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INTRODUCING
THE NEW
WORLD CAR

ENGINEERING TEAMS FROM
AMERICA AND OVERSEAS JOIN
FORCES TO CREATE A NEW
CAR WITH BETTER IDEAS
FROM AROUND THE WORLD

Top engineers drawn from the world-
wide resources of Ford Motor Com-
pany teamed up to create Escort.

They pooled their expertise ...

compared, tested, evaluated, exper-
imented—to come up with better
ideas. The result: a high-mileage car
built in America to take on the world.
Escort will be made in America for
American drivers ... with other
models built and sold overseas.

HIGH MILEAGE THROUGH
ADVANCED TECHNOLOGY

Escort’s fuel efficiency comes from
highly efficient new power teams,
the use of special weight-efficient
steel, refined aerodynamics and
other new and better ideas, not less
car. In fact, Escort has the room of a
compact (based on EPA Volume Index).

*Applicable only to sedans without power steering or
air conditioning. For comparison. Your mileage may
differ depending on speed, distance, weather. Actual
hwy mileage and Calif. ratings lower. Excludes diesels.

ONE OF THE MOST POWER-EFFICIENT
ENGINES AVAILABLE IN AMERICA

Escort’'s advanced-design com-
pound valve hemispherical head
(CVH) engine focuses the incoming
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combustion charge for power effi-
ciency. Result: high mileage plus
power for freeway driving.

And Escort has a new manual
transmission with fuel-efficient
fourth gear overdrive standard.

FRONT-WHEEL DRIVE AND
FOUR-WHEEL INDEPENDENT SUSPENSION

Escort has front-wheel drive ... four-
wheel fully independent suspension
... rack-and-pinion steering ... stabi-
lizer bar and new all-season steel-
belted radials. And Escort makes
use of a special steel—high-strength
steel—along with other weight-effi-
cient materials, for high mileage.
Plus Escort offers a special all-new
fast-cooling air-conditioning system.



Escort Liftgate...4 doors and wagon room when you need it.

DRIVE A WORLD CAR

Whether you buy or lease, see your
Ford Dealer now to order your Escort
...3-door Hatchback, 4-door Liftgate
—ten choices in all—even a Squire
wagon option. And remember to ask
about Ford’s Extended Service Plan.

EVERY ESCORT HAS ALL
THESE FEATURES STANDARD

m Front-wheel drive for traction.

m Fully independent four-wheel suspen-
sion for smooth road-holding.

® New-design compound valve
hemispherical head (CVH) engine.

m Fully synchronized manual transmis-
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sion with fuel-efficient fourth gear
overdrive (automatic available).

® Rack-and-pinion steering.

®m Bucket seats. . .scientifically con-
toured for comfort.

m Front stabilizer bar.

® All-season steel-belted radials.

m Lifeguard Design Safety Features.

® AM radio. (May be deleted for credit.)

m Electro-drive cooling fan.

m Pin slider disc brakes.

m Self-adjusting clutch.

m Front-wheel bearings need no
periodic adjustment.

®m Hideaway luggage compartment.

® Fold-down rear seat for extra cargo.

® Rectangular Halogen headlights.

® Flash-to-pass headlight control.

® Handy European-style wiper-washer
fingertip control lever. And more.

BUILTTO
TAKE ON
THE WORLD

FORD ESCORT
FORD DIVISION @\
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THE RISE AND FALL OF ISCHEMIC HEART DISEASE, by Reuel A. Stallones
The rates of death from heart disease in the U.S. have declined steadily since the 1960’s. Why?

GENE AMPLIFICATION AND DRUG RESISTANCE, by Robert T. Schimke
In the course of evolution duplicate genes are created. The process is examined in cultured cells.

THE DISCOVERY OF A GRAVITATIONAL LENS, by Frederic H. Chaffee, Jr.
Two images of a single quasar are produced by a galaxy between the quasar and our galaxy.

CARBOHYDRATES, by Nathan Sharon
The most abundant constituent of living matter is currently the subject of active investigation.

THE VESTIBULAR APPARATUS, by Donald E. Parker
Balance and orientation depend on inputs from organs of the inner ear and other sense organs.

SUPERCONDUCTORS IN ELECTRIC-POWER TECHNOLOGY, by T. H. Geballe
and J. K. Hulm They must withstand high current densities and strong magnetic fields.

THE PEOPLING OF THE PACIFIC, by P. S. Bellwood
Linguistic, genetic and archaeological evidence traces the migrations of the past 40,000 years.

CHEMICAL REACTIONS WITHOUT SOLVATION, by Robert T. Mclver, Jr.
With the aid of new techniques “bare” chemical reactants are studied in the absence of solvents.
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What's
going on
in your
field in
W. Germany?
Or the
U.K.?

Better go to Dialog
and find out.

Why get a late start on
state-of-the-art developments
that occur at another organiza-
tion abroad, or in the U.S.? Why
reinvent the wheel when a
quick search with Dialog will
save you time and your organi-
zation lots of money?

Dialog is the world’s leading
online information retrieval
system—in databases, abstracts,
references. And it’s worldwide
in scope.

Dialog puts you in touch
with developments going back
10 years or more in virtually
every field, from aerodynamics
to zeolites. Your organization’s
library can give you Dialog
services. Or you can have it in
your lab or office. A search can
cost as little as $5. Contact
Lockheed Information Systems,
Dept. 52-80SA, 3460 Hillview
Avenue, Palo Alto, CA 94304.
Phone toll-free (800) 227-1960;
in California, (800) 982-5838.

Lockheed Dialog

THE COVER

The picture on the cover is a computer-generated display on a cathode-ray
tube of one image of a quasar whose radiation had been deflected to form two
images by an elliptical galaxy acting as a gravitational lens. The large multi-
colored area is the southern image of the quasar, and the small yellow spot is
probably the galaxy. The northern image of the quasar as well as the southern
one can be seen in other computer-graphics representations (see ‘“The Discovery
of a Gravitational Lens,” by Frederic H. Chaffee, Jr., page 70). The colors
(white, purple, light blue, dark blue, yellow, red and green) correspond respec-
tively to regions of increasing intensity of radio waves with a wavelength of six
centimeters. The data for the display were gathered in February by the Nation-
al Radio Astronomy Observatory’s Very Large Array near Socorro, N.M. The
display was made by Perry E. Greenfield and Bernard F. Burke of the Massa-
chusetts Institute of Technology and David H. Raoberts of Brandeis University.

THE ILLUSTRATIONS

Cover courtesy David H. Roberts, Brandeis University

Page Source Page Source
18-30 Ilil Arbel 91 Fredric Silverblatt and
4-59 Albert E. Mill Craig Kuehn, Veterans
3 ert E. Miller Administration Hospital,
61 Robert T. Schimke, Sepulveda, Calif.
Stanford University (top); 92-106  Allen Beechel
Lawrence A. Chasin and . . .
- : 119 Muriel D. Ross, University
Sa!l Ur!aubl,) Columbia of Michigan Medical School
niversity (bottom) (top); Dean E. Hillman,
62-64 Bunji Tagawa New York University
65 Robert T. Schimk Medical Center (bottom)
obert T. Schimke, . .
Stanford University 120--127 Patricia J. Wynne
. 128 Ralph Morse (fop),
66-67 Bunji Tagawa Patricia J. Wynne (bottom)
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Stanford University 139 T. H. Geballe,
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Astronomy Observatory 141-162 Gabor Kiss
7 National Radio Astronomy 172 Tom Prentiss
Observatory (top), 176-180 Andrew Tomko
Smithsonian Astrophysical 183 Klim Gollan, Australian
Observatory and the National University (top);
University of Arizona Matthew Spriggs, Australian
(bottom) National University (bottom)
73 Hale Observatories 184 Andrew Tomko
74-77  Allen Beechel 185 W. Wilson
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at Manoa 203-208 Michael Goodman
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ITS BEAUTY IS MORE THAN SKIN DEEP.

Meet the Beogram® 3404 . ..an intelligent, thoughtful and very well spoken turntable.

Like all Bang & Olufsen turntables, the 3404 effectively combines superior sound
reproduction with simplified —not complicated—operation. That's the real beauty of the 3404.

That's why the controls are outside of the dust cover where they’re easily accessible.

And that's why just a light touch of the START button does everything. It determines
ifh a recorg is on the platter, and if so, quickly sets the correct speed and lowers the stylus to
the record.

Slam! Pound the shelf next to the 3404. Not a skip, not a jump...thanks to the rock-
steady patented suspension system. Audible acoustic feedback disappears as a result.

A low inertia tonearm with a knife-edge bearing system eliminates audible distortion.
The Bang & Olufsen MMC cartridge works in flawless harmony with the tonearm. The unique
selfl—correctidng electronic servo-drive is so precise that the need for a conventional strobe device
is eliminated. ;

The Beogram 3404 even responds to remote control commands when used with the
Beomaster 2400 receiver.

At Bang & Olufsen, good looks and brains run in the family. So discover the inner beauty

of our full line of fine turntables at your local Bang & Olufsen
dealer or write us for complete informative literature. Bang I

Bang & Olufsen of America, Inc.
515 Busse Road

Elk Grove Village, Hinois 60007
Attention: Sonya Anderson
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Fermentation

The fermentation techni-
ques used to transform
grapes into red or white
wines are distinctly
different.

Once crushed, white wine grapes are
pumped immediately into temperature
controlled, closed stainless steel tanks
where the skins and juice remain in con-
tact for several hours. The juice is then
moved to a similar tank, the temperature
is lowered to between 50° and 60°F. and
selected yeast is added. Over the next two
to three weeks the yeast consumes the
natural grape sugar creating alcohol and
changing many elements in the juice.

In contrast, our red wine grapes are
pumped directly to an open fermenta-
tion vat after crushing. Yeast is added
and fermentation proceeds at tempera-
tures ranging between 75° and 85°F.

o % The skins rise
to the top

b

and form a nearly solid
the juice. Since these skins
are the source of all the
color and much of the
character of the wine, the
juice must be ‘‘pumped
over”’ (forcing the juice
back through the cap with
a high pressure hose) to
extract these desired
qualities. Fermentation is
completed in five to seven
days.
Please write for our free
monthly newsletter.

Sam J. Sebastiani

Sebastiani

VINEYARDS
EST.1825

LETTERS

Professor Daniel has given us a fine
treatment of the nature and history of
the megalithic monuments of Europe
[“Megalithic Monuments,” by Glyn
Daniel; SCIENTIFIC AMERICAN, July]. It
is regrettable that his account is marred
by a caricature and contemptuous dis-
missal of viewpoints he disagrees with,
without any attempt at reasoned argu-
ment.

The megalithic arrays of Britain and
Brittany were built with a care and com-
plexity far beyond that required simply
to mark meeting places. The viewpoints
developed in the work of Gerald S.
Hawkins and Alexander Thom, and of
other workers who have probed the
nature of these arrays with broad ques-
tions, have yielded a unifying and pre-
dictive explanation for a number of fea-
tures of many of them. Professor Dan-
iel’s thesis that the stone rings repre-
sent a nostalgia for long-gone forests
is weak by comparison and does not
explain why the stone alignments are
locked so forcefully to astronomically
important sightings. (Dr. Hawkins, inci-
dentally, never maintains Stonehenge is
a computer for specific eclipse predic-
tions; he describes it as an observatory
enshrining a knowledge of observation-
al astronomy that is neither surprising
nor difficult to achieve....)

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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Editorial correspondence should be addressed to The |

Archaeoastronomy is the study of the
interest in astronomical phenomena of
past cultures and the uses—ritualistic
or practical—they put them to, as evi-
denced by archaeology and anthropolo-
gy. No one in archaeoastronomy con-
cludes that the builders of the arrays
were ‘“slaves to an astronomical cult.”
The point that emerges is that such obvi-
ous phenomena as the seasonal varia-
tions of the sun and the moon, the mo-
tions of the planets and the occurrence
of eclipses were of tremendous impor-
tance to many cultures for many thou-
sands of years. The American Indian,
the Hindu and the Maya cultures, to
give some disparate examples, all wove
these phenomena into their religion,
each in a unique and unexpected way,
as we know from legend or the written
record. In that context it is not surpris-
ing that the megalith builders would
have abstracted their own subset of as-
tronomical phenomena as being impor-
tant; we find the evidence is simply re-
corded in a different style, exhibited in
a unique technology they developed.

ROLF M. SINCLAIR

National Science Foundation
Washington

Sirs:

I was interested in Dr. Sinclair’s letter.
I think most archaeologists now agree
that the theses of Professor Thom and
Dr. Hawkins have no real basis in fact.
The stone alignments at Carnac are not
locked forcefully to astronomically im-
portant sightings. Professor Thom in-
sists that the Grand Menhir Brisé was
originally upright. There is no proof of
this whatever. More and more evidence
is coming in to show that although some
of the survey work of Professor Thom is
good, much of it is not.

There is no question that many mega-
lithic monuments are aligned in a gener-
al way, particularly to the east or to
the summer sunrise, or to the winter sol-
stice, but that is very different from say-
ing the megalithic builders had exact as-
tronomical knowledge. It was not my
intention to dismiss contemptuously the
views of those who believe in archaeo-
astronomy; I merely sought to point
out that the greater number of people
who study prehistoric megalithic monu-
ments in Europe remain unconvinced
by the work of Thom, Hawkins and oth-
ers who often write with a profound ig-
norance of the archaeological facts.

GLYN DANIEL
St. John’s College
Cambridge

Sirs:
I must comment on Jean-Pierre Mey-



Considering the effects of inflation—
just how much life insurance should you carry?

With skyrocketing inflation, it’s obvious your family needs more
money year by year. And more protection.

If something should happen to you, how much money would your ~
family need to maintain their standard of living? -
One of your best inflation fighters is a New York Life whole life
insurance policy. It normally pays annual dividends to policyowners,
and these can help you—each year—acquire extra protection at no ——y
extra out-of-pocket cost. —

Now that'’s not just talking about inflation, that’s doing somethmg Iy L-*
about it. See your New York Life Agent soon.
New York Ufe. Forall ofyourllfe.@
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The Questar 40-120

A unique instrument for which a patent has now
been granted, the Questar 40-120 establishes prime
focus at both 40 and 120 inches (1000 and 3000 mm.).
Other lenses—particularly the zooms—can vary their
focal lengths but with a compromise of quality and
with relatively low magnification. The 40-120 resolves
100 lines per millimeter at the lower focal length and
at least 55 lines per millimeter at the upper; one can
move in a few seconds between the two, and since
the shift is managed by internal optical change the
barrel length remains at a constant 30 inches and
weighs only 40 pounds.

These boundaries of size and weight allow un-
equalled versatility in the use of the instrument for
security and tracking purposes. Typically it is teamed
with a video monitor, which permits constant obser-
vation of a border area, a missile site,an airfield or a
harbor.

In many ways this is the most sophisticated of the
Questar Security Systems, ideal for a variety of uses
where the observer must be at a great distance from
the area or activity under scrutiny. The dual focal
length is particularly important for objects in motion,
and its usefulness is enhanced by tower installations,
where “seeing” limitations imposed by heat and
humidity can be more readily overcome.

This optical system is as unique in quality as in
concept. Both are necessary to give the user such
remarkable access to his subject, and enable him to
make his judgments with assurance; he will see
exactly what is there.

QUESTAR

Box 4020, New Hope, Pa. 18938 (215) 862-5277
literature on request.
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er’s letter [“Letters,” SCIENTIFIC AMERI-
CAN, June] in which he asserts that the
Babylonians knew Newton’s rule for
estimating the square root of a num-
ber. Meyer’s evidence is Yale Babylo-
nian Collection Tablet No. 7289, which
shows a square with its diagonals and
numbers indicating that the length of the
diagonal is obtained on multiplying the
length of a side by 1+ 24/60 + 51/
(602) + 10/(603). There is, however, no
recursion relation in this tablet. Hence
all hypotheses about how the Babylo-
nians arrived at this estimate are pure-
ly speculative. It is quite possible they
squared estimates of the square root of 2
to find how close to 2 they could come.
Another hypothesis is provided in Otto
Neugebauer and A. Sachs’s Mathemati-
cal Cuneiform Texts. They hypothesize
that the Babylonians computed alter-
nating approximations of V2 by arith-
metical and harmonic means of previ-
ously found approximations. This pro-
cedure is mathematically equivalent to
the recursion relation A,,; = (4,2 +
2) / 2A4,. This method, coincidentally,
is mathematically equivalent to New-
ton’s rule, which involves taking the
derivative of a function. But there is
no evidence whatsoever that the Baby-
lonians knew how to compute deriva-
tives. Moreover, the tablet shows no evi-
dence of knowledge of the Pythagore-
an theorem.

TIMOTHY WHITCOMBE

Yale University
New Haven, Conn.

Sirs:

Colin T. Pillinger of the Planetary
Sciences Unit at the University of Cam-
bridge has informed me that the U.S.-
European mission to Halley’s comet in
1986 has been named Giorfo on the basis
of my article [“Giotto’s Portrait of Hal-
ley’s Comet,” by Roberta J. M. Olson;
SCIENTIFIC AMERICAN, May, 1979]. Re-
cently a friend brought to my attention
the following item in the Italian peri-
odical Gente for July, 1980:

“A European space probe baptized
Giotto will overtake Halley’s comet in
1986 on a voyage to the interior of the
solar system and will cross the tail 1,000
kilometers from the nucleus in order to
study its composition. This was decided
by the European Space Agency, whose
committee for scientific programs ap-
proved the mission for the comet, which
presents itself only once every 76 years
in the interior of the solar system. The
probe was given the name Giotto be-
cause the painter made a fresco of the
comet in the Scrovegni chapel in Padua
after having seen it in 1301.”

ROBERTA J. M. OLSON

New York



Panasonic has a clock radio

The “my kid
fooled with the alarm” nightmare.

The “there’s a power failure and my
clock doesn't know what time it is” nightmare.

The last thing you should lose sleep over is your clock radio.
That's why when the time comes, make sure you buy a
Panasonic. We have AM'FM clock radios to solve every
problem a clock radio could give you.

Our clock radios do just about everything but tuck you
in. Many are equipped with Sure Time—Panasonics battery
backup system*® that keeps time internally even if there's a
power failure. Most models have childproof controls to make
sure you wake up when you planned, And a fluorescent
digital display. There's a model with two alarm settings for
couples who get up at different times. Another gives you 24
hours of continuous weather information!

made just for your nightmare.

\

*~

8weather and
usic” nightmare.

The "two different wake-up times,
one alarm clock” nightmare!

All models have a doze alarm. A sleep timer to
smooth your way into slumber. Great Panasonic sound,
of course. And a limited 2-year warranty,!! something you
won't get from anybody else.

You see, what time you go 1o sleep is your business.
But what time you get up—that's ours

*Battery not included.  Not all areas broadcast weather information
1 tLimited 2-year warranty on parts and labor with carry-in service and proot o
purchase. See warranty card for details

Panasonic.

just slightly ahead of our time.

Sy R .

l “10:20 s

RC-76 with battery backup power,

RC-95 with two alarm settings.
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50 AND 100
YEARS AGO

SCIENTIFIC
AMERICAN

NOVEMBER, 1930: “At a meeting
of the Geological Society of China in
the last week of July, Prof. Davidson
Black announced the discovery of an-
other skull of Peking man. The remains
of four skulls of Sinanthropus and the
teeth of at least six other individuals
have so far been found. Thus there is
available for study in China a much
richer material of early Pleistocene man
than the fragments of the individual
specimens of Pithecanthropus and Eoan-
thropus provide. Moreover, the geologi-
cal age of the Chinese fossils can be es-
tablished with more certainty than that
of the other two primitive genera, which
are assumed to be roughly contempora-
neous. The fossils from Java and Sussex
were found in gravels, where they had
been deposited by running water. In the
case of the men of Peking, who left their
bones in the cave where they lived, there
is less room for doubt that the bones of
animals deposited alongside them pro-
vide more certain data for the estima-
tion of their geological age.”

“No trans-Atlantic flight or attempt
to make an airplane crossing of this
stormy ocean since the unsurpassed
flight of Colonel Lindbergh in May,
1927, has so fired the imagination of the
world as the three successful westward
flights this past summer. A Briton and a
German made the first two flights, each
with one or more stops, and the climax
came when a Frenchman made a non-
stop flight from Paris to New York.
When a Dieudonné Coste and his co-
pilot Maurice Bellonte landed the red
Question Mark at Curtiss Field on Sep-
tember 2, the final chapter in the long
and tragic story of the conquering of the
North Atlantic by airplane was written.
They had taken off from Paris 37 hours
18Y/, minutes earlier. To these two dar-
ing flyers go, therefore, the laurels for
the first non-stop crossing of the North
Atlantic by airplane from the continent
of Europe to the United States.”

“A fireless, smokeless, odorless and
noiseless photographic flash lamp has
been developed by the incandescent-
lamp department of the General Elec-
tric Company. The flash is confined
entirely within a bulb, with resulting
advantages that are expected to revolu-
tionize flashlight photography. Requir-
ing only a hundredth of a second to act,
and being without hazard, it will make

10

possible the taking of flashlight photo-
graphs in places heretofore practlcally
impossible to ‘shoot,” such as trains, air-
ships and theaters. The lamp consists of
a clear bulb of standard design, with the
flashlight filament coated with a special
preparation, and with a quantity of very
thin aluminum foil in crumpled sheet
form within the bulb. The bulb is filled
with oxygen. When the circuit is closed,
the filament is lighted, and this in turn
lights the foil.”

“Natural gas, possessing about twice
the heating value of manufactured gas,
has been used commercially for more
than 60 years but has only recently be-
come an industry of large proportions
because of technical developments that
have shown the way to the discovery
of large natural-gas reserves and have
made possible long-distance pipelines.
In the current year the natural-gas in-
dustry has expanded at a greater rate
than perhaps any other industry of im-
portance, and that in spite of world-wide
business depression. Its increase in pipe-
line mileage from 80,000 to 90,000 rep-
resents an increase in capacity of more
than 12%, per cent.”

NOVEMBER, 1880: “For some
months it has been pretty generally rec-
ognized that there could be no serious
doubt of the ultimate success of electric
lighting by incandescence. At Menlo
Park a number of Edison lamps have
been kept alight for months together,
furnishing as near an approach to per-
fection in the quality of the light for in-
terior uses as one could ask for, and
proving the durability and economy of
the lamps. With much labor and ingenu-
ity Mr. Edison has reduced the manu-
facture of his lamps to what may fairly
be called a commercial basis. He has
erected a large factory for lamp making,
and has trained a numerous corps of
glass blowers and other workmen. He
has built a machine shop, and has con-
structed in it many costly and powerful
dynamo machines and other apparatus
needed in establishing the working plant
of central stations for operating, in New
York and elsewhere, practical systems
of electric lighting. Mr. Edison has sur-
veyed certain sections of New York pre-
paratory to the general introduction of
his lamps, and has made extended prep-
arations for exhibiting the light at Men-
lo Park on a scale so large as to demon-
strate beyond cavil the practical value
of his system for general and economi-
cal illumination.”

“Some three years ago an intelligent
mineralogist discovered specimens of
pitchblende on the waste dumps of Den-
ver, Colo., and recognizing the value
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of the mineral, gathered a quantity and
sent it to Swansea, where it brought five
shillings a pound, equal to $25 a ton.
Pitchblende, or uraninite, is an oxide of
uranium, obtained in Saxony and Bohe-
mia, and used in fine glass making. Glass
colored with uranium has the peculiar
property of showing green when looked
at, although perfectly and purely yellow
when looked through.”

“Dr. Martin of Boston was the first
American physician who, in view of the
danger attending the use of smallpox vi-
rus taken from the human body, experi-
mented successfully upon a return to
Dr. Jenner’s original method of using
the bovine virus. Dr. Robbins, with his
associate Dr. Lewis, is now engaged in
the production on a large scale of virus
derived from Beaugency stock. The mo-
dus operandi is to select the best calves
and to shave on their belly areas six or
eight inches wide. Vaccination is then
proceeded with, and after six or seven
days the matter is removed into tubes
or quills. Drs. Robbins and Lewis have
sent the vaccine to France, Egypt, Chi-
na, Japan and to all parts of North and
South America.”

“The Freedom of the City of London
was lately conferred on Sir Henry Besse-
mer, F.R.S,, at a special Court Common
Council. In acknowledging the honor
thus conferred on him, Sir Henry re-
ferred to the conditions of steel manu-
facture before the introduction of his
process. He compared the total steel
production of the country, which did
not exceed 51,000 tons a year, to the
present output of nearly a million tons,
and the reduction of price from £50 to
£10 a ton.”

“Capt. Eads writes us from St. Louis
that he is setting out on November 14
for Mexico with a staff of engineers and
counselors to make a complete survey
of the Isthmus of Tehuantepec with a
view to locating the proper position of
a ship railway from ocean to ocean.
Capt. Eads expects to be absent for two
months, and will carefully examine the
harbors on both sides of the country.
The results of this labor will be looked
for with much interest. The ship railway
is so much more economical than the
canal, in the matter of construction, that
the railway is likely to be commenced as
soon as a thoroughly good route can be
located and surveyed.”

“The slow progress which telephonic
communication is making in England
may be judged from the fact that the
successful connection by telephone of
the cities of Liverpool and Manchester
on November 9 was deemed a circum-
stance worthy of a special cable dis-
patch to this country. Liverpool and
Manchester have half a million inhabi-
tants each, and are 31 miles apart!”
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OF THE LAST

Don Sherman: Carand Driver. July 1980
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(1] *I hereby nominate
the Volkswagen Rab-
cant car of the last

quarter-century. It's the only automobile in the
world thot ocTuolly onnopcned the energy
C JTu(_l 1

e puU Olo
ﬂunm En cENT“ ' on Wheels but it was the Robbn thot

infroduced them 1o efficiency. By efficiency; |
mean the most people-miles per gallon, an
index the Rabbit established roughly six
years ago. The pretenders to this throne are
ten deep at last count, and still more are wait-
ing in the wings.

“We dall love this car as family sedan, as



diesel car, as sports coupe (Scirocco),

and also as convertible while our own
Yankee ingenuity has spawned the VW

Pickup Truck. As if this weren't enough,

Volkswagen engineers have testified
that a Rabbit capable of 80 mpg is well
within the realm of possibility. Youd be
foolish to doubt their word!

How do you im-
prove the most signi-
ficant car of the last
quarter-century? Signifi-
cantly. But not recklessly. Or mindlessly.

The magic change for 1981 is im-

proved passing power and improved
economy at the same time. EPA estimated
[28]mpg, 42 mpg highway estimate.

(Use “estimated mpg"” for comparison.

Mpg varies With speed, trip length,
weather. Actual highway mpg will prob-
ably be less.) The 1981 interiors are lavish.
(If you woke up in a Rabbit, you'd never
guess it was a Rabbit.) The headlights,
taillights and grille are sleeker and even
more functional.
The thing to remember is that the
improvements started
with the Rabbit ifself.

B pleased to have been

honored by Car and Driver, but not to-
tally surprised. An awful lot of work went
into it.

We will keep on working. And we
hope to do as well in the next quarter-
century.
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THE
1981 RABBIT

VOLKSWAGEN
DOES IT
AGRIN




Everything about David Plastow represents his
company’s philosophy.Which is why he wears a Rolex.

David Plastow is the cus- = that the gear selection lever
todian of a long and famous ; 1s doing something. . . so
engineering tradition. : we engineered the ‘feel’

He is the Chief Execu- back into it — soit’s satisfying
tive of Rolls-Royce Motors, to use.”
and indeed, his manner and Dawid Plastow recog-
personal appearance exact- LY nises the similar philosophy
ly reflect the ethos of that ! behind the watch he wears.
company. That of the skilled “It’s a Rolex Oyster

engineer.

Plastow takes a personal
interest in any modification,
however small.

“All our developments
at Rolls-Royce are always
evolutionary rather than
revolutionary,” he says.

“We are a highly personal business, and
both our craftsmen and our customers have
clearly defined ideas about what a Rolls-
Royce should be. But while we don’t tamper
with those fundamental ideas, we are, of
course, constantly searching for improve-
ment. For instance, years ago, the gear
selection on a Rolls-Royce car became com-
pletely electronic. But, a driver likes to ‘feel

Datejust. I'm told that the
engineering concept of the
Opyster case first appeared
in 1926.

“Obviously this watch
has changed and improved
over the years but Rolex
have stayed with the basic
idea because it was a very good one. It’s ex-
tremely tough, veryreliable, and superbly
engineered. After 50 years of development
it’s almost perfect”

Which, from the man who makes the
finest cars in the world, is quite a compliment.

W

ROLEX

of Geneva

Write for brochure. Rolex Watch, U.S.A., Inc., Dept. 131, Rolex Building, 665 Fifth Avenue, New York, NY 10022.
World headquarters in Geneva. Other offices in Toronto and major cities around the world.
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THE AUTHORS

REUEL A. STALLONES (“The Rise
and Fall of Ischemic Heart Disease”) is
dean and professor of epidemiology at
the School of Public Health of the Uni-
versity of Texas. He is also James W.
Rockwell Professor of Public Health at
the university and adjunct professor of
environmental science and engineering
at Rice University. He received his un-
dergraduate education at Visalia Junior
College, Ripon College and the Univer-
sity of Michigan. He got his M.D. at
Western Reserve University in 1949 and
his M.P.H. (Master of Public Health) at
the University of California at Berkeley
in 1952. In 1950-51 he was a battalion
surgeon in the U.S. Army. From 1954 to
1956 he was assistant chief in the de-
partment of epidemiology at the Wal-
ter Reed Army Institute for Research.
From 1956 to 1968 he was on the faculty
of the University of California at Berke-
ley. He joined the faculty of the Univer-
sity of Texas in 1968. Stallones’ princi-
pal research interest, which is reflected
in the theme of his article, is the epide-
miology of cardiovascular disease.

ROBERT T. SCHIMKE (“Gene Am-
plification and Drug Resistance”) is pro-
fessor of biology at Stanford University.
He received his A.B. at Stanford in 1954
and his M.D. at the Stanford School of
Medicine in 1958. From 1960 to 1966
he worked at the National Institutes of
Health. He joined the faculty at Stan-
ford in 1966 and became chairman of
the department of biology in 1978.
Schimke’s principal research interests
have been the mechanisms of hormone
action in metabolic regulation and de-
velopment, and the mechanisms of the
control of protein turnover in animals.

FREDERIC H. CHAFFEE, JR.
(“The Discovery of a Gravitational
Lens”), is the resident astronomer at the
Smithsonian Institution’s Mount Hop-
kins Observatory in the Santa Rita
Mountains near Tucson, Ariz. He got
his A.B. in physics at Dartmouth Col-
lege in 1963 and his Ph.D. in astronomy
from the University of Arizona in 1968.
He then joined the staff of the Smith-
sonian Astrophysical Observatory in
Cambridge, Mass.; he teok up residence
at the observatory’s new site in Arizona
in 1970. Chaffee’s main research inter-
ests are in the high-resolution spectros-
copy of stars, interstellar clouds and
most recently quasars.

NATHAN SHARON (“Carbohy-
drates”) is head of the department of
biophysics at the Weizmann Institute of
Science in Israel. Born in Poland, he em-
igrated with his family to Israel (then
Palestine) in 1934. He studied at the He-
brew University of Jerusalem, where he

received his master’s degree in 1950 and
his Ph.D. in 1953. He joined the staff
of the Weizmann Institute in 1954.
In 1977-78 he was Fogarty Scholar in
Residence at the National Institutes of
Health and visiting professor in the de-
partment of biological sciences at the
University of California at Santa Barba-
ra. This year he is serving as chairman of
the Federation of European Biochemi-
cal Societies. The range of his scientific
interests is best illustrated by the titles of
the articles he has contributed to SCIEN-
TIFIC AMERICAN: “The Bacterial Cell
Wall” (May, 1969), “Glycoproteins”
(May, 1974) and “Lectins” (June, 1977).
Sharon is currently studying sugars on
the surface of lymphocytes as markers
for lymphocyte differentiation and mat-
uration, and sugars on the surface of ep-
ithelial cells that act as receptors for
bacteria.

DONALD E. PARKER (“The Ves-
tibular Apparatus”) is professor of psy-
chology at Miami University in Oxford,
Ohio. He received his B.A. at DePauw
University in 1958 and his Ph.D. in ex-
perimental psychology from Princeton
University in 1961. In 1961 he was a
postdoctoral research fellow in the Au-
ditory Research Laboratory at Prince-
ton. From 1962 to 1965 he was an exper-
imental psychologist in the Aerospace
Medical Research Laboratories of the
Wright-Patterson Air Force Base. In
1965 he joined Hermann Schéne at the
Max Planck Institute for Behavioral
Physiology at Seewiesen in West Ger-
many to study the psychophysiology of
the vestibular system on a postdoctoral
fellowship. Parker joined the faculty of
Miami University in 1966. In addition
to his research on the vestibular system
he is investigating the influence of au-
dio-frequency sound, infrasound and vi-
bration on perception and performance.
He is particularly interested in phenom-
ena associated with temporary or per-
manent hearing loss. He writes: “I have
a long-standing collaboration with a
group of respiratory physiologists at
the University of Kentucky concerning
the perception of respiratory resistance.
(How hard is it to breathe through a
filter from a Coke bottle?)” Parker also
writes: “My favorite entertainment is
flying. I enjoy using the complex Air
Traffic Control System—people, com-
puters and radar—to ensure a safe flight
in marginal weather conditions, particu-
larly if a good ballet or opera company
is performing at the destination.”

T. H. GEBALLE and J. K. HULM
(“Superconductors in Electric-Power
Technology”) are physicists with a com-
mon interest in the theme of their arti-
cle: superconducting electrotechnology.
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Thebaby
saved from
cerebral
palsycould
beyours.

LN

Your baby picked a fine
time to be born. Through
research, a baby’s chances
of having cerebral palsy are
smaller than ever.

Smaller, but too big. Doc-
tors find some form of
cerebral palsy in 1 out of
330 newborns. This is
about 10,000 babies a year.

This number could be
halved in five years, and
halved again in another
five. All it takes is the
money to fully use present
medical knowledge, and to
speed research that doctors
are sure will pay off.

Help pay for research that
fights cerebral palsy. Give
to your local United Cere-
bral Palsy association.

Think what your money
buys.

United
Cerebral Palsy.

(®

®

For the national organizations' financial statement write

United Cerebral Palsy Assns. Inc. 66 E. 34th St., N.Y., N.Y. 10016,
or the Charities Registrations Section,

Dept. of State, 162 Washington Ave., Albany, N.Y., N.Y. 12231.
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The Perfect Gift  Hot Air Engine

" x 4"
e Heat is the only fuel required!
A marvelous opportunity to acquire an early
model Stirling Cycle Engine and acquaint
yourself with little known facts about a prod-
uct of the past that may well hold promise
for the future.

The average person has never heard of the
Stirling engine, so the sight of one quietly
running with heat as its only fuel will at first
amaze them and then excite their imagina-
tion. This is the first in a family of six differ-
ent desk-top model hot air engines to be
issued during the next three years.

Silent

Safe

Experimenters e Hobbyists’
Power Source Students
e Collectors e Model Engineers

An easily read, lavishly illustrated, 128-
page book accompanies each engine or
may be purchased separately. This pub-
lication, the first of its kind, takes the
reader on a 160-year tour through the
world of Stirling Cycle Engines.

ALL METAL
SPEEDS TO 1000 RPM
BUILT-IN ALCOHOL BURNER

'ﬂﬂ]@ Solar Engines« 4020 E. McDOWELL RD., PHOENIX, AZ 85008 U.S.A. (602) 274-3541 — =}
| Enciosed Please send me: Engine and Book @ $38.50...%___ i
| O Check [ Money Order Book (separately) @ $ 550. . . $____
I Charge My. ;Domest'ic shipments sent postpaid. I
American Express VISA nternational (airmail) please add:
| 8 Diners [] Mparste,. CE'arge $11.00 for Engine; $2.00 for Book only.) TOTAL $ }
l SIGNATURE |
INTERBANK NO. |
| NAME (PLEASE PRINT) I
| caro No. ADDRESS o |
L EXPIRATION DATE ciTy STATE 1P SA |
—_————— . — CREDIT CARD BUYERS DIAL: (800) 528-6048 = mm o e om e e e ! |

Wadsworth International Group/
Prindle, Weber & Schmidt announces

THE MATHEMATICAL GARDNER,
edited by David Klarner

A collection of articles by prominent mathematicians dedicated to Martin Gardner.
November, 1980. 6 ¥sx9Va. Approximately 400 pages.

26 Games, Graphs, and Galle_rie?.Ross Honsberger

Contents: 27 Probing the Rotating Table, William T. Laaser and
Dedications and Acknowledgments, David A. Klarner Lyle Ramshaw

NUMBERS AND CODING THEORY
GAMES 28 Supernatural Numbers, Donald E. Knuth

1 Anyone for Twopins? Richard K. Guy

2 Pretzel Solitaire as a Pastime for the Lonely
Mathematician, Dick de Bruijn

3 Some Remarks About a Hex Problem, Claude Berge

4 A Kriegspiel Endgame, Jim Boyce

5 Mental Poker, Adi Shamir, Ronald L. Rivest and
Leonard M. Adleman

6 Cheap, Middling, or Dear, Vasek Chvatal

7 A Random Hopscotch Problem, or How to Make
Johnny Read More, David Berengut

GEOMETRY
8 Wreaths of Tangent Circles, Solomon W. Golomb
9 Bicycle Tubes Inside Out, Herbert Taylor |

29 The Graph Theorists Who Count—and What They
Count, Ronald C. Read

30 Error—Correcting Codes and Crytography, Niel J.
Sloane

Order Form
Wadsworth International Group /

PRINDLE, WEBER & SCHMIDT

Box #INSA-80

Ten Davis Drive, Belmont, California 94002

Please send me copies of THE MATH-
| EMATICAL GARDNER (3312322)

Payment enclosed @ $17.95 per copy; you, the

publisher, will pay postage and handling charges.
Bill me @ $17.95 per copy; plus postage and

10 Flexing Surfaces, Robert Connelly
11 Planting Trees, Stephan Burr

! A handling.
12 Slicing It Thin, Howard Eves
13 How Did Pappus Do It? Leon Bankoff 8: pclf‘grsgecharge my (] BankAmericard/VISA [} Mas-
TWO DIMENSIONAL TILING
14 Fault-Free Tilings of Rectangles, Ronald Graham Card # o ~ Expiration Date -

15 Dissections Into Equilateral Triangles, William T.

Tuttle ' Address: (if different from ship-to address)

Credit Card Signa(;.lre
16 In Praise of Amateurs, Doris Schattschneider I
17 Some Problems on Plane Tiling, Branko Grunbaum
and Geoffrey C. Shephard
18 Angels and Devils, H.S.M. Coxeter
THREE DIMENSIONAL TILING
19 Packing Problems and Inequalities, Dean Hoffman

Residents of Cal, Ken, Mass, Mich, NJ, NY, Wash,
please add appropriate sales tax.

Price $17.95. Postage & handling free when payment
accompanies order.

20 Can Cubes Avoid Meeting Face to Face? Raphael M. Name
Robinson
21 Packing Handed Pentacubes, Chris J. Bouwkamp Address -
City

22 My Life Among the Polyominoes, David A. Klarner
FUN AND PROBLEMS

23 Disappearances, Donald E. Knuth

24 Noneuclidean Harmony, Scott Kim

25 Magic Cuboctahedrons, Charles W. Trigg
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Geballe is Rosenberg Professor of Ap-
plied Physics at Stanford University and
Materials Consultant to Bell Laborato-
ries. He received his B.S. at the Universi-
ty of California at Berkeley in 1941 and
his Ph.D. from Berkeley in 1950. In
1950-52 he was a research associate at
Berkeley. From 1952 to 1968 he was a
member of the technical staff of Bell
Laboratories. He joined the faculty at
Stanford in 1968. He did his Ph.D. thesis
work at Berkeley with W. F. Giauque,
a pioneer of low-temperature physics.
Geballe writes: “Long hours were spent
liquefying precious amounts of helium
in order to experiment at low tempera-
tures. I feel fortunate to have partici-
pated in the early years of the scien-
tific quest for an understanding of super-
conductivity. That this quest has now
opened the way to technologies such as
those we describe in our article is an
unexpected and pleasing development.”
Hulm is director of corporate research
at the Research and Development Cen-
ter of the Westinghouse Electric Cor-
poration. Born in Britain, he obtained
his B.A. in solid-state physics at the
University of Cambridge in 1943 and
his M.A. and Ph.D. from the same in-
stitution respectively in 1945 and 1949.
From 1949 to 1951 he worked at the
Institute for the Study of Metals at the
University of Chicago; he was assist-
ant professor of physics at the university
from 1951 to 1954. He joined Westing-
house in 1954. Hulm has also served as
science attaché at the U.S. Embassy in
London.

P.S. BELLWOOD (“The Peopling of
the Pacific”) is senior lecturer in pre-
history at the Australian National Uni-
versity. Born in Britain, he received his
B.A., M.A. and Ph.D. at the University
of Cambridge. From 1967 to 1972 he
was lecturer in prehistory at the Univer-
sity of Auckland in New Zealand, where
he began his research on Polynesia. He
has been lecturer at the Australian Na-
tional University, where he enlarged his
research to include Indonesia and Ma-
laysia, since 1973. He also teaches Mid-
dle Eastern archaeology, in which, to-
gether with the ancient civilizations of
the Americas, he has a strong but sub-
sidiary interest. On delivering this infor-
mation to SCIENTIFIC AMERICAN Bell-
wood concluded: “Back to work in my
cave (with a team of Malaysian co-
workers from the Sabah Museum) in
Kota Kinabalu, East Malaysia.”

ROBERT T. McIVER, JR. (“Chem-
ical Reactions without Solvation”), is
professor of chemistry at the University
of California at Irvine. He got his B.S. in
chemistry at the University of Kansas in
1967 and his Ph.D. in physical chemis-
try from Stanford University in 1971,
when he joined the faculty at Irvine. In
1979 he received the Distinguished Re-
search Award of his university.



Wanted: New products
and technologies to buy or license
in health-care & toiletries field.

Are you an inventor in search of royalties? Or,
does your company own a technology that
you’d like to sell, license or otherwise make
money on?

In either case, you should know about this
worldwide search for innovations, sponsored
by major health-care and toiletries companies
in the U.S., Europe and Japan, and conducted
on their behalf by Product Resources Interna-
tional, Inc.

No Charge To You

These companies want to acquire new prod-
ucts and technologies to market in the next two
or three years. They also are seeking ways to
improve their existing products and extend
existing product lines. That is why they are
funding this search, paying its costs entirely —
which means that participation is completely
cost-free to the invention owner. Wanted are:

Health-care:
O Prescription drugs
O Non-prescription drugs
O Topical applications
O Diagnostics
0 Medical devices
O Patient-care disposables

Toiletries:
O Personal grooming aids
O Antiperspirants, deodorants
(0 Hair-care products
O Skin-care products
O Oral hygiene products
O Intimate-hygiene products

Write to:

What Inventors Say

Typical of the inventors who have already ben-
efited —without cost—is Samuel B. Prussin,
holder of over 50 U.S. patents, and formerly

Director of Laboratories for a $1.6 billion-a-year

pharmaceutical and toiletries firm. “Thanks to

an introduction by PRI, my second licensing

contact on a particular new technology has just

resulted in a signed contract for the U.S. and

Canada”

Also typical is the experience of Edwin B.
Michaels, inventor of a unique bacteriostat
which appears to accelerate rather than inhibit
wound-healing. “PRI opens up manifold
opportunities for me, without taking me away
from the laboratory. Through them, I've
already signed a European agreement.”

Patent Attorneys Concur

PRI has also received wide acceptance by the
patent attorney community, as evidenced by
articles in the patent law press, copies available
on request.

How To Benefit

For complete details about how to submit your
own invention for PRI’s next NEW PRODUCT/
TECHNOLOGY SOURCE BOOK report, simply
write to the address below. Send nothing con-
fidential please! Wait to read PRI's procedure
before making disclosures—except, of course,
for issued patents.

Write us now—or ask your patent attor-
ney to contact us.

Product Resources International, Inc.
Attention: Source Book Search #1180
90 Park Avenue, New York, N.Y. 10016
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MATHEMATICAL
GAMES

Taxicab geometry offers a free

ride to a non-Euclidean locale

by Martin Gardner

Itering one or more postulates of
A Euclidean geometry makes it
possible to construct all kinds of
strange geometries that are just as con-
sistent, or free of internal contradic-
tions, as the plane geometry taught in
secondary schools. Some of these non-
Euclidean geometries have turned out
to be enormously useful in modern
physics and cosmology, but the two
most important, elliptic geometry and
hyperbolic geometry, have a structure
that is impossible to visualize. Hence
most laymen find these geometries too
difficult to comprehend and are certain-
ly not able to search their structure for
new theorems or to work on interesting
non-Euclidean problems.

This month we shall take an elemen-
tary look at a quite different kind of non-
Euclidean geometry, one so easy to un-
derstand that anyone exploring its struc-
ture on ordinary graph paper can have
the excitement of discovering new the-
orems. Often called taxicab geometry,
this system can be modeled by taxicabs
roaming a city whose streets form a lat-
tice of unit-square blocks. In many ways
this taxicab geometry is curiously like
ordinary plane geometry. Yet it is suffi-
ciently different that exploring it can be
great fun. Moreover, such exploration
provides a strong feeling for how geo-
metries may vary in bizarre ways from

Euclidean geometry and still form a log-
ically consistent formal system.

As far as I know taxicab geometry
was first seriously proposed by Her-
mann Minkowski, a mathematician
born in Russia who was the young Al-
bert Einstein’s teacher in Zurich. Min-
kowski later gave special relativity its
beautiful formulation in a four-dimen-
sional geometry of space and time, and
the space-time graphs widely used in rel-
ativity theory are named for him. At
about the turn of the century he pub-
lished in Germany Gesammelte Abhand-
lungen (reprinted in the U.S. by Chelsea
Publishing Company in 1967), in which
he analyzed a variety of metric systems:
topological spaces consisting of a well-
defined set of points and a rule for mea-
suring the ‘“distance” between any two
points.

Taxicab geometry is a metric system
in which the points of the space corre-
spond to the intersections of the hori-
zontal and vertical lines of square-celled
graph paper, or to the intersections of
the streets in our idealized city. If two
points, 4 and B, are at intersections on
the same street, the distance between
them is measured, as it is in Euclidean
geometry, by counting the number of
unit blocks from one to the other. If 4
and B are not on the same street, how-
ever, then instead of applying the Py-

DIAGONALS

Applying Pascal’s triangle to count taxicab paths
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thagorean theorem to calculate the dis-
tance between them we count the num-
ber of blocks a taxicab must travel as it
goes from A to B (or vice versa) along a
shortest-possible route. The structure
of taxicab geometry can be formalized
with definitions and axioms in a variety
of ways, but here I shall dispense with
such technicalities and simply describe
it in intuitive terms.

In Euclidean geometry the minimum
distance between two points (as the
crow flies) defines a unique straight
line. In taxicab geometry there may be
many paths, all equally minimal, that
join two points. In what follows “path”
will be used to mean any taxicab route
that covers the distance between two
points with the minimum mileage.

If two points are not on the same
street, how many distinct paths connect
them? Pascal’s famous number triangle
comes to our aid on this question. Con-
sider the points 4 and B at opposite cor-
ners of a 2-by-3 rectangle of blocks, as is
shown at the left in the illustration on
this page. The colored lines at the right
in the illustration show how the rectan-
gle can be drawn on Pascal’s triangle to
solve the problem. The lowest corner of
the rectangle marks the answer: There
are 10 distinct paths between 4 and B.
Note that Pascal’s triangle is left-right
symmetrical, and so it does not matter in
the least if the rectangle is drawn so that
it leans the other way. The same answer
is obtained. (Remember that in Pascal’s
triangle each number is the sum of the
two numbers above it. For more on
Pascal’s triangle see Chapter 15 of my
Mathematical Carnival, published by Al-
fred A. Knopf, Inc, in 1975.)

Readers familiar with combinatorics
will recall how Pascal’s triangle serves
to instantly show how many ways a set
of n items can be selected from a larger
set of » items. The answer is the number
at the intersection of the nth diagonal
and the rth row of the triangle. In the
case of the taxicab problem 10 is the
number of ways two items can be select-
ed from five. The two corresponds to
one side of our rectangle of blocks and
the five to the sum of its two sides. Ten is
also the number of minimal routes a
taxicab can follow from one corner of
a 3-by-5 rectangle to the diagonally op-
posite corner.

It is not necessary to draw Pascal’s
triangle to determine the number of
paths between two points in taxicab ge-
ometry. We can also use the familiar
formula for calculating the number N of
ways to select n objects from r objects:
N = rl/(n!(r — n)!). For example, in our
taxicab problem 7! equals 1 X 2 X 3 X
4 X5, or 120, n! equals 1 X2, or 2,
and (r — n)! equals 1 X2 X3, or 6,
so that the formula reduces to N =
120/12, or 10.

The fact that the rectangle can be



No other video cassetie recorder
gives you more than this one.

RCA SELECTAVISION 650

6-hour recording time,
14-day memory, slow
motion, fast motion,
frame-by-frame advance,
stop action, Automatic
Rewind, Remote Control
and Picture Search—all
important performance
features. And all available
with the RCA SelectaVision
650.

