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This is a uranium mine.
Today you see it. Someday you won't.

This is an Exxon mine near Casper, Wyo-
ming. It holds one of the largest deposits of
uraniumdiscovered in America in recentyears.

The mine processes about 14,000 tons of
ore a week. The valuable uranium material in
the ore is the base ingredient Exxon uses to
fabricate fuel elements. The fuel elements are
supplied to nuclear power plants that generate
electricity to meet today’s energy need.

Within six to ten years, most of the uranium
will be extracted, and we’ll be finished here
But when that day comes, we won’tjust pull up
stakes and pull out.

Almost all the area you see above will be
filled in. The land will be contoured to match
the adjacent countryside. Then it will be
planted.

And someday, if you stand on the spot
where our picture was taken, aboui all you'll

see are gently rolling hills, a lake, and perhaps
a flock of sheep, or an occasional deer or
antelope.

This isn’t just something we're going to do.
Our reclamation program started before we
took the first shovelful of earth out of the mine.

The material we removed to get down to the
uranium was spread nearby, contoured and
planted. And in 1971, the first grass, shrubs
and wildflowers appeared.

Now don’t get the impression that we think
surface mining is beautiful. It's far from it—as
you can see. The beautiful thing is that while
today you may see it, Exxon's making surethat
someday you won't.

'EXXON
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THE COVER

The photograph on the cover shows a stylized representation of a woman’s
head from a recently discovered Carthaginian site in Sardinia. The role of
the Carthaginians and their predecessors, the Phoenicians, as traders in the
western Mediterranean has long been appreciated, but the Carthaginian
exercise of military control over Sardinia in the centuries before its wars
with Rome is only now becoming apparent (see “A Carthaginian Fortress
in Sardinia,” by Sabatino Moscati, page 80). The sculptured head had been
stolen from a tomb chamber at the site, Monte Sirai, just before the Depart-
ment of Antiquities of the Italian government began an investigation of the
discovery in collaboration with the Institute of Near Eastern Studies at the
University of Rome. An inquiry by the investigators resulted in its recovery.
The head still bears traces of the red pigment that originally colored it.
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Cover photograph courtesy of Sabatino Moscati
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Goodtime caprule.

Saving fleeting moments requires a quality
tape recorder. But, just as a camera can be
no better than its lens, tapes can be no
better than the microphone. Whether it
costs $200, $500—even $1,000—a tape re-
corder can be significantly improved by the
addition of a Shure unidirectional micro-
phone—a mike that can be ‘aimed’ so that
only the target sounds will be recorded.
Microphone misers who ignore this will
never hear the true sound of recorded mu-
sic lessons, parties, classes, speech ther-
apy, sound movies and rehearsals. With
Shure microphones, creating tomorrow’s
treasures is today’s pleasure.

Shure Brothers Inc.

222 Hartrey Ave., Evanston, IL 60204
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LETTERS

“Musical Dynamics,” by Blake R. Pat-
terson [ScienTiFic AMERICAN, Novem-
ber, 1974], seems a well-researched and
documented treatise—on measuring de-
vices of sound, yes, on music, no! Dr.
Patterson, who says he is some kind of
bassoonist, plays a helluva graph, and I
hope he is happier doing it.

The alleged incapability of fine instru-
mentalists to observe and execute dy-
namic indications accurately is sheer
drivel. First it must be understood that
the science of music writing is inexact
and arbitrary as to tempi, notation and
dynamics, to say nothing of interpreta-
tion. Dynamic indications are to be ob-
served only with respect to (and are a
function of) orchestra or ensemble in-
strumental complement and size, ratio of
instrumentation and acoustics of the au-
ditorium or room (when empty, when
full). The whims, artistry (or lack of it),
idiosyncrasies and “stick” technique (or
lack of it) of conductors, scoring weak-
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nesses of particular and lesser composers,
sublimation of supporting parts and pro-
jection and exposure of important pas-
sages, the vintage, period, style, school
and ethnicity of music—all these factors
are important to an experienced musi-
cian. He plays within his own artistic
concepts and talents, his preoccupation
with instrumental sound production and
dexterity, his dedication to the music,
but more important, he has to give and
take with his immediate instrumental
choir, interplayed with other ensembles,
in a constant vigil and flux of balance.

A dynamic designation is merely a
guide, to be dealt with artistically, with
taste, musicality and musical intelli-
gence. A good player can play mezzo-
forte any number of ways for as many
reasons (it may shock Dr. Patterson to
learn), so that while registering the same
reading on a decibel scale the sounds
produced may be projected, or sublimat-
ed, the timbre controlled, the vibrato and
harmonics varied! The listening public—
civilians, we call them—its composers,
critics and conductors are indeed fortu-
nate that so many excellent instrumen-
talists spend so much time practicing
and producing music, rather than talking
or writing about it, their eloquence be-
ing reserved for performance.

ManNNIE WEINSTOCK

Retired horn player
New York

Sirs:

Any new idea faces stern resistance
in a discipline as tradition-bound as
music. Instrumentalists probably react-
ed with indignation to introduction of
the metronome, yet Beethoven wel-
comed it as a means to quantify a much
abused aspect of performance. He might
have welcomed greater control over dy-
namic levels had the technology been
available.

Dynamic notation is surely imprecise.
Yet it must represent more than a
“guide.” Witness its careful application
in the Brahms excerpt in my article.

A minimum dynamic range of 30 deci-
bels follows inevitably from the widely
accepted hypothesis that different dy-
namics should be audibly distinguish-
able. Mr. Weinstock finds no error in this
reasoning,

The many complications he cites re-
quire even greater dynamic flexibility. A
30-decibel range can delineate six levels
only under the most ideal circumstances,
such as an unaccompanied solo. Add
more instruments or faulty acoustics, and



louder fortissimos and quieter pianissi-
mos are needed.

Players are capable of adequate con-
trasts. Their skills remain dormant be-
cause conductors fail to encourage them.
I regretfully quit after four unchalleng-
ing seasons with professional orchestras,
confident that only in chamber music
would I find dynamics effectively real-
ized. Symphonic standards may have
been higher during Mr. Weinstock’s ca-
reer, before dynamically compressed re-
cordings and broadcasts diminished our
expectations.

The popular, but unproved, notion
that a musician can project or sublimate
his sound while maintaining constant
loudness is one of many music-psycho-
acoustic subjects deserving of careful
research.

BLAkE R. PATTERsON

Bell Laboratories
Murray Hill, N.J.

Sirs:

Martin Gardner’s article on the para-
doxical situations that arise from non-
transitive  relations [“Mathematical
Games,” SCIENTIFIC AMERICAN, Octo-
ber, 1974] may have helped me win a
bet in Rome on the outcome of the Aliv.
Foreman world heavyweight boxing title
match in Zaire on October 30.

Ali, though slower than in former
years, and a 4-1 betting underdog, may
have had a psychological and motivation-
al advantage for that particular fight.
But in addition, Gardner’s mathematics
might be relevant. Even though Fore-
man beat Frazier, who beat Ali, Ali could
still beat Foreman because there may
be a nontransitive relation between the
three.

I ranked the three fighters against
the criteria of speed, power and tech-
nique (including psychological tech-
nique) as reported in the press, and
spotted a nontransitive relation worth
betting on:

Ali Frazier Foreman

Speed 2 1 3
Power 3 2 1
Technique 1 3 2

Foreman’s power and technique beat
Frazier, but Ali’s technique and speed
beat Foreman. It was worth the bet. The
future implications are, however, that
Frazier can still beat Alil

ANTHONY PIEL

Vaud, Switzerland
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20 AND 100
YEARS AGO

S

FEBRUARY, 1925: “Sir Ernest Ruth-
erford recently presented results he has
obtained in studying the structure of the
atom. Sir Ernest showed how he has
been able to smash up the atoms of many
elements by bombarding them with
powerful particles projected from radi-
um atoms as these break up sponta-
neously. The projectiles are known as
alpha particles and weigh about four
times as much as an atom of hydrogen.
They carry a double charge of positive
electricity, but whenever they can steal
two electrons from the atoms that they
drive through in their swift flight they
settle down into inert atoms of helium
gas. By means of a new and more deli-
cate apparatus Professor Rutherford has
succeeded in disintegrating the atoms of
many of the natural elements, namely ni-
trogen, aluminum, sodium, potassium,
boron, phosphorus, fluorine, magnesium,
silicon, sulphur, chlorine and argon.
Some of the elements, notably oxygen,
have so far stubbornly resisted his best
efforts. This exceptional stability may ac-
count for the fact that oxygen forms half
of the substance of the rocks, air and wa-
ter taken together. When the elements
are arranged in the order of their atomic
weights, it is found that the even-
numbered elements form 86 per cent of
the earth’s crust; oxygen is one of the
even-numbered elements.”

“F. T. Courtney, in a paper before the
Royal Aeronautical Society, has made
some pertinent observations on the prac-
tical difficulties of commercial aviation.
The main drawback is irregularity of
service, caused by the inability to fly in
foggy or very cloudy weather. The air-
planes and engines are good enough, Mr.
Courtney points out, and lighthouses
and beacons may be a great help. Mr.
Courtney tells us, however, that it will
be necessary for the ship to fly with no
visibility at all, day or night, by instru-
ments alone. Navigational instruments
are already good enough theoretically,
and Mr. Courtney believes that under
conditions of continuous cloud or dark-
ness a pilot will be able to find his way

© 1975 SCIENTIFIC AMERICAN, INC

from one airdrome to another without
colliding with other airplanes and to de-
scend to the ground without striking
obstructions.”

“The great Western observatories
were well prepared for the favorable
situation of Mars last summer, and ex-
tensive observations were made. Draw-
ings and photographs were made by
Slipher at the Lowell Observatory and
by Trumpler at the Lick Observatory.
A series of Slipher’s photographs show
in a very beautiful and convincing way
how the dark regions grow larger and
deeper in hue as the polar caps wane
and the Martian spring advances. On
one of the photographs the dark mark-
ings on the opposite hemisphere, where
autumn is changing to winter, are seen
to fade. Slipher says, with reason, that
the seasonal changes in the dark mark-
ings all obey the law of change that we
should expect of vegetation. Whether or
not vegetation actually does cover much
of the planet’s surface is harder to deter-
mine. If the chlorophyll of the leaves of
Martian vegetation is similar to that of
terrestrial plants, it should reflect deep
red light strongly and the dark markings
should show bright when photographed
through a suitable screen. Nothing of
this kind has been observed, although

the failure of the test is not conclusive.”

SGIITIC & VERICEN

FEBRUARY, 1875: “Spiritualism, the
latest epidemic of superstition, broke out
about 25 years ago, and the manifesta-
tions were popularly known as spirit rap-
pings. The first mediums were three sis-
ters; their name was Fox. They invented
the raps, the rap language and a good
part of the spiritualist lingo. They origi-
nated the séance and drove a lively busi-
ness. Spiritualism speedily became a
recognized institution; there was no lack
of mediums; notoriety and money were
the substantial incentives; people, it is
said, are fond of humbug and pay more
liberally for it than for the necessities of
life. The majority of people, as at the
present day, looked upon spiritualism
as a supremely silly thing, The scientific
world also treated it with ridicule or
with a silence inspired by disgust and
contempt. There were investigations,
however, and the rapping trick was fair-
ly exposed. The raps were traced to the
persons of the Fox girls; the mechanism
of the raps was concealed and protected
by the defenses of womanhood. To the
modest investigators the girls’ skirts were



barriers more formidable than stone
walls, Of the devices employed the most
elaborate and successful was that of a
bar of lead suspended by an elastic cord |
attached to and operated by the leg.”

|

“The library of Asshurbanipal, king
of Assyria, found during excavations at
Nineveh, shows that science had made
no little progress in Asia 2,500 years ago.
The library consists of flat, square tab-
lets of baked clay, having on each side a
page of closely written cuneiform cur-
sive letters. The great majority of these
tablets are now in the British Museum,
and they have been found to contain the
remains of a grammatical encyclopedia.
There are also fragments of many mathe-
matical and astronomical treatises.”

“The Hudson River ice crop for 1875 |

has now been harvested and is one of
the largest and finest ever gathered. The
blocks average 14 inches in thickness,
and the total quantity secured is about
two million tuns, or 70 million cubic feet.

This enormous supply of ice will be '

chiefly consumed in the city of New
York. It is brought down the Hudson
River from the great ice houses, which
are located at the water’s edge, in large
barges towed by steam. It is delivered
directly from the barges to the ice carts,
and in them is conveyed to the doors of
private dwellings. From a quarter of a
tun to a half a tun a month is a common
supply for a small family. The price
charged is from $15 to $30 a tun.”

“We have recently perused a very in-
teresting paper by Dr. Barnard of Co-
lumbia College, in which the writer, in
his charming style, discourses on ‘Aerial
Navigation.” As many of our readers are
devising plans for sailing in the air, we
think it well to give a brief résumé of
Dr. Barnard’s article: As birds fly with
wings, it has occurred to man to employ
the same device, only to meet with fail-
ure. The reason is obvious: a bird has
sufficient strength to fly and a man has
not. Hence the conclusion that if a man
wishes to fly, he must use some artificial
motor to drive the necessary mechanism.
In regard to this mechanism, it appears

that a revolving wheel, such as a propel- i

ler, is better than a pair of wings. The
method of moving the aerial vessel, how-
ever, does not present so many difficul-
ties as the means to be provided for
keeping it in the air and enabling it to
rise or descend at the pleasure of the
navigator. The simplest mechanism
seems to be a fixed plane surface in an
inclined position, which will sustain the
vessel when it is put in motion.”
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Built into many of their recessed downlight fixtures
are Plenco 349 Heat-Resistant Black phenolic-molded
light baff Matte finish. the

absorb spill or stray light. eliminate glare and unwanted

"Coilex grooved cylinders

reflection, and provide low aperture brightness.

Reports Halo and the molder. Van Norman Molding Co

d for decorative
of Halo's
residential line. Whatever your own

ants on the sphere lamp-holders
Power-Trac™
product design or thermoset molding requirement

see the light. Plug in on Plenco

THERMOSET PLASTICS
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Again
Mercedes-Benz quietly astonishes
the engineering world.
Announcing
the new Mercedes-Benz 300D.
The worlds only 5-cylinder
automobile.
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Internal workings of the new 300D, the world’s only 5-cylinder automobile.

Raising the eyebrows of the

engineering world is not new

to Mercedes-Benz. We did it

when we invented the automo-
bile in 1886. We did it when we

introduced the world’s first pro-
duction Diesel passenger car in

1936. Now, with the introduc-
tion of a 5-cylinder automobile

—the new 300D —we’ve done

it again.

he 5-cylinder 300D clearly flies

in the face of engineering con-
vention. It establishes a whole new
category of Diesel—a whole new
category of automobile.

Why a 5-cylinder?

Mercedes-Benz wanted to make a
performance Diesel. A new car that
had much greater horsepower and
torque, but did not sacrifice the

Countrywide, Diesel fuel averages about
3¢ less than gasoline. So the new 300D goes
more miles on cheaper gallons.

economy and reliability of previous
Mercedes-Benz Diesels.

Nearly four decades of Diesel
experience told the Mercedes-Benz
engineers that a major power in-

crease would have to come from an
entirely different engine. Not one
with bigger cylinders—one with
more cylinders.

If engineering convention were
to be served, the next step up from
our standard 4-cylinder Diesel
should have been a 6-cylinder en-
gine. But because of the strength
necessities particular to all Diesels,

most advanced Diesel passenger
car the world has ever seen.

24 mpg in town,
31 on the highway

Increased performance does not
mean decreased economy. Accord-
ing to the most recent Federal E.P.A.
test report, the new 300D can get
up to 24 miles in city driving, and
up to 31 miles per gallon on the
open highway. And since Diesel
fuel is usually cheaper than gasoline,
the 300D goes more miles on
cheaper gallons.

Performance, economy, luxury
While the new 300D acts like an

economy car, it doesn't look or feel
like one. In every major appoint-
ment, it is equal to the Mercedes-
Benz 280. It blends performance
and economy ina luxury package.
A final thought. No manufac-
turer anywhere in the world has a

greater safety involvement than
Mercedes-Benz. Evidence of the dec-

Safety first. A rigid, steel safety cell encloses the entire passenger compartment.

it follows that a 6-cylinder Diesel
would have to be substantially
larger and heavier than a 4-cylinder.

The Mercedes-Benz solution
was characteristically unconven-
tional: A 5-cylinder Diesel engine.

The most advanced Diesel

Even for the Mercedes-Benz engi-
neers, the 5-cylinder Diesel engine
was quite a challenge. But their ef-
forts were worthwhile. They made
it work.

The new engine’ssize was setat 3
liters. Torque was raised nearly 20%.
Horsepower was up a full 25% over
any previous Mercedes-Benz Diesel.

The result is the new 300D, the
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ades of Mercedes-Benz safety engi-
neering is everywhere in the 300
Diesel. Before the 300D, nobody
had heard of a 5-cylinder Diesel
car, much less seen one. So, it’s
only natural that the 300D should
cause some very educated, engineer-
ing heads to be scratched. But now
you can examine one, sit in one,
drive one. It’s waiting

for you. Arrange a test

drive with your local

Mercedes-Benz dealer.
Mercedes-Benz

Engineered like no other car

in the world.
©Mercedes-Benz, 1974
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STEPHEN S. MICK (“The Foreign
Medical Graduate”) does research on
various aspects of public health at the
Yale University School of Medicine.
After graduating from Stanford Univer-
sity in 1965 Mick spent two years with
the Stanford Overseas Campuses Pro-
gram in France. He returned to the U.S.
in 1967 to study sociology at Yale, where
he received his Ph.D. in 1973. Before
taking up research full-time he taught
sociology at Middlebury College and at
Yale. In addition to studying the migra-
tion of physicians to the U.S. Mick re-
ports that his other research interests
“center on the sociology of occupations,
labor markets and mobility. I have en-
gaged in some research on the effects of
plant shutdowns as a specific example of
the larger issue of the forces affecting mi-
gration.... I am also contemplating do-
ing a research project on the medical
effects of unemployment. As for extra-
curricular activities, my hobbies include
following the New England Patriots pro-
fessional football team and doing a lot of
cross-country running,”

NATHAN H. COOK (“Computer-
managed Parts Manufacture”) is profes-
sor in charge of the materials-processing
laboratory at the Massachusetts Institute
of Technology. After being graduated
from high school at the age of 21 (he had
joined the Navy at 17 and served for
three years on a destroyer in the Pacific),
Cook proceeded to obtain “an all-M.LT.
education in mechanical engineering:
S.B., 1950; S.M., 1951; M.E., 1954;
Sc.D., 1955.” He has been a member of
the M.LT. faculty ever since, specializ-
ing in “materials, materials processing,
metal removal, machine tools, controls,
vibration, applied mechanics, friction,
wear and instrumentation.” He spent
most of 19681969 in India, where he is
an adviser to the Birla Institute of Tech-
nology and Science in Rajasthan; he per-
forms a similar service for the University
of Benin in Nigeria. Since 1970 Cook
and his family have lived in a new dormi-
tory at M.I.T. where he serves as house-
master. Of his four children, aged 23,
20, 17 and 11, the eldest, a daughter, re-
ceived her S.B. (in mechanical engineer-
ing) from M.LT. in 1973 and his second
eldest, a son, is a senior (also studying
mechanical engineering) at M.I.T.

LAWRENCE GROSSMAN (“The
Most Primitive Objects in the Solar Sys-

12

tem”) is assistant professor of geochem-
istry at the University of Chicago. A na-
tive of Toronto, Grossman was graduat-
ed summa cum laude with honors in
chemistry and geology from McMaster
University in 1968. He then went to
Yale University, where he obtained his
doctorate in 1972, Since then his name
has appeared as author or coauthor of
more than 30 scientific papers dealing
with the composition of the moon, me-
teorites and planets and with the early
chemical history of the solar system. His
work won him the W. E. Ford prize in
1971 and the F. W. Clarke medal in
1974. Among his outside interests he
lists “mineral collecting, fishing in north-
ern Ontario, hiking in the Alps, eating
and professional football and hockey.”

GARY S. STEIN, JANET SWINE-
HART STEIN and LEWIS J. KLEIN-
SMITH (“Chromosomal Proteins and
Gene Regulation”) have collaborated
for several years in spite of a consider-
able geographic separation. The Steins
work together at the University of Flor-
ida College of Medicine. Gary Stein re-
ceived his Ph.D. from the University of
Vermont in 1969, and spent three years
in the pathology department at the Tem-
ple University School of Medicine be-
fore moving to Florida in 1972. Janet
Swinehart Stein received her B.S. in
chemistry from Elizabethtown College
in Pennsylvania in 1968 and is currently
a candidate for a Ph.D. from Princeton
University. Gary Stein lists skiing and
other outdoor sports high among his non-
professional interests, whereas Janet
Stein writes that she enjoys music and
reading. She adds: “I am currently trying
to determine whether or not I shall be
successful at skiing.” Kleinsmith, profes-
sor of zoology at the University of Michi-
gan, obtained his Ph.D. from Rockefeller
University in 1968 after spending two
years in medical school. “My outside in-
terests,” he writes, “include elucidating
the mechanism of action of marihuana
and attaining an understanding of al-
tered states of consciousness.”

JOHN H. SCHWARZ (“Dual-Reso-
nance Models of Elementary Particles”)
is a research associate in theoretical
physics at the California Institute of
Technology. After majoring in mathe-
matics as an undergraduate at Harvard
University, Schwarz switched fields in
graduate school, acquiring a Ph.D. in
physics from the University of California
at Berkeley in 1966. He taught at Prince-
ton University before going to Cal Tech
in 1972. He writes: “I have worked al-
most exclusively on dual-resonance theo-
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ry since its inception six years ago and
have published numerous papers deal-
ing with it.” He also enjoys swimming
(“about a mile each day”), tennis, hiking
and playing the flute (“preferably in

small chamber groups™).

JOHN D. PALMER (“Biological
Clocks of the Tidal Zone”) is professor
and chairman of the department of zo-
ology at the University of Massachusetts.
A graduate of Lake Forest College,
Palmer obtained his Ph.D. from North-
western University in 1962. After a post-
doctoral year at the University of Bristol,
he joined the faculty of New York Uni-
versity, where he taught and did re-
search for 10 years until taking up his
present posts last semester. Since 1960
he has spent his summers as an instruc-
tor and investigator of “all aspects of
clock-controlled biorhythms” at the Ma-
rine Biological Laboratory at Woods
Hole. An “avid” saltwater fisherman, he
is in the process of building a self-de-
signed house on Cape Cod.

SABATINO MOSCATI (“A Cartha-
ginian Fortress in Sardinia”) is professor
of philology at the University of Rome,
where he also directs the Institute of
Near Eastern Studies. The organizer of
numerous archaeological expeditions in
the Mediterranean region, Moscati has
also lectured extensively at universities
in Europe and the U.S. He currently
serves as president of the National Aca-
demic Union of Italy and is a member
of the Academy of Lynxes, Italy’s lead-
ing scientific society. A number of his
books have been published in English,
including Ancient Semitic Civilizations
(1957), The Semites in Ancient History
(1959), The Face of the Ancient Orient
(1960), Historical Art in the Ancient
Near East (1963) and The World of the
Phoenicians (1968).

A. HALLAM (“Alfred Wegener and
the Hypothesis of Continental Drift”)
teaches geology and mineralogy at the
University of Oxford. His bachelor’s de-
gree and his Ph.D. are from the Univer-
sity of Cambridge. He has taught at the
University of Edinburgh, Stanford Uni-
versity and McMaster University in On-
tario. This spring he will be a visiting
professor at Harvard University. The au-
thor of an earlier article in SciENTIFIC
AMEeRicaN (“Continental Drift and the
Fossil Record,” November, 1972), Hal-
lam writes that his current interests “are
in the field of Jurassic geology and palae-
ontology, with my interest in the fossils
being (a) patterns of evolution, (b) ecol-
ogy and (c) biogeography.”



Audition free for 10 days Karl Bohm's superb Deutsche Grammophon recording of

IMozartSISix{Greatest¥Symphonies

SPECIAL BONUS: Mozart’s Piano Concertos Nos. 12 and 26

All 4 International Award-Winning Records
For Less Than The Price Of 1!

Your Introduction To The Unique Money-Saving Program That Offers Free Auditions Of
Prize-Winning Recordings By The Leading Concert Artists Of Our Time!

Mozart —music’sgreatest natural genius!
Wolfgang Amadeus Mozart — divinely
gifted beyond any other musician who
ever lived! And into his six greatest sym-
phonieshe poured a multitude of his most
astonishingly beautiful, incredibly mov-
ing inspirations!

Symphony No. 41, "Jupiter”

Symphony No. 40 in G-minor
Symphony No. 39 in E-flat

Symphony No. 38, "Prague”

Symphony No. 36, “Linz"

Symphony No. 35, "Haffner"

Extra! Symphony No. 32

Now you are invited to hear these
miraculous works in their finest record-
ing . . . interpreted with extraordinary
empathy by Karl Bohm...played to per-
fection by the Berlin Philharmonic Or-
chestra...captured in unsurpassed stereo
realism by Deutsche Grammophon. So
outstanding is this recording that it has
won three of the music world’'s most
eagerly sought honors: the Grand Prix
International du Disque, Edison Award and
Deutsche Schallplatten Prize! In addition, you
will also receive Mozart's Piano Concertos
Nos. 12 and 26, “Coronation;’ superbly per-
formed by soloist Geza Anda with the Salz-
burg Camerata Academica—winner of the
coveted Grand Prix des Discophiles.

Now enjoy and keep these 4 superb albums
for less than the price you'd pay for 1!
Because these magnificent recordings have met
with almost unprecedented acclaim, they have
been chosen to introduce you to The Great
Awards Collection, a totally new concept in
homelistening. Youmayenjoy all eight master-
pieces, on four superb-quality, imported rec-
ords, for 10 days absolutely free. Then keep all
four if you wish, for only $6.98 (that's less than
the price you'd pay for just one record)! Simply
mail the attached card or coupon today.
Collect the world's greatest music—only in
award-winning albums!

As a member of The Great Awards Collection
you will receive only the finest recordings of
prize-winning concert performances by top
orchestras, conductors and soloists. Distin-
guished jurors each year select, from the hun-
dreds of classical releases, the “golden few"
that will be offered to members of The Great
Awards Collection. Every month you'll enjoy
free 10-day audition privileges on each award-
winning single LP. Of course, you have the
option of keeping or returning each one so
you'll never waste a penny on disappointing
purchases!

Special half-price bonus offer saves you
money!
In addition to great music, you'll enjoy great

savings with our half-price bonus plan. For
every record you buy at our low members’
price (always well below suggested retail), you
may choose another one from a list of award-
winners and other critically-acclaimed LPs
and pay just half that price! A truly economi-
cal way to build your library of superb clas-
sical recordings.

How many records are you committing
yourself to buy when you return the attached
coupon? Norne at all! Even your introductory
set of Mozart's Six Greatest Symphonies and

Piano Concertos 12 and 26 comesto you
on approval, Audition it free for ten days,
then either return it—or keep it for only
$6.98 for all four records (plus a small
postage/handling charge).

Here at last is the ideal way to acquire,
in easy stages, a connoisseur’s record
library without wasting a penny on dis-
appointing purchases. You listen at home
to every award-winning selection before
deciding whether to buy it! Please act
today! Begin your money-saving, no-
obligation membership in The Great
Awards Collection by mailing the at-
tached card or coupon for your free
trial, with four-for-less-than-the-price-of-
one purchase option of this essential col-
lection of Mozart's Six Greatest Sym-
phonies and exquisite Piano Concertos
Nos. 12 and 26.

Eight ways The Great Awards Collection

helps you enjoy

fine music more than ever!

1. The greatest music by the world’s

immortal composers.

2. A major, award-winning recording each

month.

Superior imported LPs—silent surfaces.

. Free ten-day trials of all selections.

. All selections always far less than

retail price.

Extra savings with Half-Price Bonus Plan.

.No obligation to buy—no minimum
purchase.

8. Money-saving introductory offer.

No

Send no money now —Mail coupon TODAY!

Listen for 10 days free.

Keep all 4 for less than the price of 1!

The Great Awards Collection ¢ 175 Community Drive o Great Neck, N.Y. 11025

Please send me, for my free audition, the
triple-award-winning recording of Mozart's
Six Greatest Symphonies by Karl Bohm,
together with Geza Anda’s award-winning
performance of Mozart’s Piano Concertos
Nos. 12 and 26. I may return the set after

only $6.98* for all four Deutsche Grammophon
records, plus a small postage/handling charge.
This is all four records for less than the regular
price of one!

I will also receive a free ten-day audition
each month of another award-winning record-
ing of great music. For every one of these
records I buy at your members' price (always
below suggested retail), I may also choose one
record at half that price from your special list.
I am not obligated to buy any minimum
number of records. I may cancel my member-
ship at any time.

*Sales tax added for New York residents.

NAME - (please print)
ADDRESS APT. NO.
CITY T STATE ZIP

Offer limited to the connecting 48 states. Offer expires 9/1/75. Limit: one membership per household. Only new

|
|
|
|
|
|
|
|
I 10 days and owe nothing, or keep it and pay
|
|
|
\
|
|
|
|
|

members eligible. NOTE: All applications are subject to review, and we reserve the right to reject any application
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The Foreign Medical Graduate

A third of the physicians now beginning their career in the U.S.

received their education abroad. This substantial proportion reflects

underlying flaws in the American system of delivering health care

s recently as 1950 most of the physi-
A cians beginning their career in
the U.S., as measured by the
number of internships and residencies
filled, were graduates of medical schools
in the U.S. and Canada. The ratio was
almost 10:1, that is, 10 graduates of
North American medical schools for each
graduate of a foreign medical school.
Today the ratio is 2:1. In five of the
seven years through 1973 the number
of foreign medical graduates obtaining
American visas was larger than the num-
ber of graduates of all American medical
schools. By the end of 1973 more than a
fifth of the physicians practicing medi-
cine in the U.S. and Canada (77,660 out
of 366,379) had been to medical schools
elsewhere.

Clearly the graduates of foreign medi-
cal schools have had a strong and in-
creasing numerical impact on the prac-
tice of medicine in the U.S. Have they
also had a qualitative effect? The an-
swer to that question is less clear; in-
deed, the question is the subject of con-
siderable debate among people who pay
close attention to the system of health
care in the U.S.

Although the U S. is by no means the
only country receiving foreign physi-
cians, it outdoes all other countries in the
number of physicians and in the number
of originating countries involved. Before
1965 most of the foreign medical gradu-
ates arriving in the U.S. came from other
countries of the Western Hemisphere

by Stephen S. Mick

and from Europe. Since 1965 Asian
sources have predominated, chiefly as a
result of changes in the immigration law
under the Immigration Act of 1965.

Another aspect of the migration is that
in general the countries contributing the
largest numbers of physicians to the U.S.
have the fewest physicians available for
their own population. (The major excep-
tions are Canada and the United King-
dom.) In other words, the underdevel-
oped nations are educating thousands of
physicians who ultimately end up prac-
ticing in what is perhaps the most devel-
oped nation of all.

The migration raises several other
questions that are deceptively simple.
How is it that a nation with the immense
medical resources of the U.S., including
the high ratio of one physician for every
650 people, is also the largest importer
of foreign physicians? What is the ex-
planation for the fact that a fifth of the
nation’s physicians, a third of the interns
and residents, a fourth of the psychia-
trists, a third of the full-time hospital
physicians and almost half of the physi-
cians newly licensed in 1973 are the
product of foreign medical schools? How
can this large and increasing inflow be
occurring at a time when American
medical schools are turning away more
applicants than ever before, even though
both the number of schools and their en-
rollment have increased in recent years?

The search for answers to these ques-
tions begins with an examination of
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changes in migration patterns in the 20th
century and with a look at a series of
postwar events affecting both immigra-
tion policy and the staffing of hospitals.
At the outset one should view the flow
of foreign medical graduates in the
larger context of professional migration
over the past 70 years. Between 1901
and 1910 only 1 percent of the immi-
grants to the U.S. were classified as “pro-
fessional, technical and kindred work-
ers,” a category that includes physicians.
By the decade from 1961 through 1970
the category constituted 10.2 percent of
the total.

A factor contributing to the increasing

NORTH
AMERICA

EUROPE

REGIONAL DISTRIBUTION of countries
contributing foreign medical graduates to



1965

migration of physicians is the unceasing
demand by hospitals for house staff,
meaning interns and residents [see top
illustration on page 19]. Although the
supply of physicians from both American
and foreign medical schools has risen
steadily, it has yet to fill all the positions
the hospitals offer. For years the number
of unfilled positions has ranged between
4,000 and 9,000 per year.

In part this unfilled demand and the
rising flow of foreign medical graduates
to help meet it reflect various efforts by
the U.S. since World War II to encour-
age educational exchange programs. For
example, the exchange-visitor program
enables any foreign student who is in the
U.S. under an approved program to re-
main until his studies are completed. Al-
though it was explicitly stated that such
programs were not intended to help hos-
pitals meet their needs for staff, the spirit
of the law has been ignored. By 1961
nearly half of the some 2,600 exchange-
visitor programs then in effect were

sponsored by hospitals.

Because of concern in certain countries

about the loss of medical graduates
the U.S. Department of State instituted
in 1972 a “skills list,” which was de-
signed to enable interested countries to
specify what occupations they thought
were short of people. Anyone in such an
occupation who has come to the U.S
with financial aid from his government
or on an exchange-visitor visa must re-
turn to his home country for two years
after he finishes his American studies.
For reasons that are not altogether clear,
many nations have taken little or no ad-
vantage of this option to curb the out-
flow of physicians and other health-care
workers.

NORTH
AMERICA

EUROPE

SOUTH
AMERICA

the U.S. is shown for three years. The charts reflect the region of
last permanent residence of the physicians admitted to the U.S. as

Nonetheless, the number of foreign
medical graduates coming to the U.S. on
exchange-visitor visas has declined in re-
cent years. During the same period, how-
ever, the number entering on standard
immigrant visas has increased. The rea-
son is the Immigration Act of 1965,
which abolished the long-standing sys-
tem of quotas based on national origin.
It sets a ceiling of 120,000 immigrants
per year from countries of the Western
Hemisphere, with no country quotas and
acceptance on a first-come, first-served
basis. The ceiling for immigrants from
outside the Western Hemisphere is 170,-
000, with no more than 20,000 from one
country. Physicians and surgeons re-
ceive preference over certain other kinds
of immigrants, but in most cases the
country quotas are so generous that phy-
sicians can immigrate without invoking
the preference. The effect of the law has
been twofold: more physicians and many
more Asian physicians are immigrating.

So far I have described what could be
called “pull” factors, which originate in
the U.S. and tend to attract physicians.
One can also cite certain “push” factors,
which originate in the home countries
and tend to encourage physicians to
leave. A general push factor is the tend-
ency of medical schools in underdevel-

1973

ASIA
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oped countries to pattern themselves
after the medical schools in the devel-
oped countries of Europe and North
America. It is a science-oriented and spe-
cialty-oriented training, and a graduate
of such a school in an underdeveloped
country is therefore predisposed to seek
advanced education in places where this
kind of training is the norm.

Another type of push factor is specific
to the country from which the physician
comes. In a survey of foreign medical
graduates in the U.S. that my colleagues
and I at the Yale University School of
Medicine have been conducting for sev-
eral years the two reasons most often
given for emigrating are “Better training
in the U.S.” (69 percent) and “Political
factors” (8 percent). A closely related
reason appears to explain why the physi-
cian who has left his native country usu-
ally does not return, namely his judg-
ment that the possibility of developing a
satisfactory practice there is severely
limited compared with his prospects in
the U.S.

Here one encounters a general prob-
lem that has been cited by a number of
observers. Although the need for physi-
cians in underdeveloped nations may be
substantial, those nations have little ca-
pacity for employing physicians. Such a

SOUTH
NORTH , AMERICA
AMERICA
EUROPE
OTHER

immigrants in each year. They also reflect by their relative size the
total immigration each year, from 1,990 in 1957 to 7,119 in 1973.
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capacity includes several things that the
underdeveloped countries have in short
supply: an adequate system for deliver-
ing health care, sufficient opportunity to
advance within the system and attract-
ive economic prospects. Moreover, most
physicians would rather work in large
cities than in rural areas, and the under-
developed countries offer too few oppor-

tunities for urban practice.
As the flow of incoming physicians be-
gan to increase after World War II,

demands arose in the U.S. for the estab-
lishment of standards of quality to assist

the difficult process of evaluating foreign
medical graduates from many nations
and from an even larger number of med-
ical schools, which ranged over the spec-
trum from poor training to excellent
training. The first effort in this direction
was a list of 39 foreign medical schools,
mostly in Europe, drawn up by the
Council on Medical Education of the
American Medical Association and the
executive council of the Association of
American Medical Colleges. The criteri-
on for inclusion on the list was that in the
judgment of the two groups the schools
provided a quality of training equal to

the quality found in most American
medical schools.

The people involved in licensing or
employing foreign physicians soon found
the list to be inadequate, particularly
since it consisted mainly of European
schools at a time when increasing num-
bers of foreign medical graduates were
from schools outside Europe. As a re-
placement for the list the Educational
Council for Foreign Medical Graduates
was established in 1954 by a committee
made up of representatives of the Ameri-
can Medical Association, the Associa-
tion of American Medical Colleges, the

GUATEMALA 109
HOMNDURAS 49
EL SALVADOR 91
NICARAGUA 78
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FINLAND 31
SWEDEN 54
NORWAY 44
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ICELAND 42
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FRANCE 685

SWITZERLAND 2,510
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AY 46
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PLACES OF EDUCATION of the foreign medical graduates prac-
ticing in the U.S. in 1970 are indicated. At the time some 58,000
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physicians who received their medical education in other countries
were at work in the U.S. The figure associated with the name of



American Hospital Association and the
TFederation of State Medical Boards. In
1958 the council began to administer
semiannually a standardized examina-
tion for all foreign-trained physicians, in-
cluding the growing number of Ameri-
cans receiving their medical training
abroad.

The examination is in two parts. The
first part tests general medical knowl-
edge; its questions are taken from an
examination drawn up by the National
Board of Medical Examiners and nor-
mally given to American students in
their fourth year of medical school. The

second part tests knowledge of the
English language.

Since the medical questions come
from previous National Board examina-
tions and the success of American stu-
dents in answering each question is
therefore known, one can compute the
rate at which American students could
be expected to pass the council’s exami-
nation and compare it with the perform-
ance of foreign medical graduates. The
comparison has always been unfavorable
to the foreign graduates. From 35 to 40
percent of them will achieve a passing
score on the first try, whereas the “ex-
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country. Major sources can be identified at a glance by means of the shading on the map.
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pected” rate for American medical grad-
uates is more than 90 percent. This com-
parison is frequently employed to call
into question the competence of foreign
medical graduates—a point to which I
shall return.

As matters now stand, a foreign medi-
cal graduate cannot engage in anything
more than a limited type of practice in
the U.S. without passing the examina-
tion administered by the Educational
Council for Foreign Medical Graduates.
The convention of obtaining the coun-
cil’s certificate is now established, and it
represents the major attempt by the
medical profession to establish standards
for foreign medical graduates. Nonethe-
less, the council’s examination has its
critics, who argue that it provides too
easy a path for foreign medical gradu-
ates and promotes a system of dual stan-
dards circumventing the entire process
of quality control that is assumed to ex-
ist in American programs. As a result, it
is argued, the U.S. has a “two-class”
medical profession, with American medi-
cal graduates constituting the upper
class and foreign medical graduates the
lower class.

It is certainly true that foreign medi-
cal graduates tend to differ from Ameri-
can medical graduates in the roles they
fill. They are heavily represented in
house-staff positions and among full-
time hospital-based physicians. They
are underrepresented in private practice
and in administrative jobs. Geographi-
cally they are heavily concentrated in
the Northeast and the Great Lakes
states. They fill definite shortages in ur-
ban environments and in nonaffiliated
hospitals, that is, hospitals without ties
to medical teaching programs. With cer-
tain exceptions the patterns seem to sup-
port the two-class hypothesis.

I the foregoing remarks constitute

what I have intended to be a de-
scriptive section of this article. I now
turn to more argumentative matters con-
cerning the current debate over foreign
medical graduates and the various asser-
tions that they constitute a problem. It
is not entirely rhetorical to ask if there
is, in fact, a problem. As sociologists
have pointed out, what may constitute a
problem for society and what is defined
as a problem are not necessarily the
same.

A statement that summarizes the
views of the people who see foreign
medical graduates as a problem was
made at the 1972 meeting of the Ameri-
can Psychiatric Association by E. Fuller
Torrey and Robert L. Taylor, who are

L
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state to practice medicine. The two curves in each chart are cumulative, so that by reading
them together one can arrive at the total number of physicians in each category each year.
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American-educated physicians. Their
title was “Cheap Labor from Poor Na-
tions.” The argument, which relates to
psychiatrists but can by extension be
applied to all types of foreign medical
graduates, runs as follows.

Foreign medical graduates practice in
institutions (such as city hospitals, prison
hospitals, state hospitals and institutions
for the mentally retarded) that American
psychiatrists regard as undesirable. The
reasons are inaction and lack of planning
by Federal agencies and professional
associations. Federal agencies spend
money on imedical training with too
much emphasis on increasing numbers
of physicians and too little on the prob-
lem of how they are distributed. More-
over, the foreign medical graduates are
deficient in English and in acclimation to
American culture, and many of them are
not up to American standards of medical
proficiency. Finally, the professional as-
sociations have rigidly upheld out-of-
date standards that restrict professionals
other than physicians from providing
psychiatric care.

The final comment appears to be at
odds with the suggestion that foreign
medical graduates are often poorly qual-
ified to deliver psychiatric care. It re-
veals, however, what we believe is the
reason for the agitation expressed by
Torrey and Taylor and for the wider
criticisms of the nation’s heavy reliance
on foreign medical graduates of all types.
The reason is the realization that the
growing presence of foreign-trained
physicians is symptomatic of wider prob-
lems in the American system of deliver-
ing health care. Associated with this
realization is the recognition that the
medical profession as it has been struc-
tured since the reorganization of medical
education following the Flexner report
of 1910 (Medical Education in the
United States and Canada) is under se-
vere pressure to change. Allegations of
inequities in the delivery of care, of dis-
criminatory admissions policies by medi-
cal schools against women and racial
minorities, of a disjuncture between aca-
demic medicine and the effective de-
livery of medical care, of self-interest of
physicians and their professional asso-
ciations and of an overriding failure to
plan systematically have all taken their
toll. The evidence of these shortcomings
is the foreign medical graduate, who has
helped to maintain a faltering system by
disproportionately filling the roles that
American-trained physicians regard as
least desirable.

Two international organizations have
been studying the migration of health
professionals. The World Health Orga-



nization recently began to examine the
causes and consequences of the migra-
tion and to assess its true magnitude.
The Pan American Health Organization
has sponsored several conferences on
the migration as it relates to Latin Amer-
ica. No definite results or policy recom-
mendations have yet emerged from these
activities.

The situation within the U.S. is best
described as bizarre. Although the Fed-
eral Government gives the appearance
of activity, its movements seem contra-
dictory. A year ago Charles C. Edwards,
assistant secretary for health in the De-
partment of Health, Education, and
Welfare, asserted that $3.5 billion of
Federal spending over the past decade
had eased the physician shortage and
that the U.S. “may well be facing a doc-
tor surplus.” On the other hand, the De-
partment of Labor operates as if a physi-
cian shortage existed. As the agency
charged under the Immigration Act of
1965 with declaring what occupations
are understaffed in the U.S., the depart-
ment has unfailingly kept physicians and
other health professionals on the list. As
a result they encounter minimal prob-
lems in gaining entry to the U.S.

The major professional organizations

have also had difficulty articulating a
position on foreign medical graduates.
In a report published last August the
Association of American Medical Col-
leges called for a reduction in the num-
ber of foreign-trained physicians (in-
cluding Americans) and for an end to
dual testing and evaluation standards,
meaning that foreign medical graduates
should take the same route (presumably
a more difficult one) that American med-
ical graduates take to qualify for intern-
ships, residencies and practice. The re-
port also urged maintenance of the pres-
ent standards of delivering health care,
although how that could be done while
the number of foreign medical gradu-
ates was being drastically reduced was
not explained.

The crucial question in this report, as
in other reports and in Congressional
hearings and journal articles on foreign
medical graduates, is the competence of
foreign medical graduates and to what
degree it differs, if at all, from that of
American medical graduates. An exami-
nation of this issue reveals certain less
obvious concerns behind the stated con-
cern over competence. The examination
also brings into sharper focus the role
of foreign medical graduates in the
broader picture of changes in the Ameri-
can system of health care.

