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A newly created driving machine
introduces performance
and high mileage to
the world of personal luxury.

IIIIIIIIIIIIIIIIIIIIIIIIIII



Dodge 400 is a driving
machine that has been shaped to
slice the wind....it is aerodynami-
cally designed.

Dodge 400 is a driving
machine that will pull you through
tight turns with marvelous precision
and control...it has front-wheel-
drive and rack-and-pinion steering.

Dodge 400 is a driving
machine that is capable of deliver-
ing 40 estimated highway miles on
asingle gallon of gas' ..ithas an
Electronic Fuel Control System.

Dodge 400 is a superbly built
machine that has recaptured “the
thrill of the drive”...in the form of a
new personal luxury car.

Advanced techno|ogy,

remarkable performance

separate it from ordinary
personal luxury cars.

Today most competitive per-
sonal luxury cars are still content
with yesterday’s technology. .. still
content to be “pushed around”
by rear-wheel-drive.. ..

Well, not Dodge 400.

Dodge 400 is engineered
with advanced front-wheel-drive ...
teamed with rack-and-pinion
steering and MacPherson struts.

The result: Precise handling.
Quick response. Tight cornering.
And remarkable stability.

Slip into the luxury of a
Dodge 400 cockpit and you'll
discover drivingrewards not
possible in ordinary personal lux-
ury cars. Strong crosswinds won't
bully you into the wrong lane. And
vicious hairpin turns need not be
hair raising experiences. .. but swift,
cool responses.

The simple truth is... we
designed and engineered Dodge
400 to satisfy one very human pas-
sion...Driving!

And we've done our job well.

That's why we say, Dodge
400 is no ordinary personal luxury

car, but a personal driving machine.

ES])
Hwy

405,26/ ..
Extraordinary mileage
for a personal luxury car.

At the heart of the Dodge 400
engine—a Trans-4 overhead cam
—is an Electronic Fuel Control Sys-
tem that monitors engine functions
and continuously adjusts the timing
of spark plug firings and the mix-
ture of air and fuel for optimum
mileage efficiency.

Dodge 400. A quality machine.

Dodge 400 is more than a
driving machine, it's also a superb
quality machine.

Dodge 400's are built
and assembled in one of
the most technologically
advanced plants in the
world. Robots perform
98 of all the welds on
every new 400 body to
insure maximum body
strength and to help elimi-
nate squeaks, rattles and
wind noise.

Electronic consoles
monitor 37 different
engine functions with 66
individual computer tests.
It the engine flunks one
test, it is automatically
rejected.

And with the creation of the
new Dodge Quality Assurance
Center, Dodge 400 quality is
checked and double-checked
after final assembly.

1 out of every 3 Dodge 400's
—selected at random—gets
doors, hoods and deck lids re-
checked for proper fit. Moldings
and stripes are carefully inspected
for alignment. Paint and metal fin-
ishes are scrutinized for flaws.

When you buy a new Dodge
400, you get a driving machine.....
that's a quality machine.

Americas
Personal |

Dodge 400, not outrageously priced
for a personal driving machine.$8043;’

Dodge 400’s base sticker
price includes an impressive list of
standard features...many far
above standard.

A spacious cockpit, which
provides room and comfort for 5.

A 2-spoke wheel. An elec-
tronic digital clock. Power steering.
Power front disc brakes. Ignition
switch light with time delay.

The list continues: Padded
Landau vinyl roof. Counterbal-
anced hood. Clutch with
automatic free play adjuster.

It your thirst for luxury is

unquenchable, you have optionst:
Leather and vinyl reclining bucket
seats. Leather wrapped steering
wheel. Cornering lamps. Sun roof.
Tilt steering column. Power windows.
Buy or lease this magnificent
machine at your Dodge dealer.
Experience high mileage and
extraordinary performance in the
world of personal luxury. Dodge 400.

Dodge

Driving Mac

for comparison. Your mileage may vorZ depending on speed, weather and trip length. Actual highway mileage will probably be lower. Calif. est. lower.
+Some options may require the purchase of additional optional equipment

*Use 26 EPA est. mp:
**Sticker price exc/udzs taxes and destination charges
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THIS YEAR,
GIVE A GREAT AMERICAN
TRADITION.

Back in 1903, the L. C. Smith Com-
pany introduced its first typewriter. They
didn't know it then, but they started a
great tradition.

Over the years, the name Smith-
Corona® has become a household word.
(And you don't get that sort of recognition
unless you're the best.) Over the years, peo-
ple have found out that Smith-Corona
stands for the very finest quality and work-
manship. That Smith-Coronas are built to
last and last and last.

In fact, think about this: of all the
great portable typewriters that have been
sold over the years, Smith-Corona is the
only one that’s still doing business at the
same old stand! Doesn't that tell you some-
thing about the kind of tradition Smith-
Corona started way back then?

Now, in 1981, one thing about the
Smith-Corona hasn't changed: it's still built
to last. It’s still built to match exacting qual-
ity control standards.

But the Smith-Corona of 1981 s a far
cry from the first typing machines. For one
thing, it's electric. For another, it has a
unique cartridge system that gives every

Smith-Corona a versatility no other portable
typewriter in the world has. So you can type
on fabric or film, in black or in colors. And
you can correct mistakes two different ways,
including our brand-new Lift-Rite " that
actually lifts mistakes clean off the page!

When you're out holiday shopping,
put a great American tradition through its
paces—a Smith-Corona Coronet® XL or
Super 12. Type on it. Listen to it. Correct a
mistake on it. Examine it closely.

You'll see why Smith-Corona has
been given for years and years to
generations and generations. After all, not
every typewriter gets to be a tradition.

Smith-Corona

© 1981 SCIENTIFIC AMERICAN, INC



The New
Rand M¢Nally
Astronomy
Atlases

Jupitgr

Garry Hunt and Patrick Moore

? TheMoon

Patrick Moore

Latest and Most
Authoritative Books
on the Subject

THESE extraordinary books, the
most complete and up-to-date
available, are backed by the au-
thority of the Royal Astronomi-
cal Society. The text, by Patrick
Moore and Garry Hunt, sum-
marizes latest scientific find-
ings and describes current
ideas about the Moon, Jupiter,
and that planet’s four ‘largest
satellites, the “Galileans.”

Hundreds of spectacular illus-
trations, many in color, include
recent NASA space probe
photos and exclusive maps of
both sides of the Moon.

JUPITER

by Garry Hunt
and Patrick Moore

THE MOON

by Patrick Moore

A superlative gift for the ama-
teur and professional observer.

8%"x 11" $14.95 each

wherever books are sold

Rand MCNally

PO Box 7600, Chicago. IIl. 60680

THE COVER

The photograph on the cover shows the face of the common barn owl, Tyto
alba. The ring fixed to the owl’s head is an electromagnetic coil forming part
of the experimental apparatus employed to determine the precision with which
the owl localizes sound and the cues it selects from among those present in
natural sounds (see “The Hearing of the Barn Owl,” by Eric I. Knudsen, page
112). With the bird perched so that the head coil intersects horizontal and ver-
tical magnetic fields, changes in the current in the coil indicate movements of
the head as the owl locates a movable speaker. Such experiments have shown
that the barn owl!’s ability to locate the source of a sound is better than that of
any other species that has been tested. This great acuity is needed in the aerial
hunting of field mice at night. The owl’s face makes up a critical part of its
auditory equipment. Its external ears are two troughs that run through the
facial feathers. Because the ears are vertically asymmetric they can provide
clues to the vertical angle of a sound source as well as to its horizontal angle.

THE ILLUSTRATIONS
Cover photograph by Jon Brenneis
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ONCE AGAIN, REMY MARTIN CREATES A COGNAC
MADE FOR ROYALTY.
INTRODUCING CENTAURE ROYAL.

In the Mid-Eighteenth Century, g8+
The House of Remy Martin created g8
a cognac expressly and exclusively gF"
for the rulers of the Austro-
Hungarian Empire, The Royal
House of Hapsburg.

Today, Remy Martin has &
once again created an exquisite
cognac expressly for the ;
discerning connoisseur.

Centaure Royal, the “Royal” =
Remy Martin. A singular
blend of perfectly aged
fine champagne cognac.

Then, as now, a cognac of remarkable body and
bouquet created to grace a Royal Table or please the
most sophisticated palates and “noses” in the world.

Every bottle bearing the brass Centaure

Medallion, the mark of Remy Martin, known since
1724 as the house in Cognac that has raised
the art of making cognac to its highest level.
A limited bottling will be available in
America. Each bottle bearing its own
“Reserve” number.

We believe you'll accord Centaure

| Royal the welcome it has always deserved.
The Royal Welcome.

--.\'~

CENTAURE ROYAL. THE ROYAL REMY MARTIN

EXCLUSIVELY FINE CHAMPAGNE COGNAC FROM THE TWO BEST DISTRICTS OF THE COGNAC REGION

Sole U.S.A. Distributor Foreign Vintages, Inc. New York, N.Y. 80 Proof. © 1981

© 1981 SCIENTIFIC AMERICAN, INC



How the Rabbit works:
The Diesel.

Oil is a natural liquid-energy storage The 1982 Volkswagen Rabbit with its
system created by the slow decomposi-  diesel engine not only accomplishes that
tion of organic matter buried under goal admirably, it does it better than any
hundreds of tons of pressure for other car on the road *

200 million years. Prudence dictates

that we use it sparingly.

© 1981 SCIENTIFIC AMERICAN, INC

Its engine operates on Rudolf Diesel's
principle of compression ignition. That
is, fuel, injected into a cylinder filled with
hot compressed air, ignites instantly.
And it doesn't need spark plugs, coils or
adistributor.




Nothing else
s oVoIkswagen

But the Rabbit has features that would
impress evenDr. Diesel. It has a faster

7 sec. glow plug warm-up time, a unique
upshift light that tells you exactly when
to shift for optimum mileage, and an
incredibly light engine that gives the

car excellent pickup and passing power.

Add that to front-wheel drive, rack-and-
pinion steering, and all the other

details found ona Rabbit and you wind
up with a diesel that behaves like a
Volkswagen.

And nothing short of one.

© 1981 SCIENTIFIC AMERICAN, INC

© 1981 VOLKSWAGEN OF AMERICA

*EPA estimated (45| mpg, 58 highway
estimate. (Use "estimated mpg" for
comparisons. Your mileage may vary
with weather, speed and trip length.
Actual highway mileage will probably
beless.)



LETTERS

I read with interest the September is-
sue of Scientific American, devoted to in-
dustrial microbiology. Although the ar-
ticles were, as usual, well written and
authoritative, there is no apparent refer-
ence to the huge commercial production
in the U.S.S.R. of Candida yeast protein
from hydrolyzed peat. The plan, which
was targeted to produce about two mil-
lion tons of feed yeast annually, calls
for 95 plants, including 62 in European
Russia, 12 in Latvia, three in Byelorus-
sia and one each in Lithuania and Es-
tonia. According to 1977 reports, 13 of
these plants had been authorized for im-
mediate construction, following a four-
year pilot-plant study (1971-75) at Bo-
bruisk in Byelorussia (V. S. Shimanski et
al. in The Production of Food Yeast from
Peat, edited by V. E. Rakovskii, Nauka i
Tekhnika, Minsk). I have summarized
some of the relevant data in my book
Peat: Industrial Chemistry and Technolo-
gy, Academic Press, 1980. Yeast protein
is being produced from hydrocarbon
sources too.

G. B. Carter (“Is Biotechnology Feed-
ing the Russians?” in New Scientist,
April 23) points out that Russian single-
cell-protein production ‘“has been large-
ly overlooked in the Western press.” He
reports that 1.1 million tons of yeast
protein per year are being produced in

Editorial correspondence should be addressed to The |

Editors. SCIENTIFIC AMERICAN, 415 Madison Avenue,
New York. N.Y. 10017. Manuscripts are submitted at
the author’s risk and will not be returned unless accom-
panied by postage.

Advertising correspondence should be addressed to C.
John Kirby, Advertising Director, SCIENTIFIC AMERI-
CAN, 415 Madison Avenue, New York, N.Y. 10017.

Offprint correspondence and orders should be ad-
dressed to W. H. Freeman and Company, 660 Market
Street, San Francisco, Calif. 94104. For each offprint
ordered please enclose 60 cents.

Subscription correspondence should be addressed to
| Subscription Manager, SCIENTIFIC AMERICAN, 415

Madison Avenue, New York, N.Y. 10017. For change
| of address, notify us at least four weeks in advance.
Send both old and new addresses and enclose an ad-
dress imprint from a recent issue. (Date of last issue on
your subscription is shown at upper right-hand corner of
each month’s mailing label.)

Name

New Address

Old Address
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the U.S.S.R., and that a gigantic plant
(300,000 tons per year) is now under
construction at Mozyr in Byelorussia. It
is evident that the rapid growth of this
industry is significantly reducing Rus-
sian dependence on imported grain. The
program thus has political and econom-
ic as well as scientific importance.

CHARLES H. FUCHSMAN

Director

Center for Environmental Studies
Bemidji State University

Bemidji, Minn.

Sirs:

I am responding to the admirably
written article on Sadi Carnot [“Sadi
Carnot,” by S. S. Wilson; SCIENTIFIC
AMERICAN, August], which emphasizes
the practical intent of Carnot’s famous
essay. Considerable work has been done
by Carnot scholars to try to document a
connection between him and the actual
construction of steam engines. But the
practical nature of Carnot’s work, be-
yond what is suggested in his essay, re-
mains obscure, as does much of his
personal history. A number of points,
which the author does not mention,
have been brought to light by scholars in
France. Perhaps the most striking is the
discovery of evidence that Carnot died
in a hospital for the mentally disturbed
at Ivry-sur-Seine, just outside of Paris.
Professor Arthur Birembaut in his arti-
cle in Sadi Carnot et l'essor de la thermo-
dynamique (Sadi Carnot and the Rise of
Thermodynamics), published by the Cen-
tre National de la Recherche Scienti-
fique (C.N.R.S.) in 1976, offers the hy-
pothesis that Hippolyte Carnot, young-
er brother of Sadi Carnot, may have
deliberately concealed the unusual cir-
cumstances of his brother’s death in or-
der to protect the family’s honor. The
cholera epidemic of the summer of 1832
provided a convenient solution to a deli-
cate problem.

A second intriguing find that is keep-
ing scholars busy is Carnot’s correspon-
dence with military headquarters in Par-
is in 1827 indicating that he was in-
volved in a legal proceeding in which all
he possessed was at stake.

A review of the French research, em-
phasizing the biographical aspects, by
Birembaut, René Taton and others is
provided in my article “Sadi Carnot:
French Avant-Garde Energy Engineer,”
Social Science Energy Review, Fall, 1979,
which is available from the Yale Uni-
versity Institution for Social and Policy
Studies, Box 16A, Yale Station, Néw
Haven, Conn. 06520. The article also
mentions evidence of the existence of an
early paper of Carnot’s on a problem in
geometry, which I believe has not been
discussed elsewhere. In addition it men-
tions the possibility of a connection be-
tween Carnot and the Saint-Simonians

© 1981 SCIENTIFIC AMERICAN, INC

via his brother, who was an active mem-
ber of that religious/technocratic sect.

S. GORDON

Yale University
New Haven, Conn.

Sirs:

Bernstein and Phillips’ timely article
on fiber bundles and quantum theory
[“Fiber Bundles and Quantum Theory,”
by Herbert J. Bernstein and Anthony V.
Phillips; SCIENTIFIC AMERICAN, July] re-
solved a disquieting mystery for me that
may be of interest to some readers. One
of C. L. Stong’s last “Amateur Scientist”
columns [SCIENTIFIC AMERICAN, De-
cember, 1975] described an “antitwister
mechanism” I frankly could not believe.
It was a device that supposedly made it
possible to connect an electric cable, a
hydraulic hose or an optical link from a
rotating body to a fixed base without slip
rings or any other sliding members. Af-
ter a few moments’ reflection I conclud-
ed that Stong was playing a joke on us—
including the editors. The thing could
plainly not be done.

As soon as I saw the photographs of
the Philippine dancer continuously ro-
tating a wineglass resting firmly on one
hand (in the fiber-bundle article) the
light dawned like a flashbulb. My engi-
neer’s intuition still has not assimilated
this preposterous idea—but it is true! I
am just glad no one was there to see me
twisting my hand around to prove it for
myself.

Other readers may want to refer to
the antitwister column for suggestions
of possibly useful applications of this
remarkable effect described by fiber-
bundle theory.

E. W. MCWHORTER

Longview, Tex.

Sirs:

Another comment on the Philippine
wineglass dance and the letter from
Rosemarie Swanson [“Letters,” SCIEN-
TIFIC AMERICAN, October].

One practical application of this theo-
ry is a method of handling a garden hose
in order to store it for the winter. If loops
are gathered in one hand, there will be a
back twist generated in the uncollected
hose that must be shaken out to prevent
kinking.

If the gathered coil is oscillated 180
degrees between each collection of a
loop, it is the equivalent of the dancer’s
elbow being above and below the plane
of the wine. This will make it possible to
coil the hose with no back twist.

NEWELL MCDONALD

Cheshire, Conn.



[f music 1s one of your
pleasures, it is our pleasure to
introduce you to a unique audio
system that will put unlimited
access to music at your finger-
tips, from anywhere in your lis-
tening room,

This system, the Beocenter
7000, is equipped with a micro-
computer which allows you to
select vour program source from
the turntable, cassette tape
player, and pre-programmed FM
stations, by remote control. You
can switch between program
sources, adjust volume levels,
and enjoy full command of yvour
tape cassette for recording or
playback, all without ever touch:-
ing the Beocenter itself. And the

micro-computer will N
keep vou constantly ¥ ,/

informed on the
status of the
Beocenter, via an
LED display.

It almost goes =
without saying that -
in addition to these
unique features, the
Beocenter 7000 includes superb
components that have become
the hallmark of Bang & Olufsen.

The single-touch turntable
allows you to play records of any
size or speed at the touch of one
button.

The advanced cassette deck
has bias adjustment for all forms
of tape, and automatically

THE BEOCENTER 7000.

W\

demagnetizes its
tape head after
every recording.

It music is
indeed one of your
pleasures, we mvite
vou to experience

2 A Y the unique pleasure
\\ of music brought to
vou automatically,
remotely, intelligently, by the
Beocenter 7000. In the world of
advanced music systems, there
is indeed nothing remotely like it.

Bang&Olufsen

Bang & Olufsen of America, Inc.
515 ?‘lusse Road
Elk Grove Village, lllinois 60007

IN THE WORLD OF ADVANCED MUSIC SYSTEMS,
THERE'S NOTHING REMOTELY LIKE IT.

© 1981 SCIENTIFIC AMERICAN, INC




50 AND 100
YEARS AGO

SCIENTIFIC
' AMERICAN

DECEMBER, 1931: “We have lost a
sincere and valued friend, one who for
more than half a century of eventful ac-
tivity has ever been willing to respond
where he could give aid and encourage-
ment. Thomas Alva Edison died on Oc-
tober 18. From the historic day in 1877
when he gave the first public demonstra-
tion of his phonograph in the offices of
this magazine, to his recent favor of al-
lowing us to reproduce his favorite por-
trait on our cover, his association with
us has been constant and his courtesies
innumerable. Born in Milan, Ohio, on
February 11, 1847, the son of parents of
comfortable means, he early embarked
on his own account in a variety of busi-
nesses. It was while a telegrapher in
Boston that he took out his first patent,
No. 90,640, granted June 1, 1869, for an
electric vote recorder. From a monetary
standpoint this was a failure. His next
invention was a stock ticker, and this
he sold for $40,000, thus starting a line
of inventions represented by more than
1,000 patents, which placed him among
the immortals of industry and science.”

“With the greatest existing telescopes
it is possible to photograph a nebula of
the 21st magnitude—two million times
farther than anything that can be seen
with the naked eye. There must be more
nebulae beyond even this limit, so re-
mote that no existing telescope can
reveal them. The evidence for this is
remarkably simple, depending on mere
counts of the numbers of nebulae down
to successively decreasing limits of
faintness. Suppose we count all the neb-
ulae in the sky down to a given apparent
brightness. Then let us take a lower lim-
it one quarter as bright as before and
count again. We shall evidently now in-
clude objects to twice our former limit
of distance, hence we shall get all that lie
within a sphere of eight times the vol-
ume we had at first. Hence if the nebulae
are scattered uniformly through space,
we shall get eight times as many as be-
fore. If they thin out at great distan-
ces, the number we find will increase
less than eightfold. Edwin P. Hubble’s
counts, when analyzed in this way, show
that on the average the eightfold rate of
increase actually occurs right down to
the faintest object that can be accurately
measured for brightness. The nebulae
are still there, scattered no more sparse-
ly than the nearer ones, to the farthest
limit of telescopic vision. The material

12

universe extends beyond the utmost lim-
its of our observation. We have sounded
its depths with the longest line that hu-
man skill has yet devised, and our final
report is ‘No bottom.’”

“Eighteen persons stepped aboard a
large transport plane of Eastern Air
Transport. The chief pilot of the com-
pany, Harold A. Elliott, took off from
Newark Airport, set his compass course
for Washington, threw out a clutch and
abandoned his post at the controls. The
plane flew on steadily under perfect con-
trol for 10 minutes and then Elliott
threw in the clutch, turned the plane on
a course back toward Newark, again
threw out the clutch and let the plane fly
with no hand at the controls. In 11 min-
utes so unerring was the aim and so per-
fect the control that the plane passed
over the center of Newark Airport. This
flight was the first public demonstration
of the Sperry gyro-pilot, which does ev-
erything but take off and land a plane.
New possibilities can therefore be seen
for a wider and more confident use of
airplanes.”

DECEMBER, 1881: “The Edison sys-
tem of electrical conductors now be-
ing placed under the street pavements of
New York will rely on gigantic dynamo-
electric machines. With engines of the
most perfect build, and with the arma-
ture weighing 8,500 1b. as a fly wheel,
the Edison machine attains great uni-
formity of speed and consequently en-
sures perfect steadiness in the light. The
central station now in process of con-
struction will be provided with 12 steam
engines of 150 horse power each, actuat-
ing the dynamo-electric machines, each
of which will be capable of supplying
2,400 lamps of eight candle power. The
current furnished to these lamps comes
through the large-sized conductors laid
in the streets, from which smaller con-
ductors lead into the houses. These con-
ductors virtually bring the poles of the
generator into each house, where the
lamp wires can be brought in connection
with them, thus rendering each house
independent of any other for a supply of
both light and motive power.”

“If the world were not already accus-
tomed to the unprecedented fertility of
Mr. Darwin’s genius, it might well be
disposed to marvel at the appearance of
yet another work, now added to the
magnificent array of those that bear his
name. This work is The Formation of
Vegetable Mould through the Action of
Worms, with Observations on Their Hab-
its. Mr. Darwin writes: ‘It was shown
that small fragments of burnt marl,
cinders, etc., which had been thick-
ly strewed over the surface of several
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meadows, were found after a few years
lying at a depth of some inches under the
turf, but still forming a layer. This ap-
parent sinking of superficial bodies is
due to the large quantity of fine earth
continually brought up to the surface by
worms in the form of castings. These
castings are sooner or later spread out,
and cover up any object left on the sur-
face. I was thus led to conclude that all
the vegetable mould over the whole
country has passed many times through
the intestinal canal of worms. Hence the
term animal mould would be more
appropriate than that commonly used
of vegetable mould.””

“A glance at the map of Central Eu-
rope will show the importance of the
line of railway upon which the great St.
Gothard tunnel is situated. A territory
lying in the heart of the continent, and
containing the most delightful scenery
in the civilized world, is for a distance of
100 miles north and south (between Lu-
cerne and Milan) and 300 miles east and
west (Geneva to Innsbruck) without a
line of railway. Nothing but the until
recently believed impossibility of work-
ing such long subterranean passages has
delayed till the present time the con-
struction of railways so urgently needed
for the conveyance of the thousands
of visitors who annually flock to the
summer resorts of grand and beautiful
Switzerland. The total length of the St.
Gothard tunnel is 15 kilometers (9%
miles). The engineers assert that the
tunnel will be ready for traffic by the
1st of January next, although the whole
line from Lucerne to Biasca will not
be opened until next July.”

“In 1832 Biela’s comet crossed the
earth’s orbit. In 1846 the comet had di-
vided into two, which in 1852 reap-
peared. In 1859 the comet was not ob-
served, but it would have been so placed
in reference to the earth as to account
for that. In 1866 and 1872, however, it
should have been seen. Now, in 1872 it
was known that in September the comet
should cut the earth’s level at a point
corresponding to the place of the earth
on November 27. And it was suggested
that on that day, the earth being then
where a comet had been before in Sep-
tember, a meteoric shower might be ob-
served; and further, that this shower
would move in the precise path of the
comet, and therefore, from the known
direction of the comet path and the ve-
locity due to that particular point of its
path, that the apparent radiant would be
in Andromeda. These predictions were
precisely realized, and being realized
they established the fact that the mete-
ors of November 27, 1872, move in the
same orbit as Biela’s comet. These re-
markable facts suggest an association of
some sort between meteors and comets,
but what the connection is has not been
established.”
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Now that they’re ready for a change of pace
it’s time to give them John Jameson.

Introduce them to John Jameson. They'll like the light,
delicate taste. Luxurious and smooth as they would expect a premium
whiskey to be. But with a distinctive character all its own.

Step ahead of the crowd —give John Jameson, the
world's largest selling Irish Whiskey:
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TO FIND A FASTER
SHOE, WE WASTED A
LOT OF ENERGY.

It would have been simpler
had we never heard those famous
words: 3.79 ml 02/kg/km.

Up until then, we knew what
everyone else did. The surest way
to make a shoe faster was make it
li%hter. Carve 100 grams from a pair
of racing flats and you give the
athlete a one percent energy rebate.

That’s what the Nike Eagle is
all about. At about 150 grams, it
remains the lightest flat on the
market. And the minute we intro-
duced it, the shoe posted a 2:10
marathon.