6-Hour Recording Time—

The Maximum Available

Today.
This is the big time. The new
RCA SelectaVision 650 can
record up to 6 hourson a
single cassette.* That means
fewer interruptions because
you change cassettes less
often. It also means saving
money on tape because you
can put more shows on a
single cassette.
An Unsurpassed 14-Day
Memory.

Just program your selections
into the timer up to two weeks
in advance. Your RCA
SelectaVision 650 will
automatically turn itself on
and off—and even change

channels—up to eight
separate times. So now you
can be missing from home
without having missed your
favorite programs.

RCA Remote Control
Special Effects—More
Than Ever Before.

You can expect a VCR to let
you control when and what
you watch on television. RCA
SelectaVision 650 lets you
control how you watch it, too
—without having to leave
your chair.

Thanks to an advanced
headwheel system, our new
remote control unit allows you
to view cassettes in slow
motion at 1/30 to 1/4 normal
speed. Or fast motion at
twice the normal speed. You

can also advance the picture
frame by frame and freeze it
at the moment of your choice.
But that's not all. This
year we've added a new
Picture Search mode that
enables you to review
cassettes in forward
or reverse motion at
high speed so you can
locate footage you
want without having
the picture go dark.
There are even
Remote Pause and
Channel Control
features for editing
out unwanted
programming and
changing channels—
even if your teleyision
set isn't equipped with
remote control.

Etcetera. Etcetera.
Etcetera.

You'll also find a new
Automatic Rewind thatresets
the cassette when the tape
reaches the end of either the
recording or playback
sequence. [lluminated

P

Let RCA turn your television into

SelectaVision
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soft-touch controls. And
exclusive new styling that
proves a VCR this smart can
also be beautiful.

We'lllet your RCA Dealer
tell you the rest. Just ask to

Simulated TV picture.

see the new SelectaVision
650. You can ask for
something less. But you can't
ask for anything more.

*RCA Tape is made to our own high standards to
msure picture quality and long life. Ask your RCA
Dealer for VK-125 (3 hr.) and VK-250 (6 hr.) video
cassettes



The instrumentation includes: tachometer,
Remote Fuel door release indicator, electric

digital clock, trip odometer, oil, ampere,
and temperature gauges.

Underneath the sleek new skin of the 1981
Plymouth Sapporo there's a very high level
of advanced technology going for you from
Mitsubishi Motors of Japan.

Sapporo’s 2600cc MCA Jet engine is a
masterpiece of engineering skill that adds a
special jet valve to each cylinder chamber.
This valve introduces an extra swirl of air
into the fuel/air mixture during combustion
for a more complete and even burning igni-
tion. The ultimate result is a power plant
that delivers high performance with
amazing fuel efficiency.*

And there's Sapporo’s 5-speed trans-
mission, designed to reduce engine wear and
deliver excellent highway fuel economy.

Not only does Sapporo have sophisti-
cated technology. it has a list of standard
driver convenience features that Datsun
2802, Toyota Celica GT, and the Mazda RX7
can’t match. And it has luxury features you
would never believe you could find in a
sports car. Features like bucket seats with
a driver's seat lumbar support and a pas-
senger seat entry system that remembers
where and how you set it. An incredible
Mitsubishi sound system. Side window de-
misters. A tiit steering column. Intermittent
window washers, and tinted glass.

The 1981 Plymouth Sapporo. An
engineering achievement in high
automotive technology.

*120 EPA EST. MPG 30 EST. HWY. Use EPA est. mpg.
for comparison. Your mileage may vary depending on speed,
weather and trip length. Actual highway mileage will
probably be less. California highway est. lower.
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Another Mitsubishi exclusive. Silent Shafts.
Unique counter-balancing shafts that
reduce vibration to give you the

luxury of one of the smooth-

est and quietest 4-cylin-

der engines you

can own.

. -
A AT iy

EDGE
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tipped in either direction on Pascal’s tri-
angle is a pictorial way of saying that the
number of ways of selecting n items
from a larger set of »items is the same as
the number of ways of selecting » — n
items from a set of r items. This fact be-
comes intuitively obvious if you consid-
er that each time a unique set of » items
is selected from r items, a unique set of
r — n items remains. In the taxicab mod-
el this means that if a Euclidean rectan-
gle is drawn on the lattice, the number
of distinct taxicab paths between any
two diagonally opposite corners is the
same as the number of paths joining the
other two corners.

Since the “straight lines” (the short-
est paths) of taxicab geometry may be
crooked from the Euclidean point of
view, the concept of an “angle” becomes
either meaningless or radically different
in this system. It is nonetheless possible
to define close analogues of Euclidean
polygons, including a two-sided “bian-
gle” that is a stranger to Euclid’s geom-
etry. Some examples of biangles are
shown in the top illustration at the right.
It should be obvious that although dif-
ferent biangles can share the same pair
of “corner” points, the two “sides” of
any biangle must be equal because they
join the same two points.

A taxicab scalene triangle with cor-
ners 4, B and C and sides of 14, 8 and
6 is shown at the left in the second illus-
tration from the top. The sides of taxi
polygons must of course be taxi paths,
and the paths that make up a polygon of
specified dimensions may vary in shape
but not in length. Observe how the trian-
gle in the illustration violates the Euclid-
ean theorem that the sum of any two
sides of a triangle must be greater than
the third side. In this case the sum of two
sides equals the third: 6 + 8 equals 14. A
taxi quadrilateral of sides 9, 6, 9 and 12
is shown at the right in the illustration.

Three taxi squares, all of side 6, are
shown in the third illustration from the
top. Only the square at the left obeys the
Euclidean theorem that the diagonals of
a square are equal. As these figures dem-
onstrate, taxicab squares can have innu-
merable Euclidean shapes.

It is easy to define a circle in taxicab
geometry, and the result is quite unex-
pected. As in Euclidean geometry a cir-
cle is defined as the locus of all the
points that are the same distance from a
given point. Suppose the distance is 2.
The resulting circle consists of the eight
points shown at the left in the bottom
illustration—a neat way to square the
circle! Note that only one radius goes
from the center point O to points 4, B, C
and D, and there are two radiuses going
to each of the other four points. It is not
hard to show that any taxicab circle of
radius r consists of 4r points and has a
circumference of 8. If we adopt the Eu-
clidean definition of pi as the ratio of the

circumference of any circle to its diame-
ter, then taxicab pi is exactly 4.
Observe that our eight-point taxicab
circle includes a variety of sets of ver-
texes for taxi polygons of 2, 3, 4, 5, 6,
7 and 8 sides. For example, there is
the biangle D.X, the equilateral triangle

B,C,D, the square A4,B,C,D, the regular
pentagon 4, W,X,Z,Y, the regular hexa-
gon A, W,B,X,Z Y, and the regular hep-
tagon 4, W, X,.C.Z D, Y. And the eight
points of the circle lie at the corners of a
set of regular octagons.

Another Euclidean theorem that taxi-
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“A satellite antenna
that can be putin the middle

of acity? GEEY
(No, GTE))

Satellite antennas are usually located in
the middle of nowhere, as a way of minimiz-
ing interference. After all, they're sending and
receiving signals to and from satellites some
22,000 miles up in the sky.

However, now there's a new kind of satel-
lite antenna. It sends a more concentrated
beam and cuts down interference as much as
90%. So this one can be located in the mid-
dle of anywhere. Which is not only more effi-
cient, but also more economical.

But that's not all; there’s another, equally
important advantage to this remarkable an-
tenna, Because the beam is so concentrated,
more satellites can now be put up in the sky.

Which, to bring things down to earth, means
more communications capacity for everyone.

© 1980 SCIENTIFIC AMERICAN, INC
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Two taxicab circles intersecting at 11 points

cab geometry violates is the one stating
that two circles can intersect at no more
than two points. As is shown in the illus-
tration at the left above, two taxicab cir-
cles may intersect at any finite number
of points. The larger the circles are, the
more points at which they can intersect.
A little experimentation turns up ex-
cellent taxicab analogues of the other
three conic-section curves. The illustra-
tion at the right above shows four 12-
point taxicab ellipses. As in Euclidean
geometry, a taxicab ellipse is the locus
of points whose distances from two fixed
points 4 and B have the same sum. The
points, called foci, are marked here with
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colored circles, and in all the examples
shown in the illustration the constant
sum is 6.

The fourth curve is actually a de-
generate ellipse corresponding to the
straight line that results when the con-
stant sum that defines a Euclidean el-
lipse equals the distance between its
foci. If this equality holds in taxicab ge-
ometry, then when 4 and B are on the
same street, the result is a straight line of
points. Otherwise the ellipse consists of
all the points within the Euclidean rec-
tangle of lattice lines that has 4 and B at
diagonally opposite corners. For exam-
ple, suppose that 4 and B are opposite
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Taxicab parabolas with a focus at A
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Twelve-point taxicab ellipses with a constant sum of 6

corners of a square with lattice sides of
length 4. In this case the taxi distance
between 4 and Bis 8, and for each of the
square’s 25 points the sum of their dis-
tances from A4 and B is 8. These 25
points will be the degenerate ellipse of
constant sum 8 whose foci are 4 and B.
If the constant sum is greater than the
taxidistance between 4 and B, then as in
Euclidean geometry the taxi ellipse be-
comes more circular as the foci move
closer together. When A4 and B coincide,
then once again as in Euclidean plane
geometry the ellipse becomes a circle.
A Euclidean parabola is the locus of
all points whose distance from a focus 4

| S o
[ |
| |
]
|
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The World's First Solar-Electric Community

This Indian village is Sun-Powered
with the help of LEAD

The Papago Indian village of Schuchuli, Arizona
gets all of its electricity directly from the sun and
stores the excess in a huge lead-acid battery.

The upper left photo shows the village's solar cell
array field which has 192 photovoltaic power mod-
ules that convert sunlight directly into electricity. This
gives Schuchuli's 96 residents more than enough
power for 15 refrigerators, a community washing
machine, sewing machine and 5,000 gallon-per-
day water pump, plus lighting for the village's 15
homes, church, feast house and domestic services
building.

The excess electrical energy is stored in a battery
system, having 53 lead-acid cells in series, which

supplies power when the sun isn't shining. The up-
per right photo shows David Santos, Village Chair-
man, flanked by the battery system which was
specially designed by C & D Batteries Div. of Eltra
Co. for this purpose.

The Schuchuli Photovoltaic Village Power Project
was funded primarily by the Department of Energy
and managed by the NASA Lewis Research Center.
The U.S. Public Health Service administered local
portions of the project. The power system was in-
stalled by the Papago Construction Company and
the pole-line distribution system was erected by the
Papago Tribal Utility Authority.

Lead is a vital material for today and for the future.

ST.JOE

LEAD COMPANY

Division of St Joe Minerals Corporation

7733 Forsyth Bivd., Clayton, Mo. 63105 (314) 726-9500
ABASIC SOURCE
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Taxicab hyperbolas with a constant difference of 0 (left) and 4 (right)
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Taxicab hyperbolas with a constant difference of 2 (top) and 8 (bottom)
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is equal to its shortest distance from a
fixed straight line: the directrix. If a taxi-
cab directrix is defined as the set of
points along a Euclidean straight line,
then taxicab parabolas can also be con-
structed. Two are shown at the left in
the illustration at the bottom of page
26. Try drawing the parabola for the
directrix and the focus shown at the
right. Next month I shall provide the
answer to this exercise, which is a bit
trickier than it may seem.

Taxicab hyperbolas are more com-
plex. A Euclidean hyperbola is the locus
of all points for which the difference be-
tween the distances from a pair of foci
A and B is constant. The appearance
of a taxicab hyperbola varies considera-
bly as the ratio of its basic parameters
varies. In the figure at the left in the top
illustration at the left the foci 4 and
B are placed to show the limiting case,
a degenerate hyperbola of just one
branch, where the constant difference is
0. The figure at the right in the illustra-
tion shows two infinitely long branches
of a taxicab hyperbola with a constant
difference of 4.

Taxicab geometry springs another
surprise in the top figure in the bottom
illustration at the left. In this hyperbo-
la the constant difference is 2. Here the
two branches are two infinite sets of
points, one in the sector of the plane at
the upper left and one in the sector at the
lower right, and each with a “tail” of
infinite length. As is shown at the bot-
tom in the illustration, the results are
similar when the constant is 8, except
that the infinite sets of points are in the
sectors of the plane at the upper right
and the lower left, and there are no tails.

With the foci placed as is shown in all
of these examples the constant differ-
ence cannot be an odd number because
the resulting figure would include points
away from intersections, the only allow-
able points in taxicab space. As an ex-
ercise place 4 and B at diagonally op-
posite corners of a 3-by-6 Euclidean
rectangle of lattice sides and draw the
hyperbola for which the constant dif-
ference is 1. The result is two “parallel”
branches, each resembling the degener-
ate hyperbola with a constant difference
of 0. A not-so-easy problem is to define
the exact conditions under which taxi-
cab hyperbolas of the five general types
are created.

Only one book has been published on
taxicab geometry: it is Taxicab Geome-
try, a paperback by Eugene F. Krause,
a mathematician at the University of
Michigan. (This work along with a few
of the dozen or so papers on the topic
that have appeared in British mathemat-
ical journals over the past two decades
are listed in the bibliography at the end
of this issue.) Krause’s book is recom-
mended particularly to students who
want to learn how taxicab geometry can



Games for Thinkers

from WFF 'N PROOF publishers

WFF'N PROOF

2 to 4 players
$16.00*

The Game of Modern Logic, By Layman E. Allen, (Professor
of Law and Research Social Scientist, University of Michigan).
The original game of symbolic logic. Twenty-one-game kit that
starts with speed games that challenge intelligent adults. The
kit provides entertainment and practice in abstract thinking
relevant for philosophy, mathematics, English, and computer
programming for Jr. and Sr. high school.

QUERIES
'N
THEORIES
For teen-agers
and adults

2 to 4 players
$16.00*

The Game of Science & Language. (A Simulation of Scientific
Method and Generative Grammars), By Layman E. Allen and
Joan Ross (University of Michigan) and Peter Kugel (Massa-
chusetts Institute of Technology). Through inductive reasoning,
players learn scientific method of inquiry and gain skill in
organizing, analyzing, and synthesizing data while engaged in
an intriguing game of linguistics.

THE EMPHASIS IS NOT ON WHAT

TO THINK, BUT

HOW TO THINK!

EQUATIONS

2 to 4 players
$13.00*

The Game of Creative Mathematics, BFy Layman E. Allen. Our
most popular game of mathematics. Five-game kit for use in
intermediate grades through high school. Includes arithmetic
operations such as addition, subtraction, multiplication, divi-
sion, exponents and radicals in a variety of number bases.
Like chess, the game can be as simple or as complex as the
players make it.

ON-SETS

2 to 4 players g
$13.00* FENES S

The Game of Set Theory, By Layman E. Allen, Peter Kugel,
(M.L.T.), Martin Owens (Mitre Corp.) The game of set theory.
This 30-game package can instruct students in kindergarten
through high school in basics of set theory as well as extend
a challenge to any adult exploring “new math.” Encourages
players to enjoy mathematics while learning concepts of union,
intersection, logical differences, complement, identity, inclu-
sion, null and universal sets.

THE
PROPAGANDA
GAME

2 to 4 players =
$13.00*

By Lorne Greene (N.B.C., Paramount Studios), and Robert
Allen (Director of Academic Games, Nova University). Stu-
dents learn the fascinating techniques used by professionals
to influence public opinion by learning to recognize “band-
wagon” appeals, faulty analogy, out-of-context quotes, ration-
alization, technical jargon, emotional appeals, and many more.
Particularly fascinating for social studies classes, English,
problems of democracy, debate.

ON-WORDS

2 or More
Players

$13.00*

The Game of Word Structures, by Professors Layman E. Allen
and Frederick L. Goodman and Doris Humphrey and Joan Ross,
Research Associates (University of Michigan). An instructional
game that incorporates any aspect of words that players wish to
introduce. Players practice and learn spelling, counting,
grammar, phonetics, word roots, inflectional endings, prefixes
and suffixes.

WFF’N PROOF, 1490-ZN South Bivd., Ann Arbor, Mi. 48104

____a. WFF’NPROOF (logic) $16.00*
___b. QUERIES’'N THEORIES (science & language) 16.00*
____c. EQUATIONS (mathematics) 13.00*
____d. ON-SETS(settheory) 13.00*
____e. PROPAGANDA (social studies) 13.00*
___f. CONFIGURATIONS (geometry) 7.75*
___g. ON-WORDS (word structures) 13.00*
____h. TRI-NIM (problem solving) 6.75*
___i. REALNUMBERS (arithmetic) 2.75*
___j. WFF (beginner’s logic) 2.75*
___k. QWIK-SANE (puzzle) 2.75*
___I. TAC-TICKLE (pure strategy) 2.25*
____m. THE MEDITATION GAME 2.25*
___n. TEACHERS MANUAL 2.00*
___o. THINKERS BOOKENDS 19.00*
___5-game Special (a-e) 64.95*
____6-game Special (a-f) 69.95*
____7-game Special (a-g) 79.95*
____ 13 GAME SPECIAL (a-n) & Teachers Manual

With Bookends 119.50*

Without Bookends 106.50*

Prices include postage and handling.
My check is enclosed for $ . Send items checked.

Name

Address

City. State Zip.
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MATH WITHOUT TEARS

in lively non-technical language Mr.
Hartkopf gives you a basic under-
standing of many of the everyday ap-
phgadom of mathematics.

P g the p P
of math, the author avoids mathemat-
ical terms and jargon and takes the
reader from simple counting to trigo-
nometry and calculius.

MATH WITHOUT TEARS is written
with a light touch and is filled with
interesting anecdotes, spiced with
humor $9.95 p/us 95c¢ handling

How to Argue and Win!

Here 1s a Clear simply wntten basic
guide to logical thinking, showing how
to spot the fallacies, the prejudices
and emotionalism, the inappropriate
analogies, etc., in the other fellow's
argument and how to watch for and
avoid the irrational in your own judg-
ments. The author makes plain not
only how but also why people resist
facing the truth.

A tool tor clear thinking as well as
convincing others. ORDER NOW:
THE ART OF ARGUMENT by Giles St. Aubvn

$7.95 plus 95¢ handling

GEM TESTING

B FOR FUN AND PROFIT

This exciting pursuit combines the challenge of
detective work .. . the thrill of spotting sensational
“buys” the satisfaction of knowing when
someone else’s big flashy “diamond isn't. . . and
the opportunity for highly paid, spare-time earn-
ings GEM TESTING, bible of amateur and pro-
fessional alike, is a remarkably simple, lavishly
illustrated book by B. W. Anderson, director of
Landon's world famed Precious Stone Laboratory. Anderson has exa-
mined moet gems than any man in higtory.

Howe he shows you step-by-step the high speed methods by which
he ynermngly dentifies precious stones. Emphasis throughout the book
is on rapd examwnabon with the naked eye This FIRST AMERICAN
EDITION of GEM TESTING tells, shows and explains everything you need
to know. Copiously illustrated.

$11.95 p/us 95¢ handling

Mind Tickling Brain
Teasers By E. R Emmet

For the novice who finds fun and
satisfaction in solving problems of
logic. This is amarvelous book to en-
trap the beginner in the life-long
pleasures of problem solving. it pro-
vides exercise for the mind, develops
the ability to think logically and rea-
son effectively. As the book prog-
resses the degree of difficulty in-
creases and upon completion the be-
ginner is prepared to tackle the next
of Mr. Emmet’s books. No special
knowledge of mathematics is required. Answers and full
explanations to each puzzle are provided at the end of the
book.

Humorous lllustrations and a colorful cast of characters
dd to the fun

$8.95 plus 95¢ handling

Brain Puzzler’s
Delight By E. R. Emmet

A treasury of unique mind-
stretching puzzles that can be
solved by straight, logical thinking
and reasoning. No specialized
math. Offer the pleasures of
discovering solutions through use
of ingenuity, imagination, insight
and logic. Stimulates and refreshes
the mind. Fascinating, entertaining
puzzles, arranged in order of
difficulty, with (some amazingl)
solutions and full explanations at
end of book. ILLUSTRATED.

ORDER NOW: $8.95 p/us 95 handling

For the genius, PUZZLE FOR PLEASURE offers the ultimate
challenge in logical thinking. By £. R Emmet.
$9.95 plus 95¢ handling
EMERSON BOOKS. DEPT. 265-F
BUCHANAN, NY 10511

Nohandlingon orders of 3 or more books

10.day Money-Back Guarantee

30

be elegantly generalized to the entire
Cartesian plane, where all points are
represented by ordered pairs of real
numbers from the two coordinate axes.
The rule of measuring distance by the
shortest path along line segments that
parallel the axes must of course be pre-
served, and so in this continuous form of
taxicab geometry an infinite number of
distinct paths, all of the same minimum
length, connect any two points that are
not on the same street.

Krause shows how continuous taxi-
cab geometry satisfies all but one of the
postulates of Euclidean geometry. In-
stead of violating the notorious parallel
postulate, as elliptic and hyperbolic ge-
ometries do, taxicab geometry violates
the side-angle-side = postulate, which
states that two triangles are congruent
if and only if two sides and the included
angle of one are congruent to two sides
and the included angle of the other.

Midway between the discrete taxicab
geometry I have described (which is
confined to what is often called the
lattice of integers) and the continuous
version is another taxicab geometry in
which the points of the associated space
are defined by ordered pairs of rational
numbers. Even on the lattice of integers,
however, taxicab geometry provides a
fertile field for investigation by recrea-
tional mathematicians and should pre-
sent a splendid and enriching challenge
for high school students. I have bare-
ly scratched the surface here, leav-
ing many fundamental questions unan-
swered. How should parallel lines be de-
fined? What is the best analogue of a
perpendicular bisector? Are there useful
ways to define area?

Moreover, taxicab geometry extends
readily to integer lattices of three di-
mensions and higher. The exploration of
taxicab geometries on other kinds of lat-
tices, such as triangular or hexagonal
ones that are either finite or infinite, is
still a wide-open field. Indeed, the lattic-
es need not be confined to a plane. They
can be defined on the surface of cylin-

Improved packing for 11 unit squares
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ders, spheres, toruses, Moébius bands,
Klein bottles—anything you like! Just
make sure your cabbies stick to the
streets and always take you by the short-
est path to where you want to go.

My discussion of sporadic groups in
June included some errors. My at-
tempt to explain normal subgroups by
defining left and right cosets was gar-
bled, but the correct explanation is so
complicated that I must refer readers to
any textbook on group theory. Solomon
W. Golomb also pointed out that Eva-
riste Galois did not write his famous let-
ter the night before he died. He wrote it
the night before his tragic duel on May
30, 1832, but he clung to life until the
next day. Joseph Gallian wrote to say
that George Abram Miller did not try to
prove the nonexistence of the simple
sporadic group Ms4. Rather he tried to
prove that the group was not fivefold
transitive on the integers 1 through 24,
and it was this proof that turned out to
be faulty and had to be retracted.

In answering a problem about the two
order-4 groups in July I incorrect-
ly stated that both groups have three
normal subgroups of order 2. Only the
Klein 4-group has three such subgroups.
The cyclic 4-group has only one. All
these subgroups are, however, isomor-
phic, so that the two 4-groups are the
lowest-order instance of two different
groups that have the same proper nor-
mal subgroup composition.

In a column on square packing in Oc-
tober of last year I gave the densest
packing that was known for 11 unit
squares into a larger square: a square of
side 5/2 + V2, or 3.914+4. Many read-
ers improved on this packing, but the
most surprising results came by way of
Hans Berlin of KabiVitrum, a pharma-
ceutical company in Stockholm. Berlin
presented the 1l-square problem to
readers of Ronden, a periodical his
company distributes to Swedish physi-
cians. He received two letters with inde-
pendently discovered patterns in which
four squares (instead of three) are tipped
41.56 degrees to obtain a denser packing
into a square of side 3.886+.

As Ronden was going to press with this
result two mathematics students, Mats
Gustafsson and Magnus Thulin, who to-
gether had sent one of the letters, dis-
covered a still better solution obtained
by tilting five squares at an angle of
40.18 degrees. This pattern, which now
holds the record, is shown in the illus-
tration at the left. The square’s side
is 3.877+. This finding probably an-
swers a question raised by Ronald L.
Graham: What is the smallest number
of unit squares for which the densest
packing into a square requires a tilting
of unit squares at any angle other than
45 degrees?
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Presenting the Renault 18i.

It matches BMW 320i on the track,
beats Honda Accord at the gas pump,
and offers comforts the others don’t.
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BMWs are known for setting
standards in performance and
Hondas in economy.

Now. a new car is destined
to set a few standards of its
own: The Renault 18i.

Matches BMW 320i
on the track.
In straight-line performance
the Renault 18i equals the
BMW 320i from 0 to 50, 0 to
60, and in the standing
quarter-mile.

And yet, it does all this for
$4,000 less.*

The Renault 18i's standard
Bosch-L-Jetronic fuel injection
is one series newer than the
320i's. The Renault 18i has
front wheel drive and standard
Michelin steel-belted radials.
The BMW doesn’t. And it has
an aluminum-head engine, The
BMW doesn't.

And though the Renault 18i
is as quick as the BMW, it also
gives you something else you'd
want from your next car:
Better gas mileage.




Beats Honda Accord
at the gas pump.

The same engine that pro-
duces the Renault 18i's sur-
prising performance also pro-
duces extraordinary gas
mileage. Better, even, than the
economical Honda Accord:

37 mpg highway estimate
estimated mpg. t

HWY

Es1
EST MGt

And while the Renault 18i is
gallons ahead in economy. it's
also miles ahead in something
else you want: Comforts.

Comforts neither offers.

The Renault 18i offers com-
forts both of the others don't
— not even as options:

Power front windows, cruise
control, adjustable steering col-
umn, and electric door locks,
to name just four.

Standard instrumentation so
complete, you can even check
oil and disc brake wear
without ever leaving the
driver's seat.

The comfort of knowing that
1,100 American Motors and
Renault dealers — more than
BMW and Honda combined —

stand readv to serve you.
Finally.there's comfort
in knowing that your
Renault 18i is safer than even
the government requires it to
be. With shoulder harnesses
that can protect two rear
passengers as well as the
driver and passenger up front.
The new Renault 18i. It com-
bines the performance,
economy, and comforts you're
looking for in a premium im-
port — at a price that's also
comforting.

* Based on POLE manufacturers’ suggested
retall prices. Actual difference may vary accor-
ding to local dealer. Destination charges, state
and local taxes, dealer preparation, it any, and
license fees (all of which may vary) extra

t Compare the 1981 EPA estimates with
estimated mpy for other cars. Your actual
mileage depends on speed, trip length, and
weather, Actual highway mileage will probably
be lower California excluded. Compared with
1980 Honda Accord and BMW 3200 EPA
estimatos.

+' Renault 18i

More than just economy

at American Motors 4
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BOOKS

Strange worlds: Madagascar, asterords

and the microstructure of living things

by Philip Morrison

WORLD LIKE OUR OWN: MAN AND
NATURE IN MADAGASCAR, by
Alison Jolly. Photographs by

Russ Kinne in black and white and col-
or. Yale University Press ($29.95). The
crumpled granite ridges of Tananarive
not only hold the capital of the new
Democratic Republic among green pad-
dy fields; they are also the bones of
Gondwanaland. A hundred million
years ago the tropical island continent
of Madagascar, larger than California,
drifted south and east away from the
edge of Kenya. Now the deep Mozam-
bique Channel is a couple of hundred
miles wide, a true barrier to land life, but
for some 50 million years accidental
rafting voyages, mostly from mainland
Africa, were still possible, as when some
“pop-eyed ancestral lemur clung with
all its hands onto the wave-washed
twigs.” As remarkable as the flora and
fauna of the big islands down under
across Wallace’s Line, those of Mada-
gascar have evolved and converged in
place, another self-reliant evolutionary
economy, protected by the sea from the
sweeping multinational innovations of
the continents. No hoofed animals dwell
on Madagascar at all, save the African
bush pig brought by early human set-
tlers and the pygmy hippopotamus that
somehow snorted its way across the sea.
Among animals and plants alike there is
that “strange combination of richness
and poverty—vast radiation from the
few ancient founding stocks.”

Our guide on an informal tour of this
extraordinary island world is a well-
known primatologist who spent a few
specialized years there in the late 1960’s,
afield among the curious lemurs, our
country cousins. She returned recently
for a half-year tour, with her family and
her photographic partner, to view the
island more widely in the company of
Malagasy colleagues, and she has writ-
ten “to convey the scientific excitement”
to a general readership, and to state the
issues a thoughtful conservationist can
draw out of the great drama of life
staged with a new and unfamiliar cast.
Acute in its formulations, full of empa-
thy without surrender to sentiment, her
brief volume is a modern naturalist’s
journey in the classic pattern. She en-

gaged to tell the whole story, “ecology
with people, not just your animals,” and
brings the task off with conviction, the
text candid, sharp-eyed, often poetic.

There can be no doubt that the pri-
mates are the most interesting of all the
remarkable forms there. We see them,
Lemur and H. sapiens together, in rain
forest and spiny desert, and in the brick-
red bare prairie where lemurs are found
only as fossil forms. The lemurs have
been in Madagascar a long time indeed;
they are varied and beautiful, mostly
nocturnal. We see the tiny mouse lemur,
perhaps the counterpart of the first pri-
mates of us all, orange eyes agleam by
pairs in the headlamp beam every 100
meters along the trail. We hear the great
indri, a black-and-white day leaper in
the eastern rain forest, whose cries fill
that forest, eerie sounds audible for a
couple of kilometers. They are ‘““a bit of
a cheat,” these loud-singing indri acro-
bats. They are leaf eaters, and energy is
short in such fodder. A few glorious
leaps take them into the foliage out of
sight; there they rest while better-fed
primates rush down the trail half a mile,
excited and outsmarted. Among the in-
dris, as among other lemurs, female
dominance is the rule. Our own ances-
tors, the Old World monkeys and apes,
“all share some form of male prece-
dence.”

Lemurs mark an ancient and separate
track of primate evolution. Man and
woman, on the other hand, are quite new
to the island. They first arrived a little
before the time of Charlemagne, direct-
ly from Malaysia (the musical polysyl-
labic language, common to all the is-
landers, shows a clear kinship) by out-
rigger canoe, some after detours in India
and in Africa. These first settlers, called
the Vazimba, brought a shifting cultiva-
tion, letting their burned-over clearings
for upland rice and beans return to for-
est fallow after a couple of years. On the
wet eastern coast all thrived as before in
the ancestral evergreen Asian jungle. In
the drier interior the clearing fires soon
became a holocaust. The Great Fire lies
as deep in Malagasy legend as the Great
Flood does in ours. It may have been
one single terrible blaze or the folk
memory of a century of fires. It did, in
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fact, burn the center of the island bare,
to a brick-red hard laterite, no longer
under forest. There is in the entire Dem-
ocratic Republic half the forest found in
a similar area of the eastern U.S. from
Maine to Virginia, even though that
area of the U.S. has seven times the pop-
ulation of Madagascar.

Only 1,000 years of this new, cun-
ning primate was too much for the frag-
ile woodlands. Nowadays even the sta-
bler wet coastal forest is steadily giving
way to the tree feller and the cultivator;
the Republic is forced to recognize the
needs of its people. They cannot live on
the leaves so suited to the indri. When
human beings first came, they found and
made an end of the great elephant bird,
the ostrichlike Aepyornis, and many di-
urnal forms of big lemur, one as large as
a small chimpanzee, adapted at least
partly to life on the ground. Those le-
murs perhaps were seed-and-fruit eaters
like our own ancestors. Science does not
know; the savants came too late, al-
though they almost did make it. The roc
of the Arab tales was based on the great
flightless birds of Madagascar, and in
the 17th century M. de Flacourt saw a
beast with a round head and a man’s
face, front and hind feet like a monkey’s,
“large as a two-year-old calf.” Indeed,
there is the matter-of-fact story of old
M. Andrault, who recalls today a hunt
deep in the forest in 1932 or 1933, where
he chanced to see a huge lemur with a
flat, black face, not a muzzle, a creature
like a gorilla, “‘trapu, costaud, lourdose’
(squat, robust, heavy-set).” There is still
room for dreams and monsters in the
Madagascar forests.

If the Vazimba began the job of
speeding the slow course of evolution, it
is our contemporaries who are finishing
off this marvelousrelict of the deep past,
with its wonders and its unique legacy of
medicinal plant alkaloids and of evolu-
tionary insight. It is the most affecting
part of Dr. Jolly’s account that we meet
and admire the energy, intelligence and
resolution of M. Emmanuel. He lives
with his wife and children in a thatch
house about 12 feet square, lined with
woven mats “like a sweet-straw bird’s
nest,” shelves in one corner and a cook-
ing fire in another. He is a literate and
thoughtful man, sitting with his Advent-
ist Bible on his lap. In his region it is not
unusual for a primary school teacher to
face two shifts of 100 children each,
with a few books for each class. (“For a
rural child to learn, he himself must de-
cide that he will be one of those few in
the front row.”) He lives in a coastal
clearing, with a few coffee bushes and
hens for a cash crop (“their bank was the
chickens”), and subsists on dry-land
rice. He knows well how to handle his
own land, is aware of experiment and
recognizes the central problem. Man
should respect the unending forest. But
there is no more land for rice in the re-
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gion, and so what are young people to
do, except cut forest clearings?

We meet other people in these pages
who put hard questions. The zoo direc-
tor, Georges Randrianasolo, shows the
only pictures of lemurs you can buy in
Tananarive: they are two matchbox cov-
ers. They alone illustrate his lectures.
No peasant can pay for one. “Even the
Birds of Madagascar is not sold here. We
have no foreign exchange for luxuries
like a bird guide, and of course the
French send us none free. I believe peo-
ple need pictures to understand wildlife.
How can you expect anyone to care for
animals and forests they have never
seen?” (He is himself the coauthor of
the bird guide, and he does use his own
worn copy for lectures.)

The Malagasy well remember the
days of postwar rebellion, with ma-
chine-gun massacres like many a co-
lonial tragedy. Their present state is far
from desperate, but soon they must
come to some terms with their limited
land and go to permanent cultivation ev-
erywhere as the forest dwindles before
the fires. Clearly the wide world has a
real stake in those wonderful forests
with their unique patterns of evolution.
We ought to help pay for them some-
how. It is in better terms of trade for the
primary products of the Third World, in
recognition of the human merits of the
people of the tropical world, in generosi-
ty in matters of education and in effec-
tive aid toward self-improvement that
the richer world can share the future
with those it once profitably ruled. One
percent of the land area of Madagascar,
areas Dr. Jolly tabulates by type, could
provide a minimum reserve to act as a
wilderness refuge. That scheme will not
work without steady, serious initiative
from the Malagasy and their govern-
ment, and that in turn can never come
until the peasant neighbors of the wil-
derness are convinced of the long-term
benefits. Tourists’ tips and high hotel
bills are not enough. The Malagasy now
allot half of their reserve development
funds to the surrounding communities.
They know what we should learn: “Wil-
derness lives not by biology but by hu-
man economics.”

The editors have provided an index
and suitable maps for this fresh and im-
portant book, but they have included no
device to give easy access to the many
footnotes. That is a great pity, because
the long list of references is a most
knowing guide to a diverse and inviting
literature, both on this extraordinary
land and on more general issues of ecol-
ogy and human development.

STEROIDS, edited by Tom Gehrels,
with the assistance of Mildred
Shapley Matthews. With 69 collaborat-
ing authors. University of Arizona Press
($19.95). We have never yet seen an
image of an asteroid. Everyone knows



A report on the great American forest.

Look whathappens
when Mother Nature gets
alittle help.

These log
slices dramat-
ically show
the value of
modern, scien-
tific forest
management.
Both (shown
36% of actual
size) are from trees
of about the same
age. The smaller one grew
in an unmanaged, overcrowded stand where it had to
compete for sunlight and moisture. The other is from
a grove that was thinned to give the best trees room
to thrive.
~ Thisisjust one of many ways forest management
can help meet a predicted doubling of domestic demand
for wood and paper products in the next 50 years.

The forest industry has learned how to help
Mother Nature grow more trees, faster, by applying
scientific forest management techniques: encourag-
ing natural regrowth, planting superior seeds and
seedlings, fertilizing, protecting against disease and
insects, thinning, watching carefully until time to
harvest — then starting the cycle again.

Demand keepsrising.

Forest management like this is vital because
every year Americans need more homes, more paper
products, more packaging and containers, more fuel-
wood, more of the thousands of other essential prod-
ucts that only the forest can provide.

So far, the country’s commercial forest has been
able to keep up with demand. (Commercial forest, as
defined by the U.S. Forest Service, is all forestland—
whether owned by individuals, government or the

Trees. America’s

industry—
that is
capable
of, and
poten-
tially
available
for, growing
repeated
crops of trees
for harvest. It in-
cludes land in Na-
tional Forests but not
in National Parks or Wilderness areas.)

But trees aren’t grown equally fast by all com-
mercial forest owners. Though industry has made
striking advances on its lands, productivity is lower
on privately owned lands and seriously lagging in
National Forests.

Productivity not up to potential.

Overall, the U.S. Forest Service estimates aver-
age productivity of all commercial forestland is only
61 percent of potential. And at the same time, actual
acreage in commercial forests keeps shrinking, as
land is withdrawn for homes, highways and other
needs of an expanding population.

So we as a nation still have a long way to go if
our wood and paper products are not to become scarce
and expensive.

If you'd like to be better informed on how impor-
tant it is to keep America’s forests productive, write
American Forest Institute, P.O. Box 873, Springfield,
VA 22150 for a free booklet, “The Great American
Forest.”

The great American forest. Trees for tomorrow.
And tomorrow. And all the tomorrows after that.

renewable resource.
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they are minor planets, many of them
tiny ones no bigger than a small moun-
tain, that orbit our sun. The name—star-
like—refers to the fact that not one is big
enough or close enough to be imaged by
our telescopes as the true planets are.
(They were the 19th-century equivalent
of the quasar.) The final tables in this
rich volume present 143 pages of hard
data on the more than 2,100 members of
the class we know. Almost 500 were
found before this century, defined by the
swift motion of a starlike point in the
sky not too far from the plane of the
planets. Even then it was realized that
their brightness varied over a period of
hours: they were irregular spinning bod-
ies. Today we measure the rotation axis
and the reflectance in different colors,
we look for radar return and infrared
emission, we note the orbits as they are
and we correct those orbits for the res-
onant effects of the recurring gravita-
tional disturbances induced by the big
planets, particularly Jupiter. All of these
data, with the list of the discoverers and
the many bizarre names, and up-to-date
(1979) reviews of all we know and what
it might mean, are here in this source
book aimed at graduate students, an in-
vitation to research and a current record
in a disciplined volume, deliberately or-
ganized by the learned editor.

Comets are different. They fly in from
all directions, since they dwell in a huge
near-sphere far from the sun. They are
big dirty snowballs, or maybe ice-
packed rock piles, or both, their ices vol-
atilizing on the approach to their fiery
master the sun. Meteorites are not so
different; they seem mostly to be errant
earth-caught fragments of the asteroids.
(What comet nuclei deposit on the earth
is mostly too volatile to collect.) The
asteroids lie in orbits inside Jupiter’s,
not as marshaled and circular as those
of the planets but much more so than
the bulk of the comets. They are rocky
and metal-bearing but are by no means
fully refractory. The volume treats of
these diverse bodies in seven parts: an
introduction, a general exploration of
their properties; their interrelations with
comets, with meteors and with the gravi-
tational will of the planets; their proba-
ble configurations; their composition,
judged both by the varying light they
send us and by the inferences from me-
teorites; theories of their evolution and
origin, and the tables cited above: a be-
nign TRIAD (Tucson Revised Index of
Asteroid Data).

All a brief review can hope to give
is some sense of the excitement that
animates this rapidly changing science.
Perhaps at last we have seen an asteroid
or two face to face; there is good reason
to believe that the two pock-marked lit-
tle moons of Mars so well imaged by
Viking are simply corralled asteroids.
Their irregular, deeply cratered and
stressed surfaces begin to modify our
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expectations. The biggest asteroids, the
ones first found before 1810, might be
dust-laden spheroids, gravity-formed as
the planetsthemselves. The little fellows
are stronger, and they are too small to be
self-crushed. Their forms reflect instead
a long history of collisions. We now
know that the sizes, speeds and direc-
tions of these flying fragments imply
collisions frequent over geologic time.

We have learned within the past dec-
ade that it is not enough to fit rough
dusty spheres with light and dark
patches to the light variations we see;
infrared and optical data together de-
mand strange shapes, not only flying
bricks and potatoes but also barbells,
perhaps even stringy clumps of four
or five adhering mountains. There are
strong signs, still not fully confirmed,
that some asteroids are really doubles,
two pieces in close orbit together, or
even entire little groups in orbit. How
they formed, what they tell us of the
meteorites they bequeath to the earth
and what it all means in the develop-
ment of our complex solar system are
questions approached here in paper af-
ter paper.

A little self-centered curiosity may
not be amiss. Ice and water vapor are
abundant in the cosmos. But we, like all
life, live by liquid water, and liquid wa-
ter is unknown in the cosmos except on
the earth and perhaps transiently at the
edge of the Martian ice caps. Yet many
meteorites contain unequivocal mineral
and chemical evidence of past liquid
water. Can this odd stuff, the essence of
life, be there on the asteroids? It seems
impossible that they could hold pools or
seas; the liquid evaporates too quickly.
Water held in chemical bonding deep
within a tiny planet might, however, be
released from its weak combination by
modest heating, to form an inner shell
rich in liquid water. Nearer the surface
dust the water freezes to a permafrost.
That subsurface ice slowly sublimes, but
within the body a deep-lying layer of
water might be held for brief spans of
geologic time, perhaps long enough to
allow the watery processes the meteorite
mineralogists see. Collisions plow up
fragments and might release such prod-
ucts; a few of the myriad fragments are
gathered up by the earth and enter the
museums, there to present the puzzles
we now slowly piece together.

One table coolly sets forth an even
more intimate proposition. It estimates
the frequency of encounters of the most
interesting kind: earth collision with
asteroids whose orbits cross our own.
Extrapolating the direct observations,
there seem at present to be more than
1,000 such bodies of mountain size.
Some are pretty sure to hit us head on
sooner or later. A big projectile may
have done in the dinosaurs by dust pol-
lution; it does awake our interest to
learn that such collisions ought to occur
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EPA est. MPG for comparison. Your mileage may vary,
depending on speed, weather, and frip length. Actual
highway mileage will probably be less. Calif.
estimates lower.

FRONT-WHEEL-DRIVE
AND SIX-PASSENGER ROOM

Reliant’s engine and transmission are
mounted sideways over the front wheels
with the power train, leaving room for a
compartment that comfortably seats six.

FRONT-WHEEL-DRIVE
AND SERVICE

Reliant’'s new Trans-4 engine was de-
signed exclusively for front-wheel-drive.
It was also specially designed for easy
and inexpensive serviceability.

FRONT-WHEEL-DRIVE
AND TRACTION

The Plymouth Reliant has excellent trac-
fion, far better than that of conventional
cars, because its engine and drive train
are mounted over its front drive wheels.
This puts all the engine and transaxle
weight over the drive wheels, and moves
the center of gravity fo the front. This
makes Reliant not only far more resistant
fo wheel spin in wet weather, but able to
pull through snow where conventional
cars may lose traction.
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FRONT-WHEEL-DRIVE
AND DIRECT POWER

In conventional cars, power from the
engine fravels down along drive shaftto
turn the rear wheels. The power from
Plymouth Reliant’'s remarkable transverse-
mounted engine and transaxle, however,
goes directly to its front drive wheels
without valuable energy being wasted
by front-to-rear detours. This is Reliant’s
Direct Power System, and there is no
more efficient way fo get powerto a
car's wheels.



5 ARE HERE
| RELIAN-

( TO BEAT THE PUMP

FRONT-WHEEL-DRIVE
AND PRECISE CONTROL

Because Plymouth Reliant is pulled
through turns, rather than pushed from
behind, the wheels that power Reliant are
the same wheels that tum it. Reliant
corners with crisp precision, and
maneuvers with comforting stability. With
the balance of its weight up front, Reliant
has the stability of a much heavier car.
And with its small furning diameter, it
maneuvers nimbly through traffic and
parks with remarkable ease.

FRONT-WHEEL-DRIVE
AND THE ENGINE THAT
THINKS FOR ITSELF

Chrysler Corporation’s new Trans-4
engine, actually thinks for itself. Seven
sensors send back data to an on-board
computer, to record with amazing
accuracy variations in outside tem-
perature, engine load, throttle, engine
coolant temperature, speed, ex-
haust oxygen. The Trans-4 engine auto-
matically responds to produce maximum
combustion efficiency.
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FRONT-WHEEL-DRIVE
AND 10 BILLION MILES
EXPERIENCE

Chrysler Corporation has a total of
nearly a million small front-wheel-drive
cars in use tfoday. Based on estimates
of 15,000 miles per car per year,
that's a minimum of 10.5 billion miles of
owner-driven front-wheel-drive
experience.

FRONT-WHEEL-DRIVE
AND QUALITY

Plymouth Reliant is builtin America’s
most-advanced assembly plants.

Over 2,000 quality inspections are per-
formed before each carleaves the line.

Every engine is rated by computer for
54 operations. Unless it gets 54 A's, it
doesn't get into a Reliant-K.

So confident are we of Reliant's quality,
that it comes with a 30 day/4,000 mile
money-back guarantee.*

+Buy a new 1981 Plymouth Reliant from a participating
dealer for personal use. Drive it up to 30 days or 1,000
miles whichever comes first.

If you're not happy with it, bring it back in good
condition with no metal damage. When the dealer
gets clear tile, you get your money back, excluding
finance and insurance charges.

Refund value of trade-in may differ from frade-in

allowance on retail sales contract. Ask participating
dealer for full details.

PLYMOUTH
RELIANTfﬂ«(

Plymouth

The New Chrysler Corporation
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once every few hundred thousand years.

One paper, a posthumously published
five-page work written in 1971 by Samu-
el Herrick of the University of Califor-
nia at Los Angeles, imagines the delib-
erate splitting and capture of a piece
of asteroid No. 1620, Geographos. A
chunk of the right size is cleaved off,
correctively guided to hit the right place,
with the 50-kilometer crater planned
as a Central American canal and the
heavy-metal content as a rich mineral
resource! This spectacular and risky ma-
nipulation of nature by man is foreseen,
however, as a necessary preventive mea-
sure: Geographos moves in an ominous-
ly oriented earth-crossing orbit.

Long-range plans are not foolish,
even though this one is hyperbolic and
premature. A watch over our fellow-
traveling asteroids is nonetheless not
such a bad idea, and flying past a few of
them to get images and gather other
data is not at all beyond our powers or
our budget, even within the decade. We
might even be able to fly by Philoso-
phia (among others) by 1986. Getting
samples back seems “relatively easy,”
though only with ion drive, which is not
yet at hand. Eating the whole thing,
however, must surely be deferred to the
year 2001 and beyond.

“We may never do a better book,”
writes Professor Gehrels. He was wrong
when he said this of the first in his series;
he is probably wrong again. Even if he is
right, he ought to rest content.

HE FIRST AMERICANS: ORIGINS, AF-
FINITIES AND ADAPTATIONS, edit-
ed by William S. Laughlin and Albert B.
Harper. Gustav Fischer. Distributed in
North America by Verlag Chemie Inter-
national Inc., Suite E, Plaza Centre,
1020 Northwest Sixth Street, Deerfield
Beach, Fla. 33441 ($29.80). “The first
Americans were Siberians,” said A. P.
Okladnikov a generation ago. A tourist
easily gets the point in the tedious wait-
ing line at a Moscow airport; many of
the delayed travelers would look quite
familiar in Gallup, N.M., or Cocha-
bamba in Bolivia, although in fact they
are Soviet citizens eastward bound for
home on long overland Aeroflot flights.
This volume reports a symposium of
physical anthropologists, with a biolo-
gist and a biochemist or two, men and
women from the U.S,, the US.S.R,, Ja-
pan, Australia, France, Chile, Canada
and Denmark who met under Wenner-
Gren auspices in Austria four years ago
to review the “last great migration of
our single species”: the one into the
Western Hemisphere. That ancient epic
gave proof that Homo sapiens could de-
ploy into a diverse range of environ-
ments and yet remain one species, with
only modest genetic diversity from Tier-
ra del Fuego past Panama to Greenland,
from tidal flat to high Andes.
The research strategies to answer such

hard questions as whence, when and
how are diverse and widespread. They
are in a state of swift change, and bet-
ter answers certainly await us in some
years. A base line is needed, and “virtu-
ally every Siberian group has been in-
vestigated by a caliper-wielding anthro-
pologist.” Such classic methods remain
of value, although their early interpreta-
tion by doubtful typologies instead of
the statistical indexes they require has
much diminished their acceptance to-
day. Nowadays the calipers are molecu-
lar, and the red-cell antigens of blood
type, the serum proteins and two dozen
enzymes of the red cells offer more grist
to the sophisticated number mill of the
computers. Five of the 14 papers in this
volume present such data on affinities;
they remain rather inconclusive. The
data are sparse, the changes small, the
firm conclusions few. Still, the tables
and the varied genetic maps fully sup-
port the view that “on a world scale the
North American Indians, Eskimos, and
Aleuts are a genetically distinct geo-
graphic race or breeding population,
related most closely to the Mongoloid
peoples of eastern Asia.”