A statistic often cited to question the
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STAFFING OF HOSPITALS has relied increasingly on foreign medical graduates in recent
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in the U.S. sought to employ in each of the years indicated. Shown within that total are the
number of those housestaff positions filled by American medical graduates (gray) and
by foreign medical graduates (color) and also the number of positions unfilled each year.

competence of foreign medical gradu-
ates is their record in obtaining state
licenses to practice medicine. For exam-
ple, calculations we made on the basis of
a survey by the American Medical Asso-
ciation (designed to ascertain what all
the people who had been interns and
residents in 1963 were doing in 1971)
showed that 93 percent of the American
medical graduates and 66 percent of the

U.S. GRADUATES

OTHER
GENERAL
HOSPITAL-
BASED
PSYCHIATRIC
MEDICAL
SURGICAL

foreign medical graduates had obtained
licenses. A close look at data of this kind,
however, suggests that too many factors
other than competence are associated
with licensure to warrant its use as an
unbiased measure of competence. For
example, one finds a strong correlation
between the type of visa a foreign medi-
cal graduate holds and his ability to
obtain a license. People who had become

FOREIGN GRADUATES

CHOICE OF SPECIALTY is depicted for graduates of American medical schools (left)
and for foreign medical graduates in the U.S. (right). The data are for 1970. Among “medi-
cal” specialties are cardiology, dermatology, internal medicine, pediatrics and work with
allergies. Among “hospital-based” specialties are anesthesiology, radiology and pathology.
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U.S. citizens through the naturalization
process were licensed at the same rate
as American medical graduates, immi-
grant physicians at a slightly lower rate
and exchange visitors at the lowest rate.
There is no a priori reason related to
competence why these differentials
should exist.

t is instructive to see how native Ameri-

cans who took their medical training
abroad fared in licensure. Examining the
10 countries that educate the greatest
number of Americans, one finds that
(with two exceptions) the graduate’s
ability to obtain a license in the U.S. is
higher for the Americans than it is for
native students being graduated from
the same school. Here the medical-school

background is equivalent for each type
of applicant.

One can turn the picture around and
examine the few foreign-born physicians
who have been trained in American med-
ical schools. Again one finds that the pat-
tern of licensure varies according to the
type of visa held by the applicant. Evi-
dently administrative factors have as
much bearing on the ability of a foreign
medical graduate to obtain a license as
the quality of his medical degree does.

What of the statistics showing that
foreign medical graduates score more
poorly on the examination given by the
Educational Council for Foreign Medi-
cal Graduates than American medical
students could be expected to score,
based on their performance on the ex-

amination given by the National Board
of Medical Examiners? It is noteworthy
that Americans who study medicine
abroad are even less successful than for-
eign medical graduates in passing the
council’s examination but are as success-
ful as American medical graduates in ob-
taining licenses.

In addition to their record on the
council’s examination foreign medical
graduates do not fare as well as Ameri-
can medical graduates on the examina-
tions administered by the various medi-
cal boards that certify physicians for
such specialized types of practice as or-
thopedic surgery and ophthalmology. A
conclusion usually drawn from such sta-
tistics is that foreign medical schools are
by and large of lower quality than Amer-
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ican schools. Another conclusion is that
one cannot cite language as a barrier for
foreign medical graduates, since Ameri-
cans who studied abroad fare even more
poorly on the council’s examination than
foreign medical students.

It would take further study, however,
to determine whether or not these con-
clusions are justified. Perhaps Americans
who go abroad to study medicine repre-
sent a significantly less qualified pool of
physicians than foreign medical gradu-
ates. An even more plausible supposition
is that, although foreign medical gradu-
ates have language problems that impair
their performance on an examination
such as the one the council gives, Ameri-
cans who study abroad suffer from lan-
guage difficulties while they are learning

SOUTH
ATLANTIC

in each geographical region. Distribution by
type of practice is indicated within the bars.

medicine, resulting in deficiencies that
may never be overcome and that mani-
fest themselves in examination scores. As
for the poorer record of foreign medical
graduates in obtaining certification from
specialty boards, no one has disproved
the hypothesis that a contributing factor
is the large number of foreign medical
graduates who receive graduate training
in American hospitals that are not affili-
ated with teaching centers.

I am not arguing here that all the data
on foreign medical graduates are false
or that no real differences exist between
the foreign graduates and American
medical graduates. My point is that qual-
ity of care and being a foreign-trained
physician may be correlated only under
certain specific conditions. In fact, I am
suggesting that no correlation can be
demonstrated because no uniform pro-
cedures for measuring quality of care
have yet been proposed, let alone ap-
plied to foreign medical graduates.

Analysis of our group’s National
House Staff Survey shows that foreign
medical graduates occupying house-staff
positions have had significantly more
clinical practice (before arriving in the
U.S.) than their American counterparts,
most of whom go directly from medical
school to a house staff. It may be that in
terms of experience the foreign medical
graduate is able to deliver better care to
the patient than the American graduate,
although language, cultural differences
and hospital experiences may detract
from the foreign graduate’s performance.
Indeed, if there is a “problem” involving
foreign medical graduates, the problem
may be that a valuable manpower re-
source is being underutilized in the na-
tion’s health-care system.

lf the issue of competence is as clouded

as I have indicated, what other factors
might account for the current climate
of concern about foreign medical gradu-
ates? The roots, I believe, are to be found
in economic and political considerations.
The Nixon and Ford administrations
have made clear that an accounting of
the large Federal investment in medical
education is expected. Various officials
of the Department of Health, Education,
and Welfare have strongly implied that
there will be cuts in spending.

The continuing presence of foreign
medical graduates may be a powerful
weapon for the Government against ar-
guments that Federal funding should not
be cut and should even be increased.
When the argument is raised, the Gov-
emnment can counter that the corps of
foreign medical graduates reduces the
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need to educate more American phy-
sicians. The countervailing argument,
which is advanced mostly by profession-
al medical organizations, fits neatly with
the assertions that the foreign graduates
may be delivering substandard care. By
calling into question the quality of the
foreign graduates, the arguer can con-
tend that more money rather than less is
needed to educate more American physi-
cians to take over the places now occu-
pied by foreigners.

From the point of view of the foreign
medical graduates it must be difficult to
understand some of the attitudes they
encounter. The foreign graduates have
been welcomed to the U.S. through le-
nient regulations on visas. In some cases
they were actually recruited by repre-
sentatives of American hospitals. Yet
once here they are attacked as being less
competent than American physicians.

In this situation the foreign medical
graduate has become a pawn among
warring factions in a medical profession
that is caught up in ambivalence over
what to do about changing the system of
health-care delivery in the U.S. Lacking
a coherent policy regarding the numer-
ous issues in medicine, the medical pro-
fession in the U.S. has allowed the for-
eign medical graduate to fill in the most
obvious cracks in the system. Once here,
however, the foreign graduates have
their own interests to protect.

Meanwhile the problems of the coun-
tries from which the foreign medical
graduates came remain unsolved. In-
deed, it can be argued that these prob-
lems are being intensified as a result of
a decline in the amount of foreign aid
provided by the U.S. Foreign medical
graduates understandably express re-
luctance to return to their home coun-
tries unless those countries develop bet-
ter systems of health care. Improvement
is unlikely to be rapid in any case, but
with lower levels of foreign aid from the
U S. it may be even longer in coming.

The answers will not be found easily.
Because of the large number of licensed
foreign-educated physicians who have
become naturalized citizens of the U.S.,
it is easy to predict that foreign medical
graduates will continue to play an im-
portant role in the nation’s health-care
system. It is more difficult to predict
whether this dependence on foreign
medical graduates will continue to in-
crease or whether it will decrease under
the pressure of the complaints raised
about it. It may not be possible for other
nations to solve their problems regarding
medical manpower until the US. has
solved its own,
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HEAVY MACHINING CENTER in the Roanoke, Va., plant of the
Ingersoll-Rand Company was probably the first major example
in the US. of computer-managed parts manufacturing (cmpMm).
The center, which was designed and built by the Sundstrand Cor-
poration, went into operation in 1972, Arranged around the system
that transfers pieces from one machine tool to the next (see flow
diagram on opposite page) are six numerically controlled tools:
two five-axis milling machines, two four-axis milling machines and
two four-axis drills. The six machines and the transfer system are
all under the control of an IBM 360/30 computer. The three-second

22

exposure needed for this picture has blurred the piece just starting
down the transfer line. The center turns out a wide variety of parts
used in Ingersoll-Rand products, chiefly parts for hoists and winch-
es. The circular pallets hold parts whose maximum dimensions
fit within a 36-inch cube. Machining operations include milling,
turning, boring, tapping and drilling. At any one time some 200
tools are in automatic tool-changing carousels, available for selec-
tion by computer. On each 12-hour shift the center is run by three
operators and a supervisor. To achieve the same output a con-
ventional shop would need perhaps 30 machines and 30 operators.
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COMPUTER-MANAGED PARTS MANUFACTURE

Although a completely automatic factory still lies in the future,

important advances have been made 1n fully automatic systems

for the batch manufacture of a Val‘iety of complex components

volutionary developments in man-
E ufacturing technology are open-
ing the door to a new kind of fac-
tory, a factory where, in comparison to
present-day factories, the working en-
vironment is greatly improved, where
labor requirements are vastly reduced,
where raw materials are more effectively
utilized and where, as a result, goods can
be manufactured at a substantially lower
cost. The developments responsible for
these advances involve an intensified ap-
plication of computers to the control and
management of manufacturing machines
and systems. Since the developments are
recent, the terms are not generally fa-
miliar, and I shall introduce them as we
proceed.

At the highest, most advanced level,
there are (or eventually will be) com-
puter-integrated manufacturing systems
(c1ms). Such systems call for the coordi-
nated participation of computers in all
phases of a manufacturing enterprise:
the design of the product, the planning
of its manufacture, the automatic pro-
duction of parts, automatic assembly, au-
tomatic testing and of course the com-
puter-controlled flow of materials and
parts through the plant. To the best of
my knowledge there are no fully devel-
oped systems of this kind anywhere in
the world. Various subsets, or compo-
nents, of such systems are nonetheless
emerging. Here I shall describe one sub-
set that my colleagues at the Massachu-
setts Institute of Technology and I call
computer-managed parts manufacture

(cypy).
In order to demonstrate the potential
of computer-managed parts manufac-
ture I shall begin by briefly describing
the present-day manufacturing scene.
For the sake of simplicity let us consider
only the manufacture of metal parts such
as we find in automobiles, dishwashers,
refrigerators, can openers, pencil sharp-

by Nathan H. Cook

eners and so on. Americans are accus-
tomed to thinking of their factories as
being highly productive; the efficiency of
mass production is part of our national
heritage. We hear about Henry Ford in
grade school, and we are told that our
productivity, in terms of output of goods
per man-hour of input, is the highest in
the world. We tend to think complacent-

ly that our productivity is probably
about as high as it can be. Such is not the
case.

For those items that are mass-pro-
duced, such as automobile engines, our
methods are indeed so highly productive
that only marginal improvements can be
expected in the foreseeable future. For
items that are not mass-produced, how-
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FLOW OF WORKPIECES in the Ingersoll-Rand Heavy Machining Center follows the path
shown here. At any one time the computer can direct the machining of as many as 16 dif-
ferent kinds of parts. Depending on the complexity of the part, it may have to be directed
to only two or three of the six machines, bypassing the others. A typical part has to be
mounted on the pallet no more than twice in order to present all its facets to tools. In a
conventional shop a part might have to be mounted in jigs five to 15 different times.
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CATHODE RAY DISPLAY SCREEN next to each of the machine gressed in carrying out its computer-assigned sequence of opera-
tools in the Ingersoll-Rand Heavy Machining Center describes the tions. This particular screen is associated with a four-axis drill. Ma-
piece that is being worked on and how far the machine has pro- chining instructions are entered in the computer by punched card.

AUTOMATIC TOOL-CHANGING CAROUSEL provided with computer program and are affixed to the machine automatically in
each Sundstrand machine in the Ingersoll-Rand plant can hold as a matter of seconds. Tools are perpendicular to the carousel; the
many as 60 different tools. The tools are selected in sequence by wide-angle lens needed for photograph makes them appear tipped.
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ever, such as airplane engines or the
heavy and costly machines of an electric
generating station, productivity is disap-
pointingly low, and the potential for dra-
matic improvement is great.

Mass production, as I am using the
term, calls for a special set of production
machines that are usually designed to
make repetitively only one part in the
most efficient manner possible. If the
cost of installing the special set of ma-
chines dedicated to the manufacture of
that one part is to be recovered, the an-
nual production of the part clearly must
be large enough to keep the machines
running almost continuously. For many
manufactured items there simply is not
sufficient demand to warrant the installa-
tion of special machines; hence one must
call on general-purpose machines, ma-
chines that are capable of being adapted
to making a wide variety of parts. Most
of us are somewhat familiar with gen-
eral-purpose machine tools such as
lathes, drill presses, milling machines
and the like. With suitable tooling and
skilled workmen a great variety of parts
can be made on a set of such machines.
The cost of the parts, however, is high
compared with the cost of parts made by
mass-production.

A given part can be made in any one
of several different ways, ranging from
manufacture by general-purpose ma-
chines at one extreme to manufacture by
mass-production methods at the other.
The logical selection of a set of machines
depends heavily on the number of parts
to be made, ranging from a single unit to
millions of units per year. The cost of
machining normally varies with produc-
tion quantity [see illustration on next
page]. To machine a single unit with
general-purpose tools may cost 100 times
as much as to manufacture the same part
by the most efficient mass-production
methods. As an example, consider a com-
plex mass-produced part with which al-
most everyone is familiar: the cylinder
block for a typical V-8 automobile en-
gine. Under mass-production conditions,
where the engine block is conveyed au-
tomatically along a transfer line, with
the various operations (drilling, tapping,
boring, milling and so on) being execut-
ed in sequence at the different stations
along the line, the complete machining
cost (excluding the raw material but
including labor, tooling, machine de-
preciation and interest on investment)
would be of the order of $25. If, how-
ever, only a few special cylinder blocks
were to be made with general-purpose
machines and skilled labor, the machin-
ing cost per block could easily rise from
$25 to $2,500 or more. At intermediate

production rates, where parts are made
in “lots,” or batches, it is still necessary
to use general-purpose machines (so that
they can also be used to make other
parts), but one can economically justify
some degree of automation, with a cor-
responding reduction in the machining
cost per part.

We can now examine the problem
more closely and ask: Where are parts-
manufacturing dollars spent? Although
industry mass-produces parts in great
variety and number, their individual cost
is low. On the other hand, although “one
of a kind” parts are extremely costly,
there are not many of them. Between
these extremes lie parts of many kinds
that are batch-produced; both the costs
and the quantities are moderately high.
It has been estimated that between 50
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and 75 percent of the total national out-
lay for parts manufacturing is accounted
for by batch-production methods where
the individual batch size is 50 or fewer.
Parts made in this fashion may cost any-
where from 10 to 30 times more than
they would if they were mass-produced.
Thus there is considerable economic
leverage: if some of the efficiencies of
automated mass-production could be
introduced into the batch-production
area, the potential for savings would be
great.

It is not surprising that the workers in-

volved in the batch manufacturing of
metal parts constitute about 40 percent
of the total manufacturing labor force.
It happens that it is becoming increas-
ingly difficult to attract apprentices to

VARIABLE-MISSION MANUFACTURING SYSTEM, being developed by Cincinnati
Milacron Inc., uses an unconventional overhead transfer system to move workpieces. Here
a cylinder block has been conveyed to a numerically controlled, five-axis “manufacturing
center” that automatically changes toolheads, some of which carry multiple drills, taps or
other tools to perform simultaneous operations. The toolheads are stored in a carousel.
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the metalworking trades. Young people
seem to prefer other types of jobs, par-
ticularly jobs in the service sector of the
economy. This is a worldwide develop-
ment; many European countries are al-
ready forced to import large numbers
of semiskilled and unskilled industrial
workers. This, then, is the area on which
I shall focus: that segment of the man-
ufacturing industry now devoted to the
batch manufacture of metal parts, which
constitutes a substantial portion of the
gross national product (perhaps 10 per-
cent), which employs 40 percent of the
manufacturing labor force in a time of
decreasing labor availability and which
is characterized by unit costs from 10 to
30 times higher than those in the mass-
production sector of the economy.

How exactly does the introduction of
computer control and computer manage-
ment reduce labor and production costs?
An answer can best be developed by
considering how general-purpose ma-
chine tools have evolved over the past
two decades through the introduction of
computer technology.

In the operation of a general-purpose
machine there are a certain number of
functions that must be performed either
manually or automatically: (1) Move the
proper workpiece to the machine; (2)
load the workpiece onto the machine

and affix it rigidly and accurately; (3)
select the proper tool and insert it into
the machine; (4) establish and set ma-
chine operating speeds and other condi-
tions; (5) control machine motion, en-
abling the tool to execute the desired
function; (6) sequence different tools,
conditions and motions until all opera-
tions possible on that machine are com-
plete; (7) unload the part from the ma-
chine. In the operation of the traditional
general-purpose machine (the lathe, the
milling machine, the drill press and so
on) all seven functions are performed by
the operator [see illustration at upper
left on opposite page].

Two decades ago the first numerically
controlled (n/c) machine tool was de-
veloped at M.ILT. In essence function
No. 5, the control of machine motion,
was taken from the operator and made
automatic by means of information
stored on a punched tape [see illustra-
tion at upper right on opposite pagel.
Numerically controlled machines now
exist in various degrees of complexity,
depending on how many axes (motions)
are controlled and on whether only the
final position is controlled (point-to-
point operation) or a contour is pre-
scribed. At the simple end of the scale
is a “two-axis point-to-point drilling ma-
chine” in which the drill table can be
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COST OF MACHINING typical industrial parts declines by a factor of perhaps 100 in go-
ing from “one of a kind” production to mass production. The term “batch production” ap-
plies to parts manufactured in lots ranging from several units to more than 50, for which
the total annual demand is fewer than, say, 100,000 units. When the demand exceeds that
volume, depending on the specific product, use of special-purpose machines can generally
be justified. The author estimates that batch-production methods account for from 50 to 75
percent of national expenditure for manufactured parts. By making greater use of computer
technology it should be possible to reduce cost of producing parts made in small quantities.
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automatically positioned only in the hor-
izontal (x-y) plane. At the complex end
of the scale would be a “five-axis milling
machine” in which three linear motions
(x-y-z) and two angular rotations are
continuously and synchronously con-
trolled to produce sculptured parts with
complex contours, Such machines are
widely used in the airframe industry.
The development of numerically con-
trolled machines constituted a major
technical advance because in general the
other functions call for far less operator
skill and training. As more and more nu-
merically controlled machines were in-
stalled, an entirely new, highly skilled
job came into being: the job of the parts
programmer, whose function was to
translate the engineering drawing of a
part into the punched tape that would
cause the machine to generate the part.
Over the years there have been numer-
ous developments in parts-programming
methods and in special computer-pro-
gramming languages; they make it fairly
easy, with computer assistance, to pro-
duce the required tapes. It is expected
that current development work will lead
to a much higher level of automation in
parts programming over the next decade.

he next major development was the

introduction of automatic tool-chang-
ing (aTc) systems, which relieved the
operator of function No. 3 [see illustra-
tion at lower left on opposite page]. This
kind of system endows an automatic ma-
chine tool, such as a three-axis numeri-
cally controlled milling machine, with
the capability of storing, selecting and
changing cutting tools, all under the
control of a punched tape. These ma-
chines, which are often called machin-
ing centers, have been developed to the
point where a single machine can incor-
porate a bank of as many as 60 tools that
can be changed in a few seconds.

The next step in the development of
numerical machine control was the re-
placement of punched-tape information
storage by magnetic-disk storage or com-
puter-memory storage, yielding a com-
puter-numerical-control (cNc) system
[see illustration at lower right on oppo-
site page]. This change made it far easier
to edit and alter the parts program; in
addition it made it possible for the com-
puter to take over many auxiliary func-
tions, such as preselecting the next tool
required and having it ready when it is
needed. When a battery of machines is
placed under the control of a single com-
puter, the result is a system known as di-
rect numerical control (pNc). This system
obviously enhances the utilization of
computers.
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GENERAL-PURPOSE MACHINE, such as a lathe, a milling ma-
chine or a drill press, requires the services of a skilled operator.
His job is to load the machine, select the proper tools and provide
the machine settings needed to accomplish a given task. His in-
structions are usually contained in a blueprint of the desired part.
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AUTOMATIC TOOL CHANGING was the next step in raising the
productivity of general-purpose machine tools. In this system the
punched tape contains not only machine-guidance instructions but
also information for selecting the right tool from a bank of from
20 to 100 tools. Tool-changing time can be as little as two seconds.
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NUMERICALLY CONTROLLED MACHINE TOOL developed at
the Massachusetts Institute of Technology relieved the operator of
the job of interpreting a blueprint in selecting machine settings.
Machine motion is controlled by instructions on a punched tape.
Operator must still select tools and load and unload the machine.

p— COMPUTER

MACHINE

-

PARTS

COMPUTER NUMERICAL CONTROL transferred information
storage from punched tape to the more capacious and flexible
memory of a computer. This change not only made editing and al-
tering programs easier but also made a computer available for a
variety of other tasks, such as logging the time each tool is in use.

We can now consider the character-
istics and capabilities of a computer-
managed parts-manufacturing system.
In a cMPM system a number of machines
are linked together, not only through
a common control computer but also
through a part-transfer, load/unload sys-
tem [see illustration on page 29]. Apart
from tool and machine maintenance the
only direct operator activity is attaching
the workpieces to special pallets (load)
and removing the finished parts (unload).
Once a workpiece has been loaded and
the computer has been informed that it
is ready to enter the system, the com-
puter takes over, routes the workpiece

to the necessary machines, selects the
proper tools, executes the proper opera-
tions and when the part is finished re-
turns it to the operator for unloading. At
the machine itself all seven of the re-
quired functions have been automated,
with the result that the operator services
a system of machines rather than a single
machine.

Such a system is clearly well suited to
the segment of industry we are consider-
ing: the manufacture of parts in small
batches. Parts are produced in batches
because of the “setup” costs associated
with changing a machine from making
part A to making part B. Fixtures that
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allow part A to be clamped accurately
in the machine must be replaced by fix-
tures suitable for part B; tools for part B
must be drawn from the “toolroom” and
inserted in place of the tools used for
part A; finally, parts must be run and
carefully checked to ensure that all is in
order. Obviously if only a small batch
of parts is made, the setup costs per part
are high. If a large batch is made, the
setup costs are low but the subsequent
inventory costs are high. The result is an
optimum batch size for any particular
part. Ina computer-managed parts-man-
ufacturing system, however, the usual
concept of an economic batch size does
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not apply because the setup costs are
exceedingly low. It can be efficient to
run a “batch” consisting of only a single
part. Since the batches are small, the
cost of holding in inventory parts that
are either finished or in process becomes
almost negligible.

hardly need to emphasize that com-

puter-managed parts-manufacturing
systems call for considerably less direct
labor than more conventional manufac-
turing systems. The data, which are still
limited, indicate that a cMmPM system,
compared with a standard job shop of
similar capacity, needs only between 10
and 30 percent as much direct labor.

It is also true, of course, that carem
machines are more complex and costly
than conventional machines. Does the
labor saved offset the increased cost? In
undertaking to answer this question one
must bear in mind that a metal-cutting
machine is productive only when it is
actively cutting metal. It is not being
productive when it is shut down, when
it is being set up to make a different part,
when parts are being loaded and unload-
ed or when tools are being changed.
Although estimates vary, the average

PARTS

N

MACHINE 1.

MACHINE I

MACHINE il

machine tool in a conventional shop is
cutting metal only between 3 and 10
percent of the time, whereas in a cMPM
system the metal-cutting time can be 50
percent or more. It is this far greater
utilization that offsets the higher individ-
ual-machine cost. It is anticipated that
for a given productive capacity the capi-
tal investment required for a highly
sophisticated cMpM system will be no
more than that for a more conventional
shop.

In addition to the direct savings in
labor costs one can expect substantial
savings from reduced inventories. Far
fewer parts, whether finished or in proc-
ess, will be “waiting,” either for the next
operation or for assembly. The anticipat-
ed result is an overall cost reduction by
a factor of from five to 10; in other
words, a cost reduction of from 80 to 90
percent.

Although cMpM systems are only now
emerging, a small number of prototype
systems have been set up for production
or demonstration. Perhaps the most am-
bitious system (and the one for which
information is hardest to obtain) is op-
erating at Karl-Marx-Stadt in East Ger-
many. The system, enclosed in a special

COMPUTER

A

DIRECT NUMERICAL CONTROL places a battery of machines under the control of a
single computer. Machines can be of different types and programmed to carry out different
tasks. Such systems may or may not be provided with automatic tool-changing capabilities.
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air-conditioned building as large as two
football fields, employs linear induction
motors to propel the work pallets, which
are floated on air-cushion supports. The
system can handle workpieces as large as
1 X 1 X 1.6 meters.

In the US. the cMPM system that
probably has been in operation longest is
the Heavy Machining Center at the In-
gersoll-Rand plant in Roanoke, Va. Built
by the Sundstrand Corporation, the in-
stallation has six machines arranged
around a looped transfer system [see
illustrations on pages 22 through 24].
The system is capable of manufacturing
some 500 completely different parts. At
any one time it can accommodate as
many as 16 parts of different design, ei-
ther being machined, waiting in queue
to be machined or on the transfer sys-
tem. In the present configuration of the
system there are about 500 tools, 200
of which are in automatic tool-changing
carousels at any one time. The entire
system, which can be regarded as replac-
ing a typical shop of 30 machines and 30
workers, is operated by a team of only
three people and a supervisor.

Some of the most striking advances in
automatic production on the batch scale
are being incorporated in the variable-
mission manufacturing system now be-
ing developed by Cincinnati Milacron
Inc. [see illustration on page 25]. This
system not only has the general charac-
ter of computer-managed parts manu-
facture seen in other systems but also
provides for the processing of low-vol-
ume parts at higher rates than the rates
that can be achieved with more conven-
tional numerically controlled machines.
For example, an ingenious five-axis
“manufacturing center” automatically
changes clusters of tools mounted on a
single head, so that a number of opera-
tions can be performed simultaneously.
By means of a novel scheme of handling
workpieces from above, the Cincinnati
Milacron system provides efficient man-
agement of coolants and chips, together
with easy access for inspection and ser-
vicing.

The country that has the greatest ex-
perience with computer-managed parts
manufacture may be Japan, where a
number of operating systems have been
developed. Because of Japan’s (prereces-
sion) labor shortage and the country’s
well-known need to maintain economic
advantages in production, the Japanese
are supporting a large research and
development program directed toward
an “unmanned factory.” (Between 1965
and 1973 Japanese industrial productiv-
ity climbed at the remarkable rate of
more than 13 percent per year, more



than four times the rate of increase in
the U.S.)

So much for the description of com-
puter-managed parts manufacture and
its present state of development. What
about the future? At this point I must
shift from presenting facts to offering
personal opinion. If cost reductions of
perhaps 80 percent can be predicted for
cMPM systems, why are so few systems
in operation? There are two kinds of rea-
sons: economic and technological.

The principal economic reason is that
we are not yet sure just how much can
be saved through computer-managed
parts manufacture in various branches of
industry. As we have seen, it has been
estimated that from 50 to 75 percent
of all parts manufacturing is done in
batches of 50 or less and might therefore
be suited to computer-managed parts
manufacture. We do not know, however,
precisely how large the economic lever
is. The existing systems have been jus-
tified for the manufacture of specific
sets of parts, and the justification has
included a generous amount of faith.
CMPM systems are expensive; they can
cost millions of dollars. Unless we can
help to show through research and dem-
onstration that cMpM systems are indeed
economic, reliable and amenable to fu-
ture changes in product mix and quan-
tity, few companies will be willing to
take the financial risk involved in find-
ing out for themselves.

The technological reasons for the
slow adoption of cMPM systems are
mainly associated with the development
of computer systems and programs to
run them. Although individual compa-
nies have created highly successful op-
erating systems, none, to my knowledge,
has the full operational flexibility that is
needed to secure the maximum perform-
ance from a cMPM system. From the
point of view of the U.S. as a whole it
seems wasteful for each machine-tool
manufacturer entering the cMPM mar-
ket to completely evolve its own pro-
prietary system. It would seem more
efficient to develop a commonly accept-
ed overall system framework that would
ensure the compatibility of the hardware
and the software developed by various
manufacturers. It is my own belief that
if the estimates of cMpM cost effective-
ness are reasonably accurate and if the
U.S. hopes to maintain levels of produc-
tivity higher than those of other coun-
tries, it will have to mount a national
program for the development of com-
puter-managed parts manufacture. Such
a program should have the ultimate goal
of achieving totally computer-integrated
manufacturing systems.
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COMPUTER-MANAGED PARTS MANUFACTURING represents the latest stage in the
application of computer technology for reducing the cost of machining parts in small
batches. Since the computer memory contains all the information needed to machine a part,
a “batch” can efficiently consist of only one unit. The system depicted here is essentially
the same as that employed in Ingersoll-Rand’s Heavy Machining Center in Roanoke, Va.
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The Most Primitive Objects
in the Solar System

Minerals found in the meteorites known as carbonaceous chondrites

represent samples of the solid grains that condensed directly out

of the gaseous nebula that gave birth to the sun and the planets

f the various samples we now
()have of the solar system the most
primitive are the meteorites
known as chondrites. Many of these ob-
jects consist of materials that were
formed 4.6 billion years ago, well before
the most ancient rocks on the surface of
the earth and the moon had crystallized.
The chondrites appear to have been pre-
served in smaller bodies that escaped
the violent processes that destroyed the
earliest rocks on the earth and the moon
and.created new ones from the remnants.
Furthermore, there is considerable evi-
dence that one class of chondrites, the
carbonaceous chondrites, are mixtures of
minerals that have survived unaltered
since the time they condensed out of the
solar nebula: the cloud of gas and dust
that gave rise to the sun and the planets.
Chondrites are stony meteorites that
usually contain chondrules, spheres of
silicate minerals and glass ranging up to
the size of a pea. Several kinds of chon-
drites are known, but here we shall focus
on the carbonaceous chondrites, so
named because they contain an appre-
ciable amount of carbon. The carbo-
naceous chondrites of Type 1, also desig-
nated C1 chondrites, have a special sig-
nificance. First, they contain no chon-
drules. Second, of all the various types
of meteorites they have the highest con-
centration of water and volatile elements
such as lead, bismuth and carbon. In
fact, for all but the most volatile ele-
ments (hydrogen, oxygen, carbon and
the noble gases) the relative abundances
of the elements in the C1 chondrites are
the same as the abundances in the sun.
Since the sun accounts for more than 99
percent of the mass of the solar system,
this means that for all practical pur-
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poses the relative proportions of the non-
volatile elements in the C1 chondrites
are characteristic of the proportions in
the solar system as a whole. Evidently
the nonvolatile elements did not sepa-
rate from one another as the material of
the C1 chondrites formed. By the same
token, these materials could not have
undergone the evolutionary processes
that fractionated the elements during
the formation of the rocks of the earth
and the moon. Such arguments suggest
that the minerals observed in the most
primitive chondrites may be the solid
grains that condensed out of the solar
nebula at the birth of the solar system.

The carbonaceous chondrites of Type
2 and Type 3, designated C2 and C3, are
also very primitive meteorites. They con-
tain chondrules and have a different
chemical and mineralogical composition
from C1 chondrites and from each other.
These characteristics are clues that the
different types of carbonaceous chon-
drites formed under slightly different
conditions.

The solar system is believed to have

formed out of a cold cloud of inter-
stellar gas and dust. The cloud contract-
ed under the influence of its own gravity
and then spun down to a disk. A. G. W.
Cameron of the Harvard College Ob-
servatory and his collaborators have
utilized hydrodynamic models to deter-
mine the initial physical conditions
within the rotating disk. If it is assumed
that the disk had twice the mass of the
sun, the models suggest that in the cen-
ter the temperature was some 2,000 de-
grees Kelvin and the pressure was about
102 atmosphere (a hundredth of the
atmospheric pressure at sea level on
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the earth today). At a distance of 10
astronomical units from the center in
the central plane of the disk (10 times the
distance from the earth to the sun), the
temperature was only 100 degrees K.
and the pressure was 10-% atmosphere.
Above and below the central plane of
the disk the temperature and pressure
also decreased.

If such conditions did obtain in the
solar nebula, the temperature in the cen-
ter would have been sufficient to have
evaporated any solid grains that had ex-
isted in the original cold cloud. At dis-
tances beyond 10 astronomical units,
however, the grains would have sur-
vived. Moreover, as most of the material
in the inner region of the nebula contin-
ued to move toward the center of the
disk, where it gave rise to the sun, what
was left behind began to cool. In this re-
maining material, which eventually gave
birth to the planets, the evaporated
grains started to recondense, and a com-
plex pattern of flows and eddies devel-
oped. Such movements may have been
capable of transporting grains from one
part of the nebula to another. The con-
densation was probably 95 percent com-
plete within 50,000 years of the time the
disk first formed.

J. W. Larimer of the University of
Chicago was the first to attempt to cal-
culate the sequence in which elements
and compounds condensed out of the
cooling solar nebula. His results were an
approximation in the sense that he did
not try to account for the changing com-
position of the vapor in the nebula as the
major elements were removed by their
condensation in solid phases. I have
made similar calculations that take the
removal into account by assuming that



rated from the Orgueil meteorite, a carbonaceous chondrite of

i
RASPBERRY-SHAPED AGGREGATE of crystals of magnetite

(Fe30,) may have condensed out of the nebula that gave rise to the Type 1 (also designated a C1 chondrite). Shown here in a scanning
sun and the planets at a temperature of some 400 degrees Kelvin electron micrograph made by R. S. Lewis of University of Chicago,
(degrees Celsius above absolute zero). The aggregate was sepa- aggregate has a diameter of about 10 micrometers (.01 millimeter).

STACK OF CIRCULAR PLATES of magnetite was also separated meters high. This scanning electron micrograph was also made
from the Orgueil meteorite. The entire stack is about nine micro- by Lewis. Magnetite has not been found in this form on the earth.
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the grains and the vapor were in chemi-
cal equilibrium.

If the composition of the system is
known, the distribution of the elements
among crystalline phases and gaseous
species can be calculated from thermo-
dynamic data for any temperature and

pressure. The results I shall discuss here
are derived from such a thermodynamic
model, based on estimates of the com-
position of the solar system that are ob-
tained from chemical analyses of Cl
chondrites for the nonvolatile elements
and from the spectrum of the sun for

volatile elements. The initial tempera-
ture of 2,000 degrees K. and the pres-
sure of 10 atmosphere I have chosen
for the calculations are consistent with
the estimates of those quantities for the
inner portion of the nebula yielded by
the hydrodynamic models. The general
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features of the condensation sequence
are relatively insensitive to pressure.

As the temperature dropped from
2,000 to 1,450 degrees, the relatively
abundant elements aluminum, titanium
and calcium condensed as silicates and
oxides. At the same time a variety of
relatively rare elements with high boil-
ing points condensed as metals and ox-
ides; they included some of the platinum
metals, the rare earths and other ele-
ments such as zirconium, tantalum, ura-
nium and scandium. The bulk of the con-
densable matter in the solar system con-
densed as the temperature fell from
1,450 to 1,000 degrees. A metallic iron-
nickel-cobalt-chromium alloy appeared;
magnesium, silicon, sodium and potas-
sium condensed as silicates. Some trace
elements such as germanium, copper,
gallium and silver also condensed in this
temperature region. Finally, as the solar
nebula cooled to below 1,000 degrees,
sulfur condensed as a result of reactions
with metallic iron; some of the iron be-
came oxidized, the silicates became hy-
drated (bound with water) and the most
volatile trace elements (lead, bismuth,
indium, thallium and mercury) con-
densed. I shall discuss in detail the theo-
retical predictions for the processes in
each of the three temperature ranges,
along with some of the evidence from
carbonaceous chondrites showing that
the processes played a major role in the
origin of such meteorites.

he amount of aluminum in various

crystalline phases with respect to the
amount in the vapor phase at various
temperatures in the solar nebula can be
calculated [see lower illustration on op-
posite page]. Aluminum began to con-
dense in combination with oxygen as
grains of the mineral corundum (Al,O,)
at 1,671 degrees. By the time the tem-
perature had dropped to 1,550 degrees
the aluminum had been almost totally
removed from the vapor. At 1,528 de-
grees the corundum started to react with
gaseous calcium and silicon to form meli-
lite. When the temperature reached
1,451 degrees, the remaining corundum
reacted completely with the vapor in the
solar nebula to form spinel (MgAl,O,).

Melilite is a mineral whose composi-
tion can vary continuously between
CayAl,SiO;, known as gehlenite, and
Ca;MgSi,07, known as akermanite. The
first melilite to form was pure gehlenite.
Below 1,450 degrees, however, a large
amount of akermanite would have dis-
solved in the crystal structure of the
gehlenite as atoms of aluminum would
have been replaced by atoms of magne-
sium and silicon that had struck the sur-

WHITE INCLUSION on a cut surface of the Allende meteorite, photographed by E. A.
King, Jr., of the University of Houston, may be a sample of material that condensed out of
the solar nebula at the highest temperatures: between 1,557 and 1,375 degrees K. The Al.
lende meteorite is a C3 chondrite. The spherical bodies surrounding the inclusion are chon-
drules, which are lacking in C1 chondrites. Inclusion is nine millimeters from left to right.

face of the grains and diffused inward.
The displaced aluminum atoms had to
diffuse outward, where they formed par-
ticles of spinel on the surface of the meli-
lite grains. As the temperature continued
to drop, melilite became less important
as a consumer of aluminum and simul-
taneously spinel became more important.
As aluminum was being consumed in
this sequence of minerals, calcium was
following a similar sequence. Calcium
would have begun to condense with ti-
tanium and oxygen as grains of the min-
eral perovskite (CaTiO;) at 1,557 de-
grees. The ratio of titanium to calcium
in the solar system is so low, however,
that only 3 percent of the calcium could
have condensed as this mineral even
when all the titanium had been con-
sumed by it at 1,525 degrees. Most of
the calcium condensed as melilite that
later reacted with the vapor in the solar
nebula to form pyroxene (CaMgSi>Og).
At that temperature, 1,375 degrees, the
melilite would have contained about 85
percent akermanite in solid solution.
How well does the observed composi-
tion of carbonaceous chondrites accord
with the predictions of the thermody-
namic model? There is an abundance of
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irregularly shaped white inclusions in
the C3 chondrite known as the Allende
meteorite and in other carbonaceous
chondrites [see illustration above]. These
objects can be extracted from the me-
teorite for analysis without being seri-
ously contaminated by the matrix in
which they are embedded. The compo-
sition of the inclusions compares well
with the chemical composition calcu-
lated for the high-temperature conden-
sates at two different temperatures [see
illustration on page 36]. The similarity
suggests that the white inclusions could
actually be samples of the highest-tem-
perature condensates from the original
solar nebula, which were in equilibrium
with the vapor of the nebula between
1,400 and 1,380 degrees. Only the
amount of silicon dioxide (SiOs) in the
inclusions is higher than the amount that
is predicted to have condensed. The ex-
cess of silicon dioxide could imply that
kinetic factors might have prevented the
grains from attaining complete chemical
equilibrium with the vapor.

One can think of many other different
assemblages of minerals whose bulk
chemical composition would be the same
as the chemical composition of the white
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inclusions. Thus one could argue that the
similarity between chemical composi-
tions alone is by no means conclusive
proof that the inclusions are matter that
originated in the early solar nebula. De-
finitive evidence lies, however, in the
mineralogy of the inclusions. They can
be crushed to a powder and bombarded
with X rays to get diagnostic diffraction
patterns. They can be sliced and pol-
ished and studied with both the light

microscope and the electron microprobe.

Such investigations have revealed that

the inclusions consist predominantly
of melilite, spinel, perovskite and pyrox-
ene: precisely the same mineral phases
predicted to be in equilibrium with the
vapor of the solar nebula between 1,557
and 1,375 degrees. The interrelations
and the textures of the minerals also sug-
gest that they originated by condensa-
tion. The grains of perovskite are sur-
rounded by spinel; the spinel and the
melilite are grown together; rims of py-

roxene surround the inclusions and cavi-
ties in their interior.

All these features are consistent with
the form of the minerals predicted by
the thermodynamic model. Usually the
melilite in the inclusions contains less
than 30 percent akermanite, implying
that the melilite was unable to maintain
chemical equilibrium with the vapor in
the nebula below 1,425 or 1,400 degrees.
The pyroxene rims are interpreted as
signaling the beginning of the reaction of
melilite with the vapor in the nebula at
1,375 degrees, but the fact that much of
the melilite inside the inclusions was not
converted to pyroxene suggests that the
rates of diffusion were not fast enough
to keep pace with the demands of chem-
ical equilibrium, perhaps because the
nebula was cooling very quickly. More-
over, scanning electron photomicro-
graphs of the interior of cavities in some
of the white inclusions reveal delicate
free-standing crystals of melilite and oth-
er minerals [see illustration at top left on
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TRACE ELEMENTS IN THE INCLUSIONS of the Allende me-
teorite (osmium, tungsten, rhenium, molybdenum, iridium and
ruthenium) all condense at very high temperatures. In the chart at
the left the condensation temperatures of these trace elements are
compared with the condensation temperatures of the major high-
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page 37]. Such well-formed crystals pro-
jecting into cavities are typical of miner-
als in terrestrial and lunar rocks that
have been deposited out of a vapor.

Many trace elements have such a low
vapor pressure (the pressure exerted by
the vapor phase on the solid or liquid
phase in equilibrium) or form such sta-
ble, nonvolatile oxides that the tempera-
tures at which they condensed are as
high as the temperatures at which the
much more abundant aluminum and cal-
cium minerals condensed [see illustra-
tion below]. The sensitive technique of
neutron activation has been used to de-
termine the concentrations of such ele-
ments in the white inclusions. When the
inclusions are bombarded with neutrons,
atoms in the material are made radioac-
tive. The pattern of radioactive decay
yields precise information about the
composition of the material.

The abundances of all the nonvolatile
elements in the calcium-rich inclusions
of C3 chondrites are about 20 times
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temperature minerals in the inclusions. The horizontal bar to the
right of each element gives the temperature at which the element
would condense at a pressure of 10-4 atmosphere. The bars that ap-
pear at the far right give the ratios of the concentration of these ele-
ments in the inclusions to their concentration in Cl chondrites.



higher than the abundances in C1 chon-
drites. The nonvolatile elements in the
inclusions span a wide range of chemi-
cal properties and geochemical behavior;
the only property common to them all
is that they have condensation tempera-
tures in the same range as the condensa-
tion temperatures of the inclusions’ ma-
jor elements. The concentrations of sev-
eral more volatile elements such as iron,
copper and gallium have also been de-
termined; they are all substantially less
abundant in the inclusions than they are
in Cl chondrites. Even palladium, a
volatile metal of the platinum group, is
strongly depleted in spite of an enrich-
ment of the nonvolatile platinum metals
ruthenium and iridium, which are its
constant companions in normal geo-
chemical processes.

The marked enrichment of the non-
volatile trace elements and the deple-
tion of the volatile ones is thus strong
evidence that the calcium-rich inclu-
sions in the Allende meteorite and other
C3 chondrites are samples of the high-
est-temperature condensates from the
solar nebula. Some of the nonvolatile
trace elements may have acted as nu-
clei for the condensation of the major
minerals; conversely, the calcium min-
erals may have provided nuclei for
the condensation of the trace elements.
Some of the trace elements undoubtedly
condensed in solid solution with the ma-
jor minerals, as the rare-earth elements
present in perovskite did.

We have seen that calcium, aluminum

and titanium had almost totally
condensed by the time the temperature
in the nebula had reached 1,475 degrees.
The thermodynamic model predicts,
however, that until the temperature had
dropped another 100 degrees these were
the only abundant elements that had
completely condensed in the solar sys-
tem. At 1,370 degrees only 12 percent
of the total amount of magnesium, 15
percent of the silicon and none of the
iron had condensed out of the gas of the
solar nebula. They are the most abun-
dant nonvolatile elements in the solar
system. If the nebular gases had some-
how dissipated at this temperature be-
fore any more elements had condensed,
the planets would now have composi-
tions completely different from that of
the chondrites.

