy.”
— ALVIN M. WEINBERG,
Oak Ridge National Laboratory
$7.50

OXFORD UNIVERSITY PRESS
New York
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Newly revised and enlarged

Mathematical
Snapshots

THIRD AMERICAN EDITION
By H. STEINHAUS

In the preface to the earlier edi-
tion, Dr. Steinhaus said: ‘“Math-
ematics is concerned with the
real world and not with purely
artificial queries . . . mathematics
is universal; there is no corner of
reality, however distant, to which
genuine mathematics would re-
fuse to lead the human mind.”
In pursuing this approach he has
now added material on such var-
ied and intriguing topics as: the
psychology of lottery players;
new and larger prime numbers;
and the fair division of a cake
into three portions. Line and
halftone illustrations. $7.50

OXFORD UNIVERSITY PRESS
New York
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No Secrets

he Massachusetts Institute of
I Technology, which receives more
research money from the Depart-
ment of Defense than any other educa-
tional institution, is accepting no more
contracts for secret research pending a
report from an 18-man panel. The panel,
created by Howard W. Johnson, the
president of M.I.T., consists of faculty
members, students, alumni, members of
the M.ILLT. Corporation and members
of the two laboratories affiliated with
M.I.T. that now conduct secret research:
the Lincoln Laboratory and the Instru-
mentation Laboratory. The two labora-
tories receive nearly $100 million a year
from the Department of Defense.

The decision to create the panel fol-
lowed several weeks of protest by stu-
dents and faculty members who are op-
posed to M.I.Ts doing secret research
of any kind. They particularly object to
two projects of the Instrumentation Lab-
oratory involving guidance systems for
helicopters and for Poseidon missiles, the
multiwarhead rockets that will replace
Polaris missiles. The Instrumentation
Laboratory, which earlier developed the
guidance systems for the Thor and Po-
laris missiles, also conducts nonsecret re-
search, such as the development of the
guidance and navigation system used by
the Apollo spacecraft.

In announcing the formation of the
panel Johnson said: “In the last few
years [there has been] deep concern
about the essential nature of a university
and its relations to the society and to
government.... At M.LLT. this concern
has been directed specifically at the op-
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SGIENGE AND

eration and programs of the Instrumen-
tation and Lincoln laboratories.... A
large part of the M.IT. community
would like to see the roles, procedures
and programs objectively reexamined.
The function of the panel will be to eval-
uate the benefit and the implications that
the laboratories have for [M.I.T.] in its
prime responsibility for education and
research and in its responsibility for
service to the nation.” Johnson added:
“The panel must recognize that the
two laboratories have such highly devel-
oped ‘technical capability that they have
become important national resources,
which could not be reproduced without
tremendous effort and a long period of
time.”

Of the more than $5 billion that the
U.S. is spending for research in the cur-
rent fiscal year, $1.5 billion goes to col-
leges and universities, and of this amount
$247 million comes from the Depart-
ment of Defense. According to Lee A.
DuBridge, the President’s science ad-
viser, about 4 percent of the $247 mil-
lion goes to secret research. Two years
ago the ﬁgure was 8 percent.

The Rubella Vaccines

Eve—virus vaccines that have produced

immunity against rubella (“German
measles”) in more than 95 percent of the
test subjects who have received them
will probably be licensed in the U.S.
within a matter of weeks. Widespread
immunization with these vaccines could
prevent another wave of infection, an-
ticipated for the early 1970’s, like the
one that swept across the U.S. in 1964,
causing at least 8,000 fetal deaths
and afflicting 15,000 to 20,000 infants
with deafness, heart disease, cataracts,
glaucoma, psychomotor retardation and
blood disorders.

The vaccines are based on the HPV-77
strain, a live, attenuated form of the ru-
bella virus produced by Harry M. Meyer,
Jr., and Paul D. Parkman of the National
Institutes of Health. Regulations setting
standards for the effectiveness and safety
of the vaccines, developed from this
strain and produced by Merck Sharp &
Dohme Research Laboratories and Phil-
ips Roxane, have been published in The
Federal Register. The vaccines will be
available when manufacturers, investi-
gators and clinicians have commented
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on the regulations and final standards
are published.

Physicians and public health agencies
are counseled by the Communicable Dis-
ease Center’s advisory committee on im-
munization practices to use the vaccines
in an attempt to eradicate the disease
among children, who are its major car-
riers. Some children will receive the vac-
cine from family physicians, and others
will be immunized in mass programs
financed by public and private funds.
Since 85 percent of the adults in the
U.S. have already had rubella and are
therefore immune for life, the advisory
committee sees little point in routine
vaccination of adults. There will also
be no mass immunization of women of
childbearing age because it is not known
how the live-virus vaccine will aftect the
fetus. Instead women will be immunized
by their physicians on an individual
basis. Physicians must be careful, the ad-
visory committee warns, to avoid inocu-
lating women who are pregnant or may
soon be.

Clinicians will ultimately have a va-
riety of vaccines with which to protect
their patients. HPV-77 was only the
first discovered of the three attenuated
rubella strains from which vaccines are
being developed. Industry and the NIH
concentrated on it to get a vaccine on the
market as soon as possible. In Belgium,
Recherche et Industrie Thérapeutiques,
now a subsidiary of Smith Kline &
French Laboratories, has produced a
vaccine from the Cendehill strain, a va-
riety of virus raised in rabbit-kidney tis-
sue. Switzerland has already licensed
the vaccine, and Smith Kline & French
is now completing its application for a
U.S. license. At the Wistar Institute of
Anatomy and Biology in Philadelphia,
Stanley A. Plotkin has produced another
attenuated strain by growing rubella
virus in a tissue culture of embryonic hu-
man lung cells. The Institut Merieux in
France is currently developing a vaccine
from this strain.

Whether the next rubella outbreak is
averted depends on how soon it occurs,
on whether enough vaccine can be pro-
duced and on the number of children in-
oculated. If the epidemic begins next
year, even the most intense effort could
fail. An outbreak may not, however,
come that soon. Sometimes a high inci-

dence of the disease during the preced- |

For non-computer types
who don’t type too well.

Most of the people in your company don’t type. They hunt and peck.

That's why we've designed the 2212 Data Display System. It's got the
easiest-to-use keyboard in the business. Not like a typewriter at all.

Instead, our block alpha and block numeric clusters let your non-
typists hunt and peck their questions and input data with a lot more
speed.

The 2212 fits many tasks. It works with the 360 or any other computer,
and connects to them over standard communication lines. We've in-
cluded 24 editing and programmable function keys. It's ideal for multi-
station applications, too. The 2212 is a compact stand-up unit, so that
people on their feet or at service counters can transmit hundreds of quick
questions and answers right where they work. Plug-in jacks make it
portable within a department or building.
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CRT systems to make their computers more useful.
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Can you solve
this problem?
1. There are three numbered statements in this box.
2. Two of these numbered statements are not true.
3. The average increase in 1.Q. scores of those who
learn to play WFF’'N PROOF is more than 20 points.

Is statement No. 3 true?.

A NEW DIMENSION IN EDUCATION
Designed by university professors to
teach and challenge those who enjoy
BRAIN — TO — BRAIN COMBAT.

WFF ‘N PROOF (logic)
EQUATIONS (mathematics)
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PROPAGANDA (social studies)
CONFIGURATIONS (geometry)
5-GAME SPECIAL (the above)
*Postage included

WFF ‘N PROOF

New Haven, Conn. 06501
Free Catalog — Dealer inquires invited
Satisfaction Guaranteed
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magnifying glasses. The perfect vest-pocket
companion for exacting professionals and
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anything closely and clearly. A most dis-
creet opera glass. If you make a fetish of
quality, the EMOSKOP will do you proud.
Coated lenses, fully achromatic, absolutely
flat field. Modern Photography Magazine calls
the EMOSKOP “. . . the only magnifier worthy
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] Send me the EMOSKOP. | enclose $15.95
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ing year foreshadows an epidemic. Dur-
ing the spring of 1969 no major wave of
rubella was detected, so that it would
seem that rubella will soon cease to be a
major threat.

Heavyweight

The synthesis of element 104, the

heaviest man-made element, has
been announced by Albert Ghiorso and
his colleagues at the Lawrence Ra-
diation Laboratory of the University
of California at Berkeley. Ghiorso de-
scribed the latest addition to the periodic
table of the elements at the Mendeleev
Centennial Symposium organized by the
American Chemical Society to commem-
orate the origination of the table by
Dmitri Mendeleev in 1869. Ghiorso said
that he and his co-workers have discov-
ered two isotopes of the element: 104-
257 and 104-259. They have less con-
clusive evidence for the isotope 104-
258, he said, and so far have been unable
to confirm the existence of the isotope
104-260, which was reported by a group
of Russian workers in 1964.

An element’s atomic number reflects
the number of protons in its nucleus; an
isotope’s mass number reflects its total
number of protons and neutrons. Thus
the isotope 104-257 has 104 protons and
153 neutrons. Ghiorso said that his
group created 104-257 by bombarding
a target of californium 249 (an isotope
of element 98) with nuclei of carbon 12;
the combination of the two nuclei was
followed by the emission of four neu-
trons. The isotope has a half-life of four
to five seconds and decays into the pre-
viously known nobelium 253 by emitting
an alpha particle (two protons and two
neutrons). The same reaction, except for
the emission of three neutrons, yielded
the isotope 104-258, which has a half-
life of about .01 second and decays by
spontaneous fission, so that it is difficult
to assign a particular atomic number to
the fissioning nucleus. The isotope 104-
259 is formed by the combination of car-
bon 13 and californium 249, followed by
the emission of three neutrons. The iso-
tope has a half-life of three to four sec-
onds and decays by alpha radiation into
the previously known nobelium 255.

Element 104 is the first element in a
region of the periodic table that Glenn
T. Seaborg, the codiscoverer of elements
94 through 102 who is now chairman of
the Atomic 'Energy Commission, has
called the transactinide region (see “The
Synthetic Elements: IV,” by Glenn T.
Seaborg and Justin L. Bloom; ScIEN-
TIFIC AMERICAN, April). He predicted

| in 1944 that a number of elements would
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show a family-like relation, namely that
elements 90 through 103 would resem-
ble the series of rare-earth elements from
element 58 through element 71, which
had been named the lanthanide series
because they have chemical properties
similar to those of the immediately pre-
ceding element, lanthanum (element 57).
By analogy the series from element 90
through element 103 was named the ac-
tinide series after actinium (element 89),
which immediately precedes the first
element in the series (thorium). Seaborg
has predicted that following the trans-
actinide elements (104 through 121)
there should be another rare-earth-like
series of elements, from about 122
through 153, that can be called the su-
peractinide series.

Old Australopithecines

Ever since the first discovery of “man-

ape” fossils in South Africa during
the 1920’s, students of human evolution
have faced a dilemma. The extinct homi-
nid genus, named Australopithecus, was
an excellent candidate for the role of
man’s immediate ancestor—except that
the fossils were not old enough. Their
apparent age made some man-apes con-
temporary with Homo erectus, the prim-
itive but fully human species that first
appeared about a million years ago. How
then could Australopithecus have given
rise to Homo? This temporal barrier has
now been removed by the discovery of
Australopithecus fossils that are three
million years old.

The new finds were made in Ethiopia
(in the fossil-rich formations of the val-
ley of the Omo River, a tributary of Lake
Rudolf) in 1967 and 1968 by members’
of a joint U.S.-French expedition. They
consist of four incomplete jaws and more
than 50 individual teeth. The fossil for-
mations contain volcanic ash: potassium-
argon isotope dating shows that its age
ranges from less than two million years,
fairly early in the Pleistocene epoch, to
more than four million years, when the
preceding epoch, the Pliocene, was
drawing to a close.

Opposition to the acceptance of Aus-
tralopithecus as man’s immediate ances-
tor began to lessen when remains of the
genus uncovered at Olduvai Gorge by
L. S. B. Leakey in 1959 proved to be
some 1.75 million years old. It further
diminished when a 2.5-million-year-old
fragment of hominid arm bone, discov-
ered by Bryan Patterson of Harvard Uni-
versity in 1965 near Lake Rudolf in
Kenya, was identified as another Aus-
tralopithecus fossil.

Announcing the Omo finds recently,



one of the discoverers, F. Clark Howell
of the University of Chicago, pointed
out that the two jaws found by his group
evidently belong to Australopithecus ro-
bustus, the sturdier of the two species
that comprise the genus. Both jaws are
about two million years old. One is the
largest Australopithecus mandible yet
found. In Howell’s opinion, most of the
teeth discovered by his group and per-
haps the jaws and some of the teeth un-
earthed by French workers belong to
the smaller species, A. africanus. Some
of the teeth are about three million years
old, making them the oldest hominid
remains known. In addition to giving
Australopithecus ample time to fit into
man’s family tree, the Omo discoveries
support the view that the two species
had begun to develop along divergent
lines long before Olduvai times.

Legal Remedy

In the first action by a state to end the
use of DDT, Michigan has moved to
cancel permission for the sale of products
containing the pesticide at the end of
June. The State Agriculture Commission,
which had stopped the sale of DDT for
mosquito control a year ago, took the
new action on the basis of a recommen-
dation from the state university’s agri-
cultural experiment station. A major
consideration was apparently concern
for commercial and sport fishing in Lake
Michigan, into which much of the sur-
face water in the state eventually drains.
High concentrations of DDT have been
reported in the fat of whitefish, trout,
perch and salmon. |
DDT, like other chlorinated hydro-
carbons, is a persistent chemical, not
readily broken down. It accumulates in
soil and water and is concentrated as it
moves up the aquatic food chain from
algae to increasingly large fishes and
carnivorous birds (see “Toxic Sub-
stances and Ecological Cycles,” by
George M. Woodwell; ScienTiFic AMER-
1cAN, March, 1967). Both its persistence
and its lethal effect across a broad spec-
trum of animal life have spurred the de-
velopment of newer pesticides that are
more specific in their effect and less long-
lasting, and now DDT is coming under
increasing attack. In Sweden a two-year
moratorium on the use of DDT and a
ban on some other chlorinated hydro-
carbons will go into effect in 1970. A |
trial one-year moratorium is in force in
Arizona. The Wisconsin Department of |
Natural Resources has been holding in- '
tensive hearings on a citizens™ petition
to declare DDT a pollutant and end its
use. Legislation to the same effect is |

Is there someone
in your firm
you'd like to get out
of the country?

If there is, we’d like to suggest where to send him first.

Berlitz.

At Berlitz we’ll teach him to speak the language.

And we’ll do it remarkably quickly. Because Berlitz language
lessons are practical language lessons. No long list of verbs to learn.
No tedious drills. Just lots of useful conversation.

Why, by the time your man gets abroad, he’ll have no difficulty
in coming out with sentences like this:

“Herr Hausmeister, ich glaube, da hat jemand eine tote Ratte in
meiner Schublade liegen lassen.”

(Caretaker, it seems as though someone has left a dead rat in my
desk drawer.)

Of course, if you can’t wait the two or three months an ordinary
Berlitz course takes, you could enroll him in our extraordinary
course: Total Immersion®.

Total Immersion has the advantage of being truly total. In other
words, instead of spending all his time with you at work, he’ll spend
it all at Berlitz.

Total Immersion also has another good point.

You can get him out of the country in only 3 or 4 weeks.

Berlitz School of Languages
Dept. SAS, 866 Third Avenue, New York, N.Y. 10022

I have a candidate for your language lessons.

Please rush me information about:
O Individual instruction [J Total Immersion [J Cassette courses

Name Title

Company

Address

City & State

Telephone

If your man can’t come to Berlitz, we’ll send Berlitz to him. Our
cassette courses teach languages the same easy way. For details, mail

the coupon above.
Berlitz

Practical language lessons

© 1969 SCIENTIFIC AMERICAN, INC

57



being considered in several states and
has been introduced in the U.S. Senate.

Two-Planet Solar System

Six years ago Peter van de Kamp, di-

rector of the Sproul Observatory of
Swarthmore College, announced that
photographic evidence of minute wob-
bles in the path of Barnard’s star had
led him to the conclusion that a planet-
sized dark companion was revolving
around this nearby star once every 24
years. Since then the motion of Barnard’s
star across the sky has been further
plotted with the aid of the Sproul 24-
inch refracting telescope. These obser-
vations have confirmed the existence
of the perturbation observed in the ear-
lier photographs; moreover, calculations
based on the new photographs have in-
dicated a very elongated orbit for the
companion. This fact, plus signs of a
small secondary perturbation, have re-
cently led van de Kamp and his col-
leagues to present an alternative inter-
pretation, “namely that the observed
perturbation is the resultant of two per-
turbations caused by {wo unseen com-
panions of Barnard’s star.”

According to van de Kamp, the two
objects, which he calls B1 and B2, ap-
pear to be revolving around Barnard’s
star in approximately the same plane in
circular orbits with periods of 26 and 12
years respectively. He has calculated the
respective masses of Bl and B2 to be
1.1 and .8 times the mass of Jupiter. The
radii of their orbits around Barnard’s star
are closely comparable to the orbits of
Jupiter and an average asteroid in our
solar system. Therefore van de Kamp
concludes these objects can be consid-
ered planets.

The Heart and Hard Water

Several studies in the past decade or so

have suggested that the death rate
from coronary disease is inversely corre-
lated with the hardness of the local water
supply: the harder the water, the lower
the coronary rate. Because there was no
correlation with the presence or absence
of calcium, magnesium or any other sub-
stance commonly reported in municipal
water supplies, epidemiologists began to
look for an unknown “water factor” in
coronary deaths.

A study recently published in The
New England Journal of Medicine re-
ports evidence that the excess coronary
deaths in soft-water areas are almost en-
tirely sudden deaths outside the hospital.
In such cases the cause of death is usual-
ly certificated by a coroner rather than
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by a physician. T. W. Anderson, W. H.
le Riche and J. S. MacKay of the Uni-
versity of Toronto School of Hygiene
reviewed the death certificates of 55,000
people who died in the province of On-
tario in 1967 and classified the deceased
individuals according to whether their
local water supply had a hardness of less
than 100 parts per million, of between
100 and 200 p.p.m. or of more than 200
p.p-m. They found that the standardized
death rate from ischemic, or coronary,
heart disease declined from 416 per
100,000 in the first category (softest
water) to 390 per 100,000 in the second
category (medium-hard) and to 365 per
100,000 in the third category (hardest).
There was no correlation for any other
disease.

When the deaths from ischemic heart
disease were classified into deaths re-
ported by coroners (sudden deaths) and
those not reported by coroners, the cor-
relation with type of water supply was
even more striking. The sudden-death
rates per 100,000 were 195 (soft water),
164 (medium-hard) and 120 (hardest).
There was no correlation between water
hardness and nonsudden deaths from
ischemic heart disease. The Toronto
workers conclude: “The main effect of
water hardness may be on the mecha-
nism causing death rather than on the
underlying process of myocardial infarc-
tion.” They suggest that something pres-
ent (or absent) in soft water may favor
cardiac arrhythmias that often lead to
sudden death.

In an accompanying editorial in The
New England Journal of Medicine Hen-
ry A. Schroeder of the Dartmouth Medi-
cal School offers the hypothesis that soft
water, which is often slightly acid, dis-
solves cadmium normally present as a
contaminant in the zinc used to galva-
nize pipes. It has been shown that soft
water passing through galvanized pipes
can dissolve enough cadmium to exceed
by two to eight times the limits allowed
in food (10 micrograms per liter). In rats
trace amounts of cadmium are known to
produce the “pathological picture” of
hypertensive disease. If this hypothesis
is correct, says Schroeder, there should
be a perceptible decline in coronary
deaths in coming years because copper
has been widely used in place of galva-
nized iron piping in dwellings built since
World War II.

New Bond

\ new chemical bond has been discov-

ered in nature: the carbon-phos-
phorus bond. The enormously complex
chemistry of living things is based essen-
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tially on carbon atoms stably bonded to
one another and to atoms of a few other
elements, notably hydrogen, oxygen, ni-
trogen and sulfur; when still other ele-
ments appear in biological compounds,
they are typically bonded, rather unsta-
bly, by way of oxygen or nitrogen. The
carbon-phosphorus bond was noted first
some 10 years ago by Masaaki Hori-
guchi and Makoto Kandatsu of the Uni-
versity of Tokyo and then in 1962 at the
City of Hope Medical Center in Duarte,
Calif. Now the American discoverers,
James S. Kittredge and Eugene Roberts,
have reported in Science on what
amounts to a new field of phosphorus bi-
ochemistry dealing with a group of com-
pounds known as aminophosphonic
acids.

The carbon-phosphorus bond came to
light when Kittredge and Roberts noted
a previously unidentified spot on a paper
chromatogram of material from the sea
anemone. It migrated like a phosphate
ester, ethanolamine phosphate, but it
resisted acid breakdown and it left a
large amount of ash on combustion—
both of which led to the discovery that
the phosphorus in this compound was
stably and directly bonded to carbon
rather than being linked, as it is in a
phosphate, by way of oxygen. They
identified the substance as 2-aminoethyl-
phosphonic acid (AEP). Later they
learned that Horiguchi and Kandatsu
had previously isolated AEP from one-
celled animals called ciliates that exist as
symbionts in the stomach of sheep. AEP
and related compounds have since been
found in a number of marine inverte-
brates, notably coelenterates and mol-
lusks, and the route by which they are
synthesized has been tentatively worked
out. Carbon-phosphoruscompoundshave
been shown to be incorporated in fats
and enzymes.

Kittredge and Roberts speculate on
the biological advantages that may be
conferred by the carbon-phosphorus
compounds. Phospholipids (with the
usual oxygen-phosphorus bond) are nor-
mal components of many biological
membranes; perhaps phosphonolipids,
armed with the highly resistant carbon-
phosphorus bond, serve as components
of membranes that need to be resistant
to certain enzymes. By the same token,
enzymes that contain the carbon-phos-
phorus bond may act like those with
phosphate bonds but be more resistant
to the action of other enzymes they en-
counter. Similar reasoning would explain
the adaptive value of the carbon-phos-
phorus bond to organisms in the sheep’s
stomach, which is rich in enzymes that

break down ordinary phosphates.
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TRUTH AND PROOF

The antinomy of the liar, a basic obstacle to an adequate definition

of truth in natural languages, reappears in formalized languages as

a constructive argument showing not all true sentences can be proved

he subject of this article is an old
I one. It has been frequently dis-
cussed in modern logical and phil-
osophical literature, and it would not be
easy to contribute anything original to
the discussion. To many readers, I am
afraid, none of the ideas put forward in
the article will appear essentially novel;
nonetheless, I hope they may find some
interest in the way the material has been
arranged and knitted together.

As the title indicates, I wish to discuss
here two different though related no-
tions: the notion of truth and the notion
of proof. Actually the article is divided
into three sections. The first section is
concerned exclusively with the notion of
truth, the second deals primarily with the
notion of proof, and the third is a dis-
cussion of the relationship between these
two notions.

The Notion of Truth

The task of explaining the meaning of
the term “true” will be interpreted here
in a restricted way. The notion of truth
occurs in many different contexts, and
there are several distinct categories of
objects to which the term “true” is ap-
plied. In a psychological discussion one
might speak of true emotions as well as
true beliefs; in a discourse from the do-
main of esthetics the inner truth of an
object of art might be analyzed. In this
article, however, we are interested only
in what might be called the logical no-
tion of truth. More specifically, we con-
cern ourselves exclusively with the mean-
ing of the term “true” when this term is
used to refer to sentences. Presumably
this was the original use of the term
“true” in human language. Sentences
are treated here as linguistic objects, as
certain strings of sounds or written signs.
(Of course, not every such string is a

by Alfred Tarski

sentence.) Moreover, when speaking of
sentences, we shall always have in mind
what are called in grammar declarative
sentences, and not interrogative or im-
perative sentences.

Whenever one explains the meaning
of any term drawn from everyday lan-
guage, he should bear in mind that the
goal and the logical status of such an ex-
planation may vary from one case to an-
other. For instance, the explanation may
be intended as an account of the actual
use of the term involved, and is thus sub-
ject to questioning whether the account
is indeed correct. At some other time an
explanation may be of a normative na-
ture, that is, it may be offered as a sug-
gestion that the term be used in some
definite way, without claiming that the
suggestion conforms to the way in which
the term is actually used; such an ex-
planation can be evaluated, for instance,
from the point of view of its usefulness
but not of its correctness. Some further
alternatives could also be listed.

The explanation we wish to give in the
present case is, to an extent, of mixed
character. What will be offered can be
treated in principle as a suggestion for
a definite way of using the term “true”,
but the offering will be accompanied by
the belief that it is in agreement with the
prevailing usage of this term in everyday
language.

Our understanding of the notion of
truth seems to agree essentially with
various explanations of this notion that
have been given in philosophical litera-
ture. What may be the earliest explana-
tion can be found in Aristotle’s Meta-
physics:

To say of what is that it is not, or
of what is not that it is, is false,
while to say of what is that it is, or
of what is not that it is not, is true.
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Here and in the subsequent discussion
the word “false” means the same as the
expression “not true” and can be re-
placed by the latter.

The intuitive content of Aristotle’s
formulation appears to be rather clear.
Nevertheless, the formulation leaves
much to be desired from the point of
view of precision and formal correctness.
For one thing, it is not general enough;
it refers only to sentences that “say”
about something “that it is” or “that it is
not”; in most cases it would hardly be
possible to cast a sentence in this mold
without slanting the sense of the sen-
tence and forcing the spirit of the lan-
guage. This is perhaps one of the rea-
sons why in modern philosophy various
substitutes for the Aristotelian formula-
tion have been offered. As examples we
quote the following:

A sentence is true if it denotes the
existing state of affairs.

The truth of a sentence consists
in its conformity with (or corre-
spondence to) the reality.

Due to the use of technical philo-
sophical terms these formulations have
undoubtedly a very “scholarly” sound.
Nonetheless, it is my feeling that the
new formulations, when analyzed more
closely, prove to be less clear and un-
equivocal than the one put forward by
Aristotle.

The conception of truth that found its
expression in the Aristotelian formula-
tion (and in related formulations of more
recent origin) is usually referred to as
the classical, or semantic conception of
truth. By semantics we mean the part of
logic that, loosely speaking, discusses
the relations between linguistic objects
(such as sentences) and what is ex-
pressed by these objects. The semantic
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character of the term “true” is clearly
revealed by the explanation offered by
Aristotle and by some formulations that
will be given later in this article. One
speaks sometimes of the correspondence
theory of truth as the theory based on
the classical conception.

(In modern philosophical literature
some other conceptions and theories of
truth are also discussed, such as the prag-
matic conception and the coherence
theory. These conceptions seem to be of
an exclusively normative character and
have little connection with the actual
usage of the term “true”; none of them
has been formulated so far with any de-
gree of clarity and precision. They will
not be discussed in the present article.)

We shall attempt to obtain here a
more precise explanation of the classical
conception of truth, one that could
supersede the Aristotelian formulation
while preserving its basic intentions. To
this end we shall have to resort to some
techniques of contemporary logic. We
shall also have to specify the language
whose sentences we are concerned with;
this is necessary if only for the reason
that a string of sounds or signs, which is
a true or a false sentence but at any rate
a meaningful sentence in one language,
may be a meaningless expression in an-
other. For the time being let us assume
that the language with which we are
concerned is the common English lan-
guage.

We begin with a simple problem.
Consider a sentence in English whose
meaning does not raise any doubts, say
the sentence “snow is white”. For brev-
ity we denote this sentence by “S”, so
that “S” becomes the name of the sen-
tence. We ask ourselves the question:
What do we mean by saying that S is
true or that it is false? The answer to
this question is simple: in the spirit of
Aristotelian explanation, by saying that
S is true we mean simply that snow is
white, and by saying that S is false we
mean that snow is not white. By elimi-
nating the symbol “S” we arrive at the
following formulations:

(1) “snow is white” is true if and
only if snow is white.

(1’) “snow is white” is false if and
only if snow is not white.

Thus (1) and (1”) provide satisfactory
explanations of the meaning of the terms
“true” and “false” when these terms are
referred to the sentence “snow is white”.
We can regard (1) and (1’) as partial
definitions of the terms “true” and
“false”, in fact, as definitions of these
terms with respect to a particular sen-
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tence. Notice that (1), as well as (1’), has
the form prescribed for definitions by the
rules of logic, namely the form of logical
equivalence. It consists of two parts, the
left and the right side of the equivalence,
combined by the connective “if and only
if”. The left side is the definiendum, the
phrase whose meaning is explained by
the definition; the right side is the defin-
iens, the phrase that provides the expla-
nation. In the present case the definien-
dum is the following expression:

“snow is white” is true;
the definiens has the form:
snow is white.

It might seem at first sight that (1),
when regarded as a definition, exhibits
an essential flaw widely discussed in
traditional logic as a vicious circle. The
reason is that certain words, for example
“snow”, occur in both the definiens and
the definiendum. Actually, however,
these occurrences have an entirely differ-
ent character. The word “snow” is a syn-
tactical, or organic, part of the definiens;
in fact the definiens is a sentence, and
the word “snow” is its subject. The de-
finiendum is also a sentence; it expresses
the fact that the definiens is a true sen-
tence. Its subject is a name of the defin-
iens formed by putting the definiens in
quotes. (When saying something of an
object, one always uses a name of this
object and not the object itself, even
when dealing with linguistic objects.)
For several reasons an expression en-
closed in quotes must be treated gram-
matically as a single word having no syn-
tactical parts. Hence the word “snow”,
which undoubtedly occurs in the defin-
iendum as a part, does not occur there
as a syntactical part. A medieval logician
would say that “snow” occurs in the de-
finiens in suppositione formalis and in
the definiendum in suppositione materi-
alis. However, words which are not syn-
tactical parts of the definiendum cannot
create a vicious circle, and the danger of
a vicious circle vanishes.

The preceding remarks touch on some
questions which are rather subtle and
not quite simple from the logical point of
view. Instead of elaborating on them,
I shall indicate another manner in which
any fears of a vicious circle can be dis-
pelled. In formulating (1) we have ap-
plied a common method of forming a
name of a sentence, or of any other ex-
pression, which consists in putting the
expression in quotes. The method has
many virtues, but it is also the source of
the difficulties discussed above. To re-
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move these difficulties let us try another
method of forming names of expressions,
in fact a method that can be character-
ized as a letter-by-letter description of
an expression. Using this method we ob-
tain instead of (1) the following lengthy
formulation:

(2) The string of three words, the
first of which is the string of the
letters Es, En, O and Double-U,
the second is the string of letters
I and Es, and the third is the
string of the letters Double-U,
Aitch, I, Te, and E, is a true sen-
tence if and only if snow is white.

Formulation (2) does not differ from
(1) in its meaning; (1) can simply be re-
garded as an abbreviated form of (2).
The new formulation is certainly much
less perspicuous than the old one, but it
has the advantage that it creates no ap-
pearance of a vicious circle.

Partial definitions of truth analogous
to (1) (or (2)) can be constructed for oth-
er sentences as well. Each of these defini-
tions has the form:

(3) “p” is true if and only if p,

where “p” is to be replaced on both sides
of (3) by the sentence for which the defi-
nition is constructed. Special attention
should be paid, however, to those situa-
tions in which the sentence put in place
of “p” happens to contain the word
“true” as a syntactical part. The corre-
sponding equivalence (3) cannot then be
viewed as a partial definition of truth
since, when treated as such, it would ob-
viously exhibit a vicious circle. Even in
this case, however, (3) is a meaningful
sentence, and it is actually a true sen-
tence from the point of view of the clas-
sical conception of truth. For illustra-
tion, imagine that in a review of a book
one finds the following sentence:

(4) Not every sentence in this book is
true.

By applying to (4) the Aristotelian cri-
terion, we see that the sentence (4) is
true if, in fact, not every sentence in the
book concerned is true, and that (4) is
false otherwise; in other words, we can
assert the equivalence obtained from
(3) by taking (4) for “p”. Of course, this
equivalence states merely the conditions
under which the sentence (4) is true or
is not true, but by itself the equivalence
does not enable us to decide which is
actually the case. To verify the judgment
expressed in (4) one would have to read
attentively the book reviewed and ana-



lyze the truth of the sentences contained
in it.

In the light of the preceding discus-
sion we can now reformulate our main
problem. We stipulate thatthe use of the
term “true” in its reference to sentences
in English then and only then conforms
with the classical conception of truth
if it enables us to ascertain every equiv-
alence of the form (3) in which “p” is
replaced on both sides by an arbitrary
English sentence. If this condition is sat-
isfied, we shall say simply that the use of
the term “true” is adequate. Thus our
main problem is: can we establish an
adequate use of the term “true” for sen-
tences in English and, if so, then by
what methods? We can, of course, raise
an analogous question for sentences in
any other language.

The problem will be solved complete-
ly if we manage to construct a general
definition of truth that will be adequate
in the sense that it will carry with it
as logical consequences all the equiva-
lences of form (3). If such a definition is
accepted by English-speaking people, it
will obviously establish an adequate use
of the term “true”.

Under certain special assumptions the
construction of a general definition of
truth is easy. Assume, in fact, that we
are interested, not in the whole common
English language, but only in a frag-
ment of it, and that we wish to define
the term “true” exclusively in reference
to sentences of the fragmentary lan-
guage; we shall refer to this fragmentary
language as the language L. Assume
further that L is provided with precise
syntactical rules which enable us, in each
particular case, to distinguish a sentence
from an expression which is not a sen-
tence, and that the number of all sen-
tences in the language L is finite (though
possibly very large). Assume, finally, that
the word “true” does not occur in L and
that the meaning of all words in L is
sufficiently clear, so that we have no ob-
jection to using them in defining truth.
Under these assumptions proceed as fol-
lows. First, prepare a complete list of all
sentences in L; suppose, for example,
that there are exactly 1,000 sentences in
L, and agree to use the symbols “s,”,
“ss”, ooy “S1.000 as abbreviations for
consecutive sentences on the list. Next,
for each of the sentences “s;”, “ss”, ...,
“$1.000  construct a partial definition of
truth by substituting successively these
sentences for “p” on both sides of the
schema (3). Finally, form the logical con-
junction of all these partial definitions;
in other words, combine them in one
statement by putting the connective

“and” between any two consecutive par-
tial definitions. The only thing that re-
mains to be done is to give the result-
ing conjunction a different, but logically
equivalent, form, so as to satisfy formal
requirements imposed on definitions by
rules of logic:

(5) For every sentence x (in the lan-
guage L), x is true if and only if
either

s, and « is identical to “
or
s,, and x is identical to “s,”,

”»

S

or finally,
81 go0» and x is identical to

$1,000 -

We have thus arrived at a statement
which can indeed be accepted as the de-
sired general definition of truth: it is
formally correct and is adequate in the
sense that it implies all the equivalences
of the form (3) in which “p” has been re-
placed by any sentence of the language
L. We notice in passing that (5) is a sen-
tence in English but obviously not in the
language L; since (5) contains all sen-
tences in L as proper parts, it cannot co-
incide with any of them. Further discus-
sion will throw more light on this point.