Disease offers hints, too. We know
that on the arrival of Europeans in the
New World smallpox, typhus and mea-
sles found the indigenous peoples with-
out immunities. Those diseases had
probably not existed in the hunters’
Asia. Tuberculosis, on the witness of a
single convincing diagnosis in a Peruvi-
an mummy, did come along early. Syph-
ilis remains uncertain still.

Language families are used as data by
some of these builders of affinity maps,
but there is no report by a linguist. One
comes away with the clear impression
that in the study of a time interval of
10,000 or 20,000 years language chang-
es are plainly too fast and genetic chang-
es are mostly too slow to offer clear re-
sults. One paper ends by remarking that
the first Americans “still look very much
like their Asiatic relatives. In marked
contrast, the Australian Aborigines, who
have apparently been in Australia for
some 30,000 years or more, do not look
(genetically or visually) like populations
on the mainland of Asia.” We can be
sure that the New World has been a
home to our species for 12,000 years at
least; we know rich and well-dated sites
that old.

We have no sign at all of occupancy
on the deep time scale of the Old World,
where a single cave can show human
remains, if not all of our own species,
for 50,000 years, and the remains of
camps a couple of hundred thousand
years old are not uncommon. The time
of human arrival in the Americas, how-
ever, is still unsettled. The single place is
almost sure, the now-submerged land
bridge where the Bering Sea shallows
out. A careful study of sea levels and ice
forms leads to the conclusion that the
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Cleaning your
records is only
half the battle.

The best record cleaner in the world can’t
preserve arecord. It can only clean it.

A good record cleaner can remove dust, oily
fingerprints and deep-seated dirt from the
grooves. But, it can’t protect the record from
wear and friction.

The diamond is the hardest natural
substance known. At the tip of a stylus, it is
the spearhead of over 15 tons per square inch
of destructive pressure that shears away
microscopic chips of vinyl while traveling
along the delicately thin grooves.

The finest high fidelity system can’t
restore the subtle high frequency and mid-
range tones that are unavoidably lost.

Sound Guard™ Record Preservative
is a scientifically designed, ultra-thin, dry
formulation that practically eliminates rec-
ord wear. Your records treated with Sound
Guard Record Preservative will sound just as
good after 100 plays. No hiss. No pops.

No clicks.

Give your records 100% protection
with two simple steps. First, clean them with
Sound Guard Record Cleaner; then preserve
them with Sound Guard Preservative. Buy
them separately or get them both in the
Sound Guard Total Record Care System.
And stop record wear in its tracks.

Sound Guard Corp.
348 S.W. 13th Ave.
Pompano Beach
Fla. 33060
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~ techtalk:

‘Programmable remote up (microprocessor)
controlied muitiplay turntable.

- explained.

The tech talk above is complicated. But the MCS*
Series 6800 turntable it describes is a triumph of sim-
plicity and convenience. To show you what we mean,
we’ll translate that tech talk one word at a time.

When we-say programmable, we mean that at the
touch of a finger, you tan instruct the 6800 to remem-
ber and obey up to 27 different commands. You can
program it to play the record tracks you want to hear
and ignore the ones you don’t. Play a whole side or
just a favorite track. Reject a record or repeat a track;
even raise all your records and start over from the
beginning. You can do all this programming and
~ more by means of the touch sensitive controls on the
front panel or by using the buttons on the wireless
remote control unit provided.

That brings
trol means youyfcan sit in your favorite chair and run
the" whole shgw. Not only can you do all the pro-
gramming list¢d above, you can even raise and lower
the tone arm 3nd control the volume. All from across
the room. The little mastermind that directs all these

MCS

to the word remote. Remote con-

functions is an integrated circuit called a
microprocessor. it's the tiny computer that
makes all this magic possible.

Multiplay means it can play up to six
records at a sitting. And when it plays those
records it treats them with respect. The 6800
never drops records, it lowers them gently
by means of a unique rotary spindle.

Now that you know what all the words mean,
come in to JCPenney. See and hear the MCS Series
6800 in action. You'll think someone reinvented the
turntable. And you'll'be right.

The MCS Series 6800 Programmable belt drive
turntable with remote control, only $299.95." And only
at JCPenney.

Full 5-Year Warranty on MCS® Series\speakers. Full 3-
Year Warranty on MCS Series receivers, \turntables, tape
decks, tuners and amplifiers. If any MCS Sdries component
is defective in materials and workmanship\during its war-
ranty period, we will, at our option, repair ofjreplace it—just
return it to JCPenney.

“Prices higher in Alaska, Hawaii and Puerto Rico.

IT MAKES EVERYTHING CLEAR.

Series

Sold exclusively at\JCPenney.

© 1980 SCIENTIFIC AMERICAN, INC



ice sheets and the sea together never put
a firm barrier in the way of human pas-
sage for more than a few millenniums
out of the past 30 or 40. There was al-
ways a narrow path for those who could
brave the cold weather to hunt on the
dry Arctic steppe for the big game now
gone: bison, mammoth, horse and cam-
el. Caribou took over as the glaciers
dwindled, 10,000 or 12,000 years back.

The great climatic and faunal change
came as the ice melted swiftly between
14,000 and 10,000 years ago; it seems
quite possible that it was there on the
southern coast of the flooding land
bridge that marine hunters, skilled boat-
men and beach masters, invented the
hunting of big sea mammals. The ances-
tors of the Aleuts and the Eskimos, clos-
er kin than the other groups by a good
many indexes, came late by a coastal
route along the southern edge of the
diminishing land. They could continue
their advance as the oceans rose, since
their range was the seacoast.

Along the coast these people slowly
diverged, westward along the volcanic-
island chain of the Aleutians and east-
ward along the north coast of North
America all the way to Greenland.
Nearly a third of the entire population
of Aleuts and Eskimos eventually lived
in those two terminal regions, the west-
ernmost Aleutians and the Greenland
coast. A thread of continuity in culture
as in genetics can be followed between
those distant foci. The rest of the New
World was peopled rather earlier by
those who came with projectile point
and fire after big game, to spread over-
land quickly from the far north to Cape
Horn, first mainly along the eastern side
of the Cordillera. In time they learned to
grow beans and maize, to weave in cot-
ton, to build cities. The picture remains
tentative, although it seems the clear im-
port of most of the papers and the view
of the editors, two Connecticut anthro-
pologists.

The early Aleuts arrived at the sea-
ward end of Umnak Island at least 8,700
years ago. The village of Nikolski there
can claim local occupancy continuously
since that time, with a bone-old sense of
place no other U.S. citizens, no Win-
throps nor Cabots, not even the people
of Acoma or Second Mesa can hope
to match. The Aleuts’ population den-
sity, before the first great challenge of
the 18th century, when Russian entry
brought both disease and massacre, was
more than one person per square kilo-
meter, two orders of magnitude above
that of the caribou hunters. Their catch
was the abundant sea otter, the sea ur-
chin, the seal and the walrus. Their life
expectancy reached uncommonly high
values for a foraging society. It was and
is not uncommon for an Aleut to die
in the ninth decade of life; the careful
parish records of the Orthodox Bishop
Veniaminov, who came to Unalaska

This course (specifically designed by the U.S. Department of State
for Diplomats with little or absolutely no knowledge of the language
to be studied) is complete, unedited and includes the official
Foreign Service Institute book with text for basic and advanced
instruction. It begins in English and will gradually build your skills
until you can comfortably handle the entire lesson in your new
language. In a matter of weeks, you could be speaking your new
language like a diplomat.

ONE LOW PRICE FOR YOU...
ALL OTHERS LEARN FREE!
What an incredible value! For the single purchase price of one

course your whole family can learn a new language and keep the
course for years of fun and future reference.

The only complete full length Diplomatic Language Course now
being offered.

Avalilable in two volumes:
VOL. |, BASIC SPANISH |5 cassettes (19 hours) and

464 pg. Foreign Service Institute text $99.95

VOL. 2, ADVANCED SPANISH 2| cassettes (27 hours)
and 464 pg. Foreign Service Institute text $89.95

(The number of cassettes in FRENCH, GERMAN and ITALIAN
Courses vary slightly from the SPANISH Course.)

For immediate delivery, send this coupon with check, Money
Order or charge to your AmEx, Visa or Master Card by
enclosing Card Number, expiration date and signature.

FREE TRIAL OFFER. Try this course for ‘LV i

three weeks. If you aren't convinced it's the |
fastest, easiest, most economical way to [
learn a new language, return the kit for a (;—

full refund with no questions asked. \ A\ \ G’/f
Order yours right now! % 3\'

YOU'LL SPEAK
SPANISH, FRENCH,

ITALIANORGERMAN

LIKE A DIPLOMAT.
$ (for less than $100!)
© o

We guarantee it.
SPECIAL

Order both BASIC and
ADVANCED Course
in any language and
take advantage of a

full 10% discount!

INTRODUCTORY OFFER!

q
[
[

Mail to:

b

: AMPRO PRODUCTIONS]
1 150 Fifth Ave. ]
H N.Y.C., N.Y. 10011 i
H (212) 243-7726 ]
H |
= AmEx/Visa/Master Charge # =
=Na Signature =
=Address Phone :

]
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Imagine an engine

as powerful as eight cylinders
but as thrifty as six.

IIIIIIIIIIIIIIIIIIIIIIIIIII



We did.

Then we helped the auto makers

The Garrett engineer proudly
lifted the hood, and pointed to
the engine. It was a six-cylinder.
Not exactly the kind of fire-
works that inspires legends,
except that this one was fitted
with a Garrett turbocharger.
V-8 performance rides again.
All because General Motors,
Ford, Saab, Mercedes Benz,
Peugeot, Renault, International-
Harvester, and Datsun turned
to a most remarkable source,
The Garrett Corporation.

We earned our wings in aero-
space, then built ourselves into
an industrial giant with a technol-
ogy base just shy of awesome.
But what’s most important is
how we apply that technology.

At Garrett, we’ve always
believed that application is
genius. So, long ago, we orga-
nized ourselves on one principle:
To maximize the creative
genius of our engineers. We put
them in teams. They never
work alone on one isolated part

achieve it.

of a problem like the three
blind men trying to describe
what an elephant looks like.
They’re responsible for entire
projects, not just slight modi-
fications. Time and again, the
result has been some of the
most impressive solutions to
the problems of today. It’s
catapulted us into a position of
leadership in the development
of energy efficient engines and
systems. In all sorts of areas.
For industries requiring
on-site generation of electricity,
Garrett is replacing traditional
diesel power with a new gener-
ation of fuel-efficient small gas
turbines that are lighter,
smaller, and last longer than
diesels of comparable size.
And to our way of thinking,
longer lasting is more efficient.
We’ve also found a way
to make our advanced gas
turbines work even harder.
Through cogeneration systems,
our gas turbines drive gener-
ators to produce electricity,
while simultaneously using the

Garrett

turbine exhaust to produce
steam, hot water, or hot air.
You'll find us in everything
from automobiles to agricul-
ture, office buildings to
refineries. Everywhere doing
much the same thing: making
engines and systems work
harder. But the real frontier
for us is you.
If you’re not sure how we
can help you, we suggest
you first take a look at your
energy bills, or your EPA
requirements, or whatever else
you’re working against. Then
write us for more information.
Just take the time you’d nor-
mally spend at the gas pump
and send a letter off to
our President, Jack Teske.
You can reach him at The
Garrett Corporation,
Dept.1, P.O. Box 92248,
Los Angeles, California 90009.

The Garrett Corporation @
One of The Signal Companies

The aerospace company with its feet on the ground.
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in the 1820’s, confirm the earlier data
from burials in middens and caves.

The age curve is shown over a span of
time; it is a welcome fact that medical
care and increased food supply have re-
stored the old high value. In 1948 there
were no old people; in 1973 several peo-
ple in the sample were older than 80. It
appears that much of this success in ad-
aptation, by the crude but intuitively ap-
pealing measure of life span, arises from
the fact that the elderly Aleuts could
win most of their own food, by fishing
easily accessible places on beach, bay
and stream, and by collecting shellfish
when the tide was out. The feedback
loop closed; the old people then played
a valuable part in society. They acted
as skilled midwives and physicians, as
bearers of knowledge in a nonliterary
culture and as tutors of children in hunt-
ing skills, from coastwise piloting to
travel by small kayak.

But the Aleuts in the Pribilofs, 200
miles north, where the Russians reset-
tled some of the Fox Island people to
harvest the fur seal, were not so long-
lived. The oldest man there in 1889
was 66. The Pribilofs offer no reefs or
streams; they are fine for seals but not
for Aleuts. No, it is not, as has been
suggested, the high polar flux of cos-
mic rays that can explain Aleut longev-
ity by mutation; it is the accessibility
of reefs and streams that gave their old
people a key advantage; since they could
just about feed themselves, they were
well worth a small cost to the younger
hunters. “Indeed, the persistence of
the Aleuts over 9,000 years may be at-
tributed to the functions that old per-
sons play.”

BIOLOGICAL STRUCTURES, by W. Krom-
menhoek, J. Sebus and G. J. van
Esch. University Park Press, Balti-
more, Md. ($16.50). Crisp from title to
careful index, Biological Structures is a
collection of photographs with well-
keyed marginal annotations that opens a
view, at every relevant scale, on life’s
geometry. Such a view is not novel to the
general reader in science; this magazine
and nearly every textbook put the im-
ages forward. There is no dearth, either,
of well-made compilations, surveying
every particular animate geography
from wood fibers to the human skeleton.
What this rather elegant presentation
offers is a compact catholicity. Its mul-
tidisciplinary Dutch compilers, pool-
ing their knowledge and their slide files,
have assembled 140 pages of pictures,
beginning with the intricate tracery of
modern electron microscopy of ultra-
structure, then proceeding to an opti-
cal (and scanning electron micrograph)
look at the microscopic forms of seed
plants, to the tissues of the mammalian
body (classical histology), to the day-by-
day development of a mouse embryo
through sections, to the radiography of

48

the human body in life, the shadowy
bulk of our bones and organs. It is an
album satisfying more the peruser than
the casual page turner. The plant micro-
graphs and most of the tissue pictures
are in painterly color, not the colors
given by the brush but those added by
the ingenious and patient microstainer,
whose palette encodes a deal of chemi-
cal meaning. These color patterns are
showy enough to stop even a reader on
the run; the cover reproduces a fine stem
section of that invaluable symbiont of
human society, stained vascular bundles
of the monocot wheat.

A few of the best-known distinctions
within biology can serve as a sample of
what the compilation makes clear. Only
a few pages separate the well-labeled
section of a liver cell—with its double-
membrane-enclosed nuclear sphere, its
ribosome-studded infolded membranes
and its intricate septate mitochondria—
from a bacterial cell. That prokaryote
bacterium is magnified 10 times more
than the mammalian cell, and yet with-
in the small cell of ancient lineage lit-
tle internal differentiation is to be seen:
there are no organelles. The hereditary
material lies strewn in a fibrous skein.
All the higher plants display a struc-
ture manifestly built on a unified princi-
ple of chemical technology: bundles of
tubes and support rods, now fanning
out, now joining up. Dicots show a firm-
er architectural hand.

The mammalian organism is clearly
displayed as a tour de force of indefati-
gable corrugation. First the entire small
intestine is packed in like a tangle of
hose, then fine accordion pleats come
into view, then we see the Turkish-towel
texture of the villi and proceed on down
to the microvilli, the micron-size fingers
that enlarge 30-fold the external surface
of the exposed end of each individual
cell. It is a pictorial tale of an epic strug-
gle for surface. Three X-ray plates fol-
low up a fresh leg fracture: after eight
weeks the callus of bone has formed,
and 17 years later the bone is strongly
welded but a little awry. A fine spread in
color, this time created not by dyestuff
but by the noninvasive colors of wave
interference in the phase-contrast mi-
croscope, presents the choreography of
living chromosomes in mitosis. The act
of division in an amoeba is literally
tense: a scanning electron micrograph
shows two newly formed daughter cells
pulling taut the last thin thread of cyto-
plasm that had joined them.

OLCANOES OF THE EARTH, by Fred

M. Bullard. University of Texas
Press ($29.95). The dark tower of ash
over the truncated cone of Mount St.
Helens is the image of the year. Just
about every bookstore and substantial
newsstand already offers a couple of
quickie illustrated paperbacks that sum-
marize the events. Their photography in
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color and in black and white is in general
superb and well reproduced; the camera
was taken close up by helicopter and
hiker and was knowingly directed at the
volcano, its environs, ash fall and ruin.
The photoengravers and printers are
deft craftsmen. The images are worthy
documents, and many are works of art.
Ours is the land and the epoch of the
quick image. The text of the books,
the hasty product of unprepared writers
more at home among the small alarums
and trivialities of the local press, are
quite the reverse. Mixing error and sen-
timent, getting the facts from handouts
generally a little wrong (Krakatoa being
confused with Tambora is a typical ex-
ample), innocent of graphs and scales,
the authors make such a botch that these
columns will not mention particular ti-
tles. The books are easy to find, worth
the money for the images alone but to be
read at your own risk.

Volcanoes of the Earth, on the other
hand, is a good general volume on vol-
canoes, their muster, their types, their
origins, their geological context and
their effects. It is the work of a senior
volcanologist who was able to revise his
original edition of 20 years ago to meet
the improved state of geological knowl-
edge. Professor Bullard, 50 years a stu-
dent of active volcanoes at first hand
from Iceland to New Zealand, published
the revision in late 1976. His book none-
theless remains a lively and accessible
guide for the general reader. In this edi-
tion he includes a thoughtful chapter on
plate tectonics, the theory which pro-
vides the only general understanding of
volcanism. The chapter is charming to
read, with its note of residual skepti-
cism. The book offers useful diagrams,
maps and tables in plenty, cogent and
apt to the textual setting, and many
splendid photographs, some in color.
The text and illustrations that explain
how the sharply angular glass particles
of volcanic ash form through the explo-
sive disintegration of the gassy pumice
from acidic lavas clarify a dozen long
newspaper stories we have all puzzled
over; the stuff is scouring powder, “as in
Old Dutch Cleanser.” It is a useful re-
minder of what the engine mechanics
have been up against.

There is a summary, but no one-by-
one lists, assigning more than 500 ac-
tive volcanoes to geographic locations
by country. World-map endpapers plot
only about a third of them; the editors
might have worked a little harder. Is
Mount St. Helens listed as active? You
bet it is, along with the six other emi-
nences in the Cascades, from Baker to
Lassen, for which eruptions are con-
firmed within the past century or two.
“Any eruption in historic time, regard-
less of how remote, is certainly in the
‘present’ if considered as a part of geo-
logic time.” Professor Bullard reads the
depths, not the headlines.
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Can you make the ends
of these glass fibers fit
together precisely?

sl Someday; you may be communicatin,

WE WI“-over bea>r/n}s, of hgh>t1. Thousands of i
people already are. Their calls are carried through
glass fibers using a new technology called lightwave
communication.

But before this innovative technology could be
put to work, Western Electric had to solve a major
problem: how to splice threads of glass.

Western Electric, working from a Bell Labs
idea, developed a solution: “honeycombs” of precisely-
etched crystal that can hold =y an
the fibers in perfect alignment. ==
A unique process guarantees Ry Y e
that all of the honeycombs will be identical. =
So no two fibers are ever more than one eight-thousandth
of an inch out of line.

Glass fibers can carry hundreds of times
more information than copper wire.

This helps the Bell System keep down
the cost of your phone service.

Western Electric products have helped to make
your communications system the best in the world.
And we're working hard to keep it that way.

®

Western Electric
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Subject: The Race Tragk ' mc e u r
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f‘.. 4 Three 924 Turbo Carrera racers began Le Mans this year with 62 other
;v 4 entrants Atter 24 grueling hours. more than 3.000 miles. and 8.500 gear
— 7 shifts, all three 824 Turbos finished. In fact.one finished sixth overall
irage
De Mulsanne

Courbe
Des Hunaudieres

__/J!J’j_/_r;",-‘"/‘/ ST

At Porsche, our goal is to put the best engineering into our cars But for every The 817 Turbo Can-Am champion made turbocharging
problem. there are a number of solutions. And the merits of each one can be practical for road racers with its unique bypass valve
debated endiessly Sotor us, the ultimate test is racing Because on the track, system—standard equipment on the 924 Turbo street
under the stresses, surprises. and realities of competition, the best solution car Test drive the 924 Turbo For your nearest dealer
will win. Using the race track as a proving ground is expensive, and often call toll-free: (800) 447-4700 In lllingis.|800) 322-4400

frustrating But we believe the rewards are well worth it. What we learn from

2 PORSCHE - AUDI
our race cars. we pul into our street cars. At Porsche. excellence 1s expected

NOTHING EVEN COMES CLOSE
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The Rise and Fall
of Ischemic Heart Disease

In the U.S. the death rates attributed to heart attack and other

results of the obstruction of the arteries that nourish the heart

have fallen since the 1960’s. Why they have is not understood

henever a drastic difference is
; x/ found in the frequency of a
disease from one time to an-
other or between disparate cultures or in
different geographic areas, a special op-
portunity is created for research into the
causes of the disease. Epidemiologists
refer to these opportunities as natural
experiments because they are untainted
by the intervention of an experimenter.
The recent history of heart attack and
other conditions embraced by the term
ischemic heart disease presents evidence
that the inhabitants of the U.S. are all
participants in just such an experiment,
conducted on a grander scale than any
experimenter could have devised. For
more than 30 years ischemic heart dis-
ease has been the single greatest cause of
death in the U.S. Of 1.9 million deaths
in 1976, for example, some 650,000, or
nearly a third of the total, were attribut-
ed to ischemic heart disease specifically.
Without fanfare, however, the mortality
rates for ischemic heart disease reached
a peak in the mid-1960’s and have stead-
ily declined since then, for a total reduc-
tion that has exceeded 25 percent.

The terms ischemic heart disease, cor-
onary heart disease and arteriosclerotic
heart disease are more or less synony-
mous; they denote the clinical manifes-
tations of atherosclerosis, the obstruc-
tion of the flow of blood through the
arterial network, when the vessels that
are obstructed are the coronary arteries,
which nourish the muscle of the heart.
Although the factors that determine the
progression of atherosclerosis are not
fully understood, the process is known
to involve the growth of a mass called an
atheroma in the inner layers of the arte-

by Reuel A. Stallones

rial wall. In its early stages the mass con-
tains smooth-muscle cells and cholester-
ol; later its structure is complicated by
the growth of fibrous tissue and by de-
posits of calcium. Atherosclerosis may
begin early in life, even in childhood. It
progresses slowly over decades, thicken-
ing the walls of the arteries and restrict-
ing the flow of blood.

Eventually an atheroma may com-
pletely block a coronary artery,
thereby depriving a segment of heart
muscle of its supply of blood in the med-
ical crisis known as a myocardial infarc-
tion, or heart attack. An atheroma also
promotes the clotting of blood in an ar-
tery; hence a clot may produce a sudden
myocardial infarction long before the
atheroma is large enough to do so. The
likelihood of a heart attack is therefore
determined by two processes, the slow
course of atherosclerosis and the rapid,
unstable clotting of blood. Acute myo-
cardial infarction is often fatal; in about
a third of all the cases in the U.S. the
afflicted person dies before receiving
medical attention. Those who survive
are at high risk of subsequent attacks;
they may be permanently disabled, and
ultimately they may die of congestive
heart failure. In spite of advances both
in knowledge of atherosclerosis and in
medical care for the victims of ischemic
heart disease, the brightest prospects for
the future lie in the effective prevention
of the disease. Plainly a sustained de-
cline in the death rate for ischemic heart
disease commands attention and calls
for explanation.

Mortality data for the U.S. are de-
rived from death certificates that have

© 1980 SCIENTIFIC AMERICAN, INC

been coded for cause in accord with the
International Classification of Diseases.
Data in this form are available only
since 1900, and for the first three dec-
ades of this century they are available
only for states that had a registration
method of sufficient quality to warrant
admission to the system. The coding has
been revised at approximately 10-year
intervals to reflect the evolution of med-
ical concepts of diseases and their caus-
es. All these circumstances sharply limit
the comparability of data over long
periods of time, and so interpretations
must be offered with more than the usu-
al caution.

The changes in medical terminology
preclude the direct examination of long-
term trends in the mortality from ische-
mic heart disease, but the broader cate-
gory “diseases of the heart” has reflect-
ed the changing patterns in spite of its
lack of specificity. Between 1900 and
1920 the death rates attributed to diseas-
es of the heart were relatively stable. An
abrupt change came in 1920, when an
upward trend was established that con-
tinued for 30 years. The abruptness of
the change was accentuated by a deficit
of deaths in 1919, the year that followed
the excessive mortality of the influenza
pandemic of that time. Moreover, a de-
tailed analysis of heart-disease mortali-
ty by Theodore D. Woolsey and Iwao
M. Moriyama of the U.S. Public Health
Service demonstrates that in about 1920
the admission of southern and western
states to the death-registration area
added young people to the population
base. This too accentuated the appar-
ent break in the slope of the curve.

An examination of the deaths by 10-
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year age groups shows, however, that
the change in slope was characteristic
of the mid-adult years. The death rates
for diseases of the heart among peo-
ple younger than 35 decreased steadily
throughout the first half of the century,
and the death rates increased steadily
for people older than 75. If the change in
slope were due to vagaries in the report-
ing or the classification of the deaths,
then the reason for the change to be so
highly selective for the age groups be-
tween 35 and 75 is obscure. Terence W.
Anderson of the University of Toron-
to presented additional evidence that
the change was not artifactual when he
computed the ratios of the male to the
female death rates attributed to diseases
of the heart and showed that from 1920
onward the ratios increased sharply. To
put it another way, the male and the
female death rates diverged as they both
increased between 1920 and 1950 be-
cause the death rates for males grew
faster. A change in the rates by gender
is no more likely to be adventitious than
is a change in the rates for a particular
age group.

Within the diversity of diseases that
constitute the category of diseases of the
heart, only one diagnosis, angina pecto-
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ris, showed an increase coincident in
time with the one for the broader cate-
gory. Angina pectoris means pain in the
chest, and it results from the inadequate
flow of blood to the heart. The pain it-
self is not considered now to be a likely
cause of death, but in 1912, when James
B. Herrick alerted the medical profes-
sion to a lethal disease marked by occlu-
sion of the coronary arteries, he called
the condition angina pectoris.

In 1930 a new rubric, diseases of the
coronary arteries, was introduced. Ap-
parently it replaced angina pectoris as
the designation of choice for the lethal
disease, which continued to rise rapidly
through the 1930’s and 1940’s. In 1949
diseases of the coronary arteries disap-
peared from the classification system. It
was absorbed into a more modern term,
arteriosclerotic heart disease, which in
turn gave way (in 1968) to ischemic
heart disease. The time trends in this
century for other forms of heart disease
show no other plausible candidate to
account for the overall increase in dis-
eases of the heart. Ischemic heart dis-
ease can therefore be traced backward
and downward in a logically consistent
chain to the sudden change in mortality
that marked the year 1920.

1940 1950 1960 1970

TIME TREND OF U.S. MORTALITY due to diseases of the heart shows a steep increase in
the death rates from the 1920’s to the 1950°’s and then an equally steep decrease that began in
the 1960’s. The rates have been scaled to fit the distribution of ages in the U.S. population ac-
cording to the census of 1940. In this way the death rates for different years can be compared
in spite of the changes in age structure in the past 80 years. The vertical scale is logarithmic.
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1980

The mortality rates for ischemic heart
disease reached their peak in the mid-
1960’s, and by 1970 a declining trend
was well established. The interpretation
of the data for these years is mildly com-
plicated by the 1968 revision of the sys-
tem for coding the causes of death. One
result of the revision was the transfer of
a substantial number of deaths from hy-
pertensive diseases into ischemic heart
disease. Nevertheless, the decreasing
trend of ischemic heart disease has con-
tinued through 1978, the most recent
year for which information is available.
Indeed, the rate of decrease appears to
have accelerated since 1973. In the 1968
revision the category of ischemic heart
disease was divided into two major sub-
groups, acute myocardial infarction and
chronic ischemic heart disease, with re-
markable results: acute myocardial in-
farction has fallen since 1968, where-
as chronic ischemic heart disease has
shown no consistent decline.

Parenthetically, the decrease in the
risk of death from acute myocardi-
al infarction for women is sharply at
odds with the popular supposition that
the redefinition of women’s roles in
American society (in particular their ap-
pearance in large number in executive
offices around the country) will result
in a redistribution in their pattern of
illness. Increases in peptic ulcer and
in myocardial infarction are projected,
and sometimes cited. Since the mortali-
ty from peptic ulcer is decreasing as
steeply as the mortality from myocardi-
al infarction, the thesis appears to be
contradicted by the observations.

The natural experiment involving the
incidence of ischemic heart disease in
the U.S. is signaled by marked variation
in the geographic distribution of the dis-
ease as well as the changes over time.
Before 1950 a geographic pattern for
the mortality from ischemic heart dis-
ease was established in which the death
rates were highest along the eastern
and western seaboards (particularly to-
ward the Northeast) and lowest on the
Great Plains. A number of investiga-
tors sought to determine whether these
differences were biologically genuine or
were instead the result of variations in
customs of diagnosis or in the availabil-
ity and quality of medical care. The gen-
eral conclusion was that although the
data were shaky, the basic pattern could
not be explained away as artifact.

The geographic pattern for 1950 per-
sisted through 1960, but some impor-
tant trends began to emerge. The states
with the highest death rates in 1950 had
the smallest increase in the decade that
followed. The result was a relative shift
of ischemic heart disease toward the
Southeast. An analysis of the data for
California by Nemat O. Borhani and
H. H. Hechter of the University of Cal-
ifornia at Davis shows that between
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U.S. MORTALITY BY AGE GROUP is plotted for diseases of the the death rates increased steadily for the old and decreased steadily
heart (1900-1953), arteriosclerotic heart disease (1949—67) and is- for the young. The change in the trend of the death rates that came
chemic heart disease (1968—77). The last two diagnoses both signify in 1920 affected the people whose ages were in between. In con-
the obstruction of the arteries that nourish the heart. Through 1950 trast, the recent decline in the death rates has affected all age groups.
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1950 and 1969 the death rates for is-
chemic heart disease in that state actual-
ly decreased by about 20 percent for
white males and 25 percent for white fe-
males. The peak mortality in Califor-
nia came in about 1955.

In retrospect, therefore, one can see
that California gave the earliest mani-
festation of a decline in ischemic heart
disease that extended to other parts of
the US. in the 1960’s and 1970’s. By
1970 ischemic heart disease was heavi-
ly concentrated east of the Mississippi.
This was primarily owing to the geo-
graphic distribution of acute myocar-
dial infarction. Chronic ischemic heart
disease was dissociated from acute myo-
cardial infarction in geographic pattern
as well as in the national time trend.

A this point some of the conundrums
that have appeared repeatedly in
research on the epidemiology of ische-
mic heart disease should be mentioned.
In a number of population-based studies
the factors most consistently predictive
of ischemic heart disease have been
blood pressure, the blood-serum con-
centration of cholesterol and cigarette
smoking, together with a strong selec-
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tion for males and an increased risk with
increasing age. In the U.S., however, the
associations with cigarette smoking, se-
rum cholesterol and male gender fade
among people over 65 years old. More-
over, in countries with a very low mor-
tality rate from ischemic heart disease a
male preponderance is not evident at
any age. Related to this point are the
international comparisons of morbidity
and mortality directed by Ancel Keys
of the University of Minnesota, which
failed to show an association of ische-
mic heart disease with cigarette smoking
or with serum cholesterol in those com-
munities where the frequency of the dis-
ease was low.

These epidemiological observations
are consistent with the hypothesis that
occlusive disease of the coronary arter-
ies is resolvable into two components
that are partially differentiated in the
current system of disease classification
as acute myocardial infarction and
chronic ischemic heart disease. Accord-
ing to this hypothesis, the rise and fall of
the mortality for ischemic heart disease
and the marked differences in the inci-
dence of the disease in different regions
of the US. are best understood as being

1930 1940 1950
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primarily due to trends in the incidence
of acute myocardial infarction, a condi-
tion strongly associated with both cig-
arette smoking and serum cholesterol
and having a special affinity for males.
Chronic ischemic heart disease may
have varied to a lesser degree, but its
history cannot be traced clearly through
the confusion of diagnoses applied to
the deaths due to chronic heart disease.

he rise and fall of ischemic heart dis-

ease affords a special opportunity to
link changes in the factors that appear
to determine the risk of the disease in in-
dividuals to the sweeping changes in
the frequency of the disease in the pop-
ulation at large. For any single factor
to account neatly for the overall trend
it should meet certain well-defined con-
ditions.

If its effect was immediate, it should
have appeared in about 1920, increased
through the 1930’s and 1940’s and then
begun to disappear in the mid-1960’s.
An immediate link is likely only if the
causative factor affects the most la-
bile component of the occlusive process,
namely clot formation. If the causative
factor is presumed to stimulate the de-

1960 1970 1980

black. The upward trend that began in 1920 was markedly great-
er for males. This is evidence that the increase was not fortuitous.



velopment of atherosclerosis, then a la-
tent period of at least 20 years must be
subtracted from the critical years in the
trend of mortality in order to derive the
trend of the causative factor.

At its inception the causative factor
should have affected men and women at
about the same time, but the effect on
men should have been notably greater,
and it should have been greatest on peo-
ple in their mid-adult years. After 1968
the death rates for acute myocardial in-
farction declined in equal proportion
for men and women and also for young-
er and older adults; that is, the force of
mortality has been constant for these
age- and gender-specific categories. The
implication is plain: if the decrease in
mortality in one of these groups is due to
the decrease in the intensity of some sin-
gle causative factor, that factor should
show an equal decrease for each of the
other groups.

Finally, the causative factor should
have begun to decrease in California a
decade before it decreased in the north-
eastern states, and a decade after that it
should still be strong in the southeast-
ern states. If a single factor fails to meet
all these criteria, some combinations of
factors might be considered, although
the argument must thereby be weakened
and made more complex.

The evidence is strong that a diet high
in fat, and particularly saturated fat, in-
creases the concentration of serum cho-
lesterol. In the controlled environment
of the hospital the intentional alteration
of serum cholesterol by manipulation of
the diet has been fully documented, and
epidemiological observations in many
environments around the world have re-
lated low-fat diets to low mean choles-
terol levels with comfortable consisten-
cy. (Low-fat diets in those communities,
however, are usually found to be linked
with strenuous physical activity.)

Certainly dietary customs in the U.S.
have changed in important ways. In
recent years saturated fats have been
replaced to a considerable degree by
unsaturated fats, and data are availa-
ble to support the contention that se-
rum-cholesterol values for large popu-
lation groups decreased from the 1960’s
to the 1970’s. And yet if recent dietary
changes have caused the mortality rates
to fall, surely the deprivations of the de-
pression years should have left a similar
mark on the curve. Moreover, the con-
centration of serum cholesterol is not
associated with the risk of ischemic
heart disease in older people, yet people
over 65 have shown the same propor-
tional decrease in the death rate as
younger adults.

There the matter rests for now. Some
evidence supports the argument that the
decline in the death rates for ischemic
heart disease could be due, at least in
part, to decreasing cholesterol, and this
could be due, at least in part, to changes
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SUCCESSION OF DIAGNOSTIC TERMS within “diseases of the heart” includes four whose
death rates (black dots) appear to form a sequence. Beginning in 1920 the attribution of deaths
to the first term, angina pectoris (literally “pain in the chest”), increased notably. The newest
term in the sequence is ischemic heart disease. The death rates have not been adjusted for age.
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in fat ingestion. Diet, however, does not
provide a satisfactory explanation for
the rise in ischemic heart disease in
1920. The death rates for ischemic heart
disease did not track dietary changes in
the ensuing 40 years, and the recent de-
cline in mortality is not fully consonant
with the changes in diet or in serum cho-
lesterol.

Cigarette smoking spread through
American culture after World War I, co-
inciding with the increase in ischemic
heart disease, and during the past 15
years or so smoking has decreased. On
the assumption that a major portion of
the harmful effects of cigarette smoking
has little or no latency, so that the risk of
ischemic heart disease rises and falls al-
most immediately with changes in ciga-
rette consumption, the correlation looks
quite good.

he decline in cigarette smoking has

been much more pronounced, how-
ever, in middle-aged men than in mid-
dle-aged women, a difference that is not
at all in accord with the equivalence in
the decline in mortality for the genders.
Moreover, the lack of association for
older people between ischemic heart dis-
ease and smoking as well as serum cho-
lesterol raises the question of how a re-
duction in smoking could effect a de-
crease in risk for this age group. Little
information is available about regional
variations in cigarette smoking, but a
concordance between such variation and
the geographic pattern of the mortality
from ischemic heart disease also does
not seem likely.

Even though high blood pressure is
known to be associated with an in-
creased risk of myocardial infarction,
the death rates for hypertensive disease
have decreased in log-linear fashion
since 1950, whereas those for ischemic
heart disease increased, reached a peak
and then began to decline. Programs for
the detection and treatment of hyperten-
sion have become far more effective in
the past decade, but the forces responsi-
ble for the rise and fall of ischemic heart
disease must be operating quite inde-
pendently, and with much greater effect.

In an interval of about 20 years Amer-
icans changed from a nation of walkers

GEOGRAPHIC PATTERNS in the death
rates for ischemic heart disease are demon-
strated by maps of the U.S. for 1950 (top),
1960 (middle) and 1969-71 (bottom). In each
map the 10 states in which the death rates
for white males 55 through 64 years old were
greatest are shown in dark color, the 10 states
in which the death rates were smallest in white.
States with intermediate death rates are shown
in three intermediate shades of color. Califor-
nia’s drop in death rates from 1950 to 1960
antedated by a decade the trend that spread
through the nation. By 1971 ischemic heart
disease was concentrated in the eastern U.S.



to a culture dependent on automobiles,
and the beginning of that interval coin-
cides well with the rise in ischemic heart
disease. Concurrently the flow of cheap
fuel reduced the caloric expenditure of
people at work to some small fraction of
its previous value. Almost no one now
spends his life at hard labor as our
grandparents understood it; we are tall-
er, heavier and probably stronger, but
we are not inured to the daylong ex-
penditure of effort in walking and work-
ing that was expected of most people in
the 19th century. Yet if an increasingly
sedentary way of life is invoked to ac-
count for the increase in ischemic heart
disease, the decrease is left unexplained.
The national mania for recreational jog-
ging has not spread to large numbers
of upper-middle-aged men and women,
both black and white, whose death rates
are falling as rapidly as those of younger
people.

Ithough arguments are heard about
the effectiveness of specialized
treatment facilities for ischemic heart
disease, it is unlikely that these treat-
ments have had a major effect on popu-
lation mortality data, because the mor-
tality rates for a large population are
quite insensitive to such influences. It is
just as unlikely that the benefits of a
treatment would accrue nearly equally
to males and females and whites and
nonwhites across a broad age span, or
that an effective treatment would have
been introduced in California 10 years
before it appeared in states such as New
York and Massachusetts. Any residual
doubt on this issue could be laid to rest if
the morbidity rates for ischemic heart
disease in a large population were
known. Stated quite simply, if the inci-
dence of the disease is declining in par-
allel with the mortality, the treatment
of the disease is of no consequence in
explaining the decline. Unfortunately,
but almost predictably, the evidence is
equivocal.

In summary, four major variables are
known to be associated with the risk of
ischemic heart disease in individuals.
Among the four, hypertension does not
fit the trend of the mortality from ische-
mic heart disease at all; physical activity
fits only the rising curve, serum choles-
terol fits only the falling curve and only
cigarette smoking fits both. In no case is
the fit as precise as one would like. This
raises doubt that any of the factors is
a fully satisfactory explanation for the
variation in mortality.

Much more could be clarified by the
use of existing data. The nomenclature
for diseases has been relatively stable
since 1949, a period that includes a sig-
nificant part of the increase in ischemic
heart disease and all of its decline. Sam-
ples of death certificates for this period
should be recoded according to the clas-
sification system adopted in 1968 in or-

der to delineate the apparent dissocia-
tion between acute myocardial infarc-
tion and chronic ischemic heart disease.
In the same set of data, attention to oc-
cupation and other indexes of social
status would provide important infor-
mation, and detailed analyses of the
shifting geographic patterns would be
particularly useful.

We now have strong assurance that
programs based on our present knowl-
edge can reduce the risk of death from
ischemic heart disease. Unfortunately
these programs require people to stop
doing certain things they like to do, such

i

as smoking cigarettes or eating whatever
they want to, or to do things they do not
want to do, such as taking antihyperten-
sive drugs or exercising strenuously. If
the individual characteristics and habits
now known to influence the frequency
of the disease do not contain sufficient
information to fully explain the epide-
miological patterns in time and in space,
and the evidence presented here sug-
gests that they do not, then we may di-
rect our attention to more general envi-
ronmental factors in a search for more
effective and more acceptable means of
prevention.

GEOGRAPHIC PATTERNS FOR TWO COMPONENTS of ischemic heart disease are
shown for 1969-71. The upper map displays the death rates for chronic ischemic heart disease.
The lower map displays the death rates for acute myocardial infarction: the sudden blockage
of a coronary artery. Again dark color marks the 10 states in which death rates were greatest
for white males from 55 through 64, and white marks the 10 states in which rates were smallest.
Acute myocardial infarcts account for southeastern concentration of ischemic heart disease.
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Gene Amplification
and Drug Resistance

Experiments on the development of drug resistance in cultured

mammalran cells serve as a laboratory model of the mechanism

whereby duplicate genes are created in the course of evolution

s living organisms have evolved
from simple forms to more com-
plex ones the genome (the organ-

ism’s complete set of genes) has become
larger in terms of both the amount of the
genetic material DNA and the number
of genes. This evolutionary phenome-
non is thought to result largely from
gene amplification, the process whereby
a small part of the genome, representing
one or more genes, is duplicated local-
ly within a chromosome. The newly
emerging techniques of molecular biol-
ogy involving artificially recombinant
DNA are uncovering numerous exam-
ples of the phenomenon. Certain genes
have been found to be present in multi-
ple copies (sometimes as many as 400
copies per cell), and the identical genes
are often grouped together in a chromo-
some in what have come to be called
gene clusters. In other cases the ampli-
fied genes have undergone mutations in
their basic chemical constituents, with
the result that the enzymes or other
types of proteins they code for are
slightly altered. Sets of similar genes of
this type are referred to as multigene
families.

Amplified genes may be closely
linked on a single chromosome, or they
may be present on different chromo-
somes. Thus amplified genes are capable
of translocating, or moving from one
chromosome to another. These three
fundamental genetic processes—ampli-
fication, mutation and translocation—
can occur repeatedly in successive gen-
erations of cells; hence they can lead
over evolutionary time to more com-
plex genomes and ultimately to more
complex organisms.

Although such processes have been
at work throughout the course of ev-
olution, the frequency of their occur-
rence and the molecular and biochemi-
cal mechanisms involved have not been
investigated thoroughly. Obviously one
cannot study in the laboratory processes
that occur infrequently over millions of
years. In the past few years, however,
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several groups of experimenters, includ-
ing my colleagues and me at Stanford
University, have been examining the
mechanism whereby mammalian cells
grown in laboratory culture develop re-
sistance to certain drugs, a process that
can be shown to involve gene amplifi-
cation. This phenomenon accordingly
serves as an experimental model for
learning about gene amplification as it
operates in evolution; in addition it pro-
vides a means for learning how individ-
ual cells, multicellular tissues such as
tumors and entire organisms become re-
sistant to various drugs, including insec-
ticides and antibiotics. One of the most
surprising findings to emerge from the
investigation so far is the high frequency
with which gene amplifications are ob-
served in cultured mammalian cells, a
fact that suggests there is far greater po-
tential for change in the genome than
had been suspected.

In our laboratory we have been ex-
amining specifically the mechanism
whereby cultured mouse and hamster
cells become resistant to the drug meth-
otrexate, a chemotherapeutic agent used
in the treatment of human cancer.
Methotrexate is an analogue of the vita-
min folic acid (also known as vitamin
Bg). The drug kills cancer cells by bind-
ing tightly to the enzyme dihydrofolate
reductase at the same site where the nor-
mal substrate, dihydrofolate, would
bind. The binding of methotrexate
blocks the conversion of dihydrofolate
into tetrahydrofolate inside the cells.
Tetrahydrofolate is needed in metabo-
lism for the generation of key precursor
molecules in the synthesis of DNA and
proteins, so that the cells are prevented
from growing and therefore die.
Methotrexate has long been a stan-
dard drug for the treatment of various
forms of cancer, and it has been estab-
lished that these cancers can become re-
sistant to the drug. Because of this prob-
lem investigators have over the past two
decades studied a variety of possible
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mechanisms for the development of re-
sistance to methotrexate in cultured ani-
mal cells. Three mechanisms have been
identified. One is an alteration in the en-
zyme dihydrofolate reductase, presum-
ably resulting from a mutation in the
cells’ DNA, such that the normal high
affinity of methotrexate for the enzyme
is lost; in this case the enzyme would not
be inhibited. The second possible mech-
anism is an alteration, again presumably
a mutation, in a surface-membrane pro-
tein that is involved in the transport
of methotrexate into the cells; here the
cells would no longer take up the drug
and the enzyme again would not be in-
hibited. The third possibility is an in-
crease in the total amount of dihydrofo-
late reductase in the cells; although here
the enzyme would be inhibited at any
given concentration of methotrexate in
the growth medium, there would be an
excess of the enzyme with respect to
the concentration of the drug in the
cells, and therefore some of the enzyme
would be free (in the sense of not being
inhibited) to carry out the conversion of
dihydrofolate into tetrahydrofolate. It is
this last mechanism that we have been
studying.

We obtain methotrexate-resistant
cells with high levels of dihydrofolate
reductase by a procedure called step-
wise selection. If one grows cells in the
presence of a low concentration of
methotrexate, virtually all the cells are
killed. Occasionally, however, some
cells (approximately one in every
100,000 of the cells we have been work-
ing with) survive and will grow. These
cells are thereafter resistant to a low
concentration of methotrexate, and they
have an elevated level of dihydrofolate
reductase. If such cells are now grown in
the presence of a somewhat higher con-
centration of methotrexate, again the
majority of the cells will be killed, but
some will survive and grow; they will be
even more resistant to the drug, and they
will have still more elevated levels of
the enzyme. By continuing the process



through additional incremental selec-
tions in progressively higher concentra-
tions of methotrexate, one eventually
gets cells that are highly resistant to
methotrexate and also contain a very
high level of dihydrofolate reductase.
It is important to realize that this pro-
cedure is equivalent to a Darwinian se-
lection process, inasmuch as most of the
cells are killed at each step along the

way. The selection pressure in this case
is far greater than would ever be expect-
ed in normal evolutionary processes in
mammals (although perhaps a compa-
rable selection pressure is attained when
insects are exposed to a massive applica-
tion of insecticide). The experimental
procedure is akin to a natural selection
process in which a population of 10 mil-
lion organisms is reduced to 100, which

later grow back to 10 million, which in
turn are reduced to 100, and so on
through many generations.

The level of dihydrofolate reductase
in the selected cells can be as much as
400 times higher than it is in normal
methotrexate-sensitive cells. Indeed,
this single enzyme can constitute as
much as 5 percent of all the protein syn-
thesized by such cells. This conclusion is

CHROMOSOMES from the cells of two different cell lines, one drug-
sensitive, or normal (/eff), and the other drug-resistant (right), are
compared in this pair of photomicrographs. Both cell lines were de-
rived from ovary tissue of the Chinese hamster. The drug-resistant
cells, which are comparatively invulnerable to the powerful antican-
cer drug methotrexate, were propagated by a stepwise selection meth-
od that is believed to involve the amplification, or localized duplica-
tion, of genes coding for dihydrofolate reductase, an enzyme that is
needed for cell growth and is specifically inhibited by the presence of
methotrexate in the growth medium. The location of the amplified
genes coding for the enzyme was determined by first exposing both
chromosome spreads to radioactively labeled single-strand DNA
molecules whose deoxyribonucleotide base sequence is complemen-
tary to that of the chromosomal DNA segments containing the gene
for the enzyme. The two kinds of DNA form hybrid double-strand

molecules at the matching sites on the chromosomes, thereby fix-
ing the radioactive label to them. Following the hybridization step
the microscope slides bearing the chromosome spreads were washed
to remove most of the nonhybridized radioactive complementary
DNA. The slides were then coated with a photographic emulsion, and
the energy of the radiation from the slides was just enough to expose
the emulsion at the exact positions where the labeled complementary
DNA was fixed (black spots). In the case of the chromosomes from
the drug-sensitive cells there is no evidence of the localization of the
genes coding for the enzyme. In the case of the chromosomes from the
drug-resistant cells, in contrast, the radioactive label indicating the
location of the amplified genes coding for the dihydrofolate reduc-
tase enzyme is clearly concentrated in a single region on the long arm
of one of the chromosomes, which is designated the No. 2 chromo-
some (because it is the second-largest chromosome in this cell line).