Obviously, we didn’t cut
weight haphazardly. And since
different runners need different
amounts of comfort to race effectively,
what we didn’t put in the Eagle, is
there in the Magnum, the Boston
and the Elite.

Everything made sense. Until
we started fooling around with air.
o N
150) I \

DNVENTIONAL EVA MIDSOLE,
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FOREFOOT ENERGY LOSS: 94% I
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DISPLACEMENT (%)
The Air-Sole™ returns 20 % more energy on
pushoff than conventional EVA midsole.
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Suddenly, conventional wisdom
flew right out the laboratory window.

The Tailwind, developed for
cushion, refused to act like a typical
290 gram shoe. And more like 170
gram model. The Air-Sole™ proved
to be about two percent more energy
efficient than it had any right to be.

In plain language, a 3.79 ml
02/kg/km discrepancy. And nothing
to take lightly.

So we began work on an even
faster model. We carefully reduced
the weight. Tuned the air for high
speeds. Put world-class athletes
through grueling workouts on
treadmills. Ran impact tests to check
shock attenuation.

In the end, we called the shoe
Mariah.

— I
|  MARIAH I
CONVENTIONAL SHOE
5:55

5:50 6:00

-

f——

TIME (MINUTES PER MILE)

Average pace for nine subjects (5',10"; 149 Ibs.)
expending same effort in Mariah vs.
conventional shoe of same profile and weight.
Based on 108 trials of each shoe.

A runner capable of a 2:10
marathon in a shoe of similar
weight, now has the potential of
running 2:07:32. Put another way,
the same amount of energy that
would take athletes 50 miles, will
now take them about 51 miles.

There were other surprises.
Our lab tests showed that, contrary
to all logic, the Air-Sole actually
increased the Mariah's stability.

It appeared we not only had
a great racing flat, but the makings
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of a revolutionary training shoe.
So we made it. The Columbia.

We were immediately handed
another little shock. While most
midsoles exhibit substantial cush-
ioning loss after 300 miles, the
Columbia, after more than 800, had
practically the same resiliency as the
day it came off the production line.

20 1
( FOREFOOT IMPACT

II:’;'i.E (5 MS INTERVALS)
In impact tests, after more than 600 miles, the
Columbia showed no loss in cushioning while
conventional training shoe with EVA midsole
displayed a loss of 21.4%.

There are, however, some
things we are not going to tell you
about air shoes. We are not going to
tell you they reduce injury. Or
speed recovery between races or
heavy training runs. Many athletes,
even researchers, think so. But
we don't have enough hard data.

Not quite yet.

We will tell you this.

You really don’t need one of
the most sophisticated research labs
in the world to come up with a fast
shoe. It’s a lot less exhausting if you
make sure—one way or the other—
your shoe gets on a fast runner.

That's fine. But around here,-we
have to know that once it’s there, it
does the job better than any other shoe
possibly could.

And that’s ”I
what all the
sweat’s about.

Beaverton, Oregon



THE AUTHORS

KOSTA TSIPIS (“Laser Weapons”) is
a physicist at the Massachusetts Insti-
tute of Technology, where he serves as
associate director of the physics depart-
ment’s Program in Science and Technol-
ogy for International Security. A native
of Greece, he came to the U.S. in 1954 to
study electrical engineering and physics.
His degrees are from Rutgers University
(B.Sc., 1958; M.Sc., 1960) and Colum-
bia University (Ph.D., 1966). He has
been a member of the physics depart-
ment at M.LT. since 1966. This is the
sixth article Tsipis has contributed to
SCIENTIFIC AMERICAN, either as author
or coauthor, on various aspects of the
role of science and technology in the
formulation of national-defense policy.

RICHARD P. BLAKEMORE and
RICHARD B. FRANKEL (“Magnetic
Navigation in Bacteria”) describe their
work together respectively as “a healthy
and fruitful obligate mutualism be-
tween a physicist and a biologist” and as
“a true interdisciplinary collaboration,
in which each has had to learn the oth-
er’s language in order to carry on.”
Blakemore, the biologist, discovered the
phenomenon of magnetotaxis in bacte-
ria six years ago, while he was still a
graduate student at the University of
Massachusetts at Amherst. He went on
to obtain his Ph.D. in microbiology and
then joined the faculty of the Univer-
sity of New Hampshire, where he is
now assistant professor of microbiolo-
gy. Frankel, the physicist, says that since
joining forces with Blakemore he has
become “a real biology addict.” A grad-
uate of the University of Missouri, he
has a Ph.D. from the University of Cali-
fornia at Berkeley. He has been a mem-
ber of the research staff of the Francis
Bitter National Magnet Laboratory at
the Massachusetts Institute of Technol-
ogy since 1965.

AUBREY BURL (“The Recumbent
Stone Circles of Scotland”) has directed
several archaeological excavations of
megalithic sites in England and Scot-
land. Born in London, he was educated
at Wyggeston Boys’ School in Leicester
and subsequently served as a sublieuten-
ant in the Royal Navy from 1943 to
1947. He later read history and archae-
ology at the University of London and
at the University of Leicester, where he
prepared his thesis on the stone circles.
He served as lecturer in archaeology at
Leicester and at the Hull College of
Higher Education from 1970 to 1980.
“Now in semiretirement,” he writes, “I
spend my time researching and writ-
ing in a pleasant Georgian house in the
even pleasanter Edgbaston region of
Birmingham, West Midlands.” Burl’s
most recent book, Rites of the Gods,

which is about prehistoric religion in
Britain, was just published. He is cur-
rently working on another book, this
time about megalithic tombs.

ANDREW P. INGERSOLL (“Jupi-
ter and Saturn”) is professor of plane-
tary science at the California Institute of
Technology. He is a graduate of Am-
herst College (B.A., 1960) and Harvard
University (A.M., 1961; Ph.D., 1965),
and he has been at Cal Tech since 1966.
A specialist in planetary atmospheres,
he has taken part in the analysis of data
from a number of U.S. space missions.
Recently he was awarded the Nation-
al Aeronautics and Space Administra-
tion’s Exceptional Scientific Achieve-
ment Medal for his work on the Voy-
ager project. He writes: “I live with
my wife, five children, several Cal Tech
graduate students and a postdoc in a fine
old Pasadena house that has sometimes
been called ‘the commune for hard-
working scientists.” I enjoy challenges
and am overcompetitive; I credit my
family and friends for maintaining my
civility.”

ERIC I. KNUDSEN (“The Hearing
of the Barn Ow]”) is assistant professor
of neurobiology at the Stanford Univer-
sity School of Medicine. He earned his
degrees in the University of California
system: an A.B. in 1971 and an M.A. in
1973 (both at Santa Barbara) and a
Ph.D. in 1976 (from San Diego). He be-
gan his research career, he reports, “as
an undergraduate working on the biolu-
minescence of the sea pansy, a primitive
animal in one of the lowest phyla (Coe-
lenterata). Since then my interests have
moved progressively up the phylogenet-
ic ladder, from the horseshoe crab (mas-
ter’s thesis) to the catfish (doctoral the-
sis) to the owl (postdoctoral work). I
fully expect to be studying mammals,
including human beings, before long.”

RUSSELL F. DOOLITTLE (“Fibrin-
ogen and Fibrin”) is professor of bio-
chemistry at the University of Califor-
nia at San Diego. He studied biology as
an undergraduate at Wesleyan Universi-
ty and biochemistry as a graduate stu-
dent at Harvard University, receiving
his Ph.D. from the latter in 1962. After
two years as a postdoctoral fellow at the
Karolinska Institute and the University
of Lund he moved to San Diego to con-
tinue his work on the structure and evo-
lution of fibrinogen. During the aca-
demic year 1971-72 he was a visiting
fellow at Wolfson College of the Uni-
versity of Oxford.

RICHARD PAVELLE, MICHAEL

ROTHSTEIN and JOHN FITCH
(“Computer Algebra”) collaborate at
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long range on the application of com-
puter methods to mathematical prob-
lems in various areas of science. Pavelle
is on the staff of the Massachusetts Insti-
tute of Technology’s Laboratory for
Computer Science. He has a B.S. in nu-
clear engineering from Columbia Uni-
versity, an M.S. in theoretical physics
from Case Western Reserve Univer-
sity and a Ph.D. in mathematics from
the University of Sussex. He became a
“devotee” of computer algebra, he says,
in 1974, when a calculation dealing with
alternative theories of gravitation that
had taken him three months to do “by
hand” the year before “was redone (and
confirmed) on the MACSYMA system at
M.LT. in two minutes.” Rothstein is as-
sistant professor of computer science at
Kent State University. His interest in
computer science was nurtured at the
National University of Colombia at
Bogotd, where he was graduated with
a degree in mathematics in 1970. A
Fulbright fellowship then took him to
the University of Wisconsin at Madison,
where he got his M.S. in 1973 and his
Ph.D. in 1976. Before joining the faculty
at Kent State in 1980, Rothstein taught
computer science at Simén Bolivar Uni-
versity in Caracas. Fitch is professor of
software engineering in the school of
mathematics at the University of Bath,
where he also serves as director of the
university’s computer unit and head of
the numerical analysis and computer
science group. He was educated at the
University of Cambridge, obtaining his
B.A. in mathematics and his Ph.D. in
algebraic manipulation. (In 1972 he was
joint winner of the John Couch Ad-
ams Mathematical Prize at Cambridge.)
Fitch taught at Cambridge, the Univer-
sity of Utah and the University of Leeds
before taking up his present positions
at Bath.

GEORGE GALE (“The Anthropic
Principle”) is associate professor of phi-
losophy and physical science at the Uni-
versity of Missouri at Kansas City. His
degrees, all in philosophy, are from the
University of Santa Clara (B.A., 1965),
San Francisco State University (M.A.,
1967) and the University of California
at Davis (Ph.D., 1971). “Much of my
doctoral dissertation,” he reports, “was
written while I was a visiting student at
the University of Oxford. The disserta-
tion, the topic of which was ‘Leibniz: the
Physicist as Philosopher,” examined the
impact of Leibniz’ physical ideas on his
philosophical system and traced his in-
fluence on the origins of field dynamics.
The history of early field theory remains
one of my avid interests. My other re-
search interest is modern physics, in par-
ticular particles and relativity.... When
I’m not burying my nose in a book, I'm
burying my hands in the dirt of a 10-acre
vineyard or busy in its attached 10,000-
gallon-per-year winery, of which I’'m the
wine maker.”
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LEADING
EDGE

#1in a series of reports on new technology from Xerox

About a year ago, Xerox introduced the Ethernet
network— a pioneering new development that
makes it possible to link different office machines into
a single network that’s reliable, flexible and easily
expandable.

The following are some notes explaining the
technological underpinnings of this development. They
are contributed by Xerox research scientist David
Boggs.

The Ethernet system was designed to meet
several rather ambitious objectives.

First, it had to allow many users within a
given organization to access the same data. Next,
it had to allow the organization the economies
that come from resource sharing; that is, if
several people could share the same information
processing equipment, it would cut down on
the amount and expense of hardware needed. In
addition, the resulting network had to be flex-
ible; users had to be able to change components
easily so the network could grow smoothly
as new capability was needed. Finally, it had to
have maximum reliability—a system based on
the notion of shared information would look
pretty silly if users couldn’t get at the information
because the network was broken.

16

Collision Detection

The Ethernet network uses a coaxial cable
to connect various pieces of information equip-
ment. Information travels over the cable in
packets which are sent from one machine to
another.

A key problem in any system of this type is
how to control access to the cable: what are the
rules determining when a piece of equipment can
talk? Ethernet’s method resembles the unwritten
rules used by people at a party to decide who
gets to tell the next story.

While someone is speaking, everyone else
waits. When the current speaker stops, those who
want to say something pause, and then launch
into their speeches. If they collide with each other
(hear someone else talking, too), they all stop
and wait to start up again. Eventually one pauses
the shortest time and starts talking so soon that
everyone else hears him and waits.

When a piece of equipment wants to use
the Ethernet cable, it listens first to hear if any
other station is talking. When it hears silence on
the cable, the station starts talking, but it also
listens. If it hears other stations sending too, it
stops, as do the other stations. Then it waits a
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random amount of time, on the order of micro-
seconds, and tries again. The more times a
station collides, the longer, on the average, it
waits before trying again.

In the technical literature, this technique
is called carrier-sense multiple-access with col-
lision detection. It is a modification of a method
developed by researchers at the University of
Hawaii and further refined by my colleague Dr.
Robert Metcalfe. As long as the interval during
which stations elbow each other for control of
the cable is short relative to the interval during
which the winner uses the cable, it is very
efficient. Just as important, it requires no central
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control —there is no distinguished station to
break or become overloaded.

The System

With the foregoing problems solved,
Ethernet was ready for introduction. It consists
of a few relatively simple components:

Ether. This is the cable referred to earlier.

Since it consists of just copper and plastic,
its reliability is high and its cost is low.

Transceivers. These are small boxes that
insert and extract bits of information as
they pass by on the cable.

Controllers. These are large scale inte-

grated circuit chips which enable all sorts

of equipment, from communicating type-
writers to mainframe computers, regardless
of the manufacturer, to connect to the

Ethernet.

The resulting system is not only fast (trans-
mitting millions of bits of information per
second), it’s essentially modular in design. It’s
largely because of this modularity that Ethernet
succeeds in meeting its objectives of economy,
reliability and expandability.

The system is economical simply because
it enables users to share both equipment and
information, cutting down on hardware costs.
It is reliable because control of the system is
distributed over many pieces of communicating
equipment, instead of being vested in a single
central controller where a single piece of mal-
functioning equipment can immobilize an
entire system. And Ethernet is expandable
because it readily accepts new pieces of infor-

X_

A mation processing equipment.
", This enables an organization to
plug in new machines gradu-
| ally, as its needs dictate, or as
technology develops new and better ones.
About The Author

David Boggs is one of the inventors of
Ethernet. He is a member of the research staff
of the Computer Science Laboratory at Xerox’s
Palo Alto Research
Center.

He holds a
Bachelor’s degree in
Electrical Engineer-
ing from Princeton
University and a
Master’s degree
from Stanford
University, where
he is currently
pursuing a Ph.D.
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XEROX® and Ethernet are trademarks of XEROX CORPORATION
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MATHEMATICAL
GAMES

The Laffer curve and other

laughs in current economics

by Martin Gardner

TheKettle-Griffith-MoynihanScheme
for a New Electricity Supply, Travel-
ling in the Olden Times,4 American
Lake Poetry, the Strangest Dream that
was ever Halfdreamt.5

4I’ve lost the place, where was I?

5Something happened that time I was
asleep, torn letters or was there snow?

—JAMES JOYCE, Finnegans Wake

the early decades of modern capi-
talism classical economists were
fond of explaining prices by construct-
ing supply and demand graphs such as

lzconomists love to draw curves. In

DEMAND

PRICE—>

the one shown below. If the price of a
commodity is on the level indicated by
the line g, it is easy to see from where
this line crosses the curves that people
will buy less of the product. Since the
seller will have an oversupply, he will
lower its price to get rid of it. If the
prices are on the lower level of the line
b, increased demand will bid up the
product’s price and the seller will pro-
duce more.

These up and down forces stabilize
the price at E, the equilibrium point
where the amounts demanded and sup-
plied are equal. At this point the seller

SUPPLY

0 QUANTITY >

Classical supply and demand curves
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maximizes profit. If there is a general
increase in demand, with supply con-
stant, the demand curve shifts to the
right and E rises. If there is a general
increase in supply, with demand con-
stant, the supply curve shifts to the right
and F falls. If both curves move to the
left or the right the same distance, E
stays at the same level.

These curves still hold because supply
and demand play basic roles in any
economy, even one without free mar-
kets, but these days economists refer
to them less because in a mixed econo-
my such as ours hundreds of variables
play havoc with the curves. The govern-
ment, by innumerable stratagems, keeps
many prices far above or below what
they would be in a free market. Orga-
nized labor pushes up wages and com-
panies pass the increases along to prices,
in what Arthur M. Okun of the Brook-
ings Institution calls “the invisible hand-
shake.” Oligopolists find subtle ways of
getting together to avoid market fluctua-
tions, something they must do to remain
efficient.

In the 1960’s, when Keynesian ec-
onomics was still carrying all before
it (“We are all Keynesians now,” said
Richard Nixon), many economists were
impressed by the Phillips curve. This
curve was first proposed in 1958 by
the London economist Alban William
Housego Phillips, and it was applied to
the U.S. economy in 1960 by the neo-
Keynesians Paul A. Samuelson and
Robert M. Solow. As you can see from
the illustration on page 24, a typical
Phillips curve plots the inverse rela-
tion between unemployment and infla-
tion. By taking into account the abili-
ty of labor and business to administer
prices, the Phillips curve indicates that
the double goals of full employment
and price stability are not compatible
in a mixed economy. Full employment
(F) is attainable only at the cost of
steady inflation. Stable prices (zero in-
flation) are impossible without high un-
employment (U).

What to do? The best we can hope for,
implies the curve, is to find a reason-
able trade-off that does the minimum
amount of harm. If prices rise too high,
let a recession pull them down. If too
many people are out of work, let infla-
tion restore their jobs. With luck a gov-
ernment may find a point on the curve
where “normal” unemployment will
combine with an acceptable mild infla-
tion of, say, 4 or 5 percent per year.

Then something funny happened. The
economy, in the U.S. and elsewhere, got
itself into the mysterious state of “stag-
flation,” where contrary to the Phillips
curve unemployment and inflation kept
rising simultaneously. The process shift-
ed the curve ominously up and out as
indicated by the broken line in the il-
lustration. The trade-off dream turned
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into a nightmare economists called the
“cruel dilemma.” A government had no
“menu of choice” that would not lead to
either a deep recession or a galloping
inflation.

Keynesians struggled to rescue the
curve. It was soon obvious that there is
no such thing as a Phillips curve that is
stable in the short run. The curve can be
drawn dozens of ways, depending on
what variables (including psychological
expectations) are taken into account,
and it varies widely from time to time
and place to place. Is there a Phillips
curve that is stable in the long run? Some
say yes, some say no. Even if there is,
economists disagree on how to apply it.
Should the government try somehow to
slide up and down the curve, with in-
flation and unemployment fluctuating
like a seesaw? Should it try “looping”
around the curve in various risky ways?

According to Keynesians, a force
called demand-pull tries to twist the
curve into a vertical straight line, while
another force called cost-push tries to
twist it into a horizontal line. The long-
run curve compromises with a steep
downward slope. What is needed, of
course, is some way of shifting the entire
curve back down and to the left to allow
trade-offs that will not lead to social
chaos. Some economists, for example
John Kenneth Galbraith, believe this
can be done now only by combining fis-
cal and monetary policies with wage and
price controls. Nothing could be worse,
says Milton Friedman. In Friedman’s
monetarist view the long-run Phillips
curve is a vertical line at the “natural
rate” of unemployment, and any trade-
off effort to reduce unemployment be-
low that line will set off an explosive
inflation.

The Phillips curve, Daniel Bell wrote
last year (summarizing earlier remarks
by Solow), “provided more employ-
ment for economists. .. than any public-
works program since the construction of
the Erie Canal.” Today the curve is rap-
idly becoming little more than an out-
of-focus symbol of the fact that inflation
and unemployment are not independent
evils but are functionally linked in com-
plex ways that nobody is yet able to
understand.

Now, as a result of the upsurge of in-
terest in “supply side” economics, the
curve of the hour is a brand-new one
called, with strangely resonant over-
tones, the Laffer curve. Arthur B. Laffer
is a 41-year-old professor of business at
the University of Southern California.
The curve was named and first publi-
cized by Jude Wanniski, a former writer
for The Wall Street Journal, in his bible
of supply-side theory, which is confi-
dently titled The Way the World Works:
How Economies Fail—and Succeed (Ba-
sic Books, 1978). The upper illustration
on page 27 shows how Wanniski ori-



Available
in a single, limited edition.
Ordering deadline:
December 31, 1981.

For the first time in its history, the National
Wildlife Federation has commissioned the
creation of a collection of original sculptures
portraying North America’s great wildlife.

Inaugurating this historic collection will be
a superb sculpture of the American buffalo,
entitled Thunder on the Plains. Finely de-
tailed, crafted in cold-cast bronze and me-
ticulously hand-finished, it is a brilliant study
of the bison and an impressive work of art.

This new and original work has been
created for the National Wildlife Federation
by one of America’s most gifted wildlife
sculptors — Chapel. It portrays the bison in
full charge —wheeling in mid-stride past a
clump of prairie sage. The ominous crescent
horns, the flaring nostrils, the surprising agil-
ity of its powerful body—all are captured
with an artistry that is completely true to na-
ture. A quality valued throughout the long
tradition of bronze animal sculpture.

To faithfully capture all the rich detail and
subtle nuances of the sculptor’s art, the work

Shown smaller than actual size. Overall height: 7 inches

will be crafted in cold-cast bronze — a medi-
um capable of holding even finer detail than
traditional hot-cast bronze. Each sculpture
will be individually cast from a carefully pre-
pared sculptor’s blend of powdered bronze
and resins. Once hardened, it will be metic-
ulously finished with a fine patina — hand-
rubbed to a soft luster.

Thunder on the Plains is available in a
limited edition — reserved exclusively for
those who order from the Federation’s first
collection of original wildlife sculptures dur-
ing 1981. The appointed issuing agent, The
Franklin Gallery, will fulfill all valid orders,
and then the edition will be permanently
closed. A Certificate of Authenticity from the
National Wildlife Federation will accompany
each sculpture.

As an original sculpture that will enrich
your home, Thunder on the Plains will be a
truly rewarding acquisiton. A work of art in
the honored tradition of fine animal sculp-
ture. One that will remain a source of enjoy-
ment and a treasured family possession.

To reserve this important new work, sim-
ply return your application by December 31,
1981. No payment need accompany your
order, but the attached application must be
postmarked by December 31st.
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The National Wildlife Federation
presents

by Chapel

Inaugurating
the Federation’s first collection
of original wildlife sculptures.
A dramatic new work
in the great tradition of
bronze animal sculpture.

TFADXR O THC PLANS

Must be postmarked by December 31, 1981.
Limit: One per person.

The National Wildlife Federation

Cjo The Franklin Gallery

Franklin Center, Pennsylvania 19091
Please accept my reservation for Thun-
der on the Plains, to be crafted for me in
cold-cast bronze at $195.* plus $2.50
for shipping and handling.

| need send no money now. When my
sculpture is ready to be sent to me, [ will
be billed for my deposit of $39.50* and,
after shipment, for the balance in four
monthly installments of $39.50* each.

*Plus my applicable state sales tax

Signature

M ALL APPLICATIONS ARE SUBJECT TO ACCEPTANCE

Mrs.
Miss

PLEASE PRINT CLEARLY

Address

City _

State, Zip
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ents the Laffer curve at the beginning
of his Chapter 6.

Is it not a thing of beauty bare? As any
child can see from inspecting the curve’s
lower end, if the government drops its
tax rate to nothing, it gets nothing. And
if it raises its tax rate to 100 percent, it
also gets nothing. Why? Because in that
case nobody will work for wages. If all
income went to the state, people would
revert to a barter economy in which
a painter paints a dentist’s house only
if the dentist caps one of the painter’s
teeth.

The Laffer curve gets more interest-
ing when we slide along its arm toward
the center. At point 4, where taxes are
not quite 100 percent, people will find
it to their benefit to take some of their
income in taxable wages. At point B
the economy hums along with unfet-
tered high production, but because tax
rates are low the government gets the
same small amount it would get if taxes
were at A.

Now look at point E at the extreme
right of the curve. That is where the tax
rate maximizes government revenue. If
taxes fall below E, that may stimulate
production, but it obviously weakens
the government. Since by definition E is
the point of maximum revenue, the gov-
ernment also must get less if taxes rise
above E. The supply-siders stress many

\
\
\
\
\
\

ANNUAL INFLATION RATE (PERCENT) —>
T—

reasons for this being so. Some rich peo-
ple find it unprofitable to work as pro-
ductively as before. Some escape from
excessive tax burdens by finding unpro-
ductive “shelters.” Some even move to
another country where taxes are low. If
the government is relying on high taxes
for welfare programs, millions of people
are encouraged not to work at all. Why
work if you can get almost the same
income from welfare? Big corporations
spend less on research and development.
Entrepreneurs, the backbone of dynam-
ic growth, are less willing to take risks.
As a result of these factors and others
the economy becomes sluggish and tax
revenues decline.

It is important to understand, Wanni-
ski tells us, that E is not necessarily
at the 50 percent level, although it
could be. The shape of the Laffer curve
obviously changes with circumstances.
Thus in time of war, when people and
business are persuaded that a sacrificial
effort is essential, they are willing to ac-
cept a high tax rate while they keep pro-
duction booming. In peacetime they
are less altruistic.

Now, the heart of the supply-side ar-
gument is the conviction that our cur-
rent economy is somewhere near C, far
too high on the Laffer curve. Lowering
taxes (which some supply-siders believe
calls for huge cuts in welfare spending)

UNEMPLOYMENT RATE (PERCENT) —>

The Phillips curve
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will give the supply side of the economy
such a shot in the arm that the U.S. will
slide down the Laffer curve to point E,
perhaps not right away but soon. Tax
revenues eventually will rise enough
to take care of increased funding of
the military, stagflation will end, dy-
namic growth will begin, the budget
will be balanced by 1984 and the Amer-
ican dream will regain its luster.

Of course, supply and demand are al-
ways intertwined, but the supply-siders
call themselves supply-siders in order to
emphasize how they differ from neo-
Keynesians. John Maynard Keynes
stressed the importance of maintaining
demand by minimum-wage laws and
welfare payments. The Lafferites turn
this around and stress the importance
of stimulating supply. With the govern-
ment off the back of business, produc-
tion will soar, new inventions will be
made, more people will be employed
and real wages will rise. Everyone bene-
fits, particularly the poor, as prosperity
trickles down from the heights.