For obvious reasons the procedure
just outlined cannot be followed if we
are interested in the whole of the English
language and not merely in a fragment
of it. When trying to prepare a complete
list of English sentences, we meet from
the start the difficulty that the rules of
English grammar do not determine pre-
cisely the form of expressions (strings of
words) which should be regarded as sen-
tences: a particular expression, say an
exclamation, may function as a sentence
in some given context, whereas an ex-
pression of the same form will not func-
tion so in some other context. Further-
more, the set of all sentences in English
is, potentially at least, infinite. Although
it is certainly true that only a finite num-
ber of sentences have been formulated
in speech and writing by human beings
up to the present moment, probably no-
body would agree that the list of all these
sentences comprehends all sentences in
English. On the contrary, it seems likely
that on seeing such a list each of us could
easily produce an English sentence
which is not on the list. Finally, the fact
that the word “true” does occur in En-
glish prevents by itself an application of
the procedure previously described.

From these remarks it does not follow
that the desired definition of truth for
arbitrary sentences in English cannot be
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obtained in some other way, possibly by
using a different idea. There is, however,
a more serious and fundamental reason
that seems to preclude this possibility.
More than that, the mere supposition
that an adequate use of the term “true”
(in its reference to arbitrary sentences in
English) has been secured by any meth-
od whatsoever appears to lead to a con-
tradiction. The simplest argument that
provides such a contradiction is known
as the antinomy of the liar; it will be
carried through in the next few lines.
Consider the following sentence:

(6) The sentence printed in red on
page 65 of the June 1969 issue of
Scientific American is false.

Let us agree to use “s” as an abbrevia-
tion for this sentence. Looking at the
date of this magazine, and the number
of this page, we easily check that “s” is
just the only sentence printed in red on
page 65 of the June 1969 issue of Scien-
tific American. Hence it follows, in par-

ticular, that

(7) “s” is false if and only if the sen-
tence printed in red on page 65 of
the June 1969 issue of Scientific
American is false.

On the other hand, “s” is undoubtedly
a sentence in English. Therefore, as-
suming that our use of the term “true” is
adequate, we can assert the equivalence
(3) in which “p” is replaced by “s”. Thus
we can state:

(8) “s” is true if and only if s.

We now recall that “s” stands for the
whole sentence (6). Hence we can re-
place “s” by (6) on the right side of (8);

we then obtain

(9) “s” is true if and only if the sen-
tence printed in red on page 65
of the June 1969 issue of Scientific
American is false.

By now comparing (8) and (9), we
conclude:

(10) “s” is false if and only if “s” is
true.

This leads to an obvious contradiction:
“s” proves to be both true and false.
Thus we are confronted with an antino-
my. The above formulation of the an-
tinomy of the liar is due to the Polish
logician Jan Lukasiewicz.

Some more involved formulations of
this antinomy are also known. Imagine,
for instance, a book of 100 pages, with
just one sentence printed on each page.
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On page 1 we read:

The sentence printed on page 2
of this book is true.

On page 2 we read:

The sentence printed on page 3
of this book is true.

And so it goes on up to page 99. How-
ever, on page 100, the last page of the
book, we find:

The sentence printed on page 1
of this book is false.

Assume that the sentence printed on
page 1 is indeed false. By means of an
argument which is not difficult but is
very long and requires leafing through
the entire book, we conclude that our
assumption is wrong. Consequently we
assume now that the sentence printed on
page 1 is true—and, by an argument
which is as easy and as long as the orig-
inal one, we convince ourselves that the
new assumption is wrong as well. Thus
we are again confronted with an an-
tinomy.

It turns out to be an easy matter to
compose many other “antinomial books”
that are variants of the one just de-
scribed. Each of them has 100 pages.
Every page contains just one sentence,
and in fact a sentence of the form:

The sentence printed on page 00
of this book is XX.

In each particular case “XX” is replaced
by one of the words “true” or “false”,
while “00” is replaced by one of the nu-
merals “17, “2” ..., “100”; the same nu-
meral may occur on many pages. Not
every variant of the original book com-
posed according to these rules actually
yields an antinomy. The reader who is
fond of logical puzzles will hardly find
it difficult to describe all those variants
that do the job. The following warning
may prove useful in this connection. Im-
agine that somewhere in the book, say
on page 1, it is said that the sentence on
page 3 is true, while somewhere else,
say on page 2, it is claimed that the same
sentence is false. From this information
it does not follow at all that our book is
“antinomial”; we can only draw the con-
clusion that either the sentence on page
1 or the sentence on page 2 must be
false. An antinomy does arise, however,
whenever we are able to show that one
of the sentences in the book is both true
and false, independent of any assump-
tions concerning the truth or falsity of
the remaining sentences.

The antinomy of the liar is of very old
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origin. It is usually ascribed to the Greek
logician Eubulides; it tormented many
ancient logicians and caused the pre-
mature death of at least one of them,
Philetas of Cos. A number of other an-
tinomies and paradoxes were found in
antiquity, in the Middle Ages, and in
modern times. Although many of them
are now entirely forgotten, the antinomy
of the liar is still analyzed and discussed
in contemporary writings. Together with
some recent antinomies discovered
around the turn of the century (in par-
ticular, the antinomy of Russell), it has
had a great impact on the development
of modern logic.

Two diametrically opposed approach-
es to antinomies can be found in the lit-
erature of the subject. One approach is
to disregard them, to treat them as
sophistries, as jokes that are not serious
but malicious, and that aim mainly at
showing the cleverness of the man who
formulates them. The opposite approach
is characteristic of certain thinkers of the
19th century and is still represented, or
was so a short while ago, in certain parts
of our globe. According to this approach
antinomies constitute a very essential
element of human thought; they must
appear again and again in intellectual
activities, and their presence is the basic
source of real progress. As often hap-
pens, the truth is probably somewhere
in between. Personally, as a logician, I
could not reconcile myself with antino-
mies as a permanent element of our sys-
tem of knowledge. However, I am not
the least inclined to treat antinomies
lightly. The appearance of an antinomy
is for me a symptom of disease. Starting
with premises that seem intuitively ob-
vious, using forms of reasoning that
seem intuitively certain, an antinomy
leads us to nonsense, a contradiction.
Whenever this happens, we have to sub-
mit our ways of thinking to a thorough
revision, to reject some premises in
which we believed or to improve some
forms of argument which we used. We
do this with the hope not only that the
old antinomy will be disposed of but also
that no new one will appear. To this end
we test our reformed system of thinking
by all available means, and, first of all,
we try to reconstruct the old antinomy in
the new setting; this testing is a very
important activity in the realm of specu-
lative thought, akin to carrying out cru-
cial experiments in empirical science.

From this point of view consider now
specifically the antinomy of the liar. The
antinomy involves the notion of truth
in reference to arbitrary sentences of
common English; it could easily be re-

© 1969 SCIENTIFIC AMERICAN, INC

formulated so as to apply to other nat-
ural languages. We are confronted with
a serious problem: how can we avoid
the contradictions induced by this an-
tinomy? A radical solution of the prob-
lem which may readily occur to us would
be simply to remove the word “true”
from the English vocabulary or at least
to abstain from using it in any serious
discussion.

Those people to whom such an ampu-
tation of English seems highly unsatis-
factory and illegitimate may be inclined
to accept a somewhat more compromis-
ing solution, which consists in adopting
what could be called (following the con-
temporary Polish philosopher Tadeusz
Kotarbifski) “the nihilistic approach to
the theory of truth”. According to this
approach, the word “true” has no inde-
pendent meaning but can be used as a
component of the two meaningful ex-
pressions “it is true that” and “it is not
true that”. These expressions are thus
treated as if they were single words with
no organic parts. The meaning ascribed
to them is such that they can be immedi-
ately eliminated from any sentence in
which they occur. For instance, instead

of saying
it is true that all cats are black
we can simply say
all cats are black,
and instead of
it is not true that all cats are black
we can say
not all cats are black.

In other contexts the word “true” is
meaningless. In particular, it cannot be
used as a real predicate qualifying names
of sentences. Employing the terminology
of medieval logic, we can say that the
word “true” can be used syncategore-
matically in some special situations, but
it cannot ever be used categorematically.

To realize the implications of this ap-
proach, consider the sentence which was
the starting point for the antinomy of
the liar; that is, the sentence printed in
red on page 65 in this magazine. From
the “nihilistic” point of view it is not a
meaningful sentence, and the antinomy
simply vanishes. Unfortunately, many
uses of the word “true”, which otherwise
seem quite legitimate and reasonable,
are similarly affected by this approach.
Imagine, for instance, that a certain
term occurring repeatedly in the works



of an ancient mathematician admits of
several interpretations. A historian of sci-
ence who studies the works arrives at
the conclusion that under one of these
interpretations all the theorems stated by
the mathematician prove to be true; this
leads him naturally to the conjecture that
the same will apply to any work of this
mathematician that is not known at pres-
ent but may be discovered in the future.
If, however, the historian of science
shares the “nihilistic” approach to the
notion of truth, he lacks the possibility
of expressing his conjecture in words.
One could say that truth-theoretical “ni-
hilism” pays lip service to some popular
forms of human speech, while actually
removing the notion of truth from the
conceptual stock of the human mind.

We shall look, therefore, for another
way out of our predicament. We shall
try to find a solution that will keep the
classical concept of truth essentially in-
tact. The applicability of the notion of
truth will have to undergo some restric-
tions, but the notion will remain avail-
able at least for the purpose of scholarly
discourse.

To this end we have to analyze those
features of the common language that
are the real source of the antinomy of
the liar. When carrying through this
analysis, we notice at once an outstand-
ing feature of this language—its all-com-
prehensive, universal character. The
common language is universal and is in-
tended to be so. It is supposed to pro-
vide adequate facilities for expressing
everything that can be expressed at all,
in any language whatsoever; it is con-
tinually expanding to satisfy this re-
quirement. In particular, it is semanti-
cally universal in the following sense.
Together with the linguistic objects, such
as sentences and terms, which are com-
ponents of this language, names of these
objects are also included in the language
(as we know, names of expressions can
be obtained by putting the expressions
in quotes); in addition, the language
contains semantic terms such as “truth”,
“name”, “designation”, which directly or
indirectly refer to the relationship be-
tween linguistic objects and what is
expressed by them. Consequently, for
every sentence formulated in the com-
mon language, we can form in the same

language another sentence to the effect |

that the first sentence is true or that it is
false. Using an additional “trick” we can
even construct in the language what is
sometimes called a self-referential sen-
tence, that is, a sentence S which asserts
the fact that S itself is true or that it is
false. In case S asserts its own falsity we
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can show by means of a simple argument
that S is both true and false—and we are
confronted again with the antinomy of
the liar.

There is, however, no need to use uni-
versal languages in all possible situa-
tions. In particular, such languages are
in general not needed for the purposes
of science (and by science I mean here
the whole realm of intellectual inquiry).
In a particular branch of science, say in
chemistry, one discusses certain special
objects, such as elements, molecules, and
so on, but not for instance linguistic ob-
jects such as sentences or terms. The
language that is well adapted to this dis-
cussion is a restricted language with
a limited vocabulary; it must contain
names of chemical objects, terms such
as “element” and “molecule”, but not
names of linguistic objects; hence it does
not have to be semantically universal.
The same applies to most of the other
branches of science. The situation be-
comes somewhat confused when we turn
to linguistics. This is a science in which
we study languages; thus the language
of linguistics must certainly be provided
with names of linguistic objects. How-
ever, we do not have to identify the lan-
guage of linguistics with the universal
language or any of the languages that are
objects of linguistic discussion, and we
are not bound to assume that we use in
linguistics one and the same language
for all discussions. The language of lin-
guistics has to contain the names of lin-
guistic components of the languages
discussed but not the names of its own
components; thus, again, it does not have
to be semantically universal. The same
applies to the language of logic, or rath-
er of that part of logic known as meta-
logic and metamathematics; here we
again concern ourselves with certain
languages, primarily with languages of
logical and mathematical theories (al-
though we discuss these languages from
a different point of view than in the case
of linguistics).

The question now arises whether the
notion of truth can be precisely defined,
and thus a consistent and adequate
usage of this notion can be established
at least for the semantically restricted
languages of scientific discourse. Under
certain conditions the answer to this
question proves to be affirmative. The
main conditions imposed on the lan-
guage are that its full vocabulary should
be available and its syntactical rules
concerning the formation of sentences
and other meaningful expressions from
words listed in the vocabulary should be
precisely formulated. Furthermore, the
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syntactical rules should be purely formal,
that is, they should refer exclusively to
the form (the shape) of expressions; the
function and the meaning of an expres-
sion should depend exclusively on its
form. In particular, looking at an expres-
sion, one should be able in each case to
decide whether or not the expression is
a sentence. It should never happen that
an expression functions as a sentence at
one place while an expression of the
same form does not function so at some
other place, or that a sentence can be as-
serted in one context while a sentence
of the same form can be denied in an-
other. (Hence it follows, in particular,
that demonstrative pronouns and ad-
verbs such as “this” and “here” should
not occur in the vocabulary of the lan-
guage.) Languages that satisfy these
conditions are referred to as formalized
languages. When discussing a formal-
ized language there is no need to distin-
guish between expressions of the same
form which have been written or uttered
in different places; one often speaks of
them as if they were one and the same
expression. The reader may have noticed
we sometimes use this way of speaking
even when discussing a natural lan-
guage, that is, one which is not formal-
ized; we do so for the sake of simplicity,
and only in those cases in which there
seems to be no danger of confusion.

Formalized languages are fully ade-
quate for the presentation of logical and
mathematical theories; I see no essential
reasons why they cannot be adapted for
use in other scientific disciplines and in
particular to the development of theo-
retical parts of empirical sciences. I
should like to emphasize that, when
using the term “formalized languages”,
I do not refer exclusively to linguistic
systems that are formulated entirely in
symbols, and I do not have in mind any-
thing essentially opposed to natural lan-
guages. On the contrary, the only formal-
ized languages that seem to be of real
interest are those which are fragments
of natural languages (fragments provid-
ed with complete vocabularies and pre-
cise syntactical rules) or those which can
at least be adequately translated, into
natural languages.

There are some further conditions on
which the realization of our program
depends. We should make a strict dis-
tinction between the language which is
the object of our discussion and for
which in particular we intend to con-
struct the definition of truth, and the
language in which the definition is to
be formulated and its implications are
to be studied. The latter is referred to
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as the metalanguage and the former as
the object-language. The metalanguage
must be sufficiently rich; in particular, it
must include the object-language as a
part. In fact, according to our stipula-
tions, an adequate definition of truth
will imply as consequences all partial
definitions of this notion, that is, all
equivalences of form (3):

«, 3

p” is true if and only if p,

where “p” is to be replaced (on both
sides of the equivalence) by an arbitrary
sentence of the object-language. Since
all these consequences are formulated
in the metalanguage, we conclude that
every sentence of the object-language
must also be a sentence of the metalan-
guage. Furthermore, the metalanguage
must contain names for sentences (and
other expressions) of the object-lan-
guage, since these names occur on the
left sides of the above equivalences. It
must also contain some further terms
that are needed for the discussion of the
object-language, in fact terms denoting
certain special sets of expressions, rela-
tions between expressions, and opera-
tions on expressions; for instance, we
must be able to speak of the set of all
sentences or of the operation of juxta-
position, by means of which, putting one
of two given expressions immediately
after the other, we form a new expres-
sion. Finally, by defining truth, we show
that semantic terms (expressing relations
between sentences of the object-lan-
guage and objects referred to by these
sentences) can be introduced in the met-
alanguage by means of definitions.
Hence we conclude that the metalan-
guage which provides suflicient means
for defining truth must be essentially
richer than the object-language; it can-
not coincide with or be translatable into
the latter, since otherwise both lan-
guages would turn out to be semantical-
ly universal, and the antinomy of the liar
could be reconstructed in both of them.
We shall return to this question in the
last section of this article.

If all the above conditions are satis-
fied, the construction of the desired def-
inition of truth presents no essential
difficulties. Technically, however, it is
too involved to be explained here in de-
tail. For any given sentence of the ob-
ject-language one can easily formulate
the corresponding partial definition of
form (3). Since, however, the set of all
sentences in the object-language is as a
rule infinite, whereas every sentence of
the metalanguage is a finite string of
signs, we cannot arrive at a general defi-



nition simply by forming the logical con-
junction of all partial definitions. Never-
theless, what we eventually obtain is
in some intuitive sense equivalent to
the imaginary infinite conjunction. Very
roughly speaking, we proceed as fol-
lows. First, we consider the simplest
sentences, which do not include any
other sentences as parts; for these sim-
plest sentences we manage to define
truth directly (using the same idea that
leads to partial definitions). Then, mak-
ing use of syntactical rules which con-
cern the formation of more complicated
sentences from simpler ones, we extend
the definition to arbitrary compound
sentences; we apply here the method
known in mathematics as definition by
recursion. (This is merely a rough ap-
proximation of the actual procedure. For
some technical reasons the method of
recursion is actually applied to define,
not the notion of truth, but the related
semantic notion of satisfaction. Truth is
then easily defined in terms of satisfac-
tion.)

On the basis of the definition thus con-
structed we can develop the entire theo-
ry of truth. In particular, we can derive
from it, in addition to all equivalences of
form (3), some consequences of a gen-
eral nature, such as the famous laws of
contradiction and of excluded middle.
By the first of these laws, no two sen-
tences one of which is the negation of
the other can both be true; by the sec-
ond law, no two such sentences can both

be false.

The Notion of Proof

Whatever may be achieved by con-
structing an adequate definition of truth
for a scientific language, one fact seems
to be certain: the definition does not car-
ry with it a workable criterion for decid-
ing whether particular sentences in this
language are true or false (and indeed it
is not designed at all for this purpose).
Consider, for example, a sentence in the
language of elementary high school
geometry, say “the three bisectors of
every triangle meet in one point”. If we
are interested in the question whether
this sentence is true and we turn to the
definition of truth for an answer, we are
in for a disappointment. The only bit of
information we get is that the sentence
is true if the three bisectors of a triangle
always meet in one point, and is false if
they do not always meet; but only a geo-
metrical inquiry may enable us to decide
which is actually the case. Analogous re-
marks apply to sentences from the do-
main of any other particular science: to
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decide whether or not any such sentence
is true is a task of the science itself, and
not of logic or the theory of truth.

Some philosophers and methodolo-
gists of science are inclined to reject
every definition that does not provide a
criterion for deciding whether any given
particular object falls under the notion
defined or not. In the methodology of
empirical sciences such a tendency is
represented by the doctrine of opera-
tionalism; philosophers of mathematics
who belong to the constructivist school
seem to exhibit a similar tendency. In
both cases, however, the people who
hold this opinion appear to be in a small
minority. A consistent attempt to carry
out the program in practice (that is, to
develop a science without using undesir-
able definitions) has hardly ever been
made. It seems clear that under this pro-
gram much of contemporary mathemat-
ics would disappear, and theoretical
parts of physics, chemistry, biology, and
other empirical sciences would be se-
verely mutilated. The definitions of such
notions as atom or gene as well as most
definitions in mathematics do not carry
with them any criteria for deciding
whether or not an object falls under the
term that has been defined.

Since the definition of truth does not
provide us with any such criterion and
at the same time the search for truth is
rightly considered the essence of scien-
tific activities, it appears as an important
problem to find at least partial criteria of
truth and to develop procedures that
may enable us to ascertain or negate the
truth (or at least the likelihood of truth)
of as many sentences as possible. Such
procedures are known indeed; some of
them are used exclusively in empirical
science and some primarily in deductive
science. The notion of proof—the second
notion to be discussed in this paper—re-
fers just to a procedure of ascertaining
the truth of sentences which is employed
primarily in deductive science. This pro-
cedure is an essential element of what is
known as the axiomatic method, the only
method now used to develop mathemati-
cal disciplines.

The axiomatic method and the notion
of proof within its framework are prod-
ucts of a long historical development.
Some rough knowledge of this develop-
ment is probably essential for the under-
standing of the contemporary notion of
proof.

Originally a mathematical discipline
was an aggregate of sentences that con-
cerned a certain class of objects or phe-
nomena, were formulated by means of
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a certain stock of terms, and were accept-
ed as true. This aggregate of sentences
lacked any structural order. A sentence
was accepted as true either because it
seemed intuitively evident, or else be-
cause it was proved on the basis of some
intuitively evident sentences, and thus
was shown, by means of an intuitively
certain argument, to be a consequence
of these other sentences. The criterion of
intuitive evidence (and intuitive certain-
ty of arguments) was applied without
any restrictions; every sentence recog-
nized as true by means of this criterion
was automatically included in the dis-
cipline. This description seems to fit,
for instance, the science of geometry as
it was known to ancient Egyptians
and Greeks in its early, pre-Euclidean
stage.

It was realized rather soon, however,
that the criterion of intuitive evidence
is far from being infallible, has no ob-
jective character, and often leads to seri-
ous errors. The entire subsequent de-
velopment of the axiomatic method can
be viewed as an expression of the tend-
ency to restrict the recourse to intuitive
evidence.

This tendency first revealed itself in
the effort to prove as many sentences
as possible, and hence to restrict as much
as possible the number of sentences ac-
cepted as true merely on the basis of in-
tuitive evidence. The ideal from this
point of view would be to prove every
sentence that is to be accepted as true.
For obvious reasons this ideal cannot be
realized. Indeed, we prove each sentence
on the basis of other sentences, we prove
these other sentences on the basis of
some further sentences, and so on: if we
are to avoid both a vicious circle and an
infinite regress, the procedure must be
discontinued somewhere. As a compro-
mise between that unattainable ideal
and the realizable possibilities, two prin-
ciples emerged and were subsequently
applied in constructing mathematical
disciplines. By the first of these princi-
ples every discipline begins with a list of
a small number of sentences, called ax-
ioms or primitive sentences, which seem
to be intuitively evident and which are
recognized as true without any further
justification. According to the second
principle, no other sentence is accepted
in the discipline as true unless we are
able to prove it with the exclusive help
of axioms and those sentences that were
previously proved. All the sentences that
can be recognized as true by virtue of
these two principles are called theorems,
or provable sentences, of the given disci-
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pline. Two analogous principles concern
the use of terms in constructing the dis-
cipline. By the first of them we list at
the beginning a few terms, called un-
defined or primitive terms, which ap-
pear to be directly understandable and
which we decide to use (in formulating
and proving theorems) without explain-
ing their meanings; by the second prin-
ciple we agree not to use any further
term unless we are able to explain its
meaning by defining it with the help of
undefined terms and terms previously
defined. These four principles are cor-
nerstones of the axiomatic method; theo-
ries developed in accordance with these
principles are called axiomatic theories.

As is well known, the axiomatic meth-
od was applied to the development of
geometry in the Elements of Euclid
about 300 B.c. Thereafter it was used for
over 2,000 years with practically no
change in its main principles (which, by
the way, were not even explicitly formu-
lated for a long period of time) nor in the
general approach to the subject. How-
ever, in the 19th and 20th centuries the
concept of the axiomatic method did
undergo a profound evolution. Those
features of the evolution which concern
the notion of proof are particularly sig-
nificant for our discussion.

Until the last years of the 19th cen-
tury the notion of proof was primarily
of a psychological character. A proof
was an intellectual activity that aimed
at convincing oneself and others of the
truth of a sentence discussed; more spe-
cifically, in developing a mathematical
theory proofs were used to convince our-
selves and others that a sentence dis-
cussed had to be accepted as true once
some other sentences had been previous-
ly accepted as such. No restrictions were
put on arguments used in proofs, except
that they had to be intuitively convinc-
ing. Ata certain period, however, a need
began to be felt for submitting the no-
tion of proof to a deeper analysis that
would result in restricting the recourse
to intuitive evidence in this context as
well. This was probably related to some
specific developments in mathematics,
in particular to the discovery of non-
Euclidean geometries. The analysis was
carried out by logicians, beginning with
the German logician Gottlob Frege; it
led to the introduction of a new notion,
that of a formal proof, which turned out
to be an adequate substitute and an es-
sential improvement over the old psy-
chological notion.

The first step toward supplying a
mathematical theory with the notion of
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Sokolsky on Sohkolsky
on ‘Polaroid Land ¢¢Jilm

At

Mel Sokolsky, a major
photographic talent and
innovator, did the cover and
feature photos for 3 issues of
The New York Sunday Times
women'’s fashion supplement.
The most recent one was all in
Polacolor film.

“I’'m really interested in com-
munications as a whole. All of
it. In all forms. I'm a talker,
as you see.

Photography is a means of
communication, so I'm in it.

But I try new approaches so
I don’t get bored. That’s one
of the reasons I switched to

Polaroid color film. And it
works beautifully.

In commercial photography,
the usual methods involve a
loss of time that’s really from
the Stone Age. Yet everyone
wants their stuff in a hurry.
With Polaroid Land film, I
can give it to them.

But to me, the big advan-
tages are color quality, and
what my own idea of
realism is.

Most modern film emulsions
are thin. The results are hard,
sharp, slick.

But our eyes see things
more softly, with more
3-dimensionality. The way
things look in old-time photos
with their thick emulsions.

The nostalgia we feel when
we look at them isn’t just
because of the subject matter,
but because it’s the way we
really see things.
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That’s what’s so good about
Polaroid color film. It has a
palette of its own, that gives
me the quality I'm looking
for. It's warmer, more human.
And to me, more real.

Of course I try to get
realism through candidness
and naturalness too, as you
can see in this picture which
I did on the Times assign-
ment. I don’t go for the ex-
cessively posed and arranged
fashion shots.

And with Polaroid film, I
can see what I've just taken. If
I don’t get what [ want the
first time, I simply try again till
I do get it.

I'd like to make a prediction.
Before long, the engraving
of Polaroid shots for
commercial production will
spread like wildfire. Because
more and more professionals
are seeing the advantages.”



Extending man’s senses:

Command joint forces from 20,000 feet.

Bounce a newscast around the world.

Navigate precisely from Cape Horn to the Cape of Good
Hope.

Turn night into day with an airborne floodlight.

Set up a TACAN transceiver, anywhere, in minutes.

Airborne command and control stations. Communica-
tions satellite networks. The global Omega navigation
system. Nighttime military and civilian operations. Portable
TACAN.

All demand fail-safe technology—the finest electronics
and systems available.

That’s our business.

LTV Electrosystems has the scientific and engineering
talent, fast-reaction capacity and the production facilities
(15 nationwide) to build the sophisticated, new-generation
systems our customers need to extend their senses and
capabilities into every environment.

Why don’t you join us?

We welcome scientists and engineers for careers in research,
design, development or management. Contact: Bill Hickey,
Supervisor of Professional Placement, P.O. Box 6118, Dallas,
Texas 75222. Tel. (214) 276-7111. An equal opportunity
emplo yer.

LTV ELECTROSYSTENMS, INC.

PO BOX 030 DALLAS TEXAS 75222

A quality company of Ling-Temco-Vought, Inc. """

© 1969 SCIENTIFIC AMERICAN, INC



a formal proof is the formalization of the
language of the theory, in the sense dis-
cussed previously in connection with the
definition of truth. Thus formal syntac-
tical rules are provided which in particu-
lar enable us simply by looking at shapes
of expressions, to distinguish a sentence
from an expression that is not a sentence.
The next step consists in formulating a
few rules of a different nature, the so-
called rules of proof (or of inference).
By these rules a sentence is regarded as
directly derivable from given sentences
if, generally speaking, its shape is related
in a prescribed manner to the shapes of
given sentences. The number of rules of
proof is small, and their content is
simple. Just like the syntactical rules,
they all have a formal character, that
is, they refer exclusively to shapes of
sentences involved. Intuitively all the
rules of derivation appear to be in-
fallible, in the sense that a sentence
which is directly derivable from true sen-
tences by any of these rules must be true
itself. Actually the infallibility of the
rules of proof can be established on the
basis of an adequate definition of truth.
The best-known and most important ex-
ample of a rule of proof is the rule of de-
tachment known also as modus ponens.
By this rule (which in some theories
serves as the only rule of proof) a sen-
tence “q” is directly derivable from two
given sentences if one of them is the con-
ditional sentence “if p, then ¢” while the
other is “p”; here “p” and “q” are, as
usual, abbreviations of any two sentences
of our formalized language. We can now
explain in what a formal proof of a given
sentence consists. First, we apply the
rules of proof to axioms and obtain new
sentences that are directly derivable
from axioms; next, we apply the same
rules to new sentences, or jointly to new
sentences and axioms, and obtain further
sentences; and we continue this process.
If after a finite number of steps we arrive
ata given sentence, we say that the sen-
tence has been formally proved. This can
also be expressed more precisely in the
following way: a formal proof of a given
sentence consists in Constructing a finite
sequence of sentences such that (1) the
first sentence in the sequence is an ax-
iom, (2) each of the following sentences
either is an axiom or is directly derivable
from some of the sentences that precede
it in the sequence, by virtue of one of the
rules of proof, and (3) the last sentence
in the sequence is the sentence to be
proved. Changing somewhat the use of
the term “proof”, we can even say that
a formal proof of a sentence is simply

any finite sequence of sentences with the
three properties just listed.

An axiomatic theory whose language
has been formalized and for which the
notion of a formal proof has been sup-
plied is called a formalized theory. We
stipulate that the only proofs which can
be used in a formalized theory are formal
proofs; no sentence can be accepted as
a theorem unless it appears on the list
of axioms or a formal proof can be found
for it. The method of presenting a for-
malized theory at each stage of its
development is in principle very ele-
mentary. Ve list first the axioms and
then all the known theorems in such an
order that every sentence on the list
which is not an axiom can be directly
recognized as a theorem, simply by com-
paring its shape with the shapes of sen-
tences that precede it on the list; no com-
plex processes of reasoning and convinc-
ing are involved. (I am not speaking here
of psychological processes by means of
which the theorems have actually been
discovered.) The recourse to intuitive
evidence has been indeed considerably
restricted; doubts concerning the truth
of theorems have not been entirely
eliminated but have been reduced to
possible doubts concerning the truth of
the few sentences listed as axioms and
the infallibility of the few simple rules
of proof. It may be added that the proc-
ess of introducing new terms in the lan-
guage of a theory can also be formalized
by supplying special formal rules of
definitions.

It is now known that all the existing
mathematical disciplines can be pre-
sented as formalized theories. Formal
proofs can be provided for the deep-
est and most complicated mathematical
theorems, which were originally estab-
lished by intuitive arguments.

The Relationship of Truth and Proof

It was undoubtedly a great achieve-
ment of modern logic to have replaced
the old psychological notion of proof,
which could hardly ever be made clear
and precise, by a new simple notion of a
purely formal character. But the triumph
of the formal method carried with it the
germ of a future setback. As we shall
see, the very simplicity of the new notion
turned out to be its Achilles heel.

To assess the notion of formal proof
we have to clarify its relation to the no-
tion of truth. After all, the formal proof,
just like the old intuitive proof, is a pro-
cedure aimed at acquiring new true sen-
tences. Such a procedure will be ade-
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quate only if all sentences acquired with
its help prove to be true and all true sen-
tences can be acquired with its help.
Hence the problem naturally arises: is
the formal proof actually an adequate
procedure for acquiring truth? In other
words: does the set of all (formally) prov-
able sentences coincide with the set of
all true sentences?

To be specific, we refer this problem
to a particular, very elementary mathe-
matical discipline, namely to the arith-
metic of natural numbers (the ele-
mentary number theory). We assume
that this discipline has been presented
as a formalized theory. The vocabulary
of the theory is meager. It consists, in
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fact, of variables such as “m”, “n”, “p

. representing arbitrary natural num-
bers; of numerals “0”, “17, “2”, ... de-
noting particular numbers; of symbols
denoting some familiar relations be-
tween numbers and operations on num-
bers such as “=7, “<”, “47, “=7;
and, finally, of certain logical terms,
namely sentential connectives (“and”,
“or”, “if”, “not”) and quantifiers (expres-
sions of the form “for every number m”
and “for some number m”). The syn-
tactical rules and the rules of proof are
simple. When speaking of sentences in
the subsequent discussion, we always
have in mind sentences of the formalized
language of arithmetic.

We know from the discussion of truth
in the first section that, taking this lan-
guage as the object-language, we can
construct an uppropriate meta]anguuge
and formulate in it an adequate defini-
tion of truth. It proves convenient in this
context to say that what we have thus
defined is the set of true sentences; in
fact, the definition of truth states that a
certain condition formulated in the meta-
language is satisfied by all elements of
this set (that is, all true sentences) and
only by these elements. Even more read-
ily we can define in the metalanguage
the set of provable sentences; the defini-
tion conforms entirely with the explana-
tion of the notion of formal proof that
was given in the second section. Strictly
speaking, the definitions of both truth
and provability belong to a new theory
formulated in the metalanguage and
specifically designed for the study of our
formalized arithmetic and its language.
The new theory is called the metatheory
or, more specifically, the meta-arithme-
tic. We shall not elaborate here on the
way in which the metatheory is con-
structed—on its axioms, undefined terms,
and so on. We only point out that it is
within the framework of this metatheory

>
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that we formulate and solve the problem
of whether the set of provable sentences
coincides with that of true sentences.

The solution of the problem proves to
be negative. We shall give here a very
rough account of the method by which
the solution has been reached. The main
idea is closely related to the one used by
the contemporary American logician (of
Austrian origin) Kurt Godel in his fa-
mous paper on the incompleteness of
arithmetic.

It was pointed out in the first section
that the metalanguage which enables us
to define and discuss the notion of truth
must be rich. It contains the entire
object-language as a part, and therefore
we can speak in it of natural numbers,
sets of numbers, relations among num-
bers, and so forth. But it also contains
terms needed for the discussion of the
object-language and its components;
consequently we can speak in the meta-
language of expressions and in particular
of sentences, of sets of sentences, of
relations among sentences, and so forth.
Hence in the metatheory we can study
properties of these various kinds of
objects and establish connections be-
tween them.

In particular, using the description of
sentences provided by the syntactical
rules of the object-language, it is easy to
arrange all sentences (from the simplest
ones through the more and more com-
plex) in an infinite sequence and to
number them consecutively. We thus
correlate with every sentence a natural
number in such a way that two numbers
correlated with two different sentences
are always different; in other words, we
establish a one-to-one correspondence
between sentences and numbers. This in
turn leads to a similar correspondence
between sets of sentences and sets of
numbers, or relations among sentences
and relations among numbers. In par-
ticular, we can consider numbers of
provable sentences and numbers of true
sentences; we call them briefly provable®
numbers and true® numbers. Our main
problem is reduced then to the ques-
tion: are the set of provable® numbers
and the set of true® numbers identical?

To answer this question negatively,
it suffices, of course, to indicate a single
property that applies to one set but not
to the other. The property we shall
actually exhibit may seem rather un-
expected, a kind of deus ex machina.