The calculations indicate that at
1,365 degrees metallic iron would have
begun to condense, carrying nickel, co-
balt and chromium along with it. At
1,294 degrees gaseous molecular phos-
phorus reacted with the surface of the

-

POLISHED SURFACE OF A WHITE INCLUSION from the Allende meteorite was photo-
graphed by L. H. Fuchs of the Argonne National Laboratory (top). Total width of the field
of the photomicrograph is one millimeter. Map (bottom) locates the natural cavities (light
gray) and the minerals spinel (white areas), gehlenite (light color) and perovskite (dark
color). The rims surrounding the cavities consist of pyroxene (dark gray). These are the
same minerals that are calculated to have condensed out of the solar nebula at temperatures
between 1,557 and 1,375 degrees at a pressure of 10-¢ atmosphere. The spatial relations of the
minerals suggest that inclusion was indeed formed by the calculated sequence of reactions.
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metal grains, thus forming the mineral
schreibersite (FezP). The thermodynam-
ic model further predicts that soon after
iron first condensed, magnesium and sili-
con began to accumulate as the mineral
forsterite (Mg»SiO,) at 1,361 degrees.
The forsterite rapidly removed magnesi-
um from the vapor and then began to
react with the nebular gas, removing the
remaining silicon as well, to form ensta-
tite (MgSiO3) at 1,294 degrees. By the
time the temperature had dropped to
1,250 degrees more than 90 percent of
the iron, magnesium and silicon had
condensed.

An ion of ferrous iron (an iron atom
lacking two electrons) can easily substi-
tute for a magnesium ion in the crystal
structure of forsterite and enstatite to
form the compounds (Mg,Fe).SiO, or
(Mg,Fe)SiO3. At this stage in the evolu-
tion of the solar system, however, the
ratio of molecular hydrogen (Hs) to wa-
ter was very high, about 2,400: 1. Mo-
lecular hydrogen easily gives up its elec-
trons, so that metallic iron was prevented
from oxidizing to ferrous iron. As a re-
sult, when the silicate minerals forsterite
and enstatite first formed at high tem-
perature, they contained vanishingly
small concentrations of oxidized iron.

What kind of evidence is there for this
sequence of events in carbonaceous

chondrites? The C2 chondrites contain
abundant well-formed crystals of forster-
ite and enstatite and also irregularly
shaped aggregations of such crystals
loosely held together. Most of these
grains contain little oxidized iron, usual-
ly less than a few percent of either
Fe,SiO, or FeSiO;. Examination of the
aggregates with the petrographic micro-
scope shows that there are many grains
of metal about one micrometer in size
trapped inside and between the silicate
crystals. The metal grains consist mostly
of iron, but they also contain small quan-
tities of nickel, cobalt and chromium.
Although schreibersite has not yet been
detected, most of the grains are about 1
percent phosphorus. The observed com-
positions are almost exactly those pre-
dicted for alloys that formed out of the
solar nebula over the same temperature
range as forsterite.

In addition to the metal grains, another

type of inclusion is found inside the
crystals of forsterite and enstatite in C2
chondrites. These inclusions are minute
ellipsoids of glass that are rich in calci-
um oxide (CaO) and aluminum oxide
(AL;O3), often containing more than 20
percent of each by weight. They are
chemically similar to the calcium-rich,
high-temperature condensate inclusions

TOTAL 100.0 100.0 100.0
27.2
CALCIUM 53 o
OXIDE (CaO)
29.2
31.6
ALUMINUM
OXIDE (Al,03) a1d
15
1.0
TITANIUM
DIOXIDE (TiO,) 18 10.8 17.0
MAGNESIUM o
OXIDE (MgO) ?
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OF CONDENSATE
AT 1,400 DEGREES K. (PERCENT)
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OF CONDENSATE
AT 1,380 DEGREES K. (PERCENT)

CHEMICAL COMPOSITION OF A WHITE INCLUSION from the Allende meteorite is
compared with calculated composition of condensates from solar nebula at two tempera-
tures. In almost all cases predicted and observed compositions are very close to each other.
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from the Allende meteorite I have men-
tioned, and they may even be related to
them. Their glassy nature implies that
they were melted and rapidly chilled
before they were incorporated into the
crystals of forsterite and enstatite. The
evidence thus suggests that the aggre-
gates in C2 chondrites could have con-
densed from the solar nebula at inter-
mediate temperatures.

The sequence of events may have
been as follows. Minerals rich in calcium
and aluminum condensed above 1,375
degrees. They were melted during some
kind of high-energy event in the nebula
while they were suspended in the vapor.
Then they cooled rapidly and froze into
glass. Forsterite and nickel-iron alloy be-
gan to condense together at about 1,360
degrees, and the alloy grains were able
to adjust their composition so that they
were in equilibrium with the nebular gas
until they were trapped inside growing
crystals of forsterite along with the glass
ellipsoids rich in calcium and aluminum.
Once the metal grains were trapped they
were unable to react with the gas any
longer. The forsterite crystals continued
to grow; some reacted to form enstatite
and many began to stick to one another
to form the aggregates. Thereafter the
aggregates were mixed with lower-tem-
perature condensates, which accumu-
lated together to form the C2 chondrites,
perhaps on bodies approximately the size
of asteroids.

Now let me turn to reactions that are
predicted to have ensued in the solar
nebula below a temperature of 1,000
degrees. The most abundant gaseous
molecule in the vapor was molecular hy-
drogen. At higher temperatures most of
the carbon was present as carbon monox-
ide (CO). Below about 800 degrees the
two molecules began to react with each
other in the gas: one molecule of carbon
monoxide combined with three mole-
cules of hydrogen to form one molecule
of methane (CH,) and one of water. As
a result the ratio of molecular hydrogen
to water had dropped from 2,400: 1 to
about 640: 1 by the time the tempera-
ture had reached 650 degrees. The low-
er ratio, together with the lower tem-
peratures, allowed the metallic iron to
oxidize and give rise to Fe,SiO, and
FeSiOj, which could dissolve in the pre-
viously condensed forsterite and ensta-
tite. Simultaneously gaseous hydrogen
sulfide (H,S) began to react with the sur-
face of the metallic iron grains and the
sulfur condensed as the mineral troilite
(FeS) at 700 degrees.

Edward Anders and his co-workers at
the University of Chicago have concen-



CALCIUM-RICH MINERALS in the inclusion in the Allende me-
teorite appear in this scanning electron micrograph. The fact that
there are distinct well-formed crystals projecting into the cavity
suggests that the minerals were formed by condensation from a
vapor. The width of the field of view is about eight micrometers.

MATRIX OF A C3 CHONDRITE, the Allende meteorite, is viewed
in photomicrograph made by R. H. Beauchamp of Battelle Pacific
Northwest Laboratories. Platelike material is half forsterite
(Mg,SiO,) and half Fe,SiO,. Dark opaque grains are troilite
(FeS). Composition is similar to composition predicted for mate-
rials that reached equilibrium with solar nebula between 700 and
400 degrees. The width of the field of view is 108 micrometers.

FORSTERITE CRYSTAL, also revealed in a scanning electron
micrograph, was removed from the dark, fine-grained matrix sub-
stance of the Murchison meteorite, a C2 chondrite. Such crystals
make up about 20 percent of the entire volume of the Murchison
meteorite. The forsterite crystal itself is about .4 millimeter across.

MATRIX OF A C2 CHONDRITE, the Murchison meteorite, is
composed predominantly of hydrated layer-lattice silicates, that is,
iron-magnesium silicate materials bound with water and having a
layered crystal structure. It is believed the hydrated layer-lattice
silicates condensed at temperatures of about 350 degrees. The field
of view is 7.5 micrometers across. Even at this high magnification
the exact forms of the tiny crystal grains are difficult to perceive.
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DISTRIBUTION OF MAGNESIUM between
and condensed phases has been calculated for
it cooled. Condensation curve for nickel-iron

trated on the details of the condensation
sequence below 700 degrees. Between
600 and 450 degrees the volatile ele-
ments lead, bismuth, indium and thalli-
um condense as pure metals or as sulfides
in solid solution. Organic compounds
such as hydrocarbons are believed to
have formed in the presence of catalysts
in the nebula at about 400 degrees.

Again, what is the evidence from the
meteorites? The high-temperature min-
erals I have mentioned as being present
in the C3 chondrites are embedded in a
fine-grained, dark-colored matrix. In or-
der to study this material by light trans-
mitted through it, special ultrathin slices
of the meteorite must be prepared [see
illustration at bottom left on preceding
page]. The matrix is composed predomi-
nantly of tiny mineral plates about 10
micrometers long that have a chemical
composition of about half Mg,SiO, (for-
sterite) and half Fe,SiO,. Between the
plates are opaque patches of troilite. The
matrix is rich in lead, bismuth, indium
and thallium and also contains about .8
percent carbon by weight. The composi-
tion is quite similar to the composition
predicted for materials that reached
equilibrium with the solar nebula be-
tween 700 and 400 degrees. There seems
to be a slight tendency for the long axes
of the silicate platelets to align them-
selves parallel to one another, suggesting
that the particles were influenced by
strong directional forces as they settled
down onto the surface of the parent body
of the Allende meteorite.

The calculations predict that in the

final stages of the condensation of the
solar nebula magnetite (Fe3Oy) formed
by the oxidation of preexisting nickel-
iron alloy at 400 degrees. At 350 degrees
the previously formed iron-magnesium
silicate minerals began to react with wa-
ter molecules to form hydrated silicates
that have a layered crystal structure and
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gaseous molecules
the solar nebula as
is shown for refer-

are therefore called hydrated layer-lat-
tice silicates.

The evidence for this sequence of
events is found in the C2 chondrites.
Like the C3 chondrites, the matrix of the
C2 specimens is fine-grained and rich in
volatile metals and organic material,
but the mineralogy is different. The C2
chondrites lack the platelets of iron-
magnesium silicate found in the matrix
of the C3 chondrites but instead are
composed predominantly of the hydrat-
ed layer-lattice silicates and magnetite
[see illustration at bottom right on pre-
ceding page].

The C1 chondrites are composed of
very few of the high-temperature min-
erals found in both the C3 and the C2
chondrites. Their mineralogy is quite
similar to that of the matrix of the C2
chondrites. The morphology of the mag-
netite grains in the C1 specimens is pe-
culiar [see illustrations on page 31].
Some of the magnetite is in the form of
spherical aggregates of well-formed crys-
tals, each crystal about a micrometer
in diameter, and some is in remarkable
stacks of circular plates about nine mi-
crometers high. These stacks of plates
are quite unlike any form of magnetite
ever found on the earth. As a result it
has been suggested that the meteoritic
magnetite may have grown directly from
the vapor of the solar nebula into these
spectacular shapes.

We have seen, however, that magnet-
ite first becomes stable in the solar neb-
ula at 400 degrees, far below the temper-
ature at which virtually all the iron had
already condensed in the form of other
minerals. Since only a negligible amount
of iron remained in the vapor of the neb-
ula, the implication is that the magnetite
could not have condensed directly from
the vapor but must have formed through
the oxidation of preexisting iron miner-
als. If that had been the case, however,
the shapes of the magnetite grains would
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ence (broken line). Magnesium had almost totally condensed by
the time temperature had fallen to 1,275 degrees. Iron had almost
totally condensed by the time temperature reached 1,250 degrees.

have mimicked the shapes of the miner-
als that had been oxidized. The fact is,
no other meteoritic minerals are known
that have such peculiar shapes.

What can one conclude from these
arguments? There does appear to be one
way in which the magnetite could have
condensed directly from the vapor. The
pressures in the gas clouds of interstellar
space are so low that grains are probably
unable to condense out of them until the
clouds contract into comparatively dense
protostars such as the solar nebula. We
have seen that the hydrodynamic models
suggest that the peak temperatures
reached inside the solar nebula were only
a few hundred degrees at distances
greater than several astronomical units
from the center. In this region of the disk
temperatures were never high enough to
stabilize the various high-temperature
minerals, and the first grains that con-
densed out of the nebula would have
been the minerals in equilibrium with a
low-temperature gas, phases such as
magnetite and the layer-lattice silicates.
Therefore these minerals could have
condensed directly from the vapor in the
absence of any high-temperature con-

densate as a precursor.
As I have indicated, there is much evi-
dence that the carbonaceous chon-
drites are mixtures of unaltered minerals
that condensed over a wide range of
temperatures in the solar nebula before
the planets formed. Locked inside the
grains of material embedded in the car-
bonaceous chondrites are clues to the
origin of the planets and the solar system
as a whole. Research over the next dec-
ade will undoubtedly focus on analyses
of the minerals, trace elements and iso-
topes in fragments separated from dif-
ferent carbonaceous chondrites in order
to improve our understanding of the
processes by which the solar system
came into being.



We want to be useful
..and even interesting

Advice on TLC: snip, save, char

The mighty force of fashion powers more than the fashion
industries. It governs the furnishing of the laboratory no less
than the furnishing of the home. Don’t knock it.

If talk of thin-layer chromatography (TLC) is slightly less
fashionable today than when Eastman Chromagram sheet
was introduced, it’s because there are that many more instru-
ments and methods to talk about now than then. TLC still
works fine at separating molecular species, but its contribu-
tion toward building an impressive capital budget is a bit weak.

Our precoated sheet failed to obsolete the glass TLC plate.
It did find its niche, though. A Chromagram sheet costs about
the same as a precoated plate, but if only a piece will do, one
needn’t waste a whole plate. There are still those to whom
such considerations matter. They use our product even though
our poly(vinyl alcohol) binder has precluded charring in the
visualization procedure.

Luckily our source of poly(vinyl alcohol) dried up. A com-
position based on poly(acrylic acid) has replaced it. With this
substitution, nay improvement, for users of currently manu-
factured silica gel- or alumina-coated forms of Chromagram
sheet (with or without incorporated fluorescent indicator),
charring is no longer precluded!

How do you like that for candor?
You can order Eastman Chromagram sheet from Curtin
Matheson Scientific, Fisher Scientific, North-Strong, Preiser

Scientific, Sargent-Welch, SciChemCo, Scientific Products,
or VWR Scientific (East).

Project
for a slow week

Let us say he is good with tools and ought to be kept
busy in a meaningful way. Let us say the professional
staff makes use of the photographic process at a level
that averages somewhat more than a single 135 car-
tridge of film processed per week but less than 100
gallons of processing solutions and wash water per
day. Let us say there is no capacious municipal sewer
system in which entities like acetic acid and thiosulfate
ion that have served their photographic purpose can
join all the other oxygen-demanding effluvia that char-
acterize centers of civilization. Let us merely state for
the record that Kodak pamphlet J-43, “A Simple
Waste-Treatment System for Small Volumes of Pho-
tographic-Processing Wastes,” is available for the ask-
ing from Kodak, Dept. 412-L, Rochester, N.Y. 14650.
If there is also concern for recycling of a valuable re-
source, we can be asked to throw in J-9, “Silver Re-
covery with the Kopak Chemical Recovery Cartridge.”

A perceptive type of customer

Weren't we once promoting a TLC method of mass-screening
neonates for metabolic anomalies?
Yes.
Is it now in wide use?
No.
Why not?

Because of a scarcity of people not only wise in blood
chemistry but willing to spend their careers looking at thou-
sands of different TLC patterns before finding one that justi-
fies the cry “Aha!” From our long experience in medical
x-ray film, we shouldhave known how long it takes to develop
such keen perceptions.

It is up to our industry to maintain a flow of what it believes
to be improvements and up to the professional customers to
decide whether they really are. At the moment the spotlight
shines on a blend of terbium-activated gadolinium oxysulfide
and lanthanum oxysulfide. When instead of a spotlight, x-ray
photons in the diagnostically useful 50 to 150 kV range fall
on this blend, formulated as fluorescing screens in contact
with the emulsion on either side of a sheet of x-ray film, light
is emitted at around 540 nm in the green, with a few small
spikes in the blue and violet. All but 2 or 3 percent of the film
exposing is done by light from these screens. The trick is very
old but has generally been done with phosphors that largely
emit a broad band of blue light, such as calcium tungstate. A
couple of years ago we put on the market screens that emit
principally in the ultraviolet, more of which is absorbed in the
emulsion instead of spreading out to degrade the image on the
opposite side of the film base.

Now, the lanthanide phosphors. In practical medical use,
a pair of the new Kodak Lanex regular screens absorb about
60 percent of the x-radiation reaching them, as compared
with 40 percent for the same thickness in CaWO,. Absorp-
tion is the name of the game. Information-bearing x-ray pho-
tons that have passed through the patient are precious. With
emulsions sensitized to green light, the absorption is convert-
ible into several desirable currencies: reduction in patient dos-
age (popular, but not always the best choice for the patient’s
benefit) ; ability to freeze motion by shortened exposure time;
better geometrical sharpness by reduction of focal-spot size
when less tube current is required; use of the small focal spot
to produce magnified images for improved diagnostic capa-
bility in some examinations; use of slower films for less “quan-
tum mottle” from statistical fluctuation than when the deline-
ation job is done with fewer of those mighty x-ray quanta.

Maybe flexibility is the name of the game.
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Teravolt Territory

he new Congress will probably be
I asked to support three new accel-
erator facilities that will carry the
study of subnuclear particles to new en-
ergy levels beginning in the 1980’s. It is
now eight years since Congress autho-
rized construction of the world’s most
powerful research instrument, the 440-
GeV (billion-electron-volt) accelerator at
the Fermi National Accelerator Labora-
tory (“Fermilab”). The new machines
have been recommended by a committee
on new high-energy facilities headed by
Victor F. Weisskopf of the Massachu-
setts Institute of Technology. The rec-
ommendations reflect the desire of the
physical community to maintain three
strong, geographically separated centers
of high-energy research: the Stanford
Linear Accelerator Center (SLAC) on the
West Coast, Fermilab in the Middle
West and the Brookhaven National Lab-
oratory on the East Coast.

For SLAC, Congress will be asked
to authorize “PEP,” a positron-electron-
proton storage ring capable of storing
particles of up to 15 GeV circulating in
opposite directions. PEP will be modeled
on SPEAR, the successful electron-posi-
tron colliding-beam facility at SLAC that
stores particles produced by the two-
mile, 30-GeV linear accelerator. The
SPEAR ring, an oval track with a cir-
cumference of 230 meters, is limited to
storing particles of 4.5 GeV. The roughly
circular PEP ring will have a circumfer-
ence of about two kilometers. Designed
jointly by physicists from Stanford Uni-
versity and the University of California
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at Berkeley, it will cost an estimated $53
million (at 1974 prices).

For Fermilab, Congress will be asked
to support a development program look-
ing toward the creation of a proton beam
of about 1,000 GeV, or one teravolt
(TeV), in the present accelerator tunnel
by adding a new doughnut-shaped vacu-
um tube fitted with superconducting
magnets. The proposed installation is re-
ferred to as the energy doubler, because
it would work with protons accelerated
to 400 or 500 GeV in the original ring
In testimony before the Joint Committee
on Atomic Energy in the last Congress,
R. R. Wilson, the director of Fermilab,
pointed out that the superconducting
ring would be justified if only to keep
the laboratory’s electric-power bill from
reaching $10 million per year. (It was
$3.5 million in 1973.) Wilson predicted
that with the proposed ring in operation
the power bill would be less than $4 mil-
lion per year. He estimated that the
energy doubler would cost $30 million.
Also under study for Fermilab are rings
capable of storing either protons of up to
1,000 GeV or electrons of 20 GeV. Colli-
sions between protons in two 1,000-GeV
beams would release an amount of en-
ergy equivalent to that released if the
protons in a single beam of 2.2 million
GeV, or 2,200 TeV, were to strike a tar-
get of protons at rest.

The third recommendation, involving
only $3.5 million in the coming fiscal
year, would be to establish manufactur-
ing methods for building superconduct-
ing magnets on an industrial scale. The
magnets would eventually be installed
in a proton-proton colliding-beam facil-
ity called Isabelle, to be constructed at
Brookhaven. The protons in each beam
would have a minimum energy of 200
GeV. Isabelle, now being designed at
Brookhaven, would cost $127 million at
1974 prices. The Weisskopf committee
believes the three new facilities can be
built over the next 10 years (and the
present high-energy facilities kept run-
ning) at an annual cost of no more than
$200 million.

Chilling Effect
Medical and biological research that

involves the human fetus, or tissues
from the fetus, has been all but aban-
doned in the U.S. as a result of the in-
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dictment in Boston of four physicians.
The four are Agneta Philipson, Leon
Sabath, David Charles and Leonard Ber-
man; the charges against them concern
an experiment they performed during
1971 and 1972, when all four were work-
ing at the Boston City Hospital.

The experiment was intended to in-
vestigate the efficacy of common antibi-
otics in pregnant women. It was pro-
posed by Philipson, a Swedish physician
who has since returned to Sweden; Sa-
bath, who is now at the University of
Minnesota School of Medicine, joined
the project as an expert on antibiotics.
Although the drugs employed in the
study, erythromycin and clindamycin,
are considered safe, Philipson and Sa-
bath decided that in order to avoid all
possible risk they would study only wom-
en who intended to terminate their preg-
nancy by induced abortion. They there-
fore enlisted the cooperation of David
Charles, who was then performing abor-
tions at the Boston City Hospital and is
now at St. John’s University in New-
foundland. Berman, a pathologist at the
hospital, secured the aborted fetuses for
study.

The experiment was approved by a
hospital committee, and each woman
who participated gave her written con-
sent. The results were published in June,
1973, in The New England Journal of
Medicine. It was found that pregnancy
did alter the women’s ability to metabo-
lize the drugs, and that some antibiotics
reach the fetus more effectively than
others; the observations are considered
to be of clinical significance.

The investigators are accused of vio-
lating an 1814 Massachusetts statute
that prohibits grave-robbing. Their
crime, according to the state, was per-
forming unauthorized autopsies on the
fetuses; in the prosecution’s interpreta-
tion of the case, permission to examine
the fetuses should have been obtained
from the “mothers,” whom the state con-
siders to be “next of kin” to the fetuses.
It was not then hospital practice to ob-
tain such permission, essentially because
an aborted fetus was considered to be
not a corpse but a surgical tissue speci-
men. If the fetuses had not been em-
ployed in the experiment, they would
have been incinerated (not formally cre-
mated).

The issue raised by the indictments is



a familiar one in the debate over the
morality and legality of abortion: wheth-
er or not the fetus is to be defined as a
person. That issue was thought to have
been settled in 1973 by the United States
Supreme Court’s decision in the case of
Roe v. Wade, which declared unconsti-
tutional most state laws regulating abor-
tion. Opponents of abortion nonetheless
continue to challenge that decision.

The same question is addressed more
directly in the indictment for manslaugh-
ter of another Boston City Hospital phy-
sician, Kenneth Edelin. He is accused of
killing a fetus, by “assault and beating,”
in the course of a routine induced abor-
tion in October, 1973. The prosecution
contends that the fetus was viable at the
time of the abortion, although it could
not have weighed much more than one
and a half pounds and may have
weighed quite a bit less. The Edelin
case went to trial in January; as of this
writing a verdict has not yet been
reached.

Regardless of the outcome of either
case, research on the fetus and on fetal
tissue has virtually stopped. Sabath,
whose work now does not involve fetal
tissue, believes the study of the fetus
could be “one of the richest areas of bio-
logical research.” It could be particularly
valuable, he says, in the investigation of
cancer, congenital anomalies and certain
diseases of childhood.

Frederick C. Robbins, dean of the
Case Western Reserve University School
of Medicine, points out additional areas
of research in which the fetus or fetal
tissue is essential. With Thomas H. Wel-
ler and John F. Enders, Robbins won a
Nobel prize in 1954 for growing the po-
liomyelitis virus in a culture of fetal
tissue; their work was essential to the de-
velopment of a vaccine for poliomyelitis.
Other kinds of fetal research, he says, in-
volve the investigation of metabolism
and development, both by examining the
living fetus directly and by altering the
physiology or environment of the fetus
in anticipation of abortion. The experi-
ment conducted by Philipson and her
colleagues was of the latter kind. Accord-
ing to Robbins and others who are ac-
quainted with the field, studies of this
kind are not being made today. “Nobody
is likely to work with fetal tissues right
now,” Robbins says.

Philipson, Sabath, Charles and Ber-
man are now awaiting a hearing, at
which several motions to dismiss the
the charges against them will be made.
Even if none of those motions is granted
and the case goes to trial, it seems likely
that the four investigators will eventual-
ly be acquitted. It is harder to predict

how long the chilling effect of such pro-
ceedings on fetal research will last.

The Epidemiology of Heroin

ZAS epidemiologists often point out, epi-

demiology is not merely the study
of epidemics of infectious disease; it is
the broad examination of the rates and
patterns of disease in the community. By
almost any standard drug abuse can be
regarded as a disease; accordingly it can
be profitably investigated by the meth-
ods of epidemiology. Heroin addiction
in particular is examined in a group of
epidemiological studies presented in De-
cember as a monograph supplement to
American Journal of Public Health. The
findings challenge some conventional as-
sumptions about heroin use and the
heroin user.

Mark H. Greene of the Center for Dis-
ease Control in Atlanta presents data in-
dicating that Washington, D.C., experi-
enced a heroin “epidemic” that peaked
between 1968 and 1970. The data, de-
veloped by the Narcotics Treatment
Administration of the District of Colum-
bia, show that the incidence of first her-
oin use in the general population began
to rise from a long-term base rate of .2
per 1,000 in 1961 to a high of 4.2 per
1,000 in 1969 and fell back to .2 per
1,000 in 1973. The population at risk
were young people between the ages of
14 and 25. Of the individuals born be-
tween 1945 and 1954 still living in the
District of Columbia approximately 10.5
percent of the males and 1.9 percent of
the females had become heroin users by
1973 and had received treatment from
the Narcotics Treatment Administration.
In terms of the population most at risk
(black males aged 14 to 25 years) the
rate of first use of heroin rose from 1.9
per 1,000 in 1961 to a peak of 40.4 per
1,000 in 1969.

“In the epidemiologic model,” writes
Greene, “the infectious agent is heroin,
the host and reservoir are both man, and
the vector is the drug-using peer.” By
tracing the spread of heroin use from
person to person, the conventional no-
tion of the “pusher” as the vector was
discredited. In the large majority of in-
stances a person was introduced to the
use of heroin by a well-meaning friend,
and in most instances the initiator was
himself relatively new to the use of her-
oin. “Thus,” Greene notes, “it is the new
user of heroin who probably contributes
most significantly to heroin use inci-
dence.”

In another paper Leon G. Hunt notes
that data from heroin treatment pro-
grams throughout the U.S. show that
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new heroin use also peaked around 1968
in other major cities, which suggests that
there was a simultaneous “national epi-
demic” of heroin use. Further analysis of
the data, however, reveals that there was
not a single peak but rather a series of
local peaks ranging from 1967 to the
present and that the sequence of local
peak use of heroin is related to city size.
Hunt finds that the number of new users
of heroin peaked first in the larger cities
and then shifted to medium-sized cities
and is still peaking in places with popu-
lations smaller than 500,000. “This rela-
tionship implies,” Hunt says, “that new
heroin use may continue to appear in
smaller cities in the future. If this rela-
tionship is correct, it has important im-
plications for drug abuse policy and
planning. First, it leads to an estimate
for future levels of heroin use in ‘new’
cities. In the next five years, one might
estimate that no more than 200,000 new
users are likely to appear in places where
heroin use has not yet become wide-
spread. These estimated results suggest
the need for continuous reallocation of
drug treatment funds to smaller and
smaller cities as peak use shifts and treat-
ment demands decline in areas of older
heroin use.”

Reversal

A major French archaeological discov-

ery that was declared fraudulent by
many prehistorians in the 1920’s has now
regained credibility as a result of dating
studies conducted at three independent
laboratories. Beginning in 1924 a local
farm boy and a local physician at Glo-
zel, a rural community near Vichy, un-
earthed human and animal bones and a
variety of artifacts: fishhooks, needles
and harpoon points, all made of bone,
pebbles engraved with images of deer
and reindeer, fragments of polished
stone axes, a kiln in which glass had been
made and numerous objects made of
fired clay, including more than 60 in-
scribed tablets. The physician, A. Mor-
let, soon became convinced that the ma-
terial was of early Neolithic origin and
therefore that at some time around 8000
B.C. France had been the cradle of both
world literacy (the tablets) and glass
technology (the kiln).

Morlet’s hypothesis was understand-
ably popular in France. At least one
French prehistorian, Salomon Reinach,
immediately endorsed the excavator’s
views, although Reinach put Glozel
somewhat later in time: between 4000
and 3000 B.c. Other French scholars
were less convinced of the site’s antiq-
uity. L. Franchet assigned it to the Iron
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Age, around 100 B.c.; C. Julian, to the
Gallo-Roman period, no earlier than
A.D. 300.

None, however, suspected that the
Glozel finds might be a hoax until the
British prehistorian O. G. S. Crawford
declared them to be so after a visit to
the site. Crawford was supported in his
view by at least one French scholar, Vay-
son de Pradenne. After initially favoring
the Glozelians, the Abbé Breuil, a lead-
ing French prehistorian, reversed his
opinion when an international commis-
sion formed in 1927 concluded that some
of the artifacts from the site were of
modern manufacture. The following
year a second commission, principally
French in membership, restudied Glozel
and came to the opposite conclusion: the
material was pronounced not only au-
thentic but also Neolithic.

There the matter rested, with French
honor saved at home but with the site so
discredited abroad that prehistorians in
general turned their backs on the Glozel
finds. Last year, however, Hugh McKer-
rell of the National Museum of Antiqui-
ties of Scotland, Vagn Mejdahl of the

Danish Atomic Energy Commission and
Henri Francois and Guy Portal of the
French Center for Nuclear Studies re-
opened the question when they com-
pleted a joint assessment of the clay arti-
facts by the technique of thermolumines-
cence dating,

Thermoluminescence dating is based
on the fact that small crystal inclusions
in pottery, such as grains of sand, accu-
mulate energy as a result of being bom-
barded by ionizing radiation from the
environment and from radioactive ele-
ments in the clay. When a sample of this
crystalline material is heated, the energy
is released in the form of light, the in-
tensity of which can be measured with a
sensitive detector. In general the greater
the intensity of the light is, the longer
the crystal has been bombarded and the
older the pottery is. Moreover, the lu-
minescence of the crystal is abolished
by heating, so that the light intensity is a
measure of the time that has elapsed
since the pottery was fired.

In a recent report in Antiquity, Mc-
Kerrell, Mejdahl, Frangois and Portal re-
late that they took samples from more

BETELGEUSE, a giant star some 500 light-years from the earth, is seen as an extended
image in this enhanced photograph made recently by astronomers at the Kitt Peak National
Observatory. The slightly mottled surface and tenuous outer edge of the image are thought
to be partly genuine features of the star and partly artifacts of the photographic technique.
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than 20 of the Glozel clay artifacts and
tested identical subsamples in their sepa-
rate laboratories. Their findings, con-
sistent in all instances, indicate that the
artifacts were fired about 300 B.c. The
probable error in the estimated age (plus
or minus 400 years) is large because the
investigators’ allowance for background
radiation could only be estimated and is
subject to correction. They believe that
when actual background measurements
become available, the probable error will
be narrowed to plus or minus 200 years.

The age of the Glozel material was
also assessed by other methods. Carbon-
14 measurements of collagen from sam-
ples of bone proved to be consistent with
the estimated age of the pottery. The
fluorine-dating method, which was re-
sponsible for the exposure of the Pilt-
down Man hoax some 20 years ago, was
also applied to samples of bone. This
method measures the uptake of fluorine
from ground water; if young bone, such
as the fraudulent Piltdown jaw, is found
in association with genuinely old bone,
such as the Piltdown skull, the deception
becomes evident because the bone that
has been buried the longest will have ab-
sorbed the most fluorine from percolat-
ing ground water. All the Glozel bone
specimens that were tested contained
similar amounts of fluorine.

The investigators conclude that Fran-
chet and Julian seem to have been right
in dating the Glozel material around the
beginning of the Christian Era. To dis-
pose of the Glozel question once and for
all, they suggest, the site should now be
revisited, and whatever artifacts the new
excavations may yield should be similar-
ly analyzed by modern dating tech-
niques.

Zooming in on Betelgeuse

It is virtually an axiom of astronomy

that with the sole exception of the sun
stars always appear in even the largest
telescopes as essentially point sources of
light, This statement is no longer true.
In a recent announcement astronomers
at the Kitt Peak National Observatory
report that they have succeeded for the
first time in resolving an extended pho-
tographic image of a distant star [see
illustration at left]. Moreover, they have
found that close scrutiny of the recorded
data reveals surface features reminiscent
of the convection patterns observed on
the surface of the sun.

The subject of the new photographs
was the giant reddish star Alpha Orionis,
commonly known as Betelgeuse, one of
the brightest stars visible to the unaided



eye. The photographs were made by
Roger Lynds, Jack Harvey and Peter
Worden, who used a novel interferomet-
ric technique in conjunction with the
158-inch Mayall telescope on Kitt Peak.
The Mayall reflector, currently the sec-
ond-largest optical telescope in the
world, has been in operation for less than
two years.

According to Lynds, the method em-
ployed by the Kitt Peak group to recon-
struct an image of Betelgeuse differs
from the earlier technique of “speckle
interferometry,” which indicated the
presence of stellar surface features but
did not produce an actual picture of the
star. Both techniques rely on short ex-
posure times to minimize distortions
caused by turbulence in the earth’s at-
mosphere. In the Kitt Peak approach the
faint image of Betelgeuse was amplified
by means of a special image intensifier,
and the resulting pictures were then
processed by a large computer to remove
whatever extraneous fuzziness remained.

The slightly mottled appearance of
the star’s surface in the reconstructed
photographs is thought by the astrono-
mers to result from temperature inho-
mogeneities similar in structure to the
vast regions of hotter and cooler gases
apparent on the sun’s surface. Additional
data are being processed to learn more
about the surface features of Betelgeuse,
a star with a diameter some 800 times
greater than that of the sun.

Hot Spot

Yellowstone National Park, which has

some 10,000 geysers, hot springs and
other thermal phenomena, is one of the
world’s most famous hot spots. Now it
appears that the park may provide the
first direct evidence for the existence of
the thermal plumes that are widely be-
lieved to provide the driving mechanism
that moves large lithospheric plates (and
the continents they carry) about on the
surface of the earth. The evidence was
described by H. M. Iyer of the U.S. Geo-
logical Survey at a meeting of the Ameri-
can Geophysical Union.

A thermal plume is envisioned as a
column of magma (molten rock, hot
liquid and gas) a few hundred kilometers
in diameter that rises from deep in the
hot mantle of the earth. According to the
hypothesis that some 20 thermal plumes
provide the driving force for the move-
ment of crustal plates, a plume reaching
the lithosphere spreads radially under
the crust, giving rise to the crustal move-
ments. At the surface a plume creates a
hot spot with volcanic activity.

Yellowstone has been the scene of in-
tense volcanic activity over the past two
million years. The most recent volcanic
eruption, which took place about 600,-
000 years ago, created the caldera, or
giant crater, that occupies most of the
central part of the park. The volcanic ac-
tivity and the other thermal phenomena
in the park are known to have been
caused by a body of magma under the
park, but until recently there were no
means for ascertaining the width and
depth of the magma body.

Since Yellowstone is also a region of
much earthquake activity, the U.S. Geo-
logical Survey began in 1963 to operate
a network of seismograph stations to
monitor the earthquakes. The seismo-
graphs record the waves originating from
both local and distant earthquakes. It is
the distant ones, according to Iyer, that
have provided the evidence that Yellow-
stone may sit at the top of a thermal
plume. Iyer and his colleagues John R.
Evans and John M. Coakley found a
large delay in the waves from distant
earthquakes that had traveled through
the magma under the park. By plotting
the paths of the waves thus delayed, Iyer
and his associates were able to estimate
for the first time the shape and dimen-
sions of the body of magma under the
park. It appears to be rather pear-
shaped, some 50 kilometers wide at the
middle and at least 150 kilometers deep.
The full depth has not yet been deter-
mined. Preliminary evidence from mo-
bile seismic stations, Iyer said, indicates
that the magma body may extend down-
ward several hundred kilometers into the
mantle. Readings from additional seis-
mograph stations now being installed, he
said, may provide enough information to
resolve the question.

Naked Lunch
Some people like dark meat and some

like light, and some even eat the giz-
zard, but no one eats the feathers. It was
therefore a matter of more than academic
genetic interest when, in 1957, Ursula
K. Abbott of the University of California
at Davis discovered a mutant strain of
chicken without feathers. A food animal
is a converter of feed into food; the more
efficiently it converts, the better. To
eliminate an entire tissue that does not
constitute food should be a great help.
The interaction between biology and ag-
ricultural economics is seldom simple,
however, and featherless birds have yet
to reach the market. At the University of
Maryland, Max Rubin and Daniel E.
Bigbee have made some studies of the
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nutritional requirements and processing
characteristics of experimental feather-
less chickens.

Abbott found that featherlessness (ac-
tually a lack of scales; feathers are modi-
fied versions of scales such as those that
cover a chicken’s feet) is governed by a
single recessive gene. If a feathered bird
is mated with a featherless one, the prog-
eny are feathered; if the progeny are
mated in turn, about 25 percent of the
second-generation birds are featherless.
The trouble is that a naked chicken is a
cold chicken. The mutation is a tempera-
ture-sensitive lethal one: without special
handling featherless chickens die of ex-
cessive heat loss. (On the other hand,
they survive in heat waves that may kill
some normal chickens.) In the absence of
a heat wave the featherless animals can
be raised in a heated environment, but
heating a chicken house into the 80-de-
gree range costs money. Moreover, even
in a warm space the featherless chicks
consume more food energy maintaining
their body heat than normal chicks, and
that energy loss would presumably have
to be more than balanced by the energy
saved through the nonproduction of
feathers if the chickens are to be eco-
nomically viable. Rubin has calculated
that about 25 percent of the protein in
the live weight of a normal chicken is in
the protein-rich feathers. He finds that
the feathers have a high priority for the
essential amino acids supplied by the
feed; feather growth has precedence
over the total growth rate. In other
words, a featherless bird makes more ef-
ficient use of the essential amino acids to
produce muscle than its feathered sib-
lings do during the early growth period,
and it gains weight more rapidly.

Taste tests have indicated that the
meat of featherless broilers is similar to
that of their feathered siblings. The
featherless birds lose less weight in cook-
ing, according to Bigbee, because their
muscles contain less fat. The nominally
“featherless” birds retain about 1 percent
of the normal plumage in the form of
primitive feathers. These would have to
be removed if a commercial meat chick-
en were developed, and it turns out that
the rubber-fingered rollers that whip the
plumage off chickens in broiler factories
have more trouble with the primitive
feathers than with full plumage. Bigbee
has established, however, that the rollers
can manage. That leaves a final question.
Featherless chickens have smooth skin.
If a featherless broiler ever reaches the
market, how will consumers, accustomed
to the familiar pocked texture of a prop-
erly defeathered feathered bird, react?
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NUCLEUS OF MOUSE LIVER CELL is enlarged 22,000 diameters
in this electron micrograph made by David E. Comings and Tadashi
Okada of the City of Hope Medical Center. The nucleus, bounded
by its thin double membrane, is filled with chromatin, the material
that accomplishes the genetic and control functions of the cell. In
chromatin the genetic material, DNA, is complexed with proteins
whose role is apparently to regulate the activity of the genes. The
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dark material near the membrane and elsewhere in the cell is “con-
densed” chromatin, which is not actively synthesizing RNA; the
lighter material that fills most of the nucleus is “extended” chro-
matin, which is synthesizing RNA. The fine granular material that
can be seen at left center in the nucleus consists of granules of
RNA complexed with protein. The large dark structure visible
near the center is the nucleolus, a region of specialized chromatin.
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CHROMOSOMAL PROTEINS
AND GENE REGULATION

The role of the proteins associated with DNA 1n the nucler of higher

organisms 18 beginning to be understood. Apparently the histones keep

genes turned off and the nonhistone proteins selectively turn them on

by Gary S. Stein, Janet Swinehart Stein and Lewis ). Kleinsmith

s is now well known, the genes,
A which transmit the hereditary in-
formation from one generation to
the next and direct the function of every
living cell, are made of DNA. In the cells
of higher organisms, however, the genes
are arrayed on chromosomes, and chro-
mosomes are nucleoproteins: complexes
of nucleic acids and proteins. If the
DNA is the genetic material, what is the
function of the chromosomal proteins?
Apparently they play a major role in
maintaining the structure of the genetic
material and in regulating the activity of
the genes, that is, in determining which
genes in each cell are turned on, and
when. The control of genes is central to
such fundamental processes as differen-
tiation, embryonic development and hor-
mone action, and to such abnormal proc-
esses as cancer, metabolic diseases and
those birth defects that are related to the
expression of genetic information. Here
we shall be concerned primarily with the
regulatory activity of the chromosomal
proteins, an area of investigation that has
begun to yield significant results in the
past few years.

Gene Regulation

A cell’s genetic information is encoded
in the sequences of nucleotides that con-
stitute its DNA. To utilize this informa-
tion the cell transcribes nucleotide se-
quences into the complementary strands
of RNA that are translated into chains
of amino acids to form proteins. The
control of gene activity resides in the se-
lectivity of transcription in both time and
place. In embryonic development, for
example, a single fertilized egg contain-
ing all the organism’s genes proliferates

to give rise to a vast variety of differen-
tiated cells that are specialized for differ-
ent functions. In the course of develop-
ment hundreds of thousands of genes are
turned on and off. Moreover, in each of
the ultimate cell types only a certain
combination of genes is transcribed, or
expressed, in accordance with the cell’s
specific function. In red blood cells it
may be the gene coding for hemoglobin
that is turned on; in muscle cells, the
gene for myoglobin; in fibroblasts, the
gene for the connective-tissue protein
collagen.

And yet, as far as anyone can tell, the
DNA in each of these specialized cell
types is the same. The constancy of DNA
in all the cells of a given organism was
first established in 1948 and has been
confirmed in many ways, most elegantly
in the experiments of J. B. Gurdon of the
University of Oxford. He transplanted
nuclei from differentiated intestinal cells
of the frog into frog eggs whose nuclei
had been removed. The eggs developed
normally. Such results demonstrated
that the nuclei of intestinal cells and all
the other differentiated cells of the frog
contain all the frog’s genetic information,
even though only a limited portion of
that information is expressed.

Even within a given differentiated
cell certain information is expressed at
one time and remains unexpressed at
other times. The expression can be modi-
fied when resting cells are activated to
divide and when cells are stimulated
by specific hormones; in both instances
complex changes in the cell’s metabolism
are effected by the switching of the cell’s
genetic program. In general less than 10
percent of the total genetic information
is expressed at any one time. Specific
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regulatory mechanisms activate and in-
activate appropriate regions of the ge-
nome, or full set of genes, for transcrip-
tion as the needs of the cell change.

In bacteria, which lack a nucleus and
where the genome is considerably less
complicated than it is in higher orga-
nisms, substantial progress has been
made toward elucidating the regulatory
mechanism. In the colon bacillus Esche-
richia coli the transcription of individual
genetic sequences into RNA has been
shown to be regulated by the binding
and release of specific regulators at ap-
propriate sites on the DNA. In the cells
of higher plants and animals the genetic
material is more complex both structur-
ally and functionally. The DNA is con-
tained within a membrane-bound nu-
cleus. And it is packaged there with pro-
teins and with a small amount of RNA
to form the complex substance called
chromatin or, in its most organized form,
the chromosomes. No specific regulatory
proteins have yet been identified in such
nucleated, or eukaryotic, cells, but the
evidence does implicate the chromo-
somal proteins as being the regulatory
elements.

The Histones

Historically these proteins have been
divided into two groups, the histones
and the nonhistone proteins. The his-
tones are best defined by their chemical
characteristics: they are proteins with a
positive charge, enriched in the basic
amino acids arginine and lysine and
completely lacking in the amino acid
tryptophan. Because of their basic na-
ture they can readily be extracted with
dilute hydrochloric or sulfuric acid. They
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can be fractionated into five principal
classes, most of which are present in all
eukaryotic cells. Histones were discov-
ered in the late 19th century, but it was
not until 1943 that Edgar and Ellen
Stedman, who were then working at the
University of Edinburgh, drew attention
to them as possible regulatory molecules.
The Stedmans’ data suggested that ac-
tively growing tissues contained less his-
tone than nongrowing tissues, and so
they concluded that histones function as
repressors, or inhibitors of biological ac-
tivity. They were correct in postulating
an inhibitory function for the histones,
but their conclusion was based on mea-
surements of histone content that have

COLLAGEN GENE

HEMOGLOBIN GENE
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GENE REGULATION is exemplified in the course of develop-
ment. The fertilized egg (top) contains all the organism’s genetic
information encoded in DNA ; there are genes for the four special
proteins indicated here and for thousands of others. The egg di-
vides and cells proliferate and differentiate (broken arrows) into

48

HEMOGLOBIN

since been shown to be inaccurate; to-
day we know that the histone content of
active and inactive cells is the same.