The second book to proclaim the vir-
tues of Lafferism is George Gilder’s
Wealth and Poverty (Basic Books, 1981).
The title intentionally plays on the title
of Henry George’s best seller Progress
and Poverty, which created a stir late in
the 19th century by recommending the
abolition of all taxes except a single tax
on land. Gilder’s book is more impas-
sioned than Wanniski’s. “Regressive
taxes help the poor!” Gilder writes in
Wealth and Poverty. William Safire once
described capitalism as the “good that
can come from greed.” Gilder is furi-
ous when people talk like that; he finds
capitalism motivated by the good that
comes from “giving.” By this he means
that the best way to give the poor what
they want, particularly the unemployed
young men of minority groups, is to
leave the free market alone so that the
economy will start growing again.

The trouble with the Laffer curve is
that, like the Phillips curve, it is too sim-
ple to be of any service except as the
symbol of a concept. In the case of the
Laffer curve the concept is both ancient
and trivially true, namely that when tax-
es are too high they are counterproduc-
tive. The problem is how to define “too
high.” No economist has the foggiest
notion of what a Laffer curve really
looks like except in the neighborhood of
its end points. Even if economists did
know, they would not know where to
put the economy on it. Irving Kristol,
defending supply-side economics in
Commentary (April, 1981), writes that he
cannot say where we are on the Laffer
curve but that he is sure we are ‘“too
far up.” President Reagan’s across-the-
board tax cuts are, he says, just what we
need in order to slide the economy
toward point E.

To bring Laffer’s curve more into line
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with the complexities of a mixed econo-
my dominated by what Galbraith likes
to call the “technostructure,” and also
with other variables that distort the
curve, I have devised what I call the neo-
Laffer (NL) curve. (See my “Changing
Perspectives on the Laffer Curve,” in
The British Journal of Economeretri-
ciousness, Vol. 34, No. 8, pages 7316-
7349; August, 1980.) The NL curve is
shown in the lower illustration on this
page. Observe that near its end points
this lovely curve closely resembles the
old Laffer curve, proving that it was
not a totally worthless first approxima-
tion. As the curve moves into the com-
plexities of the real world, however, it
enters what I call the “technosnarl.” In
this region I have based the curve on
a sophisticated statistical analysis (pro-
vided by Persi Diaconis, a statistician at
Stanford University) of the best avail-
able data for the U.S. economy over
the past 50 years. Since the data are rep-
resented on the graph by a swarm of
densely packed points, the actual shape
of the curve is somewhat arbitrary.
Nevertheless, it dramatizes a number
of significant insights.

Consider any value r on the revenue
axis within the segment directly below
the technosnarl. A vertical line through
r intersects the snarl at multiple points.
These points represent values on the tax-
rate axis that are most likely to produce
revenue ». Note that this also applies
to the maximum value of r, producing
multiple points E on the technosnarl. In
brief, more than one tax rate can maxi-
mize government revenue.

Consider any value ¢ on the tax-rate
axis within the segment directly to the
left of the technosnarl. A horizontal line
through r also intersects the snarl at mul-
tiple points. These points represent val-
ues on the revenue axis that are most
likely to result from tax rate ¢

Note that at some intersection points
lowering taxes from a given tax rate
will lower revenue, and that at other
points for the same tax rate it will raise
revenue. Even if we could determine at
which point to put the economy, it is
not clear from the snarl just what fiscal
and monetary policies would move the
economy fastest along the curve to the
nearest point E.

Like the old Laffer curve, the new one
is also metaphorical, although it is clear-
ly a better model of the real world. Since
it is a statistical reflection of human
behavior, its shape constantly changes,
like the Phillips curve, in unpredictable
ways. Hence the curve is best represent-
ed by a motion picture that captures its
protean character. Because it takes so
long to gather data and even longer to
analyze all the shift parameters, by the
time an NL curve is drawn it is out of
date and not very useful. I have been
told in confidence, however, by one of

Jack Anderson’s more reliable infor-
mants that the Smith Richardson Foun-
dation has secretly funded a multimil-
lion-dollar project at Stanford Research
International to study ways of improv-
ing the construction of NL curves. It is
possible that with better software, using
the fast Cray computer at the Lawrence
Livermore Laboratory, one will be able
to assign current probability values to
the multiple intersection points. If one
can do so, the NL curve could become a
valuable forecasting tool for rational
Federal decisions.

The Lafferites combine supreme self-
confidence with a supremely low opin-
ion of their detractors. Of the 18 econ-
omists who have won Nobel prizes,
only two, Milton Friedman and Gun-

100
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nar Myrdal, appear in the index of The
Way the World Works. Not even Alan
Greenspan, now of the abandoned “old
right,” gets a mention. You might sup-
pose that, since Friedman and Wanni-
ski are both mentors to conservatives,
Wanniski would have a high opinion of
Friedman. Not so. Wanniski goes to
great lengths in his book to explain why
three famous economic models—Marx-
ian, Keynesian and Friedmanian—are
all wrong. They cannot even explain
why the economy crashed in 1929.
There is now an enormous literature
on the many causes of the crash, much
of it written by eminent economists. We
can throw it all away. Wanniski has fig-
ured out the real reason. There would
have been nothing wrong with the stock

The Laffer curve

TAX RATE (PERCENT) —>

0 GOVERNMENT REVENUE —> l

The neo-Laffer (NL) curve
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[F YOUR INVESTMENTS ARE
THEYARENT DOING

PRESE
THE MERRILL LYNCH CASH

Until quite
recently, the traditional
role for an investment
portfolio was rather strictly
defined: To grow in worth.To
provide income. Basically, to
earn money.

But, no matter whether it
was stocks, bonds, money
market instruments or simply
certificates of deposit, the net
result was that earning money
was all that your investments
could do for you.

Then a few years ago,
Merrill Lynch invented the
Cash Management Account®
financial service. A revolutionary
new kind of brokerage account
that not only earns money for
you, but also manages it at
the same time.

In effect, CMA™
allows your money
to work continually at its maximum
potential, without relinquishing the least
amount of liquidity, flexibility and

convenience that you
., demand.
Today, there is
no question
—— about CMAS
proven abilities and
potential for the
sophisticated investor.
In fact, more than 450000 investors
with over 25 billion dollars invested
now rely on its many features.

The only question remaining
should be how the Cash Manage-
ment Account program can begin
working for you, immediately.
QUALIFICATION. To open a
CMA account requires that you

place a minimum of $20000 in cash
or securities, or a combination of
both, in a Merrill Lynch brokerage
account.

This obviously affords you a safe and
convenient place to hold your
securities.

And, importantly, it enti-
tles you to the services of an
experienced Merrill Lynch
Account Executive whom
you can rely upon for
sound advice, counsel and
an immediate conduit to

our number-one research
department.

But, much more, this is
just the beginning your assets
need to give them the special
qualities that make the CMA
service so unique.
MAXIMIZATION. There is
, virtually no such thing

as idle cash in a CMA
account. On opening your account, any cash
you originally place there is automatically
invested in your choice of three profession-
ally managed money market funds.The
choice of which fund is best for your particu-
lar investment strategy is, of course, your
decision. But the CMA Money Fund, Tax-
Exempt Fund or the new Government
Securities Fund can provide definite advan-
tages for any portfolio.

Daily, the dividend on your money mar-
ket fund is reinvested
for you. And any cash
that is generated on
your securities (i.e. divi-
dends, interest, pro-
ceeds from sales) is
also automatically
invested in your money
fund. Without you, your

CMA™ is not available in all states. The Cash Management Account program is proprietary to Merrill Lynch, US. Patents Pending.
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ONLY EARNING YOU MONLY,
NEARLY ENOUGH.

NTING

MANAGEMENT ACCOUNT.

broker or the postman ever getting involved.
So, your money continually works earning
more money, without your having to work at
doing anything,

LIQUIDITY. Now, lets assume that while
your money is busy working for you, it's nec-
essary to take an important business trip.
Or, on vacation in Mexico City, you spot a
rare antique.

With the CMA service, you have instant
access to your assets, anywhere in the world,
at any time. You can make purchases. And
although Merrill Lynch is not a bank, you can
get cash advances when you need to.

CMAs special checking and VISA® card
(provided by Bank One of Columbus, Ohio,

®
" Marrill Lynch
Plarce Fennas 8 Smith Inc

[fdgrtufdntany o Ao vty

——

NA) are all the credentials you'l need to use
your money when you want to. If there is not
enough cash to cover your purchases from
the balance in your money market fund, you
are entitled to borrow up to the full margin
value of your securities, instantly. This consti-
tutes an automatic loan on our part. With no
time limit of repayment on your part.
CONVENIENCE. At the end of each
month, you'l receive CMAs comprehensive
computerized statement. It lists all your

©1981 Merrill Lynch Pierce Fenner & Smith Inc Member SIPC

0000 000 000 DOO

transactions, and a daily reconciliation of
your account.You'll have a record of every-
thing from the market value of your security
positions,including annual percent yield and
estimated income, as well as all your VISA
and checking activities, on one convenient

form. .

And if EBROKERAGE
on any ACCOUNT
business
day during

the month, you want to
know exactly how much
money is available to
you, you only have to call
a special toll-free 800
number.

So, there you have it:
The Merrill Lynch Cash Management
Account. A unique service that keeps

| your money working productively,

while giving you immediate access

poe to your assets.
! For more complete informa-
tion, including a prospectus con-
taining all sales charges and
expenses, call 800-526~3030 (in
New Jersey, call 800-742-2900). Read the
prospectus carefully before you invest or
forward funds. Were convinced that once
you realize all that your investments can do
for you, you won't want to be without it.

THE MORE YOU DEMAND
OF YOUR MONEY,
THE MORE YOU NEED CMA™

@g Merrill Lynch

Merrill Lynch, Pierce, Fenner & Smith Inc

VISA@
CHECKING
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SAVE BIG

LCD PROBLEM

HEWLETT
by LD

HP-41C.......... $189
HP-41CV........ 249
Optical Wand.............. 95
Card Reader ............ 165
Prinfer...........covunne 285

Quad R.A.M. (for HP41C) ... 75
Mem. Module (for HP41C)... 23
 HP-41 APPLICATION
All titles of 4K Pacs

All titles of BK Pacs

(Not including Petroleum Fluids Pac)

The HP-85 Personal Computing System for
Professionals helps solve difficult engineer-
ing problems and simplifies financial analysis.
The HP-85 is a powerful BASIC language
computer with keyboard, CRT display, printer

and tape drive complete in one

(HP-83 is the same as above but without the
built-in printer and tape drive.)

Mfr. Sugg. R
HP-85 COMPUTER $3200

HP-83 COMPUTER 2250
(as HP-85 but no Printer

or Tape Drive)

26318 PRINTER 3650
B23S05A PRINTER 945

72258 PLOTTER 2800
{incl. Personality Module)

GRAPHICS TABLET 2050
VisiCalc™ PLUS 200
APPLICATION PACS 95

and all related accessories and software
at SIZEABLE DISCOUNTS

VisiCalc™ is a trademark of Person

CALL TOLL FREE 800-621-1269

EXCEPT lllinois, Alaska, Hawaii

" ala
AMDISE IS DRAND MEW,
BST QUALITY AND COMPLETE

ELEK-TEK

SLIMLINE Shirtpocket Styled
Power Packed Programmable

pACKARD CALCULATORS

HP-41C Scientific.......... 100
HP-12C Financial.......... 115

COMPUTING
SYSTEM
T\

at

SOLVERS

PACS
25.50
38.00

compact unit.

et. Elok-Tek Price
$2500
1800

3200
775
2550

1650

162
77

al Software, Inc.

ELEK-TEK  inc.

5344 W. Devon Ave.. Chicago IL 60646

(800) 621-1269

(312) 631-7800

(58 | (58 | (58 | 58| 58 |8

(5% | %

Faid

prais

The 21-queen solution to Scott Kim’s problem

market if Herbert Hoover had just left it
alone. Instead he and Congress made a
stupid political blunder. Writes Wanni-
ski: “The stock market Crash of 1929
and the Great Depression ensued be-
cause of the passage of the Smoot-Haw-
ley Tariff Act of 1930.”

How did it happen that the crash oc-
curred in October of the previous year?
It is simple. The stock market, says
Wanniski, anticipated the dire conse-
quences of the coming restraints on
free trade. Not all supply-siders agree.
Jack Kemp, the New York congressman
who coauthored the Kemp-Roth tax
bill (which paved the way for Reagan’s
fiscal program), is one who does. In
Kemp’s rousing book An American Ren-
aissance: A Strategy for the 1980s (Har-
per & Row, Inc.,, 1979) he assures us
that Wanniski has “demonstrated be-
yond any reasonable doubt” the truth
of his remarkable discovery.

What do professional economists
make of supply-side theory? Most of
them, including the most conservative,
regard it in much the same way as as-
tronomers regard the theories of Im-
manuel Velikovsky. To Galbraith it is
“a relatively sophisticated form of
fraud.” Walter W. Heller has likened it
to laetrile, and Solow terms it “snake
oil.” Vice-president Bush has called it
“voodoo economics.” Nevertheless, the
books by Wanniski, Gilder and Kemp
are said to have much influence in the
current Administration.

Lafferites appear to enjoy heaping
praise on one another. Laffer, the hero
of Wanniski’s book, is quoted on the
back of the paperbound edition as say-
ing: “In all honesty, I believe it is the
best book on economics ever written.”
Kristol, on the front cover, is more re-
strained. He thinks it is “the best eco-
nomic primer since Adam Smith.” Gil-
der asserts Wanniski “has achieved an
overnight influence of nearly Keynesian
proportions.” Gilder has been greeted
with similar euphoria. David Stockman,
President Reagan’s budget director, has

© 1981 SCIENTIFIC AMERICAN, INC

hailed Wealth and Poverty as “Prome-
thean in its intellectual power and in-
sight. It shatters once and for all the
Keynesian and welfare-state illusions
that burden the failed conventional wis-
dom of our era.”

How puzzled the President must be by
the violent clash between his old friend
Friedman and his Lafferite advisers!
(The clash is not only over Friedman’s
monetary views but also over his dis-
taste for the supply-side “gold bugs”
who are urging an immediate return to
the gold standard.) In the business sec-
tion of The New York Times (Sunday,
July 26) Wanniski’s attack on Friedman
was vitriolic. The burden of it is that
although Friedman is “barely five feet
tall,” he “weighs” so much that he is
now an enormous ‘“deadweight burden”
on the backs of Menachem Begin, Mar-
garet Thatcher, Ronald Reagan and the
U.S. economy.

Will the Lafferism of the Administra-
tion succeed or will it, as many econo-
mists fear, plunge the nation into high-
er inflation and higher unemployment?
The fact is economists cannot know.
The technosnarl is too snarly. The idle
rich might not invest their tax savings, as
Lafferites predict, but might spend it on
increased consumption. The hardwork-
ing poor and middle class might decide
to work less productively, not more. The
corporations and conglomerates might
do little with their tax savings except
acquire other companies.

Of course, ideologues of all persua-
sions think they know exactly how the
economy will respond to the Adminis-
tration’s mixture of Lafferism and mon-
etarism. Indeed, their self-confidence is
so vast, and their ability to rationalize so
crafty, that one cannot imagine any sce-
nario for the next few years they would
regard as falsifying their dogma. The
failure of any prediction can always be
blamed on quirky political decisions or
unforeseen historical events. It is incon-
ceivable, for example, that Friedman
would consider the triple-digit inflation
in Israel or the recent riots in Britain
or high U.S. stagflation in 1983 as sug-
gesting the slightest blemish on his
monetarist views even though he enthu-
siastically supported Begin, Thatcher
and Reagan, and all three have in turn
been strongly influenced by Friedman’s
brand of monetarism.

As for the Lafferites, they have all
kinds of outs in case Reagan’s policies
lead to disaster. Some will blame it on
Friedman. Others may follow an escape
plan mapped out by William F. Buck-
ley. Although the Administration’s tax
and budget cuts have been called the
biggest in American history, Buckley
thinks both cuts are not big enough.
“The trouble with the Reagan tax cuts,”
he wrote in National Review (July 24), “is
(a) they are insufficient, and insufficient-
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There has long been a need in the industrial world for
low-cost, high-performance permanent magnets. Recent
discoveries at the General Motors Research Laboratories
show promise of meeting this challenge by the application
of new preparation techniques to new materials.

Coercivity Variation

COERCIVITY (kOe)

0 T T T
0 10 20 30 40

DISC SURFACE VELOCITY (m/s)

Coercunty of Pro Feog plotted as a function of
disc surface velocity.

Color-enhanced transmission electron micrograph
of melt-spun Ndo 4 Feoghaving 75 kQe coercivity.

I WO properties characterize
desirable permanent mag-

nets: large coercivity (magnetic

hardness or resistance to demag-

netization) and high remanence

(magnetic strength). Higher-per-

formance magnets are required to
reduce further the size and weight
of a wide variety of electrical

devices, including d.c. motors.

Such magnets are available, but
the cost of the materials necessary
to produce them severely limits
their use. The research challenge

is to select, synthesize, and mag-

netically harden economically
attractive materials of comparable
quality.

Prominent among alterna-
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tive materials candidates are alloys
composed of iron and the abundant
light rare earths (lanthanum,
cerium, praseodymium, neodym-
ium). Investigations conducted by
Drs. John Croat and Jan Herbst at
the General Motors Research
Laboratories have led to the dis-
covery of a method for magneti-
cally hardening these alloys. By
means of a rapid-quench tech-
nique, the researchers have
achieved coercivities in Pr-Fe and
Nd-Fe that are the largest ever
reported for any rare earth-iron
material.

Drs. Croat and Herbst
selected praseodymium-iron and
neodymium-iron based upon fun-
damental considerations which
indicate that these alloys would
exhibit properties conducive to
permanent magnet development.
These properties include ferro-
magnetic alignment of the rare
earth and iron magnetic moments,
which would foster high reman-
ence, and significant magnetic
anisotropy, a crucial prerequisite
for large coercivity.

That these materials do not
form suitable crystalline com-
pounds, an essential requirement
for magnetic hardening by tradi-
tional methods, presents a major
obstacle. Drs. Croat and Herbst
hypothesized that a metastable
phase having the necessary prop-
perties could be formed by cooling
a molten alloy at a sufficiently




rapid rate. They tested this idea by

means of the melt-spinning tech-

nique, in which a molten alloy is

directed onto a cold, rotating disc.

The cooling rate, which can be
varied by changing the surface
velocity of the disc, can easily

approach 100,000°C per second.

The alloy emerges in the form of a
ribbon.

I HE researchers found that
variations of the cooling rate

can dramatically affect the mag-

netic properties of the solidified
alloys. In particular, appreciable

coercivity is achieved within a nar-

row interval of quench rate.

Equally remarkable, synthe-

sis and magnetic hardening, two

steps in conventional processing,

can be achieved simultaneously.
"X-ray analysis and electron

microscopy of the high coercivity

alloys reveal an unexpected mixed

microstructure,” states Dr. Croat.

“We observe elongated amorphous

regions interspersed with a crys-

talline rare earth-iron compound.”

Understanding the relation-

ship between the coercivity and

the microstructure is essential.
The two scientists are now study-
ing the extent to which the coerci-

vity is controlled by the shape and
composition of the amorphous and
crystalline structures.

“The development of sig-

nificant coercivity is an important

and encouraging step,” says Dr.

Herbst, "but practical application
of these materials requires

improvement of the remanence.

Greater knowledge of the physics
governing both properties is the
key to meeting the commercial
need for permanent magnets.”

THE
MEN
BEHIND
THE
WORK

Drs. Croat and
Herbst are Staff
Research Scien-
tists in the Phys-
ics Department
at the General Motors Research
Laboratories.

Dr. Croat (right) received his
Ph.D. in metallurgy from lowa
State University. His research
interests include the magnetic,
magneto-elastic and catalytic prop-
erties of pure rare earth metals and
their alloys and compounds.

Dr. Herbst (left) received his
Ph.D. in physics from Cornell Uni-
versity. In addition to the magne-
tism of rare earth materials, his
research interests include the
theory of photo-emission and the
physics of fluctuating valence
compounds.

Dr. Croat joined General
Motors in 1972; Dr. Herbst, in 1977.

General Motors

The future of transportation is here
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ly targeted; and () the cuts in the bud-
get are equally insufficient.... You can-
not make long-range, significant cuts by
concentrating on only a single one-third
of the budget. It is the equivalent of say-
ing you are going to lose weight by exer-
cising only your right leg.”

One can hope that President Reagan
will not try to reconcile these conflict-
ing conservative views by resorting to
astrology. This possibility is not quite as
remote as one might think. In an inter-
view with Angela Fox Dunn the Presi-
dent said he followed the daily advice
for his sign in the syndicated horoscope
of Carroll Righter. Born on February 6,
Reagan is an Aquarian. “I believe you’ll
find,” he told Dunn (The Washington
Post, July 13, 1980), “that 80 percent of
the people in New York’s Hall of Fame
are Aquarians.”

President Reagan and his wife Nan-
cy have for many years been person-
al friends of both Righter (who advises

Gloria Swanson and other Hollywood
figures) and the astrologer Jeane Dixon,
who lives in Washington. “I’m not con-
sidered one of his advisers,” Dixon cryp-
tically told Warren Hinckle (Sar Fran-
cisco Chronicle, July 19, 1980), “but I
advise him.” Joyce Jillson, who writes
a syndicated astrology column for The
Chicago Tribune and has among her cli-
ents several Hollywood studios and
multinational corporations, says that
last year Reagan aides paid her $1,200
for horoscopes on eight prospective
vice-presidential candidates. The White
House communications director has,
however, called her a liar. Michael
Kramer writes (New York, July 21,
1980): “Ronald Reagan, says Ronald
Reagan, is a nice, well-intentioned man
who loves his family, likes to consult his
horoscope before making major deci-
sions, and cries when he watches Little
House on the Prairie.”

Will the President seek help from the
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Solutions to mutilated chessboards
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zodiac in trying to decide whether to
follow Friedman or Laffer or some-
one else? One may never know. As the
Yale economist William Nordhaus put
it (The New York Times, August 9):
“We can only hope that supply-side ec-
onomics turns out to be laetrile rather
than thalidomide.”

Est June I showed how a square sheet
of paper can be folded obliquely
along four sides to produce a shape that
lacks any plane of symmetry yet is su-
perposable on its mirror image. Paul
Schwink of Carlisle, Iowa, and Piet Hein
of Copenhagen pointed out that the so-
lution is unnecessarily complicated. The
same result can be obtained by folding
just one pair of opposite sides, one up,
one down.

In August I gave the best-known solu-
tion to Scott Kim’s problem of placing
the maximum number of queens on a
chessboard so that each queen attacks
exactly four other queens. Jeffrey E.
Spencer went Kim one better by finding
a solution with 21 queens. This unex-
pected pattern is shown on page 30. Is it
maximal? No one knows.

Writing about the parabola in August,
I said that if y equals x2, the curve’s ver-
tex is on the directrix. The vertex can
never be on the directrix. George An-
drews was the first of many to catch this
mistake. If y equals x2, the vertex is at
0,0, the focus is at ¥/,,0 and the directrix
is the line x = —Y,. I also said that as
you lower a garden hose the tops of the
parabolic jets trace a parabola. This is
not so. It is the envelope of these curves
that is a parabola, as Bernard M. Oliver
was the first to point out.

Many readers confirmed a conjecture
reported in August that in the long run,
using present Gregorian rules for Eas-
ter, April 19 is the commonest Easter
date. Lawrence Joseph, Charles Kluep-
fel and Francis P. Larkin arrived at this
result by reasoning from available data.
Malcolm Baker, Robert B. Caldwell,
Randolph J. Herber, Herman Sallé and
Eryk Veshen were the first of many who
worked with computer programs to test
extremely long future spans. All found
April 19 to be the most frequent date
and March 22 the least frequent.

In October readers were asked to cuta
chessboard-colored rectangle with a
hole into three pieces that could be re-
formed (reflections allowed) to make a
standard chessboard that would pre-
serve the coloring. How it is done is
shown at the top of the illustration at the
left. The generalization to squares of
even-numbered sides is obvious. For
odd-sided squares of side » one must
distinguish between n =1 (mod 4) and
n=3 (mod 4). Examples of each are
shown at the middle and bottom of the
illustration. Again it is easy to see how
the solution generalizes.
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Reddy Chirra improves his vision with
an Apple.

Reddy is an optical engineer who's
used to working for big companies and using big

mainframes.

But when he started his own consulting
business, he soon learned how costly mainframe
time can be. So he bought himself a 48K Apple II
Personal Computer.

And, like thousands of other engineers
and scientists, quickly learned the pleasures of
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cutting down on shared time

own tamper-proof data base.
His Apple can handle

formulas with up to 80 vari-

> A
ables and test parameters on (ﬁ

250 different optical glasses. r

He can even use BASIC, FORTRAN,
Pascal and Assembl languages

And Apple’s HI—RES graphics come in
handy for design.

Reddy looked at other microcomputers, but
chose Apple for its in-depth documentation,
reliability and expandability.

You can get up to 64K RAM in an Apple IL.
Up to 128K RAM in our new Apple III. And
there's a whole family of compatible peripherals,
including an [EEE-488 bus for laboratory
instrument control.

Visityour authorized Apple dealer to find
out how far an Apple can go with scientific/
technical applications.

Itll Ciange the way ygu see things.