NO. 2 CHROMOSOMES from a drug-sensitive cell (fop) and a sta-
bly drug-resistant cell (botfom) are ed. The chromosomes,
both of which are from Chinese-hamster ovary cells, were stained in
such a way as to bring out their characteristic banding pattern. The
most striking difference between the two chromosomes is the expand-

ed region on the long arm of the one from the drug-resistant cell. It
is this region, known as a homogeneous staining region (because it
does not have the bands typical of normal chromosomes), that is
thought to harbor the approximately 150 amplified genes coding for
the dihydrofolate reductase enzyme in the drug-resistant cell line.

61

© 1980 SCIENTIFIC AMERICAN, INC



supported by tests based on the two-di-
mensional electrophoretic separation of
cell proteins in gels, a technique that dis-
tinguishes proteins in one direction on
the basis of size and in the other direc-
tion on the basis of net electric charge.
Relying on this technique, which is ca-
pable of separating as many as 1,000
different cellular proteins, we have ob-
served only one major difference in the
two-dimensional pattern of cellular pro-
teins between the methotrexate-sensi-
tive cells and the methotrexate-resistant
ones. The difference is in the amount of
dihydrofolate reductase in the two kinds
of cells.

Our conclusion that the elevated en-
zyme content in methotrexate-re-
sistant cells results from gene amplifica-
tion is based on a series of studies that
have taken advantage of many of the
latest techniques of molecular biology.
Such experiments would not have been
possible as recently as 10 years ago.
First we obtained purified samples of
messenger RNA carrying the informa-

FURTHER AMPLIFICATION
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tion required for the synthesis of dihy-
drofolate reductase from cells with a
high level of the enzyme. With the puri-
fied messenger RNA we next synthe-
sized radioactively labeled DNA that is
complementary to the RNA. This step
depends on the enzyme reverse tran-
scriptase, which is obtained from certain
RNA-containing tumor viruses. (It was
for the discovery of this enzyme that
Howard M. Temin of the University of
Wisconsin and David Baltimore of the
Massachusetts Institute of Technology
were awarded the Nobel prize for physi-
ology or medicine in 1975.)

In the reaction involving reverse tran-
scriptase the RN A serves as a template
for the synthesis of a single strand of
DNA with a sequence of deoxyribonu-
cleotide bases that is complementary to
the sequence of ribonucleotide bases of
the RNA. Because of the complemen-
tarity of the nucleotide bases of the two
kinds of nucleic acid, the paired mole-
cules will bind tightly to each other to
form an RNA-DNA hybrid. The mes-
senger RN A responsible for specifyinga

INITIAL AMPLIFICATION
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given protein has a unique linear se-
quence of nucleotide bases; hence the
hybridization of complementary DNA
with the sequence for dihydrofolate re-
ductase can be used to detect and mea-
sure the amount of messenger RNA
coding for the enzyme. Similarly, the
complementary DNA for dihydrofolate
reductase can hybridize specifically to
the deoxyribonucleotide sequences in
the cellular DNA that normally code
for dihydrofolate reductase (in other
words, the actual genes coding for that
enzyme). Thus the hybridization test
can also be used to identify and measure
the number of genes coding for dihydro-
folate reductase in the cell’s genome.
It is fairly easy to detect complemen-
tary RNA-DNA or DNA-DNA hybrids
with the aid of another enzyme, called
S1 nuclease, which destroys any single-
strand molecule of RNA or DNA but
does not affect a molecule of comple-
mentary DNA when it is hybridized
with either cellular RNA or cellular
DNA. What is actually measured in an
experiment of this kind is the amount of

MUTATION
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MULTIGENE FAMILY

GENES ON DIFFERENT CHROMOSOMES

GENE AMPLIFICATION plays an important role in evolution by
increasing both the total amount of genetic material (DNA) and the
number of individual genes in the chromosomes of each cell. In this
schematic diagram, for example, gene A is a segment of chromosom-
al DNA that incorporates a specific sequence of deoxyribonucleotide
bases coding for the synthesis of a certain protein. The initial ampli-
fication of this gene results in four identical copies of the same base
sequence, arrayed in succession in an expanded region of the chromo-
some. The four duplicate genes, designated 4, 42, A3 and 44, may

PTERIDINE GROUP PARAMINOBENZOATE GROUP
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METHOTREXATE, the drug utilized by the author and his col-
leagues at Stanford University for their study of the development of
drug resistance in cultured mammalian cells, is an analogue of folic
acid (vitamin Bg). The drug differs from the vitamin in having an
amino group (-NH;) instead of a hydroxyl group (-OH) at the No.
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in turn be amplified further, yielding multiple gene clusters consist-
ing of as many as 400 copies of the same gene. Alternatively, each of
the original set of four amplified genes may independently undergo a
mutation in its base sequence, leading to the synthesis of slightly al-
tered proteins; sets of related but different genes of this type (4,', 42/,
Ag'y A4') are called multigene families. The four original amplified
genes may also move from one chromosome to another (transloca-
tion). The fundamental genetic processes of amplification, mutation
and translocation can lead ultimately to more complex organisms.

PTERIDINE GROUP
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H
_ _ COOH
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NHa H L ere—cH:—coon
METHOTREXATE

4 position of the molecule’s first pteridine ring and a methyl group
(—~CH};) instead of a hydrogen atom (H) attached to a nitrogen atom
in the paraminobenzoate portion of the molecule. The substitutions
are shown in color at the right. Methotrexate has long been adminis-
tered as a chemotherapeutic agent in the treatment of human cancer.
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radioactivity present in the RNA-DNA
or DNA-DNA hybrid. (The radioactiv-
ity is present in the complementary
DNA because this molecule was synthe-
sized from radioactively labeled build-
ing blocks called deoxyribonucleoside
triphosphates.)

To measure the number of gene cop-
ies the cellular DNA is broken into
small pieces, the double strands are de-
natured (separated into single strands)
by boiling, and a small amount of the
radioactively labeled complementary
DNA is added to the mixture under ex-
perimental conditions in which the com-
plementary DNA can now hybridize
with any DNA with which it has com-
plementary nucleotide sequences. At
varying times samples of the reaction
mixture are digested with S; enzyme,
and the radioactivity that is resistant to
digestion (that is, the radioactivity se-
questered in a hybrid) isrecorded. Obvi-
ously the more DNA sequences there
are that can react with the complemen-
tary DNA, the more rapid will be the
rate of hybridization. Hence by measur-
ing the rate of hybridization of radioac-
tive complementary DNA coding for di-
hydrofolate reductase with either RNA
or DNA from cells with differing levels
of the enzyme, one can determine both
the amount of messenger RNA and the
number of genes.

Basically what we have found through

the nucleic acid hybridization tech-
nique I have described is that an in-
creased level of dihydrofolate reductase
in selected cells results from a compa-
rably increased level of specific messen-
ger RNA, and that this increase in turn is
the result of an increase in the number
of dihydrofolate reductase genes in the
cells. In short, the process is one of gene
amplification. It is a selective amplifica-
tion because the total amount of DNA
per cell does not increase significantly.
We have examined a number of cul-
tured cell lines derived from both
mouse and hamster tissues, and in all
cases we have found that there is a good
correlation between the increase in the
enzyme level and the number of gene
copies.

Although our studies were the first to
show conclusively that gene amplifica-
tion operates under experimental condi-
tions in mammalian cells, the phenome-
non had been known for some time in
bacteria. About 10 years ago, for ex-
ample, William R. Folk and Paul Berg
of Stanford were studying a laboratory
strain of the common intestinal bacteri-
um Escherichia coli that required the
amino acid glycine for growth. Al-
though the bacterium could not synthe-
size this particular amino acid, it would
grow perfectly well when glycine was
added to the growth medium. From this
bacterial strain Folk and Berg obtained
a mutant strain that grew poorly in the

DIHYDROFOLATE REDUCTASE
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THYMIDYLATE PURINES GLYCINE

IN THE METABOLISM OF THE CELL folic acid is involved in the set of chemical reactions
whereby the transfer of a single-carbon group (—CH) generates key precursor molecules in the
synthesis of nucleic acids and proteins; examples include thymidylate (needed for DNA syn-
thesis), various purines (for DNA and RNA synthesis) and glycine (for protein synthesis). The
active form of folic acid involved in these one-carbon transfer reactions is tetrahydrofolate, a
reduced form of the acid in which there are four extra hydrogen atoms in the second pteridine
ring (at positions Nos. 5, 6, 7 and 8). When the one-carbon group is transferred to the precur-
sor, the tetrahydrofolate is converted into the dihydrofolate form (by the removal of two hydro-
gen atoms). A key to the process is the enzyme dihydrofolate reductase, which converts dihy-
drofolate into tetrahydrofolate with the assistance of another important intermediate in cell
metabolism, the reduced form of nicotinamide adenine dinucleotide phosphate, or NADPH.

MOLECULE OF
DIHYDROFOLATE REDUCTASE
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DIHYDROFOLATE REDUCTASE is a comparatively small enzyme, consisting of 187 ami-
no acids, that is folded into a roughly spherical structure resembling a bowling ball with a single
finger hole. The hole is the catalytic pocket where the dihydrofolate and NADPH molecules
normally bind in such a way that two hydrogen atoms can be transferred from the NADPH to
the dihydrofolate, thereby generating tetrahydrofolate. The drug methotrexate kills cancer
cells by specifically inhibiting dihydrofolate reductase; because its structure is very similar to
that of dihydrofolate the methotrexate molecule binds to the catalytic pocket of the enzyme at
the same site where the dihydrofolate molecule would. The binding of methotrexate to the
pocket is much tighter, however, and as a result the drug effectively prevents the reduction of
dihydrofolate to tetrahydrofolate. The inhibition of the catalytic action of dihydrofolate re-
ductase by methotrexate blocks the growth of the cell and hence leads ultimately to its death.
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presence of glycine. They found that the
mutation affected the ability of a specif-
ic enzyme, glycyl transfer-RNA synthe-
tase, to catalyze the first step in convert-
ing glycine into protein; the enzyme,
they observed, had a poor affinity for
glycine.

Subsequently Folk and Berg looked
for derivatives of the mutant bacterial
strain that could grow faster in a medi-
um containing small amounts of gly-
cine. They obtained such bacteria readi-
ly, and they found that the bacteria had
more of the defective enzyme rather
than an additional change in the enzyme
itself. They concluded that the DNA se-
quence coding for the defective enzyme
had been amplified. Thus the mutant
bacteria were limited in their ability to
grow rapidly because of the defective
enzyme, and the bacteria that were se-
lected were those that had amplified this
DNA sequence, yielding cells that could
grow more rapidly.

John R. Roth of the University of
Utah has since undertaken a study of the
amplification of genes coding for the
amino acid histidine in the closely relat-
ed bacterium Salmonella typhimurium.
He concludes that random gene duplica-

CONCENTRATION OF METHOTREXATE —>

NUMBER OF CELLS —>

tions are frequent in this organism too,
but that they are generally unstable and
are detected only when the bacteria are
maintained under growth conditions se-
lecting for the retention of a specific am-
plified gene.

Our working hypothesis for explain-
ing the amplification of dihydrofolate
reductase genes in cultured mammalian
cells is based on an analogy with the
amplifications observed in bacteria. We
propose that DNA sequences (contain-
ing specific genes) in cultured cells are
being amplified continually, and that
these amplifications potentially involve
any DNA sequence. They are generally
unstable, however, and hence they usu-
ally pass undetected. If, on the other
hand, the cells are placed in a situation
where those few cells with amplified
genes coding for a specific protein have
a selective survival advantage or a se-
lective growth advantage, then the com-
paratively rare amplification event will
be detected. In particular the presence
of methotrexate in the growth medium
gives those rare cells with amplified di-
hydrofolate reductase genes a selective
growth advantage, and as a result the
amplification event is detected.
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STEPWISE SELECTION is the experimental procedure employed by the author’s group for
progressively increasing the resistance of cultured mammalian cells to methotrexate by raising
the level of dihydrofolate reductase in the cells. The cells are grown initially in a low concentra-
tion of methotrexate, which has the effect of killing as many as 99.999 percent of them. A few
cells survive and grow, however, and they are by definition resistant to the specified low con-
centration of methotrexate; when such cells are assayed for enzyme activity, they are found to
have higher levels of dihydrofolate reductase. These cells are then allowed to multiply until
their population is roughly equivalent to that of the original cells, whereupon the concentra-
tion of methotrexate in the growth medium is abruptly increased, again killing most of the cells.
The surviving cells in turn begin to grow; they have an even higher level of the enzyme and
hence a greater resistance to the drug. The selection process is continued through a number of
further increments of methotrexate in the growth medium (represented here by progressively
darker shades of color), and at each step the surviving cells are found to have higher levels
of dihydrofolate reductase. The resistance to the drug in this case results from the fact that
there is always enough enzyme left in the cells to convert dihydrofolate into tetrahydrofolate.
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We believe the initial amplification
event involves a comparatively small
number of copies of the gene coding for
dihydrofolate reductase. These genes
can later undergo further amplification,
leading to the selection of still greater
resistance to methotrexate. This inter-
pretation explains the need for stepwise
selection to obtain eventually a high lev-
el of drug resistance and a large num-
ber of amplified genes. Any attempt to
select initially for high methotrexate re-
sistance would not result in the detec-
tion of such cells, since the gene-ampli-
fication phenomenon operates in multi-
ple steps.

The phenomenon of gene amplifica-
tion for drug resistance is not limited
to methotrexate. George R. Stark and
his colleagues at Stanford have been
studying the development of resistance
of cultured hamster cells to a highly spe-
cific inhibitor of an enzyme that is vital
for the synthesis of nucleic acid precur-
sors. (The name of the enzyme is aspar-
tyltranscarbamylase.) By stepwise selec-
tion they have obtained cells that are
highly drug-resistant, and they have
shown by techniques similar to those we
employed that the gene for this enzyme
is amplified as much as a hundredfold.

These two examples of selection for
drug resistance are analogous in sever-
al respects. First, the drug in both cases
is highly specific: essentially it inhibits
only a single enzyme that is necessary
for the cells to grow. Second, a high lev-
el of drug resistance and a correspond-
ingly large number of duplicate genes
are obtained in both cases by stepwise
selection. Third, drug resistance in both
cases results from an increase in a spe-
cific protein that, when present in suffi-
cient quantity, overcomes the inhibitory
effects of the drug. There are additional
examples of stepwise selection for resis-
tance to various compounds and drugs
in mammalian cells resulting from ele-
vated levels of specific enzymes, and it is
likely that at least some of them will also
turn out to involve gene amplification.

One of our early observations that
was quite perplexing at the time was that
in some cell lines the resistance to meth-
otrexate and the elevated enzyme lev-
el were not stable. When we took cells
that had been grown continuously in
the presence of methotrexate for many
months and then grew them in a medi-
um that did not contain the drug, the
high drug resistance and the excessive
enzyme level both diminished progres-
sively. In as short a time as 20 cell dou-
blings (about 20 days) some cell lines
lost half of their enzyme content; even-
tually the cells lost most of their ex-
cessive amount of enzyme and their re-
sistance to methotrexate. In other cell
lines, however, a high drug resistance
and a high enzyme level were main-
tained in spite of the absence of metho-
trexate in the growth medium. The sta-



bility or instability of a particular cell
line appears to be independent not only
of the type of cell (mouse or hamster)
but also of the absolute magnitude of
the excessive enzyme level attained at
the end of the stepwise selection proce-
dure. In fact, the same source of drug-
sensitive cells can be selected to obtain
both stable and unstable cell lines. In all
cases, however, the number of amplified
genes is linked to the relative enzyme
level. Evidently the amplified genes can
be present in either a stable state or an
unstable one.

What is the mechanism responsible
for the variable stability of metho-
trexate resistance in different cell lines?
The search for an answer to this ques-
tion leads one away from molecular bi-
ology and into the study of the structure
of chromosomes. Two of our collabora-
tors, Lawrence A. Chasin and Gail Ur-
laub of Columbia University, pursued
the problem in that direction. Working
with a methotrexate-resistant cell line
selected from the ovary of the Chinese
hamster, they found that a specific chro-
mosome in the drug-resistant cells was
quite different from the corresponding
chromosome in drug-sensitive cells de-
rived from the same tissue. The differ-
ence was an expanded region in the long
arm of the No. 2 chromosome of the
drug-resistant cells (designated No. 2
because it is the second-largest chromo-
some); otherwise the chromosomes in
both types of cells were quite similar.
This particular chromosomal region is
known as a homogeneous staining re-
gion, since it does not have the banding
pattern characteristic of chromosomes.
(Several years earlier June L. Biedler of
the Sloan-Kettering Institute for Cancer
Research had described such expanded
regions of a specific chromosome in sev-
eral methotrexate-resistant cell lines de-
rived from the lung tissue of the Chinese
hamster; she had even suggested that
they constituted regions of gene amplifi-
cation!)

Working with the nucleic acid hybrid-
ization techniques described above, we
determined that the drug-resistant cell
line studied by Chasin and Urlaub had
approximately 150 copies of the dihy-
drofolate reductase gene. The question
was: Where were the genes that were
coding for the enzyme? In order to find
these genes we proceeded to hybrid-
ize radioactive DNA complementary to
messenger RNA for the enzyme with
chromosomal DNA from both drug-re-
sistant and drug-sensitive cells. The cell
samples were prepared in such a way
that the chromosomal DNA was ex-
posed first, so that it could form a hy-
brid with the complementary DNA. (As
this experiment shows, complementary
DNA can be used not only to determine
the number of duplicate genes but also
to locate gene sequences on chromo-
somes.)

CELLULAR PROTEINS ARE DISTINGUISHED by the technique of two-dimensional
gel electrophoresis, which separates proteins in one direction on the basis of size (vertical axis)
and in the other direction on the basis of net electric charge (horizontal axis). In this particular
application of the technique only one major difference is observed in the two-dimensional pat-
tern of spots corresponding to cellular proteins between a sample of methotrexate-sensitive
cells (top) and a sample of methotrexate-resistant cells (bottom). The single difference, indicat-
ed by the arrow, is in the spot signifying the amount of dihydrofolate reductase in the two
kinds of cells. Both cell lines were derived from the same source of mouse cells. The proteins
were first labeled with radioactive methionine, and the resulting radioactivity of the spots was
recorded by placing a photographic film over the gel and then developing the film. The dark-
ness of each spot is a measure of the relative amount of each protein in the cells. The drug-
resistant cells clearly contain much more dihydrofolate reductase than the drug-sensitive cells.

The radioactivity of the complemen-
tary DNA was detected by a method
pioneered several years ago by Mary
Lou Pardue of M.L.T. A photographic
emulsion was placed on the microscope
slide, and the developed silver grains in
the exposed emulsion were examined vi-
sually with a microscope. In every case
we found that the developed silver
grains were concentrated in the homo-
geneous staining region of the No. 2
chromosome, indicating that the ampli-
fied genes were indeed localized in this
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particular part of the chromosome. In a
later experiment, done in collaboration
with Joseph R. Bertino of the Yale Uni-
versity School of Medicine, we showed
that a mouse-tissue cell line with 400
amplified genes has a comparable ho-
mogeneous staining region on a single
chromosome and that the genes coding
for dihydrofolate reductase are local-
ized there. (Only one of the two paired
chromosomes turns out to have the ex-
panded region.) From these studies and
others we have concluded that the stable
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HYBRIDIZATION OF NUCLEIC ACIDS, a comparatively new
technique in lecular biology, was adopted by the author and his
colleagues for their demonstration that the phenomenon of gene am-
plification is responsible for the elevated level of the enzyme dihy-
drofolate reductase observed in methotrexate-resistant mammalian
cells. The hybridization technique in this case begins with the isola-
tion of purified samples of messenger RNA carrying the information
needed for the synthesis of dihydrofolate reductase. (The RNA sam-
ples are obtained from cells with a high level of the enzyme.) With
the aid of another enzyme, reverse transcriptase, the messenger RNA
is next made to serve as the template for the synthesis of a single

strand of DNA with a sequence of deoxyribonucleotide bases that is
complementary to the sequence of ribonucleotide bases of the RNA.
The complementary DNA is synthesized from radioactively labeled
building blocks, deoxyribonucleoside triphosphates, and as a result it
becomes highly radioactive. Since the radioactively labeled strand of
complementary DNA carries the specific base sequence coding for
dihydrofolate reductase, it can be used in subsequent hybridization
tests to detect and measure the amount of cellular DNA (or messen-
ger RNA) coding for the same enzyme. In short, the hybridization
technique makes it possible to determine the actual number of genes
coding for dihydrofolate reductase in the drug-resistant cell line.

amplification of genes in cultured mam-
malian cells is related to the localization
of the genes in a specific region of a sin-
gle chromosome.

Where are the amplified genes in the
unstable cell lines? Recently we
have found that all our unstable cell
lines contain, in addition to the normal
set of chromosomes, small extrachro-
mosomal DNA elements called dou-
ble minute chromosomes. By purify-
ing these extrachromosomal DNA seg-

ments we have shown that they contain
the amplified genes for dihydrofolate
reductase. Extrachromosomal DNA of
this type is not found in either metho-
trexate-sensitive cells or stable meth-
otrexate-resistant cells (that is, cells in
which the amplified genes are chromo-
somal). The number of such extrachro-
mosomal DNA segments present in the
nucleus of a cell, we discovered, is pro-
portional to the number of amplified
genes. In some instances there are as
many as 100 of the extrachromosomal

DNA elements per nucleus. Further-
more, when unstable drug-resistant cells
lose their resistance to methotrexate
(and therefore their amplified genes for
drug resistance), the cells also lose their
extrachromosomal DNA elements.
The extrachromosomal DNA seg-
ments in question here are like chromo-
somes in that they contain genes and are
associated with certain proteins. More-
over, like normal chromosomes, they
can replicate during the period when
DNA is synthesized in cells. They dif-

N

CELLULAR DNA FRAGMENTED DNA

HYBRIDS ARE DETECTED with the help of another enzyme, S,
nuclease, which destroys any single-strand nucleic acid molecule but
does not affect double-strand lecules, such as hybrids of comple-
mentary DNA with either cellular RNA or cellular DNA. The cel-
lular DNA (1) is first broken into small pieces (2). The DNA fragments
are next denatured (broken into single strands) by boiling (3), and
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a small amount of radioactive complementary DNA is added to the
mixture (4). After the complementary DNA has had a chance to hy-
bridize with any RNA or DNA with which it has complementary nu-
cleotide sequences, samples of the reaction mixture are subjected
to the S; nuclease, which digests the single-strand molecules, leav-
ing behind only the radioactive hybrids, which are then recorded (5).
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fer significantly from normal chromo-
somes, however, in that they do not have
centromeres, the chromosomal struc-
tures to which a thread of protein, the
spindle fiber, is attached at metaphase.
(Metaphase is the period in the cell cycle
following DN A synthesis when the new-
ly replicated set of chromosomes is dis-
tributed equally to the daughter cells.)
The presence of the spindle fiber ensures
that the duplicated normal chromo-
somes segregate (distribute equally) into
the daughter cells during mitosis (cell
division). Because the extrachromosom-
al DNA segments do not have centro-
meres the spindle fibers do not attach to
them, and therefore the segments are
not necessarily distributed equally at
mitosis.

he distinctive features of these extra-

chromosomal DNA segments mean
that they are susceptible to two proces-
ses that can lead ultimately to their dis-
appearance from a cell. First, since they
can be distributed unequally between
the daughter cells, some daughter cells
will gain genes and others will lose them.
Cells that have more genes for dihydro-
folate reductase are known to grow
slower than cells that have fewer such
genes, when both types of cells are
grown in the absence of methotrexate.
Thus over a long period of growth in the
absence of methotrexate those cells that
can grow a little faster and divide a little
more often (that is, those cells with few-
er copies of the gene for dihydrofolate
reductase) will eventually become dom-
inant in the population. The net result
will be that the cell population as a
whole will gradually lose genes coding
for the enzyme.

A second consequence of the fact that
the extrachromosomal DNA segments
lack attachments for spindle fibers arises
from another phenomenon that takes
place during the replication of normal
chromosomes in the cells. The chromo-
somes of all higher organisms are sur-
rounded by a membrane that separates
the nucleus of the cell from the cyto-
plasm. When the cell divides, the nucle-
us must divide in two. At that time the
nuclear membrane disaggregates to al-
low the chromosomes to be distributed
into the nuclei of the two new daughter
cells. Following segregation of the chro-
mosomes the nuclear membrane reas-
sembles around the segregated chromo-
somes.

At the time of reassembly of the nu-
clear membrane there is the possibility
that some (or all) of the extrachromo-
somal DNA segments will be surround-
ed by nuclear-membrane material to
form minute entities known as micro-
nuclei. According to J. Albert Levan
and his colleagues at the University of
Goteborg, such micronuclei, which are
separate from the nucleus containing
the chromosomes, can be extruded into
the cytoplasm and can eventually leave

the cell. Extrachromosomal amplified
genes can therefore be unstable. In con-
trast, when amplified genes are incorpo-
rated into chromosomes that undergo
the normal segregation events of mito-
sis, they are retained in the cells and are
therefore stable.

The possibility that daughter cells
may not have the same number of genes
coding for dihydrofolate reductase and
the same excessive enzyme level as their
parents (or their sisters) means cell lines

that are unstably drug-resistant would
constitute a population of cells with dif-
fering enzyme levels. How can one de-
termine the amount of the enzyme in
an individual cell? Bertino, who worked
with us in 1978 while he was on sabbati-
cal leave from Yale, suggested then that
a derivative of methotrexate, first syn-
thesized by John Whiteley and his col-
leagues at the Scripps Clinic and Re-
search Foundation, might be useful for
measuring the amount of dihydrofolate
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NUMBER OF GENES coding for dihydrofolate reductase is determined by measuring the
rate of hybridization of complementary DNA for the enzyme with either RNA or DNA from
cells with differing levels of the enzyme. In this demonstration of the procedure a small but con-
stant amount of the radioactive complementary DNA (color) has been added to three differ-
ent cell mixtures, and the radioactivity of the samples is measured after a certain fixed interval.
In the sample at top there are no complementary cellular nucleotide sequences, and according-
ly no evidence of hybridization is detected. In the sample at middle a small number of comple-
mentary sequences (black) are present, and the measured rate of hybridization is low. In the sam-
ple at bottom there are many such sequences, and hence the rate of hybridization is high.
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STABILITY OF DRUG RESISTANCE in cultured mammalian cells turns out to be quite
variable. In this case two different methotrexate-resistant cell lines were grown continuously
in the presence of the drug for many months. They were then grown in a medium that did not
contain the drug. One of the cell lines, represented by the bottom curve, rapidly lost all resis-
tance to the drug; the cells in this unstable line were also observed to lose most of their exces-
sive amount of the dihydrofolate reductase enzyme. The other cell line, represented by the top
curve, maintained a stable high level of drug resistance and a high enzyme level. Drug resistance
and enzyme level were measured at various cell-doubling intervals as a percentage of the cor-
responding values for control cells, which were allowed to continue their growth in the pres-
ence of methotrexate. On the average such cells double once every 24 hours or so. The stabili-
ty or instability of a particular cell line appears to be independent not only of the type of cell
but also of the absolute enzyme level attained at the beginning of the test period. In this case
both drug-resistant cell lines were selected from the same source of drug-sensitive mouse cells.

reductase in individual cells. We found
that this particular methotrexate deriva-
tive, which has a molecule of the fluo-
rescent dye fluorescein attached to it,
binds tightly to dihydrofolate reduc-
tase in living cells. Hence the amount of
fluorescence per cell can in principle be

used as a measure of the enzyme con-
tent per cell.

We were fortunate in this regard in
having access to the fluorescence-acti-
vated cell sorter, a versatile experimen-
tal tool developed by Leonard A. Her-
zenberg and his colleagues at Stanford.

'1"€t

EXTRACHROMOSOMAL DNA ELEMENTS, known as double minute chromosomes, are
visible as small paired dots in the photomicrograph at the right, which shows a typical chromo-
some spread of a drug-resistant cell obtained from an unstably methotrexate-resistant cell
line derived from a sarcoma, or malignant connective-tissue tumor, of a mouse. The photo-
micrograph at the left shows the chromosomes of a drug-sensitive cell from the same cell line;
no evidence of the extrachromosomal DNA elements can be seen in it. Both pictures were
made as the cells were going through metaphase, the period in cell division when the newly rep-
licated set of chromosomes is distributed equally to the daughter cells; the chromosomes are
aligned in the normal fashion just before being pulled apart by the attached spindle-fiber ap-
paratus. The extrachromosomal elements are spread over the field of view, however, and hence
they are not aligned in a way that would allow their equal segregation into daughter cells. As a
result they would presumably be distributed unequally to the daughter cells at cell division.
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Basically the device consists of a glass
capillary tube down which a suspension
of dissociated cells, “tagged” with the
fluorescent dye, is made to flow. A laser
shines a fine shaft of light across the cap-
illary, and the fluorescence excited in in-
dividual cells by the laser light is detect-
ed. This information can then be used to
sort the cells by electrically charging the
liquid droplets containing the tagged
cells in such a way that they are deflect-
ed by a downstream electric field into
separate containers [see “Fluorescence-
activated Cell Sorting,” by Leonard A.
Herzenberg, Richard G. Sweet and Leo-
nore A. Herzenberg; SCIENTIFIC AMERI-
CAN, March, 1976]. For our purpose the
fluorescence per cell is a direct indicator
of the amount of dihydrofolate reduc-
tase in the cell and also the number of
genes present. This technique has be-
come a powerful aid for studying varia-
tions in the number of amplified genes in
populations of cells with unstable drug
resistance.

1l the experiments described up to
this point have dealt with cell lines
that have undergone multiple steps of
selection; furthermore, the cells have
been studied only after growth in the
presence of methotrexate for compara-
tively long periods. With the fluores-
cence-activated cell sorter we have in-
vestigated populations of Chinese-ham-
ster ovary cells in the early stages of
gene amplification. When we study such
cells after several incremental steps of
selection (that is, stages of gene amplifi-
cation), we find the population is ex-
tremely heterogeneous in terms of the
number of genes; the heterogeneity is
demonstrated by the fact that there is a
wide range of fluorescence in the cell
population. When we look at individual
nuclei from these cells, we find the num-
ber of extrachromosomal DNA seg-
ments varies markedly among cells. We
have made similar observations with
cell lines from mouse tissues.

It seems clear that if extrachromo-
somal DNA segments containing the
gene coding for dihydrofolate reductasc
are being generated in these cell lines,
and if these genes can be distributed un-
equally between daughter cells, then the
attainment of progressively higher lev-
els of drug resistance can be a fairly rap-
id process, because one can repeatedly
select for those cells that have more
genes segregated into one of the two
daughter cells at each cell division. A
curious (and perhaps important) aspect
of this phase of our work is the finding
that the generation of cells with unstable
drug resistance is a far more frequent
event in the early stages of the selection
process than the generation of cells with
stable drug resistance.

What happens to the progeny of in-
dividual cells with a high but unstable
number of amplified genes when these
cells are grown in the absence of metho-



trexate? We are able to separate individ-
ual cells of this type with the fluores-
cence-activated cell sorter. The cells are
then grown for many generations in a
medium that lacks methotrexate. Final-
ly, we determine the distribution of
progeny cells with respect to the number
of amplified genes they contain. What
we find is that the progeny of different
individual cells behave quite differently.
The progeny of some of the cells lose all
their amplified genes, with the result
that they revert to the status of drug-sen-
sitive cells. Other cells yield a heteroge-
neous population of progeny, with vary-
ing amounts of enzyme per cell. The
observation that individual cells gener-
ate progeny with different numbers of
amplified genes is a predictable conse-
quence of the finding that the genes cod-
ing for dihydrofolate reductase are pres-
ent in extrachromosomal DNA seg-
ments. Such genes can be distributed
unequally between the daughter cells,
or they can be lost entirely.

How common is the phenomenon
of gene amplification in nature? I
have already discussed the possible rele-
vance of our experimental studies to the
natural evolution of multigene families
and to the random selection events ob-
served in bacteria. There is also good
evidence that gene amplification oper-
ates in higher organisms in two other
situations, both involving the genes that
code for ribosomal RNA. This form of
RNA, unlike messenger RNA, does not
participate directly in the synthesis of
proteins; instead it reacts with specific
proteins to form ribosomes, the parti-
cles that are an essential part of the cel-
lular machinery devoted to protein syn-
thesis. In the eggs of certain amphibians
there is a developmental stage before
fertilization in which the genes coding
for ribosomes are amplified enormous-
ly, multiplying as many as 10,000 times.
The excess genes are not associated with
the chromosomes of the egg cell. During
this particular stage in the developmen-
tal process there is a rapid synthesis of
ribosomes, which are stored by the cell
in an inactive form pending their mobi-
lization for protein synthesis after fertil-
ization.

Another example of gene amplifica-
tion in nature involves the amplification
of genes coding for ribosomes in Dro-
sophila melanogaster, the common fruit
fly, a process studied intensively some
35 years ago by A. H. Sturtevant at the
California Institute of Technology. Cer-
tain male fruit flies are partially defi-
cient in their ability to synthesize pro-
teins because one of their chromosomes
contains very few genes coding for ribo-
somes. When these flies are mated with
normal females, some of the offspring
are normal; the normal complement of
ribosomal genes observed in these off-
spring evidently results from a compen-
satory amplification of ribosomal genes

derived from the chromosomes of the
normal female.

In both of these examples the ampli-
fication process appears to be directed
by the requirement of the organism for
large numbers of genes coding for ribo-
somes. In the case of the amphibian egg
the amplification is developmentally
regulated and operates in all the eggs at
a time when there is a need for the rap-
id synthesis of large numbers of ribo-
somes. In the case of the fruit fly the
additionalribosomal genes are similarly
required for the synthesis of ribosomes
necessary for the generation of nonde-
fective offspring. Other examples exist,
and no doubt additional ones will be dis-
covered in the future.

The gene amplification for metho-
trexate resistance we have reported in
cultured mammalian cells differs in sev-
eral respects from the gene amplifica-
tion for ribosome synthesis in that the
latter process seems to be a compara-
tively rare event requiring selection for
its detection. Nevertheless, the charac-
teristics of stepwise selection and var-
iable drug-resistance stability in asso-
ciation with an elevated enzyme level
have been reported in some instances
involving the acquisition of antibiotic
resistance in bacteria and insecticide re-
sistance in insects. Hence gene amplifi-
cation may be commoner among organ-
isms than had been thought and may
underlie various forms of drug resis-
tance in nature.

Clearly our findings raise more ques-
tions than they answer. For example,
does gene amplification operate in nor-

mal cells in intact animals or only in
cultured cells? Is some of the resistance
to methotrexate and other chemothera-
peutic drugs for human cancer a result
of gene amplification? Is there a possi-
bility that certain drugs, such as metho-
trexate, may affect more basic metabol-
ic functions, for example the replication
of DNA, and thereby facilitate gene am-
plification? It is in the nature of research
that the answers to one set of questions
lead to more questions. Recently homo-
geneous staining regions and double
minute chromosomes have been detect-
ed in cultured cell lines derived from
human tumors. Why are they present in
these cells, which have not been subject-
ed to any selection procedure for drug
resistance? Is the reason related to their
being cancer cells?

The past few years of progress in the
study of the molecular structure of
genes in higher organisms have shown
that there is much more potential for
changes in the DNA content and chro-
mosome structure of mammalian cells
than had been thought. The evidence
comes not only from our studies of
gene amplification but also from stud-
ies of the recombination of DNA seg-
ments coding for the synthesis of anti-
bodies and from studies showing the ex-
istence of transposable DNA sequences
in higher organisms. The results of such
studies have forced new ways of think-
ing about normal development, evolu-
tion and the mechanism by which cells
become malignant. Only time and more
experimentation will tell where this line
of inquiry is likely to lead.

FLUORESCENCE of drug-resistant cultured mammalian cells can be made to serve as a mea-
sure of the amount of dihydrofolate reductase in the cells. For this purpose molecules of the
fluorescent dye fluorescein are first attached to methotrexate molecules in such a way that the

binding of the drug to the enzyme is not altered. The ordinary ph

ontrast photomicrograph

at the left shows a mixture of methotrexate-sensitive and methotrexate-resistant cells. The
photomicrograph at the right was made with a special fluorescence microscope after the cells
had been incubated with the fluorescein-tagged methotrexate molecules. Only the drug-resis-
tant cells (that is, those with a high level of the enzyme) are observed to fluoresce intensely.

© 1980 SCIENTIFIC AMERICAN, INC

69



The Discovery
of a Gravitational Lens

A recently discovered pair of quasars turns out to be not a pair at

all but two images of a single quasar formed by a gravitational lens:

an elliptical galaxy halfway between the quasar and our own galaxy

uasars are thought to be the most
distant and luminous objects in
the universe, and they have
taxed the understanding of as-
tronomers ever since their discovery. In
March of last year two quasars were dis-
covered that seemed to be closer togeth-
er and more similar in their spectra than
any other two of the some 1,500 known
quasars. Eight months of theoretical
work and intensive investigation with
the largest optical and radio telescopes
has demonstrated that these “twin” qua-
sars are not two distinct objects at all.
Rather, they are a single object whose
light has been split into two images by
the gravitational field of a galaxy be-
tween the quasar and our galaxy: a kind
of optical illusion on a cosmic scale.
That the mystery of the twin quasars
was solved in such a short time is almost
unprecedented in a field where many
questions take years of painstaking anal-
ysis to answer.

According to Einstein’s general theo-
ry of relativity, the gravitational field of
a massive object can bend a ray of elec-
tromagnetic radiation in the direction of
the object. The phenomenon has been
observed numerous times when rays of
visible light and radio waves from dis-
tant objects pass near the sun. The twin
quasars go beyond this phenomenon in
showing that a massive body can actasa
gravitational lens, creating multiple im-
ages of an object as an optical lens does.

Quasars in general have been a puzzle
since their discovery 20 years ago re-
vealed that they are receding from us at
very high velocities, some approaching
the velocity of light. The speed of reces-
sion of any object can be measured from
its spectrum. Just as the tone of a train
whistle changes depending on whether it
is approaching or receding from some-
one standing near the tracks (the most
familiar example of the Doppler effect),
so does the apparent wavelength of light
change depending on the source of the
light. Therefore if a galaxy is receding
from the observer, its light is “red-shift-
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ed” with respect to him by an amount
that is directly proportional to its speed
of recession.

The spectra of most galaxies are
found to be red-shifted, indicating that
the galaxies are receding from us. Fur-
thermore, those galaxies whose dis-
tances can be independently estimated
have red shifts directly proportional to
their distance. It is this phenomenon that
leads to the concept of the expanding
universe. Astronomers have turned the
argument around to suggest that the ve-
locity of recession of any object can be
used to estimate its distance, even when
no direct measurement of the distance is
possible. It follows that the many qua-
sars with red shifts larger than the red
shift of any other known object in the
universe must be the most distant ob-
jects in the universe. That we can see
quasars at all at such distances in turn
implies they are also the brightest ob-
jects in the universe.

It is the brightness of the quasars that
has led some astronomers to question
whether the red shifts of these objects
are really the result of simple recession.
More exotic physical phenomena can
also give rise to red shifts, and if one of
them were responsible for the observed
red shifts of quasars, at least there
would not be the problem of explaining
how a comparatively tiny source can
generate 100 times more radiation than
the brightest galaxy known. Neverthe-
less, the bulk of the data on quasars
points to the original interpretatin of the
red shifts, namely that quasars are
the most luminous and the remotest of
objects.

The 1,500 known quasars are uni-
formly distributed throughout the sky.
One quasar is found on the average al-
most every 30 square degrees, a patch
of sky about the size of the bowl of the
Big Dipper. It therefore came as a sur-
prise when Dennis Walsh of the Jod-
rell Bank radio-astronomy observatory,
Robert F. Carswell of the University of
Cambridge and Ray J. Weymann of
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the University of Arizona discovered
two quasars separated by only six sec-
onds of arc, an angular distance only a
three-hundredth the diameter of the full
moon. The two quasars have been offi-
cially designated 0957 + 561 A, B, the
numbers giving their astronomical coor-
dinates and the letters indicating the
presence of two sources at those coordi-
nates. They have come to be known sim-
ply as “the twins.”

he photograph of the twins on page

73, made in the 1950’s with the 1.2-
meter Schmidt telescope on Palomar
Mountain, shows two starlike images of
nearly equal brightness: roughly 20,000
times fainter than the faintest star that
can be seen without a telescope. How
close together the objects appear in the
sky is indicated by the fact that they are
fused in the photograph to form one
slightly elongated image. It is nonethe-
less clear that the elongated image con-
sists of two distinct smaller images.

On March 29 of last year Walsh,
Carswell and Weymann, working with
the 2.1-meter telescope at the Kitt Peak
National Observatory and the 2.3-meter
telescope of the University of Arizona,
obtained spectra indicating that each of
the two images is the image of a quasar.
For each of the twins they measured a
red shift of 1.4, which means the twins
are receding at a speed of 70.7 percent
of the speed of light, a very high velocity
but by no means an exceptional one for
a quasar. It was not the recessional ve-
locity of the twins but the details of their
spectra that first startled the investiga-
tors and then perplexed the entire astro-
nomical community.

The spectra of quasars are character-
ized by broad lines emitted by atoms
that have been stripped of at least one
electron by the intense radiation field to
which they are subjected. Many such
emission lines are possible, and each
quasar has its unique collection of them.
What is remarkable about the twins is
the similarity of their spectra. Not only



do they have the same set of emission
lines but also the strength of any partic-
ular line in one spectrum is the same as
that of the same line in the other. More-
over, the discoverers found all the lines
had the same red shift within the accura-
cy with which they could make the mea-
surements.

Like many other quasars, the twins
also have in their spectra sharp absorp-
tion lines that probably arise in cool gas
lying between the quasar and our gal-

axy. The red shift of these absorption
lines usually differs from that of the
broad emission lines, and in some qua-
sars the absorption lines show more
than one red shift, indicating that the
radiation has passed through a corre-
sponding number of clouds.

Walsh, Carswell and Weymann found
that the absorption lines in the spectrum
of quasar A all have the same red shift,
indicating that the radiation passes
through only one intervening cloud. The

red shift of the absorption lines (70.1
percent of the speed of light) is close to
the red shift of the emission lines (70.7
percent), suggesting that the intervening
cloud is close to the quasar itself. Fur-
thermore, the absorption lines in the
spectrum of quasar B have the same red
shift as the absorption lines in the spec-
trum of quasar A to within an experi-
mental uncertainty of 150 kilometers
per second. The cloud is receding from
us at 210,000 kilometers per second, so

TWIN QUASARS 0957 + 561 A, B are the two multicolored ellipses
tilted to the right and lined up vertically in the center of this false-
color computer-graphic display of radio emission from the region.
The colors black, green, red, yellow, dark blue, light blue, purple and
white correspond respectively to areas of increasing intensity of ra-
dio emission with a wavelength of six centimeters. Opponents of the
gravitational-lens explanation of the twins were troubled by the ab-

sence of an image of the deflecting galaxy between the twins and by
the absence near the southern twin (bottom) of an image of the multi-
colored radio blobs to the left of the northern twin (fop). The data
for the display were gathered by the National Radio Astronomy Ob-
servatory’s Very Large Array instrument. The observation was made
by Perry E. Greenfield and Bernard F. Burke of Massachusetts In-
stitute of Technology and David H. Roberts of Brandeis University.

71

© 1980 SCIENTIFIC AMERICAN, INC



VERY LARGE ARRAY (VLA) that produced the display on the preceding page is a Y-shaped
collection of 27 dish antennas near Socorro, N.M. Each of the dishes is 25 meters in diameter.

MULTIPLE-MIRROR TELESCOPE (MMT) on Mount Hopkins in Arizona was used to
make measurements of the twins’ red shift. Each of the six mirrors is 1.8 meters in diameter.
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that a difference of 150 kilometers per
second would be small indeed. The situ-
ation is analogous to two automobiles
driving side by side on a freeway, one at
50 miles per hour and the other at 50.04.
To someone at the side of the road the
speeds of the two automobiles would be
indistinguishable. It is therefore no ex-
aggeration to say that the twins are more
similar to each other in the characteris-
tics of both their emission lines and their
absorption lines than are the most simi-
lar of any pair of quasars chosen from
among all other known quasars, and it
is their striking similarity that demand-
ed explanation.

It is well known that there are binary
stars that travel in orbit around each
other. Could the twins simply be the first
example of a binary quasar? Clearly
they are physically related, and if they
are a binary quasar, the similarities in
their spectra could arise naturally from
the fact that the twins originated and
evolved in the same cosmic environ-
ment. What further explanation might
be necessary?

It is precisely this kind of question
that would draw the battle lines in the
astronomical community over the in-
terpretation of the twins, and it must
be considered carefully. The evidence
against the binary-quasar hypothesis
rests chiefly on the interpretation of the
absorption lines, particularly on the
similarity of the red shifts of the absorp-
tion lines.

he nature of the clouds responsible

for the absorption lines in the spec-
tra of quasars is still debated in the as-
tronomical community, with opinions
divided among three hypotheses. The
first hypothesis attributes the cloud to
matter that was ejected from the quasar
in a violent explosion. The second as-
sumes that the cloud is one of many iso-
lated conglomerations of primordial
matter scattered throughout space by
the big bang. The third suggests that the
cloud is a “halo” of gas surrounding an
ordinary galaxy that is part of a cluster
of galaxies either including the quasar
or lying along the line of sight between
the quasar and our galaxy. All three hy-
potheses have consequences far beyond
the interpretation of the twins, but I
shall limit myself to the consequences
regarding the twins.

Only the first hypothesis needs to be
examined in detail, because one of its
flaws in explaining the twins is also a
flaw of the other two hypotheses. Sup-
pose the cloud around the twins resulted
from the violent ejection of matter from
one of them, say quasar A, at some time
in the past. (The analysis would be the
same if the material had been ejected
by quasar B.) The top illustration on
page 74 shows the current geometrical
relations between the quasars and the
cloud, which is shown as an expanding
spherical shell with an expansion veloci-



ty v. The component of v toward us
where the line of sight to quasar A inter-
sects it is equal to the difference be-
tween the velocity represented by the
red shift of the emission lines of quasar
A (the velocity of the quasar with re-
spect to our galaxy) and the velocity
represented by the shift of the absorp-
tion lines of quasar A (the velocity of the
shell with respect to our galaxy). Simi-
larly, the component of the expansion
velocity of the shell toward the earth
where the line of sight to quasar B inter-
sects the shell is the difference between
the velocity represented by the emission
lines of quasar B and that represented
by the absorption lines of quasar B.

The calculation of velocity from a
measurement of the red shift yields
only the component of the velocity of
the object along the line of sight. This
means that in the top illustration on the
next page the cloud velocity measured
toward quasar A is equal to the cloud
expansion velocity v, the cloud velocity
measured toward quasar B should be
somewhat less than v. From the distance
to the quasars inferred from their red
shift their separation can be calculated
to be 200,000 light-years, nearly three
times the diameter of a typical gal-
axy. With that value and the difference
between the absorption-line red shifts
toward A and B (which the original ob-
servations showed could not exceed 150
kilometers per second) the minimum ra-
dius of the cloud can be calculated to be
575,000 light-years.

This distance, combined with the
measured strength of the absorption
lines, makes it possible to calculate that
the minimum mass of the shell is 1012
times the mass of the sun, or 10 times the
mass of our entire galaxy. The energy
required to eject such a massive shell
at the measured velocity is unbeliev-
ably large: 106! ergs, or the energy of
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FUSED IMAGE OF THE TWIN QUASARS appears in these two
negative prints of a photograph made in the early 1950’s with the 1.2-
meter Schmidt telescope on Palomar Mountain. The position of the
fused image is marked on the print at the right. The image is fused be-

1028 suns expelled in one violent explo-
sion. This ludicrous number immedi-
ately casts doubt on the hypothesis that
the twins are separate quasars.
Nevertheless, adherents of the binary-
quasar hypothesis have argued that ab-
surd values for the energy and the mass
of the cloud hold only if the cloud is
a complete spherical shell. Suppose a
small jet of material was ejected toward
our galaxy by one of the quasars. It
would expand to form a cloudlet
through which the twin quasars would
be seen. In that case only a comparative-
ly small amount of material would be
involved, and the energy of ejection
would be much less than 108! ergs.

he similarity of the absorption-line

velocities, however, presents other
problems for the binary-quasar hypoth-
esis, regardless of which hypothesis for
the origin of the absorbing cloud is cor-
rect. If the twins are really separate qua-
sars, our line of sight to them will pene-
trate the clouds at two points 200,000
light-years apart. If there is any differ-
ential motion in the cloud (rotational
motion being the most likely kind), it
should manifest itself as a slight differ-
ence in the absorption-line red shifts of
the twins.

It is nonetheless possible that a cloud
of the proposed size could be rotating at
areasonable rate and still show a veloci-
ty difference of less than 150 kilometers
per second for two points separated by
200,000 light-years. Yet if better mea-
surements were to reveal the velocity
difference as being any smaller, the diffi-
culties in interpreting the twins as sepa-
rate quasars will increase. That is why
the next step in the study ot the twins
was to try to improve the quality of the
spectra and to measure the difference in
the absorption-line velocities more ac-
curately:
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What I have described above was the
situation three weeks after the twins
were discovered. At that time Walsh,
Carswell and Weymann joined Marc
Davis of the Harvard College Obser-
vatory, Nathaniel P. Carleton of the
Smithsonian Astrophysical Observato-
ry and me in trying to increase the preci-
sion of the red-shift measurements.
Since the twins are extremely faint,
more precise measurements called for a
larger telescope and longer exposure
times. Fortunately the new multiple-
mirror telescope (MMT) of the Smith-
sonian Astrophysical Observatory and
the University of Arizona had just been
completed. This instrument combines
the light rays gathered by six 1.8-meter
telescopes joined in a single structure, so
that it is equivalent to a single-mirror
telescope with a diameter of 4.5 meters.