The first definitive biochemical stud-
ies of the effects of histones on DNA
function were undertaken in the early
1960’s after the development of cell-
free systems for the synthesis of RNA.
In such systems DNA or chromatin is
provided to serve as a template for the
transcription of RNA in the test tube.
Other components of the reaction mix-
ture are the precursors of the RNA sub-
units and RNA polymerase, the enzyme
that catalyzes the polymerization of the
subunits into the strands of RNA. In
1962 Ru-chih Huang and James Bonner

FERTILIZED EGG

J |
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of the California Institute of Technology
demonstrated that adding histones to
such a cell-free system inhibited RNA
synthesis. (Maximal inhibition of RNA
synthesis was observed at a histone-to-
DNA ratio of 1:1, which is about the
ratio in which histone and DNA are nor-
mally found in the nucleus.) The inhibi-
tion was reversed by the addition of
more DNA, demonstrating that the his-
tones blocked transcription by binding
to DNA rather than by inhibiting the
RNA polymerase. At about the same
time Vincent G. Allfrey and Alfred E.
Mirsky of Rockefeller University showed
that the selective removal of histones
from isolated nuclei stepped up the rate

LENS-PROTEIN GENE

MYOGLOBIN GENE
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specialized cell types in various tissues. Each differentiated cell
type still contains all the organism’s genes, but the genes are regu-
lated so that only those genes in each cell that are appropriate for
the cell’s specific functions are “turned on”: transcribed into mes-
senger RNA and subsequently translated into protein (bottom).



of RNA synthesis. Both types of experi-
ment pointed to the conclusion that his-
tones normally function to inhibit the
capacity of genes to be transcribed into
RNA.

It soon became apparent that histones
are also involved in determining the
structural properties of the chromatin.
In particular the addition of histones m-
creases the stability of the DNA double
helix. That fact provides a clue to a bio-
logical function of the histones, because
a tightening up of the helix could affect
the availability, or exposure, of nucleo-
tide sequences for transcription into
RNA.

Another feature of the metabolism of
histones that suggests their biological
role is the relation between histone syn-
thesis and DNA replication. Before a
cell divides into two daughter cells all its
DNA must be duplicated so that each
daughter cell can receive a complete
copy of the genetic information. DNA
synthesis is confined to a defined period
of the cell’s life cycle, the S phase. It is
tightly coupled with histone synthesis.
Thaddeus Borun, Elliot Robbins and
Matthew D. Scharff of the Albert Ein-
stein College of Medicine and Gerald C.
Mueller of the University of Wisconsin
demonstrated that histone and DNA are
synthesized simultaneously and that in-
hibition of DNA replication is accom-
panied by an immediate shutdown of
histone synthesis. The tight coupling of
DNA synthesis and histone synthesis is
further supported by experiments indi-
cating that the messenger RNA’s that
code for histones are only associated
with the cell's protein-synthesizing or-
ganelles and translated into proteins at
the time of DNA synthesis. (It makes
sense that if only limited regions of the
genome are to be transcribed in a given
cell at a given time, histones must be
available immediately to repress newly
replicated segments of the DNA that are
to remain unexpressed.)

Apart from the synthesis of new his-
tone molecules, the interaction of his-
tones with DNA can be altered by the
modification of previously existing his-
tones. There are enzymatic reactions
that modify histone structure through
the addition of acetate groups, methyl
groups and phosphate groups. The exact
significance of these reactions is not yet
known, but histone acetylation has been
shown by Allfrey and others to be cor-
related with the general level of RNA
synthesis; the phosphorylation of certain
histones, G. Roger Chalkley of the Uni-
versity of Iowa has observed, is eorre-
lated with the rate of cell division. Such
reactions may be important in control-

DNA (1)
HISTONE (1)
PROTEIN
CHROMATIN Haoo
NONHISTONE
(5-1.5)
RNA (.05)

CHROMATIN, the complex material in the nucleus of cells of higher organisms, is made
up of DNA, protein and a small amount of RNA. There are two categories of protein: his-
tones and nonhistone proteins. The numbers indicate the relative amounts of each com-
ponent of chromatin. There is about as much histone as DNA but nonhistone ratio varies.

ling the overall activity and structure of
the genome.

All in all, it is clear that histones are
involved in the maintenance of chroma-
tin structure as well as in the repression
of DNA-dependent RNA synthesis.
Nevertheless, several lines of evidence
suggest that histones exhibit a uniform-
ity and a consequent lack of specificity
that preclude their ability to recognize
and influence particular genes. Similar
amounts of histone are present in active
and in inactive tissues, and the amount
in a cell remains constant as the cell’s
metabolism varies. Similar amounts of
histone are also present in active and in
inactive regions of the genome in a given
cell, that is, in “extended” chromatin that
is actively synthesizing RNA and in
“condensed” chromatin, which is not
synthesizing RNA. In the nuclei of cer-
tain cells of insect larvae the regions of
the genome that are in the process of
synthesizing RNA are extended in com-
paratively huge “puffs.” Hewson Swift
of the University of Chicago measured
the ratios of histone to DNA in the in-
active and the puffed regions and found

they were identical. Perhaps the most
striking evidence for the lack of histone
specificity is that the amino acid se-
quence of one histone fraction has been
compared in two very different kinds of
cells, those of pea seedlings and of calf
thymus, and they turn out to differ by
only two amino acids. Histones, it seems
clear, are regulatory molecules involved
in the control of gene transcription, but
they must be regulatory in a nonspecific
sense.

Nonhistone Proteins

In the search for molecules with the
capacity for the regulation of specitic
genes attention has recently been fo-
cused on the nonhistone proteins of the
chromosomes, which are defined simply
as the proteins other than histones that
are associated with chromatin. Like the
histones, they are synthesized outside
the nucleus in the cytoplasm. The his-
tones are transported into the nucleus
and are associated with DNA immedi-
ately after synthesis. Studies in our lab-
oratories at the University of Florida
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INHIBITING EFFECT of histones on gene activity was first demonstrated in the 1960’s.
Ru-chih Huang and James Bonner of the California Institute of Technology found (left)
that histones inhibited RNA synthesis in cell-free systems. Vincent G. Allfrey and Alfred E.
Mirsky of Rockefeller University showed (right) that the rate of RNA synthesis was greater
in nuclei from which histones had been removed (color) than in control nuclei (black).
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HISTONE AND NONHISTONE proteins
isolated from chromatin were subjected to
electrophoresis in polyacrylamide-gel col-
umns, in which individual proteins are sep-
arated because they migrate at different
speeds in an electric field. The histones
(left) fall into just five clearly defined
groups. The nonhistone-protein fraction
(right) is far more heterogeneous than that.
Amino acid analysis indicates that the his-
tones are richer in the most basic amino
acids, whereas nonhistone proteins have a
high content of the most acidic amino acids.
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College of Medicine and at the Universi-
ty of Michigan have shown that for the
nonhistone proteins the picture is some-
what more complex. Some of the nonhis-
tone proteins become associated with
DNA right after synthesis, but various
periods of time elapse before others ap-
pear as components of the chromatin. As
a group the nonhistone proteins exhibit a
faster rate of turnover than the histones,
with the lifetime of individual non-
histone fractions varying considerably;
some have a lifetime of only several min-
utes and others are at least as stable as
cellular DNA and histones. It is not clear
whether, on leaving their association
with DNA, the nonhistone proteins are
degraded or enter a pool of proteins in
the nucleus or the cytoplasm. What is
clear is that whereas histones and DNA
appear to constitute permanent compo-
nents of the genome, the nonhistone
chromosomal proteins are at least partly
in a state of dynamic flux.

In contrast to the histones, the non-
histone proteins exhibit a tremendous
amount of heterogeneity, structurally as
well as functionally [see illustration at
left]. They range in molecular weight
from under 10,000 daltons to over 150,-
000. It is difficult to determine accurate-
ly how many species of nonhistone pro-
teins are associated with the genome,
but several lines of evidence suggest
that the number is extremely large. One
indication of their functional diversity is
the variety of complex enzyme systems
found among them. There are enzymes
such as the polymerases involved in RNA
and DNA synthesis and repair, enzymes
involved in the processing and degrada-
tion of proteins and enzymes that modi-
fy nucleic acids and proteins by adding
or removing acetate, methyl and phos-
phate groups. In addition to these en-
zymatic components the nonhistone frac-
tion is also thought to contain proteins
that have structural as well as regulatory
roles in chromatin. In the remainder of
this article, however, we shall focus on
the major lines of evidence supporting
the idea that at least some of the nonhis-
tone proteins are involved in regulating
the activity of specific genes.

There are significant differences be-
tween the types of nonhistone proteins
found in the cells of different species.
Since the genetic information encoded
in the DNA is unique for each species,
the observed species specificity of non-
histone proteins is consistent with a reg-
ulatory function. Even within the same
organism there are different nonhistone
proteins in different tissues. Although all
cells of the organism contain the same
DNA, variation in the complement of
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nonhistone proteins in the various cell
types is consistent with the selective
utilization of genetic information by
those cell types.

If nonhistone proteins are engaged in
specific gene regulation, then the spec-
trum of these proteins in a cell should
change when gene activity changes. This
prediction has now been tested in a large
number of experimental systems where
variations in gene expression are known
to occur, and in almost all cases the pre-
dicted changes in nonhistone proteins
have been observed.

Variations in Synthesis

Variations in gene expression occur
throughout the cell cycle, for example.
The most pronounced differences in
transcription are observed between the
S phase (the period of DNA synthesis)
and mitosis (when the cell divides). In
our laboratories and others the nonhis-
tone chromosomal proteins associated
with the genome during each phase of
the cell cycle have been examined with
respect to composition and metabolism,
and similarly pronounced differences
have been observed. To take another ex-
ample, the steroid hormones, such as es-
trogen and hydrocortisone, are known to
exert effects on target cells by binding in
the nucleus and ultimately altering the
pattern of gene transcription. It has now
been shown that several steroid hor-
mones cause changes in the composition
and metabolism of nonhistone chromo-
somal proteins.

Mouse neuroblastoma cells (nerve-
cancer cells) in tissue culture provide an
interesting model system for studying
differentiation. They are readily induced
to differentiate into cells with the struc-
tural, biochemical and electrical proper-
ties characteristic of nerve cells. One of
the system’s unique advantages is that
the induced differentiation is complete-
ly reversible. Michelle Zornetzer at our
laboratory in Florida has observed that
in the differentiated state there is a
selective decrease in the synthesis of
nonhistone proteins of high molecular
weight and that this phenomenon is re-
versed when the state of differentiation
is reversed [see illustration on page 52].
She also showed that the differentiation
of such cells is associated with differ-
ences in RNA synthesis. That is, there is
a strong correlation between the types of
nonhistone proteins associated with the
genome and the alterations in gene ex-
pression that accompany differentiation.

It is possible to separate chromatin
into two fractions that differ from each
other in both structure and genetic ac-



tivity: the condensed chromatin fraction,
which is structurally compact and rela-
tively inactive in RNA synthesis, and the
extended chromatin fraction, which ac-
tively synthesizes RNA. As we have men-
tioned, the ratio of histone to DNA is
the same in these two types of chroma-
tin. The relative amount of nonhistone
protein is considerably higher, however,
in the extended, active form of the chro-
matin. Here again the presence of non-
histone proteins is correlated with a
structural state of chromatin character-
ized by active RNA synthesis.

Changes in the nonhistones also ac-
company the modifications in the struc-
tural and biochemical properties of a
cell infected and transformed by viruses
that cause cancer. Transformed cells ex-
hibit the lack of control of growth that
is characteristic of malignancy. Recent
results from our laboratories indicate
that almost immediately following the
infection of cells with tumor viruses
there are changes in the composition
and metabolism of nonhistone chromo-
somal proteins. These modifications be-
come permanent in cells that are trans-
formed and rendered malignant. So far
there is no definitive evidence for a
cause-and-effect relation, but it seems
reasonable to conclude that nonhistone
proteins could have a primary function
in mediating the virus-induced modifica-
tions in gene expression that are associat-
ed with malignancy.

 Still another distinct property of non-
histone chromosomal proteins support-
ing the concept that they are involved in
specific gene regulation is their ability to
bind DNA. In bacterial cells in which
specific regulatory proteins have been
identified and isolated it has turned out
that they function by binding to spe-
cific sequences in appropriate regions of
the DNA. In a similar fashion specific
regulatory molecules in eukaryotic cells
might be expected to bind to particular
types of DNA. In 1970 experiments per-
formed in one of our laboratories (Klein-
smith’s) first demonstrated that some of
the nonhistone proteins do specifically
bind toc DNA.

These experiments  employed the
technique of DNA-cellulose chromatog-
raphy developed by Bruce M. Alberts of
Princeton University. In this procedure
DNA is adsorbed onto a cellulose matrix
that is packed into a glass column, and
the proteins under study are passed
through the column. Proteins that bind
to DNA become lodged in the column
and can be removed for analysis. When
nonhistone proteins prepared from rat
liver are passed through such a column
made from rat DNA, a small percentage

of the proteins stick. When these DNA-
binding proteins are removed from the
column and passed through a new col-
umn made from a bacterial DNA, most
of them pass right through [see illustra-
tion on page 53]. In other words, some
of the nonhistone proteins must be able
to recognize specific nucleotide se-

quences in DNA, so that they bind to
their host DNA but not to a foreign
DNA. Such a specific interaction be-
tween these proteins and DNA is exactly
what would be expected if some of them
are involved in regulating the activity of
specific genes. This specific binding of
DNA and nonhistone proteins has been
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DIFFERENT SPECTRUM of nonhistone proteins is present in different tissues. Each
curve records fluctuations in the optical density, and therefore in the amount of protein,
along the length of a gel such as the one at the right in the illustration on the opposite page.
The pattern of peaks, and thus of individual nonhistone proteins, is different for gels con-
taining nonhistone proteins extracted from four different specialized tissues of the rat.
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substantiated by observations in several
other laboratories, including those of All-
frey, Bonner and of Lubomir S. Hnilica
of the University of Texas at Houston.

Experimental Proof

In order to determine directly wheth-
er the presence of nonhistone proteins

can alter gene transcription it is neces-
sary to utilize systems in which the ef-
fects of nonhistone proteins on RNA
synthesis can be measured precisely. In
1968 a report from the laboratory of
Tung-Yue Wang at the State Univer-
sity of New York at Buffalo indicated
that adding nonhistone proteins to a cell-
free system containing purified DNA

AMOUNT OF PROTEIN

DECREASING MOLECULAR WEIGHT ———>

AMOUNT OF PROTEIN

DECREASING MOLECULAR WEIGHT ——>

RATE OF SYNTHESIS of certain nonhistone proteins, and consequently the amount of
each one of them, varies in the same kind of cell at different stages of differentiation. The
colored curves in these two graphs show the rates of synthesis, and the black curves show
the amounts, of nonhistone proteins that are found in differentiated mouse nerve-cancer
cells (graph at top) and in nondifferentiated ones (graph at bottom). There is a selective
decrease in rate of synthesis of high-molecular-weight proteins in the differentiated state.
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and RNA polymerase could reverse the
inhibition of RNA synthesis that is nor-
mally produced by the presence of his-
tones. These results were consistent with
an earlier report by Thomas A. Langan,
who was then working at Rockefeller
University, that when histone is com-
plexed with nonhistone protein, the
histone exerts only a partial inhibitory
effect on RNA synthesis. Similar ap-
proaches were employed by Ching-Sung
Teng and Terrell H. Hamilton of the
University of Texas at Austin and by
Thomas C. Spelsberg and Hnilica in
Houston. Both groups found, in different
systems, that nonhistone chromosomal
proteins prevent the complete inhibition
of RNA synthesis by histones. Wang’s
group went on to demonstrate that the
augmented transcription produced by
the addition of nonhistone proteins rep-
resented the activation of regions of the
genome that had previously been sup-
pressed. Taken together, these studies
clearly demonstrated that nonhistone
chromosomal proteins can influence
transcription. Still, definitive interpreta-
tion of the results was difficult because
in the cell-free systems the components
of chromatin were mixed together under
conditions that may not allow them to
become associated as they are in the nu-
cleus of an intact cell.

The most direct evidence that nonhis-
tone chromosomal proteins play a role
in the regulation of tissue-specific tran-
scription comes from chromatin recon-
stitution experiments, in which the vari-
ous components of chromatin are taken
apart and then put back together in vari-
ous combinations. In pioneering experi-
ments along these lines R. Stewart Gil-
mour and John Paul of the Beatson In-
stitute for Cancer Research in Glasgow
isolated chromatins from rabbit thymus
and rabbit bone marrow and dissociated
them into their DNA, histone and non-
histone components. Then they recon-
stituted the chromatins by a method de-
veloped by Huang and Bonner. In the
control experiment the DNA, histones
and nonhistone proteins from rabbit
thymus were simply put back together
again. The reconstituted chromatin was
then allowed to serve as a template for
RNA synthesis in the presence of RNA
polymerase. The RNA that was tran-
scribed behaved, in tests of its ability to
bind to DNA from rabbit thymus or
bone marrow, just like normally synthe-
sized thymus RNA. Then Gilmour and
Paul pooled the DNA and histones from
thymus and bone marrow and reconsti-
tuted the chromatin by adding thymus
nonhistone proteins to the pool. The
RNA made from this hybrid chromatin



again behaved like thymus RNA—even
though the chromatin included DNA
and histones from bone marrow. On the
other hand, when the pooled DNA and
histones were reconstituted with nonhis-
tone proteins from bone marrow, the
RNA made from the hybrid chromatin
behaved like bone-marrow RNA [see
illustration on next page]. The experi-
ments indicated strongly that it is the
presence of tissue-specific nonhistone
proteins that determines just which
genes will be transcribed in various
tissues.

How about the same tissues at differ-
ent times? Are nonhistone proteins also
responsible for the transient changes in
transcriptional activity that are associat-
ed with changes in the metabolic state
of a single cell type? The cell cycle pro-
vides an ideal model system for directly
investigating the influence of nonhis-
tones on the transcriptional activity of
the genome, since chromatin isolated
from S-phase cells (the period of active
DNA replication) has greater activity in
RNA synthesis than chromatin isolated
from cells in mitosis. Chromatin-recon-
stitution experiments conducted by one
of us (Gary Stein) and John Farber at
Temple University demonstrated that it
is the nonhistone proteins that are re-
sponsible for this modulation of gene
transcription during the cell cycle. Chro-
matin reconstituted from pooled DNA
and histones with nonhistone proteins
from mitotic cells exhibited a lower ca-
pacity for RNA synthesis than chromatin
reconstituted in the presence of S-phase
nonhistone proteins [see illustration on
page 55]. To eliminate the possibility
that histones are involved in these alter-
ations in gene transcription, reconstitu-
tion experiments were also performed in
the presence of either S-phase or mitotic
histones. In this case the transcriptional
activities of the two types of reconsti-
tuted chromatins were identical, show-
ing that histones do not dictate differ-
ences in the availability of DNA se-
quences for RNA synthesis during the
cell cycle.

To demonstrate clearly that nonhis-
tone proteins regulate the activity of in-
dividual genes one needs to test for the
transcription of a specific gene. In the
past few years it has become possible to
synthesize in the laboratory radioactive
copies of individual gene sequences by
working “backward” from a known RNA
to its complementary DNA. These radio-
active gene copies will specifically bind
to the complementary RNA’s for which
they code, and so they can be used as
sensitive probes for monitoring the pres-
ence of RNA’s that have been tran-
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scribed from particular genes [see top
illustration on page 56].

Gilmour and Paul recently employed
such sophisticated probes in an exciting
series of chromatin-reconstitution exper-
iments. Chromatin was isolated from
fetal mouse liver, which normally syn-
thesizes globin (the protein of hemoglo-
bin), and from mouse brain, which does
not make globin. Each chromatin prep-
aration was transcribed in a cell-free sys-

CHROMATIN FROM

tem, and the RNA’s synthesized were
characterized by testing their ability to
bind to radioactive copies of globin
genes. In keeping with the pattern of
transcription observed in intact cells,
fetal-liver chromatin synthesized RNA
coding for globin but brain chromatin
did not. Gilmour and Paul then proceed-
ed to dissociate the chromatins and re-
constitute them in the presence of vari-
ous types of nonhistone proteins. They

found that when brain chromatin was
reconstituted in the presence of nonhis-
tone proteins from brain tissue, it would
not synthesize globin RNA, but that
when the reconstitution was performed
in the presence of nonhistone proteins
from fetal liver, the globin gene was
transcribed. Such results strongly sup-
port the concept that it is the presence of
specific nonhistone proteins that deter-
mines that the globin gene is transcribed
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CHROMATIN-RECONSTITUTION EXPERIMENT conducted by
R. Stewart Gilmour and John Paul of the Beatson Institute for
Cancer Research showed that nonhistone proteins are responsible
for tissue-specific transcription. Chromatin was isolated from rab-
bit thymus and bone marrow. Each chromatin made a characteris-
tic RNA (a, b). When each chromatin was dissociated into DNA,
histone and nonhistone fractions and reconstituted, it made the
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PROTEINS FROM BONE MARROW

same RNA. Then the chromatins were dissociated and the DNA
and histones from the two chromatins were pooled. When the
pooled DNA and histones were combined with nonhistone proteins
from thymus, the reconstituted chromatin made RNA that behaved
like thymus RNA (¢). When pooled DNA and histones were com-
bined with bone-marrow nonhistone proteins, the reconstituted
chromatin made RNA that behaved like bone-marrow RNA (d).
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in fetal-liver tissue but not in brain
tissue.

With a similar approach our group in
Florida has recently demonstrated that
nonhistone chromosomal proteins are re-
sponsible for restricting the transcription
of histone genes to the S phase of the cell
cycle [see bottom illustration on next
page]. Using a radioactive histone-DNA
probe to examine RNA made in the test
tube, we first demonstrated that chroma-
tin from S-phase cells transcribed his-
tone RNA’s whereas chromatin from
cells in the G, phase of the cell cycle, the
period preceding DNA replication, did
not. This finding was consistent with the
earlier evidence for the coupling of his-
tone synthesis and DNA replication. We
then showed that chromatin reconsti-
tuted with S-phase nonhistone proteins
transcribed the RNA’s for histones to the
same extent as native S-phase chromatin.
In contrast, chromatin reconstituted
with nonhistone proteins isolated frorm
G, chromatin showed no detectable
transcription of histone RNA’s. What
this means is that nonhistone chromo-
somal proteins dictate the elaboration of
information from specific genes during
defined periods of the cell cycle.

A Possible Mechanism

Assuming that nonhistone chromo-
somal proteins do play a key role in reg-
ulating the transcription of individual
genes, both in different specialized cells
and at different times in individual cell
types, how might such control be exert-
ed? What is the molecular mechanism?
One striking property of the nonhistone
proteins that may offer a clue is their
extensive phosphorylation. In a series
of experiments begun in 1966 one of
us (Kleinsmith), Allfrey and Mirsky ob-
served that nonhistone proteins are con-
tinually being modified in the nucleus
by the addition and removal of phos-
phate groups. We speculated that be-
cause phosphate groups are negatively
charged such modifications might alter
both the structure and the functional in-
teractions of the nonhistone proteins in
chromatin. Since these early observa-
tions were made workers in many labo-
ratories, studying different biological sys-
tems, have noted that phosphorylation
of nonhistone proteins is associated with
cellular differentiation and the activa-
tion of genes. Moreover, the ability of
nonhistone proteins to stimulate RNA
synthesis in cell-free systems has been
shown to be dependent on their state of
phosphorylation.

Such observations suggest that the
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ANOTHER RECONSTITUTION EXPERIMENT showed that nonhistone proteins dictate
variations in transcription at different stages of the cell cycle. Chromatin isolated from
cells in the S phase synthesizes RNA faster (a) than chromatin isolated during mitosis (b).
The chromatins were dissociated and the DNA and histones were pooled as in the experi-
ment illustrated on the opposite page. Chromatin reconstituted with nonhistone proteins
from mitotic cells synthesized RNA at the rate characteristic of mitotic-cell chromatin (c).
Chromatin reconstituted with S-phase nonhistones made RNA at the faster S-phase rate (d).
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HYBRIDIZATION EXPERIMENTS identify specific gene prod-
ucts. A known RNA (dark color) is isolated. In the presence of the
enzyme RNA-dependent DNA polymerase (“reverse transcrip-
tase”) the RNA serves as a template for the assembly of a comple-
mentary strand of DNA (light color) that can be labeled through
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RECONSTITUTION AND HYBRIDIZATION were combined in
this experiment. A radioactive DN A complementary to histone RNA
was prepared and then used as a probe (light color) with which to
demonstrate that whereas chromatin from G, cells does not make
histone RNA (a), chromatin from S-phase cells does (dark color,b).
Then the chromatins were dissociated, the histones and DNA were
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the incorporation of a radioactive subunit. The hybrid RNA-DNA
is dissociated by hydrolysis, leaving a radioactive complementary
DNA, in effect a synthesized gene. It can serve as a probe for iden-
tifying the RNA from which it was made: when it is added to a so-
lution of RNA’s, it will hybridize only with that RNA (right).
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pooled and then reconstituted with two kinds of nonhistone pro-
teins as in the earlier experiments. RNA’s were prepared from the
two reconstituted chromatins and were tested with the DNA probe.
Chromatin reconstituted with S-phase nonhistone proteins synthe-
sized histone RNA just as natural S-phase chromatin did (c).
Chromatin reconstituted with G, nonhistone proteins did not (d).

© 1975 SCIENTIFIC AMERICAN, INC



phosphorylation of nonhistone proteins
may somehow be involved in the mecha-
nism by which these molecules regulate
gene transcription. One proposed model
invokes both the binding of specific
DNA and phosphorylation [see illustra-
tion on this page]. We suggest that a
specific nonhistone protein binds to a
specific site on histone-repressed DNA.
At that point the nonhistone protein
becomes phosphorylated, and because
phosphate groups are negatively charged
the nonhistone protein begins to repel
the negatively charged DNA and also
becomes strongly associated with the
positively charged histones. The effect
of these two processes is to cause the
displacement of the histone—nonhistone-
protein complex from the DNA. The re-
sulting naked area of DNA, now free of
its inhibitory histone, can be transcribed
into RNA.

Although this histone-displacement
model is highly speculative, a number
of observations are consistent with its
general features. As we have mentioned,
genes are more actively transcribed dur-
ing the S phase than during mitosis. We
have recently observed that nonhistone
proteins are also more actively phos-
phorylated during the S phase than dur-
ing mitosis, and also that histones bind
less tightly to DNA during the S phase
than they do during mitosis. Some new
experiments on chromatin reconstitution
carried out in our laboratory in Florida
have shown that the nonhistone proteins
associated with the genome during the S
phase are specifically responsible for the
less tenacious binding of histones to
DNA during that period of the cell cycle.
These results at the very least point to a
close relation among gene activity, non-
histone-protein phosphorylation and the
binding of histones to DNA.

The histone-displacement model is
only one of many models proposed to ac-
count for the role of the chromosomal
proteins in gene regulation. Although
the detailed mechanism has not yet been
clearly demonstrated, understanding of
chromosomal proteins and their interac-
tions with DNA is advancing rapidly.
Certainly the histone and nonhistone
proteins play important roles in deter-
mining the structural and functional
properties of the genome. Where his-
tones are involved in the maintenance
of chromatin structure and in the non-
specific repression of genetic sequences,
nonhistone chromosomal proteins appear
to recognize defined gene loci and there-
by regulate the transcription of specific
genetic information.

It may not be long before proteins that

regulate the expression of specific genes
are isolated, introducing the possibility
of a certain kind of genetic engineering:
the proteins might be inserted into cells
in order to modify abnormalities in gene
transcription associated with develop-
ment, differentiation and a broad spec-
trum of diseases, including cancer. Such

a capability might revolutionize man’s
ability to deal with some profoundly de-
structive disorders. As in the case of any
attempt at genetic engineering, how-
ever, the ethical questions raised by such
an approach would be deep and com-
plex, and would require careful consid-
eration.

NONHISTONE PROTEIN
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GENE IS SWITCHED ON, according to a proposed model, when a nonhistone protein rec-
ognizes (1) a specific site on a stretch of DNA that is generally repressed by histones. The
nonhistone protein binds to the site (2); then it undergoes phosphorylation and thus
becomes negatively charged (3). It therefore repels the negatively charged DNA and moves
off with the positively charged histone, leaving the DNA site bare (4). The site, which
is no longer repressed by histone, is available for transcription into RNA (dark color, 5).
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This 300-year-old portrait looks well restored.

h

These two prints from Polaroid
instant negatives reveal a problem
which must be solved in our life-
time. The price of failure will be
the loss of many of our noblest
paintings from the past.

That is the opinion of Dr. Bjorn
Hallstrom, director of the Institute
of Technology of Artistic Materials
and head of the Art Conservation
School of the Royal Swedish Acad-
emy of Fine Arts in Stockholm.

Dr. Hallstrom is specifically con-
cerned about the long-term effects
of certain early relining techniques
on paintings. In these commonly
employed restoration procedures,
a painting threatened by flaking

pigment or decomposing canvas
has a new fabric pasted to its back.
The painting may then appear
quite revitalized. But beneath the
“restored” surface, deterioration
may actually accelerate. '
Our Polaroid prints, for exam-
ple, show a detail from a portrait
painted in 1623. The painting was
relined around 1930 and photo-
graphed some 40 years later. Un-
der normallight (left) it looks fine.
But the ultraviolet reflectogram
(right) shows dark areas of decom-
position in the relining paste. In
time, such deterioration irrevers-
ibly alters a painting’s color and
characteristic craquelure.
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A

Portrait of

paintedin 1623
by Georg Giinther
Kriilde Bemeberg.
Both photographs
- areenlarged

~ from Polaroid Type
55 negatives.

Dr. Hallstrom suggests that the
Polaroid instant photographs
which reveal this problem can also
help to solve it. Essentially, he pro-
poses a standardized system of pho-
toanalysis for all public collections.
Each painting would be photo-
graphed using different kinds of
radiation.

White light, flatly illuminating
the canvas, gives a normal picture.
Raked white light reveals surface
damage, undulations in the canvas,
etc. Ultraviolet light with UV ab-
sorbing filters on the camera shows
fluorescence in the painting and in-
dicates previous retouching. Ultra-
violet light plus a lens filter which

Colonel Nels Assersen,



untll you 100K beneatn t

absorbs visible fluorescent light
gives a UV reflectogram which can
reveal decomposition invisible to
the naked eye.

Polaroid Type 105 (314 x 4V4
pack format) and Type 55 (4 x
5 sheet format) positive/negative
films are basic to Dr. Hallstrom’s
system for several reasons:

First, of course, they are instant
films. This is particularly helpful
in terms of UV reflectograms be-
cause some filters separate fluores-

ke F

il

cent areas better than others. If the
Polaroid print shows poor separa-
tion, the filter can be changed, and
the picture retaken on the spot.

Second, Type 105 and Type 55
provide an instant high resolution
negative with the positive print.
So enlargements can be made for
closer scrutiny.

Finally, the superb tonal quali-
ties of these films are especially
useful in recording the low-bright-
ness range of UV reflectograms.

ne suriace.

Polaroid e

Because of these advantages,
and because Hallstrom’s Polaroid
technique is quick, economical and
effective, it could be used to ana-
lyze all of our great paintings. And
deterioration could often be de-
tected and stopped before it went
too far. Furthermore, periodic ex-
amination of newly relined paint-
ings would indicate the restoration
techniques most likely to truly con-
serve the art which we hold in trust
for future generations.

The conservation of art treasures:
A new use for Polaroid Instant Positive/Negative Films.
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With today’s huge high-speed aircraft, meticulously
careful maintenance is essential to safety as well as
to efficient operation. A vital element in every mainte-
nance program is the kind of probing inspection that
detects even invisible signs of corrosion, fatigue, and
other early symptoms of deterioration in highly stressed
structures.

This need has given rise to a whole new breed of test
engineers. They use magnetism, high-frequency sound,
penetrating dyes, and now the coherent light of laser
beams to find the subtlest internal flaws before they become
dangerous.

Under the innovative leadership of Dr. Pravin Bhuta,
a TRW team has developed a system that uses holographic
interferometry to reveal potential weaknesses in landing
gear, wing panels, turbine blades, and other critical parts
of aircraft. With the sponsorship of the US. Navy’s Ana-
lytical Rework Program Office, the system has been suc-
cessfully used in an ordinary maintenance environment.

The first tests were conducted in a TRW lab, however,
where wing panels from a P-3 patrol pane were inspected.
The prototype holographic systems not only found every
flaw that had been previously located by conventional
methods but also found several that had not been detected
atall.

The next step was to do the same kind of job under
workaday maintenance conditions wizhout disassembling
patts or temoving paints or sealants. The completed sys-

Fault-Finding Without Tears

tem was taken to a Navy facility and the holographic
equipment was mounted on a fork lift. It produced clear
fringe patterns without external optics, whether it was
pointed up, down, or sideways.

With this degree of mobility and flexibility, in situ
inspection of critical parts becomes a practical reality not
just for aircraft but for countless different kinds of struc-
tures. Compared with conventional methods, the saving
in time alone is estimated to be as high as fifty percent.

When the technique has been fully developed, it will
provide a cradle-to-grave record. Technicians will be able
to compare the optical signatute of the factory-new struc-
ture with later signatures, made during routine mainte-
nance. Any significant differences will indicate the need
for preventive repairs.

Dozens of promising ideas are under investigation at
TRW, where we put the most advanced technology to
work on the practical problems of defense, energy, trans-
portation, and basic systems engineering.

For further information on the holographic interferometry
system, write on your company letterhead to:

TRW

SYSTEMS GROUP

Attention: Marketing Communications, E2 /9043
One Space Park, Redondo Beach, California 90278
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Dual-Resonance Models
of Elementary Particles

In this new theoretical approach the strongly interacting particles

classified as hadrons are viewed mathematically as massless strings

whose ends move with the speed of light in multidimensional space

ver the past 20 years hundreds of
different “elementary” particles

have been produced and identi-
fied in collisions caused by high-energy
particle accelerators. During this period
many empirical and theoretical schemes
have been devised in an attempt to bring
order to a mass of data that at first seems
utterly chaotic. Considerable progress
has been made, and many components
of the problem are now well understood,
but physics still appears to be far from
constructing a complete theory of ele-
mentary particles. This article concerns
a promising new approach, known as
dual-resonance theory, that may prove
helpful in understanding the behavior of
one of the two broad classes of elemen-
tary particles. That class is the hadrons,
particles that are subject to one of the
four known forces of physics: the strong
force.

All theoretical reasoning in elemen-
tary-particle physics is based on two
well-established principles: the special
theory of relativity and the quantum
theory. In addition to stating the famous
relation between energy and mass (E =
mc?), special relativity describes how ob-
servations made by observers moving
with different velocities are related. The-
ories are usually formulated covariantly,
which means that such relations are au-
tomatically incorporated in the mathe-
matical formalism that expresses the
theory. According to the quantum theo-
ry, a particular experimental interac-
tion—say the collision of two particles—
has various possible outcomes, each with
a definite probability. These probabili-
ties are represented in terms of complex
numbers called scattering amplitudes.
The task of any particle theory is to en-
able one to calculate to a fair degree

by John H. Schwarz

of accuracy the scattering amplitude of
a given particle interaction. By mak-
ing scattering amplitudes (expressed as
functions of a suitable set of variables)
the object of the quest, quantum theory
is also incorporated into the new theo-
retical framework.

Elementary particles are subject to sev-

eral different kinds of forces, which
can be grouped into two broad cate-
gories: strong and nonstrong. The non-
strong category is usually further subdi-
vided into the electromagnetic force, the
gravitational force and the weak force.
For the purpose of this discussion we
can ignore these latter distinctions, since
the strong interactions are the main
concern of dual-resonance theory. The
strong forces operate between elemen-
tary particles only at short distances
(typically on the order of 10-13 centime-
ter) and are some 100 times stronger
than the strongest of the nonstrong
forces. The strong forces are the ones
that hold the atomic nucleus together;
they are also largely responsible for the
properties of the protons and neutrons
that make up the nucleus.

As a philosophical matter, I am in-
clined to believe it should be possible to
find a complete, consistent and even
elegant mathematical description of all
the particles and their interactions. To
make progress toward formulating such
a theory it seems appropriate first to at-
tack more modest problems with the aid
of various approximations. Two hypo-
thetical systems that might be simpler to
consider are (1) hadrons subject only to
strong forces and (2) nonhadrons subject
only to nonstrong forces. Each of the two
systems is at best only an approximation,
because actually hadrons are also subject
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to nonstrong forces. It is conceivable
that within each system one could find a
consistent theory that would accurately
describe large classes of experiments.
It is just as conceivable, however, that
any such approximation would involve
throwing away logical elements that are
essential for achieving a mathematically
consistent theory of all the elementary
particles. For the moment one can only
hope that the first possibility applies. Ac-
cordingly the rest of this discussion will
be focused on the hadrons and their
strong interactions, with the implicit as-
sumption that a consistent overall theory
can be found.

The theoretical understanding of the
hadrons achieved so far is based mostly
on approaches that do not attempt to
give exact formulas for all possible scat-
tering amplitudes. Rather, they describe
important general features of hadrons
that should be contained or explained in
a complete theory. Examples of such ap-
proaches include various statistical mod-
els and particle-classification schemes.

An interesting possibility arising from
a study of statistical models by Rolf
Hagedorn of the European Organization
for Nuclear Research (CERN) is that
there may be an infinite number of had-
rons whose distribution is an exponen-
tially increasing function of mass. Such a
distribution would imply the existence
of a universal maximum temperature
(approximately 2 X 1012 degrees Kelvin).
There is some experimental evidence in
favor of the Hagedorn type of distribu-
tion, but it is not yet conclusive. This
type of particle spectrum does, however,
arise naturally (and inevitably) in dual-
resonance models. Moreover, it is a fea-
ture that places them in sharp contrast
to conventional quantum-field-theory
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models, which are the leading competi-
tors of dual-resonance models for pro-
ducing a theory of hadrons. The field-
theory models seem hard put to account
for such a mass distribution, although
they do not exclude the possibility.

The significance of a universal maxi-
mum temperature can be appreciated by
considering the following hypothetical
situation. Suppose a pot of hadrons is
near that temperature and one attempts
to heat it to a higher temperature by
adding energy. For example, the hadrons
might be bombarded with high-energy
particles under conditions designed to
give rise to a thermal equilibrium. The
prediction of the Hagedorn hypothesis is
that at the maximum temperature any
additional input of energy results en-
tirely in the creation of new particles
rather than an increase in temperature.
It has been suggested that such a “fourth
law of thermodynamics” may have influ-
enced the evolution of the universe at a
very early stage of the “big bang.”

There are two notably successful par-

PIONS (z*, #° #7)
KAONS (K*, K% K° K7)
ETA (n°)

RHOS (p*, 0% p7)
OMEGA ()

MESONS

HADRONS

PROTON (p)

NEUTRON (n)

LAMBDA (A°)

SIGMAS (3%, 3° 37)
DELTAS (A*™*, A, A° A7)

BARYONS

ELECTRON (e7)
POSITRON (e*)
MUONS (u*, n7)
NEUTRINOS (v, Ve, ¥4, 7,)

LEPTONS

NONHADRONS

PHOTON (y)
GRAVITON—NOT YET OBSERVED

OTHERS

HADRONS AND NONHADRONS, parti-
cles that are subject to strong forces as op-
posed to particles that are not, are broken
down into four major subclasses in this par-
tial listing, which includes only the compar-
atively longer-lived and less massive of the
observed elementary particles. Mesons and
baryons, the two subclasses of hadrons, are
distinguished by various quantum properties
such as rotational angular momentum, or
spin. A symbol with a bar above it denotes
an antiparticle; in a few cases a particle is its
own antiparticle. Neutrinos and antineutri-
nos are of two types: electron-type, v,, and
muon-type, v,. Hundreds of shorter-lived,
heavier hadrons (also known as resonances)
have been created in particle accelerators.
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ticle-classification schemes that account
for different aspects of the observed
spectrum of elementary particles. The
first (based on work by Murray Gell-
Mann and George Zweig of the Califor-
nia Institute of Technology) is called the
quark model. Reduced to its essentials,
the quark model requires that hadrons
fall into certain groupings, or families,
in which the different members are alike
except for certain quantum numbers, or
fundamental properties, such as electric
charge. (Examples of more esoteric
quantum numbers are the properties
designated isotopic spin and hyper-
charge.) The quark model further states
that the choice of groupings can be un-
derstood by supposing the hadrons are
made according to certain rules out of
three fundamental constituents (quarks)
and their antiparticles (antiquarks). This
type of reduction is analogous to the un-
raveling of molecules into atoms, atoms
into electrons and nuclei, and nuclei into
neutrons and protons; now one is stating
that neutrons and protons are in turn
composed of quarks.

At this point analogies apparently
break down, because the production of
quarks as free particles has not been ob-
served in high-energy collisions. For this
reason and others many theorists now
believe the quarks are permanently
bound inside the hadrons and cannot be
produced as free particles under any
circumstances. This statement is easy
enough to make; inventing theories that
account for such behavior is more diffi-
cult. A number of attempts to under-
stand the permanent binding of quarks
have been made both in the context of
field-theory models and of dual-reso-
nance models. So far none of these pro-
posals is very persuasive. Thus as things
stand now the “quark confinement”
problem represents a serious and per-
haps pivotal challenge to all efforts at
constructing a complete theory of ele-
mentary particles.

The second important particle-clas-
sification scheme does not have a simple
name, even though it is also very success-
ful. It states that the hadrons can be
grouped into families whose members
have distinct values of angular mo-
mentum and mass but are alike in all
other respects. (Angular momentum can
have only discrete values—multiples of
Planck’s constant—in accordance with
the quantum theory.) The members of
each of these families are said to lie on
a hypothetical curve called a Regge tra-
jectory (after the Italian physicist Tullio
Regge). The idea that all hadrons lie on
such trajectories, sometimes called the

Regge hypothesis (even though Regge’s
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original work did not involve hadrons),
is now widely accepted.

The empirical facts are much more
specific, however, than even the Regge
hypothesis suggests. The Regge trajec-
tories turn out on observation to be near-
ly linear, meaning that the angular mo-
mentum of the particles on a particular
trajectory is given to a good approxima-
tion by a linear function of the mass of
the particle squared [see illustration on
opposite page]. Furthermore, all the
Regge trajectories for ordinary hadrons
appear to be approximately parallel. Ad-
ditional evidence supporting the Regge
hypothesis and the linearity of ordinary
Regge trajectories is deduced from the
observed high-energy behavior of the in-
teraction-probability functions known to
particle physicists as scattering cross sec-
tions. Dual-resonance models have the
property that in the first approximation
all the particles lie on parallel linear
Regge trajectories. This fact ensures that
the particle spectrum and the scattering
amplitudes have many realistic features.
In field-theory models, on the other
hand, it is difficult to account for the
linearity of the Regge trajectories. To
my mind this property of dual-reso-
nance models is one of the most com-
pelling reasons for taking the approach
seriously.

In practice dual-resonance theory is the

study of a class of mathematical mod-
els. The main challenge, of course, is to
find the particular example that de-
scribes our universe. The models that
have been constructed so far definitely
do not. Still, they have many features
that encourage the belief we are on the
right track, for example the Hagedomn
distribution and the parallel linear Regge
trajectories. Another important feature
of these models is implied by their name.
What is meant by dual resonance?

The term “duality” has been used in
high-energy physics with several differ-
ent meanings. Confusion can be avoided
by separately defining “theoretical du-
ality” and “phenomenological duality.”
Historically, phenomenological duality
was discovered first (in 1967), and it
played an important role in motivating
the formulation of theoretical duality a
year later. Phenomenological duality is
the empirical fact that when the smooth
asymptotic behavior of a scattering cross
section at high energy is extrapolated
back to lower energies, the resulting
curve tends to represent an average of
the bumps and dips of the true cross sec-
tion [see top illustration on page 64].
The bumps are manifestations of the
short-lived, unstable particles called res-



onances. Even though there is some am-
biguity in the extrapolation procedure,
phenomenological duality enables one to
derive approximate relations between
the parameters describing the high-
energy behavior and the masses and
coupling strengths of the resonances at
lower energies.