The intrinsic simplicity of the notions
of formal proof and formal provability
will play a basic role here. We have seen
in the second section that the meaning
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of these notions is explained essentially
in terms of certain simple relations
among sentences prescribed by a few
rules of proof; the reader may recall
here the rule of modus ponens. The
corresponding relations among numbers
of sentences are equally simple; it turns
out that they can be characterized in
terms of the simplest arithmetical opera-
tions and relations, such as addition,
multiplication, and equality—thus in
terms occurring in our arithmetical theo-
ry. As a consequence the set of provable®
numbers can also be characterized in
such terms. One can describe briefly
what has been achieved by saying that
the definition of provability has been
translated from the metalanguage into
the object-language.

On the other hand, the discussion of
the notion of truth in common languages
strongly suggests the conjecture that no
such translation can be obtained for the
definition of truth; otherwise the object-
language would prove to be in a sense
semantically universal, and a reappear-
ance of the antinomy of the liar would be
imminent. We confirm this conjecture by
showing that, if the set of true® numbers
could be defined in the language of
arithmetic, the antinomy of the liar could
actually be reconstructed in this lan-
guage. Since, however, we are dealing
now with a restricted formalized lan-
guage, the antinomy would assume a
more involved and sophisticated form.
In particular, no expressions with an
empirical content such as “the sentence
printed in such-and-such place”, which
played an essential part in the original
formulation of the antinomy, would
occur in the new formulation. We shall
not go into any further details here.

Thus the set of provable® numbers
does not coincide with the set of true®
numbers, since the former is definable
in the language of arithmetic while the
latter is not. Consequently the sets of
provable sentences and true sentences
do not coincide either. On the other
hand, using the definition of truth we
easily show that all the axioms of arith-
metic are true and all the rules of proof
are infallible. Hence all the provable
sentences are true; therefore the con-
verse cannot hold. Thus our final con-
clusion is: there are sentences formulat-
ed in the language of arithmetic that are
true but cannot be proved on the basis
of the axioms and rules of proof accept-
ed in arithmetic.

One might think that the conclusion
essentially depends on specific axioms
and rules of inference, chosen for our
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arithmetical theory, and that the final
outcome of the discussion could be dif-
ferent if we appropriately enriched the
theory by adjoining new axioms or new
rules of inference. A closer analysis
shows, however, that the argument de-
pends very little on specific properties
of the theory discussed, and that it
actually extends to most other formalized
theories. Assuming that a theory includes
the arithmetic of natural numbers as a
part (or that, at least, arithmetic can be
reconstructed in it), we can repeat the
essential portion of our argument in a
practically unchanged form; we thus
conclude again that the set of provable
sentences of the theory is different from
the set of its true sentences. If, more-
over, we can show (as is frequently the
case) that all the axioms of the theory
are true and all the rules of inference are
infallible, we further conclude that there
are true sentences of the theory which
are not provable. Apart from some frag-
mentary theories with restricted means
of expression, the assumption concerning
the relation of the theory to the arith-
metic of natural numbers is generally
satisfied, and hence our conclusions have
a nearly universal character. (Regarding
those fragmentary theories which do not
include the arithmetic of natural num-
bers, their languages may not be provid-
ed with sufficient means for defining the
notion of provability, and their provable
sentences may in fact coincide with their
true sentences. Elementary geometry
and elementary algebra of real numbers
are the best known, and perhaps most
important, examples of theories in which
these notions coincide.)

The dominant part played in the
whole argument by the antinomy of the
liar throws some interesting light on our
earlier remarks concerning the role of
antinomies in the history of human
thought. The antinomy of the liar first
appeared in our discussion as a kind of
evil force with a great destructive power.
It compelled us to abandon all attempts
at clarifying the notion of truth for
natural languages. We had to restrict
our endeavors to formalized languages
of scientific discourse. As a safeguard
against a possible reappearance of the
antinomy, we had to complicate con-
siderably the discussion by distinguish-
ing between a language and its meta-
language. Subsequently, however, in the
new, restricted setting, we have man-
aged to tame the destructive energy and
harness it to peaceful, constructive
purposes. The antinomy has not reap-
peared, but its basic idea has been used



to establish a significant metalogical re-
sult with far-reaching implications.

Nothing is detracted from the signifi-
cance of this result by the fact that its
philosophical implications are essentially
negative in character. The result shows
indeed that in no domain of mathematics
is the notion of provability a perfect
substitute for the notion of truth. The
belief that formal proof can serve as
an adequate instrument for establishing
truth of all mathematical statements has
proved to be unfounded. The original
triumph of formal methods has been
followed by a serious setback.

Whatever can be said to conclude this
discussion is bound to be an anticlimax.
The notion of truth for formalized theo-
ries can now be introduced by means of
a precise and adequate definition. It can
therefore be used without any restric-
tions and reservations in meta]()gical dis-
cussion. It has actually become a basic
metalogical notion involved in important
problems and results. On the other hand,
the notion of proof has not lost its sig-
nificance either. Proof is still the only
method used to ascertain the truth of
sentences within any speciﬁc mathe-
matical theory. We are now aware of the
fact, however, that there are sentences
formulated in the language of the theory
which are true but not provable, and we
cannot discount the possibility that some
such sentences occur among those in
which we are interested and which we
attempt to prove. Hence in some situa-
tions we may wish to expl()re the pos-
sibility of widening the set of provable
sentences. To this end we enrich the
given theory by including new sentences
in its axiom system or by pr()viding it
with new rules of proof. In doing so we
use the notion of truth as a guide; for
we do not wish to add a new axiom or
a new rule of proof if we have reason to
believe that the new axiom is not a true
sentence, or that the new rule of proof
when applied to true sentences may
yield a false sentence. The process of
extending a theory may of course be
repeated arbitrarily many times. The
notion of a true sentence functions thus
as an ideal limit which can never be
reached butwhichwe try to approximate
by gradually widening the set of prov-
able sentences. (It seems likely, although
for different reasons, that the notion of
truth plays an analogous role in the
realm of empirical knowledge.) There
is no conflict between the notions of
truth and proof in the development of
mathematics; the two notions are not at
war but live in peaceful coexistence.
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Hormones in Social Amoebae and Mammals

The substance that attracts social amoebae to one another to form

a sluglike mass has recently been identified. It turns out that

the same substance also acts as a “messenger” in mammalian cells

ne of the pleasures of science is
O to see two distant and apparently
unrelated pieces of information
suddenly come together. In a flash what
one knows doubles or triples in size. It is
like working on two large but separate
sections of a jigsaw puzzle and, almost
without realizing it until the moment it
happens, finding that they fit into one.
I recently had this pleasure, although my
own work directly concerned only one
section of the puzzle. The assembling of
the other section began some years ago,
when a substance in the family of aden-
osine phosphates was found to be a
“chemical messenger” intimately in-
volved in the action of many mammalian
hormones, including man’s. The sub-
stance is cyclic AMP, or cyclic-3",5"-
adenosine monophosphate. (“Cyclic” re-
fers to the fact that the atoms of the
phosphate group form a ring.) The rela-
tives of cyclic AMP are, among others,
the more familiar, noncyclic ADP (aden-
osine diphosphate) and ATP (adenosine
triphosphate), substances that play key
roles in plant and animal metabolism.
Cyclic AMP was discovered by Earl
W. Sutherland, Jr., now at the Vander-
bilt University School of Medicine, and
Theodore W. Rall of the Western Re-
serve University School of Medicine in
1958. They and their collaborators have
since learned a number of remarkable
facts about the substance, the bare bones
of which I shall outline here. To deal
with the basic biochemistry first, cyclic
AMP is formed from ATP in a one-step
reaction; the enzyme responsible for the
conversion is adenyl cyclase. The sub-
stance is subject to further modification,
being converted into 5° AMP (5”-adeno-
sine monophosphate) in another one-
step reaction. The enzyme that carries
out this step is a phosphodiesterase spe-
cific for the reaction.
The hormone that Sutherland and Rall
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by John Tyler Bonner

first showed to be involved with cyclic
AMP was adrenalin, or epinephrine, as
it is now usually called in the U.S. One
is taught in elementary biology that the
stress of anger, pain or fear produces a
great surge of epinephrine in the blood,
with a resulting quick rise in the amount
of blood sugar available as energy for
emergency action. Inevitably one de-
velops the simpleminded notion that the
epinephrine directly splits glycogen, or
animal starch, into its subunits of glu-
cose, or blood sugar. This is far from
being the case. As Sutherland and Rall
discovered, cyclic AMP is implicated in
a much more complex process. I shall
go into a small amount of detail here
because the example of epinephrine il-
lustrates the way cyclic AMP works with
hormones generally.

Skipping the step that puts the epi-

nephrine into the blood, we can start
with the liver, which is one of the places
where the hormone does its work. Cells
in the liver are suddenly bathed in epi-
nephrine, brought to them by neighbor-
ing blood vessels. Adenyl cyclase, the
enzyme that converts ATP into cyclic
AMP, is attached in some way to the
surface membrane of liver cells. When
the epinephrine reaches the cell surface,
it specifically stimulates the enzyme, the
conversion takes place and cyclic AMP
is formed inside the cell.

The cyclic AMP inside the cell now
stimulates a second enzyme, changing
it from an inactive form to an active one.
Once activated, the second enzyme acts
on a third to activate still another en-
zyme: phosphorylase. This fourth en-
zyme cleaves glycogen to produce glu-
cose-1-phosphate. Before the sugar can
escape from the cell, however, it must
go through two more enzyme steps, one
that converts it to glucose-6-phosphate
and one that converts glucose-6-phos-
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phate to glucose, the sugar that enters
the blood [see illustration on page 81].
The entire sequence is remarkable for
many reasons, not least of which is the
extraordinary number of chemical steps
involved in what originally was thought
to be a simple process.

At the moment more than a dozen
mammalian hormones are known to use
cyclic AMP as this kind of “second mes-
senger,” to use the name Sutherland and
his co-workers have given it. I shall not
list them all here but prominent among
them are glucagon and insulin, both of
which are involved in blood-sugar levels,
three hormones of the anterior pituitary
and one of the posterior pituitary. In ad-
dition large amounts of the substance
are present in brain tissue. It has been
known for some time that the synaptic
gaps between nerves are bridged by
neurohormones such as acetylcholine.
Bruce McL. Breckenridge of the Rutgers
University Medical School has recently
put forward the hypothesis that cyclic
AMP is somehow involved in the bridg-
ing sequence.

One of the many unanswered ques-
tions about cyclic AMP is how the single
enzyme adenyl cyclase can respond to
so many different hormones and do so
in such a specific way. There is some
evidence that the enzyme, which always
appears to be associated with cell mem-
branes, differs in different cell systems:
one type can respond only to one hor-
mone, another type only to another hor-
mone, and so on. This raises further
questions of deep interest. For example,
how could such a chemical system have
evolved? It would almost seem as though
the fundamental part of the hormone
system is the cyclic AMP, and that the
variety of methods for turning on the sys-
tem had evolved subsequently. I shall re-
turn to some evolutionary considerations
presently, but the main basis for such a
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EFFECT OF ATTRACTANT on the social amoebae of the slime hundreds of amoebae have been placed near the block. In the low-

mold Dictyostelium is shown in these two photographs. In each, a er photograph many have responded to the attractant by streaming
small block of agar (bottom) contains the attractant, cyclic-3,5- toward the block. In normal development secretion of the attract-
adenosine monophosphate (cyclic AMP). In the upper photograph ant brings the amoebae together to form a multicellular organism.

79

© 1969 SCIENTIFIC AMERICAN, INC



a H\N/H
|
ADENOSINE c
TRIPHOSPHATE & ¢ N
T e NS
.
HO-P-0-P-0-C-H o
S |
| / \
O=P—OH ? ?
o Q\\y T//h
o—
OH OH
ADENYL
CYCLASE
b H\N/H
|
CYCLIC-3)5'- c
ADENOSINE N —
MONOPHOSPHATE | “ “
e N N
o
c/ \(l:
|
| ]
C C
]
OH
PHOSPHO-
DIESTERASE
C H\N/H
5. ADENOSINE &
MONOPHOSPHATE 7 N\
H/C§§N//c\\N//C\H
(0] H

I |
H*O~T*O—C—H
o
|
$/ \?
H\H H/H
| |
C C
| |

OH OH

CYCLIC AMP (b) is formed from the more
familiar adenosine triphosphate, or ATP
(a), in a one-step reaction catalyzed by the
enzyme adenyl cyclase. The word “cyclic”
refers to the ring shape of the molecule’s
phosphate group (color). The substance is
converted into 5° AMP (c¢) by a phospho-
diesterase that is specific for the reaction.
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contention is that cyclic AMP appears
to be a common component of many cells
and tissues and is even found in bacteria.

] should now like to ask the reader to

forget momentarily what has gone be-
fore while we look at the other piece of
the puzzle. This piece involves an entire
series of experiments, including some of
my own, in a quite specialized area of bi-
ology. Not until the very last step, how-
ever, was there the faintest suspicion that
cyclic AMP played any part in the work.

The social amoebae known as the cel-
lular slime molds were first described by
Oskar Brefeld of Germany exactly a cen-
tury ago. A few years later their peculiar
life history was elucidated, and today a
score or more species are known. Here
I am going to concentrate mainly on the
species Dictyostelium discoideum, which
was discovered in the 1930’s by Kenneth
B. Raper of the University of Wisconsin.
Dictyostelium amoebae live in the soil;
they play a key role in the food chain
because they are the immediate preda-
tors of the soil bacteria.

In appearance and size the amoebae
are similar to human leukocytes, the
white blood cells, and like leukocytes
they engulf bacteria by surrounding
them with protoplasm. After they clear
an area of food and enter a period
of starvation, the individual amoebae
stream together into central collection
points. In a reasonably well-populated
area an aggregate may number 100,000
or more cells, although if food is scarce,
the number will be fewer.

The assembled amoebae gather into a
cartridge-shaped mass, one or two mil-
limeters long, which has a distinct front
and hind end. The mass crawls through
the cavities in the soil like a slug and
shows an ability to orient toward light
and heat, an ability that is completely
lacking in the separate amoebae before
they aggregate. As I have argued else-
where, spore dispersal must be of key
importance in the natural selection of
soil organisms, and the formation of a
slug and its migration to “a better place
in the sun” as it wanders through the
soil or among rotting leaves in the humus
is therefore an important adaptation for
more effective spore dispersal.

After a period of migration the slug
upends itself until it points at a right
angle to the surface. Some of its cells will
now form a stalk, while others will go
to make up a spherical mass of spores.
The stalk cells swell, become hollow like
the pith of a plant and die. The result is
a slender, tapering hollow rod that rises
a few millimeters into the air and is filled
with dead cells that serve as internal

© 1969 SCIENTIFIC AMERICAN, INC

trusses. As the stalk grows the spore mass
is carried aloft with it so that ultimately
the delicate stalk bears a sphere of spores
at its tip. Any one of the spores is capable
of starting a new generation.

Because this organism is a relatively
simple system of cells that differentiate
(that is, take up specialized functions) it
has been an object of interest to students
of developmental biology for some years.
One of the prime targets of study has
been the social amoebae’s mechanism of
aggregation. How are the individuals
oriented so that they stream into the cen-
tral collecting points? The action is a
rather pure example of morphogenesis,
or formative movement, a process that
is known to be most important in the
initial stages of the development of all
animal embryos.

At the turn of the century it was sug-
gested that the aggregation might be
due to the attraction of the individual
amoebae by some kind of chemical stim-
ulus, but there was no evidence to sup-
port this idea. Then in 1942 Ernest H.
Runyon of Agnes Scott College showed
that if he put an aggregation center on
one side of a semipermeable membrane
(such as a sausage casing) and put amoe-
bae that were ready to aggregate on the
other side, the amoebae would react. In
spite of the membrane barrier they
would swarm to a point on their side of
the surface exactly opposite the aggre-
gation center on the other side. Since it
was known that large molecules, such as
proteins, cannot readily penetrate such
membranes, Runyon suggested that the
chemical attractant might be a small
molecule.

More evidence in support of the hy-

pothesis of a chemical attractant
was needed; it was clear that other
forces, for example electric forces, could
also penetrate a membrane. Studying
the attractant problem further, I found
in 1947 that if the amoebae began to ag-
gregate underwater, and if one moved
the water slowly past them (as though
they were at the bottom of a brook), then
the amoebae upstream became com-
pletely disoriented but the ones down-
stream oriented beautifully toward the
aggregation center, even over large dis-
tances. The obvious conclusion was that
aggregation was mediated by a free-
diffusing agent; it might be heat or it
might be a chemical substance, as Run-
yon had suggested. For various reasons
I favored the idea of a chemical, and I
gave the unidentified attractant the
name acrasin because the proper name
of the cellular slime molds is Acrasiales,
and also because in Edmund Spenser’s



Faerie Queene there is a witch named
Acrasia who attracted men and trans-
formed them into beasts.

The final proof that acrasin really ex-
isted came from a remarkable set of ex-
periments performed by Brian M. Shaf-
fer of the University of Cambridge. At
Princeton we had been unable to find
any trace of the attractant at aggrega-
tion centers we had killed. Yet we felt
that they must contain acrasin, because
a few seconds earlier, when they were
still alive, they had been actively attract-
ing amoebae. Unknown to us, Shaffer
was having the same difficulty; like us he
suspected that for some reason the acra-
sin was rapidly disappearing.

To test this suspicion Shaffer sand-
wiched some active amoebae between
a glass slide and a small block of agar
[see top illustration on page 88]. To
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the edges of the sandwich he added
drops of water that had been near an
aggregation center (and therefore con-
tained acrasin) every few seconds. In a
few minutes all the amoebae under the
block streamed toward the wet edges. If
he let a minute or more pass between
drops, there was no attraction; acrasin
evidently disappeared quickly and, in
order to attract, it had to be applied at
short successive intervals. When Shaffer
froze water that had been near aggrega-
tion centers in capillary tubes and three
months later used the contents of the
capillaries at short intervals, the amoe-
bae were attracted; acrasin was appar-
ently stable at low temperatures. In any
case, there was no longer any doubt
about the attractant’s existence. As Shaf-
fer wrote to me after these experiments,
“I have bottled it.”

The next problem was to find out why
acrasin was so unstable. Shaftfer showed
conclusively that the reason was that a
companion substance, an enzyme, rap-
idly destroyed it. He did this while visit-
ing Princeton, so that I had a close view.
His principal method was to plunge wa-
ter containing acrasin into methanol,
which denatured the accompanying en-
zyme; the remaining acrasin was stable.
This was an economical experiment, but
I always had special admiration for what
might be called his Rube Goldberg dem-
onstration. He suspended a long cylinder
of sausage casing in a moist chamber;
then he painted the outside of the casing
with amoebae that were about to aggre-
gate and dripped water along the inside
of the casing. The water collected in a
beaker at the bottom of the casing. The
acrasin it contained was stable at room
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ACTION OF SEVERAL HORMONES in mammals utilizes cyclic
AMP as a chemical messenger; illustrated here is the role of the
substance in the production of blood sugar by a liver cell following
stimulation by the presence of epinephrine in the bloodstream. The

enzyme adenyl cyclase, attached to the cell membrane (top left), is
stimulated by epinephrine and changes ATP inside the cell into
cyclic AMP. The messenger substance activates a second enzyme,
beginning a five-step sequence that yields glucose (bottom right).
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SOCTAL PHASE of the life cycle of the cellular slime molds begins
when individual amoebae (far left) begin to stream together into a

temperature for extended periods of
time. The membrane had passed the
small molecules of acrasin but barred the
large molecules of the destructive en-
zyme, or acrasinase, that would ordi-
narily have destroyed the attractant.
Shaffer’s experiment with the glass
slide and the agar block constituted a
test or an assay for the presence or ab-
sence of acrasin. The existence of such
an assay, even though it was not a quan-
titative one, led to a flurry of activity as
workers in various laboratories attempt-
ed to determine the chemical identity of
acrasin. Various substances became sus-
pects, and I shall mention a few of the
attempts that were clearly going in the
right direction. Barbara E. Wright of the
Retina Foundation found that urine from
pregnant women contained a component
that attracted the amoebae of Dictyo-
stelium (it does contain such a compo-
nent), but she thought this had some-
thing to do with the steroids in the urine
(it does not). She and her co-workers
made the interesting discovery, how-
ever, that Dictyostelium synthesizes
rather large amounts of one steroid with
an unknown function. At Brandeis Uni-
versity, Maurice Sussman and his collab-
orators found attractive substances that
absorbed light at wavelengths in the ul-
traviolet part of the spectrum (which was
on the right track), and Shafter, then
working in conjunction with organic
chemists at Cambridge, went so far as to
suspect that acrasin was a member of
the class of compounds called purines.
The ultimate result of these various
efforts was that a time came when no
one was working on the acrasin problem.
Simultaneously, and without knowing
about each other’s activities until much
later, Theo M. Konijn of the Hubrecht
Laboratory in the Netherlands and I
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decided that since all was quiet the time
had come to have a calm, noncompeti-
tive look at the problem. We had both
decided that the first necessity was to
devise a tru]y quantitative assay, one
that would not only show that an attract-
ant was present but also measure just
how attractive it was.

My test consisted in placing small cel-
+ lophane squares on a dish of agar
that contained the test substance; amoe-
bae were then put on the cellophane
squares and the rate at which they
moved off the cellophane was recorded.
At the time we thought the test had
limitations (a concern that has recently
proved groundless), but it taught us sev-
eral things. It showed, for example, that
urine from both pregnant and nonpreg-
nant women was loaded with an active
substance, and my colleague Ruth Reis-
berg found good evidence that the sub-
stance was a phosphate compound. It
also proved that bacteria were loaded
with an attractant of some kind. (This
was a fact that a number of workers had
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central collection point and gather into a cartridge-shaped mass
that moves through the soil like a slug and is attracted to light.

learned before. Barbara Wright had even
shown the attractiveness of bacterial ex-
tracts using the Shaffer assay.) Undoubt-
edly the greatest benefit of my test, how-
ever, was that when Konijn read our
first report, he immediately wrote to tell
us of his remarkable work, which led to
his coming to Princeton for a year.
Because the Konijn test was the key to
later successes I shall describe it in some
detail. The basic idea is to put a very
small droplet of saline solution that con-
tains amoebae on an agar plate and
then to put a water droplet containing
the test substance nearby. If after a few
hours the amoebae spread out of the
confines of their droplet, the test is
scored as positive. The assay is made
quantitative simply by varying the dis-
tance between the two droplets. There
are, however, two key factors in making
the Konijn test work. One is that the
agar must be washed repeatedly and
must have exactly the right degree of
rigidity. Unless these requirements are
met the amoebae may not stay within
the confines of their droplet even though

ABILITY OF BACTERIA to secrete the slime mold attractant, named acrasin by the au-
thor, was discovered during the search for the substance’s chemical identity; one labora-
tory proof is illustrated here. The collection point (a) of a slime mold aggregation is re-
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After a period of migration the slug upends itself and some cells form a stalk that rises up-
ward, carrying aloft a spherical mass of other cells that have turned into spores (right).

the test droplet contains no attractant.

The other key factor in the Konijn
test is that the amoebae must be at just
the right stage in their development in
order to respond. At first Konijn would
stay up until the small hours waiting for
that precise moment. Then matrimony
intervened, with the result that he made
an interesting discovery. When he stored
the test plates overnight at five degrees
Celsius, within minutes after the plates
had returned to room temperature the
next day all the amoebae were respon-
sive. In addition, their movements were
more precisely synchronized than they
had ever been before.

Working with this test, Konijn and a
colleague at the University of Utrecht,
J. G. C. van de Meene, began an attempt
to identify acrasin. We were making a
similar attempt with my test, but they
carried the matter much further. We
had both shown that it was unaffected
by heating and that it had a negative
electric charge. They were able to add
the fact that the attractant had a low
molecular weight (between 200 and

moved (b), leaving the stream of converging amoebae disoriented
(c). A nearby clump of the common bacterium Escherichia coli
now begins to exercise an attraction (d) and within 45 minutes the

400). When he came to Princeton, Ko-
nijn brought along some of his purified
extract. He and David S. Barkley, who
was then a graduate student, determined
that the attractant also absorbed light in
the ultraviolet part of the spectrum,
with an absorption peak at a wavelength
of 259 microns.

One evening Konijn and Barkley were
sitting together reviewing all they knew
about acrasin—the data just noted and
the fact that the substance was found
in bacteria and urine. Barkley had an in-
spiration: Why not see if cyclic AMP
was an attractant? They quickly ob-
tained some of the substance and in no
time the hunch was verified. I was in
Canada at the time and received an ex-
cited telephone call from the two; they
had found that cyclic AMP was amaz-
ingly effective at attracting amoebae in
the Konijn test. Eventually they were to
learn that as little as .01 millimicrogram
(101 gram) was enough to make the
amoebae burst out of their droplet.

This important discovery was a won-
derful bit of good fortune but a big ques-
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tion remained. Was cyclic AMP a nat-
urally occurring acrasin, synthesized by
the amoebae? By chance we did an in-
credibly stupid thing that turned out to
be incredibly foresighted. At the time we
happened to have another slime mold
species, Polysphondylium  pallidum,
growing well in liquid culture. Without
thinking, we decided to see if this spe-
cies synthesized cyclic AMP. We found
that it produced the substance in large
quantities and that it evidently pro-
duced no other kind of attractant. This
took us about a month.

We decided to complete the story by
showing that cyclic AMP also attracts
Polysphondylium. To our horror it did
no such thing: the species produces the
attractant but does not respond to it.
This discovery raised interesting ques-
tions that are still unanswered regarding
the specificity of slime mold species and
also presented a puzzle: We do not know
the chemical mechanism whereby Poly-
sphondylium amoebae form aggregates.

It seemed as though a whole month
had been wasted. To make matters
worse, when we attempted to extract
cyclic AMP from Dictyostelium we not
only found that it was totally absent but
also could discover no trace of any at-
tractant of any kind. While groping in
the depths of depression, one of our
collaborators, Ying-Ying Chang, decid-
ed to see if our negative results were
related to those that had plagued Shaffer
when he first tried to “bottle” acrasin.
Shaffer had shown that Dictyostelium
produced the destructive enzyme acrasi-
nase, and he had kept the enzyme from
making the acrasin disappear by separat-
ing the two.

There is an enzyme (a phosphodi-
esterase) that changes cyclic AMP into
5" AMP. In mammals it had been isolated
and partially purified by R. W. Butcher
of Vanderbilt University, who was kind
enough to send us some. In fact, Butch-

e

amoebae are streaming in the opposite direction (e). The ancestors
of the bacteria-devouring social amoebae probably were helped
in their search for food by their prey’s secretion of the attractant.
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“RUBE GOLDBERG” DEVICE for collecting acrasin, the attractant produced by slime
molds, was constructed by Brian M. Shaffer of the University of Cambridge during his visit
to Princeton University. A sausage casing was suspended in a moist chamber; aggregating
amoebae were placed on the outside of the casing while water was dripped down the inside.
The small molecules of acrasin passed through the membrane, entered the water and were
collected (bottom). The molecules of an enzyme that is produced by the amoebae along
with acrasin and that usually destroys the attractant, however, were too large to pass
through the membrane. Acrasin collected by this method remained active for long periods.
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er's enzyme was one of the substances
we had used to prove that the attractant
secreted by Poiysphondylium actually
was cyclic AMP; when we incubated the
attractant with the enzyme, all the at-
tractant’s activity disappeared. If Dicty-
ostelium was producing such an enzyme,
our failure to find cyclic AMP would be
explained.

In a rather rapid series of experiments
Chang showed that such was the case.
Dictyostelium produces large amounts
of a phosphodiesterase that has many
(although not all) of the properties of
Butcher’s enzyme. The main similarity
is that, like the mammalian enzyme, the
slime mold enzyme breaks down cyclic
AMP. The main difference is that the
mammalian enzyme is found within the
cell but the slime mold enzyme is almost
entirely extracellular. I shall return to
the significance of this fact.

learly Chang’s work had pulled us out
of our difficulties. Now all we need-
ed was some way of proving that cyclic
AMP was actively synthesized by Dicty-
ostelium. We approached the problem
in two ways. The first method was to
grow the amoebae on dead bacteria that
contained residual amounts of cyclic
AMP. After a period the culture was as-
sayed, great pains being taken to de-
nature the destructive enzyme quickly.
The assays showed that there was an in-
crease in an attractant that had the char-
acteristics of cyclic AMP.

The second method, devised by Bark-
ley, depended on separating the destruc-
tive enzyme from the attractant. One
way he did this was to add beads made
of a special resin to a solution contain-
ing both substances. The resin had the
property of adsorbing molecules with a
negative charge, such as the molecules
of cyclic AMP, thus putting them out of
reach of the enzyme. Another approach
was a modification of Shaffer’s device:
amoebae were kept on one side of a
semipermeable membrane and water
was kept on the other. Since the mem-
brane would not pass the enzyme’s big
molecules, the attractant that escaped
through the membrane and entered the
water was stable. The material collected
in both ways was subjected to chem-
ical analysis. Once again the only at-
tractant of low molecular weight to be
isolated was identical in characteristics
with cyclic AMP. Thus we now seem to
have an understanding of the basic acra-
sin-acrasinase system, at least in the case
of Dictyostelium discoideum.

We have recently examined the ques-
tion of when during their life cycle
Dictyostelium amoebae produce cyclic



The Electronic Chicken and how it grew.

“Improving the breed” of domestic
fowls and animals has been a
major concern of farmers since the
ancient beginnings of agriculture.
Today, modern techniques are
accelerating the pace of genetic
improvement as never before. And
nowhere is the progress more
rapid than in the raising of poultry
where rapid life cycle and modern
data processing have resulted in
progress of amazing swiftness.

Arthur Heisdorf started out in

the State of Washington in 1945 with
fifteen acres and an idea. Today,
Heisdorf and Nelson Farms produce
more than 200 million chickens per
year. The healthiest, lowest-
maintenance, most highly productive
chickens that ever laid an egg.

The genetic idea responsible for this
amazing success is called Reciprocal
Recurrent Selection. It's based on
the maintenance of parent stock lines
that blend or “'nick” to produce
hybrid chicks of maximum vigor and
quality. Originally, H&N marketed
its *'Nick Chicks” directly to
farmers. Today, the superiority of
the H&N chicken is so widely
accepted that the company markets
just the parent birds in over 70

countries throughout the free world.
The hatcheries in turn breed and
sell the finished hybrid chicks.

At its home farms, the company
maintains some 80 pure breeds of
chickens, as well as many precious
crossbred strains of parent stock.
Careful research and evaluation of all
breeding results is essential. But

the most crucial object of attention
is the finished “"Nick Chick.” Each
hybrid test chicken is carefully
examined for some 22 different genetic
traits, all duly entered on punch
cards and electronically evaluated.
Researchers match performance
ratings against family trees to
determine which parent strains have
crossed best to produce superior
chicks.

The success of their white leghorn
“Nick Chick” has led H&N
research teams to apply the same
sophisticated techniques with equal
success to brown-egg layers, meat
chickens and turkeys. But the real

gleam in H&N’s eye is for the
chicken of the future—a miniature
leghorn that weighs and eats about
30% less while producing as many
(if slightly smaller) eggs, with

far greater net return to the farmer.

The State of Washington is a
fertile field for the exciting
break-through industries of the
future. In agriculture, ocean-
ography, aerospace, nuclear
energy, fisheries and many other
areas, the smart money is betting
on the State of Washington.
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STATE OF WASHINGTON

Governor

For business location information, write: D. B. Ward, Director, Department of Commerce and Economic Development, Olympia, Wa. 98501
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ur voice is changing.

The world is becoming a chatterbox. More and more people are
talking to more and more people. We’re talking on telephones, on tele-
vision, on radio, via teletypewriter and computer. Our communications
channels are getting as crowded as a one-telephone home with four
teenage daughters.

How does the communications industry cope with the avalanche of
words? One technique is called pulse code modulation. Before your
voice 1s sent over the telephone line, it’s chopped up and converted into a
digital code. It is then translated at the other end and your “Hello”
comes out just as you said it. That way twenty-four conversations can
be transmitted simultaneously on wires that used to carry two.

As advanced electronic techniques bring the science of the computer
to your telephone exchange, you’ll be getting increasingly more con-
venient services, too. ‘““Call Forwarding,” for instance. Just dial the
number where you’ll be into your own phone and any incoming calls
will be switched automatically. Or “Call Waiting’ which alerts you to
another incoming call and holds it until you’re off the wire. “Speed
Calling™ lets you dial frequently called numbers by dialing just one
or two digits.

General Dynamics, through its Stromberg-Carlson subsidiary, sup-
plies the independent telephone industry with telephones, exchanges
and other communications systems. And it’s an industry that’s grow-
ing even faster than the gross national product.

Helping to solve the communications explo-
sion 1is just one example of what technology can
accomplish when it’s handed a problem.

At General Dynamics, we put technology to
work solving problems from the bottom of the
sea to outer space...and a good bit in between.

GENERAL DYNAMICS

Microcircuits help code phone transmission.
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WATER

QUALITATIVE ASSAY, proving that slime mold collection centers are rich in acrasin but
that the attractant is short-lived, was devised when Shaffer sandwiched amoebae between a
glass slide and an agar block. He then dampened the edges of the block every few seconds
with water that had been in contact with cell masses that were actively secreting acrasin;
the amoebae streamed toward the dampened edges. When the applications of water were
minutes apart, however, the amoebae were no longer attracted; the acrasin had vanished.
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QUANTITATIVE ASSAY, indicating the presence or absence of acrasin and also gauging
the amount present, was devised by Theo M. Konijn of the Hubrecht Laboratory in the
Netherlands. A droplet containing amoebae in saline solution is put on one part of an agar
plate and a droplet of the substance being tested is put nearby (a). If the amoebae emerge
from their droplet in an hour or so (b), the test is scored as positive. If the amoebae stay
inside the droplet (c), the test substance is deemed lacking in acrasin. The strength of the
attractant may be measured by repeating the test with increased distances between droplets.
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AMP. We grew the amoebae on one side
of a membrane and bathed the other
side with water that was collected at
two-hour intervals. The water samples
were concentrated and tested for the
presence of cyclic AMP, using the Konijn
assay. The relative strength of each sam-
ple was determined by comparing it with
solutions containing known amounts of
commercial cyclic AMP.

\Ve found that when the amoebae

pass through the aggregation phase
there is at least a hundredfold increase
in their secretion of the attractant. Si-
multaneously there is a hundredfold in-
crease in the amoebae’s sensitivity to
cyclic AMP. This means that the whole
mechanism of chemical attraction is at
least 10,000 times more effective dur-
ing aggregation than during the earlier
stages of the amoebae’s development
[see illustration on page 91].

We were also able to show that, just
as the amoebae continuously produce
small amounts of cyclic AMP during the
early stages of their development, they
also continuously produce the enzyme
that destroys the attractant. This mech-
anism of simultaneous production and
destruction evidently serves an impor-
tant purpose in the amoebae’s life cycle.
If the individual amoeba’s output of at-
tractant were not steadily eliminated,
the attractant would keep accumulating
until the gradient in attractant concen-
tration that guides the individual during
aggregation would be drowned out. An
example is the role the destructive en-
zyme plays in the Konijn assay. The fact
that the amoebae are initially concen-
trated in one spot means that a consid-
erable amount of the enzyme is also con-
centrated in the same area; it destroys
any attractant in the immediate vicinity
of the amoebae. The result is that if at-
tractant is applied externally, it is de-
stroyed in the immediate region of the
amoebae, producing a steep outward
gradient of attractant that stimulates the
amoebae to move out radially beyond
the confines of their droplet.