On the nights of April 20,21 and 22 of
last year we mounted a spectrograph at
the focal plane of the MMT and trained
the telescope on the twins. Although the
MMT had never been used with a spec-
trograph before, the results were excel-
lent. The measured spectra were of such
high quality that we could confidently
conclude that the absorption-line ve-
locities of the quasars did not differ
by more than 15 kilometers per second.
This made the twins 10 times more alike
than the original Kitt Peak measure-
ments had had them. The extremely
small velocity difference rules out the
possibility that the similar absorption
lines originate with a complete shell
ejected from a quasar. The radius, the
mass and the formation energy of the
ejected shell, which had already strained
the limits of credibility, would now be
even larger.

Even if the ejected material were only
a cloudlet expanding toward the earth,
the small velocity difference measured
by the MMT is less than what would be

cause of the motion of the earth’s atmosphere; if the telescope had
been above the atmosphere, it could have resolved objects 60 times
closer together than the twins. The photograph indicates the difficul-
ty of examining the space between the twins with optical instruments.
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BINARY-QUASAR HYPOTHESIS, which maintains that the twins are not dual images of a
single quasar but are actually two quasars, runs into difficulty when one considers the geomet-
rical relations between the two hypothetical quasars and an expanding shell of gas that was
ejected with velocity v from one of them at some time in the past. (The expanding shell is nec-
essary to account for the similarity of the absorption lines in the spectra of the twins.) The geo-
metrical relations lead to impossibly large values for mass of the shell and energy to eject it.

OPTICAL MODEL OF A POINT-MASS LENS is developed in these two diagrams. At the
top is an ordinary positive lens where the closer the light passes to the center, the less it is bent.
In a point-mass gravitational lens the light does the opposite: the closer it passes to the center,
the more it is bent. At the bottom is an optical analogue of a gravitational lens. The lens has the
shape of the base and stem of a wineglass. (To be strictly analogous to a point-mass deflector
the stem would have to extend to infinity and become increasingly narrow.) Indeed, a real wine-
glass can be used to demonstrate the focusing properties of a gravitational lens. If a dot is drawn
on a sheet of paper and viewed with one eye through the base of a wineglass held a few inches
above the paper, the dot is invisible and its image is displaced from the actual position of the
dot. When the dot, the lens and the eye all lie precisely in a straight line, the image of the dot
is a ring. Similarly, if a quasar, a deflecting mass and the earth were aligned perfectly, the im-
age of the quasar as it was seen from the earth would be a bright ring. If the wineglass is moved
to the right or the left, the ring image breaks down into two sliverlike images. An imperfect
alignment of the quasar, the lens and the earth would give rise to twin images of the quasar.
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expected if the cloudlet were rotating. It
is of course conceivable that the cloud-
let is being seen with its plane of rotation
perpendicular to the line of sight to the
twins. In this case the cloudlet would
show no motion toward or away from
the observer, so that the red shift would
not be affected. Then the actual velocity
difference would always be smaller than
the measured difference, regardless of
the precision of the spectral measure-
ments.

Clearly this explanation requires two
exceptional circumstances. First, the
cloudlet has to be ejected toward the
observer rather than in some other di-
rection. Second, nature has had to con-
spire to orient the rotation of the cloud-
let precisely in such a way that it cannot
be detected. Although it is not incon-
ceivable that the cloudlet could have
this orientation, the explanation struck
many investigators as being somewhat
ad hoc. That is why Walsh, Carswell and
Weymann now made the radical pro-
posal that the twins are actually gravita-
tional-lens images of a single object.

That a massive object can bend a ray
of light passing close to it (or more accu-
rately that the space around the massive
object is warped by the object’s pres-
ence) follows directly from the general
theory of relativity, which deals with the
interaction of space-time and gravity. In
fact, one of the classic corroborative
tests of general relativity—the correctly
predicted amount of observed change in
the apparent positions of distant stars
seen near the sun’s edge during a total
eclipse of the sun—is a manifestation
of the same phenomenon that under dif-
ferent conditions can split the images
of distant objects.

s early as 1937 Fritz Zwicky of the
California Institute of Technology
had suggested that some galaxies (or
“nebulae,” as many astronomers then
called them) at different distances might
appear to overlap in the sky. He con-
cluded: “The gravitational fields of a
number of ‘foreground’ nebulae may
therefore be expected to deflect the light
coming to us from certain background
nebulae. The observation of such gravi-
tational-lens effects promises to furnish
us with the simplest and most accurate
determination of nebular masses.”
Einstein recognized the possibility
that the image of a distant star could be
split by the gravitational field of an in-
tervening one, but in a 1937 article he
concluded that “there is no great chance
of observing this phenomenon.” In the
wake of this dampening comment the
subject of gravitational lenses remained
largely unexplored until the discovery
of quasars a quarter of a century later.
Here were objects bright enough to be
seen sufficiently far away for their light,
on its way to the solar system, to have a
good chance of passing close to some
massive object that would deflect the



light in accordance with the predictions
of general relativity. A single star would
not be massive enough to produce any
measurable splitting, but an entire gal-
axy or a black hole would be.

The deflecting object is called a gravi-
tational lens because under certain con-
ditions it directs more light from a dis-
tant source toward the solar system than
would arrive in the absence of the ob-
ject. Therefore the object can focus light
as a lens does. It has even been proposed
that gravitational lenses might explain
the fundamental puzzle of all quasars:
their enormous energy output. If qua-
sars are simply images of more familiar
objects, their apparent brightness might
be explained by an intervening gravita-
tional lens. Such an explanation, how-
ever, runs into substantial difficulties.
There is only a remote probability of
finding each of the 1,500 quasars prop-
erly lined up with intervening massive
objects. And even if the quasars were so
aligned, the galaxies that serve as the
deflecting lenses should be seen on pho-
tographs of all the nearest quasars. Gal-
axies seldom appear in such photo-
graphs. The ultimate speculative leap is
to maintain that the lenses do not show
up in photographs because they are not
galaxies but black holes.

Because of its speculative nature the
subject of gravitational lenses has had
the odor of witchcraft for the notori-
ously conservative astronomical com-
munity. As a result Walsh, Carswell
and Weymann were painfully careful to
examine every possible conventional
explanation of the twins before they
turned to the gravitational-lens hypoth-
esis. No one likes to lose credibility by
turning out to be wrong.

How does a gravitational lens of mass
M split the light of a quasar? Suppose
the light passes a distance b on both
sides of a point-mass deflector, as is
shown in the illustration on this page.
In that case the angle a through which
the beam is bent is given by Einstein’s
formula a = 4GM/c2b, where G is the
constant of gravitational force and c is
the velocity of light. Consequently the
more massive the lens is and the clos-
er the light passes to it, the more the
light is bent. There is one path of light
on one side of the lens and one path on
the opposite side that will be bent direct-
ly toward the observer. The observer, of
course, does not see the light bend, and
to him it appears to have traveled in a
straight line not from the actual posi-
tion of the quasar but from two other
points in the sky. The alignment of the
quasar, the lens and the observer is criti-
cal if two images are to result. To make
images of the same brightness the lens
should be halfway between them.

The most direct test of the gravita-
tional-lens hypothesis is to photograph
the area of the sky between the quasars
and see whether a faint galaxy can be
detected in it. This test is hard to carry
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POINT MASS acting as a gravitational lens is shown in this highly schematic drawing. Rays of
light (or radio waves) from a quasar passing a certain distance to one side or another of a mas-
sive deflector will be bent toward the observer. Their true paths are shown as solid lines. Be-
cause the observer does not see the rays bend he perceives them as having traveled to him in a
straight line. As a result he sees two images of the quasar displaced from the quasar’s actual po-
sition. Angle a by which a ray is bent is equal to 4GM/c2b, where G is the gravitational con-
stant, M/ the mass of the deflector, c the speed of light and b the distance between ray and mass.

out because it is difficult enough to dis-
tinguish two quasar images in the Palo-
mar photograph on page 73 without
having to detect some faint object be-
tween them. The images are blurred
chiefly because of the motion of the
earth’s atmosphere above the telescope.
If there were a faint galaxy between the
twins, it could be photographed only on
a night of exceptional “seeing.” On June
15 of last year Mark T. Adams and
Todd A. Boroson of the University of
Arizona made photographs of the twins
with the four-meter telescope on Kitt
Peak, but the results were inconclusive.
After this attempt optical astronomers
had to suspend their efforts because the
twins had moved too close to the sun
and would not reappear in the night sky
until November.

he radio astronomers who were
studying the twins, however, were
able to continue their work because ra-
dio waves from the sun are not intense
enough to interfere with such observa-
tions, and the earth’s atmosphere does
not significantly scatter radio waves, as
it does those of visible light. The radio
observations, which continued through
the summer, were particularly impor-
tant because the deflection of electro-
magnetic radiation by gravity is inde-
pendent of wavelength; therefore if the
gravitational-lens hypothesis were cor-
rect, the twins would have to appear
double not only at optical wavelengths
but also at radio ones. A radio picture of
the twins might also reveal the presence
of an intervening massive object capa-
ble of acting as a gravitational lens.
The ability of a telescope to resolve
objects that appear close together is di-
rectly proportional to its diameter and
inversely proportional to the wave-
length at which it operates. If it were
not for imperfect seeing, the 1.2-meter
Schmidt telescope with which the pho-
tograph of the twins on page 73 was
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made could have resolved two objects
as close together as .1 second of arc, or
60 times closer together than the twins
actually appear to be. At radio wave-
lengths the effect of seeing is negligi-
ble, and so radio telescopes perform at
the resolution predicted by theory. Ra-
dio wavelengths, however, are typically
100,000 times longer than optical wave-
lengths, so that a radio telescope the size
of the 1.2-meter Schmidt optical tele-
scope would barely be able to resolve
two objects separated by 10,000 arc sec-
onds. Indeed, a radio telescope of that
size would fuse two objects at opposite
ends of the bowl of the Big Dipper.

Over the past seven years the Nation-
al Radio Astronomy Observatory has
upgraded the traditionally poor resolv-
ing power of radio telescopes by devel-
oping the Very Large Array (VLA), a
collection of 27 antennas, each 25 me-
ters in diameter, laid out in the shape of
the letter Y near Socorro, N.M. The in-
strument, which in effect is a telescope
with a diameter of 27 kilometers, can
resolve objects separated by as little as
.6 arc second. This resolution, which is
200 times better than that of any other
radio telescope, rivals the resolution of
the best optical instruments.

n June 23 and 24 of last year David

H. Roberts, Perry E. Greenfield
and Bernard F. Burke of the Massachu-
setts Institute of Technology obtained
42 minutes of data on the twin quasars
with the VLA. At that time only 14 of
the 27 VLA antennas were operating,
but the data made it possible to achieve
a resolution of .8 arc second, 7.5 times
better than the resolution of the optical
photograph on page 73 in which the
twins can barely be seen as two distinct
images. At first the radio picture seemed
to support the gravitational-lens hy-
pothesis because it revealed two radio
images of roughly equal brightness cor-
responding to the two optical ones. But
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the picture provided the first look at the
space between the twins, and at radio
wavelengths there was no convincing
evidence of emission from an object
halfway between them. This in itself did
not rule out the gravitational-lens hy-
pothesis. An elliptical galaxy, which op-
tical astronomers had suggested was the
most likely candidate for the lens, is of-
ten a weak source of radio waves. In
other words, an elliptical galaxy could
be halfway between the quasar images
but might be too faint to be detected at
radio wavelengths.
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What troubled the proponents of the
gravitational-lens hypothesis most were
two blobs of radio emission just to the
northeast of the northern quasar image.
If a gravitational lens had doubled the
quasar image, it should do the same for
other images in the immediate vicinity.
Why was there no image of the north-
east blobs near the southern quasar im-
age? It is possible that the blobs are sim-
ply a clump of radio emission much
closer to the solar system than either
the quasar or the lens is. In that case
no second image of the blobs would

be expected. Such a coincidental align-
ment with the twins, however, is unlike-
ly. Therefore the absence of any radio
image of either of the northeast blobs
near the southern quasar image led
the M.I.T. workers to conclude that the
twins are not images generated by a
gravitational lens but are two distinct
quasars, one of which happens to have
two blobs of radio emission associated
with it.

The conflicting interpretations were
clearly drawn. On one side were the op-
tical astronomers who supported the
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EXTENDED MASS such as an elliptical galaxy is shown acting as a
gravitational lens in three situations that represent an increasing mis-
alignment of the quasar, the lens and the earth. Unlike a point mass,
an extended mass can create three gravitational-lens images. When
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the alignment is almost perfect (top), three images are created. As the
galaxy is displaced from the line joining the quasar and the earth (mid-
dle) two of the images become faint and approach each other. As the
galaxy is displaced still further (bottom) two of the images vanish.



gravitational-lens hypothesis because
any conventional explanation leads to
preposterous conclusions about the en-
ergy, mass and orientation of the ejected
cloud. On the other were the radio as-
tronomers who favored a conventional
explanation and avoided the absurdly
large values by having one of the qua-
sars eject only a small cloudlet directly
toward our galaxy with a rotation in the
plane of the sky. The radio astronomers
cited the absence of a second image of
the northeast blobs as sufficient evi-
dence to rule out the gravitational-lens
hypothesis.

When the twins reappeared in the
night sky in November, many optical
astronomers were poised to observe
them, but it was Alan N. Stockton of the
University of Hawaii at Manoa and a
group from the Hale Observatories who
would ultimately solve the riddle of the
twins. Stockton thought that the most
promising approach was the direct one
of making a photograph of the space
between the twins. In spite of the diffi-
culties of this approach and the incon-
clusive results of Adams and Boroson,
Stockton had an important advantage.
The 2.2-meter telescope with which he
does his research is at one of the world’s
best observing sites: atop the 4,200-
meter peak of Mauna Kea on the island
of Hawaii. The seeing on Mauna Kea
is excellent. If there was any chance of
spotting a galaxy between the twins, it
would require such conditions.

he group at the Hale Observatories,

consisting of Peter Young, James E.
Gunn, Jerome Kristian, J. Beverley Oke
and James A. Westphal, also decided on
the direct approach. In addition to the
five-meter (200-inch) telescope and ex-
tensive knowledge of the theory of grav-
itational lenses the group had access to
the best available charge-coupled de-
vice (CCD): the new solid-state detector
that will probably replace the photo-
graphic plate as the astronomer’s chief
recording medium. The advantage of
the CCD is that in one exposure it can
record the images of objects of vastly
different brightnesses and still allow the
relative brightness of each object to be
determined. (Such a determination can-
not be made from a photographic plate
because of the effects of saturation.)

On November 15 of last year the Hale
group made a two-hour CCD exposure
of the twin quasars. Subsequent analysis
of the exposure showed that the south-
ern image was elongated to the north by
one arc second and that the northern
image had the circular shape character-
istic of a single object.

On November 28 Stockton, unaware
of the Hale results, made a series of one-
minute photographic exposures under
superb seeing conditions. His photo-
graphs turned up a small patch of fuzz
to the north of the southern image. The
fuzz appeared to be a jet of material
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FINAL PICTURE of the twins is presented in a highly schematic manner. The “real” quasar
(shown in broken outline) is a single optical point source with two extended blobs of radio emis-
sion (also in broken outline) to one side. About halfway between the quasar and our galaxy is
an elliptical galaxy displaced about three seconds of arc from the line connecting the undeflect-
ed quasar and the earth. The elliptical galaxy forms three images of the distant quasar, one de-
flected above the “actual” position of the quasar and two deflected below the actual position to
lie nearly on top of each other. The line connecting either of the radio blobs and the earth passes
far enough away from the galaxy for only one image of either of them to be formed; this single
image is displaced upward and to the left of its real position. Therefore none of the objects
shown in broken outline is “seen” in any photograph of the sky, only the images in solid outline.

emerging from the southern twin. The
Hale astronomers were quick to rec-
ognize that their elongated image and
Stockton’s jetlike fuzz were the same
object. Stockton’s photographs had re-
solved the southern twin and the ad-
jacent fuzz, whereas the Hale photo-
graphs had not. Nevertheless, the Hale
astronomers realized that there was a
faint galaxy between the quasar images
that was much closer to the southern
image than to the northern one. In fact,
the image of the galaxy is almost coinci-
dent with the southern quasar image,
and so the spectrum of the southern im-
age is undoubtedly contaminated by the
light of the much fainter galaxy. A close
study of the results revealed a spectrum
of the galaxy superimposed on the spec-
trum of the southern image. The Hale
observers concluded that the galaxy has
a red shift of .4, indicating that it lies
about halfway between the quasar and
our galaxy.

The news of the results spread quick-
ly through the astronomical commu-
nity, but excitement was tempered by
nagging questions. The proponents of
the gravitational-lens hypothesis had
thought that for the lens to create dual
images of almost equal brightness it
would have to be almost exactly on the
line of sight to the quasar. Moreover, it
should appear to be halfway between
the twin images. If the galaxy really is a
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gravitational lens, why is it closer to the
southern image than to the northern
one? And where are the images of the
northeast radio blobs?

The Hale astronomers responded to
these two questions convincingly. They
pointed out it was being assumed that
the gravitational lens was a point mass,
such as a black hole might be. The imag-
ing properties would be quite different if
the lens were an extended mass such as a
galaxy. The questions would not have
arisen at all if those who had been trying
to explain the twins as gravitational-lens
images had used assumptions appropri-
ate to an extended mass.

The Hale astronomers worked out the
imaging characteristics of an extended
mass in rigorous mathematical detail.
They found the most important differ-
ence between a point lens and an extend-
ed-mass lens is that the point lens exact-
ly produces two images and the extend-
ed-mass lens can produce one image or
as many as three images or even more.
They suggested that the galaxy actually
does produce three images of the twins.
Two of the images are so close together
that they cannot be resolved, and their
combined light is what we see as the
single southern quasar. The northern
quasar is the third image formed by the
galaxy. This explains how the southern
image can appear to be almost as bright
as the northern one in spite of its be-
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SMALL PATCH OF FUZZ to the north of the southern twin showed up in this negative print
of a photograph made with the 2.2-meter telescope on Mauna Kea on Hawaii. The fuzz is a
poorly resolved image of the faint galaxy that is the gravitational lens responsible for the twin
images. The photograph was made by Alan N. Stockton of the University of Hawaii at Manoa.

ing nearly coincident with the deflecting
galaxy. Moreover, the northeast radio
blobs are poorly aligned with the de-
flecting galaxy, so that only one image
of them could be formed.

he final picture of the twin quasars is
shown in the illustration on the pre-
ceding page. The real quasar is a single

optical point with two extended blobs of
radio emission to the northeast. About
halfway between the quasars and our
galaxy lies an elliptical galaxy displaced
about three arc seconds south of a line
connecting the undeflected quasar and
the solar system. The galaxy forms three
images of the distant quasar, one of
which is deflected north of the actual

DEFLECTING GALAXY shows up in false-color processing of Mauna Kea photographs.
Display at the left was generated by a computer program that summed and color-coded many
images of the twins. Elongation of both the northern twin and the southern one in the direction
of four o’clock is an artifact of imperfect alignment of the telescope optics. Stockton adjusted
the northern image so that it had the same brightness as the southern one. Display at the right
was made by subtracting the adjusted northern image (fop) from the unadjusted southern one
(bottom). What remains is an image of a galaxy one arc second north of the southern twin.
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position of the quasar and two of which
are deflected south so that they lie al-
most on top of each other. Once astron-
omers recognized that the gravitational
lens was not a point mass but an extend-
ed one they were able to account for
both the relative brightnesses of the
twins and the single image of the extend-
ed radio blobs.

I have, to be sure, somewhat simpli-
fied the final picture. The Hale astrono-
mers showed that depending on how the
mass in the deflecting galaxy is distribut-
ed the three images of the quasar might
be different from what I have described.
For example, one mass distribution
would make the third optical image co-
incident with the galaxy itself, and so
observers would see only the other two
images. Moreover, it is not just one el-
liptical galaxy that deflects the light of
the quasar. The galaxy turns out to be
the brightest member of a cluster of
some 60 galaxies that lie halfway to the
quasar.

None of these complications detracts
from the significance of 0957 + 561 A,
B. As the first case of gravitational-lens
imaging the twins should help to dispel
stubborn pockets of resistance in the as-
tronomical community to the concept
that quasars are distant objects. The ev-
idence is irrefutable that the quasar
0957 + 561 is much farther away from
us than the deflecting galaxy is. In other
words, the quasar cannot be within our
galaxy or close to it but must be at a
“cosmological” distance.

Other issues of a cosmological char-
acter will undoubtedly be clarified when
additional cases of gravitational-lens
imaging are discovered. Indeed, this
past spring the first triple quasar, PG
115 + 08, was discovered with the
MMT by a group headed by Weymann
and David W. Latham of the Center for
Astrophysics of the Harvard College
Observatory and the Smithsonian As-
trophysical Observatory. The triplet,
which has yet to be studied in detail, is
presumably three images (and possibly
more) of a distant quasar whose ra-
diation has been deflected by a gravita-
tional lens.

So ends the early history of the twin
quasars. In the short eight months since
their discovery they have elicited one of
the most intensive investigations ever
concentrated on a single celestial object.
They have provided certain evidence
that gravitational imaging actually oc-
curs in nature and that the general the-
ory of relativity can be applied to the
explanation of phenomena millions of
light-years away as well as of those with-
in the solar system. Finally, the twin
quasars prove that although at one time,
in Einstein’s words, there seemed to be
“no great chance of observing [the] phe-
nomenon,” advances in technology and
the persistence of individual astrono-
mers improved the odds to the point of
success.
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SCIENCE AND THE CITIZEN

Running against Darwin

he theory of evolution through

natural selection advanced by

Charles Darwin in 1859 has be-
come the organizing principle of mod-
ern biology, but in recent years it has
been under attack by proponents of “sci-
entific creationism,” who repudiate geo-
logical evidence for a world billions of
years old, fossil evidence for the gradual
appearance of new species and biologi-
cal evidence for the evolution of man
from lower primates. The present objec-
tive of creationists is “equal time”: a re-
quirement that public-school courses
and textbooks dealing with the origin of
life present the creationist view as an
alternative to evolution. The drive for
equal time has been waged in state legis-
latures (unsuccessfully so far) and be-
fore state and local school boards (with
some success), but until this year it had
not figured in a presidential campaign.
William Jennings Bryan is remembered
for his championship of creationism at
the Scopes trial, but in his three runs
for president he campaigned against
the Eastern financial establishment, not
Darwinism.

Creationism and the equal-time issue
entered the 1980 presidential campaign
on August 22, when Ronald Reagan ad-
dressed a “national affairs briefing” held
in Dallas by a politically oriented evan-
gelical Christian organization called the
Roundtable. At a news conference be-
fore his speech Reagan was asked if he
thought the theory of evolution should
be taught in the public schools. He an-
swered: “Well, it is a theory. It is a scien-
tific theory only. And it has, in recent
years, been challenged in the world of
science...and is not believed in the sci-
entific community to be as infallible as
it once was believed. But, if it was going
to be taught for schools, then I would
think that also the biblical theory of
creation—which is not theory, but the
biblical story of creation—should also
be taught.”

Reagan was also asked if he himself
believed in the theory of evolution. “I
have a great many questions about it,”
he answered. “I think that recent dis-
coveries down through the years have
pointed out great flaws in it.”

A few days later John B. Anderson
was asked if he thought public schools
“should teach the biblical theory of cre-
ation.” He answered: “No, no...we
have to have separation of church and
state.” If parents want their children
instructed “in a particular doctrinal
view,” he said, then ‘“there are Sun-
day schools for that purpose, there
are church schools, there are parochial
schools, there are Christian day schools,
and I think that’s the proper place for
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that kind of instruction.” Did Anderson
himself believe “in the infallibility and
absolute truth of the Bible”? He an-
swered that although he believes in the
Bible as the revealed word of God, the
Scriptures “are subject to interpretation
and I do not have to believe, for exam-
ple, that the seven days that are spoken
of in Genesis as having accounted for
the creation of the universe represent
seven 24-hour days.... I can interpret
that in the light of contemporary history
and contemporary experience.”
President Carter, asked for his views
on the matter, said: “The scientific evi-
dence that the earth was formed about
four-and-a-half billion years ago and
that life developed over this period of
time is convincing. I believe that respon-
sible science and religion work hand in
hand to provide important answers con-
cerning our existence on the earth. My
own personal faith leads me to believe
that God is in control of the ongoing
processes of creation. Insofar as the
school curriculum is concerned, state
and local school boards should exercise
that responsibility in a manner consis-
tent with the Constitutional mandate of
separation of church and state.”

Later, Longer, Fewer

In assessing the future trend of the hu-
man population, the growth rate in
the Peoples’ Republic of China is cru-
cial, because that single nation includes
a fourth of the world’s four billion peo-
ple. The Chinese government calculates
that the rate of population increase in
China has been halved in recent years. It
was 23.4 per 1,000 in 1971 and 12.1 per
1,000 in 1978. The intent of the Chinese
is to reduce the rate to five per 1,000 in
1985 and then to zero by the end of the
century.

Some details regarding the methods
of the Chinese have recently been re-
ported by H. Yuan Tien of Ohio State
University, who writes in International
Family Planning Perspectives. Tien ex-
amined records of fertility and contra-
ception in four places in Sichuan prov-
ince. Such records are kept by local
workers and volunteers throughout Chi-
na. The records include a charting of the
menstrual cycle for every woman of
childbearing age and a further record
for each married woman of her means
of contraception and the birth date of
each of her children. The collation of
the data furnishes guidance to popula-
tion planners in the central government.
Tien observes that the keeping of the
records also helps to “maintain repro-
ductive discipline throughout the whole
of China.”

The effort to stop the growth of the
Chinese population appears to rely on
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exhortation, local systems of rewards
and penalties and the availability of
contraceptive techniques and abortion.
The exhortation is exemplified by the
slogan Wan, xi, shao (Later, longer, few-
er). “Every couple,” Tien reports, “is ex-
horted to marry late, to space their
births at long intervals and to have few
children.” The rewards and penalties
are exemplified by a set of 29 regula-
tions recently announced in Guang-
dong province. According to these, an
only child receives free nursery care or
free medical care, whereas on the birth
of a third child (or of a second child
less than four years after the birth of the
first) the parents’ salaries are reduced.

In response to the national effort the
women in the four places studied by
Tien are deferring marriage, but only
by a few years. For women 23 or old-
er “marriage is almost universal.” Al-
though all forms of contraception are
available (birth-control pills, intrauter-
ine devices, condoms and male and fe-
male sterilization), the newly married
do not use them. Hence “most women
conceive soon after marriage.” Almost
no marriage stays childless by choice,
and the government does not expect it.

The married women evidently wish to
adhere to a slogan of the 1970’s: “One is
not too few, two is good, three is too
many.” Tien’s data show that of the
women now using the pill 70.7 percent
have had one or two children. The rest
have had more. For women now using
IUD’s the corresponding statistic is 72.4
percent. Sterilized women tend to be
older than the users of the pill or an
IUD, and many of them ‘“had already
had two, three or four children before
reaching their 30th birthday.” Similarly,
“the data show that more than 80 per-
cent of vasectomized men had fathered
three or more children.”

The data on sterilization thus suggest
a “relatively low effectiveness of contra-
ceptive use.” Instead it is abortion that
has taken “a major part in keeping fertil-
ity within bounds.” In Chengdu, the cap-
ital of Sichuan, Tien finds that the num-
ber of abortions ‘“has grown more or less
steadily” through the 1970’s, and “in the
most recent year, 1979, between Janu-
ary and June, 58 percent of all pregnan-
cies were terminated by abortion.” The
abortion rate in Beijing (Peking) munici-
pality is reported to be similar.

Tien notes a recent change in the in-
terpretation of “fewer.” In the past two
years ‘“‘the notion of ‘shao’ was changed
first to ‘one is best,” and then to ‘one is
enough.”” This suggests the national
strategy. If all births after the second
could be prevented, the annual rate of
population growth would be reduced to
seven per 1,000; the prevention of some
of the second births would then reduce
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OVER OE HUNDRED YEARS OF GROWTH

When the first Arbor Day was celebrated in 1872,
America’s prairies were barren of trees. But a
man named J. Sterling Morton proposed that a
day be set aside to change all this. Said he, “How
enduring are the trees of our planting! They grow
and shed yearly blessings...” While most holi-
days were in remembrance of the past, Arbor Day
would look boldly to the future. Morton’s tree-
planting holiday caught on, first in America’s
heartland, then in all fifty states, and finally,
throughout the world.

Today another idea is blossoming... TREE CITY
USA. It encourages communities large and small
to plan and care for trees. Along city streets. In
parks and playgrounds. In shaded neighbor-
hoods. Cities like Brooklyn, Philadelphia, New Or-
leans, Orlando and even tiny Greenleaf, Kansas
are TREE CITY USA communities. If you would
like to make your city a better place in which to
live, write: TREE CITY USA % The National
Arbor Day Foundation, Arbor Lodge 100,
Nebraska City, Nebraska 68410.
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the rate to five. Tien considers this goal
attainable by 1985, but apparently it
will require “tremendous increases in
the number of induced abortions and
sterilizations.” In the first issue of the
new journal Renkuo Yanjiu (Population
Research) three Chinese investigators
(who are quoted by Tien) cite “a press-
ing need to strengthen information and
education in the scientific knowledge of
contraception.”

Quarkprints

he quark has now been missing in

action for 17 years. It is the ultimate
constituent of the proton, the neutron,
the pion and a host of other particles,
but a quark by itself has not yet been
unequivocally identified. Indeed, there
is reason to suspect that quarks are per-
manent prisoners in the particles they
compose and that they will never be
seen. The quest continues nonetheless.
A new search is about to get under way,
employing a novel method based on a
printing technology.

What is striking about the quark mod-
el is its comprehensiveness. The parti-
cles made up of quarks comprise the
particle family of hadrons, and more
than 200 are known. Just five kinds of
quark can account for the internal struc-
ture of all of them. Each hadron is com-
posed either of three quarks or of a
quark and an antiquark. The properties
of the hadron are established by its con-
stituent quarks. For example, the proton
has one unit of electric charge because it
consists of two “up” quarks, each with a
charge of +2/3, and one “down” quark,
with a charge of —1/3.

Although the quark model constitutes
an impressive simplification of nature,
it was not clear initially whether the
quarks were real objects or mere theo-
retical constructs for bringing order to
an unwieldy number of hadrons. In
1963, when the concept of quarks was
introduced, there was no directevidence
of their existence, and they had sev-
eral peculiar properties. For example,
the quarks seemed to violate the exclu-
sion principle, the quantum-mechanical
equivalent of the intuitive notion that no
two things can be in the same place at
the same time. Moreover, not all physi-
cists viewed the idea of fractionally
charged quarks as a comforting expla-
nation of the proton’s one-unit charge.
They were disturbed by the fact that all
other known particles have a charge that
is an integral multiple of the proton’s
charge.

A preponderance of experimental ev-
idence and theoretical arguments has
by now convinced most physicists that
quarks are real. Experiments in the late
1960’s in which high-energy electrons
were scattered by protons revealed the
presence of a substructure within the
proton. More recent experiments at the
Fermi National Accelerator Laboratory



near Chicago have provided evidence
that quarks and antiquarks carrying a
fractional charge exist inside the pion.
On the theoretical front, the quarks have
been reconciled with the exclusion prin-
ciple by the introduction of a new physi-
cal property called color.

The idea that quarks are permanent-
ly imprisoned in hadrons has become
more than an ad hoc explanation of the
failure to observe a quark in isolation. It
has helped to account for the properties
of the strong interaction that binds the
quarks together to form hadrons. For
now, however, the various confinement
theories cannot be tested directly, and so
the hunt for the free quark has not been
abandoned.

The new search that is now about to
be undertaken was conceived by Greg
Hirsch and Ray Hagstrom of the Law-
rence Berkeley Laboratory of the Uni-
versity of California. It promises to be
cheaper and simpler than the meth-
ods tried up to now, and to cover more
territory.

All quark searches try to detect the
elusive particle by its fractional charge.
Most of the searches have been modeled
on the famous oil-drop experiment with
which Robert A. Millikan measured the
charge of the electron in 1923. Millikan
suspended drops of oil in the electric
field set up between two charged plates.
He compared the drift speed of the

drops when the field was on and when it
was off and was able to conclude that
the electric charge on a drop is always
an integral multiple of the charge of the
electron.

The most successful adaptation of
the Millikan oil-drop experiment to the
search for the quark has been done by a
group of investigators headed by Wil-
liam M. Fairbank of Stanford Universi-
ty. These workers levitate microscopic
spheres of the metal niobium in a mag-
netic field. An electric field is then ap-
plied, so that if a sphere carries an elec-
tric charge, the sphere will be accelerat-
ed. The next step is to try to neutralize
the charge of the sphere by judicious-
ly shooting electrons or positrons at it.
(The positron is the particle with the
same mass as the electron but the oppo-
site charge.) If a sphere’s charge cannot
be brought to zero, the sphere presum-
ably has not an integral charge but a
fractional one. Such a result would sug-
gest that somewhere in the material of
the sphere there is a free quark.

Although the technique of Fairbank’s
group is easy to describe, it is quite diffi-
cult to execute. The magnetic force sup-
porting the sphere is a billion times
stronger than the applied electric force,
so that great technical ingenuity is
required even to detect the sphere’s
charge. Fairbank and his collaborators
have reported detecting six lone quarks,

but no one has been able to reproduce
the results.

The new approach suggested by
Hirsch and Hagstrom offers a welcome
independent check on the Fairbank re-
sult. Their method is based not on the
Millikan oil-drop experiment but on the
technology called ink-jet printing. In
this form of printing a stream of ink
squirted from a nozzle is broken up into
small drops, each of which is indepen-
dently given an electric charge. The
drops can be steered by an electric field
to various positions on a piece of paper,
so that an array of drops forms a letter
of the alphabet.

It was after reading an article on
ink-jet printing in SCIENTIFIC AMERICAN
that Hirsch and Hagstrom devised their
technique of searching for quarks. (The
article, by Larry Kuhn and Robert A.
Myers of the International Business Ma-
chines Corporation, appeared in April,
1979.) Small drops of a conductive lig-
uid such as mercury are to pass thraugh
an electric field as they fall about 10 feet
in air. The field deflects each drop by an
amount proportional to its charge, so
that the stream of drops spreads out like
a fan. Since electric charge is quantized,
the fan will not be solid but will resem-
ble the fingers of a hand, with each finger
corresponding to a particular integral
charge. If a drop carries a lone quark,
the drop will have a fractional charge
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and hence will fall between the fingers
on a unique trajectory.

If free quarks exist, it is already evi-
dent they are quite rare. One advantage
of the ink-jet technique is that it can sift
through a comparatively large volume
of matter quickly. Each second several
thousand drops will move through the
apparatus, so that several grams of mer-
cury could be examined in a day. The
total amount of matter studied in all the
previous quark searches comes to only a
few milligrams.

Steady Stream

Industrial microbiology is an ancient
art that has recently acquired a new
glamour. The biochemical capabilities
of microorganisms such as yeasts and
molds have long been exploited in mak-
ing bread, beer, wine, cheese and many
other foods; they have also been applied
to the manufacture of medicines and
a few other products. Now there is
the prospect of genetically modifying
the microorganisms to extend the range
of their talents. By this means, for ex-
ample, bacteria can be induced to syn-
thesize human hormones. Genetic en-
gineering is not all that is needed,
however, for the development of a bio-
chemical technology. Engineering of a
commoner kind must provide the opti-
mum conditions for the activities of the
microorganisms. Up to now most bio-

logical processing has been done by a
comparatively simple batch method.
There is much to be gained by convert-
ing to a continuous-flow system.

The brewery can be taken as a model
of the batch process. In a large vat raw
materials and nutrients are mixed with a
culture of microorganisms, which grow
and reproduce while carrying out the
desired chemical conversion. When the
process is complete, the vat is emptied
and a new batch is started. The system
works exceedingly well in breweries, but
it has certain drawbacks when more
elaborate biological processes are con-
sidered. Controlling the chemistry of
such a complex mixture can be difficult.
What may prove to be most detrimental
of all is that when a batch is completed,
the microorganisms are lost. Where the
organisms themselves are difficult to
prepare the loss can be costly; more-
over, in some products (such as antibiot-
ics) contamination with other microor-
ganisms is unacceptable.

The prototypical process of continu-
ous flow is that of an oil refinery. There
the raw material is pumped into one end
of a reactor column and the product is
withdrawn in a continuous stream from
the other end. Stages in the processing
are easily segregated, with the product
of one reactor serving as the feedstock
for the next.

In adapting biological processes to the
continuous-flow method it turns out that

the most pressing need is for a means of
anchoring the microorganisms to a solid
substrate. They must be bathed in the
liquid that flows through the reactor, but
they must not be washed out with it. The
method of attachment must not impair
the biochemical activity of the cells.
Methods of immobilizing cells for bio-
chemical reactors were reviewed by
P. Dunnill of University College Lon-
don in a discussion of industrial mi-
crobiology organized last year by the
Royal Society of London. His assess-
ment of the technology has now been
published in the society’s Philosophical
Transactions.

There is one major biological industry
that has long employed the continuous-
flow method, namely sewage treatment.
In the commonest method of treatment
sewage trickles through a bed of stones,
where bacteria and other microorgan-
isms decompose the organic matter. The
bacteria are bound to the stones by a
layer of slime.

Most other applications of industrial
microbiology demand a more carefully
selected culture. One process for which
an immobilized-cell technology has
been developed is the manufacture of
sweeteners from starch. Starch is a poly-
mer of the sugar glucose, and it can be
made sweet by converting some of the
glucose into fructose. The reaction is
catalyzed by enzymes secreted by sever-
al bacterial species. In a method em-
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GAS SAVERS

Looking for ways to L
save gas and money? One |
of the simplest solutions
is to drive your car a lit-
tle less. Here are six ideas
you can use to keep your
foot off the gas and more
money in your pocket. can save at least $100
worth of gas every year.

Call ahead to be
sure you aren’t wasting
gas on an unnecessary
trip. On the average, a
wasted trip costs you
a dollar’'s worth of gas.
Shop, bank and pay
your bills by mail. A 15¢
stamp is a lot cheaper
than a gallon of gas.
Ride a bike or take a
hike. You’ll feel more fit,
and you’ll have more
money to spend when
you get where you're
going —since you didn’t
waste it on 4. ¢
gasoline.

Take public transpor-
tation as often as you
can. You'll save gas and
help reduce air pollu-
tion, too.

This free booklet can
show you a lot more easy
ways to save gas and
money. To get your copy
write “Energy,” Box 62,
Oak Ridge, TN 37830.

ENERGY.
We can’t afford
to waste it.

U.S. Department of Energy

Ride to work with a
friend or neighbor just
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ployed by the British company Imperi-
al Chemical Industries Ltd. the conver-
sion is carried out by bacteria of the
genus Arthrobacter. The bacteria are
compressed into dry cylindrical pellets,
which fill a column reactor.

The Tanabe Seiyaku Company of Ja-
pan has devised an immobilized-cell
procedure for converting fumaric acid
into L-aspartic acid. The conversion is
accomplished by cells of the bacteri-
um Escherichia coli. The cells are first
suspended in a solution of acrylamide,
which is polymerized to form a gel of
polyacrylamide. The gel is a permeable
solid matrix that traps the bacteria but
allows the feedstock and nutrient broth
free access to them. The biological ac-
tivity of the entrapped cells declines,
but only slowly: the half-life is about
120 days.

Bacteria enmeshed in polymer gels
have also been employed in smaller-
scale laboratory projects. For example,
cells of Arthrobacter simplex fixed in this
way have dehydrogenated the steroid
cortisol, and mutant cells of the bacteri-
al species Pseudomonas putida have oxi-
dized benzene. In these experiments it
was found that the reaction rate did not
decline initially; on the contrary, it in-
creased steadily for up to about 30 days.
The explanation of the increase is that
the cells reproduce in the pores of the
gel. When the reaction rate does eventu-
ally fall off, it is because overcrowding
in the rigid matrix causes some of the
cells to implode.

Many of the chemical transforma-
tions mediated by microorganisms are
actually catalyzed by a single enzyme.
One alternative to immobilized-cell
methods, therefore, is to extract and pu-
rify the enzymes and attach the mole-
cules to a solid substrate. The partial
conversion of glucose into fructose is
done on a large industrial scale by such
fixed enzymes. A continuous-flow fruc-
tose plant operated by the A. E. Staley
Company has a capacity of some 450,-
000 tons per year.

Ultimately even the brewer’s art
might be transformed by immobilized-
cell or immobilized-enzyme technology.
It has been found that yeast cells can
survive in a gel at a concentration of a
billion cells per milliliter. When such a
yeast-loaded gel is installed in a continu-
ous-flow reactor and supplied with the
appropriate nutrients, the output stream
is 10 percent ethyl alcohol.

Path between the Seas

or many years the government of Is-
rael has considered a plan to build a
canal from the Mediterranean Sea to the
Dead Sea, taking advantage of the 400-
meter difference in elevation to generate
electricity in a hydroelectric plant. This
would also have restored the Dead Sea’s
evaporation equilibrium, which was dis-
turbed by the loss of some 50 percent
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of the supply coming from the Jordan
River, its only feeder. The Jordan’s wa-
ters were diverted to the Negev in the
1950’s and have been a key factor in Is-
rael’s agriculture. The level of the Dead
Sea is expected to drop after 1983 with
the completion of Jordan’s diversion
of the Yarmukh, the main affluence
of the Jordan River. Until as recently
as 1975 the economics of the project
were deemed to be unfavorable. This
year, however, a working group appoint-
ed by the government in 1978 and head-
ed by the well-known physicist Yuval
Ne’eman reported that with rising oil
prices the balance had tipped in favor
of the canal. On the basis of that report
the government has now decided to go
ahead.

Under the present plan the canal will
run approximately 70 miles in a curv-
ing path from Deir el Balah on the
Mediterranean southeasterly to an area
south of Beersheba and thence north-
easterly to the Dead Sea near Masada.
The cost, including the hydroelectric
plant, is estimated to be about $680
million. Assuming such an investment,
Ne’eman says, the electricity generated
would pay for the project in less than 30
years.

The idea of a canal between the seas
was put forward in the 19th century by
British colonialists, who proposed it as
a barrier to a Russian thrust toward the

Suez Canal. The hydroelectric plan was
favored by Theodor Herzl, a founder
of the Zionist movement, as part of his
vision for the development of the pro-
spective state of Israel. Today the proj-
ect is seen in Israel as an integral part
of planning for the country’s energy re-
quirements.

Notwithstanding the government’s ap-
proval, a start on the construction of
the canal may have to await the resolu-
tion of certain problems. One is that the
first stage of the planned route from the
Mediterranean crosses the Gaza Strip,
an area of contention between Israel and
Egypt. The route may have to be shifted.
Moreover, there is concern in Jordan
(with which Israel shares control of the
Dead Sea) that the influx of Mediterra-
nean water would change the chemistry
of the Dead Sea and threaten Jordani-
an potash plants on the east bank.

The Jukes Redeemed

n the endless debate over nature v.
nurture the favorite traditional cita-
tion of those who viewed heredity as the
dominant influence in human affairs
was the lamentable history of the Jukes
family, the descendants of five sisters in
the Finger Lakes region of New York in
the second half of the 19th century. In
the annals of American eugenics the
New York Jukes rank with the New Jer-

sey Kallikaks as standard examples of
hereditary degeneration. It now appears
that the sordid reputation of the Jukes
family stems exclusively from a system-
atic distortion of the Jukes case histo-
ries; the compiler of the case histories,
Richard L. Dugdale, did not blame the
troubles of the Jukes on their genes. In-
deed, he suggested that altered nurture
could provide a cure for the Jukes’s con-
dition. Dugdale called for social reform:
“The correction,” he wrote, “is change
of environment.”

How was Dugdale the environmental-
ist posthumously converted to a hered-
itarian? Elof Axel Carlson of the State
University of New York at Stony Brook
traces the process in BioScience. Dug-
dale, an enthusiastic young penal re-
former, first published his study of the
Jukes (a pseudonym of his invention) in
a report to the New York State Prison
Association in 1874. The report was
subsequently issued in five editions,
three of them published as books for the
general public. Dugdale died in 1883;
the distortion of his views began with
his obituary in The New York Times.
Mistakenly stating that “every member
of [the Jukes family] was a criminal
of greater or less degree,” the notice
concluded that “the whole question
of crime and pauperism rests strictly
and fundamentally on a physiological
basis.”
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The next notable distorter was David
Starr Jordan, who was then the presi-
dent of Indiana University. Jordan was
an ichthyologist and a disciple of the
British eugenicist Francis Galton. In
Footnotes to Evolution, published 15
years after Dugdale’s death, Jordan se-
lectively cited the Jukes study to support
his own opinions. “Dugdale has shown,”
he wrote, “that parasitism, pauperism,
prostitution and crime reappear gener-
ation after generation.” He conclud-
ed that “every family of Jukes... which
enters at Castle Garden [the immigra-
tion depot in New York City] carries
with it the germs of pauperism and
crime.” Jordan went on to become the
first president of Stanford University.

Less prominent than Jordan but his
equal as a muddier of Dugdale’s views
was C. B. Davenport of Cold Spring
Harbor, N.Y. In 1913 Davenport de-
scribed the Jukes as “families of defec-
tives and criminals that can be traced
back to a single ancestor” and pointed
out that the “Jukes’s protoplasm has
been multiplied and dispersed during
the subsequent years and is still march-
ing on.” Davenport was not reluctant to
embellish. The Jukes sister whom Dug-
dale named ‘“Margaret” escaped his at-
tention, although Jordan had called her
“the mother of criminals.” To “Ada,”
however, Davenport attributed the pre-
ponderance of criminal Jukes, to “Bell”
the sexually immoral Jukes and to “Ef-
fie” the Jukes paupers. As the single an-
cestor responsible for the family’s mis-
fortunes Davenport cited “Max,” “a
good-natured, lazy sot, without doubt of
defective mentality.”

In 1916 A. H. Estabrook of the Carne-
gie Institution of Washington came on
Dugdale’s manuscript and notes and un-
dertook to bring the Jukes family rec-
ord up to date. By then there were more
than 2,000 Jukes descendants, about
half of whom were still living at the
time of Estabrook’s study. He charac-
terized 600 of these Jukes as “feeble-
minded and epileptic” and said he found
among them “83 alcoholics” and “41
criminals.” He noted with regret that
“there are now only three in custodi-
al care.”

By the early years of the 20th century
the hereditarian interpretation of the
Jukes studies had become established as
an argument supporting the view that
poverty, crime and a variety of other
social problems are the result of inborn
tendencies. The program of the eugeni-
cists to rid the population of supposedly
bad genes was soon given legal force in
discriminatory immigration laws and
compulsory sterilization of the indigent
and the insane. Dugdale’s proposed
remedies had been quite different: he
had recommended improved health
care, remedial education for the under-
privileged, penal reform and assistance
to poor families. Not all of his ideas
have yet been given a fair trial.
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Carbohydrates

Sugars and charns of sugar units are the most abundant constituent

of living matter. New carbohydrates are still being discovered, as

are new roles for them in normal biological processes and disease

The four major classes of com-
pounds essential to life are nucle-
ic acids, proteins, lipids and car-
bohydrates. Over the past 30 years the
first three classes have received much
attention from chemists and biologists,
whereas during most of that time the
carbohydrates were largely neglected,
partly in the belief that their chemistry
and biology had been fully worked out.
In the past decade, however, research on
carbohydrates has been revived and is
now expanding rapidly. As a result of
many new developments carbohydrate
research is today broad and diverse.

The study of carbohydrates and their
derivatives has greatly enriched chemis-
try, particularly with respect to the role
of molecular shape and conformation
in chemical reactions. Recent carbohy-
drate investigations have played a deci-
sive role in the characterization of vari-
ous antibiotics and antitumor agents.
Such studies have led to the discovery of
new biosynthetic reactions and enzymic
control mechanisms and are contribut-
ing significantly to the understanding of
many fundamental biological processes,
for example the interaction of cells with
their environment and with other cells.
As a result revolutionary new methods
for combating bacterial and viral infec-
tions and for targeting drugs on diseased
cells and organs are being envisioned.
Carbohydrate research has also pro-
vided a basis for recognizing the en-
zyme deficiency underlying several ge-
netic disorders and has led to the hope
that they can be treated effectively. A
common theme behind many of the
recent findings, which is also a powerful
driving force in carbohydrate research,
is the realization that monosaccharides
(the basic units of carbohydrates) can
serve, as nucleotides and amino acids
do, as code words in the molecular lan-
guage of life, so that the specificity of
many natural compounds is written in
monosaccharides.