Theoretical duality is a property in-
corporated in the construction of dual-
resonance models. It is a precise mathe-
matical statement about the structure
of the scattering amplitudes calculated
in a first approximation, in which the
formulas are relatively simple because
the resonances have no width (that is, no
spread in energy). Dual-resonance mod-
els are calculated as a series of successive
approximations, starting from and deter-
mined by this first approximation. The
entire series constitutes the full theory,
but theoretical duality concerns only the

first approximation. The precise state-

ment of theoretical duality is that the
scattering amplitude calculated by sum-
ming the contributions of all resonance
“exchanges” equals the one obtained by
summing over all “direct channel” reso-
nances [see bottom illustration on next
page]. This formulation is very similar
to the “bootstrap” hypothesis advocated
by Geoffrey Chew of the University of
California at Berkeley and Steven Fraut-
schi of Cal Tech. According to their hy-
pothesis, the exchange of resonances
provides the forces responsible for hold-
ing the direct-channel resonances to-
gether. One difference is that the dual-
ity mechanism does not determine the
overall strength of the forces. The new
feature of dual-resonance models that
makes this possible is that they are based
on an infinity of resonances with tightly
correlated properties specifically de-
signed to incorporate the bootstrap
mechanism in the first approximation.
Historically ~dual-resonance models
were developed by inventing formulas
for scattering amplitudes in the first ap-
proximation. The process was begun by
Gabriele Veneziano of the Weizmann
Institute of Science and CERN and was
carried forward by many others. The
theory was then studied to show that it
satisfies certain general principles, such
as the requirements that interaction
probabilities are positive and add up to
1, and that a signal cannot be received
before it is sent. The program of under-
standing how these and other properties
are incorporated in dual-resonance theo-
ry has been successfully carried out dur-
ing the past few years. This approach
has been encouraged by the recent work
of Yoichiro Nambu of the University of
Chicago, Leonard Susskind of Yeshiva
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REGGE TRAJECTORIES, hypothetical curves along which families of hadrons with dis-
tinct values of spin and mass can be grouped, turn out on observation to be nearly linear
and approximately parallel, a finding that is consistent with a prediction of dual-resonance
theory. Some of the best-established meson trajectories are indicated by the slanted lines in
the graph at top. The symbols denote terminal members of each meson family according to
several different naming systems; some of the mesons represented are extremely unstable
resonances not listed in the illustration on the opposite page. Particles with the property
called strangeness are shown in color. Some of the best-established baryon trajectories are
displayed at bottom. Here NN stands for nucleon, which can be either a proton or a neutron.
The unit of angular momentum, #, is equal to Planck’s constant (designated h) divided by
27. Mesons have integer values of angular momentum; baryons have half-integer values.
Rest mass is given in equivalent energy units; GeV stands for gigavolts, or billions of elec-
tron volts. All the trajectories in both categories have a slope of slightly less than 1/Ge V2.

63

© 1975 SCIENTIFIC AMERICAN, INC



University, Holger Nielsen of the Niels
Bohr Institute and others, showing that
there is a simple physical picture of
hadrons implied by dual models. This
picture provides an elegant way to
describe dual-resonance theory, even
though it is often not the most conve-
nient for actual calculations.

hat Nambu and the others have

quantum states of a string, albeit a very
special type of string. For one thing the
string has no intrinsic mass, so that its
motion is necessarily relativistic; thus,
for example, the ends must always move
with the speed of light. Strings with
these properties are called light strings.
The mass of a hadron arises from the en-
ergy due to tension in the string and the
kinetic energy of its motion with respect

found is that the hadrons in a dual-
resonance model can be identified as the

to the center of mass. (The tension, de-
termined by the slope of the Regge tra-

INCREASING CROSS SECTION —>

INCREASING ENERGY —>

DUALITY OF RESONANCES is defined empirically in terms of the observed behavior of
the interaction-probability functions known to particle physicists as scattering cross sec-
tions. In this example the gray curve represents the difference between the total cross sec-
tion for 7 *p interactions and the total cross section for 7 —p interactions. The bumps
and dips in the curve, evident particularly at low energies, are manifestations of resonances.
The colored curve is an extrapolation of the smooth high-energy behavior of the cross-sec-
tion difference back to lower energies. The fact that the colored curve tends to average
the bumps and dips of the gray curve is what is referred to as phenomenological duality.
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EXCHANGED ESONANCES
RESONANCES

|
|
\D
IR
|
|

.

TWO ALTERNATIVE WAYS of understanding the forces that are involved in an interac-
tion in which two incoming elementary particles (labeled “a” and “b”) collide to produce
two outgoing particles (labeled “c” and “d”) are presented here. The forces can be thought
of as resulting from an exchange of resonances, as depicted in the schematic diagram at left,
or they can be thought of as resulting from the formation of an intermediate resonance that
subsequently decays, as in the “direct channel” scattering process depicted at right. Theo-
retical duality consists of the assertion that these two scattering processes, when consid-
ered mathematically at a certain well-defined first level of approximation, are exactly equal.
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jectories, turns out to be about 13 tons.)
Here the difference between dual-reso-
nance models and field-theory models
emerges. The elementary particles de-
scribed by a field-theory model are
pointlike, whereas those in a dual-reso-
nance model are spatially extended.

Once the possibility of spatial exten-
sion is accepted it is natural to wonder
why the structure of a hadron should be
one-dimensional (strings) rather than
two- or three-dimensional (blobs). By
definition dual-resonance models only
allow for a one-dimensional structure.
The possibility of developing a theory
of blobs is being considered. All we
know so far is that any such theory is
mathematically much more formidable.
In my own opinion the existing schemes
based on strings are sufficiently realistic
to make it plausible that a correct theory
of hadrons can be based on a fancier
type of string than any that has been
considered to date.

The theory of light strings could have
been investigated 40 years ago, but there
was little motivation for doing so until
the connection with dual models was
suspected. This exercise is an interesting
and instructive application of the prin-
ciples of special relativity and quantum
mechanics. If one considers only the
classical (that is, nonquantum) motions
of noninteracting strings, the problem is
quite straightforward. The inclusion of
the requirements of quantum theory has
a profound effect. One striking conse-
quence is that it becomes impossible to
satisfy the principles of quantum me-
chanics and special relativity simulta-
neously unless the dimension of the
space in which the strings move around
is chosen to have a particular value. In
the real world, of course, space has three
dimensions. In the simplest string model
it is required to have 25! Fortunately dif-
ferent string models have different criti-
cal dimensions, so that this restriction
need not represent an insuperable diffi-
culty. Rather, one sees the interesting
possibility that the number of dimen-
sions may someday be derived from, or
atleast related to, other quantities.

The relation between elementary par-
ticles and the states of motion of a hypo-
thetical string deserves some further
elaboration. According to the laws of
classical physics, a light string has a con-
tinuous infinity of possible motions.
Quantum theory reduces the number of
possibilities in the center-of-mass refer-
ence frame to a set of discrete quantum
states. The number of quantum states is
also infinite, but up to any given mass it
is finite. Actually the distribution is pre-
cisely of the Hagedorn type. As an ex-



STRING ANALOGY has proved useful in describing the quan-
tum states of hadrons in a dual-resonance model. The analogy calls
for a string with no intrinsic mass; as a result the ends of the string
must always move with the speed of light. Although the structure
of such a “light string” is assumed to be one-dimensional, quantum
theory requires that the space in which the string moves around,

ample of a possible motion, suppose the
string is rotating around its center point
while remaining perfectly straight. The
rate of rotation in this case must be ar-
ranged so that the angular momentum is
a multiple of Planck’s constant. The
overall length of the string is uniquely
determined in each case so that the ends
move with the speed of light. This class
of states contains the maximum possible

|
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LIGHT STRINGS CAN INTERACT according to dual-resonance
theory by joining (diagram at left), breaking (diagram in middle)

amount of angular momentum for a giv-
en amount of mass. Therefore the hadron
states described in this way correspond
to ones on the leading Regge trajectory.
There are many other possible motions
in which the string undergoes oscilla-
tions as well as rotations [see illustration
above].

The theory of light strings discussed
above describes the particle spectrum of
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even in the simplest dual-resonance model, must have 25 dimen-
sions! For a given hadron mass the string has a finite number of
possible motions in the center-of-mass reference frame, correspond-
ing to a set of discrete quantum states. For example, the string can
rotate around its center while remaining straight (diagrams at top),
or it can rotate and oscillate simultaneously (diagrams at bottom).

a particular dual model in the first ap-
proximation. The full story is more com-
plicated, because the strings can interact
with one another [see illustration be-
low]. The basic interaction was shown
by Stanley Mandelstam of the University
of California at Berkeley to consist of a
string breaking in two or two strings
joining together. Another possibility is
that when two strings touch at interior
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or breaking and then rejoining (diagram at right). The last phe-
nomenon is analogous to the “crossing over” seen in chromosomes.
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NEW TYPE OF LIGHT STRING, required for mathematical consistency, is a closed string,
or loop, formed when an open string joins its ends (diagram at left). Conversely, the break-
ing of a closed string to form an open string should be possible (diagram at right). Hypo-
thetical particles called pomerons appear to be describable in terms of a closed-string dual-
resonance model, but pomeron particles have not been identified so far in the laboratory.

points, they break and rejoin so that each
segment of one string joins a segment of
the other. (An analogous phenomenon in
biology is the “crossing over” of chromo-
somes.) These rules for the interaction of
strings make it possible to calculate the
scattering amplitudes for various pos-
sible reactions among hadrons. One ef-
fect of the interactions is to modify
somewhat the properties of the hadrons
themselves. For example, the Regge tra-
jectories do not remain exactly linear
when one includes corrections beyond
the first approximation in considering
interactions.

When the effects of the interaction of
strings are taken into account, one im-
mediately discovers that a new type of
string is required. Since two strings can
interact by joining ends, what is to pre-
vent the two ends of a single string from
joining, thereby becoming a closed
string, or loop? As a matter of fact, math-
ematical consistency necessitates that

ANTIQUARK

QUARK

closed-string hadrons be included in the
theory, even though they are not present
in the first approximation [see illustra-
tion above]. Hadrons corresponding to
quantum states of closed strings also lie
on parallel linear Regge trajectories (in
the first approximation), with a slope ex-
actly half that of the trajectories asso-
ciated with open strings. The occurrence
of these new states in the theory is excit-
ing, because the experimental facts re-
quire something beyond the ordinary
open-string Regge trajectories. The high-
energy behavior of elastic-scattering re-
actions is seen to involve a diffractive
type of interaction. One widely held
viewpoint is that diffraction scattering
can be explained in terms of single and
multiple exchanges of a “pomeron”
Regge trajectory. (The name is derived
from that of the Russian physicist Isaak
Yakovlevich Pomeranchuk.) The closed
strings provide excellent candidates for
pomeron trajectories. Indeed, this partic-

QUARK

QUARK Y

QUARKS CAN BE INCORPORATED into dual-resonance models in several possible ways.
For example, if one assumes that quarks are pointlike fundamental particles attached to the
ends of light strings, a hadron containing one quark and one antiquark (that is, a meson)
would be simple to describe (left), whereas a hadron with three quarks (that is, a baryon)

would require a more complicated topology (right). All the schemes that have been sug-

gested so far for relating quarks to string picture present serious mathematical difficulties.
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ular theory requires that particles be as-
sociated with pomeron trajectories. So
far no clear-cut candidates for pomeron
particles have been detected in the lab-
oratory, but there are several reasons
why such particles should be hard to de-
tect.

Where do quarks fit into the string

picture? One suggestive possibility
is that they are pointlike particles (as in
any field theory) attached to the ends of
strings. If one supposes new quarks al-
ways appear at the ends formed by the
breaking of strings, then this picture pro-
vides a simple explanation of quark con-
finement: The quarks are held together
by strings! At first the picture looks
promising for the class of hadrons called
mesons, which contain one quark and
one antiquark, and for pomeron states,
which contain no quarks. The hadrons
called baryons, however, are composed
of three quarks each and hence require
a more complicated construction, such as
a string in the shape of a Y, in order to
have three free ends to which to attach
the quarks [see bottom illustration at
left]. Such a topology gives rise to se-
rious mathematical difficulties. In fact,
even the meson construction has prob-
lems. Quarks are supposed to carry elec-
tric charge and spin, but such particles
apparently cannot be attached consist-
ently at the ends of a string moving with
the speed of light. One might try to slow
the ends down by also attributing mass
to the quarks, but this raises other seri-
ous problems. In spite of its initial
attractiveness, attaching quarks to the
ends of strings may be a completely
faulty method of incorporating them into
dual-resonance models.

One alternative to attaching quarks to
the ends of strings would appear to be
that the various quantum numbers (such
as electric charge) quarks are supposed
to carry are distributed along the length
of the strings. In this case the baryons
need not require a new topology. The
suggestion that quark quantum numbers
are not localized at points is somewhat
unpopular in the theoretical community.
The main reason is that recent experi-
ments at the Stanford Linear Accelerator
Center (SLAC) involving the high-en-
ergy scattering of electrons from protons
show the property known as scaling.
Scaling is usually interpreted as direct
evidence that the electric charge inside
a proton at a given instant is localized at
one point or a few points, that is, at the
positions of the quarks. Another alterna-
tive that ought to be compatible with
scaling is that the quarks are pointlike
particles moving along the string like



beads on a necklace. Unfortunately this
approach also leads to very complicated
mathematics, so that its consequences
cannot be pursued to any degree.

One major shortcoming of the sim-
plest string model, besides its confine-
ment to 25 dimensions, is its failure to
account for fermions: particles with half-
units of spin. (Spin, like other quantum
properties, is confined to certain discrete
values.) Among the hadrons these parti-
cles are precisely those that are baryons.
If the idea of achieving the half-unit
spin by attaching three quarks, each
with a half-unit of spin, to a string is re-
jected, then the string itself must some-
how give rise to the spin. Noninteracting
dual-fermion states were theoretically
constructed by Pierre Ramond in 1971,
Shortly thereafter a dual model of inter-
acting particles with spin incorporating
the Ramond fermions was developed by
André Neveu and me. This model satis-
fies the same general principles as the
simpler one, but it contains a more re-
alistic spectrum of particles. A string
description of this model has been shown
to be consistent with special relativity
and quantum mechanics, provided that
space has nine dimensjons. Even though
that is still not the right number, it rep-
resents a step in the right direction. |
Moreover, there seems to be at least a |
possibility that six of the nine dimen-
sions can be assigned to internal degrees
of freedom rather than to ordinary space.
If that can be done in a fully consistent
manner, then perhaps a modified form of
this model could be the right one.

The dual model with spin represents a
nontrivial extension of the previous dual
model. Whereas the “action” represent-
ing the model without spin has a group
of mathematical symmetries analogous
to that of the general theory of relativity,
the model with spin has an even larger
group of symmetries. If the elegance of a
theory is measured by the amount of
symmetry it possesses, then the dual
model with spin rates very high. My own
belief is that elegance, so defined, is
closely correlated with physical rele-
vance.

In summary, a new theory of elemen-
tary particles—dual-resonance theory—
has been developed over the past six
years. It has not yet provided any strik-
ing new experimenta] predictions that
have been confirmed (or excluded), but
it successfully accounts for many general
features of the hadron system. If a few
remaining obstacles can be overcome,
the chances appear good that this work
could eventually result in a complete
theory of the strong interactions and the
particles that respond to them.

For $200 you can
not only own
a Rolls Royce,
you can build it.

Themost incredibly authentic car model
kit by Pocher d'Italia reproduces in
exact 1/8 scale the classic Rolls Royce
Phantom II Sedanca Coupe. 26%2” long.
You build it with nuts, bolts and screws.
No painting, no special tools needed.
Doors, hood and trunk open. Steering,
crankshaft, connecting rods, gears, fan,
generator operate. Windows open. Head-
lights turn on. 2,199 separate parts of
brass, stainless steel, copper, rubber and
high impact plastic. For complete details

on this and 3 other classic car kits from
$100, send for free full-color brochure.

Deluxe Classics, Dept. SA2
5900 Wilshire Boulevard, Suite 2760
Los Angeles, California 90036

Please send me your free full-color brochure
Name:
Address:
City:
State/Zip:
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waters, marshes, and estuaries.

e To support coastal zone conserva-
tion.

e To receive Society publications —a
quarterly journal, newsletters, con-
servation alerts.

e To take part in Society activities —
fish tagging, field trips, seminars,
dive/study expeditions.

Annual dues are $10 ($7.50 for stu-

dents).

AMERICAN LITTORAL SOCIETY
HIGHLANDS, NEW JERSEY 07732
Please enroll me in the American Lit-
toral Society. Enclosed is my check for

for first-year dues.
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SPERRY<-REMINGTON

The New
COMPACT
PRINTER
ELECTRONIC
CALCULATOR -
READ OUT AND cPrco
PRINT OUT only $12995

The CP100 HANDHELD (only 25 o0z.) allows you to have a
printing calculator anywhere. This compact printer is
portable - quiet - fast and accurate. Large printout on
paper tape - and has memory and square root for
scientific calculations. Dual mode gives you your choice
to use as a printer calculator or as a straight electronic
calculator. 8 columns - 4 functions + memory - square
root - LED visual display - printout “result only” key -
floating decimal - positive action keyboard. NI-CAD re-
chargeable cells - drop in ink roll - 10,000 characters per
ink roll. Included at no extra cost, NI-CAD batteries -
charger/adapter - 3 rolls of tape - ink roll - dust cover.
(Reorder paper from us, 10 rolls - ink roll $7.95.)
15 DAY TRIAL

To order, send us your check for $133.45 (129.95 + 3.50
handling and postage). Ill. res. add 5%. Or you can call
us on our toll free line and we’ll ship you C.0.D. or bill to
your MasterCharge. If you are not completely satisfied in
15 days you may return for full refund of $129.95 + sales
tax when charged. Send orders to:

Dept. 2175

1340 Astor St., Suite 2907
Chicago, Ill. 60610
312/943-2565

Phone orders toll free - call

J

Dues are tax deductible.
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800/325-6400
In Missouri: 800/342-6600
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/— MEASUREMENTJCOMPUTATION: changing things for the better

This is a new Hewlett-Packard
calculator. The HP-55.

It has 86 preprogrammed functions and
operations, and 20 memory registers. You
can program it to do repetitive calculations.
You can time events with it. It costs $395*

Our new HP-55 not only gives you 38 more
mathematical functions and operations on the
keyboard than our HP-45. It will also remember
an intricate calculation so that you can keep en-
tering variables and see new answers until you’re
satisfied and turn it off.

You can program an equation with up to 49
steps in it—in addition to which your program
has access to all 86 preprogrammed calculations
and data manipulations, plus the 20-register
memory. You can do direct and conditional-
access branching (the calculator will automati-
cally compare values and choose among alter-
natives). When you’ve entered your program you
can step through it to verify and edit.

You can perform arithmetic into and out of
10 of the registers, store in all 20.

You can do circular trigonometry in degrees,
radians, or grads, converting directly from de-
grees to radians, decimal degrees to D/M/S (and
vice versa).

You can do true linear regressions. The special

¥ key lets you fit curves.

You get instant true metric conversions with-
out having to multiply by a constant.

You also have the HP four-register stack that
lets you enter even the most complicated equa-
tion in an easy, natural way without having to
keep track of parentheses and brackets. The re-
sultof each intermediate calculation is displayed as
you perform it, giving you the continuous feedback
you need to avoid ending up with a wrong answer.

And whether you need it or not, you get a 100-
hour digital timer that displays and records
hours, minutes, seconds, tenths, and hun-
dredths—accurate to 0.01 percent. Results are
stored in 10 memory registers, so you can clock
10different events or “‘splits”’ from the same start-
ing time—runners, reactions, rats, or whatever—
and study the results when things calm down.

As noted above, this extraordinary little
machine costs $395*. It doesn’t write on and read
100-step magnetic program cards like our incom-
parable HP-65, but it has more power on its key-
board. If you don’t mind explaining a calculation
to the HP-55 whenever you want it to start repeat-
ing at your command, you can save a lot of money.
And so you won’t have to think up your own ex-
planations for many common types of probleins,
we offer two HP-55 applications handbooks—
The Math Pac and Stat Pac—at $10* each.

People tend to keep their HP-65’s locked in
their desks. You can afford to treat the HP-55
more casually. Keep it in your pocket.

How to program without being a programmer.

If you often find yourself repeating a tedious
computation over and over, putting in different
variables to see a range of answers, you're the
person we designed the HP-55 for.

All you have to do is flip a switch to tell the
calculator it’s going to memorize a computation
sequence.

Then you simply key in your calculation (we
call it “keystroke programming”) as if you were
only going to do it once. Except that before and
after you enter each variable you press [R/S] (for
Run/Stop). That tells the calculator that when-
ever you run the program it must stop at that
point, wait for anew number, and start computing
again after the number is entered.

When you've finished the initial calculation,
you press to tell the HP-55 that the sequence is
complete. Then you flip the switch to RUN and
press , whereupon the machine will in-
stantly calculate up to the first variable, stop and
wait. When you’ve entered the new number,
press and the machine will zip through the
next sequence, stop again and wait for another
number. After the last variable is in, press [R/S]to
see a new answer.

The HP-55 will remember your sequence as
long as you don’t switch it off. So you can iterate
and reiterate until you run out of variables.
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A better way to measure blood
oxygen—non-invasively.

Consider the human ear: external, thin in cross-
section, and highly vascularized. Since it metab-
olizes only a small part of the blood it carries,
oxygen saturation of hemoglobin in the ear is
high—comparable to that in the aorta.

The ear oximeter makes use of these character-
istics of the ear to measure the oxygen saturation
of hemoglobin in a patient, without drawing
blood. With the ear oximeter, the physician can
make the measurement simply by attaching an
optoelectronic device to the patient’s ear and
reading percent oxygen saturation on the display:
no blood sample, no delay for lab analysis, no pa-
tient discomfort and the opportunity to make
continuous measurements and study the dynam-
ics of oxygen saturation.

HEWLETT |h:, PACKARD

Sales and service from 172 offices in 65 countries.
Palo Aito California 94304

The oximeter works by analyzing the absorp-
tion of light transmitted through the upper part of
the ear. Other things being equal, the absorbance
spectrum varies directly with the oxygen satura-
tion level in the blood. But other things are sel-
dom equal. There are changes in absorbance from
patient to patient that depend on tissue and pig-
ment variations, for example.

The new HP 47201A Oximeter uses digital
processor technology to compensate for these
patient variations automatically. By specially
processing arterial blood tapped from volunteers
of both sexes and all ages, races, and oxygen
saturation levels, researchers determined the
coefficients of absorbance that provide the best
fit of oximeter readings to true oxygen satura-
tions. This information is stored in the 47201’s
digital memory, in effect permanently calibrating
it for the full range of patient variables in its in-
tended use. Additionally, the absorbance mea-
surement itself is made at eight different wave-
lengths because different light-interfering sub-
stances in the blood and ear have different ab-
sorbance effects at different wavelengths. Final-
ly, the 47201’s digital processor solves simul-
taneous equations that take all these calibration
and measurement variables into consideration
and calculates the percent oxygen saturation. Its
accuracy is +1.7 percent for saturation levels
between 90 and 100 percent, to +2.6 percent in
the 60 to 70 percent range (10).

The 47201 Oximeter provides a reliable indica-
tion of respiratory performance on patients with
good arterial circulation: it is specifically not
recommended when blood flow to the ear is im-
paired. It is a valuable diagnostic tool especially
in pulmonary function labs, for the care and re-
habilitation of patients suffering chronic lung
diseases, and for the detection and management
of hypoxemia. Price is $8200.*

For more information, write to us. Hewlett-
Packard, 1505 Page Mill Road, Palo Alto,
California 94304.

*Domestic USA prices only 00541
R R R R R
- .

P Mail to: Hewlett-Packard, 1505 Page Mill Road, Palo Alto, CA 94304 °
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BIOLOGICAL CLOCKS OF THE TIDAL ZONE

Endogenous clocks set to the rhythm of the solar day are known

throughout the biological world. Many organisms that live along

the shore also have a clock set to the rhythm of the lunar day

on the north shore of Cape Cod lives

a microscopic golden brown alga, the
diatom Hantzschia virgata. The proto-
plasm of this single-celled plant is en-
cased in an elongated glassy cell wall
perforated in places by pores and slits.
Through some of the end pores is exuded
a mucuslike substance that serves to
slowly jet-propel the diatom through its
subterranean habitat. During each day-
time low tide the tiny motile organism
glides up through the interstices be-
tween the grains of sand to the sur-
face. There it remains throughout the
ebb tide, its photosynthetic machinery
bathed in sunlight. In midsummer the
diatoms are so abundant that in spite of
their microscopic size they form a promi-
nent golden brown carpet over the
beach. Moments before they are inun-
dated by the returning tide they move
down into the comparative safety of the
sand.

A fascinating aspect of this vertical-
migration behavior becomes more ap-
parent when sand bearing the diatoms is
transferred from the north shore of Cape
Cod to the Marine Biological Laboratory
at Woods Hole on the south shore. The
samples are placed in an incubator
where the temperature is held constant
and the light is left on continuously. In
this new environment, which lacks days,
nights and tidal changes, the diatoms
continue their periodic excursions up to
the surface of the sand in virtual syn-
chrony with the diatoms 27 miles away.
Their movements in the laboratory are
sufficiently punctual so that when we
plan a collecting trip to Cape Cod Bay,
we sometimes observe the diatoms in
the incubator instead of consulting tide
tables. Since the rhythm of the diatoms
persists in the absence of the environ-
mental periodicities that would be ex-

In the sands between the tide marks
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by John D. Palmer

pected to govern such behavior, it seems
that within the plants there is a biologi-
cal clock that directs the temporal as-
pects of their lives.

This account is not just another amus-
ing anecdote about a rare occurrence in
nature. Clock-controlled rhythms are
displayed by most inhabitants of the
tidal zone. The rhythms are character-
ized by the repetition of some behavioral
or physiological event, such as a flurry
of activity, synchronized with a particu-
lar phase of the tide. Since there are
two tides each lunar day (a lunar day
is 24.8 hours in length, the interval
between successive moonrises), the
rhythms are called bimodal lunar-day
rhythms, in contrast to the unimodal
solar-day rhythms of organisms geared
to the 24-hour solar day. The biological
clocks related to both the lunar-day and
the solar-day rhythms are apparently im-
portant as an aid to survival in that they
give advance warning of the regular
changes in certain periodic aspects of
the environment, such as nightfall or the
return of the flood tide. Under unchang-
ing conditions in the laboratory the
clocks continue to function, and thus
biological rhythms persist for a consid-
erable length of time.

he fiddler crab, a common denizen of

mud flats and sand flats on North
American coastlines, emerges from its
burrow at low tide. It scurries sideways
around the flat eating detritus. The
males feign battles with one another and
try to entice females into their bachelor
burrow with awkward beckoning move-
ments of their enormous fiddle claw.
With each flood tide all the crabs retreat
back into their burrow, where they sit
out the deluge.

In the laboratory quantifying the lo-
comotor behavior of fiddler crabs is quite
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simple. Single crabs are placed in plastic
boxes (the kind in which fishing lures are
bought, and therefore a common com-
modity in Woods Hole). The boxes are
balanced on a knife-edge fulcrum, and
as the incarcerated crab moves between
ends of this improvised actograph the
box teeters, closing a microswitch that
causes a deflection of a pen on a chart
recorder. The actograph is placed in the
unchanging environment of an incuba-
tor, and the crab is allowed to perform
spontaneously for days. In these monot-
onous surroundings the crab’s clock con-
tinues to operate and dictates almost,
but not entirely, the same ambulatory
pattern found in nature. The difference
is slight but significant: in the laboratory
the period of the bimodal lunar-day
rhythm is slightly longer or slightly
shorter than the period displayed in na-
ture. This change in periodicity when
an organism is placed in constant condi-
tions is a property of almost all clock-
controlled biological rhythms. Since ti-
dal rhythms follow the lunar day, they
are called circalunadian (about a lunar
day).

The rhythms in some species of fiddler
crab will persist for as long as five weeks
in the laboratory, but more often they
are damped out rather quickly. The
crabs must occasionally be exposed to
periodic immersion in seawater if their
tidal rhythm is to be maintained. Even
in nature whenever small populations of
fiddler crabs become established along
the margins of pools not subject to tides,
they lose their tidal rhythm and display
only a solar-day rhythm. When the crabs
are returned to a tidal flat, they quickly
reestablish a lunar-day rhythm that will
then persist for some time even after the
animals are removed from the tidal loca-
tion.

Living side by side on the same flats



BEACH ON CAPE COD is inhabited by Hantzschia virgata, a
species of diatom. These algae live in the damp sand between the
high-tide mark and the waterline at low tide. The upper photo-
graph shows a section of the beach that has just been exposed by an
outgoing tide. The lower photograph, made a few minutes later,
shows golden hrown patches formed by diatoms that have migrated

to the surface of the sand. When sand containing these diatoms is
placed in an incubator where the light and temperature are held
constant, the organisms continue to migrate to the surface synchro-
nously with the periods of the daytime low tides at their home
beach. The familiar shoreline object seen at the right in both pho-
tographs served to mark the location for purposes of comparison.
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MIGRATORY BEHAVIOR of Hantzschia virgata is depicted in
vertical section. Diatoms of this species normally reside about a
millimeter below the surface of the sand (left). Each diatom has
two X-shaped chloroplasts, which are the site of photosynthesis.

with the fiddler crab are the green crab
and the penultimate-hour crab. Both of
these crustaceans display tidal rhythms,
but they differ from the fiddler crab in
that their activity is synchronized with
the times of high water. The rhythms of
the two species will persist in constant
laboratory conditions for about a week
before being damped out. In the case
of the green crab it has been found that

animals that have lost their rhythm in
the laboratory need not be subjected to
the tides to reestablish the rhythm. In-
stead it can be reinstated by cooling the
crabs to a temperature of four degrees
Celsius (39 degrees Fahrenheit) for six
hours.

This technique has also been used to
demonstrate that tidal rhythms are not
learned or otherwise impressed on crabs
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DAILY ACTIVITY of a fiddler crab is recorded by an actograph
that consists of a plastic box balanced on a knife-edge fulerum.
When the crab moves to the near end of the box, the box tilts and
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During daytime low tides the organisms are propelled upward to
the surface by mucus that is forced through pores at the end of
their elongated glassy cell wall (right). The diatoms remain in the
sunlight until moments before sand is inundated by returning tide.

by the tides themselves. Barbara Wil-
liams, working with Ernst Naylor at
University College of Swansea, had the
perseverance and the rare skill necessary
to raise green crabs in the laboratory
from eggs through several larval stages
to adults. During the entire maturation
process the crabs were exposed only to
the alternating day-night changes in the
laboratory. When the crabs were large

RECORDER

P —

closes a switch that causes an excursion of a pen on the recorder.
The number of daily back-and-forth movements of the crab is de-
termined by counting the number of excursions made by the pen.



enough for their activity to be studied,
it was found that their locomotor activity
was limited to the daylight hours. Wil-
liams then gave the crabs one 15-hour
cold treatment and recorded their subse-
quent locomotor behavior. A distinct
tidal component appeared in their activ-
ity. Since a single 15-hour cold spell
could not have provided the crabs with
any information about the 12.4-hour
cycle of tides, it is reasonable to con-
clude that the clock that measures the
tidal frequency is innate, and that it
merely needs to be activated by some
environmental stimulus for its first ex-
pression.

Under natural conditions both the
penultimate-hour crab and the green
crab display in their locomotor activity a
clear-cut solar-day rhythm as well as a
lunar-day one. In the penultimate-hour
crab the solar rhythm appears as a broad
peak of activity spanning the hours of
darkness. In the green crab the solar
rhythm is represented not as an individ-
ual peak but as a decrease in the amount
of activity at the crest of the daytime
tide. The combination of solar-day and
lunar-day rhythms is rather common in
intertidal organisms, and it raises the
question of whether such organisms
have a solar-day clock for one rhythmic
component and a separate lunar—day
clock for the other, or whether a single
horologe drives both rhythms. A single-
clock mechanism might be regarded as
analogous to the kind of wristwatch
worn by surf fishermen, in which a single
movement is transmitted to present on
the dial both the time of day and the
time of the tide.

Processes other than locomotor activ-

ity are also controlled by the crab’s
biological clock. Color-change rhythms
have been investigated in the fiddler
crab, the green crab and the penulti-
mate-hour crab by Frank A. Brown, Jr.,
Marguerite Webb and Milton Finger-
man at the Marine Biological Laboratory
and by B. L. Powell of Trinity College
in Dublin. Within the hypodermis of
these crabs are star-shaped chromato-
phores that contain granules of dark
pigment. When the pigment granules
are tightly aggregated in the center of
these cells, the coloration of the crabs is
light. When the granules are evenly dis-
persed throughout the extensions of the
cells, the coloration is dark. All three
species of crab blanch during the night
and darken during the daylight hours,
even when they are placed in constant
conditions in a laboratory. The color-
change pattern of the fiddler crab has
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FIDDLER CRAB (t0p) is an inhabitant of tidal mud flats and sand flats. At high tide it re-
mains quiescent in its burrow; at low tide it emerges to look for food. When a fiddler crab
is taken from its natural habitat and put in an incubator where the light and temperature
are constant, its periods of peak activity initially correspond to the times of low tide at
its home location (top curve). The period of the crab’s rhythm then begins to lengthen, and
by the end of a week it is no longer synchronous with the times of the tide (bottom curve).
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also been found to have a tidal compo-
nent that gives rise to additional darken-
ing at times of low tide.

The eyes of crabs are mounted on
movable stalks. The stalks also house a
neuroendocrine unit called the X-organ
sinus-gland complex, which secretes a
hormone that causes the pigments to
disperse within the chromatophores.
Powell found that the removal of the eye
stalks from the green crab (and thus the
X-organ sinus-gland complex as well)
destroyed the color-change rhythm of
the crab. Furthermore, Powell showed

that the rhythm can be restored in a
stalkless crab by implanting in it the
stalk glands from another crab. These
findings strongly suggest that in the
green crab the eye stalks are the site of
the clock that controls the color-change
rhythm. In the penultimate-hour crab
and the fiddler crab, however, removal
of the eye stalks only reduces the ampli-
tude of the color-change rhythms.

The neuroendocrine system of the eye
stalks also exerts some control over the
locomotor-activity rhythm of the green
crab. When the eye stalks of green crabs

HIGH TIDE

were removed in experiments conducted
by Naylor and Williams, all locomotor
activity ceased, and it returned only
gradually over the next six days. Since
in green crabs the tidal rhythm normally
vanishes after about a week in constant
laboratory conditions, it was not surpris-
ing to find a lack of rhythm in the stalk-
less crabs when they resumed their ac-
tivity. Attempts to reinstate the rhythm,
however, by immersing the crabs in cold
water were unsuccessful. On the other
hand, crabs from which only the retinas
were removed, not the stalks, returned to
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PENULTIMATE-HOUR CRAB lives in close proximity to the
fiddler crab on tidal flats. (The name of the crab is derived from
the fact that the activity of a newly caught animal peaks one hour
before midnight.) The black curve shows the mean solar-day activ-

ity of 30 penultimate-hour crabs over a period of a month, which is
expressed as a broad peak of activity during the hours of darkness.
The penultimate-hour crab also has a mean lunar-day activity
rhythm (colored curve) that corresponds to the times of high tide.
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GREEN CRAB, which also lives on tidal flats, has a basic pattern of
locomotor activity that corresponds to the times of high tide. Its
activity greatly decreases when the high tide comes during the
hours of daylight. This pattern of activity continues when the crab
is placed under constant conditions in the laboratory (black curve).
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In addition the green crab displays a solar-day rhythm in its body
color, which blanches at night and darkens during the daylight
hours. The color-change rhythm (colored curve), which persists
when the green crab is kept under constant conditions, is thought
to be controlled by a neuroendocrine system in crab’s eye stalks.
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their normal rhythm when they were
immersed in cold water.

In further experiments Naylor and
Williams found that subjecting the en-
tire crab to a cold dip was not needed. If
an arrhythmic crab is placed in water
with a temperature of 15 degrees C. (59
degrees F.) but tethered so that its eye
stalks protrude above the water, the tidal
rhythm of the crab can be reinstated
simply by dripping iced seawater onto
its eye stalks for a brief period. Finally,
Naylor and Williams made extracts from
the eye stalks of green crabs in the qui-
escent phase of their locomotor-activity
rhythm and injected the extracts into ac-
tive stalkless crabs. The injection caused
a significant reduction in the level of
activity of the stalkless crabs, showing
that there is an inhibitor substance that
is periodically liberated from the stalk
glands.

I have conducted similar experiments
with the penultimate-hour crab. When
the eye stalks were removed from these
crabs, all locomotor activity stopped. I
made eye-stalk extracts from rhythmic
crabs during either the active phase or
the quiescent phase of their locomotor
activity and injected the extracts in vari-
ous concentrations into crabs that had
become arrhythmic because of long-term
storage in constant conditions. No con-
sistent alterations in the activity levels
of the recipients were observed.

Since the neuroendocrine glands in
the eye stalks of the penultimate-hour
crab did not appear to be involved in the
control of the crab’s locomotor-activity
rhythm, I carried out an experiment to
determine if there was a chemical mes-
senger coming from somewhere else in
the crab’s body. I joined two crabs, one
strongly rhythmic and the other arrhyth-
mic, by cutting small openings in their
dorsal exoskeleton and cementing the
openings together with sealing wax. In
crabs most of the blood is not confined
to vessels but flows freely through the
spaces between organs; therefore when
two crabs are joined, the blood of one
mixes freely with that of the other.

I also capitalized on an anatomical
peculiarity of crabs, the process called
autotomy. When a crab is attacked, the
attacker usually grabs one of the ani-
mal’s 10 legs. The crab’s defense is to
cast off the leg and dash away before
the predator can grab another. The leg
separates from the body at a predeter-
mined breaking point. Excessive loss of
blood from the open stump is prevented
by a self-sealing mechanism, and the
sacrificed leg is regenerated during suc-
cessive molts.

Taking advantage of this self-amputa-

-

CHANGE IN COLOR of the fiddler crab is the result of aggregation or dispersal of pig-
ment granules in cells in the crab’s hypodermis that are called chromatophores (shown
greatly enlarged at top). In some chromatophores there are only dark pigment granules; in
others there are white or orange granules. The fiddler crab blanches at night and darkens in
daylight. Tidal component in the rhythm produces additional darkening at times of low tide.

tion mechanism, just before I joined
two crabs I made the rhythmic crab cast
off all its legs. The joined crabs therefore
consisted of an ambulatory arrhythmic
crab on the bottom and a rhythmic am-
putee upside down on the top [see illus-
tration on next page]. Any rhythmic lo-
comotor activity recorded thereafter
would have been the activity of the
legged member, signifying that some
substance in the blood of the legless crab
had induced the rhythm. In 47 fusion-
pair experiments not one rhythm was
found. On the other hand, a rhythm was
always displayed when two rhythmic
crabs were joined in control experiments,
indicating that the fusion procedure was
not responsible for the lack of expressed
rhythmicity.

It is clear, then, that whereas the en-
docrine system is involved in rhythms of
color change and locomotion in the green
crab, it is not necessarily involved in
such rhythms in other crabs. Nor is it
mandatory that an endocrine or a neural
mechanism form the basis of any physio-
logical rhythm, since a single-cell level
of organization such as that found in the
diatom Hantzschia is sufficient for the
expression of all the known properties of
clock-controlled rhythms.

The capacity for rhythmicity is not
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learned or impressed on organisms by
the environment; it is the expression of
a genetic potential. Heredity also deter-
mines whether the crab will be active at
high tide or at low tide. This is not to
say, however, that the environment does
not play a significant role in the overt
manifestation of a rhythm. It is the
schedule of the tides on a particular
stretch of coastline that determines the
hour-to-hour settings of the rhythm.
(The relation between a biological clock
and the environment is similar to that
between a pendulum clock and-its own-
er. The rate at which the pendulum
clock runs is determined by the escape-
ment mechanism and the pendulum, but
the owner can set the time to any hour
by moving the hands on the face of the
clock.) Thus a green crab will soon be
active at high tide and a fiddler crab at
low tide even when they are transported
to an unfamiliar beach on a different
ocean.

In the sand high on the beaches of
southern California lives the sand hop-
per Excirolana. At the peak of each high
tide, when the waters flood the habitat
of this tiny isopod, it emerges from the
sand to swim and feed in the breaking
waves. Two or three hours later, when
the tide turns, it burrows into the sand
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and awaits the return of the next flood
tide. James T. Enright of the Scripps
Institution of Oceanography found that
when he kept sand hoppers in a jar of
seawater in constant conditions, they
swam actively during the times corre-
sponding to peak tide and remained in
repose at the bottom of the jar at other
times.

In southern California the tidal pat-
tern changes greatly with the phases of
the moon. Over a single month the tides
change from one crest per lunar day to
two per lunar day. Furthermore, during
the transitions from one tide per day to
two tides and back to one tide the height
of consecutive tidal peaks also changes.
L. A. Klapow, who was then working at
the University of California at San
Diego, showed that the pattern of the
tides at the time sand hoppers were col-
lected was reflected in the form of the
activity rhythm the animals displayed in
the laboratory [see illustration on op-
posite page]. In separate experiments
Klapow and Enright also demonstrated
that it is the pounding waves and the
swirling waters that determine the pat-
tern of the sand hopper’s rhythm.

It therefore seems that inhabitants of
beaches exposed to the open sea have
their activity patterns shaped by the ac-
tion of the surf. Intertidal organisms that
live in protected bays are not normally
exposed to a pounding surf and so we
must look elsewhere for the elements
that help to set their rhythms. The pos-
sibilities are numerous, including peri-
odic inundation and periodic changes in
temperature, hydrostatic pressure, the

chemical composition of the water or the
availability of oxygen. Of all these pos-
sibilities only two have been shown to
play an important role. As a clear-cut
example I shall cite another study of the
green crab by the prolific team of Naylor
and Williams.

One of their most surprising findings
was that the principal feature of the tide,
the periodic inundation of the shore-
line, was not itself an important agent
in synchronizing the locomotor-activity
rhythm to the tides. This fact was dem-
onstrated by bringing crabs into the lab-
oratory and subjecting them for five days
to 6.2 hours of immersion in seawater
followed by 6.2 hours of exposure to air.
The immersion in seawater was timed to
correspond to low tide at the crabs’ home
beach, in effect reversing the animals’
tidal schedule. The temperature of both
the water and the air was held constant
at 19 degrees C. After this treatment the
crabs were placed in actographs, and
their locomotor-activity patterns were
measured for the next three days at the
same constant temperature. The treat-
ment did not rephase the crabs’ rhythm.
The procedure was repeated, but this
time the air temperature was maintained
at a level 11 degrees higher than the
water temperature. Five days of this
treatment did rephase the crabs’ rhythm,
and the change persisted in constant
conditions.

The final version of the same experi-
ment omitted the seawater-immersion
portions of the cycle. Crabs were ex-
posed to air at 13 degrees C. for 6.2
hours and then to air at 24 degrees for

SEALING WAX

PENULTIMATE-HOUR CRABS ARE JOINED parabiotically so that their blood can con-
tinuously mix. Small openings are cut in the dorsal exoskeleton of each crab, and the open-
ings are cemented with sealing wax. The top crab has cast off all its legs through autotomy,
the process by which crabs shed a leg when it is seized by a predator. Before the union the lo-
comotor activity of the top crab was synchronous with the tides. The activity of the bottom
crab was arrhythmic. In experiments with fused crabs no rhythmic locomotor behavior was
found, indicating blood does not contain a chemical messenger that induces such behavior.
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the same length of time. Complete and
persistent synchronization resulted. Re-
cently I have educed the same behavior-
al changes in fiddler crabs and penulti-
mate-hour crabs. It is therefore the drop
in temperature brought by the flood
tides that plays an important role in set-
ting the phase of the crabs’ rhythm.

Hydrostatic pressure is the other en-
vironmental force that is known to syn-
chronize organismic rhythms to local
tides. In one experiment arrhythmic
crabs were exposed for five days to a
cycle of high pressure (1.6 atmospheres)
for 6.2 hours followed by 6.2 hours at
normal sea-level pressure. The crabs re-
sponded with an increase in activity dur-
ing the high-pressure periods, and this
periodicity persisted when the crabs
were kept in constant conditions.

So far we have no firsthand knowledge
of how the living horologe actually
works. In the search for the elusive tim-
ing mechanism, however, several of its
properties have been elucidated.

When rhythms in biological processes
such as oxidative metabolism, photosyn-
thesis and the like were first discovered,
and it was found that these rhythms
would persist without external stimuli,
the controlling clock was thought to be
simply some oscillatory step in the chain
of chemical reactions underlying the
process. As a result early attempts at lo-
cating the clock consisted in dissecting
the chain of relevant reactions in the
hope that the oscillatory segment could
be identified. The rhythmic component
was not found, and subsequent experi-
ments showed that it probably does not
exist. In fact, the clock is now known to
be quite distinct from the process it
makes rhythmic.