; and having his

-

The personal computer.‘ﬂpple

For the authorized dealer nearest you, call (800) 538-9696. In California, call (800) 662-9238. Or write: Apple Computer Inc., 10260 Bandley Dr., Cupertino, CA 95014.
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BOOKS

A Christmas collection of books

about science for younger readers

by Philip and Phylis Morrison

Physical Sciences and Engineering

THE PRESIDENT’S CAR, written and
illustrated by Nancy Winslow
Parker. Thomas Y. Crowell
($8.95). JANE’s PockET Book OF REc-
ORD-BREAKING AIRCRAFT, compiled by
Kenneth Munson. Collier Books, Mac-
millan Publishing Co.,, Inc. ($8.95).
Theodore Roosevelt never rode in an
automobile while he was in the White
House. The Secret Service, formerly
only the bane of counterfeiters, began
its duty of protecting the president by
following in its own open White Steam-
er Teddy’s lacquered black two-horse
brougham with its cockaded coachman.
William Howard Taft was the first presi-
dent to dispose of plenty of horsepower;
he too had a White Steamer, a big tour-
ing car that cost the taxpayer $4,000.
The armored limo called 200X is to-
day’s chosen vehicle, as it has been for
seven years, complete with flashing red
lights, holstered submachine guns, steel-
reinforced tires and tie-down hooks
welded to the frame for air shipment.

The father of our country sought a
high profile. His state coach—the mu-
nificent London-made gift of the gover-
nor of Pennsylvania to Martha Wash-
ington—was a yellow-and-white gilded
beauty, a few panels of which survive.
The hammercloth (the droll pen-and-
ink drawings that here cover every presi-
dentiad include carefully labeled details
to illustrate a fine technical glossary
of horse and car) was of leopardskin
“trimmed in red and gold lace.” Thom-
as Jefferson, Democrat and democrat,
rode horseback to his inauguration and
back home to Monticello when his term
had ended. The first American-made
presidential carriage was a gift to Mil-
lard Fillmore; the coachmakers of Lon-
don evidently were the Rolls-Royces
of their day. Calvin Coolidge never al-
lowed his drivers to exceed a thrifty 16
miles per hour in any of the dozen White
House cars, all rentals. A couple of doz-
en presidential vehicles, from Washing-
ton’s at Mount Vernon to two of Rich-
ard Nixon’s, are now on public exhibi-
tion; a list of where to see them all closes
this delightful and instructive book,
open to young readers and readable for
just about any American.

Such reviews of the past, visually set-
ting a piece of technology in a single
repetitive social context, share the vir-
tues of coordinate paper for displaying a
curve. They set change against a fixed
lattice. The second of these books is as
sober and deadpan as the first is artful
and humorous, but its method is the
same. An inexpensive pocket paper-
back, it presents photographs with elab-
orate (and overprecise) specifications
for all the aircraft that have held official
world records for absolute speed, height
and distance. The first speed record was
set by the 14-bis, whizzing around the
Eiffel Tower in 1906 with its brave pilot,
Alberto Santos-Dumont, standing up-
right in a wicker basket with the wind in
his face at 26 m.p.h. The current speed
record is held by Lockheed’s all-titani-
um blackbird SR-714, its record set in
1976 at about 2,200 m.p.h. (It holds the
altitude record as well.)

The book is the treasury of facts en-
thusiasts enjoy, and it also offers a sharp
look at aviation history, civil and mili-
tary. The plateau of aircraft speed was
reached in the early 1960’s; that titani-
um speedster was built in 1964. Until
then the speed record had risen with sur-
prising smoothness from the days of
wood and wire. Even the coming of the
jets was not a sharp step; the Fairey del-
ta-wing may have cut one inabout 1954,
although the effect isconfused by a rules
change that allowed the speed record
to be set at higher altitude, where jets
perform at their best. The maturing of
Russian aviation, particularly in high-
performance helicopters and heavy air-
craft, is conspicuous in later years. The
first mention of Andrei Tupolev goes
back to 1933, when the plane he built
flew from Moscow to California over
the North Pole. Its designer under Tupo-
lev’s leadership was P. O. Sukhoi, a
name still in the news. Some outlandish
planes are seen: pilotless, piggyback,
tiny. Louis Blériot, Charles Lindbergh,
Billy Mitchell, Jimmy Doolittle, How-
ard Hughes or their planes all cross
the stage.

HUNDER, SINGING SANDS, AND OTH-
ER WONDERS: SOUND IN THE AT-
MOSPHERE, by Kenneth Heuer. Dodd,
Mead & Company ($8.95). The whisper
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Wonders of the Universe
1982 Calendar

Galaxies, nebulae, star clusters, planets,
the aurora, even the fiery launch of Space
Shuttle. Every page a large color photo-
graph of an astronomical spectacular from
the world’s greatest observatories includ-
ing: Anglo-Australian, Kitt Peak, Lick,
Palomar, U.K. Schmidt, U.S. Naval Observ-
atories, and NASA spaceprobes.

These calendars make wonderful gifts;
photographs are suitable for framing.

[T] Enclosed is $7.95 (6.95 plus
$1 postage) for one calendar

[] Enclosed is $7.50 each for 2 or
more calendars

[] Enclosed is $1.00 for complete
astronomical catalogs

SHIPPED FIRST CLASS POSTAGE

ADD $5.00 PER CALENDAR FOR FOREIGN
AIRMAIL POSTAGE

Send check or money order to:

Hansen Planetarium

15 South State Street, Dept. SAH-12
Salt Lake City, Utah 84111

The true story
of the gorilla
who can chat,
tease, argue,
joke, question,
msult—

and even lie.

“The Education of Koko is more
than a charming story about
animals; it is a valuable tool in
our exploration of how we
learn to communicate, how we,
as well as apes, learn language.”’

— Publishers Weekly

THE EDUCATION OF

KO

by Francine Patterson and

Eugene Linden
Main Selection of Book-of-the-Month Club/Science

Alternate Selection of Book-of-the-Month and Natural
Science Book Clubs m

$15.95 Holt, Rinehart &“’lnslnn*&
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of the tree is its summed aeolian tones,
eddies in the wind characteristic of the
species, of the shape and size of its twigs.
Just as the hum of a swarm of bees is
pitched to that of the average bee, so is
the whisper of a tree pitched to that of a
single twig. Pines sigh in sibilant tones,
the oak grumbles. Intensity adds, so that
the forest murmurs loud; one can hear it
a mile away. The mountain roars louder
still, its sounds concentrated by the de-
scending wind. The best time to listen is
in winter, with the leaves gone. A dead
tree lodged in the fork of some standing
neighbor becomes a devil’s fiddle, the
sound arising from stick-and-slip mo-
tions, like the sound of a rosined bow.
“If you are alone at night in a forest
when a storm is gathering, you will jump
to this music of the Prince of Darkness.”
It was the rustle of leaves one against
another that gave voice to the oracle of
Zeus at Dodona; the voice of Indian
corn can be heard in windy autumn
fields all over America.

This book for readers in the higher
grades is perhaps the first one written on
meteorological sounds in general: the
clap and rumble of thunder, the patter
of rain, the boom of ice-crusted lakes,
the swish of the aurora, the sizzle of St.
Elmo’s coronal fires, the loud report of
the snowquake. The book sustains the
sense of wonder as it explores the subtle-
ties of thee physical world of motion that
suffuses the air to stimulate our ears.
The author recollects the cry of cold
snow crystals breaking under his boots,
the cracking of the rafter joints in his
grandfather’s country house on cold
winter nights, the hum of the old tele-
graph wires. He has searched out the
music and its causes from scientific jour-
nals and texts, but he has not forgotten
toread the poets “who have always been
interested in them.”

Evocative, simple, its genuine learn-
ing lightly worn, this text itself plays a
new variation on an old and universal
theme. To his words Heuer has added a
complement of pictures both fresh and
apt. An avalanche roars down a cliff be-
hind Zermatt, and the disastrous after-
math of another is shown in a little can-
ton town, its tall houses standing waist-
deep in snow. We do not understand it
all yet; the singing sands of Massachu-
setts and those of the Mountain of the
Bell on the coast of the Suez surely orig-
inate in the rubbing of grains of un-
usual uniformity of size, but just how?
There are initial references for those
who would explore. A stethoscope held
against the floor of any house admits the
listener to an unexpected concert.

HE HANDBOOK OF PHOTOGRAPHIC

EQUIPMENT, by Adrian Holloway.
Alfred A. Knopf, Inc. ($15.95). THE
DARKROOM HANDBOOK, by Michael
Langford. Alfred A. Knopf, Inc. ($25).
All the top lens makers market tele-
photo magnifying lenses for 3 5-millime-
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ter cameras. A fine lens of this sort, with
a focal length of say 500 mm., will mag-
nify about tenfold; the normal field of
46 degrees is reduced to about five de-
grees. A wide river scene with a distant
boathouse on the far bank turns into a
shot of an inviting white portico. Nowa-
days the same performance can be had
with a stubby catadioptric system, fold-
ing up the light path with a system of
elegantly figured lenses and mirrors.
Such a piece of modern optics is not
cheap, but it might weigh only a pound
and a half compared with the standard
long lens’s six pounds. Its defects are
different too; the light is a little dulled
by the reflections, and the pale out-of-
focus disks of the telephoto lens be-
come vague rings in the hybrid system.

The Handbook of Photographic Equip-
ment is a highly expert compilation that
surveys in such a way the entire interna-
tional marketplace of modern photogra-
phy, from fixed-focus snapshot cameras
to entire systems: lenses, cases, bodies,
filters and radio remote control. It in-
cludes lights, studio gear, film process-
ing, darkroom designs and printing. The
available devices are drawn and dia-
grammed, their strong and weak points
are discussed and often illustrated by
sample images, and a series of manufac-
turers are named with price ranges. The
tone is that of a consumer’s guide, but
final decisions are left to the reader;
there are no rankings or best buys. Ev-
ery interested high school library or club
would find such a work valuable, both in
the dollars and cents of proper choice
and in the simple good sense of under-
standing purposes, compromises and re-
sults. It amounts to a knowing field
guide to the glittering shops and the
hyperbolic advertisements of this very
popular activity for young people.

The Darkroom Handbook is even more
widely interesting. It shares the mode
of the first book: terse, factual pages,
replete with diagrams, captioned se-
quences of steps in a process, sample
images, careful comparisons in word
and picture. About a third of the book
is practical and explanatory, describing
from the start a home darkroom and a
big professional one, with detailed chap-
ters on processing and printing in black
and white and in color. The rest of the
volume sticks to explaining how to do it,
what tools to use and how they work. It
goes beyond the straightforward dark-
room, however, to manipulations of
the photographic image, basic and ad-
vanced, and then beyond the darkroom
to the artist’s studio. Pushing or pulling
the development of negatives that have
been exposed defectively is only a start;
you go on to airbrush retouching, mask-
ing, dodging, montages, multiple im-
ages, line prints and reliefs, bleaching
and dying, and even hand embroidery
on photolinen.

An entire gallery opens up as you turn
these pages, from the cameraless shad-
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owgraphs of the Dada epoch to the most
striking hybrids in today’s color adver-
tisements and serious works of art. The
reader begins to understand the subtle
nature of photographic evidence, the
richness and variety of the visual mode
of perception. It is a lesson in transfor-
mations, compelling even for one who
will never enter the darkroom of ingenu-
ity. Ansel Adams is not forgotten: the
real world’s fine detail as it was present-
ed by the moment.

Both of these books originate in Lon-
don; they were “conceived, edited and
designed” by a firm there. Their amal-
gam of clarity and professionalism is
not easy to match anywhere.

FIEELD GUIDE TO THE ATMOSPHERE,

text and photographs by Vincent J.
Schaefer and John A. Day. Drawings by
Christy E. Day. Houghton Mifflin Com-
pany ($13.95). Twenty years in gesta-
tion, this stout little volume draws on
a lifetime—two lifetimes—of attentive
thought and action. It is not in fact a
handbook of introductory meteorology,
although it has something in common
with one. It is just what it says, a field
guide to the atmosphere, in the sense
that its topic is what anyone can see and
feelhere in the lower depths of the earth’s
sea of air.

What can you see? First of all clouds,
with their kindred mist, fog, haze, driz-
zle, rain and a good deal more. Second,
the glory of color, from twilight bands
to the dawn rays, not to forget the less
usual gifts of rainbow, glory, parhelia
and the rest. Then there is snow, frost
and hail, in motion and at rest in heaps
and columns, or preserved as plastic
replicas. These are the topics of the
guide. Not one weather map is to be
found; even the idea of the large-scale
forces that cause the slow rotation of
weather systems is relegated to one
helpful page among the plentiful tables
and diagrams of the appendixes.

There are explanations and numbers
aplenty: it is the particles in the air by
sea and land that are counted and cata-
logued. Clear blue sky is the ubiquitous
sign of purity; the blue haze of the desert
is the mark of terpenes from the chapar-
ral; the gray haze records the soft nuclei
of the seashore or the pollen of spring
inland; browns and smoke blues are the
signs of careless mankind. A couple
of hundred clear and well-annotated
photographs sample all the variety of
clouds; it is not their names that are the
center of interest but what clouds are
and how they formed. For example,
woolly puffs of a high convective lay-
er show the formation of cloud droplets
by cooling as the air rises, compensated
in downward regions between the puffs,
where the air stays clear.

These pleasures of the air are open to
everyone, although it is true that the
city, its views blocked, its skies soiled,
is not the place these watchers would
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choose to be. Even there, however, re-
markable things can be done. There are
15 experimental tasks described here;
they sound as though they are not sim-
ply hopes but paths known by experi-
ence to lead somewhere. They call for
tape and glue and polyethylene tubes
and the like, the string and sealing wax
of our time. Home and school laborato-
ries can hold wonders once a cold cham-
ber (one needs a freezer chest and a slide
projector) or a vortex generator is built.
To sample the sizes of raindrops, say,
there are no fewer than four methods:
one is catching them on a nylon stocking
covered with powdered sugar. This is an
active path to field science, well marked
and wide open. High school students or
their elders who want to watch the skies
for meaning will profit from this uncom-
monly well-illustrated book. (Be sure to
choose a window seat the next time you
fly by day.)

BRIDGES: A ProJECT BOOk, by Anne
and Scott MacGregor. Lothrop,
Lee & Shepard Books ($9.55). The three
stands of great steel tubes that join
hands to carry trains over the Firth of
Forth are drawn large in strong line,
shown in negative on the cover of this
attractive book in white outline on dark
blue ground and inside as ink on paper.
In the same detailed style the authors of
the book have described and pictured a
series of a dozen or so bridges out of the
worldwide history of bridge building,
from a seventh-century stone arch in
China to the Gladesville Bridge in Aus-
tralia, whose main arch spans 1,000 feet
with its prefabricated hollow concrete
voussoirs. (Anyone who does not know
this term of the art will find it clearly
defined here in word and sketch.) More
than that, the reader is invited to ac-
tion. Careful instructions are presented
for building a true arch bridge, with
the option of matchboxes or of little
blocks carved of Styrofoam for making
the voussoirs. A workable bascule lift
bridge is designed to be made of card-
board, with paper-fastener bearings and
matchbox counterweights. The big sus-
pension-bridge model proposed is not
the Verrazano, but it can span the living-
room space between two chair backs
with folded sheets of newspaper serving
both as cables and as decking. Patterns
are given, and the clear, enthusiastic
tone of the text encourages any reader to
take his place in the noble line of bridge
builders. (A small partnership of archi-
tect-engineers in the middle grades is
just right for the slightly repetitive tasks
of fabrication.)

EAVY EQUIPMENT, written, designed

and illustrated by Jan Adkins.
Charles Scribner’s Sons ($8.95). “They
are the big machines, the heavy equip-
ment that chews at the earth and builds
on it. They are so strong! The power of
a thousand horses lives in their met-
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al hearts and nothing can stand against
them.”

This sharply seen detailed set of ink
drawings with shadow wash is a gal-
lery of giants. They are today’s earthy
myth become real. Diesel-powered, hy-
draulic-muscled, they are under the
easy control of their proud mahouts,
although where and when they work,
whether they leave behind a dead land
or build roads to a better future, is not
quickly judged. Adkins, himself a reflec-
tive hand-powered rigger and mover, is
here in passive mode. He has watched
the machines at work in order to put
them down crisply and carefully, not
forgetting to explain their hydraulics.
The fork lifts and compactors, the huge
crawler-dozers, such as the almost terri-
fying Caterpillar D 10’s, rooting up “the
landscape ... like mechanical pigs,” the
pipe layers with big counterweights and
the crawler drills are all here. Some of
them tread softly; one crawls about the
swamp on snowshoes, so to speak, its
extra-wide treads spreading out the load
10 times more than wheels. The pin-
cered Terex logger resembles a mon-
ster earwig. The awesome Big Muskie,
the biggest of the land-borne machines,
is draglining to strip the overburden
from Ohio coal seams, 320 tons at a
bite. Somehow the off-road trucks for
ore and rock loom grandest; the Terex
Titan hauls 350 tons on six very big
wheels, its driver a good deal shorter
than the tire diameter, its width too
great for any ordinary highway. “The
earth shakes when they pass.” Younger
children who favor monsters will cer-
tainly enjoy these.

HADOWS: HERE, THERE, AND EVERY-
WHERE, by Ron and Nancy Goor.
Thomas Y. Crowell ($8.25). A tall gi-
raffe casts a long shadow and a grass-
hopper a much shorter one. Sometimes
people have more than one shadow:
these ice skaters in center rink sport
eight. Intricate shadows come from a
dandelion or a high iron spiral staircase,
and a kid’s shadows can be long or short,
depending. In some 40 striking photo-
graphs, crisp and convincing, the shad-
ow and its variations are made visible in
a small work of logic. Few pages have
more than a couple of lines of easy text
to describe the shadow features shown.
Sundials are here, as are familiar shad-
ows awry on the complicated surfaces
of steps. One set of stairs climbs up the
side of a big tank, leaving its shadow
strangely behind. A few photographs
show the shadow event stripped to a
flashlight and a hand or a peg, tamed
demonstration shadows, but most of
them show shadows in the wild, at first
only beautiful and then opening up for
meaning.

This small book is a fine one for the
keen eye, even if its owner is not an ex-
perienced reader. Texture is not for-
gotten; there are several hand shadows
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worth learning, and shadowless days are
exhibited. The entire work induces the
exercise of the eye and the mind, en-
courages looking closely and thinking to
some purpose. One misses the notion
that a shadow is not paper-thin but fills
space; there is something left to learn.
This is real physics without any ritual
phrases or conventional abstractions.

People

HADOW OF THE HUNTER: STORIES OF
EskiMo Lirg, by Richard K. Nelson.
Illustrated by Simon Koonook. Univer-
sity of Chicago Press ($12.50). The flat-
lands of the North Slope face the Arctic
Ocean. Our fellow citizens there, the Es-
kimo people near Wainwright, Alaska,
are skillful users of outboard motors,
binoculars, rifles and explosive har-
poons. They wear blue jeans and drink
soda, read by gasoline lantern and often
crowd into villages. They also still hunt
and fish, drive teams of eager dogs and
keep the profound legacy of their an-
cestors. It is not the old tools alone
that were their power and their pride;
most of all it was their knowledge, the
most powerful tool of the sea hunters,
the ways of ice and sea, of bear and
snowbird.

The author is a cultural anthropolo-
gist who studied the technique of these
hunters, not only by interview and pas-
sive observation but also by daily shar-

ing the hunt as an apprentice. That made
another book; here he has ventured fur-
ther. He seeks to share the mind of the
hunter, by telling stories of 10 different
days in the year’s round. Most of them
are days and nights in the hunt itself.
Because the author wants to reach in-
ward he has made his chronicle a kind
of fiction; the individuals are fictional.
“But the people, like the events, are col-
lages based on what is real.” This is still
an ethnography, one way for a man to
tell what he knows and respects of an
old culture at the threshold of great
change, not so far from the pipeline to
Prudhoe Bay.

The book begins with Sakiak, an old
hunter, alone on the sea ice hunting
seals. It ends with the same man, re-
turned from the ice with his kill. Sakiak
dances; he had killed a bear on the ice
that midwinter day. His dance to the
pounding drums expresses ‘“all that was
Eskimo, in a land where none other
could live.” This sense of victory in an
adaptation to the singular demands of
the frozen sea glows through every sto-
ry. Readers young and old can hardly
fail to share in the pride of the hunter,
and the game are not forgotten; the
hunter’s thoughts must merge with the
seal’s own. When the bowhead whales
migrated, Sakiak stayed on the ice edge
all day long. He was fascinated. The sea
was not calm enough for hunting, and so
that day he could only watch. Two hun-

dred whales passed in an afternoon, and
still he watched; “his passionate interest
never diminished.” Although he was old
and wiser than anyone else, he never
stopped increasing his knowledge.

The oldest men could name hundreds
of landmarks, some features so subtle
a stranger could not detect them at all.
Wisdom comes with experience, and ex-
perience with game and weather comes
only with age. That is why the Eskimo
deferred to age. “This was true for men
and women alike, but there was also a
difference.” Old men eventually become
too weak for the hunt; then they have
only their knowledge. Old women not
only are wise but also remain adept with
the skills of the hand; “perhaps this was
why their personalities and assertiveness
often strengthened with age.” Young
people, particularly teenagers, should
find this book rewarding in its humanity.
A few of the episodes treat of family
matters, saying much more about wom-
en than the narratives of the hunt do;
one scene sensitively evokes the situa-
tion of a young woman whose education
has been outside the culture and what
has befallen her.

HE NORSE MYTHS, introduced and
retold by Kevin Crossley-Holland.
Pantheon Books ($14.95). First and last
things: the alpha and the omega. “Burn-
ing ice, biting flame; that is how life be-
gan.” Iceland lies on the ocean ridge,
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where magma and glacier both flow.
When life first quickened, it took the
form of an evil giant, Ymir. Ice melt
became the cow Audumla, who licked
men and gods from the ice. There were
yet no sand, no sea, no grass, no earth,
no heaven. It was Ymir’s skull that was
made into the vault of the sky by Allfa-
ther Odin and his brothers. Such was
creation, in the first myth.

The 32nd myth, the last, is Ragnarok.
“An axe-age, a sword-age, shields will
be gashed: there will be a wind-age and a
wolf-age before the world is wrecked.”
Parricide, incest and war will come, and
then three winters without a summer.
Men, elves, giants and gods will all die;
the sun will darken and the stars vanish;
the earth will sink into the sea. Only the
cosmic axis remains, the ash tree Ygg-
drasill, that always was and is and will
be. In that tree of life two human beings
hide, and the dragon under the roots
feeds on the dead. Then the earth will
rise again, fair and green. Corn will rip-
enin fields never sown. There will be life
everywhere. That was the end and this is
the beginning, alpha and omega.

Rendered into a simple, modern flu-
ent prose are these myths of the Norse
cycle. Between creation and destruction
the tales wind, cruel and deceitful, noble
and courageous, compact with magic
and art, love, jealousy, pride, terror and
the poetic strangeness of northern peo-
ples and their gods. The chief source of

the tales is the 13th-century Prose Edda,
with other works of Snorri Sturluson.
The present author, an English poet and
translator, has utilized the rich learning
of our own day to surround these works
with history and insight. A particular-
ly helpful apparatus gives the reader
sources and parallels, origins and uses.
The author knows the land and the lan-
guage of Iceland, and he applies that
knowledge to good purpose. In myth
No. 26, which also comes from the
Edda, we touch the later Volsunga Saga,
the source of Wagner’s Ring. The pas-
sage from the island myths of the gods
to the continental legends of heroes is
complex and uncertain. The reader will
nonetheless learn how the red gold and
that twisted ring were accursed, to de-
stroy whoever owned them.

This is an important and admirable
volume; it can be read by anyone old
enough to read it well. Like the more
ancient, still sacred tales of Eden and
Egypt and a land of milk and honey,
rather than of ice and fire, it offers form
and truth at many levels of understand-
ing, easy for no one yet rewarding to
everyone.

0 RABBIT SMART FOR TRUE: FOLK-
TALES FROM THE GULLAH, retold
by Priscilla Jaquith. Drawings by Ed
Young. Philomel Books, Putnam Pub-
lishing Group ($9.95). THE MAGIC PLUuM
TREE, by Freya Littledale. Illustrated by

Enrico Arno. Crown Publishers, Inc.
($7.95). On the barrier islands of the
Georgia and Carolina coast, the Sea Is-
lands, there have lived for a long time
a free people called the Gullah. They
raise a little cotton and rice, and they
hunt and fish expertly in the broom
sedge and the piny woods. No one
knows just how or whence they came,
but they were free of the coast planters
who once had bought them as slaves.
They still speak a language of their own,
perhaps West African in origin, influ-
enced by English dialects of the time,
and they have a rich spoken lore, lilt-
ing, expressive and racy. Albert H. Stod-
dard was born and raised there, and at
77 he recorded and transcribed for the
Library of Congress the stories he had
learned.

Priscilla Jaquith has retold four lively
stories from Stoddard’s work, with care
to keep its rhythm and flavor. Ed Young
has made many witty renderings in pen-
cil, four to a page, characters sometimes
breaking out of the neat frames, which
enhance the story almost like a cartoon.
Three of the stories are of Bo Rabbit,
trickster and con artist. Pitting the ele-
phant against the whale on a long rope,
he could pass himself off as “one able
little man.” “No matter how little you
are, if you’re smart for true, you can
beat the biggest crittuh on earth. It
stands so.” The partridge, though, was
wiser than Bo and showed him how to
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COMPUTER CHESS

Computer Chess checkmates

the leading competitor.”

“I knew Mattel Electronics

Computer Chess™ was a remarkable
game. In fact, | was so confident it
was one of the best electronic chess
games, | encouraged Mattel Elec-
tronics to challenge their leading
competitor, Fidelity Electronics’
Sensory Chess Challenger “8; to a
match. And as it turned out, my
expectations were well founded.
In more than 100 games, Mattel
Electronics’ Computer Chess beat
Fidelity's game 62%* of the time.

“Computer Chess was pro-

— Bruce Pandolfini U.S. National Chess Master —

grammed by International Chess
Master Julio Kaplan, resulting in a
game that plays more like a real
person than a machine.

“It's portable and poeket-sized,
and has no separate pieces to lose.
Both the chessboard and the pieces
are represented by a large easy-to-
read liquid crystal display. And the
game'’s three playing modes provide
a variety of game play for the
newcomer as well as the experi-
enced player.