Carbohydrates are sugars or (like
starch and cellulose) chains of sugars.
To most people sugar is the common
household foodstuff, which to the chem-
ist is sucrose. Chemically the molecule
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by Nathan Sharon

of sucrose consists of two monosac-
charides, or simple sugars, glucose and
fructose, that are hooked together; it
is thus a disaccharide. More than 200
different monosaccharides have been
found in nature, all of which are chemi-
cally related to glucose or fructose. As a
rule they are white crystalline solids that
dissolve readily in water. Some of them
have not been obtained in amounts suffi-
cient for testing their sweetness, but they
are still called sugars, as are the mon-
osaccharides that are found to be not
sweet.

Glucose is the best-known monosac-
charide; indeed, it has probably been in-
vestigated more thoroughly than any
other organic compound. It was un-
doubtedly known to the ancients be-
cause of its occurrence in granulated
honey and wine must. References to
grape sugar, which is glucose, are to be
found in Moorish writings of the 12th
century. In 1747 the German pharma-
cist Andreas Marggraf, whose isolation
of pure sucrose from sugar beets is an
example of the chemical art of the time
at its best, wrote of isolating from raisins
“eine Art Zucker” (a type of sugar) dif-
ferent from cane sugar; it was what is
now called glucose. The action of acids
on starch was shown to produce a sweet
syrup from which a crystalline sugar
was isolated by Constantine Kirchoff in
1811. Later workers established that the
sugar in grapes is identical with the sug-
ar found in honey, in the urine of diabet-
ics and in acid hydrolysates of starch
and cellulose. The French chemist Jean
Baptiste André Dumas gave it the name
glucose in 1838. The structure of glu-
cose and of several other monosac-
charides, including fructose, galactose
and mannose, was established by about
1900, mainly by the brilliant work of
the German chemist Emil Fischer, who
thereby laid the foundations of carbohy-
drate chemistry.

Monosaccharides rarely exist as such
in nature. They are found in the form of
various derivatives, from which they
can be liberated by hydrolysis with
aqueous mineral acids or with enzymes.
The most abundant of the derivatives
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are polysaccharides, which are made up
of sugar units formed into giant mole-
cules that can consist of as many as
26,000 monosaccharides (as in cellu-
lose from the alga Valonia). Sugars also
occur frequently as oligosaccharides,
which are compounds made up of from
two to 10 monosaccharides. Sugars are
frequently found in combination with
other natural substances.

The “Water of Carbon”

The name carbohydrate was original-
ly assigned to compounds thought to be
hydrates of carbon, that is, to consist of
carbon, hydrogen and oxygen in the gen-
eral formula C,(H30),. Indeed, glucose
and other simple sugars such as galac-
tose, mannose and fructose do have the
general formula CgH 504. They are typ-
ical hexose monosaccharides, meaning
that they have six carbon atoms. With
the accumulation of more data the defi-
nition has been modified and broadened
to encompass numerous compounds
with little or no resemblance to the orig-
inal “water of carbon.” Carbohydrates
now include polyhydroxy aldehydes, ke-
tones, alcohols, acids and amines, their
simple derivatives and the products
formed by the condensation of these
different compounds through glycosid-
ic linkages (essentially oxygen bridges)
into oligomers (oligosaccharides) and
polymers (polysaccharides).

Much of the current interest in carbo-
hydrates is focused on such substances
as glycoproteins and glycolipids, com-
plex carbohydrates in which sugars are
linked respectively to proteins and lip-
ids. They are termed glycoconjugates. It
should also be noted that in the excite-
ment about nucleic acids a simple fact
is being forgotten: they too are complex
carbohydrates, since monosaccharides
are among their major constituents (ri-
bose in RNA and deoxyribose in DNA).

Carbohydrates are the most abundant
group of biological compounds on the
earth, and the most abundant carbohy-
drate is cellulose, a polymer of glucose;
it is the major structural material of
plants. Another abundant carbohydrate



CELL-SURFACE ROLE of a carbohydrate, mannose, is indicated
in this scanning electron micrograph made by Fredric Silverblatt and
Craig Kuehn of the Veterans Administration Hospital in Sepulveda,
Calif. Cells from tissue on the inside of the human cheek occupy the

background of the micrograph; the white cylindrical objects are Esch-
erichia coli bacteria. The mannose, which is on the cell membrane, is
not visible, but it is causing the E. coli to adhere to the tissue surface.
Such adherence to surfaces is the first step in a bacterial infection.
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is chitin, a polymer of acetylglucos-
amine; it is the major organic compo-
nent of the exoskeleton of arthropods
such as insects, crabs and lobsters,
which make up the largest class of or-
ganisms, comprising some 900,000 spe-
cies (more than are found in all other
families and classes together). It has
been estimated that millions of tons of
chitin are formed yearly by a single spe-
cies of crab!

Carbohydrates are also the fuel of
life, being the main source of energy for
living organisms and the central path-
way of energy storage and supply for
most cells. They are the major products
through which the energy of the sun is
harnessed and converted into a form
that can be utilized by living organisms.
According to rough estimates, more
than 100 billion tons of carbohydrates
are formed each year on the earth from
carbon dioxide and water by the process
of photosynthesis. Polymers of glucose,
such as the starches and the glycogens,
are the mediums for the storage of ener-
gy in plants and animals respectively.
Coal, peat and petroleum were probably
formed from carbohydrates by microbi-
ological and chemical processes.

Carbohydrates comprise only about 1
percent of the human body; proteins
comprise 15 percent, fatty substances 15
percent and inorganic substances 5 per-
cent (the rest being water). Nevertheless,
carbohydrates are important constitu-
ents of the human diet, accounting for
a high percentage of the calories con-
sumed. Thus some 40 percent of the cal-
orie intake of Americans (and some 50
percent of that of Britons and Israelis) is
in the form of carbohydrates: glucose,
fructose, lactose (milk sugar, a disaccha-
ride of glucose and galactose), sucrose
and starch.

Sucrose is a major food sugar. Its
world production rose from eight mil-
lion tons in 1900 to nearly 88 million in
1977. No other human food has shown
an increase in production on this order
in the same period. The amount of su-
crose produced by a country is an in-
dex of its average income. In the richer
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countries, such as the U.S., Britain, Aus-
tralia and Sweden, the annual consump-
tion is between 40 and 50 kilograms of
sucrose per person, whereas in the poor-
er ones, such as India, Pakistan and Chi-
na, it is five kilograms or less. It has of-
ten been suggested that the high sucrose
diet may have detrimental effects on the
health of people in developed countries,
being responsible to some extent for the
increase in such diseases as diabetes,
obesity and dental cavities.

Carbohydrates are the raw materials
for industries of great economic im-
portance, such as wood pulp and paper,
textile fibers and pharmaceuticals. The
principal industrial carbohydrate is un-
doubtedly cellulose: its worldwide use is
estimated at 800 million tons per year.
Polysaccharides with gelling properties,
such as agar, pectic acid and carrageen-
ans, are important in the food and cos-
metic industries.

Research Difficulties

The major polysaccharides I have
mentioned—cellulose, starch, glycogen
and chitin—are relatively simple poly-
mers: they are homopolymers, made up
of one type of monomer (glucose or ace-
tylglucosamine). This seeming simplici-
ty, perhaps even dullness, of structure is
probably one of the reasons carbohy-
drates seemed to lack interest.

Another important reason chemists
tended to shy away from the study of
carbohydrates stemmed from the many
chemical problems encountered in deal-
ing with these materials. Sugars are mul-
tifunctional compounds with several
hydroxyl (-OH) groups, usually four or
five in the hexose sugars, most of which
are of approximately equal chemical re-
activity. The manipulation of a single
selected hydroxyl group is often a seri-
ous problem to this day. Blocking one
hydroxyl group or leaving one free can
be achieved only with great difficulty
and requires the careful design and exe-
cution of a complex series of reactions.
The synthesis of a disaccharide is there-
fore a considerable achievement; trisac-

charides have rarely been synthesized,
and there are only a few reports on the
synthesis of higher saccharides.

By way of contrast, in protein chemis-
try peptides made up of dozens of amino
acids can readily be synthesized, not
only manually but also by automatic
methods. At least three proteins, insulin
(made up of 51 amino acids), ribonu-
clease (124) and lysozyme (129), have
been synthesized. One reason for the rel-
ative ease of such syntheses is that the
number of steps involved in the prepa-
ration of a peptide is considerably less
than the number required for the syn-
thesis of an oligosaccharide of similar
size. It is even more important that a far
larger number of isomeric oligosaccha-
rides (the same in composition but dif-
ferent in structure) than of oligopeptides
can be obtained from a given number of
corresponding monomers.

An added complication for the chem-
ist is that whereas proteins and nucleic
acids are linear polymers, polysaccha-
rides are commonly branched. This
characteristic greatly increases the num-
ber of possible structures and therefore
the difficulties of studying polysaccha-
rides. Luckily for carbohydrate chem-
ists many of the possible structures are
apparently not formed in nature.

The recent revival of interest in carbo-
hydrates can be ascribed primarily to
the introduction of much improved
methods. Carbohydrate chemists in the
first half of this century had to rely al-
most exclusively on carefully controlled
chemical transformations and on opti-
cal measurements (chiefly polarimetry)
in the investigation of the structures of
monosaccharides and their derivatives.
Work at that time was further limited by
the lack of good separation techniques
and by the need of a substantial quantity
(a gram or more) of material for many
of the experiments. The advent of chro-
matography in its various forms and of
powerful instrumental analytical meth-
ods, such as nuclear-magnetic-reso-
nance spectroscopy (requiring only mil-
ligrams of material), mass spectrometry
(requiring only micrograms) and X-ray-

#-D-FRUCTOSE

THREE MONOSACCHARIDES are (left to right) glucose, fructose
and galactose. Carbohydrates being sugars or chains of sugars, mono-
saccharides are the basic units of the chains. Glucose, fructose, galac-
tose and many other simple sugars fit the original definition of carbo-
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hydrates as hydrates of carbon, consisting of carbon, hydrogen and
oxygen in the general formula C,(H;0),. With glucose, fructose and
galactose the formula is CgH 120¢; they are hexoses: they have six
carbon atoms. More than 200 monosaccharides have been found.
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diffraction analysis, and the availability
of highly specific enzymes acting on car-
bohydrates have given rise to a com-
plete transformation in the approach to
the problem of carbohydrate structure.
Moreover, combinations of these tech-
niques can provide information faster,
more conveniently, in greater detail and
with smaller quantities of material than
was formerly possible. Maurice Stacey
of the University of Birmingham has
observed that ascertaining the constitu-
tion of a new carbohydrate would have
taken three years in the 1930’s but can
now be done in less than three weeks.

New and Unusual Saccharides

One result of the introduction of the
powerful new techniques was the dis-
covery of many new saccharides, both
simple and complex. In recent years the
number of rare sugars isolated from nat-
ural sources has increased rapidly. They
have provided the carbohydrate chemist
with new and challenging problems of
structural determination and synthesis. I
shall illustrate this state of affairs with
examples from an area in which I have
been active, the amino sugars: sugars in
which one or more hydroxyls are re-
placed by an amino group.

In 1875 a young physician named
George Ledderhose was working during
the summer semester in the laboratory
of Friedrich Wéhler in Gottingen when
Ledderhose’s uncle, Felix Hoppe-Sey-
ler, a noted physiological chemist, invit-
ed him to dinner. At his uncle’s sugges-
tion he took the remains of the lobster
they had eaten back to the laboratory,
where he found that the claws and the
shell dissolved in hot concentrated hy-

drochloric acid and that on evaporation
the solution yielded characteristic crys-
tals. He soon identified the crystalline
compound as a new nitrogen-containing
sugar, which he named glycosamin.
During the next 20 years much evi-
dence was gathered to indicate that the
new sugar has a structure derived by the
replacement of the hydroxyl group at-
tached to carbon No. 2 in the glucose
molecule by an amino group. With the
synthesis, which was still not definitive,
of the amino sugar by Emil Fischer
and H. Leuchs in 1903 the problem of
its structure appeared to have been
solved. The structure of glucosamine
was unequivocally established, howev-
er,only in 1939, when Norman Haworth
achieved an unambiguous synthesis that
proved Fischer was correct in assigning
the “gluco” structure to the amino sug-
ar. A second amino sugar, galactos-
amine, was isolated in 1914 by P. A.
Levene and Frederick B. La Forge at the
Rockefeller Institute for Medical Re-
search from acid hydrolysates of carti-
lage, tendon and aorta, but its structure
was firmly established only in 1945,
again attesting to the enormous difficul-
ties such substances present. At the time
that was thought to be the end of the
amino-sugar story. By 1960, however,
some 20 new amino sugars had been dis-
covered. The number is now over 60.
The first of the “new” amino sugars,
found in 1946, was N-methyl-L-glucos-
amine, a constituent of the antibiotic
streptomycin. Soon many other new
amino sugars were identified in antibiot-
ic substances. Indeed, some antibiotics
have an oligosaccharide-like structure.
They include the streptomycins, the
neomycins and other aminoglycoside
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STRUCTURE OF SUCROSE is depicted. Sucrose is common household sugar. It is a disac-
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antibiotics such as the kanamycins and
the paromomycins, all of which are
employed clinically against bacterial in-
fections. Another aminoglycoside anti-
biotic is puromycin, a well-known in-
hibitor of protein synthesis. The potent
and clinically useful antitumor agents
daunomycin and adriamycin, which
have proved to be effective in the treat-
ment of acute leukemia, are also amino-
glycosides; they contain the rare 3-ami-
no sugar daunosamine.

To learn more about the mode of ac-
tion of these antibiotics and to improve
on them it is imperative to synthesize
analogues with different amino-sugar
constituents, because it is known that
structural features of the sugar compo-
nents often exert a decisive influence on
the pharmacological properties of the
antibiotics. This objective has given
strong impetus to the development of
new methods of synthetic-amino-sugar
chemistry and has opened the way to the
preparation of new and improved anti-
biotics that are remarkably effective
against microorganisms resistant to the
natural aminoglycoside antibiotics. In
no case, however, are the monosaccha-
ride constituents alone effective in vitro
in killing bacteria or in inhibiting the
growth of tumors.

Interestingly enough, several disac-
charides such as trehalosamine are ac-
tive against bacteria. Herbert A. Blough
and Robert L. Giuntoli of the University
of Pennsylvania School of Medicine re-
ported last year that the monosaccha-
ride 2-deoxyglucose applied to the site
of an infection is highly effective in the
treatment of genital herpes infection,
a widespread form of venereal disease
caused by the herpes simplex virus, for
which no cure had been available. The
sugar is believed to interfere with the
synthesis of glycoprotein in the virus by
virtue of its similarity to mannose, an
important constituent of the viral glyco-
proteins.

New amino sugars and other types of
sugar have been isolated in recent years
not only from antibiotics but also from
other sources, in particular from the
polysaccharides of bacteria. One of the
most important is the 3-lactic-acid ether
of glucosamine, known as muramic
acid. This amino sugar, which is limited
to bacteria, was isolated for the first time
by R. E. Strange and F. A. Dark in Brit-
ain in 1956. (For a while it was nick-
named the strange and dark compound.)
Itsacetylated derivative, acetylmuramic
acid, and acetylglucosamine form the
polysaccharide backbone of the pepti-
doglycan in the wall of the bacterial cell.

Another new sugar is ribitol, a reduc-
tion product of ribose. It is a constituent
of the teichoic acids, which were discov-
ered by James Baddiley in Britain in the
1950’s. Teichoic acids are polymers of
ribitol phosphate or glycerol phosphate
found in Gram-positive bacteria. In the
cell wall of these organisms they act as
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immunological determinants and as re-
ceptors of bacteriophages, that is, virus-
es that infect bacteria.

An important sugar of unusual struc-
ture is neuraminic acid, the parent com-
pound of the sialic acids, which are
ubiquitous in nature except for plants.
Neuraminic acid is a nine-carbon sugar
acid with an amino group in its mole-
cule. Today 20 sialic acids are known,
most of which were discovered during
the past decade by Roland Schauer of
the University of Kiel. They are among
the major constituents of mucins, such
as those secreted by the respiratory and
urogenital tracts, and are also found in
the eye socket. By virtue of their nega-
tive charge they impart to the mucin
molecules an extended rodlike struc-
ture. They are therefore responsible for
the high viscosity of the mucins. Only
because of the mucins’ sialic acid can
they act as lubricants for the rotation of
the eyeball, preventing the cornea from
drying out and protecting it from dam-
age by grains of dust.

In the oral cavity and the gastrointes-
tinal tract the viscous glycoproteins in-
corporating sialic acid envelop foods,
making them slippery and protecting the
tender mucous surfaces from mechani-
cal damage. In the cervical canal of the
uterus a highly viscous plug of mucin
keeps bacteria out of the uterine cavity
and hence out of the abdominal cavity.
This viscous barrier is lowered at the
time of ovulation to admit spermatozoa.
Glycoproteins rich in sialic acid that are
secreted by mucous glands of the vagi-
na also lubricate both coitus and child-
birth.

A rare diamino sugar, the first of its
kind, that I have been studying for the
past 20 years is bacillosamine. I discov-
ered it in a polysaccharide of Bacillus
licheniformis in 1958 while I was work-
ing in the laboratory of Roger W. Jean-
loz at the Massachusetts General Hospi-
tal. Only recently, through the joint ef-
forts of a number of co-workers, were
we able to establish its structure. We
then went on to synthesize the corre-
sponding galactose derivative in the be-
lief that it too must occur in nature. To
our great satisfaction 2,4-diamino 2,4,-
6-trideoxygalactose was identified last
year in natural products by workers in
Stockholm and Tokyo.

A major breakthrough, which opened
new horizons in biochemistry and had
an immediate impact on medicine, was
the discovery of sugar nucleotides and
their manifold roles as intermediates in
the biosynthesis of monosaccharides,
oligosaccharides and polysaccharides
and of complex carbohydrates. The first
sugar nucleotide, uridine diphosphate
glucose (UDP-glucose), was discovered
by Luis F. Leloir and his co-workers
in Argentina in 1949; for this discovery
Leloir received a Nobel prize in 1970.
At about the same time that Leloir de-
scribed UDP-glucose James T. Park and
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LACTOSE is a disaccharide consisting of glucose linked with galactose. It is the sugar of milk
and therefore (with such other sugars as glucose, fructose and sucrose) is one of the carbohy-
drates making up a large part (40 percent in the U.S.) of the calorie intake in the human diet.

Marvin J. Johnson of the University of
Wisconsin observed the accumulation
of similar compounds in Sraphylococcus
aureus bacteria that had been exposed to
penicillin.

More than 100 different sugar nucleo-
tides have now been identified. Most of
them have the general structure of nu-
cleoside diphospho sugar with any of
the five nucleosides: adenosine, guano-
sine, cytidine, uridine and deoxythymi-
dine. The sugar exhibits a large variety
of structures, some of which are extreme-
ly rare.

Biosynthetic Intermediates

The nucleoside can be considered as a
handle that holds the sugar in a form
ready for transformation into other sug-
ars or for transfer to suitable acceptors.
UDP-glucose is the sugar nucleotide
most commonly found in biological ma-
terials and is the starting compound for
the formation of numerous other sug-
ars. In many organisms it is converted
into UDP-galactose, which is the source
of galactose for the formation of lac-
tose. UDP-glucose is also the donor
of glucose for the synthesis of gluco-
sides (for example phenyl-B-glucoside),
oligosaccharides (such as sucrose and
trehalose), polysaccharides (including
starch and glycogen) and other glucose-
containing compounds.

The discovery of sugar nucleotides
led not only to the understanding of the
biosynthesis of unusual monosaccha-
rides and of complex saccharides but
also to the discovery in 1965 by Phillips
W. Robbins of the Massachusetts In-
stitute of Technology and by Jack L.
Strominger of the University of Wiscon-
sin School of Medicine of a new type of
activated sugars: the lipid-linked sugars.
They are sugar derivatives linked by a
monophosphate or diphosphate bridge
to polyprenols, long-chain unsaturated
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lipids. One example of such a lipid is
bactoprenol, which in the form of its
sugar diphospho derivative is an inter-
mediate in the biosynthesis of bacterial
lipopolysaccharides and peptidoglycan.

In 1970 Leloir demonstrated for the
first time that similar compounds, the
dolichol phosphates, participate in the
biosynthesis of glycoproteins by animal
cells. In bacteria the lipid-linked inter-
mediates, which are hydrophobic (wa-
ter-repelling), serve for the transport
of activated sugars or oligosaccharides
from the cytoplasm of the cell through
the lipid-rich cell membrane to the cell
surface, where polysaccharides such
as the cell-wall peptidoglycan are laid
down. In animals the role of these inter-
mediates remains to be established.

As a result of investigations of the
participation of the lipid-linked sugars
in the biosynthesis of complex carbohy-
drates, new mechanisms for the assem-
bly of biological polymers have been
discovered. For example, with proteins
and simple polysaccharides (such as gly-
cogen) the biosynthesis proceeds by the
addition of a single monomeric unit, in
its activated form, to the growing poly-
mer chain, whereas in complex carbohy-
drates the mechanism is often different.
In the synthesis of the cell-wall pep-
tidoglycan a peptide derivative of the
disaccharide acetylglucosamine-acetyl-
muramic acid is first synthesized on the
lipid carrier. This repeating unit is sub-
sequently polymerized and is only then
attached to a polymeric acceptor. A
similar mechanism operates in the bio-
synthesis of bacterial lipopolysaccha-
rides, except that the repeating unit con-
sists of a trisaccharide of mannose,
rhamnose and galactose.

In the biosynthesis of the carbohy-
drate units of glycoproteins linked to the
amino acid asparagine an oligosaccha-
ride consisting of two residues of acetyl-
glucosamine, nine of mannose and three
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THREE POLYSACCHARIDES are (from the top) cellulose, starch
and glycogen. They are homopolymers, meaning that they are made
up of one type of monomer. In each of the polysaccharides depicted
the monomer is glucose. The individuality of these polysaccharides
and others arises from the length of the polymer chain (which in cel-

98

lulose may run to several thousand units), the type of linkage between
the sugar units and the occurrence of branches. Three basic units of
each polysaccharide are shown here. Cellulose is a major structural
component in plants. Starch and glycogen serve respectively in plants
and animals for the storage of the energy that is derived from food.
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of glucose is first assembled on a lipid
carrier by a complex sequence of reac-
tions in which both sugar nucleotides
and lipid-linked sugars participate. The
preassembled oligosaccharide is trans-
ferred en bloc to specific asparagine res-
idues on the growing polypeptide chain
and is then “processed” to its mature,
final form. This processing includes the
removal by special glycosidases of the
glucose and most of the mannose and
their replacement by tails consisting of
sialic acid, galactose and acetylglucos-
amine (as has been found in many serum
glycoproteins and in certain viral glyco-
proteins). The replacement proceeds by
the stepwise addition of the individu-
al sugars from the corresponding sugar
nucleotides; for example, acetylglucos-
amine is added by transfer from UDP-
acetylglucosamine and galactose from
UDP-galactose.

Research on sugar nucleotides in rela-
tion to the biosynthesis of bacterial-cell-
wall peptidoglycan has led to the clarifi-
cation of the mechanism of action of
penicillin, which is still the most useful
antibiotic. The unique effectiveness of
penicillin results from the fact that pep-
tidoglycan is not found in any organisms
other than bacteria. It is therefore an
excellent target for selective chemo-
therapeutic agents that kill the bacte-
ria without affecting their host.

Genetic Diseases

A completely different reason for the
new wave of interest in carbohydrates
stems from the fact that many of the
hereditary or genetic diseases of man
for which the molecular basis has been
established are defects of carbohydrate
metabolism, mostly of complex saccha-
rides. One of the diseases is galactos-
emia, a rare familial defect in galactose
metabolism caused by the lack of a
single enzyme: galactose phosphate uri-
dyl transferase. Because of the absence
of this enzyme afflicted infants cannot
utilize galactose or galactose-contain-
ing compounds, in particular lactose.
Breast-feeding literally poisons such in-
fants. The galactose, which is ordinarily
converted into glucose and eventually
into energy, accumulates in the infant’s
blood in the poisonous form of galac-
tose phosphate, causing severe neural
retardation and often early death.

Mainly as a result of the efforts of
Herman M. Kalckar and his collabora-
tors at the National Institute of Arthri-
tis and Metabolic Disorders in the late
1950’s the diagnosis of galactosemia
can be made before the disease is far
advanced. The procedure tests for the
presence of the enzymes that metabolize
galactose. If one of the enzymes is miss-
ing and the infant is given a diet free of
galactose, all symptoms of galactosemia
disappear and development becomes
normal.

Most other genetic defects of carbo-
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hydrate metabolism cause mental retar-
dation and often early death. The best-
characterized among them are the mu-
copolysaccharidoses: disorders of mu-
copolysaccharide metabolism, such as
Hurler’s syndrome and Hunter’s syn-
drome, and disorders of glycolipid me-
tabolism, such as Tay-Sachs disease,
which occurs at a relatively high inci-
dence (one birth in 3,000 births) among
Ashkenazi (eastern European) Jews. In
most of these diseases the missing en-
zyme normally functions to degrade
complex saccharides.

In the mucopolysaccharidoses large
quantities of complex carbohydrates
(the mucopolysaccharides) accumulate
in the lysosomes, the subcellular organ-
elles where large molecules are normal-
ly broken down. Increased quantities of
mucopolysaccharides are also secreted
in the patient’s urine. Cells taken from
the skin of a patient and grown in tissue
culture also accumulate mucopolysac-
charides. In the early 1970’s Elizabeth
F. Neufeld of the National Institute of
Arthritis, Metabolism, and Digestive
Diseases found that this accumula-
tion can be prevented by providing the
cells with the missing polysaccharide-
degrading enzymes. Unfortunately at-
tempts to treat patients by administering
the appropriate enzymes have not yet
been successful.

A disease that is well known to be
closely linked with sugar metabolism is
diabetes. Although diabetes has now
been shown to be a family of different
disorders, all diabetics have one thing in
common: abnormally high levels of glu-
cose in the blood. Moreover, in nearly
all diabetics similar complications de-
velop, including heart disease, blind-
ness, cataracts, blood-vessel damage,
nerve disorders and kidney damage. Is
the high blood sugar by itself the cause

of diabetic complications? Many inves-
tigators tend to believe that it is and
that tight control of blood sugar can pre-
vent, arrest and possibly even reverse
the progress of these complications.

To understand what high blood sug-
ar does biochemists and physicians are
asking how glucose damages cells at the
molecular level. One possible mecha-
nism is that glucose combines with pro-
teins in the body, altering their configu-
ration and their function. Evidence of
how this process might occur was re-
cently obtained by a number of groups,
including Anthony Cerami and Ronald
Koenig and their associates at Rockefel-
ler University and H. Franklin Bunn,
Kenneth H. Gabbay and Paul M. Gal-
lop at the Harvard Medical School.
These investigators found that glucose
attaches itself, in a process not requiring
enzymes, to the hemoglobin molecules
of diabetic patients, thereby altering the
electric charge and biochemical proper-
ties of the hemoglobin.

The idea that glucose can combine
with amino acids and proteins is not
new. For a while it was the subject
of considerable research by biochem-
ists and food chemists. Aharon Katzir-
Katchalsky studied this reaction at the
Hebrew University of Jerusalem for his
doctoral degree, which he was awarded
in 1938, and I continued on the same
subject with him for my Ph.D. degree
(also from Hebrew University) in 1950-
53. Food chemists had long known that
the interaction of glucose and food pro-
teins, a reaction known as nonenzymatic
browning because it proceeds without
enzymes and turns the protein brown,
causes a decrease in the digestibility and
nutritive value of protein. Hematolo-
gists found some years ago that about 5
percent of the hemoglobin molecules of
normal people contain nonenzymatical-
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AMINO SUGAR is glucosamine, a constituent of lobster shell, glycoprotein and the cell wall
of fungi. In amino sugars one or more hydroxyl (OH) groups of the sugar molecule are re-
placed by an amino, or nitrogen-containing, group. Here the amino group replaces the hydrox-
yl group on carbon No. 2 of the glucose molecule. More than 60 amino sugars are now known.
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ly bound sugars. This attachment of sug-
ar molecules to proteins is a slow proc-
ess and does not normally happen to any
great extent with proteins that are rapid-
ly broken down and resynthesized. Few
sugar molecules are expected to attach
themselves even to relatively stable pro-
teins such as hemoglobin. Diabetics,
however, have so much glucose in their
blood that their level of glucosylated
hemoglobin molecules is two or three
times higher than the norm. Attempts
are now being made to exploit this find-
ing clinically.

Red blood cells and their hemoglobin
have a lifetime of about 120 days. Once
glucose has become attached to the he-
moglobin it comes off slowly, so that the
amount of glucosylated hemoglobin in
the blood of a patient acts as an indica-
tor for the total blood-sugar concentra-
tion over the preceding few weeks. It is
hence a better index than anything now
available of how well controlled the pa-
tient’s blood glucose has been over such
a period.

Since glucose attaches to hemoglobin,
it almost certainly attaches to other pro-
teins in the same way and may therefore
change their properties and biological
functions. The process may be particu-
larly damaging to proteins that are slow
to be replaced, such as those in the lining
of blood vessels and in the insulating
material around nerve cells. Cerami has
recently demonstrated that a high con-
centration of glucose leads to the gluco-
sylation of proteins of the eye lens,
both in vitro and in vivo, and to a sub-
sequent opacity of the protein matrix,
mimicking the opacity seen in diabetic
cataracts.

Biological Markers

Until recently it was not recognized
that nature can employ sugars for the
synthesis of highly specific compounds
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that can act as carriers of biological in-
formation. This capability arises from
the fact that a large number of struc-
tures can be formed from a small num-
ber of monomers. In other words,
monosaccharides can serve as letters in
a vocabulary of biological specificity,
where the words are formed by varia-
tions in the nature of the sugars present,
the type of linkage and the presence or
absence of branch points. It is now
known that the specificity of many natu-
ral polymers is written in terms of sug-
ars, not amino acids or nucleotides. This
idea is not entirely novel, but it has only
recently become well established.

In the 1920’s it was still believed that
the specific information in biological
polymers was carried only by proteins.
Between 1925 and 1937 Oswald T.
Avery of the Rockefeller Institute, to-
gether with Michael Heidelberger and
Walther F. Goebel, demonstrated that
pure polysaccharides can carry specific
immunological messages as antigens:
substances that stimulate the produc-
tion of an antibody specific to them-
selves. Thus the highly purified Type III
pneumococcus ‘“specific soluble sub-
stance” was an antigen even though it
did not have any of the properties of a
protein. This substance was shown to be
polysaccharide, consisting of repeating
units of cellobiuronic acid (a disaccha-
ride of glucose and glucuronic acid).

The chemical basis of the antigenicity
of polysaccharides was thoroughly clar-
ified through the application of highly
sophisticated techniques developed by
Heidelberger and Elvin A. Kabat of the
Columbia University College of Physi-
cians and Surgeons, Walter T. J. Mor-
gan of the Lister Institute of Preventive
Medicine in London and many others.
Today it is well established that carbo-
hydrates are ideally suited for the for-
mation of specificity determinants that
can be recognized by complementary

structures, which presumably are car-
bohydrate-binding proteins, on other
cells or molecules.

The first indication that sugars serve
as specificity determinants came from
the discovery in 1941 by George K.
Hirst in New York and by Ronald Hare
in Toronto that the influenza virus
caused red blood cells to agglutinate, or
clump. The molecular basis of this phe-
nomenon was for a time obscure. Main-
ly as a result of the efforts of Alfred
Gottschalk in Australia it was shown
that the influenza virus binds to the red
blood cell through sialic acid units on
the cell surface. If the sialic acid is re-
moved from the cell surface by the en-
zyme neuraminidase, the influenza virus
will no longer bind to the cell.

The role of carbohydrates in recogni-
tion has been best demonstrated in the
control of the lifetime of glycoproteins
in the circulatory system and their up-
take into the liver and of the uptake of
lysosomal enzymes by cells. As often
happens, these exciting discoveries orig-
inated with an unexpected observation,
this one made in 1966 by G. Gilbert
Ashwell of the National Institute of Ar-
thritis, Metabolism, and Digestive Dis-
eases and by Anatol G. Morell of the
Albert Einstein College of Medicine in
the course of an effort to understand the
biological role of ceruloplasmin, a cop-
per-transport protein found in the blood
serum of man and other animals. When
Ashwell and Morell removed sialic acid
from rabbit ceruloplasmin and rein-
jected the modified ceruloplasmin into
the animals, it almost completely dis-
appeared from the circulatory system
within 15 minutes. This was in striking
contrast to the native glycoprotein, al-
most all of which remained in circula-
tion after the same length of time. Fur-
ther work has shown that with many
serum glycoproteins the removal of ter-
minal sialic acid units to expose the un-

SUGAR NUCLEOTIDE, the first of more than 100 that have been
found, is uridine diphosphate glucose (UDP-glucose). It is the start-
ing compound for the biosynthesis of numerous other sugars. The
general structure is that of a sugar in association with a nucleoside
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(adenosine, guanosine, cytidine, uridine or deoxythymidine) and phos-
phorus in the form of phosphate. Here it is glucose, uridine and two
phosphate groups. The nucleotide holds the sugar in an activated
form for transformation to other sugars or transfer to acceptors.
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Stephenson’s locomotion No. 1 took
the world’s first passenger train rumbling
along a railroad track.

The North of England Development
Council invites your company to
consider an extension of operations or
relocation in North England—recognised
as the launch-pad for Europe—where

you’ll find the right brains, plentiful and
willing labour and the land to suit you
(we also have factories off the peg,
ready and waiting in a variety of sizes).

Ask first for our information pack
and say whether you would also like to
receive special in-depth studies on
sectors such as Electronics, Scientific
and Industrial Instruments or
Pharmaceuticals.

Telex, telephone or write—and like
Harrier we’ll be ready for immediate
take-off with a visit to you to fill in the
background when ever you'’re ready for
us.

North of England Development Council
Bank House Carliol Square Newcastle upon Tyne NE1 6XE England
Telephone 0632 610036 Telex 537212
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derlying galactose units results in the
rapid removal of the modified glyco-
proteins from the circulatory system of
experimental animals and their uptake
by the parenchymal cells of the liver.
The surface of such a cell contains a re-
ceptor specific for the binding of glyco-
proteins that lack sialic acid.

Galactose hence serves as a recogni-
tion marker that determines the survival
time of many serum glycoproteins in the
circulatory system of man, the rabbit
and the mouse. In bird and reptile spe-
cies the recognition marker appears to
be primarily acetylglucosamine. Clear-
ance systems in which fucose and man-
nose are the markers have also been
found.

A particularly interesting marker is

1. APPROACH

GM,
o
LATENT ADENYLATE
CYCLASE
2. BINDING

3. CONFORMATIONAL CHANGE

mannose-6-phosphate, a sugar deriva-
tive that has recently been shown to act
mainly in directing the intracellular traf-
fic of glycoprotein enzymes normally
present in lysosomes. This finding had
its origins in Neufeld’s discovery that
the enzyme deficiencies in cells from
patients afflicted by mucopolysaccha-
ridoses such as Hurler’s and Hunter’s
syndromes can be corrected by provid-
ing the cells with the missing enzymes.
In 1974 she showed further that uptake
into the cells depended on the presence
in the enzymes of a carbohydrate-recog-
nition marker. In 1977 William S. Sly of
the Washington University School of
Medicine and Arnold Kaplan of the
Saint Louis University School of Medi-
cine identified the recognition marker as

4. DISSOCIATION AND ENTRY

5. PENETRATION AND
“ACTIVATION” OF
A SUBUNIT

6. ACTIVATION OF
CYCLASE

ATP

ACTION OF GLYCOLIPID in binding the toxin of cholerabacteria is indicated. A glycolipid
is a compound in which a sugar is linked to a lipid; here it is the ganglioside, or acidic glyco-
lipid, known as GM1, which is found in the plasma membrane of cells. A cholera toxin, consist-
ing of one A subunit (black) and five B subunits (white), approaches the plasma membrane
of an intestinal mucosal cell (), is bound by the GM; (2) and as a result is changed in con-
formation (3) in such a way that the 4 subunit is dissociated from the toxin and enters the mem-
brane (4). There the 4 subunit becomes activated (5) so that it is able to activate the adenylate
cyclase system of the cell (6). The activation of the cyclase system causes the cell to secrete ex-
cess quantities of fluid, giving rise (as large numbers of cells become overactive) to the huge
losses of liquid that often cause dehydration and death in cholera. If GM; is administered to
the patient so that much of it is not associated with cells, it can bind the cholera toxin and inhib-
it the toxin’s effect. Other gangliosides evidently inhibit similarly the action of other toxins.
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a phosphorylated sugar unit: mannose-
6-phosphate. The function of the mark-
er is apparently to prevent the secretion
of the enzymes from the cells and to
direct them into the lysosomes. When
the enzymes are supplied from the out-
side, it is this recognition signal that pro-
motes their binding to the cell surface;
without binding they cannot enter the
cells and reach the lysosomes.

By the covalent (electron-sharing) at-
tachment of carbohydrates to proteins
or by a modification of the sugars in
glycoproteins it may thereby be possible
to control the proteins’ lifetime in the
circulation and to direct them to the liv-
er and perhaps also to other organs, as
well as into lysosomes. Such techniques
will have far-reaching uses for enzyme-
replacement therapy in cases of genetic
disease and also for delivering drugs ac-
curately into target organs and cells.

Other Biological Roles

Sugars on cell surfaces also appear to
determine the life span of circulating
cells and their distribution in the body.
This role was originally demonstrated in
1964 by Bertram M. Gesner and Victor
Ginsburg of the National Institute of
Arthritis, Metabolism, and Digestive
Diseases. They found that radioactively
labeled rat lymphocytes migrated to the
spleen when they were reinjected into
the animal. If before reinjection the sug-
ar fucose was removed from the surface
of the cells by treatment with a specific
glycosidase, the lymphocytes migrated
to the liver instead, as if the fucose on
the lymphocytes served as a “ZIP” code
directing them where to go.

Old red blood cells have less sialic
acid on their surface than young ones,
and so it has been postulated that the
decrease of sialic acid is the signal re-
sponsible for the removal of the older
red blood cells from the circulatory sys-
tem. This hypothesis seemed to be fur-
ther substantiated by the finding that
when red blood cells are taken out of the
circulation, and when the sialic acid is
removed from their surface and they are
reinjected into the blood, their life span
is extremely short: only a couple of days
out of the normal lifetime of 120. In
spite of these striking correlations there
is considerable doubt whether the re-
moval of sialic acid and the exposure of
galactose units on the surface of the red
blood cell are responsible for the remov-
al of senescent red cells from the blood
under physiological conditions in vivo.

The well-known ABO blood-group
system was first described by Karl Land-
steiner of the Rockefeller Institute in
1900, but it was not until 1953 that Wal-
ter Morgan and Winifred Watkins of
the Lister Institute demonstrated that
the specificity of the major blood types
is determined by sugars. For example,
the difference between the blood types 4
and B lies in a single sugar unit that
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E.coli ;l ’ ]:

MECHANISM OF ATTACHMENT of E. coli to a cell membrane,
as is shown in the micrograph on page 91, and its inhibition by free
mannose is portrayed schematically. Bacteria approach a cell mem-
brane (I) in which a glycoprotein is embedded. Here mannose (black
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dots), which is part of the glycoprotein, is recognized by binding sites
on the E. coli. As a result the bacteria adhere to the host surface (2),
initiating an infection. If free mannose is available, however, it binds
to the bacteria first (3) and prevents them from attaching to the cell.
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sticks out from the end of a carbohy-
drate chain of a glycoprotein or gly-
colipid on the surface of the red blood
cell. In blood type A4 the determinant is
acetylgalactosamine, in blood type B it
is galactose. The two monosaccharides
differ by only a small group of atoms,
but that little difference is sometimes a
matter of life and death, since using the
wrong type of blood in a transfusion can
have fatal results.

The enzymatic removal by specific
glycosidases of a-linked acetylgalac-
tosamine from type A4 red blood cells or
of a-linked galactose from type B red
blood cells will convert both into type O
cells. An effective conversion can, for
example, be carried out by purified a-
galactosidase from coffee beans or soy-
beans, as was demonstrated in our labo-
ratory by Noam Harpaz and Harold
Flowers. Such a conversion may be use-
ful clinically when type O cells of rare
subtypes are needed for transfusion.

The sugars that determine the speci-
ficity of substances in the 4BO blood
group are distributed in the biological
world in forms similar to those found in
human beings. The substances are there-
fore also present in different mammals.
Hence the red blood cells of the dog, the
pig and the rabbit are invariably of type
B and in some cases may also belong
to type 4. The ABO blood-group sub-
stances are present in birds and amphib-
ians and even in plants and bacteria.

Tamio Yamakawa of the University
of Tokyo has recently suggested that
dogs may possess a blood-group system
specified by the sialic acid in red-blood-
cell glycolipids. Whereas all European
dogs so far examined have glycolipids
that incorporate acetylneuraminic acid,
Yamakawa and his co-workers have
shown that representative Japanese
dogs such as the Kishu and Shiba breeds
often have glycolylneuraminic acid in-
stead and that this occurrence is genet-
ically determined. Akita and Hokkaido
dogs from northern Japan seem to be
exceptional in having only acetylneur-
aminic acid in their red-blood-cell gly-
colipids. The origin of the Japanese dog
is still controversial, but since the glyco-
lylneuraminic acid glycolipid is inherit-
ed as a dominant trait, the findings sug-
gest that the origins of the Akita and
Hokkaido breeds are different from
those of other Japanese dogs and that
the Akita and Hokkaido breeds are re-
lated to European dogs.

Several toxins of bacteria and plants
are now known to recognize carbo-
hydrate structures present in various
classes of cell-surface molecules. In-
cluded are the cholera toxin and possi-
bly the tetanus toxin, which bind to cer-
tain glycolipids of the ganglioside type.
Gangliosides are unique acidic glycolip-
ids that are selectively concentrated in
the plasma membrane of cells.

W. E. van Heyningen of the Universi-
ty of Oxford showed in 1971 that gangli-
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Automatic screw machine filmed at 300 frames/second. Images photographed while projected on analyzer
Problern: Determine why screw was not being inserted into part (misalignment, vibration, lack of vacuum, premalure release by jaws?)

4. Jaws open and scre'v;r téils bec.

S L4 Y

n 5 seconds

5. Driver moves to part to insert now missing screw. 6. Drniver returns. Cycle complete in less tha
Problem identified in minutes
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Now when you need an analysis of a high-speed
process in your plant, you don't have to call in an out-
side specialist. You can film it yourself.

The Polaroid High-Speed Recording System for
Instant Motion Analysis turns that fast action into
slow-motion pictures. It lets you view the pictures in
just 90 seconds in brilliant color or black and white.

If there is anything wrong, you can immediately
diagnose the trouble. You avoid costly downtime
while waiting for a specialist to arrive. After you
shoot, if the results are not what you need, you can
adjust the set-up (lights, lens, camera angle, frame
speed, etc.) and immediately repeat the shot.
There's no waiting for film to be developed. Once
you are satisfied with the information and have taken
corrective action, you can re-shoot for instant assur-
ance that everything is working properly.

The system consists of a camera and analyzer.
Both can be speed-controlled, giving you the most
versatile system for investigation.

The camera, designed and manufactured by
Mekel Engineering, Inc., can take motion pictures at
rates from 4 to 300 frames per second. It can spread
10 seconds of action over as much as 22 minutes of
film, effectively slowing down the motion by 15 times.

The Polaroid analyzer gives you a normal forward
speed, four slow-motion speeds, frame-by-
frame advancement, stop action and instant
replay. You control all these speeds with a
hand-held control

After exposure, the color or black and
white movie cassette is inserted in the
analyzer. There it develops automatically
in90 seconds and is then projected onthe

© 1980 Polaroid Corporation “Polaroid™®
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on-speed events
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screen.You see the results immediately. And you
can view the pictures at any convenient place.

This system lets you instantly troubleshoot and
solve engineering, fabrication and processing prob-
lems that would otherwise be baffling. Investigate
vital portions of an assembly line to see what's caus-
ing a hang-up. Analyze a plastic molding operation
to discover why parts are defective. Observe a cut-
ting tool in a milling or lathe operation to determine
tool efficiency. Find out if a fast-moving part is bounc-
ing erratically and reducing productivity. These and a
thousand other high-speed events can be analyzed.

For more information or a demonstration on your
own premises, write to: Polaroid Corporation, Dept.
A449, 575 Technology Square, Cambridge, Mass.
02139. Or call us toll-free from the continental U.S.:
800-225-1618. In Massachusetts, call collect: 617-
547-5177.

Instant Motion Analysis
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THE ATARI

PERSONAL COMPUTERS.

YOU SHOULD KNOW
WHY SO MANY PEOPLE

ARE BUYING THEM.

Computers helped to create big business and big
government.

But they’ve done very little for you.

Until now. Now the computer revolution is ready to
come home. Thanks, in part, to Atari.

We at Atari have made the computer easy to use and
adaptable to your needs. Whether you're planning a new
budget, playing the stock market, or simply looking for a
brighter chess partner.

An Atari Personal Computer puts your
money to work for you.

Even professional managers who handle millions of
dollars are frequently unprofessional when it comes to
handling their own money.

Because they don’t have the time or the tools that
are necessary for the job. That’s the best argument we
know of for an Atari Personal Computer,

An Atari Personal Computer can help manage a
stock portfolio. Assist in the preparation of taxes. Figure
the best terms for a mortgage. Keep an electronic record
of income and expenses. (So
you'll know exactly what
you can and can't afford.)
Or help you decide
mathematically
whether real estate
in Goldsboro is a
better buy than

%‘l‘" N |
8

gold stock.
An Atari
=
- :.f'-"';:/ : Personal Com-

puter is also an
excellent place for keeping records of all kinds. From
stamp collections to premium due dates. Think how
unburdened your memory will feel when all these

receivable to inventory control. Yet they’re
small enough to fit in a briefcase, so you can
solve your problems at home or at the office.
Peripherals aren't just a
sideline at Atari.

Atari’s impressive array of advanced
peripheral accessories allows your system
to expand with your needs. As you
write or run larger and larger programs
you can increase the memory as well as
the performance capabilities of your
computer.

The most revolutionary
teacher’s aid ever invented.
One of the things that’s revolutionary

about the Atari Personal Computer is that it
adjusts its teaching speed to your child.

If your child learns faster than other
children our computer teaches faster.

If your child learns a little slower than
other children our computer teaches a little slower.

Nobody gets bored. Perhaps more importantly,
nobody gets lost.

An Atari Personal Computer has a voice that teaches,
asks questions, and tells your child whether he or she has
the right answer. If your child gets a wrong answer the
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things are tucked into your computer’s memory.

How to turn a small business into
a big business. /

Atari Personal Computers are powerful /
enough to handle almost any kind of gy 2
business application —from accounts

All programs referred to or shown will be available as pre-programmed cartridges or cassettes in 1980, or are examples of programs which can be written in Atari BASIC.
Atari reserves the right to modify programs or products without notice. *Programs and peripherals not included.

© Atari 1980 @ A Warner Communications Company
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computer doesn’t have to
move on to someone else,

in order to save time. It waits
for your child to answer the
, question correctly.

Atari has a wide
variety of these unique
Talk & Teach™ programs
for kids at all grade
levels, from primary

school to 12th grade.

Atari also has programs for adults that let you
improve your abilities in everything from economics and
accounting to supervisory skills and business communica-
tion, Atari’s incredible Music Composer enlarges
zour creative ability through its own ability to play

ack every note that has been played on it —
even in altered keys or tempos.

Our entertainment puts your
mind to work, not to sleep.
You'll discover how much fun
“smart” entertainment is when you try
to outfox our computer in a game of chess.
Or develop a levelheaded strategy while shooting off
photon torpedoes in a game called Star Raiders.™
Our games force you to think quickly, analyze moves
and outwit your Zylon opponents. Even our action
games like computer Basketball sharpen your reflexes.
What makes our computer games even more
fun are the brilliant colors and true-to-life sounds.

personal computer on the market.
You don’t have to know how to program it
to program it.

Just connect the computer into any television set.
Then slip in one of Atari’s unique pre-programmed cart-
ridges. Or one of our cassette tapes. That'’s all there is to it.

When you want to learn to write your own pro-
grams, that’s easy too.

There are several easy-to-learn programming lan-
guages and you canlearn the most popular one by simply
listening to our step-by-step Talk & Teach cassette —
Invitation to Programming.™

it pays to own an Atari.

Now that you have a pretty good idea of what Atari

Personal Computers can do, we think our suggested

starting price of under $700 for the ATARI 400* should
sound reasonable.

If you're one of those people who feels that a per-
sonal computer is an extravagance in difficult financial
times, we'd like to make one more point.

Difficult financial times may be your best reason

In fact, Atari has more color variations, more sounds .
and more graphics capabilities than any other for owning one.

PERSONAL COMPUTER SYSTEMS

1265 Borregas Ave. Dept. E, Sunnyvale, California 94086. Call toll-free 800-538-8547 excluding
Hawaii and Alaska (in Calif. 800-672-1404) for the names of your nearest Atari retailers.
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After 1/2 million owners,
6 billion miles and Motor Trend's “Car of the Year”award, it stands alone.