I have pointed out that soil amoebae
feed on soil bacteria and also that bac-
teria secrete cyclic AMP. It is quite
reasonable to suppose that a positive re-
sponse to cyclic AMP, among other sub-
stances, helped the solitary predators
that were the ancestors of the slime mold
amoebae to track their prey. Cyclic
AMP is a small molecule that diffuses
readily and is remarkably stable. As evo-
lution proceeded and slime molds with
multicellular fruiting bodies began to
enjoy the selective advantages of more
effective spore dispersal, it is possible to



Basic Research at Honeywell

Research Center
Hopkins, Minnesota

The use of Infrared Detection
in Industrial Measurement of Temperature

New processes and materials have increased the need
for devices measuring temperatures from 100°to 500°F.
Sensing Infrared energy may offer practical solutions.

Industry today, working with plastics,
rubber, textiles, paper and glass, requires
a new order of devices for temperature
measurement, with greater precision,
speed of response, and reliability. Require-
ments vary considerably for production
processes, however most uses demand a
device which can make a very rapid and
accurate measurement of a small “target”
portion of the product. Because the product
may be moving rapidly or may be corro-
sive, the sensing must be accomplished
without coming in contact with the surface.

One basic temperature measurement
device, the thermocouple, is still used.
Unfortunately, the sensing portion of the
thermocouple is usually placed in a mold
or tool, so it yields an indirect measure of
average heat. Also, a thermocouple requires
a large temperature differential between
the sensor and the reference junction to
produce a practical measureable voltage.

Connecting a number of thermocouples,
in series, as in a thermopile, does increase
the voltage output, but both the thermo-
couple and thermopile share the additional
disadvantage of slow response.

If we could measure heat (radiant en-
ergy) rather than heat transfer directly,
the delay in response would be eliminated.
Radiant, or infrared energy, is directly pro-
portional to temperature by the formula:
E = esT* (¢ = emissivity constant). The
amount of infrared radiation is determined
by the number of photons which are emit-
ted by a hot object and by their energy or
wavelengths. An instrument which counts
the number of photons of the proper en-
ergy would give a signal which could be
directly converted to temperature.

Semiconductors convert photons of in-
frared radiation into signals. One elemental
semiconductor, germanium —to which im-
purities have been added to produce
“doped” germanium — has been used in
temperature measurement. When IR radi-
ation impinges on a doped crystal of
germanium, the photons are absorbed by
electrons from the crystal impurities. The
photon energy enables the electrons to es-
cape the bonds holding them to the atoms.
In this phenomenon, called photoconduc-
tivity, the photo-excited electrons carry a

current freely through the crystal which
can be measured electrically and converted
to a measure of temperature.

However, doped germanium detectors
are largely restricted to laboratory or mili-
tary use because only small amounts of
impurities can be added to pure germanium
crystals, resulting in few potentially excit-
able electrons and a faint signal. These
faint photoelectric signals are obscured by
conduction from thermally excited elec-
trons unless the sensor is housed in an
elaborate liquid helium cooling apparatus.

To eliminate the low temperature re-
quirement limiting the practical use of
doped germanium detectors, scientists at
Honeywell began, in 1960, to search for a
compound with intrinsic excitability, on the
theory that, if the electrons of the crystal
material itself could be photoexcited, there
would be a greater number of current-
carrying electrons and a stronger signal.

Impurity Ener

Electron energy level diagram of photoconduc-
tors. The small impurity energy gap gives ger-
manium its photoconductive property.
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The Honeywell scientists assumed that
an alloy combining a compound having a
vanishingly small energy gap, with a wide
energy gap semi-conductor compound,
would have intrinsic excitability. After
comparing a number of different alloys,
they developed a photoconductive alloy of
mercury telluride and cadmium telluride
which could effectively sense lower energy,
longer wavelengths, and which could be
cooled either thermoelectrically or by lig-
uid nitrogen, thus obviating the need for
an elaborate apparatus.

The alloy mercury-cadmium telluride
also proved to be designable. By varying
the amounts of HgTe and CdTe, an alloy
could be designed to yield an optimum re-
sponse at the specific wavelength dictated
by the temperature of the material being
measured.

Since these materials are extremely sen-
sitive to the presence of impurities, highly
pure single crystals of the alloy had to be
produced. By solidification from a molten
mixture of HgTe and CdTe, homogeneous
crystals were grown to fit specific industrial
requirements. The crystals, combined with
optical equipment to focus the radiation,
plus a signal amplifier and a cooling sys-
tem, produce a practical industrial instru-
ment which is now being used at temper-
atures ranging from room temperature to
greater than 2000° F. The Honeywell in-
frared pyrometer can measure temperature
in less than 10 ms at temperatures from
100° F., with a target size of less than .25
sq. in. Error tolerances are 2% and re-
peatability is 0.5%.

Future research will center on the prob-
lem of greater accuracy, particularly in
room-temperature applications.

If you are working in the field of infra-
red pyrometers, and want to learn more
about Honeywell’s research in infrared de-
tection, contact Dr. Donald Long, Honey-
well Research Center, Hopkins, Minnesota.
If you are interested in industrial applica-
tions for Honeywell’s infrared pyrometer
contact Mr. John Myers of the Honeywell
Research Center. If you have an advanced
degree and are interested in a career in re-
search at Honeywell, please write to Dr.,
John Dempsey, Vice President Science and
Engineering, Honeywell Inc., 2701 4th
Avenue So., Minneapolis, Minn. 55408.

Honeywell

AUTOMATI ON
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NO,I5AID GRAPH!

You have to be a little careful when you tell our new film recorder, 35 mm film, which is superior
FR-80, what to do. Because there are so many things it might do. to any CR'T recorder system in
" the world. Such sharpness

makes  possible extreme cn-
largements, like E-size draw-
ings from microfilm.
Of course, this is the kind
of versatility a modern
company’s information
system has to have.
Special purpose
graphics output
systems freeze
your methods. FR-80 lets you improve
things, does away with special purpose systems.
Think of the economies. Then write for the full
story. It will give you a better view from the top.

If you have an enginecering drawing on mag tape, for example,
FR-80 can reproduce it on filim to government specifications.

I't will summon up eight different line widths, 128 different
kinds of characters including your special symbols, make
them larger or smaller, rotate them, make them italic,
or place them as sub- or super-scripts.

If you have a digitized parts list, FR-80 generates
your own preprogrammed form simultancously
with the data. Lists can be merged or selectively
sorted as the film recording is made.

If you have proposal to produce, FFR-80 will
set type in book quality, like this ad.

FR-80 will accept tape formatted for any
peripheral and produce alphanumerics
and graphics with equal quality, because
it is a general purpose computer at
heart. What quality? 80 line pairs
per millimeter resolved on the

Information International, 12435 W. Olympic Blvd.,
Los Angeles, Calif. 90064, (213) 478-2571;89 Brighton
Ave., Boston, Mass.02134,(617)787-4700: 7880 Coolridge
Drive, Camp Springs, Maryland 20031 (301) 449-4248.
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MEANWHILE,
BACK AT THE
PFR-3...

... we have further improved our
Programmable Film Reader/Recorder
to make it the most sophisticated image
analyzer available. New software has
been developed for these applications:
Image Restoration — Using digital filter-
ing, the PFR-3 reconstructs images that
have been degraded by object motion,
out of focus conditions, or atmospheric
turbulence. Ideal for such applications
as biomedical X-rays and recognition
of targets.

Iso-Density Mapping — Continuous-tone
photographs are converted to images
with a contour-like effect having discrete
bands shaded within themselves. Com-
plex, amorphous shapes are more easily
identified and studied.

Spatial Filtering — 1ll-defined shapes in a
photograph are given clean separation
(high-frequency filtering). Unwanted
separations, such as the raster lines in a
television image, are filled in (low-
frequency filtering).

And PFR-3 s still interpreting and
extracting information from oil well logs,
oceanological charts, bacterial cultures,
cine-theodolite film, displayed wave
forms, and many other kinds of image —
all automatically. Write or call us if
you’d like help on your application.

Information International,

12435 West Olympic Blvd, Los Angeles,
California 90064, (213) 478-2571;

89 Brighton Avenue, Boston,

Mass. 02134, (617) 787-4700;

7880 Coolridge Drive, Camp Springs,
Maryland 20031, (301) 449-4248.
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assume that social amoebae were helped
to aggregate by the same mechanism of
chemical attraction that already assisted
their quest for food. The only required
change would be to increase the sensi-
tivity of the mechanism enormously, so
that individuals would ignore their sur-
roundings, stop hunting and swarm to-
gether instead.

Thus we find that the question of
chemical attractants among social amoe-
bae and the question of hormonal ac-
tivity in mammals are connected by a
single biochemical link, and that the
two large pieces of the puzzle that we
mentioned in the beginning do indeed
fit together. There remains much to be
done, however; the rest of the puzzle
mustbe filled in.

If we look at the link, we see that in
Dictyostelium cyclic AMP appears to be
the main hormone responsible for the
amoebae’s social existence. We should

| like to know more about how it is con-
| trolled within

the individual amoeba
and how it orients amoebae, but its cen-

1010

CYCLIC AMP (MOLES)
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tral role is now established. Like the
principal mammalian hormones, it is ex-
tracellular and provides communication
between cells that are separated from
one another in space. In mammals, on
the other hand, cyclic AMP is triggered
by the extracellular hormones and acts
inside the cells. It may possibly act ex-
ternally as well, but such actions have
not yet been elucidated. That the chain
of chemical events involving cyclic ANMP
in mammals is longer and more complex
than it is in social amoebae is something
that is to be expected of more compli-
cated organisms.

To me, from a biochemical and an
evolutionary point of view, one of the
most fundamental unsolved questions is
the role of cyclic AMP in bacteria. There
have been some interesting beginnings
on this problem, and when it is fully
elucidated, I feel it will provide an im-
portant insight into the basic role of
the substance in all living systems, an
insight that is very much needed at this
moment.

14 16 18

TIME (HOURS)

HUNDREDFOLD INCREASE in the amount of attractant secreted by social amoebae
takes place during the seven hours in which the individual amoebae begin to stream to-
gether at collection centers. The peak is reached as aggregation is completed (top, right of
center); production falls sharply as the fully formed multicellular slug starts to migrate.
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ULTRAVIOLET ASTRONOMY

Telescopes now 1n orbit are measuring the ultraviolet radiation

from celestial objects that never penetrates the earth’s atmosphere.

The results may signiﬁeantly alter man’s view of the universe

he ability to put telescopes and
I other instruments in orbit above
the earth’s atmosphere is giving
astronomers an opportunity to observe
the sky in a way they could only dream
of a dozen years ago. It is well known
that the atmosphere blocks out most of
the shortwave radiation emitted by the
sun and other stars. Thus the radiation
reaching the average telescope on the
earth has a spectrum only slightly broad-
er in wavelength than the spectrum
visible to the eye: 4,000 to 7,000 ang-
stroms. A few infrared “windows” pro-
vide glimpses of wavelengths longer
than 7,000 angstroms. At the short end
of the spectrum the blockage is almost
complete below 3,000 angstroms. Con-
sequently astronomers could only guess
about the character and intensity of ra-
diation emitted by celestial objects be-
tween 3,000 and 300 angstroms in the
ultraviolet part of the spectrum. (Wave-
lengths shorter than 300 angstroms but
longer than .1 angstrom are arbitrarily
defined as X rays, and wavelengths
shorter than .1 angstrom are designated
gamma rays.)

The Orbiting Astronomical Observa-
tory (OAO-II), placed in orbit last De-
cember, is now providing a systematic
sampling of the ultraviolet output of
some 50,000 stars. In this article I shall
report some of the preliminary findings
of OAO-II and explain why astronomers
have been looking forward to its results
with such keen anticipation. In the
broadest sense ultraviolet astronomy,
now in its infancy, should help to answer
some of the fundamental questions about
the universe, including the processes by
which stars, and even galaxies, are born,
grow old and die. Ultraviolet data should
also tell us much about the nature of
quasars, the immensely bright starlike
objects that seem to be among the most
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remote beacons in the universe, and
about pulsars, the strange stars that flash
on and off with precise regularity from
once every few seconds to as rapidly as
30 times a second.

In the not too distant future, perhaps
by 1980, astronomers hope to establish
a great national observatory in space, or
preferably an international one. Among
the instruments being considered for
such an Astronomical Space Observa-
tory are a reflecting telescope at least
three meters in diameter for observing
planets, stars, nebulas and galaxies; a
number of special telescopes for study-
ing the sun, the largest of which might
be 1.5 meters in diameter and nearly 40
meters long; large-aperture telescopes
and arrays of detectors for monitoring
sources of X rays and gamma rays in the
universe, and a fantastic long-wave ra-
dio telescope shaped like a rhomboid 10
kilometers on a side. The observatory
would be designed as a fully automatic
permanent facility, but it would prob-
ably require intermittent visits by en-
gineer-astronauts to maintain, repair and
modernize the instruments. Measured
by its potential for fundamental discov-
ery, the proposed space observatory is
by far the most rewarding scientific ac-
tivity that can be envisioned for the U.S.
space program in the next two decades.

The utility of telescopes in space goes
beyond their capacity to intercept radia-
tion that cannot penetrate the atmo-
sphere. The air around and above us is
in constant turbulent motion, with the
result that the images produced by
earth-based telescopes are severely de-
graded. In theory the angular resolving
power of a telescope is directly propor-
tional to the size of its aperture, but in
practice there is little or no gain in
resolving power when the aperture ex-
ceeds 12 inches or so. The 200-inch tele-
scope on Palomar Mountain resolves fea-
tures on the moon that are about 3,000
feet across, but a telescope of the same
size above the atmosphere could dis-
tinguish craters as small as 100 feet in
diameter. The brightness of the night
sky places another serious limitation on
earth-based telescopes. Even in loca-
tions where there is very little dust in
the air, auroral emission in the upper
atmosphere and the airglow ultimately
fog photographic plates and drown out
the radiation from the faintest and most
remote celestial objects. Telescopes in
orbiting observatories above the airglow
will be able to collect this faint radiation
by long exposures. A space telescope 120
inches in diameter should be able to de-
tect stars 100 times fainter than the
faintest detectable from the earth. Data

ULTRAVIOLET SOLAR IMAGES, constructed from measurements made by Orbiting Solar
Observatory IV, can be compared with a photograph (top left on opposite page) taken on
the same day at the Sacramento Peak Observatory of the Air Force. The photograph was
made by recording a single wavelength: the red line of un-ionized hydrogen. It shows ex-
tensive sunspots on the northern hemisphere of the sun’s surface and lesser activity in the
southern hemisphere. The dark patches are clouds of comparatively cool gas. The five ultra-
violet images are numbered in order of increasing temperature, and therefore height, in the
solar atmosphere: 10,000 degrees (1), 100,000 degrees (2), 325,000 degrees (3), 1.4 million
degrees (4) and 2.25 million degrees (5). Temperatures are on the absolute, or Kelvin,
scale. The last two images respectively correspond to heights of 15,000 kilometers and 200.-
000 kilometers. The hottest regions are in the palest color; the coolest regions are dark
gray. It can be seen that the sunspots exert an influence throughout the solar atmosphere.
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FOR SPIN CONTROL

ORBITING SOLAR OBSERVATORY IV, launched October 18, 1967, carries some 250
pounds of instruments in a circular orbit 350 miles high. The base section, which rotates 30
times a minute, has instruments for six experiments. The upper section, which can be
aimed at the sun, carries an X.ray telescope, X-ray spectrometer and ultraviolet spectro-
heliograph designed by the author and his colleagues at the Harvard College Observatory.

SUNSHADE

SEVEN WISCONSIN

TELESCOPES SOLAR PANEL

FOUR SMITHSONIAN
TELESCOPES

BALANCE BOOM

D
STAR TRACKERS SUNSHADE

ORBITING ASTRONOMICAL OBSERVATORY II (OAO-II), with a scientific payload of
1,000 pounds, is the most complex unmanned satellite developed by the U.S. It was launched
December 7, 1968, into a circular orbit 480 miles high. Designed expressly to measure ultra-
violet radiation from stars, OAQO-II is equipped with 11 telescopes: three of 16-inch aperture,
four of 12-inch aperture and four of eight-inch aperture. Four of the telescopes were pro-
vided by the Smithsonian Astrophysical Gbservatory, seven by the University of Wisconsin.
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on faint objects are critical for settling
major questions in cosmology, such as
whether the universe is infinite or not.

r]‘he atoms and molecules responsible

for absorbing ultraviolet and infra-
red radiation in the earth’s atmosphere
and the heights at which they are found
are fully known, so that one can estimate
how high it is necessary to go to get
above them [see illustration on opposite
page]. The infrared is absorbed chiefly
by water vapor and carbon dioxide, most
of which is below 30 kilometers, a height
that can be exceeded by stratospheric
balloons. On the other hand, ultraviolet
radiation is absorbed at much higher alti-
tudes, which can be exceeded only by
rocket propulsion. The band of wave-
lengths between 2,900 and 2,200 ang-
stroms is absorbed by the layer of ozone
that is formed by the action of solar ul-
traviolet radiation on oxygen molecules
at an altitude of about 50 kilometers.
The spectrum from 2,200 to 900 ang-
stroms is absorbed by molecular oxygen,
most of which lies below 100 kilometers.
Molecular nitrogen, atomic oxygen and
atomic nitrogen absorb ultraviolet radia-
tion of still shorter wavelength, the maxi-
mum absorption occurring at about 500
angstroms. At this wavelength very little
radiation penetrates below 240 kilome-
ters.

The height of the ozone layer was not
well known until the advent of sounding
rockets in 1946, and was in fact usually
much underestimated. Thus in the late
1920’s unsuccessful attempts were made
to photograph the solar ultraviolet spec-
trum from manned balloons at heights
up to nine kilometers, and as late as the
1930°s it was still thought by some that
an unmanned balloon observatory could
penetrate the ozone layer and photo-
graph the solar spectrum as far down as
900 angstroms. Space astronomy finally
became a reality in October, 1946, when
a group at the Naval Research Labora-
tory headed by Richard Tousey photo-
graphed the solar spectrum down to a
wavelength of 2,200 angstroms with a
spectrograph carried to an altitude of 80
kilometers in the nose cone of a German
V-2 rocket. From this modest beginning
the frontier of the solar-radiation spec-
trum has been pushed steadily toward
shorter wavelengths by instruments of
increasing refinement and complexity
mounted in sounding rockets and in arti-
ficial satellites.

More recently the development of
precision pointing devices has also
brought the stellar universe within the
range of space telescopes, so that the
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ATMOSPHERIC ABSORPTION of electromagnetic radiation is
strong in the ultraviolet region of the spectrum, where the hottest
stars emit most of their energy. The upper boundary of the dark

possibilities for gaining basic new infor-
mation from space astronomy are now
virtually unlimited. Several new subdi-
visions of observational astronomy have
been created, each concerned with its
own region of the spectrum and requir-
ing unique observing techniques and
instrumentation. The subdivisions in-
clude X-ray and gamma-ray astronomy,
ultraviolet astronomy and infrared as-
tronomy (althoughmuch important work
in the last category can still be accom-
plished from the ground). A fourth
subdivision, particle astronomy, is con-
cerned with the detection of cosmic rays
from the sun, the galaxy and the extra-
galactic universe. I shall deal here only
with ultraviolet astronomy, beginning
with the sun.

"Fhe physical nature of the sun has

been under investigation for more
than 350 years, ever since the sun was
first observed through a telescope by
Galileo. There are a number of reasons
why the sun continues to occupy a major
share of the attention of astronomers.

WAVELENGTH (ANGSTROMS)

First of all, no other star is close enough
to appear as more than a point of light in
the most powerful telescopes. Thus the
sun is the one star out of billions that we
can hope to understand in much detail.
In addition, the sun now assumes an im-
portant role in geophysics for the reason
that the flow of certain types of so-
lar radiation (notably X rays, ultraviolet
radiation and charged particles) is not
at all steady but often exhibits sudden
large transients, which are frequently
followed by correspondingly violent dis-
turbances in the earth’s upper atmo-
sphere and magnetic field. Finally, the
closeness of the sun makes it a unique
phvsical laboratory where the behavior
of matter can be studied under an enor-
mous range of physical conditions that
have not so far been duplicated on the
earth. For example, the temperature at
the center of the sun, where thermonu-
clear reactions convert mass into energy,
is on the order of 15 million degrees
Kelvin. The relatively new discipline of
plasma physics owes much to astronomi-
cal studies of the motions of ionized and
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gray areas specifies the altitude where the intensity of external ra-
diation at each wavelength is reduced to half its original value.
Radio waves beyond 50 meters in length are blocked completely.

magnetized solar gases as observed with
telescopes and spectroscopes.

Although a great body of knowledge
about the sun had been accumulated by
1940, the modern era of solar physics is
only a little older than a quarter of a
century, dating from the surprising dis-
covery made by Bengt Edlén that the
solar corona is an extremely hot ionized
plasma with a temperature of about a
million degrees K. Since the tempera-
ture of the sun’s visible surface is only
about 6,000 degrees K., the high tem-
perature of the corona presented a puz-
zle. Studies over the past two decades
have revealed that the temperature ac-
tually drops to about 4,500 degrees K.
at the top of the photosphere, the layer
adjacent to the surface that emits most
of the visible radiation. The tempera-
ture remains roughly constant for a few
hundred kilometers and then begins to
rise in the region known as the chromo-
sphere, slowly at first and then very
rapidly, jumping from 50,000 degrees
to 500,000 degrees in a distance of no
more than a few hundred kilometers,
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and then rising more slowly to tempera-
tures exceeding two million degrees [see
illustration on opposite page].

For heat to flow outward from cool
regions to much hotter regions would
seem to violate the second law of ther-
modynamics. In reality, however, there
is no violation because work is being
done on the atmosphere by turbulent
columns of gas moving upward from
an unstable region below the photo-
sphere. The evidence for such large-
scale convection is provided by the gran-
ulated appearance of the sun’s visible
surface, which is caused by the contrast
between the hot, bright material mov-
ing upward and the cooler, darker ma-
terial moving downward [see illustration
on page 102]. It is generally accepted
that the motions of the turbulent gases
are transformed into waves of several
types that dissipate their energy in the
form of heat as they travel up through
the atmosphere, but a detailed theory of
the heating process has not yet been veri-
fied. Such a theory should be able to
predict the rates at which the tempera-
ture and the density change with height
through the chromosphere and corona.
Such predictions are difficult, if not im-
possible, to test by conventional ground-
based observational techniques.

Data on the transition region between

the chromosphere and corona are
particularly elusive. This is the region
where the temperature jumps suddenly
from 50,000 degrees to a million degrees
within a very short distance. In this zone
the number of electrons stripped from
atoms is determined by the local temper-
ature; the higher the temperature, the
higher the degree of ionization. Because
the temperature increases rapidly with

height, the total volume occupied by
any one species of ion is extremely small
and therefore only the strongest emis-
sion lines of each species can be de-
tected. These lines fall in the far-ultra-
violet region of the spectrum. The highly
ionized atoms in the transition zone also
emit visible light, but it is too feeble to
be observed. Only in the corona itself is
visible radiation from highly ionized
atoms detectable. Even here compara-
tively few ions make their presence
known in this way, and they do so only
from the region peripheral to the solar
disk. In order to learn more about the
structure of the hot transition regions of
the sun, where matter radiates chiefly
in the ultraviolet part of the spectrum,
it is necessary to mount ultraviolet de-
tectors on space platforms.

Many exploratory investigations of the
sun’s far-ultraviolet spectrum have been
carried out by laboratories in this coun-
try and abroad, chiefly with the aid of
sounding rockets. These studies have
paved the way for the much more ad-
vanced instruments carried aloft in
spacecraft such as the series of five or-
biting solar observatories (OSO’s) that
have been placed in orbit by the Na-
tional Aeronautics and Space Adminis-
tration since March, 1962 [see top illus-
tration on page 94]. Each OSO provides
a stabilized platform on which about 70
pounds of instruments can be mounted
and aimed at the sun with an accuracy
of within one minute of arc (about a
thirtieth of the sun’s diameter). In addi-
tion to the section that can be trained
continuously on the sun the spacecraft
includes a rotating section whose in-
struments survey the sun intermittently.

In 1891 George Ellery Hale of the
U.S. and Henri A. Deslandres of France

SOLAR IMAGE

/

independently conceived the idea of
the spectroheliograph, an instrument for
constructing monochromatic images of
the sun in individual spectral lines radi-
ated by atoms and ions. The device has
been one of the principal meaus for in-
vestigating the structure of the lower
part of the chromosphere. When the
fourth orbiting solar observatory (OSO-
IV) was launched in October, 1967, it
carried an ultraviolet spectroheliograph
designed and constructed by the Har-
vard College Observatory to record the
spectrum of radiation from the center of
the sun’s disk in the wavelength region
from 300 to 1,400 angstroms, and to
produce monochromatic solar images at
any desired wavelength in this spectral
range [see illustration below]. Some of
the results of the Harvard experiment
are presented here as an example of
what is now being achieved by the tech-
niques of solar ultraviolet astronomy. In
the far-ultraviolet region of the spec-
trum, radiation from the photosphere is
too weak to be detected. Thus instead
of the familiar patterns of the visible
spectrum, in which dark lines are super-
posed on a bright continuous spectrum,
the spectrum consists entirely of bright
emission lines and bands of continuous
emission from the chromosphere and
the corona [see illustration on pages 98
and 99]. Most of the strong bright lines
in that part of the spectrum have been
identified, but only a few are labeled in
the illustration; they suggest the great
variety of ionic species that contribute
to the sun’s ultraviolet emission. The ap-
proximate temperatures at which some
of these emission lines are formed can
be found in the illustration on the op-
posite page. The great bulge of continu-
ous emission extending to shorter wave-
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that separates the radiation into its component wavelengths. By
rotating the grating to various positions any narrow band of ultra-
violet radiation between 300 and 1,400 angstroms can be centered
on the photomultiplier detector. The instrument scans the sun in a
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TEMPERATURE OF SUN’S ATMOSPHERE rises steeply some
2,000 kilometers above the photosphere, or visible surface of the
sun, which itself is only about 6,000 degrees K. The region where
the temperature jumps from 50,000 degrees K. to more than 500,000

lengths from 912 angstroms is formed
when ionized hydrogen recombines with
free electrons to form neutral hydrogen
at a temperature of about 10,000 degrees
K. At the other extreme, bright lines of
Fe XV and Fe XVI (iron atoms with
respectively 14 and 15 missing elec-
trons) are emitted in highly localized
superhot regions of the corona where the
temperature may be as high as two mil-
lion to four million degrees K. Most of
the other emission lines are produced
by the abundant elements (hydrogen,
helium, carbon, nitrogen, oxygen, neon,

A

|
| —
1
— e —
[ = —
— e 1
L l/ %
= ]
L ’I .Y
LY ]
L ¥ i 1
I X - |
L r 1
& 1 1
L L 1
I r ]
]
L 1
[ |
— 1
[ L T
7 1
[ h - 7
K ri ]
L 5 i
h v 1
— b v d
b o 1
L ¥ =
. et 1
L =
- — ]
]
= J

A

raster pattern (far right), providing a total
of 1,920 measurements in a period of about
five minutes. The area covered by each mea-
surement is indicated by the white square.

HEIGHT ABOVE SOLAR SURFACE (KILOMETERS)

magnesium, silicon, sulfur and iron) in
various stages of ionization; each ion
emits radiation at just the height in the
atmosphere where the temperature is
right for its formation and maintenance.
\ hen the Harvard instrument is used
as a spectroheliograph, it is able on
command from the ground to select ra-
diation from any desired narrow band of
wavelengths and by scanning the sun in
a raster pattern to construct a picture of
the solar regions emitting that particular
wavelength. Since each emission line is
emitted in a narrow height range, pic-
tures of the sun made in this way out-
line the three-dimensional structure of
the solar atmosphere. The pictures are
not made by direct photography because
the satellite cannot return the film to the
ground. Instead images are reconstruct-
ed on the ground from a matrix of bright-
ness measurements made at 1,920 points
covering the sun’s visible disk and the
surrounding inner corona. The bright-
ness measurements are made photoelec-
trically by a photon-counting system
incorporated into the instrument. They
are then recorded on magnetic tape and
transmitted to the ground by radio at
the end of each orbit when the satellite
passes over one of the several ground
stations along a north-south line between
Rosman, N.C., and Santiago in Chile.
Approximately a third of the data

© 1969 SCIENTIFIC AMERICAN, INC

divides the chromosphere from the corona. Temperatures are in-
ferred from the spectral lines of various ions, atoms stripped of
one or more electrons. The Roman numeral following the name of
each element is one greater than the number of missing electrons.

were received at Fort Myers, Fla., and
were then relayed almost immediately
to Cambridge, Mass., over a leased tele-
phone line. Hence astronomers in Cam-
bridge were able to examine pictures of
the sun 20 to 30 minutes after they had
been received on the ground and to
make changes in the observing program
as desired. The distribution of brightness
across the solar image can be represent-
ed in a number of different ways. A typi-
cal set of five ultraviolet images, record-
ed on November 22, 1967, are shown on
page 93, along with a photograph made
on the same day in the red line of un-
ionized hydrogen at the Sacramento
Peak Observatory in New Mexico. The
two zones of activity that coincide with
the sunspot zones extend from east to
west in both hemispheres and show
up clearly as regions of above-average
brightness. The dark areas and patches
in the un-ionized-hydrogen photograph
are comparatively cool clouds of gas
seen in projection against the solar disk.

The sequence of ultraviolet images
in this illustration is arranged in order
of increasing height and therefore of
increasing temperature in the solar at-
mosphere. The first ultraviolet image
(Image 1) is formed by the radiation of
ionized hydrogen in the chromosphere,
where the temperature is about 10,000
degrees K. It shows both the bright ac-
tive regions and the dark clouds and is
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generally similar in appearance to the
photograph made in un-ionized hydro-
gen. Image 2 is formed by the radiation
of doubly ionized nitrogen at a temper-
ature of about 100,000 degrees K. In
addition to the bright centers of activity
the image shows a higher contrast be-
tween bright and dark regions; a bright
ring of emission from the chromosphere-
corona transition region is beginning to
show along the edge, which takes on a
jagged appearance. Image 3 is made
in the radiation of oxygen atoms from
which five electrons have been removed
(O VI) at a height where the tempera-
ture is about 325,000 degrees K. The
solar edge has now become very bright
and above the limb some radiation can
be detected from the lower corona,
where the temperature is a million de-
grees.

Image 4 is made in the radiation of
magnesium atoms from which nine elec-
trons have been removed (Mg X); this
ion is formed at an average temperature
of 1.4 million degrees. An image of Mg-
X emission is therefore a picture of the
corona, which can be seen well beyond

the limb as well as in front of the disk.
In fact, the size of the image is sharply
bounded at the east and west by the
instrument’s limited field of view. Note
the increasing contrast between the
brightness of the active regions and that
of the surrounding “quiet” corona. Final-
ly, Image 5 is formed by silicon ions (Si
XII) radiating at an average tempera-
ture of 2.25 million degrees and there-
fore shows the hotter parts of the corona
in the active regions. Both poles, for ex-
ample, appear to be relatively dark and
hence must be considerably cooler than
the regions closer to the equator.

The ultraviolet spectroheliograph ex-
tends the study of solar atmospheric
structure from the low chromosphere to
the corona. This new technique will be
particularly valuable when it is applied
to the investigation of solar flares, which
have traditionally been studied with the
aid of solar images made in the red line
of hydrogen. The series of images on the
cover of this issue of Scientific American
shows the development of a bright flare

at the sun’s limb as it appeared in
the radiation of O VI on November 29,

1967. Each contour interval represents
a factor of 1.6 in brightness; thus the
flare center was seen to increase in
brightness by a factor of about six. Since
successive images were made at five-
minute intervals, much important activ-
ity was probably missed.

Late in 1969 an improved spectroheli-
ograph, with twice the angular resolu-
tion of the present instrument and a
time resolution of 30 seconds, will be
placed in orbit. In 1972 a still more ad-
vanced version of the Harvard instru-
ment will be carried aloft on the Apollo
Telescope Mount (ATM), a manned ob-
servatory that will also carry other types
of solar instrument now being prepared
by groups at the High Altitude Observa-
tory in Boulder, Colo., the Naval Re-
search Laboratory, the Goddard Space
Flight Center of NASA and American
Science & Engineering, Inc.

In the case of the sun extraordinary
advances in knowledge have been made
with very small space telescopes, no
more than an inch or two in diameter
and with a pointing accuracy limited to
about one minute of arc. For stars, how-

RS ~ 0 D g~ N 0owQg 0 oy co 5 I 0 <+ o o W ooy~
g 3 S 8 8 8B 83 288 88 SRR g 83855888
— > = . - >= > _ = e = ¥ -
S5 = = =z Z%QOD W= W < WS FE . o
= I®) O O O @) Lo ; O W O o W -
o T b O Quw > w W - >0 Q QO 0O 5 Q¢
T z g T == > i T
v N b O o 8 0O 5 K e %
o . > > > ol = )
e g 8 X B >
| ‘ 'J"[J ” | | | ‘—:L\I o 5l
5 T T T T T T T
m
)
<C
O 4F
(%]
(@)
=
T
= 3r
[a el
<
(O]
@)
=
a
=z
(@]
@)
o
(%]
[eo]
(@]
o
i
a
(%]
—
=
D .
O r y
(@] LY TINUU A LYMAN
-2 1 . L 1 1 1 i I
300 400 500 600 700 800 900 1,000

SOLAR SPECTRUM at ultraviolet wavelengths beiween 300 and
1,400 angstroms was recorded from the center of the solar disk by
the Harvard spectroheliograph on OSO-1V. The height of the curve
at each wavelength is the number of counts per counting interval of
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80 milliseconds. Some of the more prominent emission lines are la-
beled, including the first five members of the Lyman series of neu-
tral hydrogen (color). The great bulge of emission extending from
650 to 910 angstroms is the Lyman series continuum created when



ever, the requirements are much more
stringent: telescope apertures must be
10 inches or more and errors in pointing
no greater than a few seconds of arc.
This requirement for larger and more
complex instrumentation has kept steliar
ultraviolet astronomy from developing
as rapidly as its solar counterpart, but
the recent successful launching (on De-
cember 7, 1968) of the Orbiting Astro-
nomical Observatory (OAO-II) has given
enormous impetus to stellar space as-
tronomy.