One of the many observations leading
to this conclusion was conducted with
the green crab. When the body tempera-
ture of the crab was lowered to 10 de-
grees C., all locomotor activity stopped
for the duration of the chilling. When
the body temperature was allowed to
return to a normal level, activity re-
sumed, and the locomotor rhythm was in
exact phase with that of control crabs
that had not been chilled. Clearly the
crab’s clock had continued to run accu-
rately even when no rhythm was being
expressed. This finding shows that the
clock and the processes it causes to be
rhythmic are separate and must be
joined to each other in such a way that
they can be uncoupled from each other
and recoupled.

The disengagement of the coupling
between the clock and the driven proc-
ess may also be responsible for the even-



tual loss of overt rhythmicity in animals
that are maintained in constant condi-
tions in the laboratory. Speaking some-
what teleologically, when intertidal ani-
mals are taken away from their tidal en-
vironment, there is no longer any pres-
sure for them to maintain a tidal rhythm.
Their life processes are emancipated
from the clock and become arrhythmic.

The validity of the notion of a cou-
pling between a clock and vital proc-
esses is enhanced by the fact that
rhythms once lost by crabs, either in the
laboratory or in nontidal natural habi-
tats, can be reinstated by a single short-
duration stimulus such as being chilled.
Since the treatment provides no infor-
mation about tidal intervals, the sim-
plest interpretation is that the stimulus
recouples the clock, which had contin-
ued to run, to the processes governing
locomotor activity, causing such activity
to become rhythmic again.

As we have seen, the vertical migra-
tion rhythm of the diatom Hantzschia
demonstrates that a biological clock
needs only the level of organization
characteristic of a single cell to express
itself. Two other unicellular organisms
provide even better examples. The ma-
rine dinoflagellate Gonyaulax is known
to simultaneously display different
rhythms in four processes: photosynthe-
sis, luminescence (it glows at night), ir-
ritability and cell division. Five different
rhythms have been detected in the sin-
gle-celled green alga Acetabularia, and
all the rhythms persist even when the
nucleus of the cell has been removed by
microsurgery. There is evidence that in
multicellular plants and animals the
clock is also to be found in single cells.
When organisms are subdivided and the
parts are kept alive in tissue culture, the
cells continue their original rhythm, In-
deed, the plausible place to look for the
living clock is within the single cell,
where one would expect to find it in the
form of some physiochemical entity. In
spite of intensive investigation, however,
neither the clock nor any of its compo-
nents have been located. The search has
nonetheless revealed two unusual as-
pects of the horologe: the rate at which
it runs is almost completely insensitive to
temperature, and the rate also is not af-
fected by a wide variety of potentially
disruptive chemical agents.

In general increasing the temperature
increases the rate at which chemical re-
actions proceed. One would expect that
the living horologe, with its chemical
clockwork, would be accelerated in a
similar way. To test this assumption we
subjected groups of crabs to increasingly
higher constant temperatures in the lab-
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PATTERN OF ACTIVITY OF THE SAND HOPPER (also called the beach flea) found in
the beach sands of southern California is adapted to the peculiarities of the tides of the
region. The tides alternate every month between one peak per lunar day and two peaks per
lunar day. When sand hoppers are kept in constant laboratory conditions, their pattern of
activity (colored curves) tends to mimic the form of last tidal pattern to which they were
exposed (broken curves) rather than the form of the actual tidal pattern (black curves).
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SCIENCE. “SCOPE

A new ultra-lightweight radio for tactical field operations, developed by Hughes,
employs micro-miniaturized circuits including LSI (Large Scale Integration) to
provide high reliability, plug-in modules for easy maintenance, and an AM mode
for compatibility with current military systems., Called the HC-191 Manpack, it
is a version of the AN/PRC-104 single-side-band transceiver Hughes is building
for the U,S. Marine Corps. It has a frequency range of 2 to 30 MHz and 280,000
channels to make enemy jamming difficult., Another significant combat advantage
is its completely silent automatic electronic tuning.

The complete Manpack radio weighs only 12% pounds including a battery pack that
gives 16 hours of service before recharging., With its built-in 8-foot whip an-
tenna, the HC-191 has a range of up to 30 miles in the most difficult jungle or
mountain terrain. For a copy of the HC-191 brochure, write: Marketing Department,
Hughes Aircraft Company, Bldg. 600/C231, P.O. Box 3310, Fullerton, Calif. 92634.

Telephone users in the United Kingdom will benefit from the computer-controlled
FACT-II wiring analyzer system recently delivered to Standard Telephones and Cables,
Ltd., of International Telephone and Telegraph in Northern Ireland. The 68,000-1b,
system can test 34 different products in any of over 5,000 electrical configura-
tions. A special connector developed by Hughes makes it possible to simultaneously
access 25,600 circuit terminations in less than 15 seconds.

FACT-II is an adaptation of the system Hughes originally developed to pinpoint and
troubleshoot electrical problems in aircraft fire-control systems. Hughes has
built 11 FACT systems for European users and scores more for North America, the
Middle East, and Japan,

Laser rangefinders for the U.S., Army's M-1 battle tank are being developed by Hughes
for prototypes by both Chrysler Corp. and General Motors Corp. Following a compet-
itive evaluation in mid-1976, the Army is expected to select a single contractor.
Hughes currently produces laser rangefinders for the Army's M60A2 tank and M551
Sheridan vehicle and is developing a full-solution laser fire control system for

an improved version of the M60Al. A tank with a laser rangefinder can fire far
more quickly and with a much higher first-round hit probability.

Hughes Ground Systems Group needs Senior Systems Programmer/Analysts and Communica-
tion Systems Development Engineers to join the technical staff due to growth of cur-
rent research and development programs. Applicants must have a BS or MS in elec-
trical engineering or computer science and U.S. citizenship. Qualified applicants
should write or send resume to: M., F, Duggins, Hughes Aircraft Company, P.0. Box
3310, Fullerton, CA 92634. An equal opportunity M/F employer.

A solid-state watch module for ladies-size digital watches -- now in production at
Hughes -- contains the equivalent of more than 1,500 transistors. It overcomes the
size limitations of ladies' watches with a unique time-readout that flashes the
hour for about a second, then gives the minutes. The new module supplements the
men's watch modules now made for leading name-brand manufacturers by Hughes, one

of the largest producers for the watch industry.

Creating a new world with electronics
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oratory and observed their rhythms over
periods of several days. Since the period
of an expressed biological rhythm is be-
lieved to closely mimic the driving fre-
quency of the clock, a temperature-in-
duced change in the rhythm is assumed
to indicate a change in the frequency of
the clock. The usual result obtained in
such experiments is that there is no
change in period at all. If any change is
recorded, it is only a fraction of what
one would expect from a chemical sys-
tem,
Attempts to disrupt the rhythms of
vrganisms with chemical substances
such as inhibitors of protein synthesis,
stimulants, metabolic inhibitors and nar-
cotizing agents have proved to be almost
equally futile. Out of hundreds of sub-
stances tested only four—deuterium ox-
ide, ethyl alcohol, valinomycin and lith-
ium ions—have been found to alter the
period of a rhythm. In view of the va-
riety and number of substances screened,
it appears that biological clocks, unlike
most other pacemaker systems in orga-
nisms, are virtually immune to chemical
manipulation.

From a pragmatic point of view these
insensitivities might have been predict-
ed. Certainly one of the most important

attributes of any clock—living or man-
made—is accuracy, and a clock whose
rate of running is altered by changes in
the temperature or chemistry of its en-
vironment would not meet this require-
ment. In fact, if the clock responded to
every change in ambient temperature, it
would not be a clock at all but rather a
thermometer that signaled ambient tem-
peratures by the rate at which it ran.

The accuracy of biological clocks is
even more amazing when one takes into
account the fact that precision must be
maintained during cell division, when
presumably not only the cell but also the
clock is replicated. The ease with which
this replication is accomplished has been
demonstrated in a study of the single-
celled protozoan Paramecium by Audrey
Barnett of the University of Maryland.
In the strain of paramecium she worked
with the sex of each animal changes
from one mating type to another and
back again each day. Barnett placed in
constant darkness eight paramecia whose
clocks had been set to regular day-night
cycles. The cells in the population divid-
ed 2.2 times per day, and at the end of
six days they had given rise to slightly
more than 121,000 cells. On the seventh
day the sex-reversal behavior of the en-

tire population was examined and was
found to be rhythmic. The phase of the
rhythm was close to that of control cells
that had remained under the regular
day-night cycle. Since only the original
eight cells had been subjected to a day-
night cycle, it appears that each of the
original cell clocks had been replicated
time and time again with very little loss
in accuracy. An alternative interpreta-
tion is that each cell contains many
clocks, some of which are replicating
themselves while others are still coupled
to cell processes, causing them to be
rhythmic.

We still know very little about the

mechanism of living horologes in
the tidal zone, and the properties of
clocks that have been elucidated in some
ways compound the problem. The con-
tinued search for such mechanisms is
nonetheless a worthwhile endeavor be-
cause clock-controlled rhythms are
found not only in intertidal organisms
but also throughout the kingdom of life.
One may hope that the continued effort
will eventually lead to discoveries that
will enable us to perceive the fundamen-
tal principle that underlies the opera-
tion of all biological clocks.
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COUPLER that has not yet been identified is believed to join bi-
ological clocks and biological processes. When the coupler is en-
gaged (a), the biological rhythm is expressed. The disengagement
of the coupler (b) may be responsible for the loss of rhythmic be-
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havior of organisms that are kept under constant laboratory condi-
tions. The clock continues to function, however, and when recou-
pling occurs (c), the rhythm takes up not at the point where it left
off but at point that corresponds to “time” determined by the clock.
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A CARTHAGINIAN FORTRESS IN SARDINIA

Before her fatal clash with Rome, Carthage dominated the western

Mediterranean. A strongpoint on Monte Sirai in Sardinia emerges

as part of a network with which she controlled the entire 1sland

arthage is best known as the great
C rival of Rome in the last centuries
of the first millennium B.c. What
is less generally realized is that centuries
before the rise of Rome the Phoenicians

who founded this prosperous African
city-state wrested control of the western

by Sabatino Moscati

Mediterranean from the Greek colonists
of Sicily and southern Italy. At its apo-
gee Carthage held, in addition to its Af-
rican possessions, Malta, part of Sicily,
most of Sardinia, the Balearic Islands
off the east coast of Spain and a number
of outposts on the Spanish mainland. So

great was the naval power of Carthage
that in 509 B.c. the young Roman repub-
lic was glad to join the Carthaginians in
an agreement whereby the western Med-
iterranean was left to the Carthaginians
to exploit.

Sardinia at that time was a rich island:

ENTRANCE TO ACROPOLIS is dominated by the foundations
(center) of the great tower that was built at the highest point on
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Monte Sirai. Rectangular in plan, the Carthaginian tower stood
on the site of a prehistoric Sardinian nuraghe, or circular tower.



it was a major granary and an important
source of ores. It has been traditional to
think of the Phoenicians and Carthagini-
ans as being primarily men of commerce,
mercantile voyagers whose interests sel-
dom extended beyond the harbors where
their trading posts were established. The
recent discovery of a Carthaginian mili-
tary stronghold in southwestern Sar-
dinia, however, has set in motion ar-
chaeological investigations that have
painted a quite different picture. It is
now increasingly evident that not just a
few coastal towns but the entire island
was under active Carthaginian control
during the centuries preceding the Punic
Wars between Carthage and Rome.

The Carthaginian site, Monte Sirai,
has now been intensively studied for
four years. It was discovered in 1962
when a youth from the nearby town of
Carbonia went mushroom-hunting in the
underbrush that covers the flat summit
of the 200-meter hill. To his surprise he
came on a weathered slab of stone that
bore the figure of a woman carved in re-
lief. His find was reported to the Cagliari
superintendent of antiquities, Gennaro
Pesce, who sent his inspector, Ferruccio
Barreca, to investigate the site. Barreca’s
reconnaissance revealed the outlines of a
small fortress settlement on the hilltop,
and the Department of Antiquities asked
my institution, the Institute of Near
Eastern Studies at the University of
Rome, to collaborate in a series of joint
excavations. Superintendent Pesce and I
undertook the general direction of the
project; the excavations were conduct-
ed by Barreca, who has now succeeded
Pesce as superintendent at Cagliari.

he fieldwork at Monte Sirai is now all

but complete, although the restora-
tion and cataloguing of the materials un-
earthed there are still in progress. The
site has proved to be an important one
for several reasons. First, although it lies
only a few kilometers inland (and quite
near the little island of St. Antiochus,
the site of the ancient Carthaginian town
of Sulcis), Monte Sirai was plainly in-
tended as a stronghold to control travel
by land from the southwest coast into the
interior of Sardinia, in particular the rich
plain of Campidano. Almost all the other
known Carthaginian and Phoenician set-
tlements on Sardinia were located at
coastal sites; like similar settlements else-
where in the region, they functioned as
entrepts: combined warehouses and
trading posts connecting the sea routes
used by trading vessels. The command-
ing position of Monte Sirai with respect
to land travel thus raised a question of
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TOP OF MONTE SIRAI was divided into several walled enclosures. Within the acropolis,
which was dominated by the rectangular tower, were numerous buildings arranged along
streets. Within the necropolis were underground burial chambers and stelae, shafts erected
as monuments to the dead. Outside the walls three defensive outposts have been found.

considerable historical importance: To
what extent did Carthage control the in-
terior of Sardinia during the centuries
preceding the wars with Rome?

Unlike stony Corsica to the north, fer-
tile Sardinia had supported a substan-
tial population during the Bronze Age
(which in the western Mediterranean
roughly spanned the whole of the sec-
ond millennium B.c.). Persuasive evi-
dence pointing toward this fact is the
large number of nuraghi, defensive tow-
ers built of rough-hewn stone on a circu-
lar plan, usually some 10 meters in di-
ameter, that are found on the island [see
“The Proto-Castles of Sardinia,” by Gio-
vanni Lilliu; ScientiFic AMERICAN, De-
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cember, 1959]. Some 6,000 nuraghi have
been identified on Sardinia, the ruins of
a number of them still rising 10 meters
or more above the ground; they bespcak
a troubled period when the inhabitants
believed local strongpoints were at least
desirable and perhaps even essential to
survival. Even in the time of the nuraghi
the strategic position of Monte Sirai must
have been realized; the nucleus of the
later Carthaginian fortress, a massive
rectangular tower, was built on the
foundations of one such round tower.
The tower rose within an acropolis,
the highest and most heavily fortified
part of the Carthaginian outpost. Before
I take up the various components of the
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WESTERN MEDITERRANEAN ABOUT 500 B.c. was an arena of conflict pitting various
Greek communities on Sicily and in southern Italy against the Carthaginians, who held
much of Sardinia and Sicily and had a foothold in the Balearic Islands and in Spain. At
this time Rome, although only one of several independent states in Italy, was on the rise.

settlement and the artifacts uncovered in
each of them, let me present a general
sketch of the hilltop fortress. To begin
with, the level ground at the top of
Monte Sirai was entirely enclosed by a
massive stone wall that rose from the
bedrock. To the west, north and east the
wall ran parallel to the steep edge of the
hilltop; to the south the wall ran along a
gentler slope that gives easier access to
the summit [see illustration on preced-
ing page]. Defensive posts were dis-
tributed outside the perimeter wall; the
remains of several small towers have
been found on the hillside.

The acropolis stood on the south side
of the hilltop, enclosed partly by the
perimeter wall and partly by a wall of its
own. At the north end of this oblong en-
closure was a gate flanked by two small
towers, and just within the gate rose the
large rectangular tower whose founda-
tions incorporated the nuraghe. In a de-
pression north of the acropolis, enclosed
in part by the perimeter wall and in part
by its own inner bounds, was a necropo-
lis where the settlement’s tombs had
been cut into the bedrock. Just north-
west of the necropolis stood the settle-
ment’s temple and in close association
with it the open-air tophet, or burning
ground, that was a fixture of Phoenician
religious ritual. The rest of the fortified
enclosure on the hilltop was at least 20
times larger than the acropolis and oc-
cupied the remainder of the hilltop;
in this parklike area only two building
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foundations have been excavated, al-
though traces of others are apparent.

The rectangular tower is only one of
the structures within the acropolis.
Roughly parallel rows of modest but
readily identifiable foundations that ex-
tend southward from the tower seem to
have been separated by streets that are
not yet traced in detail. The foundations
probably represent living quarters re-
served for the officers of the garrison and
their families. It was the Carthaginian
tradition to hire mercenary soldiers and
sailors but to place them under Car-
thaginian officers. Both the mercenaries
stationed at Monte Sirai and whatever
native Sardinians were employed by the
garrison would presumably have been
housed outside the acropolis, and except
when they were on duty, they may have
preferred the advantages of town life in
nearby Sulcis.

The acropolis tower shows the traces
of successive architectural additions.
One of these is a sacellum, or small sanc-
tuary. Excavation of the sanctuary court-
yard has yielded a number of votive ob-
jects. Perhaps the most important is a
female figure sculptured in stone; stone
sculpture is rare in Carthaginian art. The
body of the figure was blocked out
roughly; the torso is legless and the arms
are spindly. The head, however, was
carefully rendered. The dangling curls
are stylized, and so are the ears, which
are répresented as concentric circles.
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The overall style suggests direct contact
with Near Eastern sculptural traditions.

Another rare object from the tower
sanctuary is a representation of a man’s
face in the form of a mask. The hair is
rendered in stylized curls, and the long,
narrow beard is marked by a vertical
groove [see illustration on page 84].
Nothing like this sculpture has been
found in Sardinia before, although two
similar masks are known: one from Car-
thage and one from Utica, another Phoe-
nician colony in Africa. It has been sug-
gested that the Monte Sirai mask was
an import from Africa. The elegance and
fine craftsmanship of the mask do not,
however, preclude its having been made
in Sardinia and even by native Sardini-
ans. The Carthaginian art traditions
were strong enough to make it difficult
to draw a distinction between articles
produced in one or another sector of the
Carthaginian sphere of influence. More-
over, as a number of other finds at Monte
Sirai attest, the level of local workman-
ship was high.

An example is provided by three small
bronze figures unearthed at the site. The
Sardinians began to make bronze statu-
ettes during the eighth century B.c., that
is, at about the same time the first Phoe-
nician entrepdts were established on the
island, Thus it seems probable that,
whereas Sardinian work in bronze even-
tually evolved independently, the Phoe-
nicians and their Carthaginian successors
must have exercised some influence on
the rise of the technology. This influ-
ence appears to be what we see in the
Monte Sirai bronzes. One is a small quad-
ruped mounted on a ring; another is a
seated musician playing a lyre. The most
elaborate of the three is a figure, also
seated, pouring from a pitcher held in
his left hand into a cup held in his right
hand [see bottom illustration on page
85]. Stylistically all three figures are cer-
tainly connected with art traditions that
flourished in Phoenicia and neighboring
Near Eastern areas during that period.
Nothing, however, precludes their hav-
ing been manufactured by native Sar-
dinian bronzesmiths.

Several of the underground tombs in
the necropolis are quite well preserved;
in architecture they follow the Phoe-
nician and Carthaginian tradition. A
dromos, or corridor, leads down to an
entrance that in most cases is sealed off
with a slab of stone. The rock-hewn
room within the entrance is square or
rectangular, with the recesses that
served as beds for the dead cut into the
tomb walls. Although the architectural
tradition is imported, local touches (not



to say misunderstandings) are evident.
Consider one of the Monte Sirai tombs
where the masons left a pillar of bedrock
standing in the center of the tomb cham-
ber. Cut in bold relief on the pillar is the
sign of Tanith, a common Carthaginian
religious symbol consisting of a circle
resting on a horizontal bar that is bal-
anced on the apex of a triangle. The Sar-
dinian mason who was commissioned to
execute the symbol at Monte Sirai knew
the components of the sign but evidently
did not understand their meaning: he
put the circle at the bottom and the tri-
angle at the top.

Evidence in the form of fresh chisel
marks indicated that recent tomb
robbers removed a relief sculpture from
this same chamber. Fortunately the sto-
len work was quickly recovered. It is a
human head, so extremely stylized that
it most closely resembles a tall inverted
triangle. Most of the facial details ap-
pear in negative relief. The eyes are
mere slits; the nose is defined by a pair
of deep gouges and the mouth by a
wider gash. The stone bears traces of red
coloring. Although the sculpture is stylis-
tically related to other representations of
female heads found at Monte Sirai, it is
strikingly individualistic in its appear-
ance [see illustration on cover of this
issue].

The burial chambers yielded a num-
ber of pottery vases, some still intact,
made in shapes characteristic of Phoeni-
cian and Carthaginian ware. The necks
of some vases are decorated with boldly
modeled relief representations of animal
and human heads. Also found in the
tombs were amulets made of glass paste
and scarabs. (The Phoenicians bowed to
Egyptian suzerainty more than a few
times during their long history.) One of
the scarabs depicts the figure of a war-
rior in an attitude that seems to have
been derived from the Greek artistic tra-
dition.

Just northeast of the necropolis stood
the temple, a rectangular structure ‘with
several rooms, The chief feature of the
innermost room, which was perhaps the
most sacred, was an oven where the ex-
cavators found ashes and fragments of
bone. The oven had originally been rec-
tangular, but successive rebuildings had
altered the plan to a circular one. This
alteration I take to be the result of the
Carthaginian settlers’ eventually being
replaced by the local Sardinians; it is an
exact reversal of the sequence at the
tower, where a circular Sardinian nu-
raghe served as the foundation of the
rectangular Carthaginian structure.

Among the artifacts recovered in the
temple area was a male figurine modeled
in terra-cotta. The body of the figurine,
only partially preserved, is cylindrical at
the top and bell-shaped at the bottom.
The facial features include rounded,
bulging eyes, protruding lips and a
prominent pointed beard. Figurines of
this type are known from both Phoenicia

and Cyprus; once more it is evident that
there were direct ties between the art of
Monte Sirai and the art of the Near East.

As I have noted, the tophet, the open-
air burning ground where human sacri
fices were made to the gods, is directly
attached to the temple at Monte Sirai.
The juxtaposition is unique; up to now
no such association has been found at
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a Carthaginian site. Moreover, the ash-
filled oven within the temple indicates
that human sacrifices were performed
not only on open-air altars, as they were
at other Carthaginian tophets, but also
inside a religious building. Buried in the
precincts of the tophet were urns con-
taining the bones of the sacrificed. They
are all the bones of children. A number of
sculptured stelae, or stone pillars, that
recorded the sacrifices also came to light.
Similar evidence of sacrifices is usually
found within this kind of sacred enclo-
sure; indeed, the number of sacrifices at
Monte Sirai seems to have been lower
than usual. This can be understood if we
take into consideration the fact that
Monte Sirai was a fortress and not a

town.

Most of the stelae bear the same de-
sign, beginning at the top with an Egyp-
tian motif: a frieze of uraei, or cobralike
Egyptian asps, above a winged disk of

the sun. Supporting this sculpture is a
pair of pillars, their capitals decorated
with spirals, and standing between the
pillars is a female figure dressed in a
long, plain garment, staring straight
ahead, her folded arms cradling a large
disk against her breast. The design is an
almost exact imitation of the one found
on stelae at the nearby settlement of
Sulcis; the parallel adds weight to the
assumption that it was from this trade
center, first Phoenician and later Car-
thaginian, that the garrison of Monte
Sirai was drawn.

ther stelae, however, are consider-

ably more simplified and probably
represent the work of local craftsmen.
The niche in which the figure stands
loses its surrounding decorations or dis-
appears altogether. For example, one of
these stelae has no niche at all. The fig-
ure of the woman, carved in relief, is ex-

TERRA-COTTA MASK representing a bearded man shows the head covered with a series
of stylized curls. Masks like this one have been found both at Carthage and at nearby Utica.
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tremely stylized, and rather than clasp-
ing a disk she is apparently supporting a
child on her hip. At first the simple de-
sign was thought to be a crude repre-
sentation of the act of offering a child for
sacrifice. In my opinion it more likely
represents a common art motif borrowed
from the Greek world: a woman holding
an infant in her arms.

So far, although I have mentioned
early Phoenician influences and later
Carthaginian ones at Monte Sirai, I have
not put the findings at the site in any
precise chronological framework. Stra-
tigraphy and pottery show that it was
first garrisoned by the people who set-
tled Sulcis in the seventh century B.c.
Therefore the initial occupation would
have been Phoenician; the Carthaginians
did not replace their Near Eastern pred-
ecessors in Sardinia for another century
or so. Some centuries later, at the con-
clusion of the Second Punic War (218-
201 B.c.), Rome formally took possession
of Sardinia after having had effective
control of the island for some 40 years.
There is evidence at Monte Sirai that the
hilltop stronghold was briefly occupied
by a Roman garrison before it was finally
abandoned, probably during the first
century B.C.

In summary, Monte Sirai during the
centuries before the Punic Wars was the
seat of a Carthaginian garrison that con-
trolled roads giving the Carthaginians
access to the interior of Sardinia. At the
same time the fortress acted as a defen-
sive outpost guarding the coastal entre-
pot of Sulcis. As we have seen, the ex-
istence of such an inland garrison has
naturally raised questions about the ex-
tent and character of Carthaginian rule
in Sardinia. The series of archaeological
reconnaissances and soundings under-
taken in order to find answers to these
questions has proved enlightening.

To begin in the vicinity of Sulcis, it
appears that Monte Sirai was by no
means the only Carthaginian fortress in
the interior of southwestern Sardinia.
There were others at Monte Crobu,
Corona Arrubia and Pani Loriga; more-
over, the military settlements were all
much the same in size and layout. A sys-
tematic campaign of excavation has been
started at Pani Loriga, and already it
seems reasonable to say that the Car-
thaginians maintained a well-organized
network of military garrisons in this part
of the island.

It has also been possible to trace a
line of fortresses in the mountains in-
land. The Carthaginians maintained de-
fensive positions at San Simeone di Bo-
norva, Sedilo, Neoneli, Fordongianus,
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PAIR OF STELAE erected in the tophet, or burning ground, on
Monte Sirai to commemorate sacrifices exemplify the contrast
between Carthaginian design and native Sardinian art. The woman
cradling a disk in her arms (left) stands under a frieze made up of
Egyptian motifs: a row of snakes’ heads above a winged disk of

the sun. This traditional design is also found on stelae at Sulcis, a
nearby Carthaginian trading settlement. The other stele (right)
shows a much simpler figure of a woman; stylized rectangle at her
side evidently represents a child resting on her hip. The iconogra-
phy is probably that of a Greek art theme: mother with child.

THREE BRONZE FIGURES found in a small sanctuary attached
to the acropolis tower are (from left) a seated lyre player, the
image of an unidentified quadruped mounted on a ring and an-
other human figure filling a cup from a pitcher. The Sardinians

knew the art of bronzesmithing by the time the first Phoenicians
visited the island, so that native metallurgists may well have cast
the three figures. Stylistically, however, all three represent a Near
Eastern art tradition that implies foreign supervision of the work.
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Genoni and Ballao [see illustration on
page 83]. Like the fortresses near Sulcis,
these outposts have features in common
with Monte Sirai. All are built on hills
with a flat summit, are enclosed by a
wall and have an acropolis and a tower
at the highest point of the summit. More-
over, each location commands an adja-
cent valley and a fordable stretch of riv-
er. The six mountain-chain sites were
evidently established between the fifth
century B.c. and the time during the
third century when the First Punic War
began (265 B.c.).

Concurrently with the reconnaissance
of the Sardinian interior a reevaluation
has been made of the Carthaginian pres-
ence along the west coast of the island.
There a number of Carthaginian centers
had long been recognized, but the entre-

pdts had appeared to be isolated from
one another. Now other Carthaginian
buildings and harbor works have been
found from the city of Bithia northward.
They are present at Cape Malfatano and
Cape Teulada. Newly identified Car-
thaginian ruins in the Sulcis area include
buildings on the island of San Pietro, in
the vicinity of Porto Botte and at Porto
Pino Bay, where a wide canal runs in-
land from the sea. Farther north, in the
Iglesias region, ruins that are apparently
of Phoenician origin have been found at
Cape Frasca. When we add to this list
the Carthaginian cities already known
along the west coast of Sardinia, such
as Tharros and Bosa, and the others
brought to light by earlier reconnais-
sances in the vicinity of Alghero Bay and
in the Sassari region, we can only con-

SIGN OF TANITH, a common Carthaginian religious symbol, was carved in relief on one
of the pillars left standing in an underground burial chamber in the Monte Sirai necropolis.
The carving appears to have been made by a native Sardinian unfamiliar with the foreign
garrison’s religious traditions: the circle, which is normally the uppermost element in the

sign, was placed at the bottom and the triangle, normally at the bottom, was at the top.
&
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clude that the Carthaginians once col-
onized all western Sardinia.
If this can be said for the west and the

interior of Sardinia, what about the east- |

ern part of the island? At Cape Carbo-
nara the remains of Carthaginian water-
front construction have emerged. Far-
ther north, at Villaputzu and San Gio-
vanni di Sarala, well-preserved walls of
Carthaginian buildings have been locat-
ed. From the Colostrai Valley comes a
milestone engraved with Carthaginian
characters, and the ruins of a settlement
with important architectural remains
have been discovered at Cala Gonone. A
famous Carthaginian entrepdt, Olbia, is
the northernmost settlement now known
on the island’s east coast. When all these
traces are taken together, a pattern of
settlement emerges that, although it is
not to be compared to the more numer-
ous settlements along the west coast, is
nevertheless impressive.

The answer to our question, then, is

generally as follows. Starting from
modest Phoenician coastal posts estab-
lished in the ninth and eighth centuries
B.C., the Carthaginians came to control
the entire island of Sardinia by the
fourth century B.c. The extent of Car-
thaginian influence around the Tyrrhe-
nian Sea is independently indicated by
the discovery at the site of Pyrgi, on the
west coast of the Italian peninsula, of the
famous gold plates made for Thefarie
Velianas, the ruler of Etruscan Caere,
about 500 B.c. The long inscription on
the plates is written as a double text
in Etruscan and Phoenician characters.
Both the findings at Monte Sirai and the
further archaeological work in Sardinia
they inspired enable us to paint a much
more detailed picture of circumstances
in Sardinia preceding the fateful clash
between Carthage and Rome.

The significance of these recent dis-
coveries in terms of political history
must not, however, be allowed to over-
shadow their equal importance in terms
of art history and the history of civiliza-
tion. The contact between the Phoeni-
cians and Carthaginians on the one hand
and the indigenous population of Sar-
dinia on the other gave rise to a striking
folk art; the Phoenician contact in par-
ticular left a legacy of Near Eastern art
motifs that could not have been im-
agined by any scholar of ancient Italian
art only a few years ago. The events that
excluded the Greeks from this corner
of the Mediterranean made Sardinia
unique as the only part of what is now
Italy where the culture and civilization
of Greece did not overwhelm all that had
existed earlier.
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Alfred Wegener
and the Hypothesis of Continental Drift

Sixty years ago a German scientist argued that the continents move,

and he proposed a history of their migrations. The validity of his

theory was not recognized until new evidence emerged in the 1960°s

r I Yhe jigsaw-puzzle fit of the coast-
lines on each side of the Atlantic
Ocean must have been noticed al-

most as soon as the first reliable maps
of the New World were prepared. The
complementary shapes of the continents
soon provoked speculation about their
origin and history, and a number of early
theories suggested that the shapes were
not the product of mere coincidence. In
1620 Francis Bacon called attention to
the similarities of the continental out-
lines, although he did not go on to sug-
gest that they might once have formed a
unified land mass. In the succeeding
centuries several other proposals at-
tempted to account for the correspon-
dence, usually as a result of some postu-
lated catastrophe, such as the sinking of
the mythical Atlantis. The first to suggest
that the continents had actually moved
across the surface of the earth was An-
tonio Snider-Pellegrini in 1858, but he
too attributed the event to a supernatural
agency: the Great Flood. Today, of
course, the migration of the continents is
an essential feature of the theory of the
earth’s structure that is all but universal-
ly accepted by geologists.

Of the various hypotheses that pre-
ceded the modern theory of plate tec-
tonics, one version stands out: the one
propounded by Alfred Wegener in the
early years of the 20th century. Wegener
had access to only a small part of the in-
formation available today, yet his theory
anticipates much that is now fundamen-
tal to our conception of the earth, includ-
ing not only the movement of the conti-
nents but also the wandering of the
poles, with consequent changes in cli-
mate, and the significance of the distri-
bution of ancient plants and animals.
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by A. Hallam

There are also parts of his work that
have turned out to be wrong, but the
most important points in his arguments
have been substantiated. His hypothesis
stands not merely as a forerunner of the
concept that now prevails but as its true
ancestor.

Wegener first presented his ideas to

the scientific community in 1912,
but it was not until 50 years later that
they gained general currency. When his
view of the earth did replace the older
model (in the 1960’s), the change repre-
sented a radical revision of a well-estab-
lished doctrine, and it took place only
because new evidence, derived from dis-
coveries in geophysics and oceanogra-
phy, compelled it. In the interim Wege-
ner’s theory had at best been neglected,
and it had often been scorned. At the
nadir proponents of continental drift
were dismissed contemptuously as
cranks. To understand that reaction we
must examine both Wegener’s work and
the attitudes of his contemporaries. Did
Wegener derive his conclusions from re-
liable evidence, and did he support them
with coherent argument? Or did he
merely guess, and happen to guess cor-
rectly? If his reasoning was plausible,
why was his work opposed with such de-
termination and persistence? I shall at-
tempt to answer questions such as these,
and in addition to gauge what kind of

man Wegener was and to estimate his
rank as a scientist.

Wegener had no credentials as a ge-
ologist. Born in Berlin in 1880, the son
of an evangelical minister, he studied
at the universities of Heidelberg, Inns-
bruck and Berlin and took his doctorate
in astronomy. (His most useful accom-
plishment in the field of his degree was
a paper on the Alphonsine tables of
planetary motion.) From his early days
as a student he had cherished an am-
bition to explore in Greenland, and he
had also become fascinated by the com-
paratively new science of meteorology.
In preparation for expeditions to the
Arctic he undertook a program of long
walks and learned to skate and ski; in the
pursuit of his other avocation he mas-
tered the use of kites and balloons for
making weather observations. He was so
successful as a balloonist that in 1906,
with his brother Kurt, he established a
world record with an uninterrupted
flight of 52 hours.

Wegener’s preparations were re-
warded when he was selected as meteo-
rologist to a Danish expedition to north-
eastern Greenland. On his return to Ger-
many he accepted a junior teaching po-
sition in meteorology at the University of
Marburg and within a few years had
written an important text on the thermo-
dynamics of the atmosphere. A second
expedition to Greenland, with J. P. Koch

ANCIENT SUPERCONTINENT incorporated all the earth’s large land masses. Wegener’s
reconstruction of the supercontinent, which he called Pangaea, is shown in the middle
illustration on the opposite page. A more recent version, shown at the bottom, differs in
details of placement and orientation but preserves the major features of Wegener’s pro-
posal. Both maps are based not on the coastlines of the continents but on the edges of the
continental shelves. For comparison a map of the world as it appears today is shown at top.
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ALFRED WEGENER was by profession a meteorologist; he also participated in three
exploratory expeditions to Greenland. In geology and geophysics he was virtually without
credentials; nevertheless, it was through his work in these fields that he made his most
significant contribution. This drawing of him is based on a photograph made in the 1920’s.

of Denmark, followed in 1912. It in-
cluded the longest crossing of the ice cap
ever undertaken; the published glacio-
logical and meteorological findings fill
many volumes.

In 1913 Wegener married Else Kop-
pen, the daughter of the meteorologist
Wladimir Peter Koppen. After World
War I (in which Wegener served as a
junior officer) he succeeded his father-
in-law as director of the Meteorological
Research Department of the Marine
Observatory at Hamburg. In 1924 he ac-
cepted a chair of meteorology and geo-
physics at the University of Graz in
Austria, where he found that his col-
leagues were more sympathetic to his
research interests than his colleagues in
Hamburg had been.

Wegener died while leading a third
expedition to Greenland in 1930, prob-
ably as a result of a heart attack induced
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by overexertion. His laudatory obituaries
suggest that he had achieved considera-
ble distinction both as a meteorologist
and as an Arctic explorer; other sources
suggest that in addition he had been a
capable organizer and administrator and
alucid and stimulating teacher. His work
on continental drift, which will surely be
his permanent legacy, had remained a
peripheral interest, albeit one that had
absorbed him deeply.

Just how Wegener first conceived the
idea that the continents could move
is not certain. One unauthenticated ac-
count has it that he was inspired during
a trip to Greenland while watching the
calving of glacier ice (the process by
which icebergs are born). From his own
writings and those of his contemporaries,
however, it seems more likely that he
came to the theory in the same way that
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his predecessors had: by noting on a map
the complementarity of the Atlantic
coastlines. By Wegener’s own account
the notion first occurred to him in 1910,
but a contemporary who knew Wegener
as a student maintains that he had shown
interest in the matter as early as 1903.
Whether the idea had been maturing for
a decade or for only two years, it was first
presented publicly in January, 1912, in a
lecture before the German Geological
Association in Frankfurt am Main. The
first published reports appeared later
that year in two German journals.

The prevailing theory of the structure
and evolution of the earth in 1912 could
not accommodate drifting continents.
Geologists and geophysicists then be-
lieved that the earth had been formed in
a molten state and that it was still so-
lidifying and contracting. During the
process the heavy elements, such as iron,
had sunk to the core and lighter ones,
such as silicon and aluminum, had risen
to the surface to form a rigid crust.

To most geologists of the time the
model seemed quite successful in ac-
counting for the more prominent fea-
tures of the earth’s surface. Mountain
ranges were produced by compression of
the surface during contraction, much as
wrinkles develop in the skin of a drying,
shrinking apple. On a larger scale the
pressure generated by contraction, ap-
plied through great arches, caused some
regions of the surface to collapse and
subside, creating the ocean basins, while
other areas remained emergent as conti-
nents. Vertical movements of the crust
were considered entirely plausible, al-
though movements parallel to the sur-
face were excluded. Thus the continents
and the ocean basins were in the long
run interchangeable; some continental
areas sank faster than the adjacent land
and were inundated by the sea; at the
same time parts of the ocean floor
emerged to form dry land.

The similarity or identity of numerous
fossil plants and animals on distant conti-
nents was explained by postulating land
bridges that had once connected the land
masses but had since sunk to the level of
the ocean floor. The stratification of sedi-
mentary deposits suggested successive
marine transgressions onto the continents
and regressions from them. The regres-
sions could be attributed to the sub-
sidence of the ocean basins and the trans-
gressions to the partial filling of the
basins with sediment eroded from the
continents. At about the time Wegener
was devising his hypothesis of conti-
nental drift a refinement of the tradi-
tional view was proposed in which the



vertical movements of the crust are gov-
erned by isostasy: the concept that all
elements of the system are in hydro-
dynamic equilibrium. Thus the conti-
nents, being less dense than the layer un-
der them, float above the ocean floor.

Wegener detected a number of flaws
and contradictions in the contract-
ing-earth model. Moreover, many dis-
tinctive features of the earth’s surface
could not be explained at all by that
model, unless they were to be considered
the result of coincidence. The most obvi-
ous of these features is the correspon-
dence between the Atlantic coasts of
Africa and South America. (In plotting
the correspondence Wegener employed
not the coastline itself but the edge of
the continental shelf, which is a more
meaningful boundary. The same practice
is followed in modern reconstructions.)
Another anomaly is the distribution of
mountain ranges, which are mainly con-
fined to narrow, curvilinear belts; if they
had been produced by the contraction of
the globe, they should have been spread
uniformly over the surface, as the
wrinkles on a dried apple are.

Still another peculiarity was discov-
ered in a statistical analysis of the earth’s
topography. From calculations of the
total area of the earth’s surface at each of
many land elevations and ocean depths,
Wegener found that a large fraction of
the earth’s crust is at two distinct levels.
One corresponds to the surface of the
continents, the other to the abyssal sea
floor [see illustrations on pages 94 and
95]. Such a distribution would be ex-
pected in a crust made up of two layers,
the upper one consisting of lighter rock,
such as granite, and the substratum con-
sisting of basalt, gabbro or peridotite,
which would also form the ocean floor.
This interpretation is supported by
measurements of local variations in the
earth’s gravity. It is not consistent with a
model of the crust in which variations in
elevation are the result of random uplift
and subsidence; in that case one would
expect a Gaussian, or bell-shaped, distri-
bution of elevations around a single me-
dian level.

Wegener also found support for his
arguments in fossils and distinctive geo-
logical features that seemed to cross
continental boundaries. In the fossil
record an excellent example is provided
by the reptiles. Fossils of Mesosaurus, a
small reptile that lived late in the Paleo-
zoic era, about 270 million years ago, are
found in Brazil and in South Africa and
nowhere else in the world [see “Conti-
nental Drift and the Fossil Record,” by

A. Hallam; ScientiFic AMERICAN, No-
vember, 1972]. The peculiar distribution
was traditionally explained by the sink-
ing of a land bridge that was assumed to
have connected the continents. On geo-
physical grounds Wegener rejected this
explanation; it violated the principle of

isostasy, since the material of the bridge
would be less dense than that of the sea
floor and could not sink into it. The only
reasonable alternative was that the con-
tinents had once been joined and had
since drifted apart.

The geological evidence is of a similar
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THEORY OF THE EARTH’S STRUCTURE held by most geologists at the beginning of
the 20th century was challenged by Wegener. In the traditional view (a) the continents
were fixed in place and lateral movement was impossible. Vertical motion of the crust, as
in the sinking of land bridges, was allowed in some versions of the theory but objected to
in others as a violation of the principle of isostasy, which holds that the continents float in
hydrodynamic equilibrium on a substratum of denser material. In Wegener’s hypothesis
(b) the continents migrate through the substratum, which acts as a viscous fluid. He sug-
gested that they were propelled by forces related to the earth’s rotation, but that idea was
soon discredited. In the modern theory (c) the continents are carried as passengers on large
rigid plates. The plates are forced apart where material wells up to form new sea floor.
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nature. For example, large blocks of par-
ticularly ancient rock are found both in
Africa and across the Atlantic in South
America; if the continents are brought
together in the proper orientation, the
blocks line up precisely [see illustration
on opposite page]. Wegener himself rec-
ognized and described the power of this
discovery: “It is just as if we were to refit
the torn pieces of a newspaper by match-
ing their edges, then check whether or

BREAKUP OF PANGAEA and the formation of the modern conti-
nents were described by Wegener in two stages. In his account all
the continents remained contiguous as late as the Eocene epoch,
about 50 million years ago (upper map). Even in the early Quater-
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not the lines of print run smoothly across.
If they do, there is nothing left but to
conclude that the pieces were in fact
joined this way. If only one line was
available for the test, we would still have
found a high probability for the ac-
curacy of fit, but if we have n lines, this
probability is raised to the nth power.”
One further line of evidence on which
Wegener relied should be mentioned.
Geodetic observations made early in the
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20th century seemed to indicate that
Greenland was moving westward, sepa-
rating from Europe at a measurable rate.
Such a movement might constitute a
direct validation of continental drift, but
it has not been confirmed in recent
measurements employing more accurate
techniques.

In order to resolve these contradic-
tions Wegener formulated a compre-
hensive theory of the origin of the conti-
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nary period, about two million years ago, South America and Ant-
arctica were connected by an isthmus (lower map). Modern work-
ers have considerably revised Wegener’s sequence and his dating
of events. The breakup actually began about 200 million years ago.



nents. In his reconstruction of earth his-
tory all the world’s land area was origi-
nally united in a single primordial super-
continent, which he named Pangaea
from the Greek meaning “all land” [see
illustration on page 89]. He published
his conclusions and evidence in 1915 in
a book titled Die Entstehung der Konti-
nente und Ozeane (The Origin of Conti-
nents and Oceans).

The geophysical basis of Wegener’s
theory was closely related to the prin-
ciple of isostasy. Both assume that the
substratum underlying the continents
acts as a highly viscous fluid; Wegener
assumed further that if a land mass could
move vertically through this fluid, it
should also be able to move horizontally,
provided only that a sufficiently power-
ful motive force was supplied. As evi-
dence that such forces exist he cited the
horizontal compression of folded strata
in mountain ranges. There is also elegant
evidence of the fluid nature of the under-
lying material: the earth is an oblate
sphere, bulging slightly at the Equator,
and the size of the bulge is exactly what
would be expected for a sphere of a per-
fect fluid spinning at the same rate. Itis a
fluid of a special nature. Under short-
term stresses, such as those of an earth-
quake, it acts as an elastic solid; only
over the much longer periods of geologic
time can its fluid characteristics be ob-
served. Its behavior is analogous to that
of pitch, a material that shatters under a
hammer blow but flows plastically under
its own weight, that is, under the milder
but persistently imposed force of gravity.