There's something about now, after 1-1/2 years, it's this year. But just figure. After
being new. Everyonewatches  the best-selling front-wheel 112 million owners, & billion
to see if you'll work out. drive in America. miles and “Car of the Year”
Believe us, it was no differ- But then, we felt sure award, there’s no doubt
entwhen Citation was intro-  about Citation from the start  about Chevy Citation
duced. We said it was a whole ... being so versatile. With its it works
new kind of compactcar.And  front-wheel drive, room for
then we had to prove it. Ev(;e, wagon-like utility, even
We put Citation to work. idden storage space.
Becomi?g| the moljt I . h}l\ow, of cozrse, yc|)u’|| 1981 CHEW
successful new Chevrolet e hearing about a lot
ever infroduced. And of fronf—w%eel drives CITATION
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osides of the brain bound cholera tox-
in and blocked its physiological effect.
Later work by van Heyningen, by Lars
Svennerholm and Jan Holmgren of the
University of Géteborg and by Pedro
Cuatrecasas of the Johns Hopkins Uni-
versity School of Medicine showed that
the ganglioside GM; is the most effec-
tive inhibitor. A close correlation was
found between the GM; content of in-
testinal mucosal cells from different spe-
cies and the amount of cholera toxin
that was bound. There is also considera-
ble evidence that specific gangliosides
can inhibit the action of tetanus toxin
and botulinum toxin. The existence on
cells of specific carbohydrates showing
a strong affinity with the toxins of viru-
lent organisms such ascholera and diph-
theria is of great medical importance,
since it may be possible to protect
against these diseases by the administra-
tion of suitable gangliosides.

The cell-surface sugars of ganglio-
sides serve for the attachment of other
biologically active molecules. Promi-
nent among them is the potent antiviral
agent interferon. The incubation of gan-
gliosides with interferon will inhibit in-
terferon’s antiviral activity. Moreover,
mouse cells that do not respond to treat-
ment with interferon become responsive
after the incorporation of gangliosides
into their surface membrane. These re-
sults indicate that gangliosides and in-
terferon can interact at the cell surface
and that these complex carbohydrates
may have a function in the antiviral ac-
tivity of interferon.

Cell Recognition

Cell-surface sugars serve as receptors
for various other physiological and non-
physiological agents. Among them are
lectins, which in binding to cells often
give rise to agglutination. If they bind to
lymphocytes, they induce cell growth
and division, a phenomenon known as
mitogenic stimulation.

Pronounced changes in cell-surface
sugars are observed during the develop-
ment and differentiation of cells and on
the transformation of normal cells into
malignant ones. Many of the changes
were originally detected with the aid of
lectins. In particular the finding during
the 1960’s that malignant cells are much
more readily agglutinated by lectins
(such as wheat-germ agglutinin, conca-
navalin A and soybean agglutinin) than
their normal counterparts focused the
attention of many investigators on cell-
surface sugars. The excitement over
these findings is waning, however, be-
cause it has proved to be extremely diffi-
cult to identify the structural changes
that take place on the surface when
normal cells become malignant. It has
also not been possible to gain any insight
into the physiological meaning of these
changes. Moreover, the increased ag-
glutination by lectins is not a property

WE GUARANTEE WEALTH!

—not riches, but a wealth of information!
—not a longer life, but a fuller one!

And if you are not already a bird watcher,
our magazine will open up a whole new
world for you filled with song, color, grace
and beauty. Bimonthly, 96 pages, sparkling
fact filled articles, black & white illustrations,
poetry, humor, where to, how to, when to!
The perfect gift for yourself and your friends!
We guarantee it or your money back!
Subscribe today! One year (6 issues) $9.
Add $2.50 foreign, U.S. funds only. Bird
Watcher’s Digest, Dept. SA, Box 110,
Marietta, OH 45750. Visa /Master Charge may
call 800-848-9765 weekdays 9-5.

Mathematics

and Humor
John Allen Paulos

In an illuminating and enter-
taining book, Paulos uses catas-
trophe theory to plot the course
of a joke or the process of a crea-
tive thought in mathematically
graphic terms. Paulos's work
has been reported in The New
York Times and in an Essay in
Time which commented: “"With
Dr. Paulos's breakthrough,
Americans may have the means
torecover the capacity to spot
baloney no matter how it is
sliced.”

Ilustrated $12.95

University of
CHICAGO Press
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What sort of people need to learn a
foreign language as quickly and effective-
ly as possible? Foreign service personnel,
that’s who.

Now you can make a start on  learning
to speak German with the same mate-
rials used by the U.S. Department of
State — the Foreign Service Institute’s
Programmed introduction to German and
Basic Course, Continued.

The FSI spent thousands of dollars and
many years developing these materials
for use by members of America's
diplomatic corps. Today people in all
walks of life who need to learn to speak a
foreign language are turning to this
outstanding audio cassette program.

The Foreign Service Institute's German
Course is by far the most effective way to
learn German at your convenience and at
your own pace. It consists of a series of
tape cassettes and accompanying text-
book. You simply follow the spoken and
written instructions, listening and learn-
ing. By the end of the course you'll find
yourself learning and speaking entirely in
German! A native German speaker, clearly
recorded on the cassettes, provides an ex-
cellent model to help you develop your
skills.

This course turns your cassette player
into a “teaching machine ” With its uni-
que ‘‘programmed’ learning method, you

aUDIa-FaRUM

‘---------------.

Spcak &erman
like a Diplomat!

set your own pace testing yourself, cor-
recting errors, reinforcing accurate
responses.

The FSI's Programmed German Course
comes in twovolumes: You may order one
or both courses:

J Volume |. Programmed introduction to
German, 9 cassettes, 12 hours and
647-page text, $115.

1 Volume |l. Basic Course, Continued
(More Advanced) 8 cassettes, 8':
hours and a 333-page text, $98.

(New York State residents add ap-
propriate sales tax.)

Your cassettes are shipped to you in hand-

some library binders.

TO ORDER, JUST CLIP THIS AD and mail
with your name and address, and a check
or money order. Or charge to your credit
card (American Express, VISA, Master
Charge, Diners Club) by enclosing card
number, expiration date, and your
signature.

The Foreign Service Institute’s German
course is unconditionally guaranteed. Try
it for three weeks. If you're not convinced
it's the most convenient and most painless
way to learn German, return it and we’ll re-
fund every penny you paid! Order today!

Audio Forum N
Dept. 800 ‘
145 East.49th St.
New York, N.Y. 10017
(212) 753-1783
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LEADING

#]i ina serles ies of reports onnew 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
Bogys.

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.

114

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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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-
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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.

A mation processing equipment.
This enables an organization to
plug in new machines gradu-

] ally, as its needs dictate, or as

4

technology develops new and better ones.
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SOME SERIOUS NOTES
ON MOVING.

By Victor Borge

When you move, make sure your mail arrives
at your new address right after you do.

The key is this: Notify everyone who regularly
sends you mail one full month before you move.

Your Post Office or Postman can supply you
with free Change-of-Address Kits to make no-
tifying even easier.

One last serious note. Use your new ZIP Code.

Don’t make your mail come looking for you.

Notify everyone a month before you move.

©USPS 1980
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shared by all malignant cells, so that the
early hopes of employing lectins to iden-
tify and perhaps to attack such cells se-
lectively have faded.

Cell-surface sugars participate in fer-
tilization in mammals, sea urchins, pro-
tozoa and algae. Cellular association in
slime molds is mediated by the interac-
tion of carbohydrate-binding proteins
on one cell with specific oligosaccharide
receptors on another cell. Thus differen-
tiation in slime molds from a vegetative
(single cell) form to a cohesive (aggre-
gated) form is accompanied by the ap-
pearance of both cell-surface lectins and
specific glycoproteins. Moreover, sim-
ple sugars such as galactose and acetyl-
galactosamine inhibit the aggregation of
cells in this system.

In recent years it has been demon-
strated that cell-surface saccharides act
as receptors not only for viruses but
also for bacteria. This finding is proba-
bly the best-documented example of a
specific cell-cell interaction mediated
by carbohydrates. It is a phenomenon
of great importance, since the adher-
ence of bacteria to tissue surfaces is
the initial event in a bacterial infection.
Work done in our laboratory and else-
where has demonstrated that bacteria
such as Escherichia coli and Salmonel-
la typhimurium adhere to epithelial cells
and to scavenging white blood cells
through units of mannose on the surface
of such cells. This carbohydrate-specific
interaction is mediated by a mannose-
specific lectin present on the surface of
the bacteria. The lectin has been isolat-
ed from E. coli by Yuval Eshdat of our
department. In collaboration with Da-
vid Mirelman of our department and
Moshe Aronson and Itzhak Ofek of Tel
Aviv University we have also found
that colonization of the urinary tract of
mice infected with E. coli can be mark-
edly diminished by the administration
of methyl a-mannoside, a sugar that ef-
fectively inhibits the mannose-specific
adherence of the bacteria to epithelial
cells. Further studies of the sugars on
cell surfaces that act as receptors for
bacteria may lead to the design of im-
proved inhibitors of adherence. Such in-
hibitors might serve to prevent bacterial
infection by blocking its first step, the
adherence of the invading organism to
the epithelial surfaces of the host.

To sum up, carbohydrates are found
in wide variety, and many of them are
extremely complex. They perform nu-
merous tasks in living organisms; most
important, like nucleic acids and pro-
teins, they seem to serve as information-
al molecules. Determining more about
these compounds and establishing in de-
tail their chemical structure and confor-
mation will not only result in a deeper
understanding of what life is but also
make it possible to combat more effec-
tively wvarious diseases, such as those
caused by genetic defects or infectious
agents.



UN DISCLOSED SOU RCE

Now, the closely held secret behind many of
today’s quartz timepieces is revealed.

Most major companies would rather
have these facts remain secret, but one
little-known company decided to show
its genius to the world.

To effectively compete in world
markets and when lacking in necessary
technology, many major companies
have turned to smaller more dynamic
companies to build their products.
Sometimes the product is built to the
specs of the major company. But more
often than not, the only unique parts
are a label and different owner’s
manual. This practice is quite prevalent
in the digital watch industry.

One company that has been the real
source behind products introduced in
the U.S. by companies like Mattel, Timex
and Texas Instruments, is Olympos Elec-
tronic Co., also known as Otron.

Olympos Electronic now wants the
world to know its name and genius.
We feel lucky to be selected to bring
this story to you.

S o ey . .

\.
Cominuml
LCD Displa My
of Hours, Mins.;,
Secs., Day and \
Date.

Normal
Time

Dual Time

Zone hour time; model

selection (24 hr. "
shown).

One of two loud
alarms set for |
6:30 am. 1

Dual
24 Hour
Alarms

12 hr. chrono, i
split and lap tim-

ing, with 1/100

sec. precision.

Stopwatch

Chimes on
the hour
with confir-
mation.

12or24 hr
count down,

Dual Time in \:
either 12 or 24 f

Olympos Electronic Co. is now in-
troducing products into this country
under its own trade name—Otron. We
are introducing one of the first Otron
products into the U.S.

12 or 24 HOUR DUAL TIME,
DUAL ALARM CHRONOGRAPH
The first product we selected is the

Alarm Chrono X watch. It may be the
most advanced Quartz timepiece in
the world today for under $200.

We know of no other watch that
combines these unique features and
design. It has both a 2nd time zone
capability and a 2nd separate alarm. It
comes in either 12 or 24 hour version.
These features are just the beginning.
Compare this watch feature-for-feature
against any other in the world. We
believe you will be convinced that
there is not a better watch dollar-for-
dollar anywhere.

TESTED TO 100 FEET OF WATER

Three years ago, there were no
digital water resistant alarm watches.
Today they exist in some more advanc-
ed models, but cost $100, $200 or
more. Our Alarm Chrono X is submer-
sible to 100 feet of water. Its unique
alarm emits sound right thru the
stainless steel case. The O-ring con-
struction and rock hard mineral glass
lens provide a lock tight seal against
water to 100 feet—it’s guaranteed.

THINNESS AND BOLD
MASCULINE DESIGN

The Alarm Chrono X is a combina-
tion of bold masculine design and just
the right degree of thinness. No
sacrifice in function or masculinity, the
Chrono X measures 8.9 mm from the
top of its mineral glass lens to the back
of its stainless steel case. That’s 1.6 mm
thinner than the popular Seiko Alarm
Chronograph, 2.1 mm thinner than the
Citizen and 3.1 mm thinner than Texas
Instruments. Yet Alarm Chrono X has
the same bold design of each. The
Seiko sells for $250; the Citizen for
$200; and the T.I. for $125. . .What
does Otron know that these other com-
panies don’t?
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UNSURPASSED QUALITY AND
ACCURACY FOR UNDER $70

Stainless steel case, and finely woven
mesh bracelet, mineral glass lens,
water resistant to 100 feet and quartz
accuracy to +5 seconds per month.
That'’s quality and accuracy found only
in watches costing $200 or more. The
Alarm Chrono X sells for $69.95 in
stainless steel case and $79.95 in gold
with 3 microns of real gold over
stainless. Compare features and price
for yourself before you call to order.

ORDER TOLL FREE AT NO-RISK

The Alarm Chrono X is offered with a
15 day no-risk trial period. If during 15
days, you find the Alarm Chrono X not
to your liking return it for a prompt re-
fund of your purchase price.

In the unlikely event that anything
should go wrong after the trial period,
your Alarm Chrono X is backed by a full
year warranty thru Otron’s Service by
mail repair facility in this country.

To order your Alarm Chrono X fill out
the order form below and send it with
check or money order to us. For faster
service, credit card customers call Toll
Free 1-800-527-7066. Don’t wait —
order today to insure getting a watch of
this quality, with these functions, at this
price.

MEDA MARKETING
10155 Plano Road + Dallas, TX 75238
Please send me the following Alarm Chrono X
watch(es) with a 15 day no-risk return privilege at
$69.95 each, plus $2.50 delivery. Texas residents

add 5 % sales tax.
—Stainless Steel
O 12Hourtime
Name
Address
City
State. Zip.

[CCheck or M.O. enclosed
For even faster service, charge to:
COMC/Visa Explres______

A it o
Signature
Order Toll Free 1-800-527-7066.

In Texas call COLLECT: 214-349-3120. SAA- 110

Gold $79.85
O 24 Hour time
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The Vestibular Apparatus

Balance and orientation depend on two organs of the inner ear:

the semicircular canals and the otolith receptors. The system Is

“multimodal” in that it also requires inputs from other senses

f a cat is dropped upside down, it will
I land right side up on all fours. If a
newborn infant is tilted backward,
its eyes will roll downward so that its
gaze remains fixed. If the reader shakes
his head rapidly from side to side as he
reads this article, the print nonetheless
stands still. Each of these effects repre-
sents a compensation for a disturbance
to balance or orientation, and each is
controlled in part by the sensory appara-
tus in the vestibule of the inner ear.

The exact role of the vestibular appa-
ratus is only partly understood. Unlike
the apparatus of the other major senses,
it cannot, for example, “see” or “hear”;
it responds to accelerations of the head,
but the individual cannot readily de-
scribe sensations associated with it as he
can sights or sounds. The study of ves-
tibular sensations is difficult because the
vestibular apparatus is only one source
of information for a system of balance
and orientation that is “multimodal”:
the system also receives input from the
eyes and from somatic receptors (sen-
sors in the skin and the joints). More-
over, the multimodal system of balance
and orientation is adaptable: if the ves-
tibular apparatus itself is damaged, the
system can learn to function without it.
For all these reasons it is difficult to
trace a response to any one source of
information in this triad of sources: ves-
tibular, visual and somatic.

Experiments to be conducted in the
manned satellite Spacelab will test the
ability of astronauts to balance and
orient themselves under conditions of
weightlessness and therefore will offer a
new opportunity for studying the elu-
sive vestibular apparatus. Such experi-
ments may also help to explain why mo-
tion sickness appears to be intimately
related to the functioning of the vestibu-
lar apparatus.

The vestibular apparatus is shared by
vertebrate animals from fishes and am-
phibians to birds and man. At the core
of the apparatus are the vestibular re-
ceptors of the inner ear. When the head
is accelerated in a particular direction,
within the receptor a fluid or a gelati-
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by Donald E. Parker

nous mass covered with tiny crystals
tends to remain stationary with respect
to the ground. Projecting into the fluid
or the gelatinous mass are cilia: ultra-
fine hairs anchored to the rest of the
head. As the head is displaced the hairs
are deflected in the opposite direction,
much as the bristles of a brush bend
backward when the brush is moved
across a surface. This bending initiates
impulses in adjoining nerve cells, and
the impulses are transmitted to the
brain. There decisions are made to ex-
cite reflex movements of eye, neck, limb
or body muscles, and nerve cells that
mediate the perception of motion and of
orientation in space are activated.

The vestibular receptors are within
the inner ear’s membranous labyrinth, a
series of fluid-filled sacs and tubes sus-
pended in the convoluted space in the
temporal bone called the bony laby-
rinth. There are two kinds of receptors:
the otolith (or statolith) organs, which
respond to linear accelerations, and the
semicircular canals, which respond to
angular accelerations. Linear accelera-
tions include the action of gravity and
are defined as a change in the velocity of
an object traveling in a straight line.
(Gravitational attraction is equivalent
to accelerating an object upward at 980
centimeters per second squared.) Angu-
lar acceleration results from circular
motion and is measured by the change in
rate of rotation, a quantity often given in
degrees per second squared.

he otolith organs are two similar sac-

like structures in the ear called the
utricle and the saccule. Each organ hasa
patch of hairs known as the macula; in
the utricle the patch is approximately
horizontal in the upright head, and in
the saccule it is approximately vertical.
In the utricle the hairs project upward
into the gelatinous otolith membrane
and in the saccule they project sideways.
Loosely attached to the surface of the
membrane are the otoconia, calcium
carbonate crystals that have a density of
2.95 grams per cubic centimeter, almost
three times the density of water. The
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crystals act as an inertial mass that
strongly resists the application of ex-
ternal forces. Therefore when the head
moves in response to a linear accelera-
tion, the crystals in the utricle or the
saccule tend to stand still as the patch of
hair slides under the gelatinous mem-
brane, bending the hairs backward. For
example, when a cat is dropped, the sac-
cular receptor detects a change in accel-
eration the instant the animal starts fall-
ing and signals the leg muscles to extend
in preparation for landing. In either of
the otolith organs the bending of the
hairs triggers the nerve impulses that re-
lay the information to the brain.

The three semicircular canals, the or-
gans that detect angular acceleration, lie
in three planes like those defined by the
x, y and z axes in a three-dimensional
graph. Depending on the plane of rota-
tion of the head, one canal, two canals or
all three are affected. Each canal has a
bulge, the ampulla, that contains a patch
of hair cells embedded in a crest-shaped
surface, the crista. As in the otolith or-
gans, the hairs project into a gelatinous
membrane called the cupula. Where in
the otolith organs the inertial mass is
provided by the otoconia crystals, in the
semicircular canals it is provided by a
fluid, the endolymph. When the head ro-
tates, the fluid tends to remain at rest
and the cupula, along with the hairs pro-
truding into it, is displaced in the oppo-
site direction.

The movement of hairs in either the
otolith organs or the semicircular canals
sets off nerve impulses by changing the
electric potential of the adjoining nerve
cells. Each of these neurons, like other
neurons, has an axon, a long fiber that is
negatively charged inside and positively
charged outside. The difference between
the two levels of charge is the cell’s elec-
tric potential; a neuron in its resting state
has a potential of about 70 millivolts.
Most of the vestibular neurons emit a
steady stream of impulses.

When vestibular hairs move in a par-
ticular direction, they make the inside of
the axons of the neighboring neurons
more negative and in so doing increase



ULTRAFINE HAIRS cover the surface of an otolith receptor in the
vestibule of the inner ear. Otolith hairs respond to linear accelerations
of the head. This scanning electron micrograph, which enlarges the
structures some 5,000 diameters, shows the surface of the utricular
organ, one of the two otolith receptors in each ear. Each bundle of
hairs consists of many small hairs, the stereocilia, and one longer hair,
the kinocilium. The function of the kinocilium is not well understood.

OTOCONIA CRYSTALS function as an inertial mass within the

otolith receptors. These dense crystals of calcium carbonate rest on a
gelatinous membrane not visible in this scanning electron micrograph
of a human utricle; the crystals are enlarged some 5,000 diameters.
A linear acceleration of the head carries along with it the hairs em-
bedded in the surface of the otolith receptors; the ot crystals

The hairs project upward into a gelatinous membrane that has been
removed for the purposes of the micrograph. Surrounding the hairs
in the micrograph is the remnant of a spongelike surface, the filamen-
tous base, that cushions the gelatinous membrane. The scanning elec-
tron micrograph, which was made by Dean E. Hillman of the New
York University Medical Center, shows the utricle in the inner ear of
a frog; a human utricle is similar in both function and appearance.

resist the acceleration and tend to hold the gelatinous membrane sta-
tionary. As a result hairs protruding into the membrane from the oto-
lith surface are bent in a direction opposite to the direction of acceler-
ation. Nerve cells at the base of hairs transmit this information to the
central nervous system. The scanning electron micrograph was made
by Muriel D. Ross of the University of Michigan Medical School.
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POSTERIOR CANAL

VESTIBULAR APPARATUS consists of a series of fluid-filled sacs
and ducts. In this drawing of the human vestibular apparatus the
three semicircular canals are at the left; clockwise from the top they
are the superior, the horizontal and the posterior canal. They are ori-
ented in the three dimensions of space and respond to angular accel-
erations of the head. In the center of the drawing are the two otolith

LEADS TO UTRICLE

CUPULA —

BULGE OF THE SEMICIRCULAR CANAL, the ampulla, is shown
in transparent full view (/eft) and in cross section (right). Hairs an-
chored in a crest-shaped surface, the crista, project into a gelatinous
flap called the cupula (color). The endolymph flows through the ca-
nal but is blocked by the flap. When the head is accelerated in the
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receptors: the utricle (fop) and the saccule. The fluid known as en-
dolymph fills the apparatus; in the semicircular canals the endolymph
functions as an inertial mass analogous to the otoconia crystals in
the otolith receptors. Each semicircular canal has a bulge, the am-
pulla, one of which is shown in color; it is enlarged in the illustra-
tion on page 125. At the lower right in the drawing is the cochlea.

LEADS TO
SEMICIRCULAR CANAL

plane of the canal, the fluid remains stationary as the canal, includ-
ing the gelatinous flap, rotates in the direction in which the head has
been accelerated. The flap and the hairs protruding into it are there-
fore bent in the opposite direction. The bending of the hairs stimu-
lates the transmission of impulses by nerve cells at base of hair cells.
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the potential. The neurons are said to be
hyperpolarized, and they emit impulses
less frequently. When the hairs move
in the opposite direction, the opposite
happens: the inside of the axons be-
comes less negative. The neurons are
depolarized, and because of the low-
ered potential they transmit impulses
at a higher rate.

Several investigators, notably Cesar
Fernandez and Jay M. Goldberg of the
University of Chicago, have isolated a
second class of neurons in the vestib-
ular system. These cells respond not so
much to the displacement of the hairs
as to changes in the displacement. Af-
ter a period of sustained bending (con-
stant acceleration) they no longer
transmit impulses regularly. These neu-
rons may alert the brain that a change
has occurred and indicate the rate of
the change.

he nerve pathways that connect the

vestibular apparatus with the brain
and the spinal cord are complex and
not as well traced as those of the other
sensory systems. It is known, however,
that all vestibular nerve signals travel
initially to either one of two destina-
tions: the brain stem, just above the
spinal cord, or the cerebellum, in the
rear of the brain.

The vestibular nerve fibers that reach
the brain stem terminate at any one of
four different nerve-cell groups called
the vestibular nuclei: the superior, Dei-
ters’ (or lateral), medial and descending
(or inferior) nuclei. These cell groups
also receive input from visual and so-
matic sensors, particularly receptors in
the neck muscles that indicate the angle
of inclination of the head. This informa-
tion is coordinated in the vestibular nu-
clei, and a neural signal is sent to the eye
muscles or to the spinal cord, where it
excites a reflex contraction of neck, limb
or body muscles. There may be many
neurons in the pathway from the recep-
tor to the spinal cord or as few as two. In
the latter case one axon extends from
the receptor to the vestibular nuclei and
the other reaches from there all the way
down the spinal cord, giving it a length
of 30 centimeters or more.

In the cerebellum vestibular, visual
and somatic inputs arrive in the region
called the vestibulocerebellum. The re-
ticular formation, a collection of cells in
the brain stem, also receives informa-
tion from visual and somatic recep-
tors (but not vestibular ones) and com-
municates with the vestibular nuclei
elsewhere in the brain stem. The exact
function of the cerebellum and reticu-
lar formation in balance and orienta-
tion has not yet been determined.

Since the systems that receive infor-
mation from the vestibular receptors are
multimodal, also receiving information
from visual and somatic sources, it is
hard to isolate a pure vestibular input.

OF CALIFORNIA
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Our vintage-dated Cabernet
Sauvignon is made exclusively from Napa Valley grapes.
Well-aged in oak and blended with Merlot and Cabernet
Franc for added complexity, you'll find it to be a richly
rewarding wine. Its intense varietal character makes it an
excellent choice to put down in your own cellar. .. for it
will continue to mature for many years. We invite you to
enjoy our 1975 Cabernet Sauvignon.
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rhysician, did you miss any of these
significant developments in medical science?

The isolation of coxsackievirus B4
from the damaged pancreatic cells of a
10-year-old boy who died of diabetic
ketoacidosis adds to the growing evi-
dence that implicates viruses in some
forms of insulin-dependent diabetes
mellitus (IDDM).

Campylobacter fetus subsp. jejuni
causes at least as much acute gastroen-
teritis as does Shigella or Salmonella; the
culturing and antimicrobial therapy for
C. fetus subsp. jejuni differs from that
for the other two bacteria.

Miconazole shows great promise in
patients with disseminated and me-
ningeal coccidioidomycosis who do not
respond to or cannot tolerate ampho-
tericin B.

Pittsburgh pneumonia agent (PPA)
and atypical Legionella-like organisms
(ALLO) are particularly dangerous in
immunosuppressed patients.

© Lithium batteries for pacemakers
have made mercury-zinc cells virtually
obsolete; they can power a unit for 8 to
20 years. Microcircuitry has revolu-
tionized the therapeutic and diagnostic
potential of these devices.

a prodigiously energetic or prodi-
giously lucky reader. With 2,000 or
more journals published each year, in-
formation that significantly affects pa-
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Branches of the right and left coronary ar-
teries supply blood to the AV node and in-
traventricular conduction system.

SCIENTIFIC AMERICAN Medicine is lucidly il-
lustrated with drawings and photographs.
Some examples are seen here and on the
facing page.

tient management all too easily slips by.
Textbooks are out-of-date before they
are published.

SCIENTIFIC AMERICAN Medicine is the busy
clinician’s answer to this problem.

Because its authors update sciENTIFIC
AMERICAN Medicine every month, it is al-
ways current. Because the new informa-
tion appears in a single source, it is there
when you need it.

This 2,000-page, innovative union of
publishing and electronic technology is
the work of leading scholar-practi-
tioners from Harvard and Stanford.
The editors are Edward Rubenstein,
M.D., FA.C.P, and Daniel Federman,
M.D., FA.C.P.

Each month as authors update their
contributions, revisions are entered on
the magnetic tape on which the text and
index are stored. The tape drives high-
speed phototypesetting equipment so
that subscribers receive about eight new
chapters and a new index every four
weeks; a bulletin highlights new devel-
opments.

New material replaces old material in
the living text, so that the information is
there — up-to-date, at your fingertips.

A CME program of eight patient man-
agement problems offered over a 12-
month period is available at no extra
cost. As an organization accredited for
continuing medical education, the Stan-
ford University School of Medicine des-
ignates this continuing medical
education activity as meeting the criteria
for 32 credit hours in Category 1 for
Educational Materials for the Physician’s
Recognition Award of the American
Medical Association, provided it has
been completed according to instruc-
tions. This program is approved by the
American Academy of Family Physicians
for 32 Elective Hours of CME credit.

Trial Offer

We invite you to try SCIENTIFIC AMERICAN
Medicine — for two months at no cost.
Send us the coupon and you will receive
the two-volume text and two monthly
updates. You may also take a CME test
for credit. At the end of 60 days, if you
decide to continue the subscription, we
will bill you for $185 for the full 12
months (renewal is $160); otherwise
justreturn the volumes to us.

Please mail the coupon today and let
us take the hassle out of keeping up.
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Extensive psoriasis (top) cleared completely
(bottom) after four weeks of treatment with
anthralin.

THE DISTINGUISHED AUTHORS
AND THE FIFTEEN SECTIONS OF
SCIENTIFIC AMERICAN MEDICINE

1. Cardiovascular Medicine

Edgar Haber, M.D., Harvard Medical
School and Massachusetts General Hos-
pital

E. William Hancock, M.D., FA.C.P.,
Stanford University School of Medicine
Roman W, DeSanctis, M.D., Harvard
Medical School and Massachusetts Gen-
eral Hospital

Adolph M. Hutter, Jr., M.D., EA.C.P,
Harvard Medical School and Massachu-
setts General Hospital

Eve Elizabeth Slater, M.D., Harvard
Medical School and Massachusetts Gen-
eral Hospital

2. Dermatology

Eugene M. Farber, M.D., Stanford Uni-
versity School of Medicine

Elizabeth A. Abel, M.D., Stanford Uni-
versity School of Medicine



=L

Daniel D. Federman, M.D., FA.C.P,
Harvard Medical School

4. Gastroenterology

Gary M. Gray, M.D., Stanford Univer-
sity School of Medicine

Peter B. Gregory, M.D., Stanford Uni-
versity School of Medicine

John Austin Collins, M.D., Stanford
University School of Medicine

5. Hematology

Stanley L. Schrier, M.D., Stanford Uni-
versity School of Medicine

6. Immunology

John David, M.D., Harvard Medical
School and Robert B. Brigham Hospital

7. Infectious Disease
Thomas C. Merigan, M.D., Stanford
University School of Medicine

Morton N. Swartz, M.D., FA.C.P,, Har-
vard Medical School and Massachusetts
General Hospital

Cyrus C. Hopkins, M.D., Harvard Med-
ical School and Massachusetts General
Hospital

Adolf W. Karchmer, M.D., FA.C.P,,
Harvard Medical School and Massachu-
setts General Hospital

Robert H. Rubin, M.D., EA.C.P., Har-
vard Medical School and Massachusetts
General Hospital

Harvey B. Simon, M.D., FA.C.P., Har-
vard Medical School and Massachusetts
General Hospital

Peter F. Weller, M.D., Harvard Medical
School

8. Intensive and Emergency Care

Edward Rubenstein, M.D., FA.C.P,,
Stanford University School of Medicine

9. Metabolism

George F. Cahill, Jr.,, M.D., Harvard
Medical School, Howard Hughes Med-
ical Institute, and Peter Bent Brigham
Hospital

10. Nephrology

Roy H. Maffly, M.D., Stanford Uni-
versity School of Medicine and Palo
Alto Veterans Administration Medical
Center

11. Neurology

Robert W. P. Cutler, M.D., Stanford Uni-
versity School of Medicine

12. Oncology

Saul A. Rosenberg, M.D., FA.C.P., Stan-
ford University School of Medicine

13. Psychiatry

Ned H. Cassem, M.D., Harvard Medical
School and Massachusetts General Hos-
pital

14. Respiratory Medicine

Eugene D. Robin, M.D., FA.C.P,, Stan-
ford University School of Medicine
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Stephen M. Krane, M.D., Harvard Med-
ical School and Massachusetts General
Hospital

Dwight R. Robinson, M.D., Harvard
Medical School and Massachusetts Gen-
eral Hospital

Andrei Calin, M.D., M.A., M.R.C.P,,
Stanford University School of Medicine
and Palo Alto Veterans Administration
Medical Center

"SCIENTIFIC ]
AMERICAN

O Please bill me

Name

MED

415 Madison Avenue, New York, N.Y. 10017

Order by Phone

You can order SCIENTIFIC AMERICAN Medi-
cine by telephone. Please call this toll-
free number: 1-800-227-6222 (in
California call 800-632-2122); you will
be billed after your subscription begins.
Toll-free calls are acceptable only for or-
ders placed in the continental United
States.

-

CINE

Please enroll me as a subscriber to sciENTIFIC AMERICAN Medicine. On receipt of this
coupon you will send me the advanced two-volume text described in your an-
nouncement and update it regularly by sending me new monthly subsections. I
understand that the price of $185 for the first year of service is tax deductible, as is
the renewal price of $160. If I am not entirely satisfied, I may cancel at any time
during the first 60 days, returning all materials for a complete refund.

U] Please enter my subscription for SCIENTIFIC AMERICAN Medicine
O I shall also enroll in the CME Program
[J I enclose a check made out to sCIENTIFIC AMERICAN Medicine for $185*

* Please add sales tax for California, Illinois, Massachusetts, Michigan, Ohio and New York

MD Specialty

Address

City State

Zip

Signature

sent by surface routes unless airma

© 1980 SCIENTIFIC AMERICAN, INC

Subscribers outside of the U.S. and Ji)ossessions will be charged extra for shipping and handling; updates will be
il delivery is requested. Please allow 6-8 weeks for delivery. 18



WHAT'S NEWS
IN PATENTS?

A continuing series
on progress

by GE inventors.

Last year, General Electric inventors
were awarded over 600 patents, adding to
GE'’s unsurpassed total of over fifty thousand
U.S. patents, past and present. Here, GE
reports on some recent patents—
and on the inventors who won them.

Brisken & Smith:
New weapon against
heart disease.

A patient can hold his breath, but he
can'’t stop his heart.

That’s why early ultrasonicscan-
ners could not always be used success-

fully to diagnose heart disease. They
werenotfastenoughtoshowimages of
the heart in motion without blurring.

But recently, GE researchers
have succeeded in bringing the heart
into better focus. The latest improve-
ment comes from Dr. Axel F. Brisken
and Dr. L. Scott Smith. They’ve been
awarded Patent Number 4,211,948
—"Front Surface Matched Piezoelec-
tric Ultrasonic Transducer Array With
Wide Field of View.”

Their invention is a transducer
array that actually transmits and re-
ceives the ultrasound better. This
increased sensitivity results from
better impedance matching. One way
to do that is the addition of acoustic
layers of glass and plastic to the con-
ventional ceramic sensors. Result:
sharper images.

With real-time imaging, ultra-
sonic scanners could play asignificant
role in the battle against heart disease.

Milton Rickert:
More from less.

“Less is more.” That famous principle
applies to productivity as much as it
does to design. Using less energy, less
expensive materials and less costly
processes are clear paths to more pro-
ductivity.

Consider one simple example:
Milton Rickert’s new process. ThisGE
chemist’s latest patent is Number
4,181,773—"Process for Rendering
Surfaces Permanently Water Wettable

and Novel Products Thus Produced.”
The products referredtoinclude

refrigerator components:evaporators

and cooling coils. Presently, these are

made of anodized aluminum and
joined by brazing.

Rickert’s invention replaces the
anodizing process with a less expen-
sive one. The aluminum is given an
organic coating, which is formed by
electrodeposition, then cured and par-
tially hvdrolyzed. Processing costs are
reduced. Instead of the energy-inten-
sive brazing process, simple adhesives
can now be used to join parts.

This process was developed to
provide a gain in productivity, and
these days, a gain in productivity is a
nice kind of progress.

Kurt Hedel:
Lightening the load.

Everybody knows that in aircralt
design, lighteris better.

Recent advances in microelec-
tronics have made possible dramatic
reductions in weight ol on-board
computers and communications
equipment.

Butsignificant reductionsin the
weight of on-board power systems
have not been possible. Until now.

GE'’s Kurt Hedel has developed a
unique voltage converter that'’s con-
siderably smaller and lighter. He's
beenawardedPatent Number4,195,333
“DC to DC Voltage Converter.”

Hedel’s invention basically con-
sists of splitting a conventional con-
verter circuit in two to produce two
series of equal pulses that are 180
degrees out of phase. The pulses are
then recombined. This cancels most of
the “noise” or interference voltages
and currents that are an inherent part
of the conversion process.

With less “noise,” much smaller
input and output filters are needed.
This actually reduces the overall size
and weight by as much as 30 percent.
That'’s progress.

10 learn more about GE research,
write General Electric,
Section 13, Fairfield, CT 06431.

Weve got apatent
on progress.
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HAIR CELL
TYPE 2

OTOLITH RECEPTOR has bundles of hairs that project into a gelatinous membrane (color).
The kinocilium, the longest hair in each bundle, is attached to the side of an opening in the
membrane; the shorter stereocilia extend into the opening and do not make contact. Otoconia
crystals rest on top of the membrane; the membrane in turn rests on a spongelike surface, the
filamentous base. Under the base is a layer of celis. Near the top of this layer are the hair cells;
separating the hair cells and extending to the bottom of the layer are supporting cells. Attached
to the hair cells are the threadlike nerve fibers that transmit impulses to the central nervous sys-
tem. Curvature of the bottom layer of tissue corresponds to inside wall of utricle and saccule.

Two of the simplest and least equivocal
demonstrations of vestibular input have
to do with the “functional” system that
acts to stabilize the eyes. Functional sys-
tems can involve several sensory organs

position control is better when informa-
tion from the vestibular receptors is
available than it is when only visual in-
formation is available.

The other demonstration of vestibu-
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compensating for disturbances to bal- involuntary “doll eyes” reflex of human “',]:f{g“’ Montblanc—a unique 3-in-1
ance or visual orientation. Such distur- infants. Thisreflex is controlled primari- $25* system—one pen, 3 differ-

bances may be caused by the envi-
ronment, as when an external force
displaces the head or the eyes, or may
be initiated by the organism itself, as
in a voluntary turning of the head or
movement of the eyes.

One demonstration is based on a vol-
untary disturbance. Hold your hand
about 12 inches in front of your face
with the palm toward you. Fix your gaze
on it as you shake your head from side
to side at a rate of about three times
per second. If your vestibular system is
working normally, the creases in your
palm should appear distinct; this indi-
cates that the semicircular canals are
signaling the oculomotor muscles to ro-
tate your eyes in the direction opposite
to that in which your head has rotated. If
you now hold your head still and shake
your hand at the same rate, your palm
will probably appear blurred. This sim-
ple demonstration illustrates that eye-

ly by the otolith organs. Here a newborn
infant is held upright so that its gaze is
straight ahead. If its body is slowly tilted
backward or to the side, its eyes will roll
in their sockets in the reverse direction
in order to maintain their original orien-
tation in space. The reflex gradually dis-
appears during the first month follow-
ing birth as eye orientation becomes in-
creasingly dominated by visual stimuli.

One of the first quantitative studies of
a multimodal system of compensa-
tion was done on fish by the late Erich
von Holst of the Max Planck Institute
for Behavioral Physiology at Seewiesen
in West Germany. He demonstrated
that the orientation of a fish in water
depends on two factors: light and accel-
eration. In the fish’s natural environ-
ment it will swim horizontally in re-
sponse to overhead illumination and the

vertical acceleration of gravity. When
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von Holst disturbed these parameters by
changing the direction of the illumina-
tion or changing the linear acceleration
by rapidly rotating the fish tank, he
found that the fish adopted a compro-
mise position taking the changed light
and acceleration into account.

For example, when under normal
gravitational conditions von Holst illu-
minated the fish from the rear rather
than from above, the fish tilted itself up-
ward at an angle to the light falling on its
back and gravity pulling at its belly.
When a fish from which the otolith re-
ceptors had been surgically removed
was subjected to the same conditions, it
responded only to the horizontal light
source and so swam straight upward. By
varying the parameters of light and ac-
celeration von Holst was able to deter-
mine the relative extent to which vestib-
ular and visual stimuli were responsible
for the fish’s orientation. The fish swam
at an angle predicted by the sum of the
sine of the angle of the light and the sine
of the angle of linear acceleration.

Compensation for a disturbance to
the system of balance and orientation
may involve a change in the orientation
of a receptor, as it does in the doll-eyes
reflex. This kind of compensation has
been called external compensation. In
human beings the ability to adjust the
orientation of posture and of the eyes is
limited, and some form of internal com-
pensation must originate in the brain
rather than in the adjustment of recep-
tors. In our laboratory at Miami Univer-
sity we have recently undertaken re-
search on multimodal internal compen-

sation for visual disturbances in human
beings. One mode of compensation is
for head tilt; for example, a door frame
continues to appear vertical whether
your head is upright or tilted toward
your shoulder. When you tilt your head,
the image of the door frame falls on a set
of retinal receptors different from the
set it falls on when your head is upright.
Y our perception of the door frame must
somehow be compensated for in order
to make the frame appear vertical.
The process of internal compensation
has been theoretically modeled with
a biological control system called a
“mesh” or “feedforward” system by
Horst Mittelstaedt of the Max Planck
Institute for Behavioral Physiology and
Norbert Bischof of the California Insti-
tute of Technology. According to this
model, inputs from vestibular, visual
and somatic receptors are collected in
the brain and integrated, each input hav-
ing been assigned a particular weight in
the final determination of compensa-
tion. My colleagues and I have done ex-
periments to test this hypothesis.

Each of our experimental subjects was
placed in a dark environment and
asked to orient a luminous line along
some axis of his body. The subjects’ set-
tings of the luminous line were recorded
as two sets of parameters were varied,
each corresponding to one of two sour-
ces of compensation information: ves-
tibular and somatic. To vary the input
from his otolith organ the subject under-
took to set the luminous line while he
was either seated upright or lying hori-

| it

MULTIMODAL COMPENSATION for disturbances to orientation was demonstrated in an
experiment with a fish, the wrasse (Crenilabrus). Normally the fish (top left) orients itself hori-
zontally in response to two modes of input: overhead illumination and the downward pull of
gravity. When the fish is illuminated from the rear (bottom left), its orientation is disturbed
and it takes up a compromise position: it tilts itself in response partly to the horizontal illumina-
tion and partly to the vertical acceleration. A fish whose otolith receptors have been surgically
removed (fop right) cannot perceive gravitational acceleration and so orients itself solely with
respect to the overhead illumination. When the same fish is illuminated from the rear (bottom
right), it orients itself vertically, showing that it is responding only to illumination. This exper-
iment was done by Erich von Holst of the Max Planck Institute for Behavioral Physiology.
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zontally on a board. To vary the input
from his neck receptors he undertook to
set the line with his head either aligned
with his body or tilted 30 degrees toward
his shoulder. By varying these condi-
tions in many different combinations we
hoped to determine the relative weight
of the two inputs in compensating for
the disturbance to the normal orienta-
tion of the eyes.

When the subjects were in the upright
position, information from both otolith
and neck receptors was available to
compensate for head tilt. When they
were lying horizontally, however, the
otolith receptors no longer indicated
head tilt because every position in the
new plane of movement responded
equally to gravity. We predicted that the
compensation would be nearly com-
plete when both sources of information
were present but incomplete when in the
horizontal subject only neck-receptor
signals were available. Our experimen-
tal observations supported these predic-
tions. We have adapted a biological-
control-system feedforward network to
account for the integration of the two
stimuli in the brain.

Another factor that has made it diffi-
cult to determine the contribution of the
vestibular apparatus to spatial orienta-
tion is the capacity of an animal or a
human being for adaptation. If accident
or disease distorts the signals from some
sensory receptor, normal perception
and response usually return after an
initial period of confusion. A classic ex-
perimental technique for studying ad-
aptation is to disturb the subject’s vis-
ual input by having him wear goggles
that change normal visual relations for
a substantial period of time. In normal
vision when you rapidly turn your head
to see an object, your eyes turn first to
meet the object; the head then follows,
and the eyes must turn back in the op-
posite direction in order to avoid over-
shooting the target.

When a subject wore goggles that re-
versed images laterally, he could not at
first correlate his eye and head move-
ments. After a period of adjustment,
however, he was able to do so readily. A
similar adaptive capability has been ex-
hibited by animals and human beings
with a defect in the vestibular appara-
tus. Adaptation, like compensation, is
thought to be accomplished somewhere
in the central nervous system.

Adaptation occurs whenever balance
or orientation stimuli are rearranged
over a prolonged period. Temporary
rearrangement, such as that produced
when an individual receives conflicting
information from vestibular, visual and
somatic receptors, can disorient the in-
dividual. For example, laboratory sub-
jects who had been blindfolded were
made to perceive that they were station-
ary when they were actually rotating
and to perceive that they were rotating
in a particular direction when they were
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OCULOMOTOR CONTROL

SPINAL MOTOR CONTROL [

NERVE-SIGNAL PATHWAYS of the balance and orientation system are outlined. At the
top are three modes of input: the vestibular, visual and somatic (skin and joint) receptors. They
transmitimpulses to three processing units of the central nervous system: the vestibulocerebel-
lum (a region of the cerebellum to the rear of the brain), the vestibular nuclei (a group of nerve
cells in the brain stem, just above the spinal cord) and the reticular formation (another group
of nerve cells in the brain stem, shown as a broken-line box because its function is not clear).
After the information has been processed the vestibular nuclei transmit signals to either of two
outputs: the oculomotor control and the spinal motor control. Oculomotor control coordinates
the movements of the eyes; the spinal motor control is responsible for contraction of neck, limb

and body muscles. Secondary pathways to the thalamus and cerebral cortex may be activated
when stimulation of the vestibular apparatus gives rise to sensations of motion and orientation.
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ROTATION ILLUSION arises when a human subject rotated on a platform is deprived of vis-
ual input. A graph of the actual rotation (top) shows that from a stationary position (a) the
blindfolded subject was rotated clockwise at increasing velocity (b) and then at a constant ve-
locity (c). Thereafter the velocity was decreased (d) until the platform was again stationary (e).
A graph of how the subject perceived his rotation is at the bottom. During the time that he was
stationary (¢’) and that his velocity was increasing (5') he interpreted his motion correctly.
After a period of rotating at constant velocity, however, he perceived himself to be slowing
down and finally not to be turning at all (¢’). When the velocity of rotation was decreased, the
subject imagined himself to be turning counterclockwise (d'); immediately after the rotation had
stopped he continued to feel as if he were rotating counterclockwise but slowing down (e').
Only after a substantial period without rotation did he perceive himself to be stationary again.
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actually spinning in the opposite one.
When the blindfold was removed in the
course of the experiment, visual stimuli
dominated signals from the semicircu-
lar canals, and after a brief period of
confusion the subjects could interpret

strates very rapid adaptation or what
might be called vestibular suppression.

In these experiments the subjects were
put on a platform and rotated from a
stationary position to a certain level of
angular velocity. The velocity was held
constant for one to two minutes and

then decreased until the subjects were
again stationary. At the beginning of the
rotation the subjects were able to report
the direction in which they were turn-
ing correctly. After a period of rotat-
ing at constant velocity they no longer

their motion correctly. This demon-

LABORATORY APPARATUS was used to test the ability of sub-
jects to orient a luminous line along the axis of their head or of their
body. The subject at the right operates a hand lever to rotate the line;
in an actual experiment the curtain at the center would be drawn and

BIOLOGICAL-CONTROL-SYSTEM MODEL suggests how sub-
jects in one of the luminous-line experiments compensated for the
tilting of the head. The subject (drawing at left) was required to esti-
mate the angle of the luminous line (Lp) with respect to the axis
of his body (B). When a disturbance to balance and orientation was
introduced by the subject’s tilting his head toward his shoulder (D),
the orientation of the line on the retina (L ;) was altered. In order to

128

perceived themselves to be turning at

the subject would be working in the dark. Subject did the experi-
ment in two positions, sitting upright and lying horizontally on a
board, with his head either aligned with his body, tilted 30 degrees
toward his left shoulder or tilted 30 degrees toward his right shoulder.

EXTERNAL | INTERNAL

& . RETINA (+)

Ls Le I \7\/ 1,

’_—J

> OTOLITH

estimate L p the subject had in effect to add Lz and D. The biologi-
cal-control-system model (drawing at right) represents the luminous
line as B and the tilt of the head as D. Neck and otolith receptors gen-
erate nerve signals that indicate the amount of tilt (d,, d,). These
signals are added to the signal produced by the luminous line on the
retina (/,) to provide an estimate in the central nervous system of the
orientation of the line with respect to axis of the subject’s body (/).
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all. Then when the angular velocity was
decreased, they sensed themselves to
be turning in the opposite direction.
These misperceptions are in accord
with the physical properties of the semi-
circular canals. Since the canals respond
to angular acceleration and not to angu-
lar velocity, the individual cannot dis-
tinguish between moving at constant
velocity and not moving at all. After a
period of rotation at a constant veloc-
ity the semicircular canals no longer sig-
nal rotation. Since a speeding up in the
clockwise direction produces the same
reaction as a slowing down in the coun-
terclockwise direction, the subject as-
sumes that he has stopped rotating and
then has started rotating in the opposite
direction. Similar illusions with respect
to linear motion have been experienced
by airplane passengers flying through
clouds. Although the plane is moving at
a constant velocity, the passenger can-
not see the ground or feel any accelera-
tion and so perceives he is stationary.
Weightlessness in an orbiting space
laboratory would create a stimulus re-
arrangement analogous to that created
by image-reversing lenses. Consider the
case of an astronaut who tilts his head
toward his shoulder. Visual and somatic
input would be the same as they are on
the ground, and the input of the semicir-
cular canals would be the same while he
is moving his head. In the absence of
gravity, however, the otolith receptors
would not indicate that any tilt had tak-
en place. Input to the astronaut’s spatial-
orientation system has been rearranged:

timulus rearrangement resulting
from weightlessness offers a prime
opportunity for studying the vestibu-
lar system. Spacelab missions will make
this research possible. Spacelabs are re-
usable modules that will be carried into
orbit for a period of seven to 21 days
and then returned to the ground by the
Space Shuttle. After the initial missions,
currently scheduled to begin in 1982,
most of the Spacelab flights will be dedi-
cated to particular disciplines. Vestibu-
lar investigations will be included with
the life-sciences missions to be flown at
intervals of 12 to 18 months beginning
in 1984. Experiments will be undertaken
by several groups of investigators from
around the world both with a view to

gaining a better understanding of the |

vestibular system and in the expectation
that this basic research will help investi-
gators and physicians to solve the practi-
cal problem of motion sickness in space.