“If chess is your game, | highly
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recommend you make your next
move to Mattel Electronics Com-
puter Chess. But don't just take

my word for it, compare for your-
self. Once you do, | think you'll
choose Computer Chess.The game
that checkmates the leading
competitor”

Games were played at the highest regular game
level for each. Batteries not included.

*Based on International Chess Tournament rules.
©Mattel, Inc. 1981 All Rights Reserved.
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hide, without hard feelings. In Gullah
too one finds folk themes of all the
world. Youngreadersor the still-read-to
will enjoy these tales and their dancing
little sequences of drawings.

Artful in every line, the single quiet
tale of The Magic Plum Tree and the
three little princes who visit it in all
seasons is a beautifully told tale from
the Jaraka, that treasury of folklore set
down to commemorate, we are told, the
former lives of Gautama Buddha. It is
illustrated in a charming style that gains
coherence as a version of the Mogul-
court miniature of North India. Kites
and flutes and dancers with graceful
hand gestures fill these pages, all entirely
appropriate in fancy.

OW TO REALLY FOOL YOURSELF: IL-

LUSIONS FOR ALL THE SENSES, by
Vicki Cobb. Illustrated by Leslie Mor-
rill. J. B. Lippincott ($895). A one-eyed
friend? Just put foreheads together,
looking straight ahead. You will each
find one. A mirage? On any summer day
look along the surface of a brick wall in
the sun. A dancing star? A flashlight
kept in a shoe box with a pinhole will
dance in a dark closet. (Flashing lights
are standard on aircraft in part because
they limit this autokinetic effect.) The
sound of rain in your tape recorder?
There are three ways to get it; one is
to let sugar trickle down a chute of
waxed paper. Make dry hands feel wet?
Through rubber gloves cold water still
feels wet; wetness is something like heat
loss with evenly distributed pressure on
the skin. (There are six or eight such
“touch blends” listed that we still under-
stand rather poorly.)

So it goes. This little book for grade
school psychologists and philosophers
presents a few dozen of these interesting
but less familiar illusions, along with the
arrow lengths, outline cubes, Eschers
and three-pronged blivits of the stan-
dard optical-illusion list. The text is sim-
ple and direct, suitably lighthearted and
more than once has the simple hones-
ty to admit that nobody quite under-
stands the perceptual problem. There
are some big names attached to these
simple puzzles; the current generation
of fifth graders is likely to understand
a good deal more about perception
than any before it. This unpretentious
account might just win over a couple of
investigators of the future!

THE COLOR ATLAS OF HUMAN ANATO-
My, edited by Vanio Vannini and
Giuliano Pogliani. Translated and re-
vised by Richard T. Jolly. Harmony
Books/Crown Publishers Inc. ($6.95).
Since the Fabrica of Andreas Vesalius
himself the fabric of the human body
has made many a striking volume. This
handsome paperback is up to date. It
comes from Milan, where it was pro-
duced two years ago not as a piece for
medical instruction but as a reliable yet

dramatic guide for the general reader.
The core of the book is a set of careful
anatomical drawings of the main sys-
tems of the body: muscle, bone, blood
vessels, the endocrine glands, the nerves
and the brain, the sense organs and the
respiratory, digestive and urogenital
systems, male and female. They are in
no way bowdlerized, but they are in di-
agrammatic false color in a cutaway
smooth-contoured style that might al-
most suit an instruction manual on air-
craft hydraulic systems. This helps a
nonmedical viewer a good deal by dis-
tancing the pages from bloody reality
while revealing the essential structure.
In this way one sees it all in context, tra-
pezius, thymus and liver, lymph nodes
and spleen, pituitary and prostate, even
the look of a few malignancies.

This new atlas is also strong in show-
ing what the physician sees now so well
with instruments. Here are angiograms
and CAT scans, bone scans, an ultrason-
ic survey of a fetus and the even more
immediate views from endoscopic, cor-
neal, retinal, bronchial and pelvic close-
ups. The material is supported by in-
teresting microscopic images, both real
and redrawn, at a variety of scales. Not
for every young reader, this inexpen-
sive compilation takes a comprehensive
look at the machinery of the body;
high school reference shelves can cer-
tainly benefit.

Living Things

HAT'S FOR LUNCH: ANMAL FEED-

ING AT THE Z00, by Sally Tongren.
GMG Publishing, 25 West 43rd Street,
New York, N.Y. 10036 ($12.95). Our
National Zoological Park houses about
500 species of animals. They all have to
eat. Peanuts for the elephants and ba-
nanas for the monkeys are certainly not
enough. This well-informed and richly
illustrated book by two authors who are
quite at home in that land-borne ark is
as much fun as it is full of information.
Nutrition is fundamental. Pink fla-
mingos need a pink diet. (White flamin-
gos will not breed.) In the wild they eat
carotenoid-rich algae from broad salt
lagoons. The zoo does not have a big
tropical lagoon, but it found out how to
substitute pink shrimp and other sources
of pigment. Nor is an animal without
its table manners. Toucans favor fresh
fruit, but they needed supplements, and
they took no interest in what was offered
them. The zoo accordingly fed them
special pellets with plenty of vitamins.
The toucans tried them eagerly, but
these big-billed birds pass their food
back and forth between them, to eat fi-
nally by tossing it up and catching it.
The pellets were too crumbly. Then the
food was mixed with fruit and gelatin.
Too sticky; it clung like peanut butter to
the roof of the mouth. Now they are fed
a frugivore gel: small, almost leathery
cubes of gelatin loaded with fruit and
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meal. They pass up fresh fruit now for
the delicious aspic. Feeding is an art, or
a hundred arts.

Each of 60 species is shown here in an
interesting photograph, and with it goes
a compact statement of the natural diet
of the animal and its daily zoo ration.
The African elephant has a breakfast
bucket of pellets, a noon snack of a cou-
ple of shovelfuls of timothy hay and a
filling dinner of a bucket of pellets, two
mats of hydroponic grass, a bale of tim-
othy hay and a quarter bale of rich alfal-
fa hay.

Infants are special. The national zoo
has plenty. The reptile and amphibian
offspring are perhaps the hardest to care
for. It is not tender loving care they need
or get: their mothers ignore them, but
they must have the right food in the
right form. To this end the zoo runs a
cockroach ranch, which offers live in-
sects of almost any size. About a third of
the mammal infants are hand-reared;
mother’s milk is not simple, and several
different kinds of substitute milk must
be worked out and produced. The black
vultures that dine at the zoo are not
boarders; they are local birds after a free
lunch, mainly around the bears’ fish and
meat. Samuel Pierpont Langley built
towers from which to photograph the
vultures while he was working on his
flying machine before the Wrights suc-
ceeded. Some animals have an easy
feeding schedule; the Burmese python is
content with a few rabbits or rats every
other week.

Do not feed the animals; it does bring
about a real bond between the two
species involved, but it is dangerous
for both.

ECRETS OF THE VENUS’S FLY TRAP,
by Jerome Wexler. Dodd, Mead &
Company ($6.95). The amazing carni-
vore in a flowerpot is worth attention,
the more so because it presents a genu-
ine but quite acceptable challenge for
rearing, feeding and study even with the
limited resources of a child’s room. In
dramatic black-and-white photographs,
quite a few showing details larger than
life, this experienced nature photogra-
pher has raised and answered the main
questions about the Venus’s-flytrap in a
sequence of neatly posed experiments.
The trap closes swiftly on a morsel once
trigger hairs are touched. (On a very
warm day one hair will spring the trap;
in cold weather it takes many.) The
plant does not eat hamburger; when it
was fed some, the fatty morsel oozed
out and rotted the trap, with an aw-
ful smell. The trap will spit out a cap-
tured seed or a small piece of gravel
overnight. Give it a live fly, and two
weeks later it will open, to reveal what
looks like an intact insect. It is not;
only the shell of the exoskeleton re-
mains, the soft tissues having been di-
gested by the plant.
Fed the right way, the plant can thrive
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INTRIGUED BY CALCULATORS? Then you can

step up your math skills fast! Use my new method in

l uxdegook form. It's called CALCULATOR

ALCLLUS This space-travel spinoff is sure-fire,

so 1t has a simple guarantee — just return it for an

l immediate refund ¥ you are not astounded at the
problems you're solving with it!

But the point is - you won't want to send it back.
For this is the easiest, fastest shortcut ever! The day
you receive your copy in the mail you'll want to put
it to work. It's that exciting and helpful.

My name is Dr. George McCarty. I teach math at
the University of California. I wrote this guidebook
to cut through the confusion. It does just that —
with worked-out examples, simple exercises and
practical problems — all designed to work with
precision and magic on your calculator!

POWER METHODS. Need to evaluate functions, areas,
volumes — solve equations — use curves, trig, polar coor-
dinates — find limits for sequences and series? It's all here!

If youre in the biological, social or physical sciences,

I you'll be doing Bessel functions, carbon dating, Gompertz’

I growth curves, half-life, future value, marginal costs,
motion, cooling, probability, pressure — and plenty more
(even differential equations).

l Important numerical techniques? Those algorithms are
here, too: rational and Pade approximation, bracketing, con-

I tinued fractions, Euler's method. Heun's method, iteration
functions, Newton’s method, predictar<orrector, successive
substitutions, Simpson’s metﬁod and synthetic division.

' LOOK AT WHAT USERS SAY: Samuel C.
McCluney, Jr., of Philadelphia writes:

| “CALCULATOR CALCULUS IS GREAT! For ten
years I have been trying to get the theory of calculus

I through my head, using home-study courses. It was
not until 1 had your book that it became clear what

| the calculus was all about. Now I can go through the
other books and see what they are trying to do. With

[ your book and a calculator the whole idea becomes
clear in a moment, and is a MOST REFRESHING

I EXPERIENCE. I program some of the iterative prob-
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lems you suggest and it always GIVES ME A THRILL
to see it start out with a wild guess and then approach I
the limit and stop.”

Professor John A. Ball of Harvard College (author l
of the book ‘Algorithms for RPN Calculators’) writes:

“I wish I had had as good a calculus course.”

Professor H. I. Freedman of the U. of Alberta,
writing in Soc. Ind. Appl. Math Review, states:
“There can be no question as to the usefulness of this
book...lots of exercises...very clearly wntten and I
makes for easy reading.”

C.B. of Santa Barbara says: “Your book has given
me much instruction and pleasure. I do not hesitate
to recommend it!

I WANT YOU TO TRY THIS. Get my com-
plete kit, with a TI-35 calculator, a 200 p. Student
Math Book, AND the guidebook, ALL for $44.95
(for shipping to USA add $2, or $5 by AIR; Foreign
$5, or $10 AIR), in Calif. add $2.70 tax.

If you already have a scientific calculator, you
can invest in ‘'CALCULATOR CALCULUS' for only
U.S. $19.95 (to USA or foreign: add $1 for shipping,
or $4 by AIR; in Calif. add $1.20 tax).

As pennywise Ben Franklin said, “An invest-
ment in knowledge pays the best dividends.” GET
STARTED NOW — Tax deductible for profes-
sionals.

NO RISK WHATEVER! Send for it today. Be
sure to give me your complete mailing address with
your check or money order. If you want to charge it
(Visa or MC), tell me your card no. and exp. date.

Prompt shipment ¥
guaranteed. “fu?‘, WC 5-{_
Thank you! .
EduCALC Publications, Dept. AN
Box 974, Laguna Beach, California 92652
In Calif. (also AK and HI), call 714—497-3600;

elsewhere TOLL FREE 24-hour Credit Card orders:
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“Philosophical fun and
Ol‘del' from the authors of

Godel, Escher, Bach and Brainstorms'’*

Pulitzer Prize-winner Douglas Hofstadter and the philosopher Daniel
Dennett take you on a mind-jolting exploration of art and science,
humor and philosophy, to probe the meaning of self and conscious-
ness. “The authors supply extracts from literature (Borges, Lem) and
. Turing, John Searle) that reveal the complex-
ities, idiosyncracies, and sheer brilliance (and folly) of man thinking
about himself. The quandary of human self-representation
is brilliantly explored in this cunning, interdisci-
plinary banquet of food for thought”—

games 000

—ALA Booklist
“Superb...with equally wondrous
commentaries

—Martin Gardner

*Kirkus Reviews

An Alternate of the Book-of-
the-Month Club (Science)
70,000 copies in print

$15.50 at bookstores
BASIC BOOKS, INC.
10 E. 53 Street, New York 10022
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on bits of lean beef It can be grown
from leaves, rhizomes, even tiny seeds.
Local or mail-order suppliers will pro-
vide a seedling or a rhizome. An aquari-
um or a pot with a plastic container will
properly house the plants, indoors or
out. The plants may not do well on tap
water; rainwater is better. This is a good
book to read and ponder, and an even
better one as a guide to husbandry. Any
10-year-old with enough patience can
manage the task; older students would
be by no means patronized by this seri-
ous small work.

PENGUIN YEAR, written and illus-
trated by Susan Bonners. Delacorte
Press ($9.95). A million Adélie penguins
make up a big rookery of the species
there on the icy summer shores. All
spring the dinner-jacketed birds file in-
land in lines miles long across the ice
shelf, to nest and rear their young. The
author-artist has painted the entire year
of the Adélie on white paper in the blues
and blacks of the loneliest continent.
There are scenes of a few birds, of the
two parents bobbing and bowing in
courtship, of many waddly penguins in
their soaring submarine flight, catching
their staple food, the shrimplike krill,
and a striking two-page spread of the
rookery, thousands of birds visible.
One meets the appealing chicks, fuzzy
and ill-formed, huddling in day-nursery
groups against summer snow squalls
(and the hungry skua gulls) while the
parents forage all day at sea for krill by
the pound. By fall the old birds leave at
last for a distant ice floe, and the chicks
mature from fuzz to sleek oily feathers.
Three months old, the young birds en-
ter the sea for the first time. All of this
is on the pages in easy text and images
as clean and shiny as the Antarctic it-
self, where on a hot day for penguins
the temperature may rise almost to the
freezing point. Any young reader will
enjoy the true dramatic narrative.

CLASSIFICATION OF THE ANIMAL KING-
DOM: AN INTRODUCTION TO Evo-
LUTION, by Kenneth Jon Rose. David
McKay Company, Inc. ($8.95). The title
is dull and the pages are full of outra-
geously long words one could call bar-
barous if they were not Greek. This
modest book is nonetheless absorbing to
read, and it is very simply prepared for
grade school readers. What is presented
is the conventional list of the great divi-
sions of the animal kingdom, some 14
living phyla from the protozoa to the
chordates. There is an account of the
Linnaean hierarchy, how it arose and
what it does. Each phylum receives a
brief description of the nature of its
members; for most of them certain
classes, orders, families and a few gen-
era and species are called out as well.
The etymologies for the bigger divi-
sions are translated (not always an easy
task), and all the hard words are spelled
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pictorial instructions and costs only $8.95.
Black-and-White Darkroom Techniques
details all the steps for developing, printing, and
finishing black-and-white prints. Plus, other
sections cover choosing photographic
paper, dodging and burning in,
mounting prints, and more.
Using Filters gives
creative advice that helps
you see and capture extraor-
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shows you how to create
mood with color filters,
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Automatic Cameras
shows you how to get the
most from your automatic
camera. Especially useful
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photography, it looks at
how automatic cameras
work and how to best use
one. It offers special tips for
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traits, and other subjects
with an automatic camera.
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Building a Home Darkroom tells you how to
plan, what you'll need, and where to locate. From
planning to construction to electrical work to
plumbing, this book shows the step-by-step
completion of a prototype darkroom in pho-
tographs and easy-to-understand
illustrations.
FElectronic Flasb starts
with the basics, giving
2l thorough coverage of how,
=i, when, and where a flash
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vanced techniques such as
bounce and multiple flash
are discussed.
Color Printing Tech-
niques explains the basic
procedures for making
color prints from color
negatives and color slides
(including the new
KODAK EKTAFLEX PCT
Color Printmaking Prod-
ucts). Also included is
information on equipment,
darkrooms, retouching,
and framing.
Choose one or all six
titles in the new KODAK
Workshop Series at your
camera store or wherever fine
photography books are sold.
Because the best way to put some mus-
cle in your photographic development is to
work out with the experts.
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out in a rather ugly-looking but work-
able phonetic scheme. Any big biology
text has the same kind of catalogue, but
there is no other source for such a
simple and understandable version, the
rough roster of our planetary ark. For
example, the pink-and-blue Portuguese
man-of-war of summer seas is of the ge-
nus Physalia (a bubble), family Sipho-
nophora (hollow float); it is a colonial
mass of five types of modified medu-
sans, mutually bound into an organism
of the class Hydrozoa within the phy-
lum Coelenterata, seh-lentuh-rayd-uh,
the hollow-guts.

OURNEY INTO A HorrLow TREE, by
Donald R. Perry with Sylvia E.
Merschel. Enslow Publishers, Bloy
Street and Ramsey Avenue, Hillside,
N.J. 07205 ($7.95). The aim was to go
up, high into the living green canopy
of the rain forest, 100 feet and more.
Spikes and a belt around the tree might
work, but the trees are large to grasp, are
too hard or too soft to spike and are
home to wasps, ants and snakes in plen-
ty. One scheme might work for a solo
biologist. Fire a weighted string over a
high, strong branch with a crossbow.
Pull a rope into place, tie it down and
climb the rope with mountaineer’s step-
by-step ascender clamps.
This little story of humor and horror
recounts Donald Perry’s first tree climb,
in Costa Rica. (Some of the evidence

comes from later trips, when a friend
was along to snap the pictures.) The cho-
sen tree was big, yards wide even after
he got up a little. Hanging 50 feet up,
considering a re-roping to get over an
obstructing limb, Perry unintentionally
kicked the tree hard. It sounded like a
drum; the big tree was one huge chim-
ney. The next day, with fresh gear and
a head lamp, he let himself down on
a rope inside the dark living tree, nev-
er before entered. Into the hot, humid,
stinking air he went, past scorpions and
snakes, onto a soft, oozing floor churn-
ing with insects. Eerily, he could look
out through a small chink in the trunk to
see his guide waiting outside near the
base of the tree, but he could not make
himself heard. And below the mushy
floor, down in the hollow old roots...

If you can stand the rest of the jour-
ney, it is a brave small adventure. It is
traveling into night by broad day, into
a place where jungle night life could
not evade the biologist (and vice versa).
This true tale is a creepy-crawly story
become altogether real. Watch out for
the fungus-ridden whip scorpion and
the vampire bats. Dungeons and drag-
ons are tamer stuff.

A:TER MAN: A Z0OOLOGY OF THE Fu-
TURE, by Dougal Dixon. St. Mar-
tin’s Press ($14.95). A paleontologist
and model- and film-maker, the British
author has conceived an imaginative

tour de force, a fictional pictorial natu-
ral history of the world 50 million years
from now, absent all hominids. The con-
tinents have drifted a bit. South Ameri-
ca is a great island and the other conti-
nents have fused: North America with
Asia across the Bering Sea, Australia
with a chunky South Asia. The book
begins with a review of evolution in
text and diagram and proceeds to the
“world after man,” described in about
30 spreads. For each spread there is a
full-page painting of a number of ani-
mals, shown in lively poses within a
single habitat, and a page of summary
natural history: the origins and the cu-
rious life histories of the forms shown.
Most of these vivid paintings from non-
life (based on Dixon’s careful sketches)
are by Diz Wallis, with help from John
Butler and Philip Hood.

The general scene isclear;each broad
environment is mapped worldwide. The
hoofed animals have gone. The domes-
tication of horses and cattle proved irre-
versible; the deer never recovered from
the loss of the woodlands to city and
farm. Their niche was slowly filled by
the rabbit kind, become like llamas,
antelopes or spotted white-tailed near-
deer. Here is a serious drawing, very fa-
miliar in another form, showing the foot
of the rabbit in stages from its ancestral
long toes to the present two-toed hoof.
The older carnivores have all but van-
ished; the new predators are rodents in

Close youreyes.

Now have someone read this to you.

ViEINLA

H 46 SIS

{i AawsTORYOF ART & MUSIC /]|

LIVEi

RA

46

AN'E EAMVIRONM ENT

You are blind. A student.
Facing four years of college. With
about thirty-two textbooks to
read. Plus fifty supplemental texts.
How are you going to manage?
With Recording for the Blind.
Since 1951, we've helped over 53,000 blind,
perceptually and physically handicapped
students get through school. By sending

them recordings of the books they
needto read. Free.

CLIMATE AND

nalcases 1,

AT Recording for the Blind is
non-profit, and supported by
volunteers and contributions from
people like you who canimagine
whatit's like to be blind.

Your tax-deductible donation

will help our students meet their

educational goals. Wed all be grateful.

Ifyouwantto know more

about us, write:

. . RecordingfortheBlind, Inc.
&&7 an educational lifeline.

Station E, 215 East 58th Street
New York, New York 10022, (212) 751-0860.

© 1981 SCIENTIFIC AMERICAN, INC



the Temperate Zone and mainly pri-
mates in the Tropics. The wily ground-
hunting neo-ape ambushes the massive
wood antelope in the African grass.

At the species level (there are close to
100 imaginary forms) the detail is im-
pressive. The method of extrapolation is
not hard to see: most of the changes are
rather close to well-known cases of to-
day, transferred to quite different origi-
nating forms. The tiniest of broad-foot-
ed insectivorous mammals walks on the
surface film of fresh water, with a tooth-
tipped hairless snout to spear mosquito
larvae at the surface and suck them dry.
The last of the cats is a monkey-form
tree carnivore, with grasping paws and a
prehensile tail, a predator on the social
monkeys, whose fierce males have chest
armor of horn. Another primate hangs
by an armored tail whenever the cat is
near. The great Southern Ocean teems
with life; its ruler is the largest creature
on the earth, whalelike in bulk and form.
But the animal is a fully marine bird,
which bears its single egg internally until
hatching; it is a plankton eater, a fine
feeding sieve of bone plates having de-
veloped out of the beak of the ancient
penguins.

This book should be a pleasure for
any older young reader who takes a
serious interest in the diversity of life.
The book is instructive, handsomely
made and harbors many small surpris-
es, although somehow the evolutionary

truth remains stranger than even well-
informed fiction.

Words and Figures

IEROGLYPHS: THE WRITING OF AN-

CIENT EcGYPT, by Norma Jean
Katan with Barbara Mintz. Atheneum
($8.95). In fewer than 100 brief pages,
with plenty of photographs to bolster
the text, this small book lays out clearly
and attractively the basis of the writing
found both carved and painted along the
Nile. The level is an entirely workable
one for readers from the fourth grade or
so on up. There are a few pages of the
history of ancient Egypt, with a map,
and a few pages more to tell the wonder-
ful tale of Jean Francois Champollion
and the Rosetta stone. (It was the names
of rulers ringed in a cartouche that gave
him his first clue.) There is a discussion
of the beliefs of the ancient Egyptian
people, particularly their awe of the
written word, and of the kind of texts
we have: the pyramid texts, the coffin
texts, the Book of the Dead.

At this stage we are ready for the dis-
closure of the script itself. It takes the
form of many simply drawn hieroglyph
signs, first the phonetic signs and their
pronunciation, then the ideograms and
then a few determinatives. Only a dozen
or two signs are shown in addition to the
phonograms. It is enough to allow writ-
ing your name in hieroglyphs, naturally

within a royal cartouche! Numbers are
not omitted, and a few much used for-
mulas are cited, such as “a boon which
the king gives.” The last pages show sin-
gle signs used as amulets, with exam-
ples. It is altogether a thrill to see a
carved limestone tablet from the Eigh-
teenth Dynasty, plain in a good photo-
graph, and to read clearly on it the very
hieroglyphs interpreted on the opposite
page. There is even more material in this
book that is a model of how to open a
door into a world of abstract learning.

MORE THAN ONE, by Tana Hoban.
Greenwillow Books, a division
of William Morrow & Company, Inc.
($7.95). A stack of collective nouns, 10
of them, label these two dozen fine
black-and-white photographs, the work
set in giant bright blue letters bound to
catch the eye of a would-be reader. The
pictures have that visual energy typical
of this well-known author: a row of four
dazzle-painted zebras, a domestic herd
of elephants, a group of children all
jumping at once, a crowd of bathers at
Coney Island and more. There is also
more than one way of looking at any
picture; for example, there is a pile of
rocks behind the herd of goats. The
book declares itself to be at once a
counting book, a word book and a shape
book. It is a good book to be led through
while you still hope to learn to read, and
a fine one for new readers.

FOLONARI
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The protest we have in mind is
against prestigious luxury cars that
succeed as symbols, but disappoint
as cars.

Cars whose underlying engineer-
ing seems to have lagged behind
their considerable reputations.

Luxury car buyers dissatisfied
with this state of affairs will find
a perfect vehicle for dissent in the
BMW 733i—the $35,000 luxury
car engineered to lead where others
have lagged.

INTRODUCING
DIGITAL MOTOR ELECTRONICS.
The 733iis the first automobile

© 1981 BMW North America, Inc. The BN

demark and log(

in America to offer Digital Motor
Electronics—a system that illustrates
the difference between technology
and gadgetry.

“DME" measures, reports on
and, most importantly, governs en-
gine efficiency.

It assures that the optimum mix-
ture of fuel and air is ignited at the
optimum time in the ignition cycle.
It adjusts idling speed, cuts off fuel
flow to cylinders when they're not
needed, and even helps report back,
through a fuel economy indicator,
your actual mpg figures as you drive.
The figures will make interesting
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d trademarks of Bayer: AG

reading. The 733i with standard
five-speed transmission now delivers
a pleasantly surprising EPA es-
timated mpg, 29 mpg highway. Au-
tomatic 1s also available.

(Fuel efficiency figures are for
comparison purposes only. Your ac-
tual mileage may vary, depending on
speed, weather and trip length. Your
actual highway mileage will most
likely be lower.)