After World War I Wegener merged
his two principal research interests by
investigating, with K6ppen, changes in
world climate through geologic time. By
mapping the distribution of certain kinds
of sedimentary rock he was able to infer
the position of the poles and the Equator
in ancient times. His most impressive re-
sults were obtained for the Carbonifer-
ous and Permian periods, about 300 mil-
lion years ago [see illustration on page
96]. The position of the South Pole was
determined from the disposition of
boulder beds called tillites, which are
formed during the movements of gla-
ciers. In Wegener’s reconstruction of
Pangaea the pole was just east of what is
today South Africa and within ancient
Antarctica.

Ninety degrees from the pole Wegener
found abundant evidence of a humid
equatorial zone. The evidence consists
of the vast deposits of coal that stretch
from the eastern U.S. to China; fossil
plants identifiable within the coals are
of a tropical type. Other climatic indi-

GEOLOGICAL EVIDENCE that the continents once formed a single land mass is provided
by distinctive rock formations that can be assembled into continuous belts when Africa
and South America are lined up next to each other. Areas shown in dark gray are ancient
blocks called cratons; light gray areas represent regions of somewhat younger rock. Wege-
ner considered continuities such as these good evidence for the continental-drift hypothesis.

cators in sedimentary rock are salt and
wind-deposited sand, which suggest the
presence of ancient deserts. In the past,
as today, deserts were formed mainly in
the trade-wind belts on each side of the
Equator. In the present Northern Hemi-
sphere the Carboniferous coals are re-
placed in more recent strata by salt and
sand-dune deposits that Wegener in-
terpreted as signifying a southeastward
shift in the position of the Equator. The
movement was confirmed by a corre-
sponding southeastward shift in the main
center of tillite deposits, implying that
the pole also shifted in that direction.

The last edition of The Origin of Con-
tinents and Oceans devoted a chapter to
ancient climate and contained an ex-
tensive discussion of the wandering of
the poles. Polar movement is a phe-
nomenon quite distinct from continental
drift, but unless the continents are re-
assembled more or less as Wegener pro-
posed, the distribution of tillites and coal
and salt deposits cannot be interpreted
coherently.

The last edition also contains more ex-
tensive documentation than the earlier
ones of similarities in the geology of the
southern continents, the outcome of a
productive exchange of ideas between
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Wegener and the South African geolo-
gist Alexander L. du Toit. The essential
geophysical arguments, however, remain
remarkably similar to those proposed in
Wegener’s first paper, written almost
two decades earlier.

he initial reaction of the scientific

community to Wegener’s hypothesis
was not uniformly hostile, but at best it
was mixed. At the first lecture in Frank-
furt am Main some geologists were pro-
voked to indignation; at Marburg a few
days later, however, the audience seems
to have been more sympathetic. Follow-
ing the early publications several promi-
nent German geologists announced their
opposition to “continental displacement”
(a more accurate rendering of Wegener’s
term, Verschiebung, than “drift”). A
number of geophysicists, on the other
hand, expressed approval of the concept.
Indeed, in 1921 Wegener was able to say
that he knew of no geophysicist who op-
posed the drift hypothesis.

The early publications, including the
first edition of The Origin of Continents
and Oceans, do not seem to have been
read much outside Germany; it was not
until the third edition was published in
1922 and translated into several other
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STATISTICAL ANALYSIS of the elevations of the earth’s surface provided Wegener with
an argument in support of his hypothesis. If topographical features were formed by random
uplift and subsidence, a random distribution centered on the mean elevation (colored line)
would be expected. Actually two levels predominate (gray line). One, near sea level, repre-
sents average elevation of the continental platforms, the other that of the abyssal sea floor.

languages (including English) two years
later that Wegener’s hypothesis attracted
an international audience. As in Ger-
many, his work was initially given a fair
hearing, or at the least it was not dis-
missed out of hand. At a meeting of the
British Association for the Advancement
of Science in 1922 discussion of conti-
nental drift was “lively but inconclu-
sive,” according to the published report.
As one would expect, many were skepti-
cal, but the general reception accord-
ed the hypothesis was sympathetic. At
about that time several leading geolo-
gists on each side of the Atlantic de-
clared themselves in favor of the theory.

The stubborn antagonism to Weg-
eners ideas that was to be the or-
thodoxy of geophysics until the 1960’s
began to develop in the mid-1920’s. Two
events were instrumental in this harden-
ing of resistance. One was the publica-
tion of a treatise titled The Earth by
Harold Jeffreys of the University of
Cambridge; the other was a symposium
held in 1928 by the American Associa-
tion of Petroleum Geologists.

Jeffreys attacked Wegener’s theory at
what was perhaps its weakest point: the
nature of the forces to which Wegener
attributed the movement of the conti-
nents. Wegener proposed that the west-
ward drift of the Americas could be ex-
plained as a consequence of tides in the
earth’s crust; the postulated force re-
sponsible for the northward migration of
India and the compression of the crust in
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the Alpine and Himalayan mountain
belts he called Polflucht, or “flight from
the poles.” Jeffreys was able to demon-
strate by simple calculations that the
earth is far too strong to be even slightly
deformed by such forces. If it were not,
mountain ranges would collapse under
their own weight and the sea floor
would be perfectly flat. If the tidal force
were strong enough to shift the conti-
nents westward, it would also be strong
enough to halt the earth’s rotation with-
in a year.

These objections are cogent ones, and
the mechanism Wegener proposed has
long since been abandoned. (The mod-
ern theory attributes the movement to
the spreading of the sea floor along a sys-
tem of mid-ocean ridges, where molten
rock from the earth’s interior wells up.)
We can now see, however, that Jeffreys
had not refuted the theory merely by
demonstrating the inadequacies of the
hypothetical motive force. For the most
part he simply ignored the empirical
evidence, which was the most substan-
tial part of Wegener’s argument. Jeffreys
dismissed the wandering of the poles as
being geophysically impossible.

Of the participants in the American
Association of Petroleum Geologists
symposium most were hostile, in varying
degrees, to Wegener’s theory; only one
was strongly sympathetic. The proceed-
ings of the symposium are in the main a
chorus of criticism. The supposed jigsaw-
puzzle fit of the Atlantic continents was

© 1975 SCIENTIFIC AMERICAN, INC

inaccurate, the contributors contended,
and it did not allow for vertical move-
ments of the crust. The similar rock for-
mations on opposite sides of oceans were
not that closely related after all; in any
case present similarity did not neces-
sarily imply former contiguity. Ancient
animals could have migrated across land
bridges. The Carboniferous and Permian
tillites of South Africa and other areas
were probably not glacial and the North-
ern Hemisphere coals were probably not
tropical. The evidence for the movement
of Greenland was inconclusive.

Some of the contributors also de-
manded that the hypothesis resolve
paradoxes that have been approached
only in the more recent versions of the
theory. For example, they asked why, if
the American continents could move
laterally by displacing the ocean floor,
they crumpled on their western edge,
forming the Cordilleran mountain
ranges. Did not the compressive force
that formed these mountains suggest
considerable resistance from the sup-
posedly fluid sea floor? Moreover, why
did Pangaea remain intact for most of
the earth’s history, then abruptly split
apart in a few tens of millions of years?

Finally, in addition to questioning
Wegener’s interpretations and conclu-
sions, some participants in the Symposi-
um assailed his credentials and his
methods. He was a mere advocate, they
protested, selecting for presentation only
those facts that would favor his hypothe-
sis. He “took liberties with our globe”
and “played a game in which there are
no restrictive rules and no sharply drawn
code of conduct.”

Wegener did not campaign to defend
his theory from these criticisms. A mid-
dle-aged man with only limited time for
research, he felt that he was unable to
keep up with the swelling volume of
literature and was content to leave the
field to younger workers. He did, how-
ever, gently rebuke his critics for their
partiality. “We are like a judge con-
fronted by a defendant who declines to
answer,” he said of scientists in relation
to the earth, “and we must determine the
truth from circumstantial evidence. All
the proof we can muster has the de-
ceptive character of this type of evi-
dence. How would we assess a judge
who based his decision on only part of
the available data?”

After Wegener’s death geologists and

geophysicists became even more
hostile to his account of earth history. In
the U.S. the reaction was particularly
strong; for an American geologist to ex-



press sympathy for the idea of conti-
nental drift was for him to risk his career.

Ironically, just as the condemnatory
verdict was reached, the theory was sig-
nificantly strengthened by the contribu-
tions of du Toit and of Arthur Holmes of
the University of Edinburgh. They elim-
inated some of Wegener’s weaker argu-
ments, marshaled more evidence in sup-
port of the hypothesis and provided
a more plausible motive mechanism.
Holmes suggested that the continents
are moved by convection currents in the
earth’s mantle. His hypothesis was not
entirely satisfactory, but it successfully
circumvented the criticisms of Jeffreys
and his followers. Moreover, it antici-
pated the modern explanation of why
continents move.

In hindsight, and with the knowledge
that many aspects of Wegener’s theory
have been confirmed in the past two
decades, we can readily appreciate his
accomplishments. He examined critically

a model of the earth that was then almost
universally accepted. When he discov-
ered weaknesses and inconsistencies,
he was bold enough and independent
enough to embrace a radical alternative.
Furthermore, he had sufficient breadth
of knowledge to seek out and perceptive-
ly evaluate supporting evidence from a
variety of disciplines. The same qualities
of mind were applied to the explication
of ancient climate and the wandering of
the poles.

The intellectual rigor that Wegener
brought to his work is illustrated in his
own writings and attested to in the words
of those who knew him well. In a letter
to Koppen written in 1911 Wegener de-
fended his views on continental drift.
The letter is reproduced in the biogra-
phy of Wegener written by his widow.
The following passage, which I have
translated, has not to my knowledge
been published previously in English.

“You consider my primordial conti-

nent to be a figment of my imagination,
but it is only a question of the interpre-
tation of observations. I came to the idea
on the grounds of the matching coast-
lines, but the proof must come from geo-
logical observations. These compel us to
infer, for example, a land connection be-
tween South America and Africa. This
can be explained in two ways: the sink-
ing of a connecting continent or sepa-
ration. Previously, because of the un-
proved concept of permanence, people
have considered only the former and
have ignored the latter possibility. But
the modern teaching of isostasy and
more generally our current geophysical
ideas oppose the sinking of a continent
because it is lighter than the material on
which it rests. Thus we are forced to
consider the alternative interpretation.
And if we now find many surprising sim-
plifications and can begin at last to make
real sense of an entire mass of geological
data, why should we delay in throwing
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the old concept overboard? Is this revo-
lutionary? I don’t believe that the old
ideas have more than a decade to live.
At present the notion of isostasy is not
yet thoroughly worked out; when it is,
the contradictions involved in the old
ideas will be fully exposed.” It evidently
seemed quite obvious to Wegener, but
it is clear that he underestimated the ar-

dor of those committed to the “old ideas.”

Wegener’s success in constructing
from scattered and seemingly unrelat-
ed observations a systematic theory of
earth history could be attributed to his
broad attack on the problem, and per-
haps even to his status as a nonspecialist.
A glimpse of his approach to scientific
problems is provided by an obituary
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written by Hans Benndorf, a professor of
physics and a colleague of Wegener’s
at Graz. This passage too was translated
by me and has not appeared before in
English.

“Wegener acquired his knowledge
mainly by intuitive means, never or only
quite rarely by deduction from a formu-
la, and when that was the case, it needed

WANDERING OFF THE POLES was proposed by Wegener to ac-
count for the distribution of ancient climates. Evidence of tropical
climate was provided by certain kinds of coal, of polar climate by
the tillites that signal glaciation, and of arid climate by deposits of
salt, gypsum and desert sandstone. The symbols employed in the
maps are identified in the key at left; in addition arid zones, which
are characteristic of trade-wind latitudes, are indicated by gray
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areas. The upper map shows Wegener’s reconstruction for the Car-
boniferous period, about 300 million years ago; the lower map is
for the Permian period, about 230 million years ago. (The distor-
tion of the Equator is caused by the projection employed.) The
movement of the continents and the movement of the poles are un-
related, but a coherent account of ancient climate can be devised
only by rearranging the continents approximately as Wegener did.
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only to be quite simple. Also, if matters
concerning physics were involved, that
is, in a field distant from his own field of
expertise, I was often astonished by the
soundness of his judgment. With what
ease he found his way through the most
complicated work of the theoreticians,
with what feeling for the important
point! He would often, after a long pause
for reflection, say, ‘I believe such and
such,” and most times he was right, as we
would establish several days later after
rigorous analysis. Wegener possessed a
sense for the significant that seldom
erred.”

Benndorf’s assessment of Wegener’s
method is supported by the remarks of
Wilhelm Max Wundt, who knew Weg-
ener as a student in Berlin: “Alfred
Wegener started out to tackle his scien-
tific problems with only quite ordinary
gifts in mathematics, physics and the
other natural sciences. He was never,
throughout his life, in any way reluctant
to admit that fact. He had, however, the
ability to apply those gifts with great
purpose and conscious aim. He had an
extraordinary talent for observation and
for knowing what is at the same time
simple and important, and what can be
expected to give a result. Added to this
was a rigorous logic, which enabled him
to assemble rightly everything relevant
to his ideas.”

If Wegener was in fact the talented and

perceptive scientist his contemporar-
ies describe, and if his conclusions were
well rooted in evidence and argument,
an obvious question arises: Why was the
opposition to his ideas so strorrg, wide-
spread and persistent?

One possible explanation is that
Wegener’s theory was “premature” at
the time he presented it. Gunther S.
Stent of the University of California at
Berkeley has argued that an idea must
be considered premature if it cannot be
connected by a series of simple, logical
steps to the canonical, or generally ac-
cepted, knowledge of the time [see
“Prematurity and Uniqueness in Scien-
tific Discovery,” by Gunther S. Stent;
SciENTIFIC  AMERICAN, December,
1972]. A related principle, formulated
by Michael Polanyi, a British writer on
the philosophy and sociology of science,
holds that in science there must always
be a prevailing opinion of the nature of
things, against which the truth of all as-
sertions is tested. Any observation that
seems to contradict the established view
of the world must be presumed to be in-
valid and set aside in the hope that it
will eventually turn out to be false or

irrelevant. This interpretation of how
science works suggests that geologists
and geophysicists had to be over-
whelmed by evidence, as they were in
the 1960’s, before they could abandon
the established doctrine of stationary
continents. Wegener’s innovations, pre-
cisely because they were innovative, had
to be held in abeyance until a new ortho-
doxy could be created from them.

There is almost certainly truth in this
analysis, and reassurance that the rejec-
tion of Wegener’s work was a necessary
circumstance in the orderly progress of
science; nevertheless, the analysis is not
entirely convincing. It could account for
indifference to the hypothesis of conti-
nental drift but not for the attitude of
the many scientists who relegated the
theory to the realm of fantasy. It also
fails to explain why the traditional model
of the earth was retained even after
Wegener demonstrated that there were
contradictions in it and even though
those contradictions were never re-
solved, Paleontologists continued to
rely on vanishing land bridges, for ex-
ample, at the same time that geophysi-
cists, who had adopted the principle of
isostasy, insisted that the sinking of such
bridges was impossible.

It has been suggested that the princi-
pal impediment to the acceptance of
continental drift was the lack of a plau-
sible motive force after Jeffreys had re-
futed Wegener’s initial proposals. If that
is the case, however, why was Holmes’s
convection-current theory given so little
consideration? Furthermore, even today
the nature of the motor that moves the
continents remains uncertain, yet plate
tectonics is so well established that those
who reject its basic tenets are commonly
dismissed as reactionaries.

Perhaps the long travail of Wegener’s
hypothesis can be best explained as a
consequence of inertia. A geologist at the
1928 symposium of the American Asso-
ciation of Petroleum Geologists is report-
ed to have said: “If we are to believe
Wegener’s hypothesis, we must forget
everything that has been learned in the
past 70 years and start all over again.” It
should also be remembered that to the
geologists of the time Wegener was an
outsider; they must have regarded him
as an amateur. Today, of course, we can
see that his position was an advantage
because he had no stake in preserving
the conventional viewpoint. Moreover,
we can see that he was not an amateur
after all but an interdisciplinary inves-
tigator of talent and vision who surely
qualifies for a niche in the pantheon of
great scientists.
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MATHEMATICAL GAMES

How the absence of anything

leads to thoughts of nothing

by Martin Gardner

“Nobody seems to know how to deal
with it. (He would, of course.)”
—P. L. HEATH
in The Encyclopedia of Philosophy

ur topic is nothing. By definition
Onothing does not exist, but the

concepts we have of it certainly
exist as concepts. In mathematics, sci-
ence, philosophy and everyday life it
turns out to be enormously useful to
have words and symbols for such con-
cepts.

The closest a mathematician can get
to nothing is by way of the null (or
empty) set. It is not the same thing as
nothing because it has whatever kind of
existence a set has, although it is unlike
all other sets. It is the only set that has
no members and the only set that is a
subset of every other set. From a basket
of three apples you can take one apple,
two apples, three apples or no apples.
To an empty basket you can, if you like,
add nothing. The null set denotes, even
though it does not denote anything. For
example, it denotes such things as the
set of all square circles, the set of all
even primes other than 2 and the set of
all readers of this department that are
chimpanzees. In general it denotes the
set of all «’s that satisfy any statement
about x that is false for all values of x.
Anything you say about a member of
the null set is true, because it lacks a
single member for which a statement can
be false.

The null set is symbolized by @. It
must not be confused with 0, the symbol
for zero. Zero is (usually) a number that
denotes the number of members of @.
The null set denotes nothing, but 0 de-
notes the number of members of such
sets, for example the set of apples in an
empty basket. The set of these nonexist-
ing apples is @, but the number of ap-
plesis 0.

A way to construct the counting num-
bers, discovered by Gottlob Frege and
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rediscovered by Bertrand Russell, is to
start with the null set and apply a few
simple rules and axioms. Zero is defined
as the cardinal number of elements in all
sets that are equivalent to (can be put in
correspondence with) the members of
the null set. After creating 0, 1 is defined
as the number of members in all sets
equivalent to 0, 2 as the number of mem-
bers in all sets equivalent to the set of 0
and 1, 3 as the number of members in
all sets equivalent to the set of 0, 1, 2,
and so on.

A few years ago John Horton Conway
of the University of Cambridge hit on a
remarkable new way to construct num-
bers that also starts with the null set. He
first described his technique in a photo-
copied typescript of 13 pages, “All Num-
bers, Great and Small.” It begins: “We
wish to construct all numbers. Let us see
how those who were good at construct-
ing numbers have approached the prob-
lem in the past.” It ends with 10 open
questions, of which the last is: “Is the
whole structure of any use?”

Conway explained his new system to
Donald E. Knuth, a computer scientist
at Stanford University, when they hap-
pened to meet at lunch one day in 1972.
Knuth was immediately fascinated by
its possibilities and its revolutionary con-
tent. In 1973 during a week of relaxation
in Oslo, Knuth wrote an introduction to
Conway’s method in the form of a novel-
ette. It was issued in paperback last year
by Addison-Wesley, which also pub-
lishes Knuth’s well-known books titled
The Art of Computer Programming. 1
believe it is the only time a major mathe-
matical discovery has been published
first in a work of fiction. Conway is re-
portedly working on his own book, On
Numbers and Games, which will present
a fuller account of his method.

Knuth’s novelette, Surreal Numbers,
is subtitled “How Two Ex-Students
Turned on to Pure Mathematics and
Found Total Happiness” The book’s
primary aim, Knuth explains in a post-
script, is not so much to teach Conway’s
theory as “to teach how one might go
about developing such a theory.” He
continues: “Therefore, as the two char-
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acters in this book gradually explore and
build up Conway’s number system, I
have recorded their false starts and frus-
trations as well as their good ideas. I
wanted to give a reasonably faithful por-
trayal of the important principles, tech-
niques, joys, passions, and philosophy of
mathematics, so I wrote the story as I
was actually doing the research myself.”

Knuth’s two ex-mathematics-students,
Alice and Bill (A and B), have fled from
the “system” to a haven on the coast of
the Indian Ocean. There they unearth a
half-buried black rock carved with an-
cient Hebrew writing. Bill, who knows
Hebrew, manages to translate the open-
ing sentence: “In the beginning every-
thing was void, and J. H. W. H. Conway
began to create numbers.” JHWH is a
transliteration of how the ancient He-
brews wrote the name Jehovah. “Con-
way” also appears without vowels, but
it was the most common English name
Bill could think of that fitted the con-
sonants.

Translation of the “Conway stone”
continues: “Conway said, ‘Let there be
two rules which bring forth all numbers
large and small. This shall be the first
rule: Every number corresponds to two
sets of previously created numbers, such
that no member of the left set is greater
than or equal to any member of the right
set. And the second rule shall be this:
One number is less than or equal to an-
other number if and only if no member
of the first number’s left set is greater
than or equal to the second number, and
no member of the second number’s right
set is less than or equal to the first num-
ber.” And Conway examined these two
rules he had made, and behold! they
were very good.”

The stone’s text goes on to explain
how on the zero day Conway created
zero. He did it by placing the null set
on the left and also on the right. In sym-
bolic notation 0 = @ [ @, where the ver-
tical line divides the left and right sets.
No member of the left @ is equal to or
greater than a member of the right [}
because @ has no members, so that Con-
way’s first rule is satisfied. Applying the
second rule, it is easy to show that 0 is
less than or equal to 0.

On the next day, the stone reveals,
Conway created the first two nonzero
integers, 1 and —1. The method is sim-
ply to combine the null set with 0 in the
two possible ways: 1 =10 [ @ and —1 =
[} [ 0. It checks out. Minus 1 is less than
but not equal to 0, and 0 is less than but
not equal to 1. Now, of course, 1 and —1
and all subsequently created numbers
can be plugged back into the left-right

formula, and in this way all the integers



are constructed. With 0 and 1 forming
the left set and @ on the right, 2 is cre-
ated. With 0, 1 and 2 on the left and @
on the right, 3 is created, and so on.

At this point readers might enjoy ex-
ploring a bit on their own. Jill C. Knuth’s
illustration for the front cover of Surreal
Numbers shows some huge boulders
shaped to symbolize 0 [ 1. What number
does this define? And can the reader
prove that —1| 1 = 0P

“Be fruitful and multiply,” Conway
tells the integers. By combining them,
first into finite sets, then into infinite
sets, the “copulation” of left-right sets
continues, aided by no more than Con-
way’s ridiculously simple rules. Out pour
all the rest of the real numbers: first the
integral fractions, then the irrationals. At
the end of aleph-null days a big bang
occurs and the universe springs into
being. That, however, is not all. Before
Conway has finished, his method has
produced all of Georg Cantor’s trans-
finite numbers, all infinitesimal numbers
(they are reciprocals of infinite numbers)
and infinite sets of queer new quantities
such as the roots of transfinites and in-
finitesimals!

It is an astonishing feat of legerde-
main. An empty hatrests on a table made
of a few axioms of standard set theory.
Conway waves two simple rules in the
air, then reaches into almost nothing and
pulls out an infinitely rich tapestry of
numbers that form a real and closed field.
Every real number is surrounded by a
host of new numbers that lie closer to it
than any other “real” value does. The
system is truly “surreal.”

“Man, that empty set sure gets
around!” exclaims Bill. “I think I'll write
a book called Properties of the Empty
Set.” This notion that nothing has prop-
erties is, of course, commonplace in phi-
losophy, science and ordinary language.
Lewis Carroll's Alice may think it non-
sense when the March Hare offers her
nonexistent wine, or when the White
King admires her ability to see nobody
on the road and wonders why nobody
did not arrive ahead of the March Hare
because nobody goes faster than the
hare. It is easy, however, to think of in-
stances in which nothing actually does
enter human experience in a positive
way.
Consider holes. An old riddle asks how
much dirt is in a rectangular hole of cer-
tain dimensions. Although the hole has
all the properties of a rectangular paral-
lelepiped (corners, edges, faces with
areas, volume and so on), the answer is
that there is no dirt in the hole. The vari-
ous holes of our body are certainly essen-
tial to our health, sensory awareness and

pleasure. In Dorothy and the Wizard in
Oz, the braided man, who lives on Pyra-
mid Mountain in the earth’s interior, tells
Dorothy how he got there. He had been
a manufacturer of holes for Swiss cheese,
doughnuts, buttons, porous plasters and
other things. One day he decided to store
a vast quantity of adjustable postholes
by placing them end to end in the
ground, making a deep vertical shaft into
which he accidentally tumbled.

The mathematical theory behind Sam
Loyd’s sliding-block puzzle (15 unit
cubes inside a 4-by-4 box) is best ex-
plained by regarding the hole as a mov-
ing cube. It is analogous to what hap-
pens when a gold atom diffuses through
lead. Bubbles of nothing in liquids, from
the size of a molecule on up, can move
around, rotate, collide and rebound just

like things. Negative currents are the
result of free electrons jostling one an-
other along a conductor, but holes
caused by an absence of free electrons
can do the same thing, producing a posi-
tive “hole current” that goes the other
way.

Osborne Reynolds, a British engineer
who died in 1912, invented an elaborate
theory in which matter consists of micro-
particles of nothing moving through the
ether the way bubbles move through
liquids. His two books about the theory,
On an Inversion of Ideas as to the Struc-
ture of the Universe and The Sub-Me-
chanics of the Universe, both published
by the Cambridge University Press, were
taken so seriously that W. W. Rouse
Ball, writing in early editions of his
Mathematical Recreations and Essays,

This side up.

— e

PORTRAIT OF ITS IMMANENCE THE ABSOLUTE.

Inatructions for Use.—Turn the eye of faith, fondly but firmly,
on the centre of the page, wink the other, and gaze fixedly until

vou gee It.

Frontispiece of Mind, Special Christmas Number, 1901
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Rule 1: Every number corresponds
to two sets of previously created
numbers, such that no member of
the left set is greater than or equal
to any member of the right set.

Rule 2: One number is less than or
equal to another number if and only
if no member of the first number’s
left set is greater than or equal

to the second number, and no
member of the second number’s
right set is less than or equal

to the first number.

John Horton Conway’s rules for generating numbers from nothing

called the theory “more plausible than
the electron hypothesis.”

Reynolds™ inverted idea is less crazy
than it sounds. P. A. M. Dirac, in his
famous theory that predicted the ex-
istence of antiparticles, viewed the posi-
tron (the antielectron) as a hole in a neg-
ative-charge continuum. When an elec-
tron and a positron collide, the electron
falls into the positron hole, causing both
particles to vanish.

It is true that the old concept of a
“stagnant ether” has been abandoned by
physicists, but in its place is not nothing.
The “new ether” consists of the metric
fields responsible for the basic forces of
nature, perhaps also for all the particles.
John Archibald Wheeler proposes a sub-
stratum, called superspace, of infinitely
many dimensions. It is empty of every-
thing except mathematical structure. Oc-
casionally a portion of it twists in such a
peculiar way that it explodes, creating a
universe of finite dimensions, with its
own set of laws and within which the
field gets tied into little knots that we
call “matter.” There still is a difference
between something and nothing, but it
is purely geometrical and there is noth-
ing behind the geometry.

Empty space is like a straight line of
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zero curvature. Bend the line and you
have a universe. Add little bumps that
ripple back and forth and you create
matter and energy. Outside the utmost
reaches of our now expanding cosmos
are vast regions unpenetrated by light
and gravity, beyond which there may be
other universes. Shall we say that these
regions contain absolutely nothing, or
are they still saturated with a metric of
zero curvature? Ancient Greek and me-
dieval arguments about being and non-
being, one world or many and whether
a perfect vacuum can “exist” seem quaint
on first reading. Change the terminology
a bit and they turn out to be equivalent
to present controversies.

There are many examples from the
arts—some jokes, some not—of nothing
admired as something. A nonobjective
painting consists of an all-black canvas.
The Nothing Book, on sale this past
Christmas in regular and deluxe bind-
ings, has nothing but blank pages. Chap-
ters 18 and 19 of the final volume of
Tristram Shandy are without content.
John Cage’s piano composition, “4’33”,”
calls for four minutes 33 seconds of total
silence as the player sits frozen on the
piano stool. I have not heard it per-
formed, but friends tell me it is Cage’s
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finest composition. I know of no piece of
“minimal sculpture” that is reduced to
the absolute minimum of nothing, but
Henry Moore has certainly exploited the
aesthetics of holes. Nor have I heard of
a play or motion picture that consists
from beginning to end of an empty stage
or screen, although some of the eccentric
films produced by Andy Warhol come
close to it.

Events can occur in which nothing is
as startling as a thunderclap. An old joke
tells of a man who slept in a lighthouse
under a foghorn that boomed regularly
every 10 minutes. One night at 3:20
A.M., when the mechanism failed, the
man leaped out of bed shouting, “What
was that?” As a prank all the members of
a large orchestra once stopped playing
suddenly in the middle of a strident sym-
phony, causing the conductor to fall off
the podium. One afternoon in a rural sec-
tion of North Dakota where the wind
blew constantly there was a sudden ces-
sation of wind. It is said that all the
chickens fell over.

There are many examples that are not
jokes. An absence of water can cause
death. The loss of a loved one, of money
or of a reputation can push someone to
suicide. The law recognizes innumerable
occasions on which a failure to act is a
crime. Grave consequences will follow
when a man on a railroad track, in front
of an approaching train and unable to
decide whether to jump to the left or to
the right, makes no decision.

These are all examples of little pockets
in which there is an absence of some-
thing. What about that monstrous di-
chotomy between all being—everything
there is—and nothing? From the earliest
times the most eminent thinkers have
meditated on this ultimate split. It seems
unlikely that the universe is going to van-
ish (although I myself once wrote a
story, Oom, about how God, weary of
existing, abolished everything, including
himself), but the fact that we ourselves
will soon vanish is real enough. In me-
dieval times the fear of death was mixed
with a fear of eternal suffering, but since
the fading of hell (albeit it is now enjoy-
ing a renaissance) this fear has been re-
placed by what Séren Kierkegaard called
an “anguish” or “dread” over the possi-
bility of becoming nothing.

This brings us abruptly to what Paul
Edwards has called the “superultimate
question.” “Why,” asked Leibniz, Schel-
ling, Schopenhauer and a hundred other
philosophers, “should something exist
rather than nothing?”

Obviously it is a curious question, not
like any other. Large numbers of peo-
ple, perhaps the majority, live out their



lives without ever considering it. If some-
one asks them the question, they may
fail to understand it and believe the
questioner is crazy. Among those who
understand the question, there are varied
responses. Thinkers of a mystical turn of
mind, Martin Heidegger for instance,
consider it the deepest, most fundamen-
tal of all metaphysical questions, and
they look with contempt on all philoso-
phers who are not equally disturbed by
it. Those of a positivistic, pragmatic turn
of mind consider it trivial. Since every-
one agrees there is no way to answer it
empirically or rationally, it is a question
without cognitive content, as meaning-
less as asking if the number 2 is red or
green. Indeed, a famous paper by Ru-
dolf Carnap on the meaning of questions
heaps scorn on a passage in which Hei-
degger pontificates about being and
nothingness.

A third group of philosophers, includ-
ing Milton K. Munitz, who wrote an en-
tire book titled The Mystery of Exis-
tence, regards the question as being
meaningful but insists that its signifi-
cance lies solely in our inability to an-
swer it. It may or may not have an an-
swer, argues Munitz, but in any case the
answer lies totally outside the limits of
science and philosophy.

Whatever their metaphysics, those
who have puzzled most over the super-
ultimate question have left much elo-
quent testimony about those unexpect-
ed moments, fortunately short-lived, in
which one is suddenly caught up in an
overwhelming awareness of the utter
mystery of why anything is. That is the
terrifying emotion at the heart of Jean-
Paul Sartre’s great philosophic novel
Nausea. Its red-haired protagonist, An-
toine Roquentin, is haunted by the su-
perultimate mystery. “A circle is not ab-
surd,” he reflects. “It is clearly explained
by the rotation of a straight segment
around one of its extremities. But nei-
ther does a circle exist.” Things that do
exist, such as stones and trees and him-
self, exist without any reason. They are
just insanely there, bloated, obscene,
gelatinous, unable not to exist. When
the mood is on him, Roquentin calls it
the nausea. William James had earlier
called it an “ontological wonder sick-
ness.” The monotonous days come and
go, all cities look alike, nothing happens
that means anything.

G. K. Chesterton is as good an exam-
ple as any of the theist who, stunned by
the absurdity of being, reacts in oppo-
site fashion. Not that shifting to God the
responsibility for the world’s existence
answers the superultimate question; far
from it! One immediately wonders why

God exists rather than nothing. But al-
though none of the awe is lessened by
hanging the universe on a transcendent
peg, the shift can give rise to feelings of
gratitude and hope that relieve the anx-
iety. Chesterton’s existential novel Man-
alive is a splendid complement to Sar-
tre’s Nausea. Its protagonist, Innocent
Smith, is so exhilarated by the privilege
of existing that he goes about inventing
whimsical ways of shocking himself into
realizing that both he and the world are
not nothing.

Let P. L. Heath, who had the first
word in this article, also have the last.
“If nothing whatsoever existed,” he
writes at the end of his article on nothing
in The Encyclopedia of Philosophy,

“there would be no problem and no an-
swer, and the anxieties even of existential
philosophers would be permanently laid
to rest. Since they are not, there is evi-
dently nothing to worry about. But that
itself should be enough to keep an ex-
istentialisthappy. Unless the solution be,
as some have suspected, that it is not
nothing that has been worrying them,
but they who have been worrying it.”

r]‘he Sam Loyd puzzle picture that was

" reproduced last month showed a
square Washington pie divided into 16
smaller squares. The problem was to
slice it into just six squares, not neces-
sarily the same size. The 16 small cells
are pure misdirection. The only way to

“Nuclear Energy,” sculpture by Henry Moore
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do it is to rule the pie into nine squares,
like a ticktacktoe board. The pie is now
divided easily into one 2-by-2 square and
five unit squares.

Readers too numerous to mention

pointed out that Barry WolK’s rule
[“Mathematical Games,” October, 1974]
for picking the best triplet B to beat
triplet A is equivalent to putting in front
of A the complement of its next-to-last
symbol, then dropping the last symbol.
More than half of the correspondents
found that the same method also works
for quadruplets except for the two in
which H and T alternate throughout. In
those two cases the symbol put in front
is the same as the next to last.

Several readers searched for a general
algorithm that would pick the best n-
tuplet for all values of n. The only con-
jecture that did not fail for 5-tuplets
was by Michael J. Connolly of Madison
Township, N.J. His procedure is:

1. Form two n-tuplets by prefixing
either H or T to A’s tuplet and drop its
final symbol.

2. If one of the two new tuplets is
all heads or all tails, eliminate it and
choose the other.

3. If neither tuplet has all symbols
alike, place each directly below the origi-
nal tuplet. Slide the lower tuplet to the
right until each of its symbols matches
the symbol directly above. Choose the
tuplet with minimum or zero overlap.

For example, we want to know the
best 7-tuplet for beating HHHTHHH.
The two new tuplets are HHHHTHH
and THHHTHH. Since neither has all
symbols alike, we compare its head-tail
overlap with the original.

HHHTHHH
HHHHTHH

HHHTHHH
THHHTHH

The overlap of three on the left is smaller
than the overlap of four on the right, so
that the best 7-tupletis HHHHTHH.
Connolly wrote a computer program
that confirmed his procedure for all n-
tuplets through n =7 and for selected
n-tuplets of the next three higher orders.
I would appreciate receiving any valida-

tion of the algorithm or a counterexam-
le.

b Proofs of John Horton Conway’s algo-
rithm for computing the winning odds
for two different n-tuplets were supplied
by David Sachs and Bryce Hurst, but
both are beyond my competence to eval-
uate. Sachs and Dennis Clayton each
noted that Conway’s “leading number,”
when an n-tuplet is compared with it-
self, automatically provides that tuplet’s
waiting time. Simply double the leading
number, William W. Hsieh described his
method of calculating winning odds by
using directed graphs, which produces
the same results as Conway’s method.

It was my error, not Conway’s, to state
that his algorithm applied to all pairs of
tuplets of different lengths. That is true
only when the smaller tuplet is not en-
tirely contained within the larger. If the
smaller tuplet is within, not at the end
of, the larger (for example THTH and
HT), it obviously wins with a probabil-
ity of 1. If it is at the end of the larger
(for example HHT and T), it obviously
wins or ties with a probability of 1.

“It says, ‘During the Barcelona period he became enamored of the possibilities inherent in virgin
space. With a courage born of the most profound respect for the enigma of the imponderable, he
produced, at this time, a series of canvases in which there exists solely an expanse of pregnantwhite? ”

Cartoon from The New Yorker, September 23, 1944. © 1944, 1972 The New Yorker Magazine, Inc.
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From the Fundamentals

to the Frontiers:

Freeman Books in Biology

Introduction to Biophysical Plant Physiology
PARK S. NOBEL, University of California, Los Angeles

In this expansion of his earlier Plant Cell Physiology, the author
relates biophysical models of cell interaction to the whole plant,
discusses in some detail the physicochemical areas of thermody-
namics and photochemistry, and includes an extensive chapter on
environmental physiology. The mathematical arguments may be
followed by readers who have had a brief exposure to elementary
calculus. An Introduction to Biophysical Plant Physiology can serve
as a text for advanced undergraduate and graduate courses in plant
physiology as well as a reference for the professional.

“l plan to use this book along with three others to teach an ad-
vanced undergraduate-graduate course in plant physiology. ... It is
a required text as it brings plant physiology from a vague qualitative
approach to a quantitative approach!”’

—Govindjee, University of lllinois

1974, 488 pp., 68 illus., $13.50

The Strategy of Life
CLIFFORD GROBSTEIN, University of California, San Diego

The Quarterly Review of Biology said of the first edition: “The
book is brief, and says much in little space. It is beautifully con-
ceived and written. As an outstanding statement of what modern
biology thinks about life, it is mandatory reading for all would-be
and for practicing biologists, as well as for non-biologists who like to
read wonderful books."’

The second edition—revised to include greater emphasis on man—
maintains these high standards. "It is,”” writes the author, "a state-
ment about life—where it came from, what its nature is, and what
premonition we have of its future.... Anyone contemplating the
issues of our time needs to understand the strategy that life has
followed to reach Man and his present state. Without that under-
standing, Man appears more fragile than he will prove to be in the
terrible test of the coming century.”

Second Edition, 1974, 174 pp., 90 illus., cloth $4.95, paper $2.95

Plant Science

An Introduction to World Crops

JULES JANICK, Purdue University,

ROBERT W. SCHERY, The Lawn Institute,

FRANK W. WOODS, The University of Tennessee,

and VERNON W. RUTTAN, Agricultural Development Council

"I am using the book as a required text for a course known as Plant
Science 200—Ecology of Crop Production. The course is required by
students majoring in Environmental Resource Management (renew-
able resources). The text provides sufficient depth about environ-
mental factors and plant growth plus a very fine discussion of the
technology of crop production for those students interested in land
use from an environmental viewpoint.”

—John W. Mastalerz, The Pennsylvania State University

"l used the book when | was developing our course, World Crops
and Food Supply. ... The book goes beyond what we need in this
particular course, but it is so readable. | am sure it is our best choice
for our course. | am pleased with the new chapters on pollution and
the environment.and on agricultural research.”

—Neri A. Clark, University of Maryland

Second Edition, 1974, 740 pp., 355 illus., $14.50

DNA Synthesis
ARTHUR KORNBERG, Stanford University

" ...Genetics and DNA have become a branch of chemistry.
Despite its chemical complexity, DNA is being modified, dissected,
analyzed, and synthesized in the test tube. There are insights into a
metabolic dynamism of DNA that had not been anticipated. DNA
suffers lesions and is repaired. DNA molecules are specifically modi-
fied and degraded, twisted and relaxed, transcribed in reverse from
RNA as well as directly into RNA. DNA functions not only in the
nucleus but also in mitochondria and chloroplasts. There is now a
stimulus to determine the total base sequence of DNA and to re-
synthesize it. There is also a confidence that the metabolic gyrations
of DNA in the cell can be understood in as explicit detail as those
of, say, glucose or glutamate.”’—from DNA Synthesis

Written by a Nobel Laureate in medicine, this is the first compre-
hensive treatment of DNA synthesis emphasizing its biochemical
aspects and recent develoments.

1974, 399 pp., 194 illus., $18.00

Comparative Morphology of Vascular Plants

ADRIANCE S. FOSTER, late of University of California, Berkeley,
and ERNEST M. GIFFORD, JR., University of California, Davis

“Since its introduction in 1959, this book has become a classic in its
field. The new edition is excellent, truly outstanding, far better than
the already excellent first edition. It has no rivals.”
—Rudolf Schmid, University of California, Berkeley

"The revised edition is exactly the type of text needed for senior
students in Plant Morphology since the authors have retained the
excellent organization of the first edition and yet have updated the
content without becoming verbose. The illustrations are excellent.”
—R. L. Peterson, University of Guelph, Ontario

1 have used the first edition every year except one since its publica-
tion. | will be using the second edition this fall for my one-semester
course in the morphology of vascular plants. ... It is the clearest
presentation of the subject on today’s market.”

—J. M. Herr, Jr., University of South Carolina

Second Edition, 1974, 751 pp., 440 illus., $17.00

The Vertebrate Retina
Principles of Structure and Function
R.W. RODIECK, The University of Sydney

"“This book is an attempt to explain to myself what is known about
how the vertebrate retina is organized and how it functions. What |
have tried to present the reader with is a simple and straightforward
account, which starts with the fundamentals and leads to the
frontier.”—R. W. Rodieck

The Vertebrate Retina—the most comprehensive volume now avail-
able on the subject—draws from a wide range of methodological
approaches. The book contains 615 illustrations (plus a twelve-page
full-color section) and includes extensive citations to key original
literature. One of the appendixes is an English translation of Ramén
y Cajal’s classic monograph, La Rétine des Vertebrés.

1973, 1044 pp., 615 illus., $39.50

- W. H. FREEMAN AND COMPANY
- 660 Market Street, San Francisco, California 94104

58 Kings Road, Reading, England RG1 3AA
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Conducted by C. L. Stong

from a nearby pond in a glass jar,

added water from the pond and
set the jar on a window ledge. The water
soon teemed with microorganisms, each
species seemingly bent on tipping the
ecological balance in its own favor. Then
a pair of pinhead-sized specks appeared.
They clung to the inner wall of the jar,
and when they moved, they left clear
trails on the smudged glass. In a remark-
ably short time the specks put an end to
my fun by maturing into a pair of drab
and voracious snails that apparently ei-
ther ate or poisoned all the other orga-
nisms.

I complained about the snails to Rob-
ert A. Brown, formerly an associate
curator of the New York Zoological So-
ciety and now managing director of the
Anti-Cruelty Society (157 West Grand
Avenue, Chicago, I1l. 60610). “But snails
are remarkable animals!” he exclaimed.
“Don’t put them down until you get to
know one personally.” Subsequently he
wrote the following procedure for get-
ting to know snails.

“Snails conduct themselves in bizarre
and intriguing ways. For example, they
become dormant under a number of
unfavorable environmental conditions,
such as when they are too hot, too cold
or too dry. Land snails are particularly
easy to observe and care for. They rep-
resent one of the most important groups
of invertebrate animals, the mollusks.
Some 80,000 species of mollusk have
evolved, of which about half survive.

“Of the several thousand kinds of land
snail, perhaps the easiest species to main-
tain and observe is Otala lactea. It is
shipped in wicker baskets as food to New
York and other metropolitan centers
from North Africa, principally Morocco.
It is a close relative of the escargot, the

I ast summer I put half an inch of mud
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The pleasures and problems

of raising snails in the home

prized food snail of French gourmets.
Paris reportedly consumes more than
200 million escargots per year.

“O. lactea is somewhat smaller than
the escargot and is dark brown inside the
shell opening. It can be found on sale as
babaluce in the fish markets of Italian
communities. If you cannot find a sup-
ply in your locality, have a friend who
lives in a big city send a few. Alterna-
tively, you can order land species from
biological supply houses such as Ward’s
Natural Science Establishment, Inc.
(P.O. Box 1712, Rochester, N.Y. 14603),
or Turtox/Cambosco, Macmillan Sci-
ence Co., Inc. (8200 South Hoyne
Street, Chicago, Ill. 60620).