Considering the huge variety of ob-

jects in the stellar and galactic uni-
verse, it is almost a certainty that the ob-
servations of ultraviolet radiation from
the new space platforms will transform
our ideas in radical and unpredictable
ways. Although the element of unex-
pected discovery is an important one,
there are also well-defined scientific rea-
sons for expecting that stellar ultravio-
let astronomy will help us to answer
basic questions about the universe. Cur-
rent ideas about the evolution of stars,
derived from observatious with large op-
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ionized hydrogen atoms (protons) in the
lower chromosphere capture free electrons.
A similar but weaker continuum is radiated
by ionized helium around 500 angstroms.

tical telescopes on the earth, suggest
that a star begins its life as a condensa-
tion of interstellar dust and gas. If such
a protostar happens to have the right
mass (between a hundredth and 100
times the mass of the sun), it will con-
tract further and become a star. During
the life of the star thermonuclear proc-
esses convert hydrogen into heavy ele-
ments with the release of energy; the
more massive the star, the more rapid
its rate of energy production and hence
the shorter its life expectancy. A star
with a mass roughly the same as the mass
of the sun may last for about 50 billion
years. On the other hand, a very hot,
massive star—one weighing 10 times as
much as the sun—will radiate 10,000
times more energy per unit time, or
1,000 times more energy per unit mass;
as a result its life expectancy will be only
a thousandth that of the sun, or about 50
million years. Assuming that the age of
our galaxy is about 10,000 million years,
there has been ample time for several
generations of hot, massive stars to have
lived and died.

Thus the hottest stars, having short
lives, are more likely to show the effects
of aging than the cooler ones. Unfortu-
nately for earth-based astronomy only a
small part of the radiation of hot stars is
in the form of visible light. For example,
two stars that appear equally bright to
the unaided eye will emit totally differ-
ent ratios of ultraviolet and infrared
radiation if one star is at 6,000 degrees
K., like the sun, and the other is at
25,000 degrees [see top illustration on
next page]. Theoretically the hotter star
should emit more than 80 percent of its
energy in the ultraviolet region of the
spectrum, whereas the cooler star should
emit more than 80 percent of its energy
in the visible, infrared and radio regions.
One must add that calculating such en-
ergy-distribution curves in the absence
of observational data is a bit like in-
ferring the shape of an iceberg from the
part seen above water. Real stars are
likely to radiate in quite a different way,
and until their ultraviolet energy fluxes
are observed we cannot really determine
how fast they are evolving.

When a star is born, it consists almost
entirely of hydrogen, the fuel that feeds
its thermonuclear furnace. When the
fuel gives out, the star may explode into
a supernova and eject a large fraction
of its mass into interstellar space. The
ejected material increases the proportion
of heavy elements in interstellar space;
therefore the hot, massive stars formed a
few tens of millions of years ago should
contain a higher percentage of heavy
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elements in relation to hydrogen than
the slowly evolving sun, which we be-
lieve was formed a few billion years
ago. A crucial test of this theory would
be the accurate measurement of the
chemical composition both of hot stars
and of the interstellar gas. Chemical
abundances are derived from measure-
ments of the intensity of emission lines
in stellar spectra, or alternatively from
the blackness of absorption lines. Some
of these lines are formed in the atmo-
sphere of the star, as in the Fraunhofer
spectrum of the sun; others are im-
pressed on the spectrum when the star-
light passes through the interstellar gas
on its long journey to the earth. Although
some information on chemical composi-
tion can be obtained from measurements
of the visible spectrum, the most impor-
tant lines lie in the ultraviolet. It is there
that decisive tests of theories of stellar
evolution will be conducted.

In reality the intensity of an interstel-
lar absorption line in the spectrum of a
distant hot star tells us only the quantity
of a given element that is in a particular
state of ionization. It is not always pos-
sible to observe spectral lines from all
the states of ionization in which a given
element may exist in the interstellar me-
dium; therefore the fraction of ions in a
given state must be calculated from the-
ory. Since atoms in the interstellar gas
are ionized by the action of ultraviolet
radiation from nearby hot stars, it be-
comes essential to measure the flux of
this radiation. A valuable by-product of
the calculation is the evaluation of the
density of free electrons in space. Knowl-
edge of this density not only helps us
to determine the properties of the inter-
stellar gas but also is vital for estimating
the distance of pulsars.

Another question that ultraviolet as-

tronomy may help to answer is
whether or not (and if so, to what extent)
other stars have coronas and activity cy-
cles like the sun’s. The sunspot cycle and
its attendant quasi-periodic variation of
solar activity is one of the most spectacu-
lar features of the sun’s behavior. The
number of sunspots visible on the disk of
the sun at any one time varies on the
average in a cycle of about 11 years. The
same regions of the sun where sun-
spots occur are also the scenes of violent
storms and eruptions, the most spectacu-
lar of which are the solar flares. The ac-
tivity is much more widespread and vio-
lent near the maximum of the sunspot
cycle than near the minimum. The ac-
tivity zones are not confined to the vis-
ible surface but extend up through the
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ULTRAVIOLET SPECTRUM of star Alpha Virginis was made by University of Wisconsin
telescopes on OAO-II. Four absorption lines are produced by carbon and silicon ions in
the star’s atmosphere. Hydrogen in interstellar space produced the Lyman-alpha absorption.

100

© 1969 SCIENTIFIC AMERICAN, INC

corona [see illustration on page 93]. The
material in sunspots is highly magne-
tized. It is in fact fairly well established
that sunspots and their associated activ-
ity are caused by the highly localized
buildup of the magnetic fields, which
have a strength of several thousand gauss
in sunspots compared with an aver-
age intensity of very few gauss in quiet
regions.

Exactly what causes such periodic ac-
cumulations of magnetic fields in the
sun is not known, but it seems reasonable
to suppose that a large fraction of other
stars must have similar cycles of activity
and that they too are surrounded by ex-
tended high-temperature coronas. Since
stars are too far away to show a visible
disk, it is unlikely that “star spots” can
be directly observed in the foreseeable
future. Just as the existence of a high-
temperature solar corona can be inferred
from the observation of emission lines of
highly ionized atoms in its ultraviolet
spectrum, however, so might similar ob-
servations of stellar spectra reveal the
existence of stellar coronas. On the av-
erage the intensity of these emission lines
should go up and down in unison with
the star-spot cycle in a period not unlike
that of the solar 11-year cycle, although
the length of the period might be quite
different. It would be extremely valuable
if sunlike activity were discovered in
other stars, not only because it might
explain the variability of our own star
but also because it should help to an-
swer basic questions about the physics
of a hot magnetized plasma—a gas of
ions and electrons.

Much of what has been said here
about the importance of observing the
ultraviolet radiation of stars applies
equally to external galaxies. In addition
to the comparatively normal stars and
galaxies, a great variety of objects
(whose importance in studies of stellar
and galactic evolution far outweighs
their small number) can be expected to
emit spectacular amounts of ultraviolet
radiation. They include several types of
star known to have an extended atmo-
sphere; several classes of variable stars,
including magnetic stars and novas; the
planetary nebulas that surround stars
on their way to extinction; remnants of
supernovas, such as the Crab nebula, and
several types of abnormal external gal-
axy, including the quasi-stellar objects
(quasars) and the Seyfert galaxies (rath-
er normal-looking galaxies with bright,
starlike nuclei).

Since 1965 sounding rockets have
been equipped with pointing systems
capable of aiming a telescope at an in-



dividual star so precisely that its spec-
trum can be photographed or recorded
by photoelectric cell during an exposure
lasting several minutes. Early measure-
ments made in this way by Donald C.
Morton, Edward B. Jenkins and their
collaboratcrs at Princeton University
with ultraviolet spectrographs flown in
Aerobee sounding rockets were a har-
binger of the scientific discoveries and
surprises that were expected from the
more extensive and systematic observa-
tions to be made with telescopes aboard
large orbiting observatories. The Prince-
ton astronomers found, for example, that
the average density of hydrogen be-
tween the sun and the stars in Orion’s
Belt is about .1 atom per cubic cen-
timeter, which is about a tenth the
density of un-ionized hydrogen derived
from measurements of the hydrogen ra-
dio line at a wavelength of 21 centi-
meters. They have also discovered that
certain hot supergiant stars in Orion and
Puppis are ejecting a shell of gas con-
taining significant amounts of mass at a
speed of about 1,500 kilometers per sec-
ond. Such definite indications of mass-
loss are important in considerations of
stellar evolution.

he first satellite measurements of stel-

lar ultraviolet radiation were made
by the Russians with automatic equip-
ment carried by Cosmos 51. Shortly
thereafter, in 1966, stellar spectrograms
were made with small hand-held instru-
ments by astronauts in Gemini X and
Gemini XI. The first comprehensive re-
sults from satellite ultraviolet astronomy
began to arrive in December, 1968, with
the launching of OAO-II. (The first OAO
vehicle was launched in 1966, but a
power failure occurred before any mea-
surements could be made.) The second
OAO has now been in continuous opera-
tion for more than five months, and its
performance has been essentially per-
fect.

OAO-II is the first of three astronomi-
cal observatories that were planned in
1958-1959 as one of the earliest pro-
grams initiated by NASA during the
first year of its existence. It carries 11
small telescopes, four of them supplied
by the Smithsonian Astrophysical Ob-
servatory and seven by the University
of Wisconsin. The objective of the
Smithsonian Observatory’s Project Cele-
scope is to map the entire sky in four
different ultraviolet wavelength bands
centered on 1,400, 1,500, 2,300 and
2,700 angstroms. The mapping is being
carried out with four telescopes of 12-
inch aperture, each equipped with an
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SPECTRUM OF NUCLEUS OF ANDROMEDA GALAXY is a composite of measurements
made by ground-based telescopes (gray curve) and by a University of Wisconsin telescope
on QOAOQO-II (colored curve). The rise in the ultraviolet flux was unexpected and implies that
the nucleus contains more hot stars than had been suggested by studies from the ground.

appropriate combination of optical filter
and television camera tube to isolate and
record one of the four wavelength bands.
It is estimated that some 50,000 stars
will be recorded by the Smithsonian tele-
scopes. Three of the Wisconsin tele-
scopes have a diameter of 16 inches,
and four smaller telescopes have a di-
ameter of eight inches. These telescopes
are being used to make accurate pho-
toelectric measurements of the ultravio-
let spectra of stars, of nebulas within
our own galaxy, of other galaxies and of
planets.

The OAO-II experimenters were re-
warded with unexpected and provoca-
tive findings within the first few weeks
of the satellite’s launching. According
to Robert J. Davis, principal experi-
menter of Project Celescope, about 1
percent of the stars observed so far are
between six and 40 times brighter in the
ultraviolet than had been expected. The
stars in the Pleiades, believed to be a
collection of very young stars and there-
fore bright in the ultraviolet, turn out to
be brighter than anticipated by a factor
of from three to six.
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Arthur D. Code, director of the Wash-
burn Observatory of the University of
Wisconsin, has generously given me two
series of spectral scans made by the Wis-
consin instruments aboard OAO-II. The
first is a scan in the region between 1,000
and 1,400 angstroms of the spectrum of
the bright star Alpha Virginis (Spica)
[see bottom illustration on opposite
page]. Although the resolution of the
spectrum is comparatively low, a num-
ber of lines can be clearly identified.
Note particularly the Lyman-alpha line
of hydrogen, which is absorbed out of
the spectrum when the starlight passes
through a column of interstellar hydro-
gen gas between Spica and the solar
system. The average density of the un-
ionized hydrogen in this path is about
one atom per cubic centimeter, or about
10 times greater than the density found
by Morton and Jenkins in the directions
of the constellations Orion and Puppis.

The second ultraviolet scan supplied
by Code [sec illustration above] is a plot
of the absolute energy radiated by the
nucleus of the great spiral galaxy in
Andromeda in the region between 2,000
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and 4,000 angstroms. The more detailed
curve depicting wavelengths longer than
3,300 angstroms was obtained from
ground-based observations, which had
suggested that most of the visible radia-
tion from the nucleus, or central region,
of the Andromeda galaxy is to be attrib-
uted to cool and old giant stars with a
surface temperature of between 4,000
and 5,000 degrees K. If the galaxy’s nu-
cleus were populated solely by such
stars, the energy curve would be expect-
ed to continue its downward trend from
the visible to the ultraviolet. The re-
versal of the trend reveals the presence
of a certain number of much bluer and
therefore hotter stars. These hotter stars
are presumably younger than the ma-
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jority of the stars in the galactic nucleus.
The ultraviolet radiation from the An-
dromeda galaxy is also of much impor-
tance in accounting for the ionization of
the interstellar gas in the galaxy’s nu-
cleus and in attacking problems of cos-
mology. The external galaxies compris-
ing the observable universe are receding
from our own local group of galaxies,
of which the Andromeda galaxy is a
member, with speeds up to a substan-
tial fraction of the velocity of light. Fur-
thermore, the velocity of recession, as
measured by the shift of the spectrum
toward the red, is proportional to the
distance, as would be expected if all the
galaxies had originated in a gigantic
explosion 10 to 20 billion years ago.

- 4
P

SUNSPOT, photographed from a balloon at an altitude of 80,000 feet, has a cool center that
shows up dark in white light. The granulated appearance of the surrounding disk is caused
by convection currents in the sun’s atmosphere. This photograph is one of several thousand
made by Project Stratoscope, directed by Martin Schwarzschild of Princeton University.
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The effect of a red shift, of course,
is to displace a galaxy’s ultraviolet radia-
tion toward the visible region. Code
comments that if all galaxies radiate as
strongly in the ultraviolet as the An-
dromeda galaxy does, the most distant
ones, whose red shifts are greater than
60 percent of the rest wavelength, would
appear bluer at visible wavelengths than
nearby galaxies with very small red
shifts. This means that if all galaxies are
about equally old, the more distant ones
would appear younger than those in our
local group by an amount equal to the
difference in the travel time of the light
from the galaxies, which could amount
to a billion years or more. Measurement
of the colors of distant galaxies should
therefore tell us whether these objects
have spectral characteristics different
from those of the Andromeda galaxy,
and thus whether they were formed
at an earlier time or whether they are
significantly different in their physical
makeup. In either case the implications
for cosmology are profound.

Neither the Smithsonian instruments
nor the Wisconsin ones have sufficient
resolution to record the number of spec-
tral lines required, for example, to study
the relative abundances of the elements.
Investigations of line spectra will be con-
ducted on the two subsequent missions
of the OAO program. Both OAO-III and
OAO-IV will carry 36-inch telescopes
and their associated spectrographs.
OAO-III is being instrumented by the
Goddard Space Flight Center and OAO-
IV by Princeton. The Princeton project
is aimed at measuring the relative abun-
dances of the elements in the interstellar
medinm.

The emergence of so many new oppor-
tunities for exploring the universe
has also focused attention on the great-
ly increased importance of the traditional
methods of observation with optical and
radio telescopes on the earth. The cost
of space telescopes is such that they must
not be used to make observations that
can be accomplished more efficiently
and cheaply on the ground. Although
certain kinds of problem can best be
attacked by one technique or the other,
the most rapid advances will surely be
made by coordinated observing pro-
grams that exploit both ground and
space telescopes to observe the same ob-
ject over the entire range of its spectrum,
from gamma rays to long radio waves. It
is this prospect and not merely the es-
tablishing of an observatory in space
that makes the future of astronomy so
appealing not only to astronomers but
also to a growing number of physicists.
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“TRAINING THE HARDCORE”

The first complete, practical guide for the hiring and training
of the hardcore unemployed. In twelve volumes. Published by the
Urban Research Corporation, under the sponsorship of
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| The Urban Coalition and The National Alliance of Businessmen.

“Training the Hardcore” is based upon
studies of the experience of 200 companies,
| including actual formats of training pro-
‘ grams from such companies as Ford, Bell
Telephone, North American Rockwell,
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Armour, Milwaukee Road, Polaroid, KLH,
Philadelphia Gas Works, and others.
Policies which have led to failures as well
as those which have led to successes are
both presented in detail. Particular empha-
sis is also given to interviews and con-
versations with “hardcore unemployed”
| persons themselves; this on the theory that
the persons in whose names training pro-

grams are instituted know the most about
what sort of program will be meaningful to
them and what sort will not be.

The twelve volumes contain more than
1,400 pages, delivered in loose-leaf binders,
which are updated monthly as additional
information becomes available.

Published in cooperation with General
Learning Corporation. $485.00.

If you would like to inspect Volume 1,
which contains a thorough summary of the
subsequent volumes, kindly forward the
coupon. There is, of course, no charge for
this preliminary inspection, but should you
decide against buying the complete set, we
ask that Volume 1 be returned to us.

Thank you.

Please send me, for purposes of acquainting
myself further with “Training the Hard-
core,” one copy of Volume 1.
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Urban Research Corporation
5464 South Shore Drive, Chicago 60615
(312) 955-3050
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BREEDING-SEASON PLUMAGE of the female phalarope (bot- the female is larger as well as more colorful than the male. These
tom) is more colorful than the plumage of the male (top). In this birds are Wilson’s phalarope (Steganopus tricolor), a species that
somewhat stylized rendering the birds are drawn to actual scale; breeds in Canada and over much of the U.S. west of the Great Lakes.
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THE PHALAROPE

The reproductive behavior of this aquatic shorebird 1s most

unusual. The female phalarope aggressively courts the male;

the male phalarope warms the eggs and rears the young birds

he difference or similarity in color-
I ation between a male bird and a
female of the same species usually
reflects the behavior of the species in
courtship and breeding. In species where
the male bird is more colorful than the
female, the male tends to play a domi-
nant role in courtship and a minor one
in rearing the young. If the breeding
plumage of the two sexes is similar, the
female usually participates actively in
the events of courtship and the male has
a large share in the care of the eggs and
fledglings. Then there are a few species
in which the female is more colorful than
the male, and here the female takes the
initiative in courtship and the male alone
rears the young. In this last group is the
small, long-necked shorebird known as
the phalarope.

In the process of selecting a mate the
brightly colored and (compared with the
male) large female phalarope is the ag-
gressor. Soon after the eggs are laid the
female bird typically leaves the breed-
ing ground. Then for 21 days the small,
dull-colored male phalarope incubates
the eggs and for 10 more days looks after
the downy young. Shortly before the in-
cubation period the male bird sheds
feathers from its abdomen and the bare
skin thickens and becomes engorged
with blood. This “brood patch” enables
the male to warm the eggs and the young
birds.

In addition to its unusual reproductive
behavior the phalarope has other singu-
lar characteristics. For one thing, in shal-
low water, where other shorebirds wade,
the phalarope swims. Floating high in
the water, it looks as if it were made
of cork. The phalarope is an excellent
swimmer, and associated with this ability
are lobed membranes that extend from
the sides of its toes. These flexible
paddles are much like the ones found on
the highly aquatic coot and grebe but are

by E. Otto [{6hn

considerably smaller. The structure of
the phalarope’s foot is responsible for the
bird’s name: the genus Phalaropus is
from the Greek for “coot-footed.”

As it swims about the phalarope dain-
tily picks up bits of food from the sur-
face of the water or searches for food
below the surface by dipping its head
into the water, in the manner of surface-
feeding ducks. At times the phalarope
engages in an unusual feeding maneu-
ver: it rotates like a top, dabbing at the
water with its beak as it turns. Speci-
mens of Wilson’s phalarope (a species
named after the 18th-century American
naturalist Alexander Wilson) have been
observed spinning as fast as 60 revolu-
tions per minute, spearing the water

with their beak once in each revolution.
These rotations may serve more than
one purpose, depending on environmen-
tal circumstances. In shallow water the
spinning movement could stir up food
particles lodged on the bottom. In deep,
cold pools on Greenland, which are fre-
quented by phalaropes, the spinning is
believed to activate mosquito larvae,
making them more conspicuous to the
birds. In some instances the rotations
may simply be due to an abundance of
food. Turning to the side for a bit of
food, the bird may see another morsel
farther to the rear, and after snapping
up the first it continues the turning
movement to reach the second.

There are three species of phalarope;

-

ARCTIC PHALAROPES are the two other phalarope species. At top is the northern phala-
rope (Lobipes lobatus) in summer breeding plumage; at bottom is the red phalarope
(Phalaropus fulicarius), which is also seen in breeding plumage. The birds are females.
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they belong to the order Charadrii-
formes, which includes plovers and sand-
pipers. One species, the red phalarope
(Phalaropus fulicarius), breeds on the
tundra of the arctic zone in both the
Eastern and the Western Hemisphere.
The nest of the red phalarope is never
more than a few miles inland, and the
birds spend the nonbreeding season—
the winter—at sea, often many miles from
land. They feed on crustaceans and oth-
er small animals of the marine plankton,
and they rest and sleep afloat. Thus apart
from the summer breeding season they
are true seabirds. The wintering areas of
this species are off the east and west
coasts of South America and the west
coast of Africa [see top illustration on
page 108]. On its migrations the red
phalarope apparently flies over the sea;
the birds are rarely seen on land south

of their breeding grounds.

POSTURES OF THE PHALAROPE are associated with reproduc-
tion. During the period of pair formation the female Wilson’s
phalarope stays near a particular male, normally swimming with
her head up (a). A threat posture is assumed (b) when another
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A second species, the northern phala-
rope (Lobipes lobatus), nests in the sub-
arctic region of the Eastern and West-
ern hemispheres. This species tends to
build its nests farther inland than the
red phalarope. It too winters at sea. Its
wintering areas, which are nearer the
Equator than the red phalarope’s, lie off
the coasts of Peru, Argentina, northwest
Africa, southern Arabia and Indonesia.

Wilson’s phalarope (Steganopus tri-
color) is the most familiar of the three
species. It is confined to the Americas.
The breeding grounds of Wilson’s phal-
arope extend from the Great Lakes west-
ward across the prairie provinces of Can-
ada into British Columbia and farther
south over a large area of the western
U.S. The main wintering area of the bird
is inland on the pampas of Argentina.

All the phalaropes have a dull fall and

winter plumage, gray above and white
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below. It is the same in both sexes. In the
breeding plumage of spring and sum-
mer other colors appear, although more
faintly in the male bird [see illustration
on page 104]. The only other bird spe-
cies in which the female is more colorful
than the male are the tropical and sub-
tropical painted snipes (Rostratula) and
the quaillike hemipodes (Turnices) of
the Eastern Hemisphere. The female is
somewhat larger than the male in all
three phalarope species. The average
weight of Wilson’s phalaropes in a group
I collected during the breeding season
was 2.4 ounces for the females but only
1.7 ounces for the males.

have observed the reproductive be-
havior of Wilson’s phalarope in south-
ern Canada and the behavior of the other
phalarope species along Hudson Bay
and in Alaska. The process of pair for-

female phalarope approaches. While walking, the female bird as-
sumes a different threat posture to ward off intruders (c). The
head-up pose (d) is taken by a pair of phalaropes before their
first mating. It probably signifies that no threat is intended.



mation is best known in Wilson’s phala-
rope. In a group of the birds one sees
a female keeping close to a particular
male, following him as he swims here
and there. When another female ap-
proaches the pair, the first female lowers
her head and pulls it in until her long
neck is scarcely visible. This posture is
a threat gesture: it sets the stage for a
forward lunge. With her head down the
threatening female swims purposefully
toward the intruder. When she is about
a foot away from her, she takes wing and
with her neck extended and her legs dan-
gling flies at her. Usually the threatened
female retreats, and after a brief chase
the threatening bird returns to the vicin-
ity of the male. If one female threatens
another while the birds are walking on
land, the threatening bird extends her
head—sometimes with her bill partly
open—toward the enemy. Actual fights,
however, are rare. I have seen only one.
The two birds hovered in the air beak
to beak, each trying to stab the other as
they fluttered with their legs dangling.
The aerial fight lasted for only a few
seconds; the intruding female gave up
and flew away.

It appears, then, that the female phal-
arope chooses a particular male and
wards off other females by threat and, if
necessary, attack. Thus the male bird
becomes accustomed to the company of
a particular female and later directs his
sexual advances toward her. Male phal-
aropes show very little aggressive be-
havior at any time.

Before two phalaropes mate they
sometimes face each other with their
heads raised, the bill of each bird aimed
at a point above the other’s head. For
a few seconds the birds hold this pose.
Since the phalarope threatens and fights
with its beak, the posture apparently
signifies that no threat is intended. The
female then indicates readiness for mat-
ing by taking a crouching position. The
male rises up like a miniature helicopter,
hovers over the female’s back and mat-
ing follows. The raised-beak display
seems to be a prelude only to the first
mating between two individuals. When
the birds are more familiar with each
other, the display is omitted; the male
simply hovers aloft and lands on the fe-
male’s back.

hat is the biological significance of

the reversed roles of the sexes in the
phalarope? At the University of Alberta
my colleagues and I have been studying
the bird to learn the physiological factors
that underlie its behavior. The greater
aggressiveness of the female phalarope

compared with the male suggests that in
the earlier phases of the breeding cycle
the female may secrete more androgen
(male sex hormone) than the male does.
There are many studies of animals that
link aggressiveness to male sex hor-
mones. It has been shown that among
birds the administration of androgen in-
creases the aggressive behavior of doves,
female herring gulls and castrated young
male chickens.

That androgens play a role in the pro-
duction of the phalarope’s breeding plu-
mage has been shown by J. E. Johns of
Montana State University. In his experi-
ments with Wilson’s phalaropes and
northern phalaropes in their drab winter
plumage he plucked feathers from the
shoulder of the birds. He then found
that if the plucked phalaropes were giv-
en the male sex hormone testosterone,
they grew new feathers like those of the
normal female in breeding plumage,
regardless of whether the experimental
bird was a male or a female. Phalaropes
that received no hormone after plucking
grew feathers of the dull winter plu-
mage, similar to the feathers that had
been plucked. Other experimental phal-
aropes were given a female sex hormone,
namely estradiol, which in combination
with the pituitary hormone prolactin in-
duces formation of the brood patch.
Whether administered alone or together,
these hormones did not give rise to fe-
male nuptial plumage.

It remained to be shown that the fe-
male phalarope does in fact produce
large amounts of androgen. My col-
leagues and I collected ovaries and
testes from a group of phalaropes and,
for comparison, from other bird species
in which the male is the dominant sex:
mallard ducks, domestic fowl and red-
winged blackbirds. We isolated the in-
dividual hormones (by means of chroma-
tography) from extracts of the birds’
gonads and measured the amount of
each hormone. In birds where the male
is dominant the amount of testosterone
in the testis was five to 10 times greater
than the amount in the ovary. In phala-
ropes, however, there was about as
much testosterone in the ovary as in the
testis, and in some instances there was
more testosterone in the ovary.

Evidently the brilliant plumage of the
female phalarope is due to the high pro-
duction of androgen by her ovaries. The
same factor is probably responsible for
the aggressive behavior of the female.
We ruled out a possible involvement of
hormones of the adrenal cortex, because
the amount of androgen in this gland
was slightly greater in the male than in
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the female both in phalaropes and in the
control birds (mallard ducks).

How it is that the male phalarope and
not the female develops a brood patch
and incubates the eggs has also found
an endocrine explanation. It has been
known for some time that an estrogen,
or female hormone, together with pro-
lactin will cause finches of both sexes to
develop a brood patch. (The brood patch
normally appears only on the female
finch.) In phalaropes we found that only
a combination of androgen and prolactin

BROOD PATCHES appear on the abdomen
of the male phalarope before the period of
incubation. The exposed skin, which be-
comes engorged with blood after the feath-
ers are shed, is brought in contact with the
eggs and with the young birds. The female
phalarope does not produce brood patches.
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DISTRIBUTION OF RED PHALAROPE indicates the bird’s arc- tic winter (bottom). The nests of this species are never more than
tic breeding grounds (top) and the areas where it spends the arc- a few miles inland and their migratory flights are over the sea.

DISTRIBUTION OF WILSON’S PHALAROPE (which is named shows the bird to be in North America during the breeding season
after the 18th-century American naturalist Alexander Wilson) (left) and in South America during the nonbreeding season (right).
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DISTRIBUTION OF NORTHERN PHALAROPE indicates that
this species tends to nest south of the red phalarope (top) and to

could induce the formation of brood
patches, both in females, which in na-
ture do not develop these patches, and
in males at a time of the year when they
do not naturally form them.

Our earlier investigations had shown

that the female phalarope is an efli-
cient producer of androgen. The failure
to develop brood patches could hardly
be due to a lack of androgen, but it
might result from insufficient production
of prolactin. Prolactin is readily detected
with a test employing the crop sac of the
pigeon, which is a dilated section of the
pigeon’s gullet. In a nonbreeding pigeon
the lining of the crop sac is thin and
smooth, but in a breeding pigeon, just
before the young hatch, the tissue of the
lining proliferates into a wrinkled mass
known as the crop gland. (The surface
of the crop gland, sometimes called
“pigeon’s milk,” is shed by the pigeon
and eaten by its young.) This prolifera-
tion results from the increased secretion
of prolactin from the pigeon’s pituitary
gland. The same eflect can be achieved
by injecting a sufficient amount of pro-
lactin; therefore whether or not a given
sample contains this amount of the hor-
mone can be determined by injecting it
into the skin over the crop sac and ob-

serving whether or not the crop gland
develops.

With this technique we tested an ex-
tract prepared from the pituitaries of 39
breeding male phalaropes. Injected into
a test pigeon over a four-day period, the
extract gave rise to a response similar to
one produced in another pigeon by 10
micrograms of prolactin. A similar ex-
tract from 40 female phalaropes did not
affect the crop sac at all. Apparently the
pituitary of the female phalarope se-
cretes much less prolactin than the pi-
tuitary of the male. This result was
confirmed by further experiments. We
employed test pigeons that had been
made more sensitive to prolactin by the
injection of a subthreshold dose of the
hormone; such a dose does not affect the
crop sac, but it reduces the amount of
prolactin required for a response. Tests
with pigeons thus prepared indicated
that during the breeding period the pi-
tuitary of the male phalarope contains
about three and a half times more pro-
lactin than the pituitary of the female.
Evidently the female phalarope fails to
develop brood patches because of an in-
sufficiency of prolactin, one of the two
hormones required for the formation of
the patches. This lack of prolactin is al-
most certainly the reason female phal-
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winter nearer the Equator (bottom). Like the red phalarope, the
northern phalarope feeds on small animals of the marine plankton.

aropes also have no urge to incubate
their eggs.

One may speculate on how the partial
reversal of the sexual roles of the male
and female phalarope evolved. Suppose
that in an ancestral phalarope both sex-
es had an androgen-dependent colorful
breeding plumage, and that both sexes
shared in rearing their young, as many
living shorebirds do. Then suppose that
a hereditary inability to secrete enough
prolactin to form brood patches and to
induce the urge to incubate eggs arose,
perhaps as a mutation, in certain fe-
males. Pairs of birds in which the female
was so affected could still reproduce if
the male entirely took over incubation
and the rearing of the young. Freed from
the urge to incubate, these somewhat
nonmaternal females would leave the
breeding grounds earlier than normal
females. Then they would be less ex-
posed to predation, since they would
not have to remain in the nest to incu-
bate the eggs and rear the helpless
young. As a result more of these females
would survive to reproduce again.

The exposure of the male bird to
predation while incubating the cggs and
rearing the young would tend to favor
individual males with an inconspicu-
ous breeding plumage and thus with a
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Bell Laboratories engineers M. |
Cohen and B. A. Unger have developed
experimental techniquesforusinglasers
in certain delicate thin-film integrated
circuit work: machining circuit patterns,
making "gap” capacitors, trimming
tantalum thin-film resistors and mono-
lithic quartz resonators, and cutting
masks for circuit fabrication.

Our experimental system (above)
combines a solid-state YAG (yttrium
aluminum garnet) laser, manual posi-
tioning of the circuit, and television ob-
servation. The optical part of the system
was developed by Western Electric's
Engineering Research Center, located at
Princeton, New Jersey.

The high spectral purity of the con-
tinuous-wave YAG laser, invented at
Bell Laboratories, lets us focus the light
toavery small spot for precision cuts

Micromachining with the laser

less than 5 microns (1/5 mil) wide and
resistor trimming accurate to better than
0.1 percent. And, through Q-switching,
the YAG laser produces high peak power
at high repetition rates—over 1,000 pps
—giving us the cutting speed necessary
for practical circuit work.

Laser beams passthroughanytrans-
parent atmosphere or material and can
be accurately concentrated onto tiny
areas. With the proper wavelength, we
can machine components inside a trans-
parent encapsulation without damaging
it. Also, since we can regulate cutting
depth, we can "micromachine"” thin films
without harming underlying materials.

To make capacitors, for example,
Cohen and Unger use a laser to cut
(vaporize) a narrow gap between con
ductors. In gold conductors on sapphire
oralumina substrates, they have cut gaps
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from5 microns to 600 microns wide with
good control.

Similarly, Bell Labsengineers have
adjusted thin-film quartz crystal resona-
tors to frequencies as precise as one
part in 102 The laser vaporizes part of
the thin-film electrode, raising the res-
onator frequency to the desired value.

Byremoving hairline shorts, wehave
also repaired expensive integrated cir-
cuits that could not be reclaimed by
standardtechniques.

Pioneered at Bell Laboratories and
Western Electric, laser micromachining
is already in pilot and volume produc-
tion use at Western Electric and
other major integrated
circuit manufacturers. =

From the Research and @
Development Unit of
the Bell System— Bell Labs



low secretion of androgen at the time
the plumage appeared. Brightly colored
feathers would not, however, be a dis-
advantage to a female bird that had been
liberated from the duties of the nest. On
the contrary, a more colorful female
would probably be more attractive to
males and perhaps more dominant in en-
counters with females lacking a mate.

Selection, then, would favor a female
bird with an enhanced androgen secre-
tion at the time breeding plumage is

grown. The continuation of this in-

creased androgen production into the
early breeding season would account
for the aggressiveness with which the
brightly colored female phalarope courts
the rather pallid male.

PLUMAGE IS TRANSFORMED when phalaropes receive testosterone (male sex hor- I

mone). The shoulder feather of a northern phalarope in dull winter plumage looks much
the same whether the feather was grown in the wild (a) or in captivity (b). When a bird in
this plumage is plucked and given testosterone, the new shoulder feather that is grown (c)
resembles the shoulder feather of the female of the species in breeding plumage (d). The
bright-colored female plumage is produced whether the phalarope is a male or a female.
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WILSON'S MALLARD DOMESTIC RED —WINGED
PHALAROPE | FOWL BLACKBIRD

DISTRIBUTION OF TESTOSTERONE in male (dark gray) and female (light gray) birds
is based on measurements of the amount of the hormone in their gonads. In the species
compared with the phalarope the male is more colorful and more aggressive than the female.
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Analytic Instruments in Process Control

Self-regulating manufacturing processes call for systems that

sensitively monitor the performance of the process. An example

of such a system is a gas chromatograph linked to a computer

he manufacture of ketchup on a

I large scale provides a homely ex-

ample of a practice that is becom-
ing increasingly common in industrial
technology: the use of instruments to
control processes more or less auto-
matically. Commercial ketchup manu-
facturing once required a human oper-
ator to keep an eye on the batch so that
cooking could be stopped when the
mixture of tomatoes, spices and water
had reached the right consistency. Now
samples of ketchup from the vat can be
continuously passed through a refrac-
tometer, which determines the con-
sistency of the mixture optically and
turns off the heat when enough water
has been evaporated.