Inside, an onboard computer
provides such useful functions as
anti-theft protection and speed
monitoring—and even helps control
the weather. A special climate con-




THE WORLD’S
MOST ELEGANT
PROTEST

AGAINST
_ MEDIOCRE
'ENGINEERING.

trol adjusts temperatures to a preset
level, going so far as to warn you of
potential icing conditions.

All these technological advances
accompany a car that's fairly steeped
in amenities.

Its molded bucket seats are up-
holstered in wide rolls of fine leather.
Carpeting is thick and piush. And the
attentiveness to comfort through-
out caused Car and Driver to single
out the 733i as “the height of refined
elegance”

PERFECTION IS UNATTAINABLE.
SUPERIORITY ISN'T.
Of course, the true measure of

any machine is how well it performs
—an axiom that confers an almost
unfair advantage on the 733i.

Its 3.2-liter, electronically fuel-
injected engine has been called
“without a doubt, the most sophisti-
cated production in-line six in
the world”(Road & Track magazine),
delivering the exhilarating perform-
ance that's conspicuously absent
among cars in its class.

Its revolutionary double-pivot
front suspension is so advanced it
has been awarded an international
patent.

And its amazingly agile steering
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reflects the precision inherited from
over six decades of building high-
performance vehicles.

The sum, according to Car and
Driver, Is a car whose “parts and
pieces...work so well together they
must have been melded in another
world.”

If your present luxury sedan
suggests more mundane origins, you
might contact your near
est BMW dealer, who
will be happy to arrange
a test drive at your
convenience.

THE ULTIMATE DRIVING MACHINE.

BMW, MUNICH, GERMANY.
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Laser Weapons

Could orbiting lasers defend a nation against missile attack?
The technological obstacles are insurmountable; furthermore,

such weapons would be vulnerable to simple countermeasures

high-energy laser can readily burn

a hole through a metal plate of
considerable thickness; indeed,

the laser serves as a cutting tool in indus-
try. This capability has naturally led to
speculation that the laser might serve as
a weapon of war. What is envisioned by

by Kosta Tsipis

some military planners is a weapon rath-
er like the ray gun of science fiction. The
laser beam would be pointed at an at-
tacking missile or aircraft or at some
other target and would almost instantly
destroy it. Because the beam propagates
with the speed of light there would be

no possibility of outrunning or evading
it. In preliminary tests under controlled
conditions lasers have destroyed small,
remotely guided aircraft.

Recently a small group of people in
the U.S. Congress, the Department of
Defense and the aerospace industry

COMMUNICATIONS
BY RELAY = LASER-WEAPON
SATELLITE = -~ SATELLITE

2

> X

~ GROUND CONTROL STATION

SODLY

\\\ ~ \‘Q‘\
\\\\\\ SN \\Q

N N A\
N I L e A A
ihmn

NN

Jminndaiasa

AN A AN
NN AR N
ARATAT L B e
\\\ \\\\\\\\\\ \Q\Q NN W
RPN
AN
B A N
RS \§ \\\\\\

PROPOSED MISSION for a laser weapon is to defend a nation
against intercontinental ballistic missiles. The laser would be mount-
ed on a satellite in an orbit at least 1,000 kilometers above the earth.
The missiles would be attacked during the boost stage of their flight,
which lasts for about eight minutes. To ensure that at least one satel-
lite would be in range of the missile-launching sites at all times about
50 satellites would be needed. Each satellite would have to be capa-
ble of dealing with as many as 1,000 missiles in the eight-minute peri-

od because all the other satellites would be over some other part of
the earth. Infrared sensors or radar would detect and track the mis-
siles. Additional sensors would measure the miss distance or assess
the damage if the missile were hit by the beam. A relay satellite in
a higher orbit would provide a communications link with the ground.
No countermeasures that might be employed to overcome the laser
weapon are shown here, but even under these conditions physical
and technological constraints would make the weapon impractical.

5t
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have contended that high-energy lasers
have the potential for destroying inter-
continental ballistic missiles in flight.
Maintaining that the U.S.S.R. has al-
ready mounted a large effort to develop
lasers as antimissile weapons and that

gap,” these people are urging the Rea-
gan Administration to greatly expand
the U.S. laser-weapons program, which
is now receiving about $300 million per
year. The main objective would be to
deploy a network of very large laser

the U.S. therefore confronts a “laser weapons in earth orbit within about 10
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T-LASER BEAM

CHEMICAL LASER is one of three kinds of laser being considered as potential weapons. In
each case the working medium is a gas in which many molecules are raised to an excited state,
creating a “population inversion.” Light is amplified as it passes through the medium repeated-
ly in an optical “cavity” formed by two mirrors. In the laser shown the chemical reaction be-
tween two gases creates the active medium. Fluorine and hydrogen issuing from a row of noz-
zles combine to create hydrogen fluoride molecules in an excited state (HF*). To prolong the
lifetime of the excited molecules the density is kept low by exhausting the combustion prod-
ucts into a vacuum. Light is emitted as the HF* molecules return to their ground state (HF).

N[OZZLES MIRRORS
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NITROGEN T LASER BEAM

GAS DYNAMIC LASER achieves a population inversion by generating a hot gas and then
cooling it abruptly. Fuel is burned with an oxidizer to form carbon dioxide at high temperature.
Light emission in carbon dioxide results from transitions between two excited states. In the hot
gas many molecules occupy the excited states, but laser action is not possible because the popu-
lation of the upper laser energy level is not markedly greater than the population of the lower
level; at high temperature the molecules in the lower level do not vacate it readily by cascading
to the ground state. When the gas is rapidly cooled by being expanded through nozzles, the
ground state becomes accessible and transitions from the upper laser level to the lower one be-
come possible. Nitrogen added to the mixture transfers energy to the carbon dioxide molecules.

52
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years. The orbiting weapons would have
the mission of destroying Russian inter-
continental missiles soon after they were
launched. Another objective would be
to develop laser weapons that would be
fired from the ground to attack enemy
satellites or to defend valuable targets
against aircraft and tactical missiles.

The effects of such hypothetical
weapons on the world military balance
and on the prospects for nuclear-arms
limitation might someday merit detailed
appraisal. For now, however, a more
fundamental question must be ad-
dressed: Is it technically feasible to build
an effective laser-weapon system? I shall
argue here that the objectives set forth
for laser-weapons development could
not possibly be achieved in 10 years.
Indeed, unless a number of fundamen-
tal impediments to the use of lasers as
weapons are overcome, the objectives
could never be achieved. Several of the
difficulties arise from the physics of the
propagation of a laser beam over long
distances. Other difficulties are techno-
logical and economic.

The potential of lasers as weapons has
been assessed in a series of workshops
organized by the Program in Science
and Technology for International Se-
curity of the physics department of the
Massachusetts Institute of Technology.
Participants in the workshops have in-
cluded some of my colleagues and me
from M.LT. and investigators from oth-
er universities, from industry and from
the national weapons laboratories. We
have concluded that lasers have little or
no chance of succeeding as practical,
cost-effective defensive weapons.

laser generates an intense stream of

electromagnetic waves, all of which
have exactly the same frequency, phase
and direction of motion; the waves are
said to be coherent. The property of co-
herence is essential to weapons appli-
cations of the laser because in order to
cause damage a beam of laser light must
be intense and well collimated and the
waves that make up the beam must be in
phase. In principle the light intensity of a
laser is unlimited; in practice it depends
on the size of the laser and the properties
of the material in which the coherent
light is generated.

The working medium of a laser can be
asolid, a liquid or a gas, but high-energy
lasers generally employ a molecular gas.
To initiate laser action external energy
must be supplied to the molecules of the
gas. A fraction of the energy increases
the kinetic energy of the molecules and
therefore simply heats the gas, but some
of the energy is absorbed into the inter-
nal vibrational and rotational motions
of the molecules. A molecule excited
in this way leaves its lowest vibrational
or rotational energy state (the ground
state) and occupies a higher one. As a
result the low energy states are depopu-
lated and a significant number of mole-



cules enter an excited state. The condi-
tion is called a population inversion.

A molecule in an excited state can re-
turn to a state of lower energy by emit-
ting a photon, or quantum of electro-
magnetic radiation. The frequency of
the radiation is determined entirely by
the difference in energy between the two
states. The operation of a laser depends
on a peculiarity of the interaction of
photons with matter. When a photon
emitted by one excited molecule im-
pinges on another molecule in the same
excited state, the photon can stimulate
the second molecule to emit an addition-
al photon of the same phase and fre-
quency as the stimulating photon. Both
photons can then stimulate similar emis-
sions from other molecules, so that the
number of identical photons moving
through the collection of molecules
grows exponentially. The nature of this
process is suggested by the word laser,
which was coined as an acronym for
“light amplification by stimulated emis-
sion of radiation.”

In a laser a collection of molecules
subject to a population inversion is en-
closed in an optical “cavity” with paral-
lel mirrored surfaces at the ends. Pho-
tons emitted by the excited molecules
travel back and forth through the laser
medium, reflected by the two mirrors,
and stimulate additional molecules to
emit photons with the same frequency
and phase. Because only the photons
that follow a path exactly perpendicular
to the mirrors remain in the cavity long
enough to be amplified, the light is
formed into a well-collimated beam. A
portion of the beam can be allowed to
leave the cavity by making one of the
mirrors partially transparent.

A photon with a frequency in the visi-
ble region of the electromagnetic spec-
trum has little energy: less than 10-19
joule, or watt-second. Nevertheless, the
energy output of a laser can be many
thousands of joules, emitted in an ex-
ceedingly brief period, sometimes as
short as a few millionths of a second.
The reason is that enormous numbers
of atoms (perhaps 1023) can be stimu-
lated to radiate many times during this
short interval.

hree kinds of high-energy laser have

been considered as potential weap-
ons. They are classified according to the
mechanism that creates the population
inversion in the working medium. In the
gas-dynamic laser a gas such as carbon
dioxide is generated by combustion. The
gas is formed at high temperature, with
the result that most of the molecules are
in excited states. Then the gas is cooled
suddenly by expansion through a series
of nozzles; the cooling is so rapid that
the molecules occupying excited states
do not have time to return to the ground
state. A population inversion is thus cre-
ated, and laser radiation is emitted im-
mediately after the expansion.
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ELECTRON-DISCHARGE LASER achieves a population inversion in the molecules of the
working gas by means of an electron beam. Collisions of electrons with molecules impart ener-
gy to the molecules, raising them to an excited state. The electrons are emitted by a hot fila-
ment or an electric discharge and are accelerated through the cavity by a pair of electrodes.

An electron-discharge laser achieves
a population inversion by means of an
electron beam directed through the gas-
eous working medium. The electrons
give up part of their energy through col-
lisions with molecules of the gas, caus-
ing transitions to higher vibrational or
rotational energy states. By this mecha-
nism the population inversion can be
sustained continuously.

In a chemical laser two elements or
chemical compounds are combined to
form molecules of a new compound; for
example, the gases hydrogen and fluo-
rine can be combined to form hydrogen
fluoride. The molecules are created in
an excited state, and by controlling their
environment it is possible to achieve the
stimulated emission of radiation before
they return to the ground state by dissi-
pating their energy as heat.

These three methods can generate a
population inversion in a large collec-
tion of molecules with good efficiency.
There are practical limits, however, to
the size of an efficient optical cavity for
a laser and to the amount of power it can
handle. Much of the research and devel-
opment now under way in the field of
high-energy lasers has the aim of push-
ing back those limits.

laser weapon would differ in three
important ways from all weapons
that have been deployed up to now.
First, it would transport destructive en-
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ergy to the target in the form of an in-
tense beam of electromagnetic waves
rather than in the form of an explosive
charge carried in a missile or a shell.
Second, the energy would move with the
speed of light, roughly 300 million me-
ters per second; a supersonic missile, in
comparison, has a speed of between
1,000 and 2,000 meters per second.
Third, the laser beam must actually
strike the target in order to damage it,
whereas an explosive warhead can be
effective at a considerable distance.
Hence for a laser weapon to destroy its
target the position of the target must be
known to within a distance equal to the
shortest dimension of the target, and
the laser must be pointed with the same
precision.

Given these characteristics of a laser
weapon, one can think of three kinds of
mission it might perform. Mounted on a
satellite orbiting the earth it could at-
tack intercontinental ballistic missiles
during their boost phase, which lasts for
about eight minutes, or it could attack
enemy satellites in their orbits. Mounted
on the ground it could attack aircraft or
enemy satellites as they passed over-
head, or mounted on a naval ship it
could defend against missiles homing on
the vessel. A laser weapon mounted on
an aircraft could attack enemy aircraft
or missiles.

In any of these missions the laser-
weapon system would have to complete
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successfully an entire sequence of oper-
ations. The system would have to detect
the target and distinguish it from possi-
ble decoys or other objects in the back-
ground. The system would have to point
the laser beam at the target, follow its
motion and fire the beam through the
intervening medium. After each firing of
the laser it would be necessary to deter-
mine whether or not the target was hit.
In the case of a miss the system would
have to determine by how much and in
what direction the beam was misdirect-
ed, then correct the aim and fire again.
After a hit the weapon system would
have to determine whether or not the
target had been destroyed; if it had not
been, the aiming and firing would have
to be repeated. Ultimately the system
would have to communicate the results
to a central command post and engage a
new target if necessary.

To do these things the system would
need several devices in addition to the
laser. One device is a large mirror that
could be moved under precise control to
point the beam at the target. Another is
a complement of sensors capable of de-
tecting, identifying and determining the
position of the target with the requisite
precision and stability. Control devices
would be needed to couple the output
of the sensors to the aiming mirror. An

additional, specialized set of sensors
would be needed to assess the damage to
the target or the distance by which the
beam missed the target. Of course the
system would also require a means of
generating and storing energy and a
mechanism for supplying the energy to
the laser in intense pulses at the appro-
priate times.

laser-weapon system operating in
space and attacking targets that are
also above the earth’s atmosphere could
send its beam over long distances, be-
cause light propagates without impedi-
ment in a vacuum. The beam would,
however, diverge somewhat owing to
diffraction, which is a consequence of
the wave nature of light. Assuming that
the mirror has a perfect surface and
shape, the angle at which the beam di-
verges is inversely proportional to both
the frequency of the laser light and the
diameter of the mirror. Because one
would want to keep the spreading of the
beam to a minimum, a laser intended to
serve as a weapon would work best if it
generated light with a high frequency
and if it were equipped with a large aim-
ing mirror.
A laser beam traveling through the
atmosphere is attenuated and dispersed
by a number of processes. The mole-

cules of the air and the particulate mat-
ter in it (dust, water droplets and smoke
particles) both scatter and absorb light.
An infrared beam from a carbon diox-
ide laser would lose half of its intensity
after traveling four kilometers in cool,
dry air or 1.5 kilometers in hot, humid
air. Clouds, smoke, dust, fog or thick
haze would absorb a beam almost com-
pletely. In short, the efficacy of a laser
weapon operating in the atmosphere
would depend on the weather. Such de-
pendence is a serious drawback in any
weapon, but it is particularly trouble-
some in a defensive weapon, which
would have to respond to an attack
launched at a time (and therefore in
weather conditions) of the enemy’s
choice. Even in clear weather a laser
beam can be deflected, dispersed or
completely interrupted by atmospheric
phenomena. Turbulence causes rapid
local changes in the density of the air,
which can deflect a beam of light or
make it diverge. The twinkling of stars
and distant lights is a manifestation of
this effect.

A considerable fraction of the energy
in a laser beam is absorbed by the atmo-
sphere. As a result the air in the path of
the beam is heated; the heated air ex-
pands, creating a channel of low-density
air. Light waves bend away from the

COMMUNICATIONS

DAMAGE- ANTENNA

SENSING
TELESCOPE

MIRROR
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SATELLITE-MOUNTED LASER WEAPON would require sever-
al components in addition to the laser itself. An infrared or optical tel-
escope would detect and track a missile during the boost stage of its
flight, and a hinged mirror would point the laser beam at the target.
The mirror would have to be large, rugged, highly reflective and opti-
cally perfect. A control system would receive the signals from the
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tracking telescope and direct the beam by moving the mirror. Anoth-
er system of telescopes and
or assess the damage to the target. A communications link with the
ground would transmit information about the target and receive com-
mands. By far the largest component of the laser weapon is a reserve
of stored fuel and a system to manage it and supply it to the laser.

s would m e the miss distance



hotter, less dense regions of a medium,
and so the beam diverges. The phenom-
enon is called thermal blooming; it is a
common reason for the defocusing and
divergence of a laser beam in air.

A final difficulty in propagating a la-
ser beam through the atmosphere is the
risk of creating a plasma. Since light
waves are a form of electromagnetic ra-
diation, an intense light beam is accom-
panied by a strong electric field. At an
intensity of about 10 million watts per
square centimeter (the exact value de-
pends on the frequency of the radiation)
the field is so strong that it removes elec-
trons from atoms in the air, thus ioniz-
ing the air and creating a plasma. The
plasma absorbs the beam and interrupts
its transmission. The effect sets an upper
limit on the intensity of a beam of laser
light that can propagate through the at-
mosphere.

laser weapon would damage a target
by overheating it, that is, by con-
centrating on it more thermal energy
than it could withstand without mal-
functioning. Damage arises only from
the fraction of the energy that is ab-
sorbed by the surface of the target. For
example, a target of shiny aluminum
would absorb only 4 percent of the ra-
diation from an infrared laser that
reached the target. The rest would be
reflected and would cause no damage.
The proportion of the laser energy
that would be absorbed by a target de-
pends on the frequency of the radiation,
the material of the target and the condi-
tion of the target’s surface. Visible and
infrared radiation are mostly reflected
from a polished metal surface, so that in
general much less than 10 percent of the
energy carried by the laser beam would
be absorbed and cause damage. The
absorption of ultraviolet radiation by a
metallic surface is much higher; more
than half of the ultraviolet energy reach-
ing a target would cause damage.
Overheating might destroy or inca-
pacitate a target such as a missile by any
of several mechanisms. The amount of
energy per unit area that would have to
be delivered to the target in order to
damage it would depend on the mecha-
nism chosen and the vulnerability of the
target to that mechanism. For example,
the electronic circuits of an unprotected
satellite would probably malfunction if
the craft were illuminated continuous-
ly for several minutes by a laser beam
with an intensity of about one watt per
square centimeter. This is roughly 10
times the intensity of sunlight at the top
of the atmosphere. The absorption of
1,000 watts per square centimeter for
one second (a total absorbed energy
of 1,000 joules per square centimeter)
would melt a metal surface a few milli-
meters thick. To deposit that much ener-
gy, however, an infrared laser would
have to provide about 20,000 joules per

square centimeter, since most of the en-
ergy would be reflected by the target.

A laser that sends out its energy in
brief but powerful pulses might reach
an instantaneous intensity of a mil-
lion watts per square centimeter, even
though the average power would be
much lower. The surface of a target
struck by such pulses would rapidly lose
its shininess, and the fraction of the
beam’s energy absorbed would increase
with each pulse. It is therefore possible
in principle to burn a hole in a target
with a pulsed laser beam.

When the target is in the atmosphere,
a beam intensity of roughly 10 mil-
lion watts per square centimeter would
cause the air immediately in front of the
target to ionize, creating a layer of plas-
ma where the beam strikes the surface.
The plasma would absorb the energy of
the beam and grow incandescently hot
(to about 6,000 degrees Celsius). The
plasma would rid itself of this energy
in two ways: by emitting ultraviolet ra-
diation and by expanding explosively.
These two mechanisms could increase
the proportion of the beam energy cou-
pled to the target to about 30 percent
and thereby reduce the amount of ener-
gy the laser would have to generate.

A pulsed beam of extreme intensity
could evaporate the metal at the sur-
face of the target. The evaporated met-
al would fly away from the surface at a
high velocity, and its momentum would
be balanced by an equal and opposite
momentum impinging on the target.
The impulse generated in this way could
tear or crack a metallic target.

From the physics of these effects it is
possible to arrive at a good estimate
of the capabilities a laser weapon would
need in order to carry out a particular
mission. The mission I should like to
consider in some detail is that of an or-
biting laser weapon intended to destroy
enemy intercontinental ballistic missiles
during their boost stage. Although this
mission is the most remote application
of laser weapons in terms of develop-
ment time and practicality, it is concep-
tually the most interesting mission. It is
also the one most often mentioned in
public discussions of laser weapons.

The missile-defense lasers would be
deployed on satellites in orbits some
1,000 kilometers above the earth. At this
altitude a satellite would be within strik-
ing distance of launching sites in the
U.S.S.R. for only a short period during
each orbit. To ensure that at least one
satellite would be within range at all
times the total force would have to in-
clude about 50 satellites. A single satel-
lite would have to be capable of destroy-
ing an entire force of perhaps 1,000 mis-
siles during the boost stage, which lasts
for about eight minutes. Therefore the
satellite could devote about half a sec-
ond to each missile.
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My colleagues and I have found that
an efficient damage mechanism for a
ballistic-missile interceptor would be to
crack the surface of the missile by im-
pulsive loading. Cracking would result
from the absorption of about 1,000
joules per square centimeter during each
of several brief pulses. The energy
would be delivered by a beam with an
intensity at the target of about a million
watts per square centimeter and a pulse
duration of a few hundred-millionths of
a second. Laboratory experiments indi-
cate that about 10 pulses would be need-
ed to punch a hole in the missile.

How much energy must such a laser
develop? Assume that the weapon is a
pulsed hydrogen fluoride laser and its
beam-directing mirror is optically per-
fect and measures one meter in diame-
ter. Since only about 10 percent of the
light that strikes the target is absorbed
and contributes to the damage, the laser
must deliver 10,000 joules per square
centimeter per pulse at the target. The
area covered by the beam 1,000 kilo-
meters away would be about the same
as the area of the mirror: almost 8,000
square centimeters. To achieve an ener-
gy flux of 10,000 joules per square centi-
meter over this area the total energy of
the beam would have to be almost 80
million joules per pulse. If the pulses
were to last for roughly 100 microsec-
onds, the power of the laser would be
almost a million megawatts, which is
quite unattainable. (A large commercial
power station has a generating capacity
of a little more than 1,000 megawatts.)

A lesser amount of absorbed energy
from a continuous laser beam might
damage a distant target by melting a
hole in its skin instead of fracturing the
skin. For example, an aluminum skin
two millimeters thick would melt when
it had absorbed about 400 joules per
square centimeter. If the reflectivity of
aluminum is assumed to be 90 percent,
a 100-megawatt carbon dioxide laser
would need about 100 seconds to inflict
such damage on a target 1,000 kilome-
ters away. This rate of damage is clearly
inadequate, since the laser weapon has
only half a second at best in which to
deal with each rising missile.

One way of alleviating these difficul-
ties might be to enlarge the pointing mir-
ror. With a mirror four meters in diame-
ter a 100-megawatt hydrogen fluoride
laser could damage the target by melt-
ing in about a second. Making such a
mirror sufficiently rugged and of the
necessary optical quality, however, is
beyond the technical capabilities of the
U.S. or any other nation. There are
scant prospects for constructing an op-
tically precise four-meter mirror.

he fuel requirements of a laser-
weapon system represent another in-
surmountable obstacle. Even if the laser
itself and its energy-staging system op-
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erated with perfect efficiency, such a
continuous-wave hydrogen fluoride la-
ser would consume some 660 kilograms
of fuel for each missile destroyed. In or-
der to shoot down 1,000 missiles, then,
each satellite would have to be supplied
with 660 metric tons of fuel, which repre-
sents about 20 loads for the U.S. space
shuttle. The 50 satellites needed to en-
sure continuous coverage of Russian
launching sites would require 1,000
shuttle flights for their energy stores
alone. Four shuttle craft, each making
two trips per year, would take 125 years
to deliver the fuel.

The assumptions that underlie this
discussion of a hypothetical missile-de-
fense system are unrealistically optimis-
tic. It should be pointed out first that a
100-megawatt hydrogen fluoride laser
does not exist, and there is no indication
that such a device could be developed in
the foreseeable future. Furthermore, the
efficiency of the laser and of the energy-
staging system will never approach 100
percent. The efficiency of existing lasers
is a few percent, and it might someday
attain 30 or 40 percent. An energy-stag-
ing system can at best reach 30 percent
efficiency. Hence the total energy store
for each satellite would have to be in-
creased by a factor of at least 10 and
more likely 30.

It is conceivable that a laser weapon
suitable for deployment in space could
eventually be constructed. Even so, I
doubt that it could be exploited success-
fully because it would be vulnerable to
a number of relatively simple and in-
expensive countermeasures. During the
long time it would take to assemble each
platform in space the system would be
extremely vulnerable to attack by an
antisatellite weapon exploded nearby.
Even a completed network could be
temporarily incapacitated at crucial
times by blinding its sensors, by jam-
ming its communications or by confus-
ing its detection and tracking system.

The other conceivable use of a space-
based laser weapon is as an antisatellite
system. The practicality of the concept
is highly questionable. In the first place
satellites in orbit are already vulnera-
ble to explosive weapons, which can be
placed accurately in space or even made
to home in on a warm object in orbit. A

ATMOSPHERIC INTERFERENCE could
deflect or reduce the intensity of a laser beam
being propagated through the air. The beam
would be absorbed by particulate matter and
scattered by dust, smoke and water droplets;
even molecules of the air could absorb and
scatter the beam. Thermal blooming results
from heating of the air in the beam, creating
a region of low density that causes the beam
to diverge. Turbulence leads to local varia-
tions in both density and refractive index that
would deflect and diffuse the beam unpre-
dictably. Very intense laser light could ionize
molecules of the air, creating a plasma that
would absorb and thereby interrupt the beam.
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space-based antisatellite laser would it-
self be vulnerable to the same weapons.
The laser system would also be complex
and fragile and therefore expensive and
difficult to maintain. It is highly unlikely
that antisatellite lasers will ever become
more cost-effective than mechanical sat-
ellite killers launched from the earth.