“The distributor may not have O. lac-
tea in stock when you place your order.
The inventory varies with the season.
The procedure to follow, however, ap-
plies to land snails of any species. Three
individuals are sufficient. They will mul-
tiply. Moreover, the labor required to
keep snail cages clean is not negligible,
and it increases in proportion to the
number of animals.

“The snails will doubtless arrive in the
state of dormancy known as estivation.
They enter this state when they are
warm and dry. Estivation is the counter-
part of hibernation, the period of dor-
mancy some animals enter during cold
winter months. In Europe the escargot
may estivate in summer and hibernate
in winter.

“Observers have reported that various
land snails have survived in estivation
for four or five years without emerging
from the shell. When the animal is in
estivation, it will not become active un-
less it is either exposed to moisture or
disturbed. When you receive the ani-
mals, keep them in a dry place until their
cage is ready.

“Examine each specimen carefully.
Mark its shell distinctively with a col-
ored lacquer such as nail polish. I usual-
ly enter the identifying mark at the top
of a page in a notebook. I weigh each
individual on a postage scale and record
its weight in the notebook along with its
coloring and any distinctive markings.
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“Observe in particular the opening of
the shell. No doubt it will be closed by
dried mucus. This thin, leathery film
helps the animal to conserve its moisture.
Even so, snails can lose up to 50 percent
of their body weight during estivation.
The weight will be regained quickly
after the animal recovers from the dor-
mant state, as you can observe in detail
by weighing each specimen hourly dur-
ing its first active day.

“Although snails are easy to keep,
their cage should be designed to avoid
three problems that frequently arise.
Unless the environment is right, snails
that have been roused may reenter the
state of estivation. The animals may also
tend to become inactive during the day-
light hours, primarily because they are
nocturnal by nature. Finally, snails
quickly foul their enclosures with trails
of slime and excrement. The cage must
be cleaned frequently, a matter that
should be kept in mind when it is bought
or being designed.

“The cage or housing can be of the
type I refer to as the ‘hungry man’s
aquarium.” It is a clear plastic hatbox or
shirt box of the kind found in stores that
specialize in housewares. They are cur-
rently priced at about $2. A box has a
volume of two or three liters and a loose-
fitting lid that provides adequate ven-
tilation. Moreover, there are no metal
parts to rust or otherwise corrode. If the
lid is airtight, melt a few holes in the
plastic with a heated skewer or nail.

“Small glass aquariums that are avail-
able from distributors of novelties and
dealers in tropical fish are equally satis-
factory. The new container should be
washed with soap and water and rinsed
thoroughly. Place a thin layer of fallen
leaves, a lettuce leaf, bits of carrot and a
twig or two on the bottom along with a
shallow container filled with water to a
depth of from three to five millimeters
and a second container of good soil of
the kind sold for potting houseplants.
These materials appear to stimulate the
snails by providing a diversified environ-
ment in terms of smell and taste.

“The container for the soil can be a



small flowerpot or a rectangular plastic
box. The soil should be at least two centi-
meters deep. Keep the soil moist but not
flooded. The animals will doubtless lay
their eggs in it.

“Normally the animals will be most
active at night. It is possible, however,
to reverse their cycle of behavior for ob-
servation during daylight hours. Flood
the aquarium all night with light from a
bright incandescent lamp. In the morn-
ing cover the aquarium with an opaque
cloth. To observe the animals during the
day pull down the window shades and
remove the cover. Snails may adjust to
reversed day and night within a week
or so. If this technique fails to arouse
the snails during the daytime, try plac-
ing them in a shallow pan of water.

“Do not overpopulate the aquarium.
Three snails are enough. If you want six,
set up a second aquarium. Do not put
into the container any material that can-
not be washed or discarded, except the
soil. Remove the snails and all the ma-
terials twice a week and then wash and
rinse the aquarium thoroughly to remove
slime and excrement. Discard the un-

eaten foraging materials and replace
them with fresh food and natural plant
litter.

“Natural objects, such as stones and
pieces of broken flowerpot, serve well as
ornaments in the aquarium. A clamshell
or an old bone should always be includ-
ed. It will gradually be eaten because a
snail requires a relatively large amount
of calcium. A box of fallen leaves and
sticks can be collected on nature walks
and stored for use during the winter.

“Rouse the snails only after the aquari-
um is ready. All you have to do is put
them on a moist surface in their new
home. Keep in mind that you are work-
ing with land snails, not the aquatic
kind. Do not put more than three milli-
meters of water into the aquarium or
the snails may drown. Within about 10
minutes one snail or more will stir and
crawl up any nearby surface. If some of
the animals have not moved at the end
of a day or so, they may be dead. Dead
snails can be identified after a few days
by their strong unpleasant odor!

“Observe the animals frequently dur-
ing the first day after they have come

out of estivation. If the air inside the
aquarium is humid, as it ought to be, the
snails will crawl up the sides and move
upside down onto the bottom of the lid.
You should be able to see at least one of
them lift the forepart of its foot, head
and tentacles off the lid, twist around
and work its mouthparts over the open-
ing of its shell. The animal is eating its
first meal after fasting for many days or
weeks; it consists of the remains of the
dried mucus film that covers the body
during estivation.

“Land snails are not fussy eaters. Al-
though they will eat a wide variety of
plant and animal matter, it is fun to in-
vestigate their food preferences. Once I
offered four snails a bit of tuna. Three
of them spurned it, but the fourth ate it
all. Evidently the animals develop indi-
vidual preferences.

“The diet should include cereal such
as dry oatmeal flakes, bran and pack-
aged breakfast foods. As I have men-
tioned, calcium is essential. Sprinkle a
few pinches of ground limestone or bone
meal on the vegetables in addition to
keeping a clamshell or a piece of bone in
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Arrangements recommended by Robert A. Brown for keeping snails
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the aquarium. Limestone can be ob-
tained in the houseplant sections of su-
permarkets; bone meal is available in pet
shops.

“Calcium is the building material of
the snail’s shell, which grows throughout
the life of the animal at the lip of the
shell opening. Land snails in the wild
get calcium from a variety of organic
materials. Much as man ingests calcium
for his bones from milk, so snails con-
sume the remains of other animals. In
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the absence of adequate calcium land
snails may become dormant.

“The two most obvious features of a
snail are its shell and its foot, which is
the long extension of the body on which
the animal glides. The mouth is at the
front of the foot and can be observed
through the glass or plastic when the
animal moves. The mouth is a round hole
when it is open and a T-shaped slit when
it is closed. The mouth is surrounded by
sensory flaps called lappets.
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Tendency of snail to move upward as position of vertical sheet of glass is shifted
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“The snail combines the functions of
teeth and tongue in a single organ: the
radula, a toothed, filelike muscle inside
the mouth. The snail employs it as a
scraper to masticate food. The radula
can be seen when the mouth is open or
when one directs a strong light through
the head from the top and observes
from the bottom.

“Keep quiet and listen carefully when
a snail is eating hard materials such as
crisp lettuce and carrots. You will hear a
distinct scraping noise as the radula
works its way into the food. You can also
feel the radula by putting a thin film of
honey or jam on the tip of your finger
and offering it to a snail. The animal will
clean off the film with the radula. It is
interesting to record in the notebook the
food preferences of the individual snails
in an aquarium.

“The anus appears on the right side of
the body when the animal comes out of
its shell. It can be detected easily when
excrement emerges, particularly if a
highly colored food has been eaten. Ob-
serve in particular the sensory organs of
the head. They consist of front and rear
tentacles. The rear tentacles are longer.
At the tip of each one is an eye. When
the tentacles are touched, they with-
draw by turning inside out. They can be
seen in detail with a bright light and a
magnifying glass. Retracted tentacles
emerge by the reverse procedure of turn-
ing right side out.

“Note the dark, fleshy tissue around
the edge of the shell opening. It is known
as the mantle. Among other functions it
secretes the shell. The mantle also forms
a cavity that, in the land snail, serves as
a lung. Look upward toward the shell
opening when the snail is fully emerged.
You can see the large air hole that leads
to the lung cavity. It is usually open.

“Snails are hermaphrodites. Each in-
dividual is both male and female. The
animals engage in an elaborate and eas-
ily observed courtship that culminates in
cross-fertilization. Mating snails fondle
each other for a long time and then shoot
each other with a calcareous dart before
mating. Mating takes place when a large
sex organ emerges from the right side of
the head. The sex organ of each snail
penetrates the sex organ of its partner,
and sperm from each animal fertilizes
the eggs of the other.

“Speck-sized eggs are laid in soil by
both snails. Whenever you clean the
aquarium, look carefully for the eggs.
Disturb them as little as possible. Al-
though the eggs are fragile, they may
hatch. If they do, you can set up a sepa-
rate aquarium for the young.

“To investigate how snails move, put



a snail on a sheet of clean glass or clear
plastic. Hold the sheet up vertically. The
snail will move upward. Rotate the sheet
slowly back and forth, keeping it verti-
cal. The animal will sense the change in
the direction of gravity and turn so as to
maintain its upward course.

“Examine the motion of the foot
through the glass. Waves of muscular
contraction will appear to travel from
the rear of the foot to the front. The
waves seem to move contrary to the
snail’s forward motion. Actually the for-
ward-moving part of the foot is not in
contact with the surface of the glass and
is therefore less conspicuous.

“The prominent trail of mucus that
appears in the wake of the snail is se-
creted by a gland you can see just behind
the mouth. The mucus makes possible
the snail’s gliding motion. It is easy to
demonstrate the acrobatic talents of a
snail. For example, put a snail on a
string or a fine thread stretched horizon-
tally between two supports. The animal
will move along the line as readily as it
moves along a flat surface. It can also
glide across prickly surfaces, such as the
barbs of a cocklebur, without injury or
apparent discomfort.

“One can determine by observation
and a few experiments that all parts of
the snail’s body sense light, even though
the animal has eyelike organs at the tip
of its longest tentacles. The snail’s reac-
tion to light can be tested in various
ways. For example, install a small in-
candescent lamp on each side of the
aquarium. Light the lamps alternately,
simultaneously shading the unlighted
side. The snail will move to the darker
side.

“The animal may react to the abrupt
approach of a small shadow by retreat-
ing into its shell. Pass the shadow of

Acrobatics of a snail on a string

your hand over a snail. The animal ap-
pears to interpret the shadow as a
threat.

“Investigators who have removed the
eyes on the longer tentacles have con-
cluded that they are of minor impor-
tance, since the behavior of animals so
deprived does not change significantly.
The eyes appear to fix on objects only at
very close range. You may occasionally
see a snail bend its eye tentacles down-
ward enough to fix on the supporting
surface.

“How does a snail react to odors? You
can test the sense of smell by placing
warm, cooked foods on a moistened sur-
face. Note the seeking movements the
animal makes, elevating the front part of
its foot and waving its tentacles.

“Are the foods sensed by smell or by
sight? Put two or more opaque screens
on the surface with the snail between
them. The screens can be strips of sheet
metal bent into an L shape. Observe the
behavior of the animal with respect to
the screens. Then put the warm food be-
hind the screens and note the altered
behavior.

“Can the animals distinguish between
foods of various kinds? Do they exhibit
preferences? To learn the answer put a
drop of vinegar in the path of a snail. It
will turn aside. (Do not put vinegar on
the animal.) Occasionally a snail will
merely retract the edge of its foot that
is nearest the drop, thus forming a pock-
et. The pocket will move from the front
to the rear along the edge of the foot as
the animal glides forward.

“Does a snail hear? The answer is
doubtful. The animal will react to loud,
abrupt noises, perhaps because the air
vibrates the shell. A snail does have an
extremely acute tactile sense. The tenta-
cles retract at the slightest touch. For
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example, a single filament of cobweb
that drifts in contact with a tentacle
causes the organ to retract. On the other
hand, as I have mentioned, the foot is
not injured by sharp objects. A snail can
crawl over the edge of a razor blade
without cutting itself.

“As one might expect, the snail reacts
strongly to moisture. After cleaning the
aquarium put a shallow divider across
the bottom with a layer of dry aquarium
gravel on one side and moist gravel on
the other. To which side does the snail
move?

“The animal’s reaction to gravity is of
course related to its sense of touch. You
can base an amusing apparatus on this
reaction. Make up a miniature seesaw by
cementing the middle of a glass micro-
scope slide across a length of string that
is stretched about two centimeters above
a tabletop. Put the snail on the slide at
the bottom. It will crawl up the slide,
which will tip downward when the snail
crosses the balance point. The animal
will then turn around and proceed in the
opposite direction until the seesaw tips
again. Limit the experiment to a few
cycles.

“What is a snail’s pace? The maximum
velocity at which a snail moves appears
to be influenced by several factors. Snails
tend to move uphill toward shadow, fa-
vored foods and moisture. Certain snails
may respond more strongly than others
to various combinations of these stimuli
with the result that the pace varies with
both individuals and circumstances. I
find it interesting to time each animal’s
progress over a measured distance of,
say, 20 centimeters when it moves away
from the light, uphill and toward water.
By recording the preferences of individ-
ual snails one can calculate odds for
handicapping a snail race.”
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Discover

the one organized (and inexpensive)
way to keep up with what’s newin
computer techniques and management -

The Library of

mputey and Information
Sciences

(Retail prices shown)

60290. MANAGEMENT PLANNING
FOR DATA PROCESSING. Dick H.
Brandon. Accents the quantitative infor-
mation necessary for anyone concerned
with the operation of or planning for
computers $12.50

59840. MAN-MACHINE COMMU-
NICATION. Charles T. Meadow. Human
teings are slow, noisy, narrow-band, and
inventive; computers are fast, accurate,
wide-band. ...and unimaginative. Ways
and means whereby the two can “talk” to
each other $15.95

52250. HANDBOOK OF SUCCESS-
FUL DATA PROCESSING APPLICA-
TIONS. Jerome K. Pescow, Jack Horn
and Marvin Bachman. How to save time
and dollars by obtaining the maximum
vilue from a computer Counts 2242 of

Take any 3 books
for only®1 each

You simg

42500. DOCUMENTATION STAND-
ARDS (Second Edition). Keith A.
London. Complete guide to the develop-
ment, design, and implementation of a
standard system of documentation.

$12.50

44030. ELECTRONIC COMPUTER
MEMORY TECHNOLOGY. Edited by
Wallace B. Riley. Complete “state of the
art”

42045. DESIGN OF MAN-COMPU-
TER DIALOGUES.James Martin. Thor-
oughgoing study of how effective interac-
tion can be achieved between man and
computer. $16.50

56191. INTEGER PROGRAM-
MING.Robert S. Garfinkel and George L.
Nemhauser. One of the most exciting and
rapidly developing areas of operations

(values t

0 $53.90)

55370. INFORMATION PROCESSING
MANAGEMENT. Ralph A. Szweda. How
today's data processing manager can be
not only technically proficient but also
managerially skillful. $12.50

70730. PROGRAMMING AND PROB-
ABILITY MODELS IN OPERATIONS
RESEARCH.Donald P. Gaver and
Gerald L. Thompson. The application of
mathematical quantitative methods to the
solution of practical systems problems.

$17.95

42261. DIGITAL COMPUTING AND
NUMERICAL METHODS. Brice
Carnahan and James O. Wilkes. A bril-
hant presentation of methods with practi-
cal application to digital computers

$13.95

53720. HOW TO BUILD AND USE
ELECTRONIC DEVICES. Stuart A
Hoenig and F. Leland Payne. Delightful
volume shows you how to have fun build-
Ing numerous useful gadgets—even an
analog computer. $9.95.

40061. COMPUTER SECURITY MAN-
AGEMENT. Dennis Van Tassel. "Must”
reading for all computer professionals.

$10.50

79230. SOFTWARE SELECTION.
Susan Wooldridge. Everything you need
to know to make wise software selections.

your 3 books. 95  research $18.95
41620. DATA BASE MANAGE-
[ e e e e e e mporiant S5pee of G815 proceseing men
1 The Library of Computer and Information Sciences i agement. Counts as 2 of your 3 books.
1 Riverside, New Jersey 08075 7-3AA I $19.95
] Please accept my application for membership and send me the three 81880. SYSTEM ANALYSIS TECH-
volumes indicated, billing me only $1.00 each. | agree to purchase at | NIQUES. Edited by J. Daniel Couger and
| least three additional Selections or Alternates during the first two years | ||
Robert W. Knapp. 25 carefully selected
| amamember, under the club plan described in this ad. Savings range up 1 papers by the leaders in the fieid $14.95
l to 30% and occasionally even more. My membership is cancelable any- I | :
e e e see g™ 1 How THE CLUB OPERATES » The Book Gy 83780. THEORY OF COMPUTATION,
. : . I News, describing the coming Main Selection and L a de, b. Afame{l an awrence (
I 3 books for $1.00 each Indicate by number the 3 books you want. ] Alternate Selections, will be sent to you 15 times a andweber. A totally new presentation o
] [ [ 1] 11 year at three to four week intervals. * If you wish the theory of computation in a mathe-
] J | I | to purchase the Main Selection, do nothing and it matically rnigorous fashion.Counts as 2 of
J Some expensive books count as 2 selections H will be shipped to you automatically. I.I If you prefer your 3 books. $19.95
g one of the Alternates, or no book at all, simply indi-
| : cate your decision on the reply form always en- gSRaA’l(ﬂ)M:’l‘d?ol?Aul?él‘l)ANG ;g :RO-
' Name closed with the News and mail it so we receive it ° a”_y
1 by the date specified. * The News is mailed in time Katzan, Jr. A clear introduction to today's
| Adoress 1 to allow you at least 10 days to decide if you want ~ three most widely used languages
1 1 the coming Main Selection, If, because of late mail $13.75
delivery of the News, you should ever receive a
i Ciy State Zip ] Main Selection without having had the 10-day issglgthgULSAlsggg‘sFuozi TE%“R‘UN
1 (ofter good in Continental U S. and Canada only Prices shghtly higher in consideration period, that Selection may be re- S: Four on.
1
J Canada.) Book selections purchased for professional purposes may be a turned at Club expense. * After completing your ~ J.K. Lasser Tax Institute. A completely
tax-deductible expense. 1 trial membership, you will be entitled to take ad- revised and updated 4th edition of the
laccc e ccccc e wd classic. $9.95

vantage of our fabulous bonus plan
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by Philip Morrison

MERICAN BuiLping 2: THE Exvi-
A RONMENTAL FORCES THAT SHAPE

- Ir, by James Marston Fitch.
Houghton Mifflin Company ($15). Two
paired photographs eloquently represent
the polemic side of this clarifying essay
on the bases of architecture. The pictures
show a beautiful piece “of cantilevered
terrace and roof,” “hovering planes” de-
signed by the great formal architect Mies
van der Rohe. The first photograph is
calmly beautiful, but in the second one
the inhabitants of this Illinois house have
been at work. The elegant clear spans are
shaded in by an insect screen and
blocked with chairs, because when the
summer heat drove the owner to his
porch, the insects rendered his hours im-
possible. The owner made the space
habitable at the price of “radically alter-
ing its esthetic impact.”

The book, a revised and enlarged edi-
tion of American Building: The Forces
that Shape It, elevates to an articulate
philosophy what most Americans must
feel: Formal beauty—celebrated primar-
ily in photography, that purely visual
record far from the polydimensional re-
ality of noises, leaks and flies—is no sub-
stitute for honest design based on need.
“For architecture, the solution of experi-
ential problems is the only source of
valid form.” Professor Fitch, a distin-
guished Columbia University architect
and architectural historian, reaches this
position like the builder he is: by his
keen critique of what is wrong but even
more by an affirmation of what is right.

Human beings need architecture as
environment for the “natural” actions of
our domestic life and even more for the
“unnatural”’—the culturally rather than
biologically = constrained—circumstances
of work. Heat and cold, a breath of air
(odors too), light and sound, space and
time and gravity, structure itself and the
social arrangements of integration and
plan shape Fitch’s chapters. Throughout
he keeps his attention on the aesthetic,

BOORS

A vision of an architecture that is not

only visually pleasing but also humane

the “essence of the human experience.”
To design a building that is both beauti-
ful and good, “as Gropius once so mov-
ingly put it, is an authentic act of love.”
Here is no mere specialist’s scoffing;
Fitch includes the graphs of human tol-
erances and arm reach not to promote
this or that solution but to make plain
that the architect’s true client is the
whole person, not simply the viewer,
the lathe hand, the housewife or the
copywriter.

For Fitch good architecture must
share responsibility for public health.
Falls still cause most domestic injuries,
but they are not mere random accidents;
they center on steps and in the bath, just
as burns and cuts cluster in the kitchen.
It is manifest that searching design could
help, but architects study home safety
too little. It is no excuse to argue that
matters such as fixtures, maintenance
and sources of smog are out of reach of
the architect. “Legally, his responsibility
may be limited; morally, it is very great.”

Why is the igloo so fine a winter shel-
ter? Why is the adobe house—together
with its pueblo outgrowth—so fine a des-
ert one? The designers, by cultural se-
lection over a long time, work under the
severe discipline of a rude imperative
from the environment and an austere
choice of materials. Their necessity is
their freedom. The result is precise un-
derstanding of microclimate and a pro-
found grasp of the nature of materials.
The modern architect is the reverse: he
consistently underestimates the impact
of environmental forces and he does not
even choose the forms and materials of
his components.

Bridge builders and the designers of
yachts and aircraft make few such er-
rors; theirs are the only structural tri-
umphs of our world to match the igloo.
Such architects as Ralph Knowles of Los
Angeles and the Anglo-Swedish design-
er Ralph Erskine are Fitch’s paradigms.
These men seek to rework material and
form. Knowles projects a skyscraper wall
at 30 degrees north latitude in which
the structural material is organized per-
pendicular to the wall plane, its thou-
sands of cellular spaces rationally ar-
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ranged to control the sunlight over the
day and season, allow maximum trans-
parency from within and yet admit wide
spans. The complex honeycomb is surely
beautiful, and yet it is the opposite of
a manufactured glassy curtain. Erskine
deals with arctic cities, dark and frozen
all winter. His town project is a bowl
tipped southward with two levels for
pedestrian circulation, one of them shel-
tered and lighted.

In the past the building consumer was
also in part a producer. Design once
rested in the hands of a million anony-
mous artisans. The external conditions
“established the limits of satiety and sur-
vival alike.” Now we are all but freed
from those limits by a powerful remote
technology over which architect, client
and even the decisive dollar retain only
meager control. Take the theater, at once
architectural vessel and artistic content.
Fifth-century Greece made it a bowl
whose cunningly designed roofless seats
were symbiotic to the sights and sounds
of the great plays that grew there by
daylight. Early Christian polyphony “re-
linquished the intelligibility of speech”
for its melody, made “both possible and
necessary by the long reverberation pe-
riod of the Romanesque basilica.”

Today film has lost the magic of feed-
back to the living performer, but the as-
sembled film audience, if it is well served
by modern audiovisual technology, can
still richly enjoy a viable art form. Frag-
mented into sealed automobiles, how-
ever, the drive-in audience must stare at
the distant screen through a convex and
foggy windshield as the sound blares
from a tiny box. Their experience is “a
travesty” of technical virtuosity. Finally,
the “indecent privacy” of the television
screen reduces the public participant in
the high art of theater to a passive spec-
tator straining at a flickering knothole.

Vision alone remains, in part. And that
bias for visual appearance over sound,
feel, smell, touch, community is also the
occupational disease of the architect.
(Photons, alas, are too cheap.) His rem-
edy must be to serve knowingly all the
senses, to defend his clients, to form a
rapport of mutual interest with the ordi-
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nary consumer of buildings; in parable,
to stop working on the planner’s scale of
one inch to 100 feet. On such a model
“decisions affecting 68-inch people are
made from an altitude of 3,500 feet.”
Architects must come back to earth.

VACUUM ManvaL, edited by L. Hol-

land, W. Steckelmacher and J. Yar-
wood. E. & F. N. Spon Ltd., distributed
in the U.S. by Halsted Press, a division
of John Wiley & Sons, Inc. ($33.50). A
handsome book, this volume is so work-
aday that it carries advertisements. It is
a brand-new overview of the industry
of vacuum making and using, its editors
are three Greater London experts, its
viewpoint is international, firsthand and
skeptical. More than half of the book is
a section on the available equipment,
listing the products of 150 manufactur-
ers by category, with tabular compari-
sons and brief descriptive text. (There
are no illustrations in this section, and
readers new to the art need to strain for
hints about what is being described.)
The volume is meant for people with
some minimum of sophistication in the
field. Besides the equipment survey, the
manual offers a very good chapter on
basic vacuum data, itself most up to
date in measurements of the properties
of new materials and systems, and re-
views centering on the latest thing (since
1968) in three active domains of vacuum
technology: pumps, surface-analysis sys-
tems and the deposition of controlled
films by sputtering.

It was just 25 years ago that this maga-
zine carried a piece on the art of vacuum.
The biggest change since then has been
the growth in the complexity and va-
riety of approach. Not much that used to
work has become passé; the newest de-
velopments are simply added on. Every-
thing finds some use today in the very
wide range of the technology. Televi-
sion tubes and simulated cislunar envi-
ronments, freeze-dried strawberry ice
cream, well-made new dentures and a
wild proliferation of the cunningly con-
trolled surface films forming the elec-
tronic devices that are so ubiquitous in
our world—all of these represent modern
vacuum uses. They stretch far beyond
the physicist’s orbiting accelerator beams
and the chemist’s clean surface.

The little oil-sealed piston pumps are
still popping steadily in the laboratories
of the world but there are no longer only
a few manufacturers. They spread in-
stead from Liechtenstein to Van Nuys
and offer a model for every nuance.
Want to produce a lot of rough vacuum
quickly? Consider a big steam ejector
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pump. The steam jet entrains the air and
you can bring a full-sized room down to
a millimeter of mercury in three minutes.
It will require a five-stage steam ejector
and will cost you about a ton of steam.
“The most outstanding recent develop-
ment” in pumps, however, is the rotary
pump based on the Wankel principle.
Like its cognate automobile engine, it is
quieter, vibrationless—no popping—and
performs somewhat better than a typical
little piston pump.

Another new-old device is the molec-
ular drag pump, now in the variant
called turbomolecular. Since 1912 this
principle has been used by a very few
laboratories with virtuoso machining
abilities. The gas is pumped by spinning
steel disks with very low clearances.
Caught between disks, a molecule is
dragged along bouncing from disk to
disk, picking up a velocity in the direc-
tion demanded by the spin. Such a pump
is truly “clean,” or free of any gas of its
own making, because it is built of special
steels and often comes fitted with a
built-in heater that keeps it all but red-
hot until the dissolved and adsorbed gas
has left it. The new version is commer-
cial, a product of the formidable aircraft-
engine industry, with 10 or 20 rotor and
stator disks: a miniature axial-flow com-
pressor designed for pumping. It is suit-
able for ultrahigh vacuums, nowadays
down to the limit of measurement at
about 10-1% millimeter of mercury (the
manual uses the MKS pressure unit, the
pascal, almost throughout). Its forte is
heavy, slow molecules, such as those of
air; it does much less well with the far
nimbler hydrogen. (To hydrogen the tur-
bine seems slow.)

Does the residual hydrogen bother
your clean surface? Such a reactive gas is
nicely swept out by titanium sublima-
tion. Steadily evaporate an unreeling ti-
tanium wire—say by electron bombard-
ment—and let the metal vapor condense
on a cooled surface in a pretty good vac-
uum. The newly formed active metal
film will rapidly combine with any loose
hydrogen or nitrogen around. Yttrium
metal is even better (and dearer); you
can finish up with that. Catch titanium
film on a liquid-nitrogen cooled surface
and you can expect to trap more than 80
percent of the air molecules that strike it,
and even hydrogen atoms every few
times they hit.

Helium disdains such chemical lures.
Noble-gas pumps, however, are not
scarce in this ingenious technology. Use
a titanium cathode, a strong electric field
and a discharge to ionize the helium, and
the newly formed ion will be forced to
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plunge into the active cathode, there to
bury itself beyond return. Panels inter-
nally cooled by liquid helium or by
deeply chilled helium gas catch almost
everything that strikes. These pumps are
pumps of last resort, so to speak, and can
be had so far from only two manufac-
turers.

Pumps are the active elements of vac-
uum technique. The passive side is quite
as important. Gas leaks out of steel and
glass, boils in torrents out of softer ma-
terials and even makes its way past tight
seals from the ocean of the air. The stan-
dard vacuum container for ultrahigh
vacuum is cobalt-nickel stainless steel,
well machined, degreased with vapor
and even polished. Pump it, bake it out
for days—and repeat for a couple of
hours every time the surface is exposed
to the air again. Even then hydrogen
and carbon monoxide will continue to
emerge slowly from the depths of the
steel. Any polymer surface will outgas
(a “virtual leak” into your clean volume)
two orders of magnitude more than steel.
Small areas of gasket or insulator or the
like are all that is tolerable. For ultra-
high vacuum, valves may well be sealed
with stainless-steel bellows; their gates
are stainless-steel knife-edges homing on
beds of gold-plated soft copper.

In the old days there were special min-
eral-oil distillates with low vapor pres-
sure and few volatile impurities for the
sealing greases and pumping fluids. It is
interesting to see that these are still being
made and sold nearly 50 years after their
early development (under the same trade
name but now by Shell). There are many
competitors, one made by the Lion Fat
& Oil Company of Tokyo (not from the
fat of the lion). There is much new chem-
istry, of course. Silicones and various
fluorocarbons rule the roost for low pres-
sures. (If these expensive stuffs break
down, the familiar dark carbon films we
once saw may instead be silica depos-
its. Sand in the works?)

There is no room to tell of many new
instruments. One neat device is a film-
thickness monitor, which works by mea-
suring the resonance of a high-frequency
quartz-crystal oscillator that grows heav-
ier and a little slower as a film forms on
it in the vacuum. These too are commer-
cially packaged systems, with everything
else supplied for depositing a few con-
trolled layers of materials to make square
feet of logic chips, the heart of a good
many thousand pocket calculators.

Only prices are missing from this ad-
mirable guide to a world of high-technol-
ogy commerce. String and sealing wax
are gone (although not picein wax,



quite). One imagines that Ernest Ruther-
ford would be intrigued but would feel
strange in this place of new combina-
tions and logical developments of the
physicist’s tricks of a generation or two
ago.

ENCYCLOPEDIA OoF MINERALS, by Wil-

lard Lincoln Roberts, George Rob-
ert Rapp, Jr., and Julius Weber. Van
Nostrand Reinhold Company ($69.50).
The atom fixes the minimum scale of
crystals. Once 100,000 atoms or so have
struck a collective bargain between bond
energies and thermal motion, a crystal is
born. Its surface may be strange, its im-
perfections notable, but these remain
oddballs in a conventional atomic union.
(A mere local union of atoms may not
even reach crystallinity: it is all surface
and eccentric voids, perhaps even with
a foreign nucleus.) Only time and a rare
tolerant environment can enable a crystal
to attain the enormous population size
that becomes a hand specimen for the
collector or even an example for the
jeweler’s craft. Individual mineral crys-
tals on the human scale are rare and are
therefore prized.

Nowadays, with zoom optics, long
working distances and color correction,
the large-scale production of convenient
stereoscopic microscopes in the magnifi-
cation range of one or two powers of 10
is commonplace. (It is the microcircuit
industry that has provided the incentive
for such developments.) With them the
collector can enter the crystalline world
of minerals with complete satisfaction to
the eye, down to a scale millions of times
below the museum-case specimen in
mass. Through the lens he sees crystal
habit and true color, sharp facet and
contrasting substratum as well as he
could ever see them in a larger specimen
held in his hand. His domain of collec-
tion, however, has wonderfully expand-
ed as the sample size has shrunk. Rarities
become available and unique specimens
become realistic goals.

Micromounts of minerals are not new.
They were known among microscopists
of the 19th century, and the current re-
vival began just after World War IL
Now it has reached a high degree of re-
finement in the hands of such connois-
seurs as Julius Weber, virtuoso of the
photomicrograph, about 1,000 of whose
knowingly chosen, always sharp and
stunningly colorful photographs the size
of a business card illustrate this book of
reference.

Weber’s personal collection includes
some 9,000 micromounts; he not only
persuaded a few dozen people to lend

him this or that single example but also
got two other redoubtable collectors of
micromounts to pool their samples, the
finest in America, for the purposes of this
volume. (The transparencies from which
the reproductions were made are, some-
where, a hidden resource for the entire
studentship of minerals.) The pictures
are presented on sized paper insets in
alphabetical order, 15 or 20 pages at a
time, scattered through the thick rice-
paper volume of text.

It is hopeless to convey a visual mu-
seum. Turquoise? No massy sky blue
gem but here a set of sharp crystals
gleaming in the familiar hue. Pyrites? A
dozen examples, the most remarkable a
sharply bent wire form looking like a
piece of three-dimensional printed cir-
cuit. Rare? Examine the inky blue pyra-
mids of callaghanite, a hydrated double
copper carbonate that occurs only in
the “pits of Gabbs Refractories, Inc.” in
Nye County, Nev. Cinnabar? Again in
twinned crystals. Emerald, as a kind of
starry vein. For the admirers of nature’s
gem design, a cuprite specimen from the
famous Tsumeb mines of southwestern
Africa, Chinese red crystals dotted with
tiny green studs of malachite.

The text lists alphabetically more
than 2,200 minerals and gives for each
the chemical formula, crystallographic
information (including lattice constants,
the main powder X-ray-diffraction lines,
refractive indexes and crystal habit), cus-
tomary mechanical properties, color, lus-
ter and a laconic summary of occurrence.
The best reference known to the au-
thors and available in English is append-
ed to each listing. All these data have
been critically compiled by the first two
authors, both expert professional min-
eralogists.

The text is not for beginners, but this
is a quick, complete, authoritative ref-
erence work in one big volume for “a
very broad audience,” wider than those
familiar with more refined systems of
classification. The authors hope the vol-
ume will find its home as much on “the
encyclopedia shelf of the small-town li-
brary as on the desk of the established
mineral collector.” Given a real need to
go well beyond the many excellent prim-
ers, libraries and collectors would be
wise to act.

\%7 ATER: A PRIMER, by Luna B. Leo-

pold. W. H. Freeman and Company
($2.95). WATER: A VIEW FROM JAPAN,
text by Bernard Barber, photographs
by Dana Levy. John Weatherhill, Inc.
($30). The primer is about water, not
the molecule or even the hydrogen-
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bonded fluid but the water of the hy-
drologist: whence it comes, how it runs
off or soaks in, the nature of rivers,
floods and moist soil and how we use
them. Professor Leopold is one of the
best-known hydrologists, and his simple
paperback text for undergraduates is
full of insight, even though he allows
himself only one equation. (It is spelled
out in words: Rate of outflow = rate of
inflow = change of storage.) Most ter-
restrial water is of course seawater (97
percent), but we live by the residual. Of
that 3 percent the ice caps hold more
than 2; what cycles each year is only
one part in 3,000 of the total. Most of
this falls back into the sea; the amount
flowing in stream channels is only a
couple of weeks” worth of rainfall on
land, although lakes hold a three-year
supply. Underground water (very poor-
ly known) is perhaps comparable in
quantity to the store held as ice.

The U.S. Geological Survey monitors
the channel flow in America from more
than 10,000 stations that record the dis-
charge over time (called the hydrograph)
for just about every stream of conse-
quence. Here are photographs of Seneca
Creek, which flows into the Potomac
some 20 miles above the Watergate, in
stages from low flow to flood, the sup-
porting quantitative material given real
texture by the pictures. We learn how
flood crests grow from many upstream
contributions, suitably delayed and
then summed. The floodplain is built up
and taken away again over centuries by
the shifting stream but remains about
the same in size, filled only by rare
floods too great for the channel. There
are graphs of streamflow over the years
for eight U.S. rivers; they show strong
peaks and dips, yet a pattern stubbornly
refuses to disclose itself.

Leopold offers no panacea. Ground
water is not easy to increase by soil
change; flood control cannot always be
achieved by sound upstream manage-
ment. With heavy rain the runoff from
saturated soil is about the same for farm
and for uninhabited woodland. (“Many
of the highest floods known occurred be-
fore man began logging or farming.”)
Large and small dams each have their
uses. Zoning to require rational occupa-
tion of the floodplain (with foreknowl-
edge of the risk of flood damage) is a
hopeful method and is not yet generally
practiced. A couple of pages of anno-
tated references would have made this
excellent book much more valuable for
those who read it without an instructor.

Water: A View from Japan is an un-
usual ethnography with a text by an
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acute resident observer of Japan and
photographs by another longtime resi-
dent whose extraordinary images were
described here four years ago. (Then
they were of bamboo.) Here is watery
Japan: water pouring in feathery fall as
a ritual of purification on a willing vic-
tim in his white robe; water dotted with
great rafts in Ago Bay, where cultured
pearls are secreted by oysters in baskets
tied under the floats; water simulated by
meticulously raked garden sand or done
in line by masters of the woodblock cut
or of golden lacquer; water feeding the
nation in the myriad mirrored squares of
paddy rice, green with the promise of
the young plants; water trickling its mel-
ody in every garden. “As we traveled
around Japan we saw...a lot of water
which was disgustingly polluted.... But
here and there we saw efforts being
made and evidence that the long journey
back has been started. ... Carp are once
again living in Tokyo’s Sumida, a river
that has long been little better than a
cesspool...a good omen.”

A small neat boy walks in the rain un-
der a cheerful yellow parasol. In En-
glish, children sing, “Rain, rain, go
away,” but the Japanese children’s song
says, “Rain, rain, please come.” This is a
happy evocation of a subtle and complex
way of life, a superior ethnography in
image and text. No visitor can forget
either the hot tubs or the cool water
splashed daily at house, inn and shop
entrances. The water cleanses and allows
floors of rock and stone to gleam to their
best advantage, but it is ritual as well.

Kappa are the most Japanese of im-
aginary beings; they dwell in every
mountain stream, wry and quarrelsome.
They love cucumbers and raid gardens
for them. They cannot survive out of
water; during their sketchy forays onto
land they carry the life-giving water in a
concave hollow in their head. This vol-
ume somehow makes much of Japan
visible in a small compass; in a way the
Japanese themselves are like kappa,
they “have water in their heads and they
cannot live without it.”

SYNTIIESIS or LirE, edited by Charles

C. Price. Dowden, Hutchinson &
Ross, Inc. ($22). The title promises more
than the book can deliver. Nevertheless,
in these 26 facsimile “Benchmark Papers
in Organic Chemistry” the editor not
only has collected solid results (such as
the historic first total synthesis of a pro-
tein, insulin, in 1965 by a group of
Peking chemists “holding aloft the great
red banner of Chairman Mao,” and the
same synthesis with a lower yield by



Brookhaven and German groups at al-
most the same time) but also has con-
veyed the sound of the huntsmen’s horn
as they pursue one of the most remark-
able quarries of science: the synthesis of
the quick from the dead.

The oldest paper here is a modern
classic: Stanley L. Miller’s report, now
just 20 years old, of how he produced
amino acids by sparking water vapor,
ammonia, methane and hydrogen. Two
other reviews discuss the origin of such
biomonomers. The next topic is the
assembly of biopolymers synthetically:
proteins, nucleic acids and by 1970 a
functional gene, the 77-unit double-
helical DNA tape specifying a particu-
lar transfer RNA in yeast.

Then we have a fascinating interlude.
What is the basis of biological activity,
given the right polymer sequence? A
1972 jubilee lecture by C. B. Anfinsen
tells how he dissects a protein catalyst
and promotes its refolding into the nat-
urally active form. Another group of in-
vestigators, Sidney Fox’s, relates the na-
ture of its proteinoid droplets, which can
bud, a little like primitive organisms.
Optical activity, that uniform handed-
ness of life given significance by Pasteur
himself, is surveyed in an older paper by
George Wald, whose last paragraph has
the fine remark, “We are the products of
editing, rather than of authorship.”

The next step is postmolecular. Here
we read of the synthesis of organelles,
such as the ribosomes, and even of cells
in new editions—or better, anthologies—
that put together “any desired combina-
tion” of cytoplasm, nucleus and mem-
brane taken from other cells. ]J. F.
Danielli is cited here in two papers, a
brief technical account and a 1972 spec-
ulative essay on the expected impact of
such subcellular domestications of new
species.

Finally, most difficult and perhaps
deepest, are two papers, mainly theo-
retical, that describe conceptually and
mathematically how molecules might by
random processes become self-organiz-
ing, given a flow of free energy and the
tendency to replicate a successful cata-
lytic sequence. The long paper by Man-
fred Eigen, with a detailed theoretical
statement, and another by Hans Kuhn
that presents, at a somewhat simpler
level of discussion, a model constructed
along plausible historical lines close the
volume. There are a couple of good
textbooks on this topic, but the display
of original papers, well selected and
given brief context by the editor, adds
something irreplaceable to both imme-
diacy and richness.
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® Ecology involves both the
scientific study of the rela-
tionships of plants and
animals to their natural
environment, and the chal-
lenges —social, political,
economic —posed by this
comprehensive analysis.
Denis Owen deals with both
aspects of ecology in his new
book, “an ideal introductory
volume.” —Colin Stoneman.
With 54 illustrations, $7.95

WHAT IS

ECOLOGY?
D. FE. Owen

® From crop growth to indus-
trial pollution, from molecular
structure to flood control,
“Dr. Deming has presented
the broadest perspective of
water, its nature and its uses.
It can be an enlightening
book for the curious student
...a useful book for the
generalist.” —from the
Preface by Sen. Henry M.
Jackson. With 79 illustrations,
$12.50

WATER

The Fountain
of Opportunity
H. G. Deming

W. S. Gillam and
W. H. McCoy, Editors

OXFORD UNIVERSITY PRESS
200 Madison Ave., New York, N.Y. 10016
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QUESTAR

in a hostile environment

When we build Questars for special applications, they are engineered to
combat the hostile environments that prevent an opfica?sys*em from
delivering its theoretical performance. Our designs tackle the problems of
atmospheric conditions, extremes of temperature, high vibration levels

and high gravitational forces in a combination of ways, depending on the
critical demands of the application.

We were the first to put the temperature-stable optical material Cer-Vit®
into production optics; we introduced peaked dielectric coatings shortly
after their inception and have now included enhanced silver for maximum
reflectivity when it is needed. Special metals such as Invar have long been
used to decrease the expansion factors of our ruggedized models, thus
maintaining an instrument's focus throughout temperature extremes.

When your specs read like this: "optics system to function as receiving
aperture in conjunction with laser system operating at a wavelength of
0.6943 microns'* or when the frequency, sinusoidal amplitude and sweep rate
of the vibration levels demand the ultimate in ruggedization, consider
Questar. We have met these challenges and our answers are in production
here every day.

Both photographs show the Questar SR-7, a modified version of our
famous Questar Seven. It is the prime optical component of a laser tracking
system and features diffraction limited optics of Cer-Vit® and quartz
housed in a ruggedized barrel assembly of Invar. As a result, the system
is essentially temperature compensated and extremely stable when operating
in a variety of environmental and climatic conditions.

© QUESTAR CORPORATION 1974
All rights reserved

QUESTAR

BOX SR20, NEW HOPE, PA. 18938

SEND FOR OUR  BOOKLET
ABOUT QUESTAR, THE WORLD’S
FINEST, MOST VERSATILE
OPTICAL SYSTEM. IN COLOR,
WITH 150 PHOTOGRAPHS BY
QUESTAR OWNERS TAKEN
WITH THE 32 AND SEVEN.
SEND $1 TO COVER MAILING
COSTS ON THIS CONTINENT;
BY AIR TO SOUTH AMERICA,

$2.50; EUROPE AND NORTH
AFRICA,  $3.00; ELSEWHERE,
$3.50.

® Registered Trademark of
Owens-lllinois, Inc.
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Texaco 1s willing to go
almost anywhere to get you
the oil you need—even as
deep as 1,000 feet under the
Gulf of Mexico.

America needs energy. We’re
working to see that you get it.

But first, we’ve got to look for it.

And looking for oil requires a
lot of looking around, even when
you’re on dry land.

Imagine how difficult it becomes
when you’re looking around for it
under water—in depths that can go
as deep as a thousand feet.

But America does need oil, and
experts agree there’s plenty of it
right here in this country. Buried
offshore.

So far, the oil industry has paid
the U.S. Government close to
10 billion dollars for offshore leases.
Just for the right to look for oil.

Texaco alone, since December
15,1970, has paid the U.S.
Government over 800 million
dollars. And has 77 very promising
offshore properties —owned fully or
partially — to show for it. That’s
more than 200,000 acres.

With this much underwater
acreage, we look forward to finding
large new reserves of crude oil, and
of natural gas, too, to meet your
energy needs.

.

L B
\_f.l
Phatographed offshore kouisiana
showing Spadefish and the téntacle-/lke arms
of Brittle Stars on the sandy battom. JETECIEEIe e ER-I 2
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