This theme of advancing capabilities
in the closely related functions of mea-
surement and control runs through the
entire history of technology. In a num-
ber of industries, particularly the manu-
facture of chemicals and the refining of
petroleum, the techniques of combining
measurement and control have reached
a highly automatic stage with the intro-
duction of digital computers that receive
information from a number of measuring
instruments and accordingly control the
quantities of substances being fed into
the manufacturing operation and the
steps taken to process the substances. It
is more than likely that the trend toward
highly automatic control of manufactur-
ing processes will accelerate in a number
of industries.

Instrumental control of processes in
the chemical and petroleum industries
has been going on for some 50 years, but
for much of that time the technique in-
volved only single-function instruments
that measured temperature, pressure or
flow and actuated simple control mecha-
nisms. By about 1945 it was beginning
to be realized that this type of control
was crude compared with what could
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be done by means of sensors that would
continuously analyze a process stream
and provide detailed information on its
composition. The result was the develop-
ment of a number of powerful process
instruments.

Two additional technologies, closely
related to process control, were required
before process control could be achieved
in an optimum way. One of them is com-
puter technology, particularly as it re-
lates to small digital computers devoted
to a single task, such as the control of
a manufacturing operation. The other
is control technology, which involves
studying the controllability of processes
in such ways as understanding the re-
actions that are taking place, determin-
ing how flows respond dynamically to
changes in valve positions and working
out the mathematics of processes. These
two technologies have evolved rapidly
during the past 10 years, with the result
that it is now possible to conceive of sys-
tems that will control a process at its op-
timum, whether that optimum is defined
in terms of economy, purity, yield or a
combination of such objectives.

A designer faced with the problem of
creating an automatic analytical in-
strument for a process stream naturally
turns to principles that have been found
useful in the laboratory. Usually the in-
strument that results embodies the prin-
ciples of the laboratory instrument but
looks quite different. The reason is that
the production instrument must oper-
ate more or less continuously over long
periods, often in a harsh environment;
hence the instrument must be much
more rugged than the laboratory model.
Of the many laboratory principles that
have been employed in process-control
instruments, the three in widest use
today are refractometry, absorption
spectroscopy and gas chromatography.
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Refraction is of course the bending
of a beam of light as it passes from one
medium into another. In refractometry
one essentially measures the difference
between the velocity of light in one
medium and its velocity in the other.
The measurement is usually obtained by
applying Snell's law (named for the
17th-century Dutch mathematician and
physicist Willebrord Snell), which ex-
presses the refractive index of a material
as the ratio of the sine of the angle of
incidence of the incident light beam to
the sine of the angle of the refracted
beam. Refractive index, like molecular
weight, density and boiling point, is a
characteristic property of a substance.
Since every substance has its own spe-
cific refractive index, variations in the
index of a mixture containing different
proportions of two compounds reflect
changes in the composition of the mix-
ture. For example, if one were assessing
a mixture of water (refractive index
1.33) and benzyl alcohol (1.54), a read-
ing of 1.43 would show that the pro-
portions were almost equal.

Refractive index as a measure of
chemical composition can be applied
with assurance only to binary, or two-
compound, mixtures; the measurement
becomes ambiguous when more com-
ponents are present. (An exception is
the “pseudo-binary” mixture, where the
components separate into two distinct
groups, with each group behaving as
one component.) Notwithstanding this
limitation, process refractometers have
proved to be surprisingly useful. This
can be attributed largely to their sim-
plicity, sensitivity and well-developed
design. About 1,000 of these instruments
have been installed over the past 10
years, and the trend is advancing, par-
ticularly in the food and chemical in-
dustries.

Measurement of refractive index is a



simple matter and can be carried to a
high degree of precision: it is possible
to determine a change of five units in
the seventh decimal place of the re-
fractive index. The first process re-
fractometers, which appeared in 1952,
operated on the differential-cell prin-
ciple, wherein the difference in index
between the sample in one part of the
cell and a reference material in another
part is measured. The early applications
involved controlling the fractionation of
complex hydrocarbon mixtures by choos-
ing the sampling point so that the mix-
ture could be regarded as pseudo-binary.

By 1957 about 20 process refractom-
eters were operating successfully, even
though they had two main weaknesses:
they produced only a limited, single-
point measurement, and they gave am-
biguous information when the pseudo-
binary relation changed. Today most of
these instruments have been replaced
by the more powerful chromatograph,
which completely analyzes the process
mixture, making possible the use of
computers and control techniques that
were beyond the horizon at the time the
earlier refractometers were installed. (I
shall return to chromatographic systems
later.)

A new dimension was added to refrac-
tometry in 1962 with the development
of the critical-angle refractometer [see
illustration on next page]. This instru-
ment measures refractive index by find-
ing the angle at which a light beam
striking the interface of a glass surface
and the sample is totally reflected. (It is
called the critical angle because rays
arriving at larger angles penetrate the
liquid, whereas at lesser angles they are
reflected.) In a process system a circular
beam of light is directed at the face of a
prism that is in contact with a solution;
there the beam is divided into a bright
portion representing totally reflected
light and a dark portion representing the
absorption of light by the solution. The
relative areas covered by the bright and
dark portions of the beam depend on the
critical-angle value of the solution. As
the composition of the solution changes,
so do the proportions of the bright and
dark areas. The position of the dividing
line between the areas is maintained by
a servomechanism and becomes a mea-
sure of the critical angle.

The significant feature of this method
is that only a surface reflection is needed;
light does not have to be transmitted
through the solution, as with other re-
fractometers. As a result opaque solu-
tions can be measured as readily as
transparent ones, and the measurements
can be made directly in the process

~

PROCESS CHROMATOGRAPH samples hydrocarbons at the refinery of the Mobil Oil
Corporation in Torrance, Calif. Samples of the process stream enter from the slender pipes
at left and are carried by a gas through the chromatographic column, which is the coiled
tubing in the top compartment; there the components of the stream are separated. Data
from eight such chromatographs analyzing 27 process streams go to a digital computer that
directs the chromatography and sends the analyses to the control room of the refinery.

CONTROL ROOM at the Torrance refinery includes the printer in the foreground, which
provides a computer print-out of the chromatographic analyses of the 27 process streams.
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REFRACTION PRINCIPLE is employed in the process instrument
known as the critical-angle refractometer. It continuously samples
a solution and measures changes in the proportions of two sub-
stances in the solution by recording changes in the refractive in-

stream. There is no need to use a sepa-
rate sampling system for the instrument.

The characteristics of the critical-
angle refractometer make it particularly
suited to the food industry. It is the
refractometer employed in the ketchup
process. The instrument also works well
for solutions of sugar and water. Many
of the carbonated beverages sold in the
U.S. are made in processes that employ
a refractometer to control the prepara-
tion of the sugar-water base to within
.05 percent of the desired concentration.
Another system of this kind, by including
a small analogue computer, brings a
syrup concentration to the proper point
and automatically adds seed crystals to

14

PROCESS STREAM
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CONTROL BOX

R

TEMPERATURE-SENSING
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begin crystallization. The result is high-
quality crystalline sugar, produced in
about a third of the time needed for
conventional processes.

The principle of absorption spectros-

copy is applied in the process instru-
ment known as the infrared analyzer.
The infrared region of greatest practical
interest lies between the electromagnetic
wavelengths of two and 15 microns,
which is where the strong absorption
spectra characteristic of most organic
and inorganic substances are found. A
particular substance has unique spectra,
because the frequency of the absorption
bands is determined by the positions and
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PHOTOCELL

JET CLEAMNER

dex. The instrument measures the critical angle, which is the angle
at which a beam of light striking the interface between the prism
and the sample is totally
interface and directed to a detector consisting of two photocells.

reflected. Light is refracted from the

configurational relations of the vibrating
atoms in the molecules making up the
substance. Since the amount of energy
absorbed by a substance at any one of
its characteristic frequencies is a mea-
sure of the substance’s concentration in
a mixture, infrared spectroscopy pro-
vides a very sensitive and powerful tech-
nique for the analysis of mixtures.

An infrared spectrometer used in the
laboratory has an optical system capable
of passing a selected wavelength of
infrared radiation through a substance;
with such a system the substance can be
examined at each of its characteristic
wavelengths. The designers of the first
infrared analyzers for industrial proc-



esses did not incorporate such a system
because it is too complicated and deli-
cate for such processes; they turned in-
stead to the positive-filter photometer,
which remains the basis for the infrared
analyzers in process streams today. A
typical instrument consists basically of
a sample cell, a comparison cell and a
detector, together with a motor, a filter
for each cell and a source of infrared
radiation for each cell [see illustration
on next page].

Suppose it is desired to analyze a
stream of air for its content of carbon
monoxide. A quantity of carbon monox-
ide is sealed in the detector, so that the
detector will absorb infrared radiation at
the frequencies characteristic of carbon
monoxide. Pure air is put in the com-
parison cell, and air from the process
stream passes through the sample cell.
A chopper in front of the sources of in-
frared radiation sends pulses of infra-
red radiation, containing all infrared
wavelengths, alternately through the
comparison cell and the sample cell. If
the sample cell contains any carbon
monoxide, a fraction of the radiation
passing through that cell will be ab-
sorbed before it reaches the detector,
whereas none of the radiation passing
through the comparison cell will be ab-
sorbed because that cell contains no car-
bon monoxide. When there is carbon
monoxide in the sample cell, the differ-
ence in radiation reaching the detector
from the two cells causes a membrane in
the detector to move back and forth in
uneven intervals, generating an alternat-
ing electric current that is recorded as a
signal measuring the amount of carbon
monoxide in the stream of air being sam-
pled.

If the stream also contained ether,
which partly overlaps the absorption
spectra of carbon monoxide, the instru-
ment could be rendered relatively in-
sensitive to the ether by putting this
substance in both filters. The same
technique could be used for all other
infrared absorbers in the mixture being
sampled, provided that the mixture is
not unduly complicated. By this posi-
tive-filter method, in short, components
that would interfere with the desired
measurement are filtered out.

The infrared analyzer, like the refrac-
tometer, is capable only of measuring
the concentration of a single component
in a sample stream. Unlike the refrac-
tometer, however, it can isolate that com-
ponent from a mixture of many others.
Among the compounds measured by in-
frared analyzers in industrial processes
are (in addition to carbon monoxide) car-

bon disulfide, carbon dioxide, nitrous
oxide, nitric oxide, sulfur dioxide, hydro-
carbons, acetone, water vapor, ammonia
and Freon. Considering only the in-
dustrial processes where the measure-
ment of carbon dioxide is important, one
finds such applications as the control of
combustion, the manufacture of cement
and the production of ethylene oxide,
phthalic anhydride and ammonia.

Gas chromatography is a procedure

whereby a volatile mixture is sep-
arated into its components by a mov-
ing inert gas passing over a sorbent.
Although the sorbent can be a solid that
has a large surface area, it usually con-
sists of a nonvolatile liquid coated on an
inert solid support. A typical separation
column is a tube of small diameter,

perhaps 1/8 inch, packed with small
particles of the solid support that are
coated with up to 20 percent by weight
of a sorbent liquid. The support for the
liquid can be simply the walls of the
tube; in this case the tube has an inner
diameter of .02 inch or less. In either
configuration the gas, passing through
the tube, carries the sample mixture. The
components of the mixture separate
themselves in characteristic ratios be-
tween the gas phase and the liquid phase
[see illustration on page 117]. The sep-
aration takes place because components
that are more soluble in the liquid move
more slowly down the column than the
less soluble components. A detector at
the exit sees the components emerge in
a series of peaks; the time of emergence
of a peak identifies the component, and

CRITICAL-ANGLE REFRACTOMETER is opened to show the chamber where the solu-
tion flows past the prism, which is at center of upper section. The curving tube is part of the
washing system that keeps the prism clean; the dark circle is the housing for a temperature-
sensing probe that electronically compensates for temperature changes in refractive index.
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the area of the peak reveals the concen-
tration of the component in the mixture.
As a method of separating the individual
components of a complex mixture gas
chromatography has no equal.

A process chromatograph resembles
its laboratory counterpart more closely
than most plant instruments do. The
differences result from requirements im-
posed by the plant environment and
automatic operation. The analyzer must
obtain its own sample, analyze it and
process the information from the detec-
tor into a useful quantity. Depending on
the end use, this quantity is then de-
livered to either a recorder, a controller
or a computer. The process chromato-
graph must continue to repeat the same
cycle, perhaps as often as once a minute
when high speeds are necessary for di-
rect control, for many months at a time
and with a high degree of reliability.

Process chromatographs appeared on
the industrial scene about 10 years ago.
They offered for the first time an analyt-
ical method that could give a complete
compositional analysis and yet was
simple in principle and execution. The

INFRARED
SOURCE

MOTOR

INFRARED
SOURCE

BEAM CHOPPER

INFRARED ANALYZER measures the concentration of a single
component in a process stream. Carbon dioxide, for example, would
be measured by sealing a quantity of that gas in the detector. A
beam chopper directs infrared radiation alternately through the
comparison cell, which contains pure air, and the sample cell,
which may or may not contain carbon dioxide. The carbon dioxide
in the detector absorbs part of the radiation in a characteristic way.

116

FILTER CELL SAMPLE

development of the chromatographic
analyzer and its use in processes has in-
creased rapidly, to the point where about
8,000 are now in service. The usual in-
stallation consists of the analyzer, which
is close to the process stream, and a pro-
grammer that can be anywhere. The pro-
grammer directs the operation of the
analyzer.

The applications of these instruments
range from the simple monitoring of one
component in a mixture to providing a
computerized output analyzing as many
as 100 components in a stream. The in-
struments have found particularly wide
use in the petroleum industry, where
products of high value are made in large
amounts and are both well suited for the
chromatograph’s analytical ability and
amenable to automatic control.

/\lth()ugh one can see a progression in
L\ analytical capability from the re-
fractometer to the infrared analyzer to
the chromatographic analyzer, the fact
is that these instruments have changed
little from their original forms. Their
performance has been refined and their

SAMPLE GAS

CELL

COMPARISON CELL

FILTER CELL

RN

out

reliability has been increased, but that
is all. It seems likely that the next stage
will be the development of new con-
cepts based on the analytical principles
employed in these instruments.

Chromatography has the greatest po-
tential of the three methods. The future
of process chromatography is suggested
by the computer systems being installed
in plant-control laboratories where many
repetitive analyses are needed. In these
systems a man injects a sample into a
laboratory chromatograph and then di-
rects the computer to carry out the analy-
sis. The computer thereupon operates
the instrument, reduces the data and
types out a complete analysis. A single
computer can share its time among as
many as 30 instruments. It is a compara-
tively small step from these systems to
similar ones involving process chromato-
graphs. A few such processing systems
have begun to appear; in one at the
Mobil Oil Corporation’s refinery in Tor-
rance, Calif., eight chromatographs an-
alyze 27 process streams and one com-
puter controls the entire operation.

So far, however, all the systems in-

MEMBRANE

DETECTOR

SEALED:IN
DETECTOR GAS

AMPLIFIER

RECORDER /
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Absorption causes the gas to expand, and the membrane moves
accordingly, generating an electrical signal. When carbon dioxide
enters the sample cell, it absorbs part of the radiation before the
beam from that cell reaches the detector, and uneven pulses result.
They can be translated into the percentage of carbon dioxide in the
sample stream. Gases with absorption spectra overlapping carbon
dioxide can be put in the filter cells, nullifying the interference.



volving chromatographs and computers
merely hitch the instruments to the com-
puter in the most compatible fashion
possible. In effect the computer is mech-
anizing the functions of the laboratory
workers and coordinating the instru-
ments. If one were to make a fresh start,
a better approach would be to design a
system that incorporated all the latest
knowledge of chromatography and took
fully into account the capacities of the
ccmputer for the high-speed handling

of data and the making of decisions.

A computer-chromatograph  system

designed along these lines is nearly
ready for testing in the laboratories of
Applied Automation Inc. in Bartlesville,
Okla. The system has five independent
temperature zones (to allow for the ca-
pacity of the chromatograph to give dif-
ferent separations at different tempera-
tures) that can hold as many as eight
dilferent chromatographic columns. A
given sample will go concurrently
through all the columns, receiving a dif-
ferent separation in each one. The peaks
coming through each detector are
sensed, identified and stored by the com-
puter until it is ready to assemble all the
information in the form of a complete
analysis. The system also has the capac-
ity to identify components that might
otherwise be unidentified because of
limitations in a less sophisticated system.
The components can be mathematically
separated by the computer because of
the abundance of information available
from the different columns. For exam-
ple, components A and B might be un-
resolved in the first peak emerging from
a chromatographic column and compo-
nents C and D in the second peak,
whereas in a different column the unre-
solved components are A and C in the
first peak and B and D in the second.
The computer can set the components as
unknowns in four equations, which it
solves by the standard mathematics of
simultaneous equations.

One further step is needed to achieve
the ultimate in analytical power for
a process instrument. The remaining
weakness of chromatography is the iden-
tification of component peaks. The iden-
tification of a component eluting from a
chromatograph is made by comparing
its time of elution with the elution time
of the pure component under the same
conditions. A number of disturbances
can change the conditions and therefore
the time. Moreover, a new compound
appearing in the stream may have the
same elution time as a compound already
there. Identification of components also
becomes progressively more difficult as
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PROCESS CHROMATOGRAPH employs helium to carry intermittent samples of a process
stream through a chromatographic column, where the components are separated according
to their affinity for a sorbent liquid in the column. They are recorded as peaks on a chro-
matogram. Time of emergence of a peak identifies the component; area under peak reflects
the concentration of the component. C represents a component not shown in the illustration.
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PREDICTIVE-CONTROL TECHNIQUE combines a chromato-
graph and a computer for the automatic control of a distillation or
fractionation process such as the separation of ethylene from a
mixture of hydrocarbons. In predictive control the computer takes
into account conditions that change, such as temperature and flow,

118

and adjusts the operation of the fractionation column accordingly
so that its products meet predetermined standards. Among the
components of the feed stream the one identified as K is the most
volatile, so that it emerges from the top of the column as a vapor;
N, the least volatile component, leaves the bottom as a liquid.
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the number of compounds in a mixture
increases.

The need, then, is for an unambiguous
sensor to identify the compounds in the
flow emerging from a chromatographic
column. Such sensing is achieved rou-
tinely in laboratories by directing a
small portion of chromatographic efflu-
ent to a mass spectrometer, where the
mass spectral patterns uniquely caused
by each component provide an excellent
means of identification. Recently mass
spectrometers that are small, sensitive
and stable enough to be considered as
process instruments have appeared, and
it seems likely that the technique of mass
spectrometry will soon be available for
process chromatography. Indeed, a mass
spectrometer and a gas chromatograph
have already been linked in an instru-
ment for the space vehicle that will land
on Mars; the instrument will analyze the
Martian soil.

learly the trend in process control is
toward a broader scope for auto-
matic operations. A simple but truly au-
tomatic process is found increasingly in
distillation, which involves the separa-
tion of components on the basis of their
volatility. When a liquid is fed into a
distillation column and heat is applied,
the most volatile component will evapo-
rate, so that the vapor leaving the top
of the column will be rich in that com-
ponent; correspondingly the liquid leav-
ing the bottom of the column will be
rich in the least volatile component.
Suppose the material being fed into
a distillation column contains four com-
ponents, which in terms of decreasing
volatility can be called K, L, M and N.
In a series of steps involving vaporiza-
tion and condensation the most volatile
component (K) will emerge from the top
of the column and the least volatile one
(N) will go out the bottom. The separa-
tion is never quite perfect, however, so
that some of the components of medium
volatility (L and M) will be in both prod-
ucts. The composition of the end prod-
ucts is determined by the interrelated

control of such variables as flow, pres- |

sure and temperature.

The recent development that has al-
lowed this process to be made highly
automatic in a number of petroleum
and petrochemical plants is called pre-
dictive control. It can be illustrated by
an analogy involving a home heating
system. Most houses now have a heat-
control system based on a thermostat,
which operates by ordinary feedback:
the desired temperature is set, and when
the temperature of the house goes below

that level, the thermostat generates an
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error signal to turn on the heat. An error
signal is always necessary. Predictive
control, in contrast, would sense all dis-
turbances—the opening of a door, a drop
in the outdoor temperature—and control
the furnace accordingly, so that the
house temperature would be constant
and no error in temperature would be
needed to actuate the control.

Suppose one wants to establish a pre-
dictive-control system for a distillation
column where 17 variables that influence
the distillation process must be taken
into account. Equations can be written
that relate the desired amount of impur-
ity in the top and bottom products of
the distillation column to the 17 vari-
ables. Basic controls are employed to
eliminate the variability of as many of
the 17 factors as possible, until one ar-
rives at equations that express two flow
controls as functions of the remaining
variables. The two flow controls are the
rate of flow of the bottom product (B)
and the reflux rate (R), which concerns

the material that is diverted from the
top product and returned to the column
for further distillation. These are the ma-
nipulated controls.

The predictive equations can be put
into a small digital computer. The com-
puter is also provided with measure-
ments of feed composition (made by a
high-speed process chromatograph), flow
rate and temperature and with specifica-
tions of the column pressure to be main-
tained and the concentration of impuri-
ties to be allowed. The computer will
calculate minute by minute the values
of B and R and will adjust them continu-
ously to maintain the specified purity of
products.

Predictive control has arrived just in
time to be of great value to the petro-
chemical industry as it confronts a rising
demand for ethylene, which is the unit
building block in the manufacture of
polyethylene. The ethylene process is
the most difficult one in the petrochemi-
cal industry to control in an optimum

manner. The production of ethylene
begins with a hydrocarbon feed that is
thermally deccmposed to a mixture rich
in ethylene. The rest of the process in-
volves separating the ethylene from the
other components by means of a series
of fractionation columns, which all in-
teract through common heating and
refrigeration systems. Predictive control
systems are able to optimize this com-
plicated operation.

Predictive control as applied to dis-
tillation is a step toward another pros-
pect that is just beginning to emerge:
direct digital control. Thus far the evo-
lution of direct digital control has in-
volved replacing large numbers of con-
ventional controllers in a plant with a
computer, which has the principal func-
tion of process regulation. As the evolu-
tion of direct digital control proceeds
one can foresee an era when computers
will control not just processes but entire
plants. The day of the computer-oper-
ated factory appears to be close at hand.

CHROMATOGRAPH AND MASS SPECTROMETER are com-
bined to yield precise identification of components. The instru-
ment, which is indicative of the trend in process-control devices,
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was developed by the Jet Propulsion Laboratory for the analysis of
soil on Mars. A sample of soil is treated by heat, and the resulting
gases are injected into the instrument for analysis of components.



= Lasers and Light

Readings from SCIENTIFIC AMERICAN
With Introductions by ARTHUR L. SCHAWLOW, Stanford University

The thirty-two readings gathered here provide a look at some of the exciting advances
made in the study of light during the past decade and exemplify the richness and diversity
that characterize modern optics. Its range and authoritativeness make this collection one
that will delight and inform both the general reader who is interested in the science and
technology of light and the professional scientist.

Included are many of the articles on laser science and technology that appeared in
SCIENTIFIC AMERICAN through 1968 and all of the articles from the September 1968
issue devoted to the topic of light. Each article is reproduced as it originally appeared,
with full text, illustrations, and color. Many of the readings were written by men who
have played important roles in the development of the laser, and their papers convey a

1969, 376 pages

394 illustrations (22 in color) ) .
clothbound $10.00 sense of the excitement laser light has generated. Arthur L. Schawlow, one of the pro-

paperbound $5.95 posers of the optical maser, has provided an introduction for each section of the book.
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MATHEMATICAL GAMES

Random walks, by semidrunk bugs and

others, on the square and on the cube

by Martin Gardner

“ast month I discussed the random
L walk of discrete steps along a
line, with or without absorbing
barriers, and pointed out its curious
equivalence to various two-person bet-
ting games. This month the random walk
moves onto the plane and into space.
One type of two-dimensional random
walk that has been much studied is one
that goes from vertex to adjacent ver-
tex on the infinite checkerboard lattice
shown below. Every step is one unit and
the walk is “symmetric” in the sense that
each of the four possible directions is
picked with a probability of 1/4. The
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walk can be made finite by surround-
ing the walker with absorbing barriers,
shown as colored spots; when he steps
on one of these spots, he is “absorbed”
and the walk ends. (The surrounding
barriers need not form a neat square.
They may form a boundary of any
shape.) As in the analogous finite walk
on the line, it is not hard to calculate the
probability that a walk starting at any
vertex inside the boundary will end at a
specified barrier. One can also determine
the expected number of steps (the aver-
age in the long run of repeated walks)
that will be taken before a walk ends.
The formulas involved in such calcula-
tions have many unexpected scientific
applications, such as determining the
voltages at interior parts of electrical
networks.
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Random walk on a square lattice
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When the walker is not trapped in-
side barriers but can escape to wander
over a square lattice that covers the in-
finite plane, the situation grows more
complicated and gives rise to many prob-
lems that are as yet unsolved. Some of
the established theorems are deep and
paradoxical. Consider a random walk
on an infinite lattice with no barriers. If
the walk continues an arbitrarily long
time, the proportion of visits the walker
makes to any specified corner approach-
es zero as a limit. On the other hand, if
the walk continues long enough, the
walker is certain to touch every vertex,
including a return visit to his starting
spot. As John G. Kemeny points out in
“Random Walks,” an excellent nontech-
nical article in Enrichment Mathematics
for High School (National Council of
Teachers of Mathematics, 1963), this in-
troduces a profound distinction between
logical and practical possibility. It is
logically possible that such a walker can
travel forever without reaching a given
corner. To the mathematician, however,
it has a practical probability of zero even
though the expected number of steps for
reaching any specified corner is infinite.
The distinction is often encountered
where infinite sets are concerned. If a
penny is flipped forever, for example, it
is logically possible that heads and tails
will forever alternate, although the prac-
tical probability that this will happen is
Zero.

Kemeny expresses it this way: If you
stand at an intersection on the infinite
lattice while a friend, starting at any
other spot, wanders randomly over the
lattice, he will be practically certain to
meet you if you are able to wait an ar-
bitrarily long time. The statement can
be even stronger. After the first meeting
the probability is again 1 that if your
friend continues wandering, he will
eventually return to you. In other words,
it is practically certain that such a walk-
er, given enough time, will visit every
intersection an infinity of times!

Suppose two walkers move haphaz-
ardly over an infinite square lattice. Are
they certain to meet? (If they begin an
odd number of steps apart and step in
unison, they can never meet at a corner,
but they can bump into each other at the
middle of a line segment.) Once more
the answer is that they will meet in-
finitely often if they walk long enough.
If three men step in unison and wander
over the infinite lattice, and if each pair
of their starting spots is separated by an
even number of steps, all three are cer-
tain to meet at some corner. The prob-
ability of their meeting at a specified
corner, however, drops to less than 1.



For four or more walkers the probability
that all four will meet somewhere also
becomes less than 1.

The biggest surprise comes when we
generalize to a space lattice. If such a
lattice (it need not be cubical) is finite,
a random walker is practically certain to
reach any intersection in a finite time.
As Kemeny puts it, if you are inside a
large building with a complex network
of corridors and stairways, you can be
sure of reaching an exit in a finite time
by walking randomly through the build-
ing. If the lattice is infinite, however,
this is not the case. George Polya proved
in 1921 that the probability is less than
1 that a random walker will reach any
assigned corner on such a lattice even if
he walks forever. In 1940 W. H. McCrea
and F. J. W. Whipple showed that the
probability of a walker’s returning to his
starting spot, after wandering an infinite
time on an infinite cubical lattice, is
about .35.

Turning from planar lattices to the
plane itself, allowing the walker to step
a unit distance in any randomly selected
direction, the situation becomes more
complicated in some ways and simpler in
others. For example, the expected (aver-
age) distance of the walker from his
starting spot, after n equal steps, is sim-
ply the length of the step times the
square root of n. This was proved by Al-
bert Einstein in a paper on molecular
statistics published in 1905, the same
year he published his celebrated first
paper on relativity. (It was independent-
ly proved by Marian Smoluchowski.)
Without knowing that Brownian mo-
tion—the random walks of minute parti-
cles suspended in a liquid—had been
observed 78 years earlier by the Scottish
botanist Robert Brown, Einstein predict-
ed such motions and analyzed them
mathematically. (Readers will find a
simple proof of the square-root theorem
in George Gamow’s One Two Three...
Infinity.)

Discrete random walks in space obey
the same square-root formula. As on the
plane, the steps need not be uniform in
length. The expected distance from the
origin, after n steps, is the average
length of a step times the square root
of n. It is here that random walks
become invaluable in the study of dif-
fusion phenomena: the random move-
ments of molecules in a liquid or gas,
the diffusion of heat through metals, the
spread of rumors, the spread of a dis-
ease and so on. The recent drift of the
“Hong Kong flu” eastward across the
U.S. was a blend of millions of random
walks by microbes. There are applica-
tions in almost every science. The first

i
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“Ergodic walk” on a square (left) and the matrix of its transition probabilities (right)

major use of the Monte Carlo method—
a way of using computers to simulate
difficult probability problems—was in
calculating the random walks of neu-
trons through various substances. In
such diffusion phenomena, as well as in
Brownian motion, the square-root for-
mula must be modified by many other
fectors such as temperature, the viscos-
ity of the embedding medium and so on.
Moreover, such motions are usually con-
tinuous, not discrete; they are called
Markov “processes,” as distinct from
Markov “chains.” The square-root for-
mula provides only a first approximation
for estimating expected distances. (For
recent work in this field, beginning with
Norbert Wiener’s brilliant first paper on
Brownian motion in 1920, see “Brown-
ian Motion and Potential Theory,” by
Reuben Hersh and Richard J. Griego;
ScIENTIFIC AMERICAN, March.)

The outward drift of a random walker
from his starting spot, on the plane or
in space, is not at a constant rate. If the
walk itself is at a steady pace, the square
root of the number of steps increases at
a steadily decreasing rate. The longer
the walk, the slower the drift. Gamow,
in the book cited above, gives a dramatic
illustration. A light quantum near the
sun’s center takes about 50 centuries to
perform a “drunkard’s walk” to the sur-
face. Once free of the sun it instantly
sobers up and, if it is headed in the right
direction, reaches the earth in about
eight minutes.

Here is a simple question to be an-
swered next month. Two men start at the
same spot on the plane. One makes a
random walk of 70 unit steps, then stops.
The other stops after a random walk of
30 unit steps. What is the expected dis-
tance between them at the finish?

We turn now to a type of random
walk that is different from any we have
considered so far. Assume that a bug
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starts at corner A of the square shown
at the left in the illustration above and
crawls randomly along its edges. Instead
of equalizing the “transition probabili-
ties” from corner to corner, as in earlier
examples, assume that at corners B and
C the probability of the bug’s heading
toward D is twice the probability of its
returning to A. At A and D the bug
chooses between two paths with a prob-
ability of 1/2 for each, whereas at B
and C it chooses the path to D with a
probability of 2/3 and the path to A
with a probability of 1/3. The network
is finite but, since there are no absorb-
ing barriers, the walk never ends. Such
a walk is usually called an “ergodic
walk.” We should like to calculate what
fraction of visits, in the long run, the
bug makes to each corner.

One way to do it is to draw the “sto-
chastic matrix” at the right in the illus-
tration, which shows the transition prob-
abilities from any corner to any other.
Zeros on the matrix indicate transitions
that cannot occur. Since every state of
this ergodic Markov chain must lead to
another, the sum of the probabilities on
any horizontal row, called a “probability
vector,” must be 1.

The probability that the bug will visit
a given corner is the same as the sum of
the probabilities that it will move to that
corner from an adjacent corner during
its endless walk. For instance, the prob-
ability that it is at D is the probabil-
ity that it will go to D from B added
to the probability that it will go to D
from C. (These are long-run probabili-
ties, not the probabilities of going to D
when the bug starts at B or C.) Let d
be the probability that at any moment
when the bug is at a corner it will be at
corner D. Let a, b, ¢ be the probabilities
that it is at corners A, B, C. From the D
column of the matrix we can see that the

probability that, in the long run, the bug
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will be going from B to D is b(2/3) and
from C to D is ¢(2/3). The long-run
probability of being at D is the sum of
these two probabilities, and therefore
we can write the following equation:
d = Db(2/3) + ¢(2/3). This simplifies to

d=2b/3 + 2¢/3.

The other three columns give us sim-
ilar formulas for a, b and c:

a=Db/3+c/3
b=a/2+d/2
c=a/2+d/2

When the bug is not on an edge, it is
certain to be at a corner, and so we have
a fifth equation:

a+b+c+d=1.

A glance at the four preceding equa-
tions shows that b = ¢ and d = 2a, mak-
ing it easy to solve the five simultaneous
equations: a=1/6, b=1/4, ¢ =1/4,
d = 1/3. The bug will spend 1/6 of its
corner time at A, 1/4 at B, 1/4 atC, 1/3
at D. It will make twice as many visits to
D asto A.

Readers might like to try the same
technique on the cube analogue of this
problem, given by Kemeny in the article
mentioned above. On the cube shown
at the left in the illustration below the
bug is twice as likely to step toward H
as toward A. The stochastic matrix of
transition probabilities is shown to the
right of the cube. The eight simulta-
neous equations derived from the eight
columns, together with the equality
a+b+c+d+e+f+ag+h=1,
have a unique solution. The bug, per-
forming its perpetual ergodic walk, will
make 3/54 of its corner visits to A, 5/54
to eachof B, C, D, 8/54 to each of E, I,

H

/J’.’

‘7 — B

G and 12/54 to H. It will visit H four
times as often as A.

If an ergodic walk of this type is sym-
metric, in the sense that at each vertex
the possible next steps are chosen with
equal probability, the fraction of visits
spent at any two given corners is pro-
portional to the number of different
ways to walk to those two corners. For
example, a cat performing a symmetric
random ergodic walk along the edges of
the Great Pyramid of Egypt will visit
the apex four times for every three times
it visits a base corner because there are
four ways to walk to the top corner and
only three ways to reach each base cor-
ner. It is easy to draw the matrix and
write the equations showing that the cat
will make 1/4 of its visits to the apex and
3/16 to each base corner.

For another easy problem to be an-
swered next month, assume that on the
cube shown below, with the same ma-
trix, a fly starts a random walk at A.
At the same time a spider begins a ran-
dom walk at H. Both move at the same
speed. What is the probability that they
will meet at the middle of an edge after
each has gone the minimum distance of

% edges?

Many other pleasant problems arise

in connection with ergodic random

walks along the edges of a cube and
other regular solids. If a drunk bug starts
at a corner of a cube and walks to the
most distant corner, at each corner
choosing one of the three paths with
equal probability, its average walk will
have a length of 10 edges. If the bug is
only semidrunk, never going back along
an edge just traversed but selecting the
other two paths with equal probability,
its average walk to the most distant cor-
ner is 6. In both cases the bug’s average
walk back to its starting corner is 8, the
number of corners on a cube.