I turn now to the potential of high-en-
ergy lasers as weapons operating in
the earth’s atmosphere. Missions such as
the protection of aircraft and ships from
enemy missiles and the destruction of
enemy aircraft might in principle be
carried out by a laser weapon. Several
weapon systems that can accomplish the
same tasks already exist, however, in-
cluding supersonic self-guided missiles
and rapidly firing cannon. The question,
then, is whether a laser would be a su-
perior weapon. Could it provide such
short-range protection more cheaply or
more effectively?

The first thing to consider is the phys-
ics of the propagation of a laser beam
in the atmosphere. I have already de-
scribed blooming, absorption and atmo-
spheric ionization. Blooming and ab-
sorption alone would reduce the intensi-
ty of an infrared laser beam by a factor
of from 100 to 300 over a distance of
five kilometers. If the size of the beam at
the targetisaboutequalto the size of the
transmitter mirror, the intensity of the
beam at the mirror would have to be
from 100 to 300 timeswhatit isrequired
to be at the target. From this require-
ment another arises: if the laser light is
to destroy the target without damag-
ing the mirror, the mirror must be from
200 to 300 times more reflective than
the target. If the opponent protected
his missiles or aircraft with a reflective
coating, however, the target would be
almost as shiny as the mirror.

One could attempt to overcome this
difficulty by building a large mirror that
could focus the laser beam on a target a
few kilometers away. The cross section
of the beam at the target would then be
smaller than the cross section at the mir-
ror. This solution is impractical, how-
ever, because a mirror muchlarger than
ameter in diameter is awkward to oper-
ate and point and is vulnerable to simple
projectiles. Moreover, very large focus-
ing mirrors would be ineffective because
atmospheric turbulence would disturb
and defocus a wide beam. An effort
to build more reflective mirrors and to
cool them could be countered by paint-
ing the target missiles with several coats
of an ablative material that would burn
off and carry away most of the incident
energy from the laser beam. In a contest
between improved lasers and counter-
measures the laser is at an intrinsic dis-
advantage, since even in good weather
the atmosphere works against it.

Another tactic for a laser weapon en-
gaged in defense against missiles would
be to wait until the target was only about

MIRRORED SURFACE

ABLATIVE COATING

DEFENSIVE MEASURES could protect a missile from the effects of laser light at small cost.
The most obvious approach is to make the surface of the missile highly reflective so that lit-
tle of the light is absorbed. Alternatively the missile could be covered with an ablative coat-
ing, which would burn off and so carry away the energy of the laser radiation. A layer of
fluid continuously secreted from the nose of the missile would have the same effect. The mis-
sile could also be made to spin, thereby spreading the energy of the beam over a larger area.

a kilometer away before attacking it
with a laser. The intensity of the beam
would then be degraded by a factor of
about 10 instead of 300, and a reason-
ably reflective mirror could perhaps
withstand the energy flux required to
destroy the target. The weakness of
this plan is a lack of time. A missile
approaching at, say, twice the speed
of sound covers the last kilometer of its
flight in about 1.5 seconds. A laser weap-
on would not have enough time to en-
gage more than one attacking missile. In
the same length of time a rapidly firing
cannon could direct several explosive
shells at the target.

Even though laser light travels almost
a million times faster than an ordinary
projectile, a laser weapon would have
no intrinsic operational advantage over
a fast-firing cannon for close-range pro-
tection from missiles. On the contrary,
the laser has several disadvantages. An
attacking missile can be protected from
laser light (particularly a continuous-
wave beam of low intensity) by a thin
film of a substance that is constantly ex-
creted at the nose of the missile to ab-
sorb the energy of the beam and carry
off the heat. Another defense would be
to make the missile rotate so that it
spread out the heat over the entire sur-
face area. Furthermore, even over a
range of one kilometer bad weather can
completely neutralize a laser weapon.

A final consideration is that the proc-
ess of detecting and tracking a target is
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more demanding with a laser weapon
than it is with other defensive weapons,
since the beam must actually hit the tar-
get if it is to have an effect. The standard
of accuracy for the tracking system of
a cannon that fires projectiles is much
less stringent, particularly if the projec-
tiles carry an infrared seeker that ena-
bles them to home in on the target.

On balance, then, laser weapons oper-
ating in the atmosphere offer no clear
advantage over existing weapons for
close-range defense. In addition they
can be impeded by weather, they cannot
operate effectively beyond a range of a
few kilometers, they are easier to neu-
tralize by countermeasures than ordi-
nary projectiles or supersonic missiles
and they require a much better tracking
system. Under these circumstances it is
difficult to see how the development and
deployment of such fragile, complex
and expensive weapons would improve
the military capability of a nation.

It does not necessarily follow that re-
search on high-energy lasers has no
worthwhile objectives. Although lasers
are decidedly unpromising as weapon
systems, they may have valuable ap-
plications in industry, particularly
in chemical engineering and in energy
systems based on nuclear fusion. For
these reasons rather than for unreal-
izable military applications the U.S.
would do well to continue research on
the many aspects of the technology of
high-energy lasers.
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Magnetic Navigation in Bacteria

Certain aquatic bacteria are magnetotactic: they have tiny internal

compasses that orient them in the earth’s magnetic field. Swimming

along the inclined magnetic field lines directs them toward the mud

by Richard P. Blakemore and Richard B. Frankel

organisms. Nonetheless, they have

evolved a variety of sensory and
motor adaptations, called tactic respon-
ses, by means of which they interact with
their environment. Many bacteria are
chemotactic: they tend to move toward
either a higher or a lower concentration
of a particular substance. Other bacteria
exhibit phototaxis: they accumulate in
an illuminated region.

In the past few years a novel tactic
response in bacteria has come under in-
vestigation. Certain aquatic bacteria are
now known to be magnetotactic: they
tend to swim along magnetic field lines
and are accordingly influenced by the
earth’s magnetic field. It has been shown
that the magnetotactic bacteria synthe-
size and thereafter carry within them
small crystals of magnetite (Fe3Oy), the
oxide of iron known to early naviga-
tors as lodestone. Particles of magnetite
have also been found in various other
organisms, and so the discovery of mag-
netotaxis in bacteria suggests that man
is not the only organism to have mas-
tered the art of magnetic navigation.

Bacteria are among the simplest of

The magnetic properties of magnetite
were recognized by the ancient Chi-
nese and Greeks more than 1,000 years
before the invention of the magnetic
compass in the Middle Ages. The work-
ing material in the first compasses was
an elongated piece of magnetite with
a large natural magnetization. Later it
was found that an iron needle magnet-
ized by rubbing it with magnetite could
serve the same purpose.

The idea that the earth itself is a mag-
net was not proposed until 1600, when
William Gilbert published De magnete
magneticisque corporibus et de magno
magnete tellure (On the Magnet and Mag-
netic Bodies and on the Great Magnet the
Earth). Gilbert, who served as physician
to Queen Elizabeth I of England, based
his treatise on 16 years of studying the
interaction of magnetized needles with
spheres made of magnetite. He called
the spheres terrellas, or little earths.

A few decades earlier Robert Nor-
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man, an English compass maker, had
found that if a magnetized needle is
allowed to pivot freely in the verti-
cal north-south plane, the north-seeking
end of the needle dips below the hori-
zon. In London, for example, the an-
gle of inclination is approximately 70
degrees. Gilbert explained the inclina-
tion as an effect of the geometry of the
earth’s magnetism. He explored the ge-
ometry by measuring the orientation of
magnetized needles placed near the sur-
face of a terrella. The magnetic field set
up by a magnetized sphere, he found, is
radial (vertical) at the poles, tangential
(horizontal) at the equator and between
these extremes is inclined at an angle
that increases with latitude. (It is now
known, of course, that the magnetic
poles of the earth do not exactly corre-
spond to the geographic ones, but in our
work the discrepancy is unimportant
and we shall ignore it here.)

By convention the direction of a mag-
netic field is the one indicated by the
north-seeking end of a magnetic com-
pass needle. Hence the geomagnetic
field points straight up at the South Pole,
straight down at the North Pole and hor-
izontally northward at the Equator. In
the Northern Hemisphere the field is in-
clined downward; in the Southern Hem-
isphere it is inclined upward.

The first indication that bacteria are
sensitive to the geomagnetic field was
noted in 1975 by one of us (Blakemore),
then a graduate student in microbiology
at the University of Massachusetts at
Ambherst. In the course of a microscopic
study of bacteria commonly found in
the mud of brackish marshes, some mi-
croorganisms were observed to swim
persistently in one direction across the
field of view. They accumulated at one
edge of a drop of muddy water. Evident-
ly the response was not a phototactic
one because the bacteria swam toward
the same edge regardless of the distribu-
tion of the light falling on the micro-
scope slide. Even when the microscope
was covered with a box, turned around
or moved to another room, the bacteria
continued to swim in the same geo-
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graphic direction. It appeared they were
directed by some pervasive cue, possibly
the earth’s magnetic field.

That the behavior of such bacteria is
indeed magnetotactic was easily dem-
onstrated. When a droplet of muddy
water was examined microscopically at
low magnification (about 80 times) with
dark-field illumination, the motile, light-
refracting bacteria appeared as moving
points of light. In the absence of any
magnetic field except the geomagnetic
one some of the bacteria swam persis-
tently northward and accumulated at
the northern edge of the droplet. When a
bar magnet was brought near, the bacte-
ria swam toward the pole that attracts
the north-seeking end of a compass nee-
dle. Conversely, they swam away from
the pole that attracts the south-seeking
end of the needle.

A first small permanent magnets and
electromagnets were used to ob-
serve the organisms’ response to mag-
netic fields and to separate them from
the sediments for further study. Later,
at the Woods Hole Oceanographic Insti-
tution, Adrianus J. Kalmijn, a specialist
in the sensory biophysics of marine an-
imals, joined the effort to explore the
magnetotactic behavior of the bacteria
in magnetic fields roughly equivalent in
strength to the geomagnetic field. (The
earth’s field has a strength on the order
of one gauss.)) For these experiments
uniform magnetic fields were set up by a
pair of Helmholtz coils, which allowed
the direction and the intensity of the
fields to be controlled [see illustration on
page 60].

When the axis of the Helmholtz coils
is aligned north-south, the intensity of
the horizontal field acting on the bacte-
ria is the sum of the field generated by
the coils and the horizontal component
of the geomagnetic field. If the field gen-
erated by the coils is somewhat stronger
than the geomagnetic field, the net direc-
tion of the combined fields is effectively
the same as that of the applied field. The
bacteria swim along the magnetic lines
of force in the direction of the field (that



is, in the direction indicated by the
north-seeking end of a compass needle).
When the electric current in the coils is
reversed, the magnetic field reverses di-
rection; the bacteria then make a 180-
degree turn and swim in the opposite
direction. Each time the field is reversed
the bacteria make a U-turn, so that they
are always swimming in the direction of
the field. Thus the organisms them-
selves can be said to be north-seeking.
The persistent swimming of magne-

totactic bacteria along magnetic field
lines is in marked contrast to the run-
and-tumble motility characteristic of
chemotactic bacteria such as Escherichia
coli. Even when magnetotactic bacteria
have been killed, they assume a consis-
tent orientation in the magnetic field and
rotate by 180 degrees when the current
in the coils is reversed. (The killed bacte-
ria do not migrate either north or south,
however.) In short, the bacteria act as
biological magnetic dipoles.

In sediments taken from bogs, marsh-
es, sewage-treatment ponds or similar
places the concentration of magnetotac-
tic bacteria is usually between 100 and
1,000 cells per milliliter. When the sedi-
ments are stored in jars in the laborato-
ry, the concentration increases in a few
weeks to between 100,000 and a million
cells per milliliter. The high population
density often persists for as long as two
years without added nutrients. One can
take advantage of the magnetotactic re-

MAGNETOTACTIC BACTERIUM is seen in a transmission elec-
tron micrograph, which reveals a striking feature of its internal struc-
ture: a chain of particles that are opaque to the electron beam (black
spots), aligned more or less parallel to the long axis of the cell. The
particles are called magnetosomes and consist of the oxide of iron
known as magnetite (Fe30,4). The chain functions as a compass, ori-

enting the bacterium in the same direction as the lines of force of
the earth’s magnetic field. The species shown here has a flagellum
(a filamentous propeller) at each end; it is capable of swimming ei-
ther forward or backward. (The tips of the two flagella are doubled
back under the body of the bacterium and hence are out of sight
in this view.) The magnification is approximately 56,000 diameters.
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sponse of the bacteria to make them
swim away from sediments and other
debris into a droplet of clean water,
where they can be collected and exam-
ined with a microscope. More than a
dozen morphologically distinct types of
bacteria have been found in samples
prepared in this way; they include cocci
(spherical bacteria), bacilli (rod-shaped
bacteria) and spirilla (helical bacteria).
This observation, together with the fact
that magnetotactic bacteria are found in
both freshwater sediments and marine
ones, indicates that magnetotaxis is
shared by diverse bacterial species.

One such species, a freshwater mag-
netotactic spirillum that has been
given the name Aquaspirillum magneto-
tacticum, has been isolated and grown in
an artificial culture medium by one of us
(Blakemore) and Ralph S. Wolfe of the
University of Illinois. Bacteria of this
species have a flagellum (a filamentous
propeller) at each end and can swim ei-
ther forward or backward. This abil-
ity distinguishes them from many oth-

er magnetotactic bacteria, which have
their flagellar apparatus at only one
end of the cell and appear to swim per-
sistently forward.

Closer examination of the internal
structure of a bacterium such as 4. mag-
netotacticum by means of a transmission-
type electron microscope reveals a strik-
ing feature: approximately 20 particles,
opaque to the electron beam and com-
monly either cubic or octahedral in
form, arranged in a chain parallel to
the cell’s long axis. Every kind of mag-
netotactic bacterium that has been ex-
amined so far by this technique has
turned out to have such particles in the
cytoplasm of the cell. The particles are
most often arranged in a single chain or
two chains, and they are remarkably
uniform in size and shape. Each particle
is surrounded by a sheath, or mem-
brane, that is always adjacent to (and
may be contiguous with) the cytoplas-
mic membrane that envelops the cell as
a whole. The enclosed particles, which
are about 500 angstrom units across,
are referred to as magnetosomes.

HELMHOLTZ
—~~ COILS

N
BACTERIA
IN WATER DROPLET

EXPERIMENTAL SETUP employed by the authors’ group to study the behavior of mag-
netotactic bacteria in an applied magnetic field consists essentially of a microscope fitted with
a pair of Helmholtz coils. The electric current in the coils (colored arrows) creates a uniform
magnetic field along their axis (black arrows). When the current is reversed, the axial magnetic
field also reverses. Varying the magnitude of the current changes the strength of the field.
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Electron micrographs made by David
L. Balkwill and Denise Maratea of the
University of New Hampshire revealed
that in 4. magnetotacticum the sheath of
a magnetosome consists of a thin elec-
tron-opaque layer separated from the
particle itself by an electron-transparent
space. In other species of magnetotactic
bacteria three layers can be perceived in
the membrane that encloses each parti-
cle. The chemical composition of the en-
velope of the magnetosomes is currenily
under study. One of its functions may be
to hold each particle in a fixed position
in the cell.

The elemental composition of the
magnetosome particles can be deter-
mined by observing the X rays that are
emitted when a sample is struck by the
electron beam of the electron micro-
scope. The high-energy electrons collide
with and displace electrons in the atoms
of the sample; the subsequent rearrange-
ment of the atomic electrons is accom-
panied by the emission of X rays that
have a spectrum of energies characteris-
tic of the element from which they ema-
nate. When the magnetosomes of A4.
magnetotacticum are stimulated in this
way, X rays characteristic of iron pre-
dominate. When regions of the cell that
do not contain magnetosomes are simi-
larly exposed, the spectrum of X rays
emitted does not include those charac-
teristic of iron. It follows that the parti-
cles must be composed of iron in some
form. Indeed, the element appears to ac-
count for as much as 2 percent of the
cells’ dry weight.

A connection between the magneto-
somes and the magnetotactic response
can be shown by the following experi-
ment. If iron is supplied to the culture
medium of A. magnetotacticum in the
form of a soluble organic complex at a
concentration of one or two milligrams
of iron per liter, the bacteria grow, they
synthesize magnetosomes and they are
magnetotactic. If the same strain of bac-
teria is inoculated into a culture medium
containing no more than half a milli-
gram of iron per liter, the bacteria grow
as before, but they do not form magne-
tosomes and they are not magnetotactic.
The total concentration of iron in the
nonmagnetotactic cells is only about 10
percent of that in the magnetotactic
ones. Evidently only bacteria with mag-
netosomes exhibit magnetotaxis. The
iron required for the synthesis of mag-
netosomes is readily available at con-
centrations of a milligram or so per liter
in many of the natural environments in
which magnetotactic bacteria are found.

he chemical form of the iron in the

magnetosomes can be ascertained
by Mossbauer spectroscopy. This tech-
nique makes it possible to detect in the
spectrum of Doppler-shifted gamma
rays absorbed by an atomic nucleus the
subtle shifts caused by the configuration



NORTH-SEEKING BACTERIA swim in the direction of an applied
magnetic field and accumulate at the edge of a drop of water in this
demonstration of magnetotaxis. In the absence of the applied field

of the electrons surrounding the nucle-
us. Because the electronic configuration
is determined by the chemical environ-
ment of the atom, the M&ssbauer spec-
trum gives an indication of the chemical
form an element has in a particular
specimen.

In this case the chemical form of the
iron was determined by measuring the
Madssbauer spectrum of the isotope iron
57 in freeze-dried magnetotactic cells
of A. magnetotacticum and in magneto-
somes isolated from the cells. The spec-
trum turned out to be almost identical
with that of a pure laboratory sample of
magnetite [see top illustration on page
64]. It follows that the iron in 4. mag-
netotacticum is primarily in the form
Fe3O4 As one might expect, spectral
lines corresponding to magnetite are ab-
sent in the Mdssbauer spectrum of non-
magnetotactic cells.

In addition to the lines corresponding
to magnetite in the Mdssbauer spectrum
of the magnetotactic cells there is a pair
of lines in the middle of the spectrum
that corresponds to another iron com-
pound apparently present in substantial
amounts. Since the iron in the culture
medium was supplied in the form of a
soluble organic complex, the magnetite
in the particles is clearly a product of
bacterial synthesis. We now think the
material responsible for the additional
lines in the Mossbauer spectrum is an
iron-containing precursor in the bio-
chemical pathway by which the bacteria
synthesize magnetite.

Knowing that the magnetosome parti-
cles are made of magnetite enabled us to
elucidate the mechanism of magneto-

taxis. The form of magnetism observed
in magnetite is called ferrimagnetism.
Asin all magnetic materials the ultimate
source of the magnetism is the magnetic
moment associated with the spin angu-
lar momentum of each iron atom. Inter-
actions among the atoms result in the
parallel alignment of the spins in a re-
gion of the material. The macroscopic
magnetic properties of a magnetite par-
ticle depend on its size and shape. If it is
large, it will include multiple magnetic
domains: regions in which the spin axes
are oriented antiparallel. In a ferri-
magnetic material the antiparallel con-
figuration is favored because it lowers
the overall magnetic energy of the par-
ticle; it also reduces the remanent, or
net, magnetic-dipole moment.

Magnetic domains are separated by
transition regions called domain walls.
The width of such a wall is determined
by certain intrinsic magnetic properties
of the material and hence is independent
of the size of the particle. If the dimen-
sions of the particle are smaller than the
width of the domain wall, separate do-
mains cannot form and the particle con-
stitutes a single magnetic domain. In
such a particle the remanent magnetic
moment is unchanging in time and ap-
proaches the theoretical maximum for
the material.

A still smaller magnetic particle also
forms a single domain, but its effective
magnetic moment can be reduced by an-
other phenomenon, known as superpar-
amagnetism. There are several possible
orientations of the magnetic moment fa-
vored by the crystallographic structure
of the material, all of which have the
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the bacteria would swim persistently northward under the influence
of the geomagnetic field. The bacteria have been named Aquaspiril-
lum magnetotacticum. They are enlarged here about 1,700 diameters.

same energy. In a very small particle the
magnetic moment can fluctuate among
the orientations as a result of thermal
disruption. In other words, the remanent
magnetic moment is not permanent in
such a particle. At a given temperature
the time required for the magnetic mo-
ment to reorient itself is an exponential
function of the volume of the particle. If
the particle is large enough, the thermal
reorientation time is essentially infinite.

From these considerations it is evi-
dent that a single-domain particle with a
volume too large to be superparamag-
netic at room temperature has a perma-
nent magnetic-dipole moment that cor-
responds to the maximum magnetiza-
tion for the substance. For magnetite the

_maximum superparamagnetic dimen-

sion is between 300 and 400 angstroms,
whereas the minimum dimension for the
formation of multiple domains is be-
tween 800 and 1,200 angstroms. The
particles produced by A. magnetotacti-
cum and other species of magnetotactic
bacteria fall precisely in the size range
within which magnetite exists as ther-
mally stable single-domain particles: be-
tween 400 and 1,200 angstroms. In the
laboratory it is difficult to make magne-
tite particles in the single-domain size
range. How the bacterial cell does so is
not yet clear. We think the maximum
size of the particles is somehow con-
strained by the magnetosome envelope
and hence is under biological control.

hat about the configuration of
the magnetite particles within the
cell? As we mentioned above, many spe-
cies of magnetotactic bacteria have a
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single chain or two chains of magneto-
somes. The magnetic interactions of the
particles in a chain tend to orient their
magnetic-dipole moments parallel to
one another along the axis of the chain.
This phenomenon was noted by Charles
P. Bean and Israel S. Jacobs of the Gen-
eral Electric Research and Development
Center, who considered the properties
of a chain of single-domain magnets in a
different context two decades before the
discovery of magnetotactic bacteria. Be-
cause of the parallel orientation of the
moments the total moment of the bac-
terium is the sum of the moments of the
individual particles. The moment per
unit volume of magnetite is well known,
and so the total moment per bacterium
can be estimated from the size and the
number of its magnetosomes, which
can readily be observed in electron mi-
crographs.

The orientation of a magnetotactic
bacterium in water at room temperature
is determined by competition between
the torque exerted on the magnetic-di-
pole moment of the bacterium by the

geomagnetic field and the randomizing
forces resulting from the thermal mo-
tion of the water molecules (the phe-
nomenon known as Brownian motion).
The average degree of orientation of an
ensemble of freely rotating magnetic di-
poles in thermal contact with their envi-
ronment was calculated at the turn of
the century by the French physicist Paul
Langevin. He showed that as the ratio
of the magnetic energy to the thermal
energy increases, the average orienta-
tion of the ensemble increases; for ra-
tios greater than 10 the ensemble ap-
proaches complete orientation.

In A. magnetotacticum the ratio is ap-
proximately 16, so that the average ori-
entation is virtually at the maximum.
Furthermore, increasing the number
of magnetite particles per bacterium
would only marginally increase the de-
gree to which the bacteria are oriented
along the direction of the magnetic field.
On the other hand, if the bacteria con-
tained only enough magnetite to make
their total concentration of iron compa-
rable to that of other common bacteria,

such as E. coli, their orientation would
be barely distinguishable from a ran-
dom distribution. Thus the single-do-
main magnetite particles arrayed in a
chain constitute a biomagnetic compass
of sufficient strength for the bacterium
in water at room temperature to be effi-
ciently oriented in the direction of the
geomagnetic field.

The simplest explanation of the mech-
anism of magnetotaxis is that a swim-
ming bacterium is passively steered by
the torque exerted on its biomagnetic
compass by the geomagnetic field. This
hypothesis has been confirmed by mea-
surements of the velocity of the migrat-
ing cells as a function of the strength
of the magnetic field. When the field is
strong (several gauss), the bacteria are
well oriented in the direction of the field
and their migration velocity in that di-
rection is comparatively high. When the
field is weak, the bacteria are more
disoriented by thermal agitation, their
swimming is more random and their mi-
gration velocity in the direction of the
field is low. The speed of the migration

HELICAL BACTERIUM of the A.

r

nified some 25,000 diameters in a transmission electron micrograph.
Members of this freshwater magnetotactic species have been isolat-

SPHERICAL BACTERIA, known as cocci, also exhibit magneto-
taxis and have particles of magnetite in their cytoplasm. In some
cocci the magnetosomes are arranged in chains (/ef?); in others they
are in clusters (right). Both of the species shown have paired bundles
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ed and grown in an artificial culture medium. The particular speci-
men shown has an exceptionally long chain of magnetosomes strung
out along its axis and appears to be in the process of cell division.

of flagella on one side and swim in only one direction. The large elec-
tron-opaque bodies in the coccus at the right have a high concentra-
tion of phosphorus and potassium; their role in the life of the organ-
ism is not known. This cell is apparently also just about to divide.



should depend on the strength of the
field in the way described by Langevin;
if it does, analysis of the data should
yield the magnetic-dipole moment of
the bacteria. Recent experiments at
Woods Hole by Kalmijn and his col-
leagues B. D. Teague and M. K. Gilson
on individual bacteria have confirmed
the Langevin field dependence and have
yielded magnetic moments for individu-
al bacteria consistent with the analysis
presented above.

he fact that bacteria with unidi-

rectional motility collected from
sediments in the Northern Hemisphere
swim consistently northward is attribut-
able to the forward orientation of the
north-seeking pole of their magnetic-di-
pole moment with respect to the cell’s
flagellar apparatus. If the magnetic mo-
ment were reversed (that is, if the south-
seeking pole were oriented forward with
respect to the flagellum), the bacteria
would swim in the opposite direction
(southward).

South-seeking bacteria have been cre-
ated in Kalmijn’s laboratory. Following
a suggestion by Edward M. Purcell of
Harvard University, north-seeking bac-
teria were exposed to brief but intense
pulses of a magnetic field directed op-
posite to the ambient field. When the
pulsed field was strong enough, it re-
versed the magnetic-dipole moment of
the magnetosome chain. The bacteria
whose moment had been reversed be-
came south-seeking. They made a U-
turn and swam opposite to their initial
direction, that is, opposite to the steady
ambient field. Their north-seeking ori-
entation could be restored by a second
pulse delivered antiparallel to the first.