This is no coincidence. Thomas H.
O’Beirne of Glasgow (whose term “semi-
drunk” I have borrowed) has shown in
an unpublished proof that, on any regu-
lar network with every vertex topologi-
cally the same as every other, a random
walk back to a starting vertex has an ex-
pected number of steps equal to the total
number of vertices. It is true regardless
of whether the walker chooses all paths
at each vertex with equal probability or
only those that exclude the path just
traveled. A drunk or semidrunk bug
stepping from corner to corner on a
square will have an average walk back
to the starting corner of four steps. The
edges of all Platonic and Archimedean
solids form regular space networks of

FINISH OF STEP

A B C D
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B 15 | 0 0o | 0
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H 0 0 0 0

E F G H
0 0 0 0
2/5 2/5 0 0
2/5 0 2/5 0
0 2/5 2/5 0
0 0 0 1/2
0 0 0 1/2
0 0 0 1/2
1/3 1/3 1/3 0

Ergodic random walk on a cube (left) and the matrix of its transition probabilities (right)
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What is the innovation group?

It is a set of men very important to this
country. You may be part of it . . . or your
boss may . . . or the man in the next office . . .
or a key man who reports to you.

These are the men who manage technologi-
cal change: Men who manage research or
design. Who steer a company through a
technological changeover. Men who set
federal policy for a technological age. That's
some of them.

Such men are a lonely crowd, mostly. For
each one of them, all by himself, has had to
learn an art that has no teachers or prece-
dents or tradition. It's not quite a matter of
knowing science or engineering, their art. Not
the same as conventional business manage-
ment. Their job—which may be your job—
is something new in the world, born in the
last couple of decades. It's the art of techni-
cal management.

We in Technology Communication, Inc. have
set out to bring these isolated and important
men together.

Our goal: An organization that combines the
intellectual standards of a professional
association with the vigor and the profes-
sionalism which is commanded by a com-
pany operating under the discipline of the
profit motive.

That is not an easy combination to achieve.
We believe we know some fresh and exciting
ways to do it. As the first step, we announce
formation of .

The Innovation Group

If you manage technology . . .
technological advance . .
effects of technological change . . .

l'he

| I
::*'..':

ation
roup!

What is the Innovation group?

nn
G

It is the readers of a remarkable new journal
called INNOVATION. The journal is published
monthly. It carries absolutely no advertising.
It aims to be the handsomest and most
readable business or professional periodical
in existence. It is—its cover declares—
"‘about the art of managing advancing
technology.”

Issue number one of INNOVATION will
appear in May. In it, if you were a member of
the Group, you would read about a profound
and surprising social change underway in
America—a change which helps explain why
your peculiar job is twice as difficult and
twice as important as it used to be. As a
Group member, you'd read how one of the
country’'s most technical industries is in
danger of destroying itself right now because
its executives don’t yet know how to control
technical change. You'd learn from one of the
world’'s most successful technical managers
how the insights of systems theory and of
ecology can give you a new understanding
of what that peculiar job of yours really is.
You'd hear about the agony that your techni-
cal kind of management creates for financial
men—and about the ways the smartest of
them are finding to ease the pain. You'd gain
understanding of a new restlessness that

has started to leap from student activists to
just those smart young men you yourself need
to hire and to manage; you'd better know
how they think.

With a couple of special exceptions, you or
anyone else who wants to read the charter
issue of INNOVATION must be a member
of .

The Innovation Group

What is The Innovation Group?

It is some thousands of imaginative men who
are participating in a project of discovery.
Together, we in the Innovation Group are
setting out to discover the principles by which
technology can be managed. Sharing our
experiences. Thinking out the dangers and
the opportunities of technological change—
and figuring out how to deal with them.

We will be putting our minds together in
many ways. Face to face. On paper. Over the
telephone. By video and audio tape. Partici-
pants in the Group will share their experience
in the pages of their journal, at conference-
workshops, on tours, in telephone hook-ups |
. in books, for that matter.

What we are going to do is to chart the skills
and the standards of a newly meaningful
profession—the management of technology.

The whole stirring enterprise is proceeding
with the intellectual guidance of a very dis-
tinguished and very active Advisory Board.
The members of the board are: Warren G.
Bennis, vice president of the State University
of N.Y. at Buffalo; Emilio Daddario, chairman
of the House subcommittee on science,
research, and development; Eugene G.
Fubini, consultant; C. Lester Hogan,
president of Fairchild Camera and
Instrument Co., Inc.; J. Herbert Hollomon,
president of the University of Oklahoma;
Warren Kraemer, president of Warren
Kraemer Associates, management consult-
ants; Donald G. Marquis, director of the
research project on research and technology
at MIT's Sloan School; Emmanuel G.
Mesthene, director of the Harvard program
on technology and society; Jack Morton,
vice president of Bell Telephone Labora-
tories; E. C. Willlams, chief scientist of the
British Ministry of Power.

If you would like to join men like this in a
project of this sort, we can now invite you
to join . ..

The Innovation Group

The Innovation Group

if you lead an organization dependent on
. if you are professionally concerned with the
perhaps you belong with us.

Tell me more about benefits of
membership in The Innovation Group.

Technology Communication, Inc.
265 Madison Ave., New York, N.Y. 10016

Send the facts to attached list of
technical managers with my compliments.

NAME

COMPANY

STREET ADDRESS

TITLE

DIVISION

CITY

STATE ZIP
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A selection of products available by mail for readers of Scientific American
All merchandise sold on money-back guarantee. Order by No. Send check or M.O.

CONTINUOUS WAVE
HE-NE LASER

Top quality instrument—budget
price. Portable, versatile, easily
operated. Just plug in reg. outlet-
no warmup req. Ideal for research,
lab experiments, holography, op-
tical testing & alignment, survey-
ing, etc. 1 milliwatt minimum
output in TEM(OQQO mode. Long
tube life guaranteed 1,000 hrs.
(3m typical). Produces continuous
intense beam of coherent, mono-
chromaticlightat 6328angstroms.
1.5 milliradian max. divergence;
1.0 mm beam diam. 1”7 diam. x
14”7 laser tube. Instant starting
cold cathode. Safe, solid state,
low ripple regulated power supply.
Stock No. 79,0025.5220.00 Ppd.

GIANT FREE CATALOG

148 Pages! More than 4,000
UNUSUAL
BARGAINS!

Completely new.
Enormous vari-
ety of telescopes,
microscopes, bi-
noculars, mag-
nets, magmﬁers
photo compo-
nents, lenses,
prisms optlcal
instruments, partsand accesso-
xl'\l‘e: Write for Free Catalog “S".

ADDRESS
CITY =
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I
|
|
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4% ASTRONOMICAL
TELESCOPE

See craters on moon, rings of
Saturn, double stars. Up to 270X.
New vibration-free equatorial
mount. £/10 mirror corrected to
better than Y4 wave length. Gives
theoretical limited resolution.
Rack and pinion focusing. Alumi-
num tube, 6X finder telescope. 2
standard eyepieces and Barlow
lens gives power up to 270X. Free
with scope: Star Chart, 272-p.
“Handbook of the Heavens’;
‘“‘How to Use Your Telescope.”
Stock No. 85,105S.. 584.50 fob.
3 ASTRONGMICA

TELESCOP

Stock No. 85,050S..$29.95 Ppd.

ANALOG COMPUTER KIT
Demonstrates basic analog com-
puting principles. Can be used for
multiplication, division, powers,
roots, log operations, Lrlg prob-
lems, physics formulae, electricity
and magnetism problems. Oper-
ates on two flashlight batteries.
Electric meter and 3 potentiom-
eters mounted on die-cut box.
Answer 1ndlcated on dial. 20"
long, 9" wide, 2"’

Stock No. 70 3415 $14 95 Ppd.

ORDER BY STOCK NUMBER » SEND CHECK OR MONEY ORDER * MONEY-BACK GUARANTEE

NEW SURPLUS Ni-Cd CELLS

Save more than 759%! Long life-
accept 300 charge and discharge
cycles. 1.25 Volts per cell—750 mil-
liampere hours capacity. Excel.
charge retention. Hermetically
sealed. Indefinite storage life.
Multiple cells welded in series—
easily cut. Combine to form btry.
%" dia. x 1%’ high. Spec. price

"Cells DCV  Ppd.
0,63 ~4_ 500 $3.30

Tr-ck!e Charger (1-10 cells)

70,812 $11.5

SPILHAUS CLOCK NOTES
TICK OF THE UNIVERSE

A unique space-age time piece—

gives 19 different readings of
earth and sky at a glance. Beauti-
ful fruitwood case houses 3 illum-
inated synchronized sky-blue
dials. Requires only one geo-
graphical setting to day and
month for accurate forms and
positions of stars, a timetable of
rising and setting of sun, moon,
and stars and stages of the tides.
Left dial gives local time, right
dial world time. 16”x 112" x4%2”
deep. Shipping wt. 13 Ibs. Uses

house current.
No. 1202S. 5250.00 FOB

Most SLRs under $200 stop short of at
least one of the new Miranda Sensomat’s
basic features: optics independently
judged superior to those on cameras sell-
ing for twice as much; the unique Miranda
3-year guarantee; all shutter speeds to
1/1000 second; a lens mount that ac-
cepts over 1,500 lenses and accessories;
and a through-the-lens zone-metering sys-
tem that isn’t fooled by subjects poised
against bright backgrounds.

Sensomat also has several smaller
extras, the biggest of which is the remov-

You can't
buy more
camera
for$190

and you already own
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300 EDSCORP BUILDING
BARRINGTON, NEW JERSEY 08007
able eye-level prism finder. Just slip it off,
shade the ground glass with the accessory
you already own—your hand—and you're
ready for that low-angle shot. (Of course,
you can also add accessory waist-level
and critical-focusing finder hoods when
you need them.)

Yet for all its versatility, the Sensomat
costs less than $190* with the brand-new

Miranda 50mm /1.8 [ %
acf!c"‘—.-s.ﬂ

automatic lens (less
than $240* with the
new f/1.4). See it at
your dealer.

Miranda Sensomat

| [Ty

Allied Impex Corp,, 168 Glen Cove Rd., Carle Pl

ace,
!,-E;l!i L., N.Y. 11514, Chicago; Dallss; Glendale, Calif,
3 (‘-I'Im Kirgsway Film Eguipment
- i il .___l
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| the same kind. On a tetrahedron a drunk

or semidrunk bug will traverse four
edges in an average walk back to a start-
ing corner; on a dodecahedron it will
traverse 20 edges, and so on. Readers
interested in how to set up equations for
calculating average walks on such net-
works will find the method explained,
with reference to the dodecahedron, in
solutions to problems E1752 and E1897
in The American Mathematical Month-
ly, February, 1966, page 200, and Octo-
ber, 1967, pages 1008-1010. For the
rhombic dodecahedron, which is not
regular, see O’Beirne’s article “A Non-
sense Result in the Traffic Statistics of
Drunk Flies,” in the Bulletin of the In-
stitute of Mathematics and Its Applica-
tions, August, 1966, pages 116-119.

Steps need not be to adjacent spots
on a network. Consider the symmetric
random ergodic walk of a rook over a
chessboard, assuming that on each move
the rook chooses between all possible
moves with equal probability. Since a
rook can reach any cell from 14 other
cells, the transition probability for every
move is 1/14. The rook will therefore
spend the same time on each cell.

The situation with respect to other
chess pieces is different because their
transition probabilities vary. A knight,
for example, can reach a corner cell only
from two other cells, whereas it can
reach any of the 16 central cells from
eight other cells. Since the proportion
here is 2/8 or 1/4, it follows that during
an endless random walk over the chess-
board a knight will visit any designated
corner square one-fourth as often as it
will visit a given square among the cen-
tral 16. For a proof see “Generalized
Symmetric Random Walks,” by Eugene
Albert, in Scripta Mathematica, August,
1964, pages 185-187.

ast month’s betting problem was in-

— tended as a joke. If player A begins
with a certain number of dollars and if,
on each draw of a card from a packet
with an equal number of red and black
cards, A’s opponent B is allowed to bet
half of A’s current capital, the game ob-
viously is the same as the one explained
earlier in the same column, in which A
always bets half of his own capital. B,
who now calls the bets, will win pre-
cisely what A would have lost in the
earlier game. Therefore the formula giv-
en last month for the first game applies
here. We were told that the loser starts
with $100 and that a deck of 52 cards
is used as a randomizer. The winner
is sure to win exactly 100 — [100(%)%]
dollars, leaving the loser with less than

| a dime.
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Remanent magnetism MILLION YEARS

in the rock of the ocean
floor provides decisive
evidence supporting the
hypotheses of sea-floor
spreading and continental drift.
Upwelling in the mantle raises
and rifts the 40,000-mile-long
submarine ridge that girdles the
earth. New crustal rock formed there
bears the impress of the earth’s magnetic
field in its polarity at the time the rock

is formed. As the sea floor spreads outward
atright angles to the axis of the ridge, the rock
stores a record, as on a tape, of reversals in the

polarity of the earth’'s magnetism which occur every
half million years or so. In this diagram of the record
associated with the Juan de Fuca Ridge, southwest of ~
Vancouver Island, the crust that bears the earth’s
present north-south polarity is colored, the colors
denoting the progressively older age of the rock east
and west from the youngest rock in the ridge itself (red).
Straight lines delineate faults offsetting the magnetic pattern.
The diagram is from The History of the Earth’'s Crust, edited
by R. A. Phinney [Princeton University Press, 1968]. Reprinted by permission.

SCIENTIFIC >
AMERICAN

Will devote the entire September 1969 issue to

THE OCEAN
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This bird sanctuary

Imagine a tiny green hump of an island in
a Louisiana swamp. Its total area is less than

five square miles.

Put two hundred houses on it and seven
hundred people. Add one of America’s largest
rock salt mines, the Tabasco® sauce factory
and over a hundred oil wells. And what have
you got? Overcrowding?

Quite the opposite. Avery Island seems al-
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]
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.
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most undiscovered. A place for the painter and
the poet.

Its bird sanctuary sits in a 200-acre garden.
Here you find irises from Siberia. Grapefruits
from Cochin. Evergreens from Tibet. Bamboo
from China. Lotuses from the Nile. Soap trees
from India. Daisies from Africa’s Mountains of
the Moon. And the world’s most complete col-

lection of camellias.

The sanctuary itself is a sight for any sore-
eyed conservationist. It was established twenty-
six years ago by Mr. Edward A. Mcllhenny, a
member of the family that has owned the island
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is an oil field.

for 152 years. It had one purpose. To save the
snowy egret from extinction.

Known as Bird City, the sanctuary started
with only seven egrets. Now, over 100,000 nest
around its man-made lake every year. To see
these alabaster birds sharing their Eden with
herons, ducks, coots, swans, cormorants, tur-
tles, deer and alligators is almost a primeval
experience. It seems to put the clock back to
the beginning.

And, wherever you wander on this peace-
ful island, you have to look hard to spot the oil
wells. Many are hidden by grandfatherly oak
trees bearded with Spanish moss. Others are

4

screened by banks of azalea‘-‘and rhododendron.
To Jersey's affiliate, Humble Oil & Refining
Company, this respect for environment is only
right and proper.

The oil industry provides Louisiana with
one-third of its total revenue. But even this con-
tribution would be a poor excuse for defiling
beauty or disturbing wildlife.

Amen say the egrets.

Standard Oil Company
(New Jersey)
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Liesegang bands: colloidal gold (left) and copper chromate (right), with many gold and copper-chromate crystals also visible
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Conducted by C. L. Stong

n 1896 the German chemist R. E.
I Liesegang, experimenting with pho-

tographic materials, discovered a
puzzling effect. He had spread in a glass
dish a thin layer of gelatin gel that con-
tained potassium chromate. Then he had
placed a crystal of silver nitrate in the
middle of the gel. Within a few days
a pattern of concentric rings grew out-
ward from the silver nitrate, the clear
spaces between the rings increasing log-
arithmically from the center. Liesegang
found that the colored rings were crys-
tals of silver chromate embedded peri-
odically in the gel. It was not surprising
that crystals should form by the reaction
of silver nitrate with potassium chro-
mate, but why did the salts react to form
periodic rings?

Other investigators have since repeat-
ed the experiment using a number of
salts and gels that produce rhythmic
banding. Some of the reactions produce
secondary logarithmic bands; others
form bands that are periodic but not
logarithmic. Collectively the patterns
display all the colors of the rainbow.

Similar patterns are found in nature,
some in minerals such as limonite, varis-
cite and chalcedony and others in ani-
mals, including the wings of certain col-
orful butterflies. Not everyone agrees
that any of these natural patterns are
formed by the Liesegang reaction, nor
has the reaction itself been explained to
everyone’s satisfaction. The puzzle con-
tinues to intrigue experimenters, includ-
ing Roger Sassen of 80-21 231st Street,
Jamaica, N.Y. 11427. Sassen, who is a
graduate student in geology at Lehigh
University, writes:

“The Liesegang experiment requires
only a few pieces of fairly inexpensive
apparatus: a balance that is capable of
weighing chemicals to .1 gram, a gradu-
ated cylinder of 10-milliliter capacity,

THE AMATEUR SCIENTIST

Salts react in a gel to make

the colorful Liesegang bands

another one of 50-milliliter capacity, and
a one-milliliter pipette graduated in di-
visions of .1 milliliter or, preferably, .01
milliliter. In addition you should have
a few flat dishes and a dozen test tubes
with a capacity of 30 to 50 milliliters for
use as reaction vessels.

“The success of the experiments de-
pends in part on preparing solutions of
specified concentration. I shall specify
concentration in terms of molarity. By
convention a one-molar solution (1M)
of any chemical contains 6.023 X 1023
molecules of that chemical per liter of
solution. This number of molecules,
known as Avogadro’s number, is ex-
actly equal to the molecular weight of
the chemical expressed in grams. For
example, a molecule of acetic acid
(CH4,COOH) contains two carbon atoms
(each of atomic weight 12), two oxygen
atoms (each of atomic weight 16) and
four hydrogen atoms (each of atomic
weight 1). Adding the atomic weights
(24 + 32 + 4) gives 60 as the molecu-
lar weight of acetic acid. A quantity of
60 grams of the acid contains 6.023 X
1023 molecules; diluted to a volume of
1,000 milliliters with water, it has a con-
centration of 1M. A .1M solution would
be prepared by diluting with water six
grams of the acid to a volume of 1,000
milliliters, and so on. The atomic weights
of all chemical elements and the molecu-
lar weights of many compounds are list-
ed in handbooks of chemistry,

number of the Liesegang band

3 4 5 6 16910

“Liesegang made his experiment with
gelatin gel, but a number of other gels
can also be used. Among them are agar,
gelled blood plasma, cellulose-derived
thickeners and silica gel. Most of my
experiments have been done with silica
gel, prepared by adding acetic acid to a
solution of sodium silicate that is com-
monly called water glass.

“Sodium silicate solution is available
from druggists. It must be diluted to a
density of 1.06 grams per milliliter. The
density of the commercial material is
usually unknown, but it can be deter-
mined by weighing a specimen of the
solution. Weigh a clean, dry container.
Transfer to the container exactly 100
milliliters of the solution and weigh
again. Subtract the weight of the empty
container from the weight of the filled
container to determine the net weight of
the solution. Typically the net weight
of 100 milliliters of a commercial solu-
tion of sodium silicate will be about 130
grams.

“Assume that 130 grams is the weight
in this example. The weight indicates
that the solution contains 30 grams of
sodium silicate, because 100 milliliters
of water weighs approximately 100
grams. The solution to be used for mak-
ing gel must contain only six grams of
sodium silicate per 100 milliliters of
solution. The necessary dilution is found
by dividing 6 into 30, thereby obtaining

a ratio of 5. Sodium silicate at a density

time
— e ——————————————————y—]
20 30 40 50 -- - --100 200 300

Logarithmic growth of Liesegang bands with respect to time
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125-ml. flask

/

4 tn

ammonium chloride

125-m|. flask
3-mm. g lass
tubing ')

glass wool
moistened
with hydro-
chloric acid

glass wool
moistened with
ammonmnum
hydroxide

Roger Sassen’s apparatus for developing bands in a gas

of 1.06 can be made in this case by add-
ing one part of the commercial solution
to four parts of water.

“For convenience I usually make up
several liters of the diluted stock solu-
tion at a time. Use distilled water for
all solutions. Diluted sodium silicate
solution is converted to gel immediately
before use in each experiment. Gel is
prepared by adding to the diluted solu-
tion an equal volume of acetic acid so-
lution at concentrations ranging from
.5M to 1M, depending on the require-
ments of the experiment. The gel forms
in less than an hour.

“When the gel is examined under a
microscope, it resembles a water-soaked
sponge. The speed of chemical reactions
in silica gel is governed by the slow pace
at which fluids diffuse through the po-
rous mass. For this reason crystals grow
slowly in the gel, but they show a re-
markable perfection of form.

“As an introduction to the gel tech-
nique I suggest that you grow crystals
of silver acetate, which are long, color-

less and needle-like. Mix 10 milliliters
of dilute sodium silicate of 1.06 density
with 10 milliliters of 1M acetic acid and
transfer it to a 30-milliliter test tube.
After the gel has formed fill the space
above it with a .5M solution of silver ni-
trate. The crystals appear within a mat-
ter of days as the silver nitrate diffuses
into the gel.

“To reproduce a version of Liese-
gang's experiment dissolve three grams
of plain unsweetened, unflavored gela-
tin in 96.6 grams of water heated to 140
degrees Fahrenheit. Stir .4 gram of po-
tassium chromate into the mixture. Pour
the mixture into a shallow dish and let
it cool. While it is cooling dissolve 1/4
gram of silver nitrate in one milliliter of
water. When the gel has formed, gently
put a single drop of the silver nitrate
solution on the gel near the center. Rings
of silver chromate should begin to form
within minutes.

“T prefer to let the reactions proceed
in test tubes, so that bands rather than
rings will appear. The tubes can be

closed with stoppers to prevent evapo-
ration so that the reactions can continue
without attention. The test tube tech-
nique is particularly convenient for re-
actions that continue for several weeks,
as in the case of copper acetate and
potassium chromate, which combine
to form interestingly spaced bands of

‘brown copper chromate.

“Prepare the gel for this reaction by
mixing 20 milliliters of sodium silicate
with 20 milliliters of a solution consist-
ing of two milliliters of 1M potassium
chromate and .6 milliliter of concentrat-
ed acetic acid. Transfer the mixture to
a 50-milliliter test tube. After the gel has
formed fill the remainder of the tube
with .25M copper acetate solution, and
thereafter replace it with fresh copper
acetate solution weekly. When a num-
ber of bands have appeared, it is pos-
sible to verify the equation that relates
the distances of successive Liesegang
precipitations to a constant, Y,/Y,_; =
K, in which Y is the distance from the
interface between the liquid and the gel
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Rings of limonite in basalt
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to the center of a selected band, n is the
number of that band, counting from the
interface, and K is the constant.

“Liesegang bands can be grown with-
in a week by using glass capillaries in-
stead of test tubes. The capillaries should
have uniform diameter, as do those used
for determining the melting point of
chemicals. The sealed ends of melting-
point tubes must be broken off. To grow
copper chromate bands by this tech-
nique I hold the capillary almost hori-
zontally and dip one end in a freshly
prepared solution of sodium silicate and
an equal volume of .5M acetic acid that
is also .025M in terms of potassium chro-
mate. The tube fills by capillary attrac-
tion. When the gel has formed, the tube
is placed for development in a stoppered
test tube containing .25M copper ace-
tate solution.

“The fully developed capillary is re-
moved from the test tube for study. The
distances between the bands can be re-
corded with a pencil by taping the capil-
lary to a sheet of paper and measuring
with a metric ruler and machinist’s di-
viders. The bands form so rapidly in
capillaries that in some cases it is pos-
sible to verify an equation stating that
the distance of a band from the inter-
face, divided by the square root of the
time required for the growth of the
band, is equal to a constant, Y,/t,1/% =
K, in which Y is the band of interest and
t is the time.

“A particularly attractive experiment
involves the precipitation of metallic
gold and the development of a banded
pattern by exposing the gel to sunlight.
To make this experiment prepare a so-
dium silicate solution that includes one
milliliter of a 1 percent solution (by
weight) of yellow gold chloride. Trans-
fer the mixture to a test tube and make
it gel by adding an equal volume of 1.5M
sulfuric acid. Gelling takes a week or so.
Fill the space above the gel with a solu-
tion made by dissolving as much oxalic
acid as possible in water, creating a sat-
urated solution. Within a matter of days
thousands of minute, sparkling crystals
of gold will form in the gel. If all has
gone well, Liesegang bands will appear
after the gel has been exposed to sun-
light.

“The nature of the gel influences the
form of the crystallized products, as can
be demonstrated by growing crystals of
lead iodide. In a test tube prepare a sil-
ica gel with 1M acetic acid solution that
is .050M with respect to lead acetate.
Place over the gel a saturated solution
of potassium iodide. Translucent crystals
of yellow lead iodide will appear in
the form of feathery dendrites and free-

growing hexagonal plates. When gelatin
gel is substituted for silica gel, the same
reaction yields Liesegang banding.

“Spiral patterns can also be grown.
An example involves a green precipitate
of cobalt hydroxide. Mix five milliliters
of .1M cobaltous nitrate solution with
30 milliliters of hot, 10 percent gelatin
solution in a 50-milliliter test tube. After
the gel cools and sets fill the space above
the gel with a .2M solution of ammonium
hydroxide. A spiral or somewhat spiral
pattern may form, but it does not always
appear. If it does not, try again.

“Liesegang suggested that the rings
and bands of agates arose when the
Liesegang phenomenon operated in nat-
ural silica gels that were later altered to
microcrystalline quartz, but geologists
now generally agree that agate patterns
can be attributed to the successive de-
posit of layers of silica gel and impuri-
ties. Banded patterns are also observed
in some stalactites, oolites, a few sedi-
ments and, of course, tree rings. When
the number of each band in the pattern
of these materials is plotted against the
logarithm of the distance of the band
from its origin, the resulting graph is
usually a curvedline. On the other hand,
comparable graphs of nearly all known
Liesegang patterns are straight lines [see
illustration on page 131]. Structures of
the mineral limonite that grow in the
form of concentric rings during the
weathering of sedimentary rocks yield
graphs that approximate a straight line.
The rings in most specimens, however,
are distorted and incomplete.

“During the 1920’s synthetic agates
were prepared in the laboratory with
the aim of discovering conditions that
could have led to the formation of Liese-
gang rings in a geological environment.
Silica gel containing potassium ferro-
cyanide was placed in collodion bags
and immersed in copper sulfate solution.
After a few weeks copper ions diffused
into the balls of gel and reacted to form
three-dimensional banded precipitates.
The synthetic agates were then dried
slowly under pressure until they ac-
quired a hardness of about 5 on Mohs’s
scale, meaning that they were so hard
they could barely be scratched with a
knife. Although the experiment was sug-
gestive, it failed to prove that agates are
so formed.

“A two-dimensional version of this
experiment is easy to do. Grow concen-
tric rings of copper chromate in a thin
layer of silica gel sandwiched between
microscope slides. Pour a silica gel mix-
ture made with .5M acetic acid, which
is .025M with respect to potassium chro-
mate, onto one plate and put the other
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plate on top, taking care not to trap air
bubbles in the gel. A thicker layer, in
which the rings are easier to see, can
be made by spacing the glass plates apart
with a few particles of crushed glass.
“Immerse the sandwich in a .25M so-
lution of copper acetate. Within a week,
as the copper ions diffuse inward, con-
centric rings will precipitate. They
closely resemble the rings of limonite
found occasionally in the cracks of rocks,
suggesting that such formations may
result from the penetration of ground-

)
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Bands of mercury vanadate
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Willy Ley

tells the whole story of
how science made man’s
dream of exploring
space come true, in

his new book

EVENTS IN
SPAGE

“In this book, the story of artificial
satellites is engagingly told; how
they evolved, who contributed to
the technology and how, and the
manner in which the stage was set
for the traumatic impact of the first
Sputnik nearly twelve years ago.
Willy Ley is a great storyteller. He
tells it like it was, and is, clearly
and with wit and humor.”— From
the Foreword by F. C. Durant, I,
Assistant Director, National Air
and Space Museum, Washington,
D.C. lllustrated. indexed. $4.95

DAVID McKAY COMPANY, INC.
New York 10017
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mind-to-mind
combat.

“"MeM,"’ writes Martin Gardner,
"is a delightful strategy game
based on a completely ne 3
involving pattern r i

Thomas V. Rand itor of
- Zeit." |

nds the '‘pleasure In
ble."" He writes:

raizvoll finden

MeM is a new board game for
one, two or four, invented by
Anatol W, Holt, director of
advanced systems, Applied Data
Research, Inc. You'll find it
challenging and competitive

At better department, stationery
or book stores. Or write: Dept. A

Stelledar, 1700 Walnut St.,
Philadelphia, Pa. 19103

or

Products of the Behavioral
Sciences, 1140 Dell St.,
Campbell, Calif,

Enclose check or money order
@ $6.75 (27 Mark) for each MeM
set ordered.
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Silver crystals in silica gel

water solutions into cracked rock [sce
bottom illustration on page 132].

“One can demonstrate that the pres-
ence of gel in cracked rock is not essen-
tial to the growth of such patterns. Sand-
wich between a pair of glass plates a
solution of .01M potassium iodide and
let a solution of .5M silver nitrate diffuse
into the thin film. Delicate but irregular
rings will usually appear. The experi-
ment does not always work, so that you
may have to resort to trial and error.

“Other examples of periodic structures
that form without gel can be observed
by letting a drop of saturated potassium
dichromate solution evaporate from a
glass surface. Concentric rings of orange
crystals usually develop. The phenome-
non is called periodic crystallization.
Fine spirals of potassium dichromate
crystals can be grown by allowing a thin
film of solution to evaporate from a
warmed glass slide. Crystallization usu-
ally begins at the edge and spirals in-
ward, but if a dust particle happens to
lodge near the center of the film, crystal-
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lization may start at the particle and
spiral outward.

“Periodic crystal structures can also
be prepared by cooling thin films of
molten substances. An example is a thin
film of molten sulfur that cools slowly
on the sides of a Pyrex test tube. Molten
organic substances, such as benzil and
acetanilide, will also crystallize as con-
centric rings.

“Another interesting example of the
Liesegang phenomenon, with air replac-
ing gel as the medium, occurs when the
fumes of hydrochloric acid and ammo-
nium hydroxide diffuse into a long glass
tube from opposite ends. Within an hour
a finely banded precipitate of white am-
monium chloride smoke will form near
the middle of the tube. Construct the
apparatus by cutting a piece of three-
millimeter glass tubing to a length of
50 to 75 centimeters, fire-polish the ends,
wash the tube with detergent solution,
rinse it with distilled water and let it dry.
(Do not use tubing larger than three
millimeters in diameter.)

“Attach to the ends of the tube bulbs
that have a capacity of about 100 milli-
liters and are filled with loosely packed
glass wool. The bulbs can be improvised
from straight drying tubes or any equiv-
alent scheme such as a pair of 125-milli-
liter flasks closed with perforated stop-
pers [see top illustration on page 132].
The apparatus must be airtight: a small
leak can spoil the reaction. The diffusion
tube should be level and protected from
abrupt changes in temperature. Moisten
the glass wool in one bulb with two milli-
liters of 10M hydrochloric acid and the
wool in the other bulb with the same vol-
ume of 1.5M ammonium hydroxide.
These solutions can be made from stock
reagents; concentrated hydrochloric acid
is usually 12M and concentrated am-
monium hydroxide 15M.

“Most Liesegang patterns appear as
rings or bands, but some of them are
symmetrical figures. A straight line
drawn through the axis of symmetry di-
vides these patterns into mirror images
that resemble the markings of certain liv-
ing creatures. This resemblance, coupled
with the fact that living body cells con-
tain gel, has suggested to some biologists
that Liesegang phenomena might be of
biological significance.

“Charles Darwin described patterns
of color in many organisms. Liesegang
was tempted to explain the patterns
as examples of periodic precipitation.
‘As no ornaments are more beauti-
ful” he said, ‘than the ocelli on the
feathers of various birds, on the hairy
coats of some mammals, on the scales of



reptiles and fishes, on the skin of am-
phibians, on the wings of many Lepidop-
tera and other insects, they deserve to
be specially noticed. An ocellus consists
of a spot within a ring of another col-
or, like the pupil within the iris, but the
central spot is often surrounded by ad-
ditional concentric zones.” Darwin de-
scribed a South African moth ‘in which
a magnificent ocellus occupies nearly
the whole surface of each hinder wing;
it consists of a black center. .. surround-
ed by successive, ocher-yellow, black,
ocher-yellow, pink, white, pink, brown
and whitish zones. Although we do not
know the steps by which these wonder-
fully beautiful and complex ornaments
have been developed, the process has
probably been a simple one.’

“Fascinating patterns of similar de-
sign and color can be grown in gel. For
example, in one of my experiments the
effect was demonstrated by letting a
solution that contained both silver ni-
trate and mercurous nitrate diffuse into
a layer of gel between glass plates. The
gel, made with .5M acetic acid solution,
was .025M with respect to potassium
chromate. Incidentally, colonies of cer-
tain microorganisms grow in structures
that consist of spirals or concentric
bands, and Liesegang bands of growth-
inhibiting substances have been used to
grow cultures of bacteria in the form of
concentric rings.

“Not many Liesegang patterns have
been made with organic reactants, al-
though several experimenters have in-
duced the periodic precipitation of com-
pounds by reacting inorganic substances
with organic compounds. These reac-
tions go quickest if the slowly diffusing
organic compound is placed in the gel.
I was able to grow bands by placing
nickel nitrate solution over silica gel pre-
pared with .5M acetic acid solution that
contained a trace of dimethylglyoxime.
The possibility that a vast number of
organic reactions might proceed in gel
media and that they may have biochemi-
cal significance suggests that the search
for new organic examples of the Liese-
gang phenomenon could be an exciting
and challenging hobby.

“Most of the chemicals used in these
experiments are toxic. Some can cause
severe burns. Handle them accordingly.
Use a rubber squeeze bulb rather than
your mouth for sucking solutions into
the pipette. Work in a ventilated space
and close to a source of running water
so that in case of accident the chemicals
can be washed quickly from the skin.
Store the reacting chemicals out of the
reach of children and pets.”

INTRODUCING A UNIQUE, VALUABLE,
& EDUCATIONAL POSSESSION . . .

Now You Can Own A Sample Of Every Element Now Known

The Mentor Medal-Art Co., Inc. Announces

“DISCOVERIES OF THE ELEMENTS”

Sterling Silver & Bronze Medal Series.

O

ATOMIC
WT. - 1.0080

[ coLomiess GAs AT woom
TEMPE namLy

1 .
L': .
- = -
D -
M /

$4 I/F-Nb::‘ﬁ‘/ :

HYDROGEN - Mg

2, %,

Actual Size Of Medal & Sample

In A Clear Plastic Case.
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THE MENTOR MEDAL-ART CO., INC. proudly announces a fantastic new medal
series in SOLID STERLING SILVER or SOLID BRONZE.

This commemorative series will portray the discoverer of each of the 103 elements
now known to man, along with the principle uses of the element on the obverse.
The reverse will list the chemical and physical properties and principle uses.

Included will be an ACTUAL SAMPLE OF THE ELEMENT, whether it is solid, liquid
or gas, whenever possible. Otherwise a stable form such as an oxide, or a facsimile,
as in the case of the radioactive elements will be used; both will be housed and
protected in a handsome, optically clear PLASTIC CASE.

THIS IS A STRICTLY LIMITED EDITION SERIES ... Only 2,000 consecutively edge
numbered solid sterling Silver medals and 10,000 Bronze medals split between edge
numbered and unnumbered, will be struck, or the number reached at the time of the
subscription deadline, July 1, 1969. After the minting, the dies will be destroyed
thus protecting the subscribers from over-production.

The medals will be one and one half inches in diameter in high relief with a *'proof-
like” surface. SUBSCRIPTIONS WILL BE FILLED ON A FIRST COME BASIS. The
medals will be issued at the rate of two per month beginning with HYDROGEN and
HELIUM in late August or September of this year.

The cost of the medals, sample element, and plastic case is only $12.00 each for
the numbered Silver, $6.50 each for the numbered Bronze, and $5.00 each for the
unnumbered Bronze.

DON'T MISS OUT ON THIS ONCE IN A LIFETIME OPPORTUNITY.
FILL IN AND SEND THE ATTACHED ORDER BLANK ALONG WITH
A CHECK OR MONEY-ORDER FOR THE DESIRED SET OR SETS.
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Mentor Medal Art Co., Inc., Dept. E2, “DISCOVERIES OF THE ELEMENTS"
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NAME | have enclosed a check or money-order for
the first two issues in:
ADDRESS O Numbered silver @ 12.00 each or 24.00.
CITY O Numbered bronze @ 6.50 each or 13.00____
STATE ZIP O bronze @ 5.00 each or 10.00
Subtotal
OCCUPATION Ohio res. please add 4% sales tax
AGE Total
| understand that this subscription entitles
SIGNATURE me to two Medal/sample issues monthly for
DATE which | agree to pay upon being invoiced on

a monthly pre-payment basis.
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Frequency measurements mean

a safe launch for Saturn.
A pinpoint re-entry for Apollo.
A man’s life in Boston.

Shaking the life out of a
Saturn V.

Imagine a vibrating platform like
the one you stand on for a foot
massage. Except this one’s 50 feet by
50 feet. And on it stands a rocket
over five stories tall. Yet this
vibrating platform can shake the
life out of a Saturn V launch
vehicle. Some massage!

What the engineers would like
to know are the critical vibration
frequencies that could destroy a
rocket at launch or in flight.
Hewlett-Packard has just the
instrument to make sense out of all
the shakes and rattles.

With this same instrument,
electronics engineers can perform
more detailed circuit analyses,
doctors can look closer at EKG and
EEG signals, architects can probe
building structures, physicists can
dig deeper into nuclear magnetic
resonance, and astronomers can
minutely scan the noisy universe.

In the case of Saturn, the
HP 5450A Fourier Analyzer can
perform in seconds a complete
vibration analysis, resolving all the
component frequencies to display on
ascope the power spectrum indicating
any dangerous resonance. At the
push of a button, it will convert
the power spectral density function
to the correlation function—using
Fourier transforms.

The HP Fourier Analyzer can
perform as a Power Spectrum
Analyzer, a Correlator, an Averager,
a Digital Filter, or you can select
from a keyboard any combination
of these functions. Using digital
techniques and Fast Fourier Trans-

[}
I
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form Algorithm you get the speed
and versatility to perform Time
Series Analysis up to 25 kHz. Since a
straightforward keyboard is used for
programming you don’t have to be a
digital computer expert. However,
as a side benefit you do have the full
computing power of a standard HP
Model 2115A Computer whenever
you call for it from the keyboard.
System price is approximately
$50,000, depending on options.

The full 5450A story, far more
intriguing than just massaging
Saturn V, is yours for the asking.
Simply write for the 5450A Data
Sheet and mention your application.

Apollo, journey into time
and space —and back.

Apollo re-entry and splashdown
precision is no happy accident; it
stems from astronaut practice and
skill—and, in part, HP dedication to
microseconds of time.

Microseconds might seem
irrelevant in week-long, million-mile
space flights. But such precision
timing is critical to mission success.
It helps tracking-radars detect minute
increments of Doppler shift caused by
spacecraft movement—even at lunar
distances—so as to determine the
vehicle's speed precisely and to plot
its position within feet. NASA's
worldwide computer network, 15
land stations and 3 ships, depends on
meticulously synchronized data
exchange necessary for correlating the
trajectory calculations. In the event of
engine malfunction, behind the Moon
or in deep space for example, such
information would be vital in getting
the astronauts safely back to Earth.



NASA’s timing system was
completely updated before Apollo 8
and played a vital role in the lunar
orbit and subsequent Apollo experi-
ments. Tracking stations in Cali-
fornia, Spain and Australia were
each equipped with a new primary
frequency standard—the HP Precision
Frequency Source (E02-5061A),
keyed to an HP cesium clock. These
primary references and their slaved
rubidium and quartz standards were
synchronized with a portable HP
atomic clock that was flown on
a pre-launch round-the-world trip.

If minute details—in time—
govern your time- or frequency-
dependent studies, write for HP
Application Note 52, ““Frequency
and Time Standards,"" a 100-page

discussion of the practical aspects of
their applications.

Hearts shouldn’t lose
their tempo undetected.

The chances of complete recovery for
patients who have suffered a common
type of heart attack called myo-

cardial infarction are generally good.
But complications after this trauma
can greatly complicate the physician’s
job, to say nothing of threatening
his patient’s life. Some 409, of all
fatalities in the hospital due to
myocardial infarction are caused by
arrhythmias—electrical disturbances
within the heart causing irregulari-.
ties in the beat such as speed-ups,
pauses or double-beats.

Doctors know arrhythmias can
often be successfully prevented by
medication, but the usual coronary
instrument alerts the doctor only
when a serious arrhythmia is in
process. Again, doctors know that
major arrhythmias—the potentially
fatal ones—are almost always pre-
ceded by less dangerous ones. The
problem is to detect these small
irregularities.

Since monitoring for medicine is
part of Hewlett-Packard's business,
we've been searching for a means to
help doctors detect smaller arrhyth-
mias, to give them a head start on
treating major ones. The new 7822A

Arrhythmia Monitor is such a means.

When inserted into a patient moni-
toring system, it measures a pattern
of heart signals that the physician
establishes as “'normal’’ for a par-

ticular patient. Characteristics of this_

“‘normal’’ pattern are stored in the
instrument’s memory, and each
subsequent beat is compared to it
instantaneously.

Beats which are abnormal as
compared with this stored “‘normal”’
are classed as ectopic or out-of-place.
The number of these beats occurring
in a given time period is numbered
and recorded so that the doctor can

HEWLETT
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assess the success of drug treatment.
Any excessive ectopic activity will
trigger alarms to indicate a more
serious condition.

This “‘extra ounce’’ of preven-
tion can make monitoring even

more effective toward achieving

a complete recovery from myocardial
infarction. If you would like a
definitive description of this new
instrument, drop us a note asking for
publication No. 7822A. We'll also
send you our pamphlet, “"How
Patients are Helped by Intensive
Care Monitoring.”’

If measurement of frequency
isn’t of personal concern to you, let
us know how we can help you—
in measurement, analysis or computa-
tion. Hewlett-Packard, 1503 Page
Mill Road, Palo Alto, Calif. 94304;
Europe: 1217 Meyrin-Geneva,
Switzerland.

 PACKARD

Measurement, Analysis and Computation

00904



by Philip Morrison

EOPLES AND CULTURES OF THE
PPACIFIC: AN ANTHROPOLOGICAL

Reaber, edited by Andrew P.
Vayda. The Natural History Press
($7.95). SEA RouTES TO POLYNESIA:
AMERICAN INDIANS AND EARLY ASIATICS
v THe Paciric, by Thor Heyerdahl.
Rand McNally & Company ($5.95). Ac-
RICULTURAL ORIGINS AND DISPERSALS:
TieE DOMESTICATION OF ANIMALS AND
Foobsturrs, by Carl O. Sauer. The
M.LT. Press ($2.95). Over almost an en-
tire hemisphere the broad Pacific curves,
a fluid barrier and a way of travel for
man. Shoaling from its depths are found
more than 20,000 islands, and perhaps
one man in every 1,000 lives there,
formed into a wildly distinct and diverse
set of cultures. How and when did man
get there? Whence did he come? Was
the ocean a barrier or a road for man be-
fore the Iberian voyagers? These are the
main topics of the early history of man
in the Pacific, a central theme for these
three books. Peoples and Cultures of the
Pacific is a thick anthology, systematical-
ly presenting papers from many sources,
mostly written within the past decade,
that amounts to a course of study in the
whole field. The geography is well laid
out, the language studies, history, folk-
lore and politics are all touched on, rath-
er in the sense of a wide sampling than
of a brief survey. It is the scale of the
ocean itself that emerges most strikingly
from the story of Pacific man. First,
there is a preponderance of evidence to
the effect that accidental one-way voy-
ages, in which the canoes of islanders,
out for a day’s fishing or a three-day
voyage between the islands of an archi-
pelago, were swept thousands of miles
away by a sudden typhoon, occasionally
to float the survivors ashore on a distant
island, to which they added their genes
and their small inventory of goods and
ideas. Sometimes they were the first men
on the new shore. This strange mode of
migration has clearly had more impact
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How man and his domesticated plants

crossed the oceans, and other matters

than the alternative possibilities, deeply
embedded in folklore, of intrepid or per-
haps desperate planned exile by sea,
with the hope of a landfall. There are
many features of the Polynesian culture-
dispersal pattern that support this chan-
cy model, first argued a decade ago by
Andrew Sharp.

The sea giveth and the sea taketh
away. If man has been sown like seed
by the willful typhoon, he has also been
destroyed by its blasts. Here we have
the moving account of the fate of the
500 people of Ulithi Atoll before Ty-
phoon Ophelia in the fall of 1960. The
winds reached a velocity of 100 or 120
knots; the sea surged four feet deep over
the coral. Most of the canoes, vital for
fishermen, were destroyed and most of
the crops were ruined. In the old days
there would have been few survivors.
The history of Polynesia is the history of
sudden decimation by an unpredictable
storm; now the shock was more personal
and cultural. The people survived with
outside help, but their taboos, the old
deference of women, the restrained si-
lence of children, with many of the old
ways already threatened and in slow flux
under the external influence of loran and
Coast Guard stations, were swept away
like the trees. Nothing like that had hap-
pened in the 1907 typhoon; it had killed
many of the people but the social forms
stood firm. The eyewitness account by
William A. Lessa makes a remarkable
chapter.

Thor Heyerdahl made his voyage on
the balsa raft in defense of a theory, the
theory of the Pacific as a highway by
which Peruvian men and ideas came to
Polynesia. Here we have a set of nine
of his papers, mostly written in the
1960’s, expounding and elaborating on
this theme. His work on the curious mul-
tiple centerboards of the Incas that make
balsa rafts such as Kon-Tiki capable of
tacking and sailing into the wind, and
his understanding of long sea voyages
under plausible early circumstances, are
fully convincing. He argues well that the
straight lines of the map are not good
measures of sea routes on the curved
Pacific, where a voyage from China to
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Peru is as Jong whether taken via New
Zealand or Seattle or Fiji. The sea sur-
face moves in persistent currents, and
that motion is dominant compared with
the slow sea speed of a raft or a sailing
canoe. Thus Heyerdahl argues that,
whereas there are no good sea routes out
of America across the Atlantic, there
are plausible routes, one equatorial and
one southerly, out of America toward
Asia, and one “natural passage” from
Indonesia north of Hawaii to Mexico,
found by Spanish shipmasters in 1565.
Much less compelling is the evidence
that by such routes Polynesia was set-
tled, or that cotton, gourds, sweet pota-
toes and yams were taken to Asia.

The last of these three books is a fa-
miliar and brilliant set of lectures by the
geographer who more than anyone else
has analyzed the nature of agricultural
invention. He has seen that there is a
real difference between propagation by
seed and by cutting. He argues that ag-
riculture begins with a sedentary tropi-
cal fishing people, hand-tending their
watery fields until their root crops, prop-
agated vegetatively, have become man-
made plants no longer setting seed at all,
such as taro, bananas and yams. The ce-
reals are an entirely different technology.
In Professor Sauer’s view, Aleutian voy-
ages of ancient times brought such an
art of farming to the Americas. We face
once more postglacial Pacific crossings.
To these well-known and stimulating
lectures this second edition in paperback
adds a few smaller themes: one is the
pre-Columbian use of maize, even in
Italy. These notions mingle with those
of Heyerdahl, but it is not argued that
the main spread of maize in Europe and
Africa came much before Columbus. It
is possible on this view that the millen-
niums that brought maize across the Pa-
cific and the Indian Ocean to Milan
ended by chance at just about the same
time the Atlantic round trips began to
short-circuit the voyage. That will re-
quire evidence stronger than the com-
parison made in a single phrase by an
observant cleric in 1493, writing from
Spain to his old friend in Rome that the
Indians’ maize was like the millet of



Milan. How much alike were the maize
and the millet? Petrus Martyr describes
maize rather fully for an already familiar
plant. Maize still seems the prize of
Columbus, even after that story.

HE STANFORD Two-MILE ACCELERA-

- Tor, R. B. Neal, General Editor.
W. A. Benjamin, Inc. ($35). The longest
straight line in the world—two miles end
to end and straight to about a fiftieth of
an inch—runs in an evacuated two-foot
aluminum pipe in a 10-foot-square con-
crete tunnel buried in the foothills just
west of the Stanford University campus.
The line is set by a laser beam, with an
ingenious series of Fresnel lenses to fix
its position. The stout pipe supports
1,000 equal lengths of brazed copper
and stainless steel disk-and-cylinder
parts that join to form a flanged high-
vacuum channel for electrons and fields.
Into this wave guide nearly 250 multi-
megawatt pulsed klystrons pump their
radio-frequency power from above the
ground, at a wavelength of about 10
centimeters, up to 360 pulses per sec-
ond. The carefully phased voltages that
appear in the wave guide pull electrons
along the tube, a few million electron
volts gained per foot, until two miles
downstream (although only about a yard
along according to the fast-moving elec-
tron’s Lorentz-contracted and equally
valid point of view) they possess 20 bil-
lion electron volts of energy and flow
with a peak current of about a fortieth
of an ampere. Every few months the ma-
chine is realigned; sections may drift a
millimeter or so during that time as a re-
sult of the earth’s settling. The San An-
dreas rift zone lies about half a mile
from the injector end of the machine,
and one can expect the line to curve by
a couple of millimeters a year. The beam
is only a few millimeters across, so that
it has plenty of room in its three-quarter-
inch pipe. Small deflections are sensed
and the beam is centered by the opera-
tor, who can set currents in small coils
to bend the path slightly. The earth’s
field is of course degaussed out, and
even the effect of a great earthquake
with a nearby epicenter is expected to
be met by the lateral adjustment of a
foot each way that the main pipe design
provides for.

This fat book, with 90 experts con-
tributing its 27 chapters, is a full account
of the machine and all its systems, from
architecture and administration to cafe-
teria and cooling water. The machine
reached the 20-billion-electron-volt de-
sign energy at about half design current
in early 1967, 10 years after the pro-
posal was submitted. The cost was with-
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in the budget of $114 million, the time
was as promised, and operation is steady,
looking toward 80 percent productive
time. The limit on current is so far set
by an unexpected and subtle interaction
between sections that is mediated by the
beam current itself, inducing transverse
radio-frequency fields that cumulatively
break up the beam at somewhat low cur-
rents, although they are still 10 times
higher than the world record for billion-
volt electrons.

The general reader, no less than the
specialist, can find a great deal of under-
standable and interesting material in this
knowing, crisp, detailed account of a
project in big science. For example,
what do you do with this deadly beam
once you have studied the processes it
starts up in a room-sized spark chamber
or a bridge-sized spectrometer? If the
fast beam is stopped in high-atomic-
weight material, say copper or iron, the
electron and photon cascade stops short
in a few inches. The power density is
enough to melt anything you might
have, no matter how hard you try to cool
it. Therefore the beam is stopped grad-
ually instead, in hydrogenous stuft—
flowing water—where the stopping elec-
trons can spread out many feet in the
material and cooling is practical. Much
of the water is decomposed, but there is
a catalytic recombiner to keep the hy-
drogen from leaking too much into the
unventilated, rather radioactive room
shielded under many yards of concrete
and rock fill, a shielding beefed up with
five dozen surplus 105-millimeter can-
non barrels.

The report is here and there too bland.
The long and interesting fight over the
main 220,000-volt power lines, which
spoiled the view of a nearby well-to-do
suburb, is merely alluded to. The solu-
tion reached was not the expensive un-
derground line the neighbors sought but
an inexpensive and quite unobtrusive
design of tubular steel poles replacing
the big latticework towers. The history
of this compromise ought to have been
outlined with more candor. How much
money was saved? What does Woodside
think now? The story of the great linear
accelerator is a genuine success story; it
need not fade into a company handout.

I\,IACNETIC COMPASSES AND MAGNE-

TOMETERS, by Alfred Hine. Uni-
versity of Toronto Press ($30). The fact
that a pivoted magnetic needle aligns
itself with a generally northward terres-
trial field has been known for a couple
of millenniums since its discovery in
China. In wooden ships, as in a forest,
the needle works well enough. It remains
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useful in these days of iron ships, al-
though the casual experience of the city
dweller would suggest that the compass
points not north but to the nearest steam
radiator. Captain Bligh added to his
administrative shortcomings the fault of
storing his iron pistols in the ship’s bin-
nacle.

In this detailed and devoted volume
by a late scientific officer at the Admir-
alty Compass Observatory is laid out the
theory and practice of giving the mag-
netic needle “a fair chance” to provide
an indication of direction. The first prob-
lem is of course dynamical: ships and
aircraft turn, pitch and roll. The simplest
therapy is gimbals. The needle naturally
oscillates; the design of a compass card
with a long period—weighted by a pe-
ripheral ring—and air damping was the
work of Lord Kelvin. Liquid damping
came later because of many practical
difficulties, entering the Royal Navy in
dreadnought days and the merchant ma-
rine only during World War II. The field
the compass measures can only be the
local field; a modern ship contributes to
this field by the permanent magnetiza-
tion of its many steel parts, and by an
induced field that varies with the ship’s
heading. Bligh’s pistols are as nothing
compared with a big steel deck! It was
Denis Poisson and then Sir George Airy
who showed a century ago how to cor-
rect the field by homeopathic means;
permanent magnets compensate for the
ship’s fixed perturbations, and adjustable
soft-iron rods and spheres—often seen at
the binnacle—for the rest. Theory and
practice are all here, although the theory
is given in the old-fashioned form, with-
out vectors, matrices or explicit multi-
pole expansion.

Between the two world wars came the
gyrocompass. This expensive and ele-
gant device swept the Royal Navy, until
its officers “scarcely appreciated the ad-
vantages of the magnetic compass.” In
World War II the advance of electronics
meant cheaper servomechanisms to re-
peat the magnetic compass readings for
many to use, and to allow placing the
compass at a suitable spot, often high
on the mast or at a wing tip. The mag-
netic devices have also made a strong
comeback in hybrid form: the gyromag-
netic compass. Here the gyroscope holds
a platform steady against the faster
motions, while the magnetic needle
responds to an average north-seeking
force, without the hours of settling need-
ed for the usual gyrocompass to feel the
weak Coriolis force. All these devices
are described in some detail, with much
of the evolution of each kind. The trea-
tise does not omit the needleless mag-
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netic sensors, such as the saturable
inductor, and even the nuclear-mag-
netic-resonance devices now used for
field-strength measurements. The heart
of the tale is the north-seeking needle,
seen here, as it rarely is, in its genuine
context, not in the artificial simplicity
we too often impose on the familiar. A
well-swung compass is true to magnetic
meridian to a tenth of a degree on ship-
board; it is better than the North Star.

HE EPITOME OF ANDREAS VESALIUS,

- translated from the Latin with a pref-
ace and an introduction by L. R. Lind,
with anatomical notes by C. W. Asling.
The M.LT. Press ($3.45). TABULAE AN-
ATOMICAE, by Bartholomeus Eustachius,
with Latin notes by Jo. Maria Lancisius.
Editrice Parnaso, Modena ($22). Ve-
salius” 1543 publication of the De hu-
mani corporis fabrica, in seven books,
with its woodcut anatomical illustrations
of extraordinary beauty and unprece-
dented accuracy, drawn from the ca-
daver, is often regarded as reflecting the
beginning of modern science. The bril-
liant young Flemish professor at Padua
also published, only two weeks after his
great Fabrica, this compact manual, a
digest probably intended for medical
students without time or money for the
bigger work. We now have the Epitome
in paperback, a new reprint of a fine
translation done by a Kansas historian
20 years ago. The Latin text is here too,
complete in facsimile, photographically
reproduced with all the figures, at about
half the original size. Here is a chance
for everyone to own the famed Vesalius
skeleton shown, like Hamlet, holding a
skull in bony silent reflection. There are
about a dozen other full figures of the
body in various stages of dissection,
drawn by the engraver of the bigger
work. The book is a bargain.

The second work is altogether grand-
er. It is a full-sized photo-offset repro-
duction of a beautiful anatomical atlas
published in Rome in 1714, with the
text entirely in Latin. Nearly everyone
who flies knows of the author by the
ducts from middle ear to throat named
after him, those bypasses whose slow
functioning causes the pains of depres-
surization. His own unhappy story is
much less well known. This book pre-
sents his work in 50-odd full-page cop-
per engravings, distinctly more precise
and detailed than the work of Vesalius,
although by comparison austere and
unornamented. Eustachius was a con-
temporary of Vesalius’, and produced
his own atlas of plates probably within
a decade after the Fabrica. His tech-
niques—injection of vessels, chemical



Take this 350-page trade edition of our
UNABRIDGED

MASTER CATALOG of

M AS:.T‘% "" ) \-“\ w

““)KS’““&E&“; Y A

UNOBTAINABLE OUTSIDE
BOOK TRADE EXCEPT FOR
MEMBERS OF
AMERICAN BOOK CLUB

Huge 350-page Master Cata-
log lists full 20,000 books in
print. Every title at guaran-
teed discounts of as much
as 81%. All categories, all
subjects included —hard
cover and paperback, fiction
and non-fiction, best sellers
and classics, even multi-
volume reference works,
encyclopedias and college
texts. Discount always shown
side-by-side with regular
retail price so you can com-
pare in every case. No com-
mitment to buy any number
of volumes. Order any book
you want through club direct
from warehouse. No excep-
tions. No middleman. You
never pay list price for any
book, ever. Request your
Master Catalog now

BOOKS in PRINT

REE

Your ‘‘no-strings’’ gift from
the American Book Club.
- Noobligation to buy

a thing. Keep Cata-
log FREE even if
you decide not

to become amember.

Save up to 81% on every book in print—no limit on what
you buy—no commitment to take any number of volumes!

Mail coupon at once to receive your MAS-
TER CATALOG OF BOOKS IN PRINT
and begin a trial membership in the American
Book Club. Membership does not obligate
you 10 buy a thing. But it does entitle you to...

1. Order.any and all books in print at dis-
counts up to 81%. Even newest releases.

NO EXCEPTIONS!

2. Choose from all books of all publishers
—Random House, Knopf, Doubleday, Har-
per & Row, Simon & Schuster, Harvard
University Press, etc. Even rare or ‘“spe-
cialist” publishers. NO EXCEPTIONS!

3. This includes all books of all categories
—hard cover and paperback, fiction and
non-fiction, best sellers, scientific and tech-
nical, religious, art, even multi-volume
references, encyclopedias and college texts.
All books offered by other clubs are in-
cluded too. Everything between two covers.

NO EXCEPTIONS!

4. Most important—you can make these
amazing purchases without involving your-
self in a single “commitment” of any kind!

What’s the catch? There is none!
Unlike other book clubs—no one at American
Book Club says you MUST do this or you
CAN'T do that. There are NO restrictions.
NO quotas to buy. NO OBLIGATIONS
WHATEVER. And positively NO unwanted
books shipped or billed to you because you
forgot to return an irritating monthly card.
(There are NO cards to return.)

In fact we ask nothing at all of you,
except this:
Please request your complimentary Master
Catalog at once. Quantities earmarked for
trade houses, publishers, schools and libraries

are severely limited. Do not miss obtaining a.

copy of this book-industry “Bible” by delay-
ing too long. As a member you can order

all the books you want—for the rest of your
life-at guaranteed discounts up to 81% on any
book of any publisher listed in the Master
Catalog of Books in Print.

At such savings, the price you formerly
paid for just one book may now get you up to
five. And get them for you FAST.

Every order “computer-serviced”—at once!
As a member you are imumediately ‘“pro-
grammed” into our nationwide Computer-
Service Network linking us to EVERY pub-
lisher in the country! This provides you with
efficient direct-to-your-door delivery on ANY
and EVERY selection—whether popular best-
seller or scholarly reference!

We never foist “club editions” on you

You may not know it but—many selections
received by members of other clubs are what
the trade calls ‘“‘club editions”. (Look for the
“tip-off” phrase, “Book Club Edition”, on
their flaps.) But we never give you “club edi-
tions.” Never give you cheaper paper, smaller
type, or bindings that stain your hands and
fall apart. You receive only the GENUINE
PUBLISHER'’s EDITION, brand-new and
bindery fresh. The same item selling for up
to four times the price in the bookshop
around the corner.

Even if you want something NOT in the
Master Catalog of Books in Print—order it
anyway! You still get it at the full Club dis-
count—even if we lose money by giving it to
you for less than wholesale!

Monthly newsletter also sent—FREE

For books published after you get your Mas-
ter Catalog—rely on the fascinating supple-
ment, “Bookmarker” for late-breaking bar-
gains even beyond the normal club discount!

To enjoy full club privileges at once, mail
coupon with only $5. This one-time fee en-
titles you to lifetime membership. You never

© 1969 SCIENTIFIC AMERICAN, INC

have to renew—and never pay another club
fee, ever. You'll probably save many times
this small fee on your first order alone.

Money-back guarantee is unconditional

If you don’t agree American Book Club is all
we said .and more, just let us know within 10
days and your membership fee will be re-
funded at once. But the 350-page trade edi-
tion of our unabridged Master Catalog of
Books in Print is yours to keep regardless.

Naturally, every book you buy through the
club must satisfy you 100%; otherwise feel
free to return it within 10 days for a full re-
fund. No questions asked.

Join the growing number of students,
teachers, professional men—even schools and
libraries—who now buy direct from the Mas-
ter Catalog. At savings of up to 81%! Mail
coupon now to:

American Book Club
Hazleton, Pennsylvania 18201

m MAIL FOR FREE CATALOG g
|

American Book Club 116
| Hazleton, Pennsylvania 18201

|

Yes, please rush MASTER CATALOG free and |

enroll me as a trial member in American Book |
Club. Membership doesn’t obligate me to buy

la thing but does entitle me to order every |

book in print at discounts up to 81%, plus |

shipping. Enclosed is my one-time membership |
| fee of $5 (never another club fee for the rest

of my life). If not 100% satisfied | may return |

any book within 10 days for full refund. If not |

happy with the club itself, | need only let you |
know within 10 days. My membership will be

cancelled and my fee refunded in full. But the |

Catalog will be mine to keep regardless! |

|

|

|

|

Jd

Name

Address
City ____ State Zip

r—

141



aids to dissection—were remarkably
modern. He managed to publish only
the first eight plates, in a monograph on
the kidney. Neither he nor his literary
executor ever saw his full-scale anatomy
published. More than 150 years later the
plates were found in the possession of a
descendant of Eustachius’ most loyal dis-
ciple. Sponsored by Pope Clement XI,
they came out in this volume with a set
of notes written by the Pope’s physi-
cian. About half of the plates show the
full figure; the rest are elegantly drawn
presentations of respiratory or reproduc—
tive systems, of the parts of the eye and
so on. The central nervous system ap-
pears here in a form as complete and
correct as the state of 18th-century
knowledge. It has been considered by
judicious historians for a generation
that, had Eustachius been able to pub-
lish his work, anatomy would have ad-
vanced along its path of growth earlier
by more than a century. The figures are
compelling in their fineness of line and
richness of understanding. Although the
marvelous landscape background of the
Fabrica is lacking, these plates are hand-
somely and naturally composed. The
volume is an inexpensive attraction for
schools, libraries, collectors and physi-
cians.

WIIOLE EarTH CATALOG: ACCESS TO
TooLs. Portola Institute ($5). On
the heavy paper cover of this large news-
print brochure there appears, true to the
name, the whole earth photographed in
color from a synchronous satellite. The
60 inside pages list and discuss, in a kind
of reasoned and personal set of reviews,
with copious facsimile citations and il-
lustrations, many books, services and
materials, all of which are easily gained
by mail. The Whole Earth Catalog is
more a pointer than a seller, as it en-
gagingly says, although the institute will
accept orders for many items listed.
The document is good reading: it as-
sembles the input and output channels
of a strangely attractive contemporary
subculture, that of the dissenter and re-
former who seeks to construct a philo-
sophical, personal and economic ref-
uge from this curious industrial society.
The philosophy is the appealing one of
“understanding whole systems”—from
Buckminster Fuller and D’Arcy Went-
worth Thompson to the famous chil-
dren’s book of Kees Boeke (the uni-
verse seen in 40 order-of-magnitude
jumps). The economics is consistent: it
includes domes for houses (both their
established study and their improvised
construction—“the crystallographic theo-
ry and junkyard practice”), mushrooms,
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beekeeping, teepees, village technology
and campcraft. There is, for example,
an attachment for converting your chain
saw to a one-man lumber mill, a know-
ing account of the best kerosene lamps
(“Coleman lamps are terrible—they hiss
and clank and blind you, just like civ-
ilization”) and information about auto-
mobile repair data, consumer guides,
extrication of Government documents,
discount houses and the better mail-
order suppliers of camping gear, radio
parts, optical components—even art re-
productions. The best educational re-
form and popular science are devotedly
included, with a catholic spread of taste.
Most of the reviews are from readers and
users themselves; the catalogue solicits
more, for which a small payment is of-
fered. The personal side is conservation-
ist, rural and iconoclastic; the books of
Yoga and Tantra are here, with the
journal of the Modern Utopians. Just as
in the wider society, there is a strong
component of the irrational and the in-
dulgent, more from the supplement,
which contains the letters of readers,
than from the more disciplined rebel-
liousness of the editors. There is a good
stock of a few Anglo-Saxon words, and
some touching visual exhibits of drug-
induced mental deterioration. Yet even
this ugly side of the subculture is more
benign, one can argue, than the cancers
of war and cruelty, which proliferate in
the publications of our straight world
and which are completely absent here.

VERTEBRATE PaLEONTOLOGY, by Al-
fred Sherwood Romer. The Univer-
sity of Chicago Press ($12.50). NoTEs
AND COMMENTS ON VERTEBRATE PA-
LEONTOLOGY, by Alfred Sherwood Ro-
mer. The University of Chicago Press
($6.95). Vertebrate Paleontology has
been out in its third edition for a couple
of years now. It is a ﬁtting continuator
of the work, for a generation the stan-
dard text on this entire subject. It is a
“hard” book—nearly all the figures are of
bony skeletons, close to the data, with
no soft reconstructions—but it is not a
dry one; its lightness of manner and its
wisdom of thought and phrase carry the
reader through many a page of detail. It
hardly requires comment at this late
date. Its new little companion volume is
a lively first-person gloss on the prob-
lems and progress of the field for the
past two decades. Together they consti-
tute a modern classic that will endure
until the coming of a more quantitative
paleontology.

A few of Professor Romer’s opinions
are worth mentioning here. “There came
a generation of students whose interests
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appeared to lie not in...the study of
animals.. .. but in the curious field of the
study of the names of animals.” The
strict adherence to formal priority that
arose in the international zoological bod-
ies during the 1920’s has unsettled much
familiar usage. Professor Romer urges
a “deliberate refusal to submit,” very
much in the tone of the times! One fore-
sees a museum sit-in. The drifting of
continents is another timely topic. Ro-
mer writes: “I was brought up in an at-
mosphere in which it was maintained
that continents had always been in the
exact position in which they are found
today.... I have found myself weaken-
ing...and gradually falling away from
the ‘true faith.’... I can say that Paleo-
zoic faunal distributions could be much
more readily understood if the Atlantic
Ocean had not been in existence in Pale-
ozoic days.” Finally, he holds to his clev-
er interpretation of the big “sail” on the
back of the finny dinosaur Dimetrodon.
The beast did not participate in regattas;
its sail was in fact a solar heater and a
cooling radiator. The evidence cited is
that the fin area varies directly with the
volume of the animal, so that the bigger
species have huge sails indeed.

THE New Cosmos, by Albrecht Un-

- sold. Translated by William H. Mc-
Crea. Springer-Verlag New York Inc.
($6.50). There are several up-to-date and
handsomely illustrated introductory as-
tronomy texts by able authors. All of
them have a single audience in mind:
the college students who take elemen-
tary astronomy as a first or only science.
There are also many works that are spe-
cialized in topic and employ the astrono-
mer’s argot in more or less sprightly fash-
ion. Here is a paperback introduction to
modern astronomy with a difference. Its
intended audience is a student of sci-
ence, or a scientist in another field, to
whom quantitative argument in the full
language of analysis is a tool and not a
barrier. Concise, vigorously written and
ably translated from the German, its
main ideas allowed “to stand out plainly
in their scientific and historical settings,”
it is the way into this science for such a
reader. Its depth and authority remind
one of the classic American text of a gen-
eration ago: Russell, Dugan and Stew-
art. Unsold’s book is more advanced in
mathematical level, although it is only
a third as long, and is thus rather too
concise as an overall introduction. It
spans everything from the meteorite flux
as a function of particle mass to the
number density of galaxies as a function
of their luminosity, all in under 400
pages.
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A good hose has to come on like Gangbusters. It has to. withstand an
awful lot of pressure. For if it doesn’t, whatever depends on it will fall flat on its face

Industrial hose comes from the same tough neighborhood where tires come from.

In tires, che strongest, safest ones made are reinforced with rayon cord.
Little wonder that when “‘the boys’ wanted extra strength for their hoses, they
reinforced them with rayon fiber.

Avisco® rayon is the yarn that's tough enough to take it. Besides greater
strength, we can build in better adhesion and extra flexibility. Being man-made we can
keep a pretty close watch on every inch of yarn, every inch of the way.

Maybe you have a job to do where rayon can help. Give us a call and let us show
you what we're made of. Avisco fibers and yarns. Empire State Building, New York, N.Y. 10001

(R

fg AVISCO FIBERS

Is there anything we can’t make them do?

?
I

A good hose
must be able to take

abeating.
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These fingers
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. -

© 1969 SCIENTIFIC AMERICAN, INC

THE DISCOVERY COMPANY