The magnetic moment could also be
redirected by a standard “degaussing”
procedure. A group of north-seeking
bacteria was exposed to and then slowly
removed from a magnetic field alternat-
ing at 60 hertz with a peak magnitude of
more than 1,000 gauss. Whereas all the
bacteria had initially swum toward the
north pole, after the degaussing approx-
imately half swam north and the oth-
er half swam south. The experiment
showed that the magnetic-dipole mo-
ments of individual bacteria can be re-
versed, but the organisms cannot be de-
magnetized, which is exactly what one
would expect for a chain of single-
domain magnetic particles.

The behavior of microorganisms, in-
cluding their movements in response to
chemicals or light, provides an adaptive
advantage for their survival. Magne-
totaxis presumably confers some such
survival value, but what is it? To an-
swer this question we return to Gil-
bert’s model of the inclination of the
geomagnetic field.

As noted above, the geomagnetic field
points north and down in the Northern
Hemisphere and north and up in the
Southern Hemisphere, with the absolute

THIN MEMBRANE surrounding each particle of magnetite is barely visible in this greatly
enlarged transmission electron micrograph of a thin section cut from a magnetotactic bacteri-
um. One function of the envelope may be to hold each particle in a fixed position in the cell.

value of the angle of magnetic inclina-
tion increasing as one moves from the
geomagnetic equator toward either of
the poles. Because of the inclination of
the geomagnetic field north-seeking bac-
teria in the Northern Hemisphere mi-
grate downward and south-seeking bac-
teria migrate upward. In New England
the magnetic inclination is about 70 de-
grees with north down; hence the pre-
dominantly north-seeking population of
magnetotactic bacteria found there is
effectively directed downward. The bac-
teria thereby keep to the sediments and
away from the surface water.

The magnetotactic bacteria are bot-
tom-dwelling organisms that are either
anaerobic (capable of living only in the
absence of oxygen) or microaerophilic
(surviving best in an environment with
little oxygen). A tendency to migrate
downward could be advantageous in
that it would help them to avoid the tox-
ic effects of the greater concentration of
oxygen in the surface water.

On the basis of this hypothesis one
would expect magnetotactic bacteria
in the Southern Hemisphere to be pre-

dominantly south-seeking; they would
then also migrate downward, staying
in the sediments and away from the sur-
face water. In January, 1981, together
with Nancy Blakemore and Kalmijn, we
undertook an expedition to New Zea-
land and Tasmania to search for magne-
totactic bacteria and to test the hypothe-
sis. The sites were chosen because they
are ecologically diverse and share many
physical characteristics with New En-
gland, such as absolute latitude, mag-
netic field strength and climate. More-
over, the magnetic inclination in New
Zealand and Tasmania has the same ab-
solute value as it has in New England,
although it has the opposite sign.
Sediments were collected from salt
marshes, ditches, rivers, ponds, moun-
tain lakes, thermal springs and caverns.
They were all examined with portable
microscopes equipped with Helmholtz
coils. Most of the sediments included
magnetotactic bacteria, and as predicted
they were predominantly south-seeking.
Like their counterparts in the Northern
Hemisphere, the bacteria had magneto-
somes in their cytoplasm, and their po-

SOUTH-SEEKING BACTERIUM was collected by the authors and their colleagues near
Christchurch, New Zealand. Magnetotactic bacteria of various types from New Zealand and
Tasmania were found to swim predominantly southward, in agreement with the authors’ hy-
pothesis that magnetotaxis in bacteria is a mechanism for migrating down to and remaining in
sediments. In most of the species collected in the Southern Hemisphere the magnetosomes had
shapes similar to those found in the Northern Hemisphere. In this species, however, a novel
pointed shape was observed for the first time. The cell is enlarged by about 33,000 diameters.
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MOSSBAUER SPECTRUM of the isotope iron 57 in freeze-dried cells of A. magnetotacti-
cum (colored curve) is almost identical with that of a pure laboratory sample of magnetite (black
curve), thereby demonstrating that the iron in this magnetotactic species is primarily in the
form Fe30,4. To measure the spectrum gamma rays with an energy of 14.4 keV (thousands of
electron volts) were passed through each sample. By moving the source with respect to the sam-
ple the wavelength of the gamma rays could be shifted in proportion to the relative velocity. At
particular relative velocities the iron-57 nuclei in the sample could absorb the gamma rays by
making a transition to an excited state with an energy of about 14.4 keV. At each absorbed
wavelength a detector placed behind the sample recorded fewer transmitted gamma rays. The
record of the spectrum shows the relative intensity of gamma rays striking the detector as a
function of the velocity of the source with respect to the sample. The exact velocities at which
absorption is observed in a sample are indicative of the chemical form of the iron in the sample.
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SIZE OF A PARTICLE of magnetite determines its effective magnetic moment. The very
small particle represented at the left is superparamagnetic: it consists of a single magnetic do-
main (a region in which the spin axes of all the iron atoms are oriented in the same direction),
but the orientation of its magnetic moment (black arrows) can fluctuate as a result of thermal
disruption. The large particle at the right has multiple magnetic domains in which the spin
axes are oriented antiparallel; accordingly it has a low r t, or net, gnetic t.
The intermediate-size particle at the center measures between 400 and 1,200 angstrom units
across, the range in which magnetite exists as thermally stable, single-domain particles. The
particles produced by magnetotactic bacteria, the authors have found, fall in this size range.
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MAGNETIC MOMENTS ARE ALIGNED in the same direction in the chains of magneto-
somes found in most species of magnetotactic bacteria. The total magnetic moment of such a
chain is therefore the sum of the moments of the individual magnetite particles in the chain.
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larity could be reversed by the degauss-
ing procedure. Thus magnetotactic bac-
teria in the two hemispheres are similar
except that the populations have oppo-
site polarities.

Eboratory experiments also indicate
the role of the sign of the magnetic
inclination in selecting the predominant
polarity. Samples of sediment from
New England, where the bacteria were
initially north-seeking, were placed in a
system of electrical coils that inverts the
vertical component of the ambient mag-
netic field. The coils therefore repro-
duce the upward-inclined orientation
of the geomagnetic field in the South-
ern Hemisphere. Control samples were
placed in coils carrying no current; and
therefore they remained in the ambient
downward-inclined geomagnetic field.
The samples were periodically exam-
ined and records were kept of the num-
ber and polarity of the magnetotactic
cells over a period of a year.

Whereas the control populations re-
mained north-seeking, the polarity re-
versed in the magnetotactic populations
exposed to the inverted field. South-
seeking bacteria increased detectably
within six days; after three weeks these
cells were predominant, and after eight
weeks the population reversal was virtu-
ally complete. This result is entirely con-
sistent with the hypothesis that the verti-
cal component of the geomagnetic field
is the relevant factor determining the
polarity of bacterial populations in nat-
ural environments. Moreover, the ex-
periment suggests that the response to
changes in the vertical component takes
place over many generations.

Another confirmation of the impor-
tance of the vertical component of the
geomagnetic field comes from observa-
tions of magnetotactic bacteria at the
geomagnetic equator, where the vertical
component is zero and the geomagnetic
field lines are horizontal. Since all mag-
netotactic bacteria are directed horizon-
tally there, neither polarity is directed
downward. On the other hand, horizon-
tally directed motion could be advan-
tageous for bacteria in the sediments
by reducing potentially harmful upward
excursions. Of course, magnetization of
either polarity would be equally advan-
tageous and neither would be favored.

Both north- and south-seeking mag-
netotactic bacteria have been found in
sediments from Fortaleza in Brazil, a
site near the geomagnetic equator. This
observation was made in collaboration
with F. F. Torres de Araujo of the Fed-
eral University of Ceard and D. M. S.
Esquivel and J. Danon of the Brazilian
Center for Physics Research. In Rio de
Janeiro, where the inclination is 25 de-
grees upward, south-seeking bacteria
predominate. It remains to be deter-
mined how the relative numbers of each
polarity in a population of bacteria de-
pend on the magnetic inclination for in-
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SURVIVAL VALUE OF MAGNETOTAXIS to a bottom-dwelling
bacterium is shown for three latitudes. In the Northern Hemisphere
(left) a north-seeking bacterium is directed downward toward the sed-
iments, whereas a south-seeking bacterium heads upward toward the
more oxygenated (and hence toxic) surface water. In the Southern

clinations between zero and 25 degrees.

Laboratory experiments done with
Wendy O’Brien, Randy Caplan and
Nancy Blakemore have corroborated
and extended these findings. Sediments
from New England (where the bacteria
are north-seeking) were placed in small
vials sealed with rubber stoppers some-
what permeable to oxygen and stored in
a magnetically shielded box. Over sever-
al weeks the samples underwent changes
resulting in equal numbers of north- and
south-seeking cells. Moreover, magne-
totactic bacteria of both polarities could
even be observed in equal numbers in
the oxygen-depleted surface waters of
the sealed vials. If the stoppers were re-
moved, allowing more air into the vials,
within several days no magnetotactic
bacteria could be found in the surface
water, whereas large numbers of both
polarity types were present at the
boundary between the sediment and the
water. Accordingly both field and labo-
ratory studies show that in the absence
of a vertical magnetic field component
the two polarity types coexist. The labo-
ratory experiments also show that fac-
tors such as oxygen concentration can
influence the distribution of magneto-
tactic bacteria in natural environments.

Arelation between several behavioral
responses is illustrated in 4. magne-
rotacticum. Because this bacterium has a
flagellum at both ends it can swim ei-
ther forward or backward. Consequent-
ly, once the cells are passively aligned
in the geomagnetic field, they can swim
upward or downward along the inclined
field lines. The direction chosen is deter-
mined at least in part by the local gradi-
ent of oxygen concentration.

Cells of this microaerophilic organ-
ism are also aerotactic: they tend to ac-
cumulate in bands at regions of appro-
priate oxygen concentration. Magneto-
taxis makes aerotaxis more efficient by

reducing random excursions and pro-
moting straight-line motility.

Although the ability to synthesize
magnetite is certainly genetically encod-
ed, the polarity of magnetotactic bacte-
ria cannot be genetically encoded. If a
bacterium without magnetosomes be-
gins to make them, it has an equal prob-
ability of being either north- or south-
seeking. The polarity of a bacterium
that already has magnetosomes can be
conserved in each of its daughter cells,
however, because the chain of magneto-
somes is partitioned during cell division.
If each daughter cell inherits some of the
parental magnetosomes, it inherits the
parental polarity; as the daughter cell
synthesizes new magnetosomes at the
ends of its inherited chain they become
magnetized in the same direction by
their interaction with the magnetized
particles in the chain.

In every generation, however, a few
bacteria can end up with the opposite
polarity, possibly as a result of not re-
ceiving any magnetosomes in the cell
division and subsequently synthesiz-
ing magnetosomes that fortuitously be-
come magnetized in the opposite direc-
tion. Under normal circumstances bac-
teria with reversed magnetization are
continually discriminated against by be-
ing directed upward to regions less suit-
ed to their growth, and the population in
the sediments retains its original polar-
ity. If the vertical component of the
magnetic field is inverted, however, the
former misfits are favorably directed
downward and their progeny take over
the sediments. In such an event natural
selection acts in a matter of only weeks
or less.

This laboratory experiment has pre-
sumably been duplicated on a global
scale during reversals of the geomagnet-
ic field. Because the geomagnetic field is
not purely dipolar it does not go com-
pletely to zero in the course of such a
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Hemisphere (right) south-seeking bacteria tend to swim downward
and north-seeking ones upward. Near the geomagnetic equator (mid-
dle) both types of bacteria are found and both are directed horizontal-
ly, thereby reducing potentially harmful upward excursions. White
arrows indicate direction of the geomagnetic field in each location.

reversal but instead changes in magni-
tude and rotates through zero inclina-
tion everywhere on the surface of the
earth during a transition period of sever-
al thousand years. In the process the po-
larity of the magnetotactic bacteria in
both hemispheres presumably becomes
inverted as well.

Efe has evolved in a magnetic field.
Magnetotactic bacteria provide the
first unambiguous demonstration that
organisms respond to the geomagnet-
ic field by means of a biomagnetic
compass made of the inorganic mineral
magnetite, which they synthesize from
soluble iron in their environment. More-
over, their compass appears in several
respects to be highly adapted for inter-
acting with the earth’s magnetic field. It
consists of single-domain magnetic par-
ticles, each one with a high magnetic
remanence, often arranged in an elon-
gated chain along the cell’s axis of motil-
ity. In spite of the efficient functioning of
the magnetosomes as a navigational de-
vice, they probably also serve an addi-
tional purpose in the life of magnetotac-
tic bacteria. They may be a repository
for excess iron, or they may assist cells
in ridding themselves of hydrogen per-
oxide, a toxic product of oxygen me-
tabolism that is decomposed by iron.
These possible physiological roles are
under study.

The most exciting possibility arises
from the fact that over the years magne-
tite has been found in many organisms
besides bacteria. So far the list includes
chitons (a class of marine mollusks),
honeybees, butterflies, homing pigeons
and, added just recently, dolphins. The
elucidation of the role of bacterial mag-
netotaxis therefore provides a basis for
searching for a comparable magnetic
sense in higher organisms. The outcome
of that search may give the old notion
of animal magnetism a new reality.
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The Recumbent Stone Circles

of Scotland

These megalithic monumeants, like many others, have been seen as

ancient astronomical observatories. It seems clear that although

they are astronomically aligned, their purpose was purely ritual

ny scholar worth his salt tries to
avoid prejudging the results of a
line of inquiry, but such prejudg-
ment can occur even when the scholar is
investigating the remote past. To cite
one example, in 1909 Sir Norman Lock-
yer, the astronomer who directed Brit-
ain’s Solar Physics Laboratory some 70
years ago, published the second edition
of his book Stonehenge and Other British
Stone Monuments Astronomically Consid-
ered. In it he listed his findings with re-
gard to 29 ancient stone circles of a kind
peculiar to northeastern Scotland and
southwestern Ireland. There were once
at least 120 of these distinctive monu-
ments in Scotland, and 50 of them re-
main relatively intact today.

The Scottish circles Lockyer exam-
ined are all architecturally similar. They
are also found only in a limited area;
none is more than 40 miles from Aber-
deen on the east coast of Scotland. For
both reasons one might expect that they
were linked by some common purpose.
Lockyer failed to detect this purpose be-
cause he had prejudged what it would
be. He had made the assumption that
instead of having a single purpose the 29
monuments served a variety of astro-
nomical purposes. Standing outside each
circle and sighting across a large hori-
zontal stone in it, he deduced that 15 of
the circles were aligned on one of two
stars: Arcturus or Capella. Three other
circles, he thought, were aligned on the
midsummer sunrise and two on the
May Day sunrise. Five more he decid-
ed were special instances of astronomi-
cal alignment; for the remaining four he
found no evidence for such alignment.
His final tally—more than six astronom-
ically oriented circles for every circle
that was not so oriented—seemed im-
pressive. The fact is that he had consis-
tently looked in the wrong direction.

The Scottish monuments Lockyer sur-
veyed belong to the group known to
archaeologists as recumbent stone cir-
cles because the largest stone in each of
them is not upright but lies flat on the
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ground with a flanking upright set at
each end. The builders of the circles set
the recumbent stone in place with care
so that its upper surface was horizontal.
They also placed it on the south side of
the circle, in a position somewhere be-
tween south-southeast and southwest.

The uprights diminish in height ac-
cording to their distance from the re-
cumbent stone. The circles are not uni-
form in circumference, and the number
of standing stones that outline the circle
is not the same in each one; there may be
as few as eight or as many as 16. The
builders did, however, favor certain
numbers. Among the 31 best-preserved
circles 22 (or more than 70 percent)
have either 10 or 11 uprights.

The number of uprights was not de-
termined by the size of a circle. For ex-
ample, the circle known as the Hill of
Fiddes is 44 meters in circumference
and the circle known as Sunhoney is
nearly 80 meters in circumference; both
have 11 uprights. Garrol Wood is some
56 meters in circumference and Old
Rayne is 86; both have 10 uprights. The
number 10 was evidently preferred by
the builders of the earliest circles; they
positioned the uprights in five oppos-
ing pairs. The circles with 11 uprights
were built later. Perhaps the 11th stone
marked the place where an observer
should stand to look across the circle
toward the recumbent.

Another evident preference was for
the site to be above a valley or some
other expanse of low-lying ground. To
achieve this kind of site the builders se-
lected a place such as the side of a hill or
the end of a ridge. If the site was not
naturally level, the builders sometimes
made it so. For example, at Druidsfield
a level shelf was dug into a hillside, and
at Loanhead of Daviot a level platform
was built of rubble. At Berrybrae, which
I excavated between 1975 and 1978 with
the help of volunteers from the U.S., we
found that the flat arena where the circle
stood had been leveled by heaping up a
thick layer of clay.
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Where several sites were available to
the builders the one nearest a good
source of stones was chosen. It must
have been rare, however, for the build-
ers to find a block nearby that was big
enough to serve as the recumbent stone.
Many of these great slabs are of a kind
of stone different from that of the up-
rights. For example, at Easter Aquor-
thies the circle stones, which weigh on
the average about 1.5 tons, are a whitish
porphyry of local origin, and the recum-
bent, which weighs 12 tons, is ared gran-
ite brought from some distance away.
The siliceous recumbent of Old Keig, a
monster that weighs more than 50 tons,
was apparently hauled to the site from a
river valley several miles distant.

ust as nearly all the Scottish circles

overlook lower ground, so too have

virtually all the recumbents been set
in place so that their upper surface is
exactly horizontal. When the stones are
examined, it can be seen that their long
bottom surface is not straight but forms
a shallow V. Evidently this configura-
tion allowed the builders, once the re-
cumbent was roughly in place, to tilt the
ends up or down until the top was hori-
zontal. (They could have used a water-
filled trough as a level) With the re-
cumbent finally in position the builders
chocked it with bulky stones, jamming
them in so tightly that the great blocks
have barely shifted since.

It is not uncommon to find what is
called aring cairn, a low dome of stones
with an open center, near the middle of a
recumbent stone circle. Pits were some-
times dug in the open center to receive
burnt human bones. One of the earliest
and probably the most inept of the exca-
vations of a ring cairn was noted by
James Garden of the University of Ab-
erdeen in a letter written in 1692 to John
Aubrey, the well-known author of Brief
Lives and an eager antiquary: “Many
years since, they did see ashes of some
burnt matter digged out of the bottom
of a little circle, set about with stones



TEN UPRIGHT STONES, including those at each end of a large lev-
el recumbent stone, outline the Scottish stone circle known as Loan-
head of Daviot, 20 miles northwest of Aberdeen. The rock-strewn
area inside the circle is the remains of a ring cairn; the center of the
area was originally empty. Customarily the center of a ring cairn
held pits where cremated human bones were buried. The pits here

held five pounds of bones, among them some 50 fragments of chil-
dren’s skulls. The view in this aerial photograph is toward the south.
The incomplete rubble circle to the left marks an enclosed cremation
cemetery that came into use after the recumbent stone circle itself
was abandoned some 4,000 years ago. Loanhead of Daviot is one of
the oldest of the more than 120 recumbent stone circles in Scotland.
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ABERDEENSHIRE and adjacent counties in northeastern Scotland (boxed area) are the set-
ting for Bronze Age recumbent stone circles. They are found elsewhere only in Ireland.

NORTH SEA

LOCATION OF 74 CIRCLES is shown; many are only a few miles apart. Those in color are
the 50 best-preserved ones for which the author determined the azimuth of a line of sight pass-
ing across the middle of the recumbent stone from a position on the opposite side of the circle.
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standing close together, in the center
of one of those monuments...near the
church of Keig.” Nearly 200 years lat-
er, in the course of an enthusiastic but
calamitously haphazard investigation,
Charles Elphinstone Dalrymple, a Vic-
torian antiquary, unearthed cremations
at several other Scottish recumbent
stone circles. Since then better excava-
tions at Loanhead of Daviot, at Old
Keig and at Berrybrae have also uncov-
ered cremated human remains.

Broken pottery has been unearthed at
the foot of some of the upright stones, in
a few instances accompanied by lumps
of charcoal and rather characterless flint
artifacts but never by human bones. The
pottery is crude and characteristic of
that made in the centuries around 2200
B.c. The recent excavations have also re-
vealed scatterings of broken quartz peb-
bles close to the recumbent stones. The
white fragments were piled thickly be-
side the recumbent at Berrybrae.

he stones of perhaps one Scottish re-

cumbent stone circle in 10 bear what
are known as cup marks: depressions
about as wide as a drinking cup and
about half as deep, formed by grinding
the stone with a hard pebble. Only the
recumbent itself, its flanking stones or
the stones next to them are so marked.
Even there the markings are few. At
most of the circles there are only two or
three cup marks, although many more
are found at Balquhain and at Sunhoney,
and more than 100 have been counted
at Rothiemay. These laboriously ground
hollows tantalize the imagination. Since
most of them are on the sides of the
stones rather than on the top, they can-
not have been meant primarily as recep-
tacles. An investigator of the 1920’s, a
Major Tilney, noted that certain of the
cup marks at Rothiemay duplicated the
constellation Ursa Major, the “Big Dip-
per,” except that the figure is reversed.
No other constellation can be picked out
among the cup marks, reversed or other-
wise, and Tilney’s ingenious interpreta-
tion must be considered more imagina-
tive than perceptive.

Until recently the only clues to when
the recumbent stone circles were put up
came from artifacts such as potsherds
(and one archer’s wrist guard) found
buried in them. The artifacts could be
assigned to the beginning of the Bronze
Age in Britain, and so it has been as-
sumed that the circles were erected be-
tween 2500 and about 1700 B.c. Our
Berrybrae excavation has confirmed
this assumption with carbon-14 dates.

Berrybrae had been dismantled by
prehistoric vandals. Charcoal associat-
ed with their activities furnished sam-
ples for two carbon-14 determinations:
3450 + 80 B.P (before the present) and
3310 £ 90 B.P. When these dates are
properly calibrated, they put the ap-
proximate time of the circle’s destruc-
tion at 1750 B.c We calculate that the



“CUP MARKS,” hollows ground into the surface of a recumbent the circle with the most cup marks in Scotland. There are more than
stone or an upright stone, are found at roughly one of every 10 recum- 100 marks, some of them large cup-and-ring marks (lower right). The
bent stone circles. Seen here is the recumbent stone of Rothiemay, upright stones that normally flank the recumbent stone are missing.

EASTER AQUORTHIES is a circle whose uprights are of porphyry bent stone, at the left center between a pair of flanking uprights, is
of local origin; they have an average weight of 1.5 tons. The recum- red granite and came from some distance away. It weighs 12 tons.
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ring was probably built in about 1800
B.C., a date late in the record of the con-
struction of recumbent stone circles.
The early circles, such as Loanhead of
Daviot, must by then have been hun-
dreds of years old.

Carefully leveled recumbents, gener-
ally consistent numbers of uprights
graduated in height, cup marks, spar-
kling white quartz and incinerated hu-
man bones—none of these characteris-
tics by itself does much to explain what
the Scottish circles were. Standing or
fallen, flooded with sunlight or hidden in
forest, the stones today occupy a still-
ness as empty of human life as the snows
of Siberia. Yet slowly their mystery is
dissipating, even though what is not
known continues to outweigh what may
be surmised.

So far not a single dwelling of this
phase of the British Bronze Age has
been discovered in the recumbent circle
region. As a result almost nothing is
known about the builders of the circles.
The monuments lie within two or three
miles of each other, which is far too
close for each of them to have been
some kind of tribal center. Probably
each lay within the home territory of
one family; four to six square miles
would have been land enough to support
10 to 20 people who would have grazed
cattle and raised crops on the hillsides
above the wooded lowlands. Garden re-
ported in his 17th-century letter to Au-
brey the local folk belief that pagan
priests had “caused earth to be brought
from other adjacent places” to the
Auchquhorthies circle, “which is giv-
en for the reason why this parcel of
land, though surrounded with heath and
moss on all sides, is better and more
fertile than other places thereabouts.”

This was good observation on the in-
habitants’ part. Modern soil maps show
that the circles are alongside, if rarely
on, large patches of rich, well-drained
soil. This suggests at least one thing
about the circle-building families: they
were astute farmers.

If each circle “belonged” to a single
family, however, that few men and
women could not have built the mon-
ument. To move a recumbent stone
weighing 20 tons or more, whether it
was two miles or two yards, would have
called for at least 50 adults and proba-
bly 100. The easiest explanation is that
when the time came to build a circle,
neighboring families helped, as at a barn
raising.

To take a negative approach, what
could the Scottish circles not have been?
They could not have been homes: they
lack any trace of domestic rubbish. By
the same token they were not workshops
for the manufacture of stone tools, pot-
tery or metal artifacts. Lacking substan-
tial banks of earth, they would not have
been suitable as forts or cattle pens.

James Fergusson, an early student of
Britain’s megalithic monuments, wrote
in 1872 that since cremations were
found in the Scottish circles, the circles
were ‘“the graves of chiefs, or some-
times, it may be, family sepulchres.”
The human remains are too few, how-
ever, for the circles to have been family
burial plots; in most of the circles the
bones of no more than one or two in-
dividuals are found. If any circle had
served as a cemetery, even if only for
a century, successive generations of a
family of 20 would have had some 40
deaths in that length of time. Moreover,
men, women and children are not equal-
ly represented among the remains. For
example, at Berrybrae only two partial

cremations were found, both of chil-
dren. At the other extreme Loanhead of
Daviot has yielded five pounds of hu-
man bones. Most of them were the re-
mains of adults, but they included more
than 50 fragments of children’s skulls.

There is a smell of ritual death about
all of this. The atmosphere of the circles
is better conveyed by the word “shrine”
than 