One experiment I have proposed with
Millard F. Reschke and Jerry L. Hom-
ick of the Johnson Space Center will
evaluate differences in motion per-
ception associated with adaptation to
weightlessness. Astronauts who have
been blindfolded will be moved back
and forth in a sled on a straight track
inside the Spacelab module and will in-
dicate their perceived motion by operat-
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ERROR IN DEGREES

1 F | -
ALIGNED WITH TILTED 30 DEGREES TILTED 30 DEGREES

BODY TOWARD LEFT TOWARD RIGHT
SHOULDER SHOULDER

INCOMPLETE COMPENSATION for a disturbance to orientation is shown in this chart of
performance in the luminous-line experiment. When the subject’s head was aligned with his
body, he was able to orient the line with an average accuracy of one degree with respect to the
body axis whether his body was upright (gray bar at left) or horizontal (colored bar at left). By
tilting his head he introduced a disturbance to orientation, and his performance deteriorated.
When he was seated vertically, information from both neck and otolith receptors was available
to compensate for the head tilt; his undercompensation remained less than five degrees (gray

bars in middle and at righf). When he was horizontal, the otolith receptors no longer indicat- -

ed head tilt because every position in the new plane of movement responded equally to gravi-
ty, and the undercompensation ranged up to 12 degrees (colored bars in middle and at right).

“DOLL EYES” REFLEX in human infants demonstrates a vestibular compensation for a dis-
turbance to orientation. Here an infant is held upright so that its gaze is straight ahead (a). If
its body is tilted backward (b), its eyes will roll downward in order to maintain their original
orientation in space. If the infant’s body is slowly rotated to the right (c) or to the left (d), its
eyes will roll in their sockets in the reverse direction. These reflexes are controlled primarily
by the otolith receptors and gradually decline in the course of the first month following birth
as the visual receptors assume a greater role in the preservation of orientation and balance.
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ing a joystick. One of our models pre-
dicts that astronauts will at first perceive
their motion to be parabolic, almost as if
they were riding on a playground swing
(although that path is actually semicir-
cular). After a period of adaptation to
weightlessness they will correctly inter-
pret their motion as being linear. Imme-
diately on their return to the ground
they will perceive the same motion as
being parabolic but in the direction op-
posite to the one they experienced in
space. After they have been on the
ground for an extended period they will
once again perceive their motion on the
sled to be linear.

This experiment may demonstrate the
human capacity for adapting to re-
arranged sensory stimuli. When people
in the normal terrestrial environment
are accelerated back and forth in a sled
on a track, they feel a horizontal acceler-
ation but are usually unaware of the om-
nipresent vertical acceleration of gravi-
ty. Actually they are being exposed to a
rotating linear acceleration that is the
sum of the changing horizontal accel-
eration and the constant vertical one.
Their brain somehow interprets the
rotating acceleration as motion in a
straight line. In other words, the sensa-
tion of linear motion is a construct.

With the astronauts’ initial exposure
to weightlessness the only acceleration
stimulus to their otolith receptors will
be the one arising from the experimental
sled; the absence of gravity will seem to
their brain almost like a force pulling in
the opposite direction, producing the
sensation of traveling in a parabolic tra-
jectory. After the astronauts adapt to
weightlessness their motion will once
again appear linear because they will no
longer expect to feel a force pulling
them toward the seat of the sled. On
their return to the ground, however,
gravity will exert what seems to be an
unnatural force pulling them down-
ward, and until their nervous system
readapts to the normal terrestrial envi-
ronment they will perceive their motion
on the sled to be a parabola pointed in a
direction opposite to the one they had
imagined in space.

The experience of weightlessness will
also be examined with respect to a mul-
timodal system that compensates for
disturbance to orientation. The biologi-
cal-control-system model for head tilt
derived from the luminous-line experi-
ments in our laboratory suggests that
visual compensation depends on weight-
ed signals from otolith and neck recep-
tors when the subject is upright on the
ground. A study of Skylab astronauts by
Ashton Graybiel and the late Earl F.
Miller II of the Pensacola Naval Air
Station and Homick has shown that the
astronauts’ ability to orient themselves
with respect to a luminous rod was not
disturbed by the absence of gravity.
Building on this observation, Reschke,




T he damond solitaire.

., -
: = R Y
- e 2 + - : ® 1
B E 1P TS 5 ¢ ) “
s B - > -
i >
e q 4 # N . “
T - ¥
L \
L i
i 4 :

*

A@égﬁ'

One single diamond.
Set simply and elegantly, to sparkle on its own.
The diamond solitaire.
A jewel that becomes more precious with
every passing year.
The gift that makes a rare and beautiful
moment last a lifetime.

A diamond is forever.

The Y% carat diamend <hown s enlarged for derail DCBCU?S-

© 1980 SCIENTIFIC AMERICAN, INC




SAVE BIG on

CALCUI.ATORS

HEWLETT
PACKARD
w L. 2RN

Ill......-.l
wo..
PR..
w =L
smoan S

WP 85 COMPUTER
ML, 148 .
WHE.... 08  ohrpeni: e lfen
PaE.....000 M the kind of discomnt

... 28 mnruagﬂh-

F ¥ Texas INSTRUMENTS

A

T
...
G ...
I

reesesnenn 9 - e 0
| PR ] nee..... =9

LR
ISI

... e
"e........ n | e
CALL TOLL FREE 800-621-1269

EXCEPT lllinols, Alaska, Hawall

Accessories discounted too Corporate Accounts Inwited.
Mastercharge or Visa by mail or phone. Mail Cash. Ck, Mon. i,
Pers Ck (2 wks to clear). Add $3.50 1st item; $1.00 ea. add'l
shpg. & handl. Shipments to IL address add 6% tax.
Prices subject to change. WRITE for free catalog.

ELEK-TEK inc.

2344 Wer! Devon Avenue  Chicago L 60644
(800) 621 1269 (342) 8347800

Fine
Woodwork: mg

|__ —

The

| magazine

b about

making

beautiful
things

out of wood

=1

|' L iy

Woodworkers’ delight—A subscription
to Fine Woodworking brings an abundance of
ideas and information on cabinetmaking,
carving, marquetry and turning—the tools
and techniques, materials and design. Care-
fully edited, beautifully printed. Join the
200,000 readers of this superb bimonthly
magazine by sending your name and address,
along with your payment, to The Taunton
Press, 52 Church Hill Road, Box 355SQ,
Newtown, CT 06470. One year $14, two
years $26, refundable. For gifts, please in-
clude both addresses. Visa or Master
Charge accepted.
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Homick and I have developed a Space-
lab experiment to evaluate changes in
the weighting of neck-receptor signals
during compensation for the absence
of otolith information in a zero-gravity
environment.

We have proposed that the astronauts
repeat at intervals of 24 to 48 hours
throughout the mission the luminous-
line experiments already done in the lab-
oratory. Our model predicts that under
conditions of zero gravity weighting
given to compensatory neck-receptor
signals will increase and performance
in aligning the rod will become increas-
ingly accurate as the astronauts adapt
to a rearrangement of orientation stim-
uli in which otolith signals are absent.
According to the model, after return-
ing to the ground the astronauts may
overcompensate in performing the
same task.

Another line of inquiry that will be
pursued in early Spacelab missions is
the investigation of space motion sick-
ness. Fourteen out of 34, or 41 percent,
of the astronauts on the Apollo and Sky-
lab missions experienced symptoms of
motion sickness (typically pallor, cold
sweating, nausea and vomiting) in the
initial period of weightlessness. (Apollo
refers to the manned moon landings;
Skylab was an orbiting research labora-
tory employed in missions undertaken
in 1973 and 1974.) Motion sickness may
significantly impede performance by as-

tronauts during Spacelab missions and
has been identified by the National Aer-
onautics and Space Administration as a
major problem to be addressed on the
initial flights.

he available evidence suggests that

the motion sickness experienced un-
der conditions of zero gravity may be
associated with the vestibular appara-
tus. Graybiel examined the reactions of
subjects with a defective vestibular sys-
tem to parabolic flight in high-speed air-
craft. In such flight the aircraft climbs
and descends on a parabolic trajectory.
At the beginning of the trajectory the
occupants of the aircraft feel a linear
acceleration, at the top they feel no
gravity for as long as 30 seconds and at
the end they feel another linear acceler-
ation. This sequence usually results in
motion-sickness symptoms in individu-
als who have a normal vestibular sys-
tem. Graybiel’s subjects with a defective
vestibular system did not report such
symptoms.

Among investigators interested in the
vestibular system the prevailing expla-
nation for space motion sickness, as for
terrestrial motion sickness, is sensory
mismatch: the disparity between orien-
tation inputs received from different re-
ceptors. For example, a person who is at
sea during a storm and remains in his
cabin receives visual information that
his body is fixed with regard to a stable,

SLED APPARATUS similar to this one will be used in Spacelab, a reusable orbiting module,
to test astronauts’ adaptation to weightlessness. Astronauts who have been blindfolded will be
moved back and forth in the sled; they will indicate perceived motion by operating a joystick.
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Once you know the story behind them,
you'll know why so many Americans
are purchasing them.

The Gold Coins of Mexico are official restrikes of the gov-  are also available
emment of Mexico. minted by the Casa de Moneda de Many people consider the value and purchasing power of
Mexico, the oldest mint in the western hemisphere, es- ¢l » gold as an alternative hedge against inflation. Of
tablished in 1535 Exclusively minted for the Mexican 4§ %, course, the decision to own gold is a highly personal
Federal Reserve Bank, Banco de Mexico, The Gold /£ A ¥, one in which risks and advantages should be care-
Coins of Mexico have enjoyed a fine reputation fully considered in light of ones specific financial
throughout the world for many years and investment goals. Since gold is a commod-
Now, Americans who have made the de- ity, its value is subject to continual market
cision to purchase gold coins have the op- fluctuations.
portunity to acquire The Gold Coins of Mexico Over the years, The Gold Coins of Mexico
in the United States at the following banks: Citi- have become among the most popular gold bul-
bank, Swiss Bank Corporation and Republic Na- lion coins in the world Due to the careful crafts-

tional Bank of New York. manship of Casa de Moneda de Mexico and the wide
The Gold Coins of Mexico not only provide the con- ACTUALSIZE  distribution of these coins, you can usually avoid the
venience, portability and liquidity of owning gold in coin cost and delay of determining their authenticity upon re-
form, but they also offer more alternative choices sM  sale As with all gold coins, your purchase price in-
for purchasers. Mexicos 50 peso gold piece, cludes a premium above the then current market
more commonly known as the "Cente- price of gold bullion to cover minting and
nario; is the heaviest of all high circula- GOI‘D OINS distribution. Furthermore, purchases
tion gold bullion coins in the world— may be subject to state and local taxes
boasting a high gold content of 1.2057 troy Call any of the following toll-free num-
ounces. The "Azteca, Mexicos 20 peso gold bers for up-to-the-minute prices For additional

piece, features a 4823 troy ounce gold content literature, write: The Gold Coins of Mexico, Infor-
for purchase on a small scale. A variety of Mexi- MEXI‘ O mation Center. Grand Central Station. PO. Box
can gold coins of smaller denominations 1812, New York, NY 10017,

The Gold Coins of Mexico are exclusively supplied to:

Citibank, NA 800-223-1080 Swiss Bank Corporation 800-221-9406 Republic National Bank of New York 800-223-0840
NY State call collect: 212-559-6041 NY State call collect: 212-938-3929 NY State call collect: 212-930-6338
The Gold Coins of Mexico are also available at coin dealers plus selected banks throughout the country.
The Gold Coins of Mexico is a Service Mark of Banco de Mexico, Mexico City.
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ACCELERATION STIMULUS

MOTION-PERCEPTION POSITION

MOTION ILLUSION may be experienced by astronauts who have
been oscillated on a sled apparatus during a Spacelab flight. This ex-
periment will demonstrate the human capacity for adapting to the re-
arranged sensory input arising from weightlessness. The left-hand
column shows the acceleration experienced by the astronauts at sev-
eral points along the track during the five stages of the flight. The top
diagram (a) illustrates the acceleration that will affect the astronauts
before lift-off; the same acceleration affects them at other times when
they are on the ground (d, e). The acceleration produced by the sled
(broken-line arrow) will be greatest at the ends of the track; at the
center of the track the astronauts will undergo no horizontal accelera-
tion. Gravity (black arrow) provides a constant downward pull equiv-
alent to accelerating an object in a weightless environment at 980
centimeters per second squared; the astronauts’ acceleration due to
gravity is therefore thesame atall points on the track. The total accel-
eration (colored arrow) is the sum of the horizontal and vertical ac-
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celerations. Astronauts oscillated on the track while they are on the
ground are thus exposed to a rotating linear leration. In space,
where gravity is absent, astronauts experience only the horizontal ac-
celeration produced by the track (b, c). The right-hand column shows
the astronauts’ perception of their motion (as predicted by the au-
thor) during the same five stages of the flight. Before lift-off the as-
tronauts will correctly perceive their motion to be linear (a'). Their
initial exposure to weightlessness will produce the sensation of travel-
ing in a parabolic trajectory (5'). After the astronauts adapt to a zero-
gravity environment their motion will again appear to be linear (¢').
On returning to the ground they will perceive themselves to be travel-
ing in a parabola oriented in the direction opposite to the one they
will have imagined in space (d'). After an extended period on the
ground they will again recognize their motion as being linear (¢').
Changes in the perceived motion should demonstrate the capacity of
the central nervous system for adapting to rearranged sensory stimuli.
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nonaccelerating environment (the cab-
in). As the ship is tossed by the storm,
input provided by the vestibular appara-
tus is at variance with the visual infor-
mation, and motion sickness may result.
Because of the sensory rearrangement
produced by weightlessness a similar
mismatch should arise during space
flight.

Experiments performed on a pro-
grammable rotating chair in Skylab sug-
gest a more critical contribution of the
otolith receptors to motion sickness

than had been recognized previously. |

Graybiel and his colleagues examined
the motion-sickness symptoms elicited
by cross-coupled angular accelerations.
Cross-coupling can take place when the
semicircular canals move in and out of
the plane of rotation of the entire body;

Graybiel’s experiment duplicated this |

effect when an astronaut moved his head

through prescribed angles while he was |

rotating in the chair at a constant veloci-
ty. On the ground cross-coupled angular
accelerations usually give rise to motion
sickness and disturbances in spatial ori-
entation. Suprisingly, the Skylab astro-
nauts indicated that they felt few if any
motion sickness symptoms even after
extended exposure to cross-coupled an-
gular accelerations while weightless. Al-
though these results are not fully un-
derstood, they suggest that the terres-
trial motion sickness produced by head
movement during rotation may origi-
nate in a conflict between information
from the otolith organs and information
from the semicircular canals. In space,
where the otolith organs are not re-
sponding to gravity, this sensory mis-
match may be greatly reduced.

The sensory-mismatch hypothesis
may not be adequate to explain all
reported cases of space motion sickness.
One of the Skylab astronauts was so in-
sensitive to sensory mismatch in pre-
flight training that he was given the nick-
name Lead Ear. At the beginning of a
Skylab flight, however, he experienced
severe motion sickness for several days.
In response to observations such as this
one several workers have proposed that

N . . . |
space motion sickness might be associ-

ated with a change in vestibular stimuli
caused by the large shifts of body fluids
that occur when an astronaut enters a
zero-gravity environment. In the ab-
sence of gravity the muscles of the legs
tend to force fluids upward into the tor-
so and the head. As a result of these
shifts astronauts tend to develop thin
“chicken legs,” a puffy face, a contin-
uous nasal discharge and possibly an
alteration of fluid balance in the laby-
rinth. Data supporting a fluid-shift ex-
planation of space motion sickness
may emerge from experiments to be
performed on the Spacelab flights. In-
deed, the Spacelab era promises to be
one of excitement in all areas of vestib-
ular research.
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The future is coming. And with it will come
great benefits for mankind. And a whole new set of
problems. Because we are aforest products com-
pany, and plant seeds that take up to 50 years to
become mature trees, Champion International has
to think a lot about the future. We’d like to share
some of the things we’ve learned with you—to help
you make intelligent choices in the years to come.
Here is something you might want to think about.

.rechnologies are expand-
ing so quickly thatitis next
to impossible to predict
which careers are going to
beimportant-orevenin
existence-in20years.

Then how can we prepare
our children—and perhaps
ourselves—-to make a living
in this changing world?

Lunar mining? Robot psychology?
Oceanic hotel management? Subquarkian
physics?

The stupendous pace of technological de-
velopment will be a boon to our children’s gen-
eration but it gives them a problem kids have
never had before: it’s going to be much more
difficult to know what they’re going to be
when they grow up.

Even after graduating college they may
still not know for sure; today’s five-year-olds
may have to retool their skills several times
in the course of a working life.

What this means, as a practical matter, is
that one of the major “jobs” in the future will
be learning itself. What we now call “work”
may be redefined to include a’strong compo-
nent of learning. Learning will never stop.
Because those people who stop learning will
stop working.

But what can we do now to prepare for
this new and unpredictable way of life?

We must give our children nothing less
than the ability to think, the ability to absorb
facts quickly and then structure them into a
useful discipline. Creativity, chance-taking
and insight will be at a premium along with
adaptability to rapid change.

It’s the kind of thinking which educators
have been attempting to teach at least since
the time of Socrates.

How then will our children, instead of just
learning today’s “lessons,’ learn to be experts
at continuous learning? From our teachers?
But who will teach the teachers this new way
of looking at things?

For a number of reasons, educational
systems tend to become institutionalized:
because of the expensive commitment to
physical plant, previous training, established
curricula and lack of discretionary funds for
experimentation. Now, suddenly, they must
de-institutionalize to meet a rapidly com-
pressing future. What can we do?

New directions must be tested, new in-
sights gained. The most talented teachers
must be rewarded and pushed to the fore,
while computers (as well as other technolo-
gies) are exploited to the limit to increase the
efficiency of teaching, remembering that
there is still no substitute for inspired teach-
ers who believe in their students and have
the capacity to arouse their wonder, demand
their best and encourage their creativity.

But before anything can change, parents,
educators and legislators must first recognize
the need to make education a lifelong process.

None of this change will be easy—but, by
looking at lifelong learning as an imperative
vocational skill, the educational system will
make it possible for the rest of society to move
smoothly into the unpredictable future.

You can learn more about some of the
other critical issues we face in the future and
get a bibliography for further reading by send-
ing for our free brochure. Write:

Champion International Corporation
Dept. 200A, PO. Box 10145
Stamford, Connecticut 06921

= -—
Champion-
aforestproducts company with
itsroots planted firmly
in the future.

We are in the forest products business.
Weplanttrees, grow trees, harvest
trees. And from trees we make wood
building products. Plus fine paper for printing
and business. And paper packaging for
shipping and selling.

Because we make our living from the
forest, our success depends, in one
way or another, on the future. And
we're planning—and planting—for it.

©

Champion International Corporation

Planting seeds for the future
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Superconductors
in Electric-Power Technology

The exploitation of materials that carry current without loss

has had to await the creation of superconductors that also

withstand high current densities and strong magnetic fields

he technological promise of su-

perconducting materials has been

obvious since superconductivity
was discovered 70 years ago. A wire that
offers no resistance to the flow of a
steady electric current suggests the pos-
sibility of generating electric power with
an efficiency approaching 100 percent
and of transmitting it great distances
without loss. Why, then, are supercon-
ductors not found everywhere in the
power network? Indeed, why is it that
not one superconducting generator or
transmission line has yet entered com-
mercial service?

One problem is the need for refrigera-
tion. Superconductivity is observed only
at temperatures close to absolute zero,
and so liquid helium is required as a
coolant. The need for cryogenic appara-
tus effectively excludes superconductors
from certain small-scale applications,
such as ordinary house wiring. In a large
electric-generating plant,however, cool-
ing would represent only a minor cost
and inconvenience.

Until the 1960’s there was a more seri-
ous impediment to the adoption of su-
perconducting power technology: the
known superconductors tended to be
quenched, or restored to the normal re-
sistive state, if they were exposed to a
strong magnetic field or if they were
forced to carry a high density of electric
current. Large electrical machines, such
as dynamos, almost invariably require a
strong magnetic field and a high current
density for efficient operation.

A number of unusual superconduct-
ing alloys and compounds have now
been found to retain their superconduc-
tivity even when exposed to extremely
high field strengths and current densi-
ties. The materials also have the high-
est-known temperatures of transition
to the superconducting state, although
helium cooling is still needed. With the
introduction of these alloys and com-
pounds the most fundamental barriers
to the creation of a superconducting
power system have been overcome. The
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by T. H. Geballe and J. K. Hulm

remaining problems are technological
and economic rather than physical.

he new high-field, high-current su-

perconductors offer two main ad-
vantages in electrical technology: they
can carry large electric currents without
loss of energy through resistive heating,
and they can operate in very strong mag-
netic fields. Both of these properties are
of value, but it is probably through their
combination in a single material that the
greatest benefits are achieved. In order
to explain why this is so we shall briefly
examine the history of electric-power
technology.

Two important early developments
were the invention of the electrochemi-
cal battery in 1800 by Alessandro Volta
and the discovery in 1819 by Hans
Christian Oersted that electric current
flowing in a wire gives rise to a local
magnetic field. By 1830 Michael Fara-
day, Joseph Henry and others had found
that the magnetic field generated in this
way could be enhanced by winding the
conductor into a coil or helix around an
iron core. Such electromagnets became
the central building blocks of power
equipment.

The next major advance was also
made by Faraday; it was his discovery in
1831 that an electric current is induced
in a conductor when the conductor is
moved through a magnetic field. Fara-
day later constructed model generators
of both the homopolar, or rotating-disk,
type, which yield direct current, and the
rotating-coil type, which yield alternat-
ing current. Industrial exploitation of
these principles was delayed until about
1870, when the invention of the electric
light created an economic incentive for
the construction of community electric-
power networks. The modern power
industry emerged rapidly after 1870,
through the efforts of inventor-entre-
preneurs such as Thomas Edison and
George Westinghouse.

The advantages of transmitting power
at high voltages but of generating and
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utilizing it at much lower voltages soon
led the industry to adopt alternating cur-
rent, for which voltage transformation
is comparatively simple. As central-sta-
tion alternators grew in size, Faraday’s
model generator was turned inside out.
The electromagnet was rotated in the
center of the machine and power was
generated in stationary coils surround-
ing the magnet. Intensive development
of this concept in the past century has
enabled power outputs of more than
1,000 megawatts to be obtained from a
single alternator. In principle about 400
such machines could supply the present
electric-power needs of the U.S.

11 electrical machines today are excit-
ed by electromagnets that employ
copper windings. In these devices most
of the magnetic flux results from the
high ferromagnetic permeability of iron
or iron-based alloys; the function of the
copper coils is simply to apply a small
exciting field to the iron core. Each atom
of the iron or other ferromagnetic metal
has a magnetic moment, which can be
induced to align itself with an externally
imposed field. The proportion of the
atomic moments that are aligned de-
pends onthe strength of the applied field
and hence on the excitation current.
Even with a comparatively small cur-
rent most of the atomic moments are
lined up, with the result that the magni-
tude of the total field greatly exceeds
that attributed to the coils alone. The
effect of the iron core is thus to enhance
the magnetic field generated by the ex-
citation current.

This process has an obvious limit:
once all the atomic moments are paral-
lel, further increases in the excitation
current can have no effect on the mag-
netization. The core is then said to be
saturated. In the case of iron, saturatior,
is reached at a field strength of about
two teslas, or 20,000 gauss. (For com-
parison, the magnetic field at the surface
of the earth has an average value of
about one gauss.) Magnets, electricaj
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FILAMENTARY SUPERCONDUCTOR will carry a current of
16,000 amperes in the windings of a magnet with a maximum field
of eight teslas. The magnet is one of six that are being built to test
magnet designs for a thermonuclear-fusion reactor. In the photo-
graph at the upper left the entire cable is shown in cross section; it
consists of 486 strands in a stainless-steel conduit, through which he-
lium will be pumped under pressure to maintain the low temperatures
needed for superconductivity. The photograph at the upper right is a
magnified cross section of a single strand. Some 3,000 superconduct-
ing filaments, arranged in hexagonal groups of 19, are embedded in a
matrix of bronze. The bundle of filaments is encased in a thick jacket

of copper, which will take over the current if the superconductor is
quenched, or returned to the resistive state. The irregular ring sur-
rounding the filaments is a barrier of tantalum that prevents tin in
the bronze from diffusing into the copper jacket. An outer sheath
of semiconductor inhibits the formation of eddy currents. The lower
photograph is a scanning electron micrograph of a single group of
filaments, which consist of the niobium-tin compound Nb3Sn. The
compound is formed in place by allowing tin from the bronze to react
with filaments of metallic niobium. A core of unreacted niobium can
be distinguished in each filament. The cable was manufactured by
Airco Superconductors for the Westinghouse Electric Corporation.
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machines and all other components of
the power system are today limited in
performance by the saturation barrier.

The two-tesla flux barrier of electric-
power technology is not rigid; it can be
penetrated in a number of ways in the
laboratory. For example, the saturation
flux level of certain rare-earth metals,
such as dysprosium, approaches four
teslas at low temperature. Steady mag-
netic fields exceeding 20 teslas can also
be obtained with high-power, water-
cooled copper solenoids of the kind first
developed by Francis Bitter in about
1935. Short-duration fields of still high-
er peak values can be attained by
pulsed-coil techniques pioneered by Pe-
ter Kapitza in the 1920’s or by the explo-
sive compression of magnetic flux in a
metallic enclosure.

Enormous power is needed to drive
copper-solenoid magnets of this kind,
and large volumes of water must be
pumped through the windings to keep
them from melting. Such brute-force
methods are suitable for research but
not for everyday use in the electric-
power system. Even if such a magnet
could be operated reliably in a genera-
tor, the energy consumed in its wind-
ings would exceed any gain in efficien-
cy resulting from the stronger field.

The large quantities of energy dissi-
pated in the windings of a copper mag-
net are not needed to sustain the mag-
netic field. On the contrary, no energy
at all is needed to maintain a steady
magnetic field once it has been estab-
lished. The energy is lost solely in over-
coming the resistance of the copper to
the flow of the excitation current. It fol-
lows that a superconducting magnet,
which has a resistance of zero, can main-
tain a steady field without input of en-
ergy. The maximum strength of the
magnetic field is limited not by power
requirements or heat dissipation but
only by the intrinsic properties of the
superconducting material.

Superconductivity was discovered 70
years ago by the Dutch investigator
Heike Kamerlingh Onnes, who noted
with some surprise that a thread of
frozen mercury abruptly lost all elec-
trical resistance at a temperature of just
below 4.2 degrees Kelvin, the boiling
point of helium. The same abrupt transi-
tion to a resistanceless state was later
found in lead at 7.2 degrees and in tin at
3.7 degrees. The possibility of construct-
ing a high-field electromagnet occurred
to Onnes at once, and in 1913 he wound
a coil of lead in order to test the idea.
The results were disappointing. Al-
though the coil was superconducting as
long as the excitation current was small,
the lead reverted to the resistive state
whenever the magnetic field exceeded a
moderate strength. Further experiments
showed that for all pure-metal super-
conductors there is a distinct and sharp-

ly defined critical field strength, usually
less than .1 tesla, at which the supercon-
ductivity is suddenly quenched.

The magnetic properties of a super-
conductor are unusual even at fields be-
low the critical level. If a small field is
applied to a superconductor, it induces a
permanent supercurrent at the surface
of the metal, which excludes the mag-
netic flux from the interior. The magnet-
ic field penetrates only a thin layer at the
surface. The distance the field extends
into the material, which is called the
penetration depth, is usually 10-5 centi-
meter or less.

By the end of the 1930’s superconduc-
tivity was understood to arise from a
phase transition among the conduction
electrons of a metal. At room tempera-
ture the electrons form a gas, but below
acritical transition temperature some of
them enter a condensed phase, which
has a lower energy than the gas. Still
lacking was a quantum-mechanical the-
ory of the condensation built on the
basic interactions of electrons.

Such a theory was formulated in 1957
by John Bardeen, Leon N. Cooper and
J. Robert Schrieffer, who were then at
the University of Illinois. Their analysis
was based on the idea that the carriers of
electric current in a superconductor are
not individual electrons but bound pairs
of them. All electrons, of course, have
the same negative electric charge, so
that they ordinarily tend to repel one

another rather than bind together. In the
crystal lattice of a metal, however, an
attractive interaction between electrons
can be mediated by the background of
positive metal ions. The positive ions
are heavier than the electrons and move
much slower; hence their response to the
passage of an electron is delayed. The
persistence of the response after one
electron has passed creates a concentra-
tion of positive charge that attracts the
second electron in a pair. The indirect
attractive force between electrons is ex-
ceedingly weak, and at room tempera-
ture it is readily overcome by their ther-
mal agitation. Near absolute zero, how-
ever, in a metal with a suitable chemical
and crystal structure, the electrons can
reduce their total energy by condens-
ing into pairs. Since all the electron
pairs necessarily have the same momen-
tum, the momentum of a pair cannot
be changed by scattering and so there is
no resistance.

he theory introduced by Bardeen,
Cooper and Schrieffer gave a re-
markably successful account of most of
the basic features of the superconduct-
ing state, including the reduced energy
of the electron pairs and the existence of
a critical magnetic field. A number of
other aspects of superconductivity were
not dealt with, however, such as the
properties of superconducting alloys.
Superconducting alloys had come un-

100 — = = == =

|

| ELECTRIC-POWER

10 — INDUSTRY
NORMAL

& ELECTRIC-POWER
< TECHNOLOGY
0 T
= 1+ TYPE i SUPERCONDUCTING
g SUPERCONDUCTORS — ELECTRIC-POWER
a POWER TECHNOLOGY
] GENERATORS
i
0
= A ELECTROMAGNETIC
v INDUCTION
15}
% ELECTROMAGNETS TYPE | SUPERCONDUCTORS

01 FIELD GENERATED

BY CURRENT

/ ELECTRIC
001¥_ BATTERY |

_ SUPERCONDUCTIVITY
l l

1800 1850

1900

1950 2000

ELECTRIC-POWER TECHNOLOGY could be developed only as methods became availa-
ble for creating the strong magnetic fields required by motors, generators and other electrical
devices. In the normal or nonsuperconducting technology the fields are derived from electro-
magnets of copper and iron, which have a practical maximum field strength of about two tes-
las. Superconductivity was discovered in 1911, but it could not initially be adopted for power
devices because the early superconductors, which are now classified as Type I, could not oper-
ate in strong magnetic fields. The discovery that a few Type II superconductors (most of which
are alloys or metallic compounds) can tolerate extreme fields has overcome the two-tesla barri-
er. The development of Type II superconductors that not only withstand strong fields but also
carry a high density of electric current has aroused interest in superconducting power devices.
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der study in the 1930’s, and several of
them had been found to have a greater
tolerance for magnetic fields than the
pure-metal superconductors. In alloys
of lead and bismuth, for example, the
transition from the superconducting
state to the fully normal state took place
not at a single, well-defined critical field
but over a wide range of field strengths.
Traces of superconductivity remained
up to about two teslas.

In 1934 Cornelius J. Gorter of the
University of Leiden and Heinz London
of the University of Oxford indepen-
dently suggested that the extended tran-
sition region in alloys might be ex-
plained by the formation of supercon-
ducting and normal domains alternating
throughout the material. They noted
that the domains would be stable if the
energy associated with the phase bound-
ary between domains became negative.

In 1953 Brian Pippard of the Univer-
sity of Cambridge introduced the con-
cept of a coherence length in supercon-
ductors, which is a measure of the scale
of the quantum-mechanical wave func-
tions that define the superconducting
electron pairs. The coherence length can
also be characterized as the minimum
thickness of the interface between a su-
perconducting region and a normal one.
Pippard found that the coherence length
decreases in alloys with increasing sol-
ute concentration. He noted that if the
coherence length were to become small-
er than the penetration depth, the nega-
tive-interface-energy condition of Gor-
ter and London would be satisfied. A
broadened transition in a magnetic field
would then result.

These ideas were put into a new form
in 1957 by the Russian physicist A. A.
Abrikosov. He distinguished two cate-
gories of superconductors, designated
Type I and Type II. In a very weak mag-
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TYPE I AND TYPE II SUPERCONDUCTORS are distinguished
by their responses to a magnetic field. A weak field is expelled by
both kinds of material as a result of shielding supercurrents formed
in a surface layer. In a Type I superconductor these currents collapse
when the field is raised to a moderate intensity, usually less than .1
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netic field the two kinds of material act
in much the same way: they both expel
the field entirely. Differences appear
when the applied field is made stronger.
In Type I materials, which are most of -
ten pure metals, the surface shielding
current collapses and the magnetic flux
enters the material suddenly at a well-
defined critical field strength. Type II
materials give up their superconductivi-
ty through a more gradual process. The
magnetic flux begins to penetrate at a
low field intensity (the lower critical
field), but the last trace of superconduc-
tivity is not eliminated until a much
stronger field is applied (the upper crit-
ical field).

The penetration of the magnetic flux
into a Type II superconductor depends
crucially on a quantum-mechanical
constraint: the existence of a minimum
quantum of magnetic flux. The field in-
side a Type II superconductor therefore
cannot build up continuously but must
grow stepwise, one flux quantum at a
time. Abrikosov suggested that each
flux quantum passes through the materi-
al in a microscopic channel of normal
resistive metal. Each channel is sur-
rounded by a small supercurrent vortex,
which acts to shield the neighboring su-
perconducting material from the inter-
nal field of the flux quantum. The cur-
rent in the vortex is analogous in func-
tion to the surface shielding current at
lower field intensities.

A crosssectionof such a vortex would
reveal a narrow core region where the
magnetic field is at a maximum and the
density of superconducting electron
pairs is at a minimum. Moving outward
from the core, the density of paired elec-
trons increases, and it approaches the
equilibrium density characteristic of the
bulk material at a distance of one coher-
ence length. Conversely, the magnetic

field decreases with distance from the
core, and it is effectively zero at a dis-
tance of one penetration depth.

hether a given superconductor is

of Type I or Type II is determined
by the relative values of the coherence
length and the penetration depth. In
pure metals and other Type I materials
the coherence length is larger than the
penetration depth and vortexes do not
form. The energy cost of creating a vor-
tex is greater than that of eliminating
the superconducting state entirely. In
Type II materials the coherence length
is smaller than the penetration depth.
The formation of vortexes is therefore
energetically favored.

As the magnetic field applied to a
Type II superconductor is raised, the
flux quanta threaded through the mate-
rial increase in number. Typically they
form a crystal-like lattice with a triangu-
lar unit cell. Regions of superconduct-
ing metal remain between the vortex
channels, and so superconductivity per-
sists in the bulk material. Indeed, as long
as a single continuous thread of super-
conductor remains, the measured resis-
tance of the specimen must be equal
to zero. The Type II superconductor is
quenched only when the vortexes are
packed so close that such a continuous
path cannot exist; that is what happens
when the upper critical field is reached.

Although Abrikosov’s model provid-
ed a theoretical basis on which high-
field superconductors could be under-
stood, it did not immediately stimulate
interest in superconducting technology.
For one thing, the possibility of ex-
tremely high critical fields (greater than
two teslas) was not obvious. Moreover,
the question of current density was not
considered at all.

The discovery of technologically use-
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tesla; the field then penetrates the metal and the superconductivity is
abolished. In a Type II material quanta of magnetic flux begin to en-
ter at a moderate field but are isolated from the surrounding super-
conductive regions by vortical supercurrents. The last trace of super-
conductivity is not eliminated until the field reaches a higher level.
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ful superconductors resulted from a
search for new high-critical-tempera-
ture materials. The work was done at the
University of Chicago and at Bell Labo-
ratories by us and by Bernd T. Matthias.
A great many candidate materials were
tested, and particular attention was giv-
en to alloys and compounds of metals in
the transition series (the eight groups of
elements that fall roughly in the middle
of the periodic table).

One group of transition-metal com-
pounds was found to include a number
of materials with notably high critical
temperatures for the onset of supercon-
ductivity. These materials are charac-

terized by a crystalline structure desig-
nated A15. The prototypical member of
the class is the niobium-tin compound
Nb3Sn, which becomes a superconduc-
tor at 18 degrees K. In 1961 the magnet-
ic properties of Nb3Sn were investigated
by J. Eugene Kunzler, Ernest Buehler,
Frank S. L. Hsu and Jack H. Wernick at
Bell Laboratories. The compound was
found to greatly exceed the capabili-
ties of all materials known up to then:
superconducting Nb3Sn sustained a cur-
rent density of more than 100,000 am-
peres per square centimeter while im-
mersed in a magnetic field of almost
nine teslas. The critical field of Nb3Sn
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QUANTUM OF MAGNETIC FLUX in a superconductor is confined by vortical supercur-
rents to a narrow channel of normal resistive metal. The core of the channel is swept free of
superconducting electron pairs, but the density of such pairs (indicated by color) increases grad-
ually away from the core and reaches its equilibrium value at a distance called the coherence
length. Conversely, the magnetic field has its maximum intensity in the core and decays to zero
in a distance called the penetration depth. The relative values of the coherence length and the
penetration depth determine the magnetic properties of the material. If the coherence length
is greater than the penetration depth, vortexes are energetically costly and do not form; the ma-
terial is of Type I and cannot tolerate a strong magnetic field. (The hypothetical Type I vortex
shown here is therefore an unstable structure and would never be observed.) A coherence length
smaller than the penetration depth favors formation of vortexes in Type II superconductors.
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was later found to exceed 20 teslas.

Further investigations showed that
the high tolerance of Nb3Sn for magnet-
ic fields could be accounted for by Abri-
kosov’s model. The material is an ex-
treme Type II superconductor, that is,
the coherence length is much shorter
than the penetration depth. More work
was needed to explain the high critical
current density of NbsSn.

Key ideas in the solution of this prob-
lem were put forward simultane-
ously by Gorter and by Philip W. An-
derson of Bell Laboratories. They noted
that the current in the superconductor
would exert a force on the magnetic
flux lines, tending to push them at right
angles both to their own axis and to the
direction of current flow. The force is
the same one that is ultimately responsi-
ble for movement in an electric motor
or in a loudspeaker. The movement of
the flux lines under the influence of this
force can cause local heating and there-
by quench the superconductivity.

Gorter and Anderson suggested that
vortexes could become pinned at defects
in the crystal structure and thus be able
to resist the force arising from the su-
percurrent; only when a threshold was
exceeded at the critical current density
would the vortexes break loose. Many
kinds of defects can scrve to pin the vor-
texes; they include dislocations, grain
boundaries, voids and clusters of impu-
rity atoms.

The list of specifications for a high-
field and high-current superconductor
therefore describes materials that seem
to be distinguished mainly by their im-
perfections. They are generally quite
poor conductors in the normal resistive
state. The materials also have a high
density of structural defects for pinning
vortexes. In practice the superconduc-
tors of technological interest have a crit-
ical temperature greater than nine de-
grees K., an upper critical field great-
er than about eight teslas and a critical
current density greater than 10,000 am-
peres per square centimeter.

Since the 1960’s a number of materi-
als have been discovered that satisfy the
criteria for high-field, high-current oper-
ation. Just two of them, however, have
emerged as the workhorses of supercon-
ducting-magnet technology: Nb3Sn and
the niobium-titanium alloy NbyTig.
Both materials have extreme Type II
properties, with a coherence length
much smaller than the penetration
depth. In the niobium-titanium alloys
vortexes are pinned by tangles of dislo-
cations, which pile up during the draw-
ing of a wire. In Nb3Sn pinning seems to
take place mainly at grain boundaries,
and so a high critical current density re-
quires a small grain size. Most of the
techniques for preparing Nb3Sn yield
small grains.

Even with the availability of suitable
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materials, building a superconducting
magnet is not a simple or straightfor-
ward undertaking. If some small region
of the winding exceeds the critical cur-
rent density and is thereby quenched, a
practical superconducting magnet must
be able to enter the normal state safely.
In a coil of pure superconductor such a
region would be an isolated link of high
resistance and would immediately be
subject to strong resistive heating. The
heat given off would of course quench
surrounding regions of the supercon-
ductor, so that the normal region would
grow. If this process is not controlled,
the consequences can be dire. High volt-

T — - __—\ FLUX LINES
M e’ L i\ N
D
DRIFTING OF LN iE
VORTEXES » G
i h
_‘_/

ages are induced by the collapse of the
field; they can break down insulation
and permanently damage the structure.

first step in the effort to avoid such

a catastrophic failure was to clad

the superconductor with a low-resis-
tance normal conductor, such as cop-
per. If a region of the winding then
loses its superconductivity, the excita-
tion current is diverted into the copper.
Copper cladding allows a small super-
conducting magnet to be driven into the
resistive state with safety. For a larger
magnet, however, the energy of the field
is too great for it to be dissipated as heat
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MOVEMENT OF FLUX LINES is responsible for the quenching of superconductivity when
a Type II material is forced to carry a current density exceeding a critical value. The flux lines
are acted on by a force directed perpendicular both to their own axis and to that of the super-
current. Their movement can liberate enough heat to quench the superconductor. A high criti-
cal current density is achieved when there is an ample supply of grain boundaries or other de-
fects in the crystal structure, which pin the flux lines. Superconductors of technological inter-
est are those few that have both a high critical magnetic field and a high critical current density.
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in the windings. A solution to this prob-
lem developed in the mid-1960’s was
called cryostatic stabilization. The ra-
tio of copper to superconductor in the
windings was greatly increased, usually
to a value of at least 20 to one. In addi-
tion the helium coolant was circulated
directly over the surface of the windings
so that heat could be extracted rapidly.
By these means all the heat evolved by a
small resistive region can be drawn off
without arise in temperature, and so the
growth of the normal zone is stopped.
After a short time the superconducting
path is reestablished.

The main disadvantage of cryostatic
stabilization is that the overall current
density in the winding is much reduced.
For a high-performance magnet the su-
perconducting windings cannot be so
heavily diluted with copper. In order to
reach higher fields a new strategy has
evolved, aimed at eliminating the caus-
es of premature quenching. It had been
observed in the 1960’s that experimen-

tal superconducting magnets tended to
quench at current densities well below
the critical value measured in small
samples of the winding material. Re-
peated excitation of the magnet often
led to a gradual improvement, an effect
called training. The premature quench-
ing is caused by the release of energy in
the windings during excitation. Two
sources of such energy release have
been identified. One source is called a
flux jump; the other is motion of the
conductors in response to mechanical
stress.

A the field in a superconducting
magnet changes, the large excita-
tion current in the winding gives rise to
induced shielding currents, which circu-
late in each superconducting strand.
Under some conditions the shielding
currents become unstable and can col-
lapse spontaneously. The resulting flux
jump, or sudden movement of the flux
lines, introduces a ‘“spike” of heat,
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PHASE DIAGRAM for two Type II materials specifies the conditions of temperature, cur-
rent density and magnetic field under which superconductivity can be maintained. At the boil-
ing point of helium, which is the most convenient temperature of operation, alloys of niobium
and titanium must be limited to a field of roughly 10 teslas and a current density of less than
100,000 amperes per square centimeter. Nb3Sn can operate under more extreme conditions.
The maximum field of Nb3Sn at the boiling point of helium is more than 20 teslas and in a
less intense field the current density can approach a million amperes per square centimeter.
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which can raise the temperature enough
to quench the superconductor.

The thermal energy per unit volume
released by a flux jump is proportional
to the diameter of the superconducting
wire. Hence it is possible to reduce the
effect of flux-jump instabilities by re-
placing a single conductor with a com-
posite of small superconducting strands
embedded in a matrix of a good normal
conductor such as copper. For niobium-
titanium alloys the filament diameter
has been reduced from roughly a milli-
meter (for single-strand superconduc-
tors) to about 10 micrometers (for a
composite).

The fabrication of such multifilamen-
tary composites is a complex technolo-
gy. The commonest procedure is to ex-
trude a billet of copper in which several
alloy rods are embedded. The compos-
ite rods are then drawn into wires, as-
sembled into bundles and redrawn to
finished size. It is also usual to twist the
conductor around a central axis.

The development of multifilamentary
composites has not completely eliminat-
ed training in superconducting magnets.
As larger magnets have been designed
the problem has resurfaced and has
proved to be quite serious in magnets
operated at current densities near the
capacity of the conductor material. The
main cause of this residual training ef-
fect is probably frictional heating result-
ing from mechanical motion of the con-
ductors. It seems that when a magnet is
first excited, the conductors must “shake

MILLIMETER
Nb-Ti WIRE

down” into new positions, releasing heat
spikes in the process. Although it might
seem desirable to prevent such move-
ment by strong mechanical constraints,
that is not easily accomplished while at
the same time providing access to the
conductor surface for the liquid-heli-
um coolant.

In addition to heat spikes caused by
flux jumps and conductor motion, heat
is also introduced into a magnet winding
by screening currents that are induced
whenever the internal field changes. The
screening currents become more impor-
tant as the field changes more quickly,
and so the heating they cause is called a
dynamic loss. Many large research mag-
nets, including those in particle accel-
erators and in nuclear-fusion reactors,
must be pulsed on and off, so that the
field changes rapidly. Hence steps must
be taken to reduce the dynamic losses as
much as possible. Making the filaments
still smaller reduces the screening-cur-
rent loss in the superconductor itself;
twisting and transposing the filaments in
a composite reduces losses caused by
eddy currents in the copper matrix. The
eddy currents can be further reduced by
incorporating a resistive barrier in the
copper. The barrier can be formed of a
high-resistance copper-nickel alloy ap-
plied to each copper-clad rod before
the filaments are bundled for the final
stages of drawing. The finished materi-
al then has a complicated structure. It
is an assembly of twisted and trans-
posed superconducting filaments, each

/ L 4

1961 1965

FILAMENTARY COMPOSITE MATERIALS circumvent several
causes of premature quenching in high-power superconductors. Four
stages in the evolution of conductors made with niobium-titanium al-
loys are shown. In the earliest designs a niobium-titanium wire about
a millimeter in diameter was clad with a thin layer of copper to ab-
sorb the current if the superconductor was quenched. Later the ratio
of copper to superconductor was increased in an attempt to keep lo-
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one embedded in copper and isolated
from its neighbors by a thin copper-
nickel wall.

A fine filamentary structure is equally
important in superconductors based on
Nb3Sn and related 415 compounds. Be-
cause these materials are extremely brit-
tle, however, fabrication is still more
difficult. The first NbsSn conductors
were made by compacting a mixture of
niobium and tin powders inside a niobi-
um tube and drawing the tube into a
length of wire. The Nb3Sn compound
was formed by heat treatment only af-
ter the wire had been wound on the mag-
net armature, so that there would be no
need for further bending.

In a more recent technique a filamen-
tary composite of pure niobium metal is
formed in a matrix of bronze (an alloy
of copper and tin). After the wire is
drawn to its final size it is heated, caus-
ing some of the tin to migrate from the
bronze into the niobium, where it reacts
to form Nb3Sn. The superconductor
V3Ga (an 415 compound of vanadium
and gallium) can be made in much the
same way. Several other methods of
fabricating 415 superconductors as fine-
ly divided composites are also under in-
vestigation.

Perhaps the simplest application of
superconducting technology is the con-
struction of stationary magnets intend-
ed to generate a constant field or a field
that changes only slowly. Eventually
such magnets will have a place in the
electric-power industry, but most of

10-MICROMETER COPPER-NICKEL
Nb-Ti

FILAMENTS |
-
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cal hot spots from spreading. A major cause of hot spots was the col-
lapse of shielding currents in the superconducting strands. Both the
incidence of such flux jumps and the energy dissipated by them could
be reduced by making the strands smaller, and so filaments about 10
micrometers in diameter were embedded in copper. A further step in
reducing dynamic losses was to isolate each filament in a copper cell
bounded by walls of a copper-nickel alloy, which acts as an insulator.



Give him a gift
his teachers will appreciate.

will pay off year after year after year.
(He'll even be taking it to college with him!)

A Smith-Corona is built to last.
It’s the only electric portable that’s still
made to the same exacting American
quality control standards that have made
Smith-Corona a household word for
“typewriter.”

Compare it with any other elec-
tric portable and you’ll see what we mean.

First of all, Smith-Corona has an
exclusive cartridge ribbon system. With
the cartridge correction ribbon you can
change words, or even whole sentences, as
well as correct individual characters.

You can also use carbon film
ribbon to produce extra crisp and sharp
typing, like the big expensive office
machines. And changing ribbons is a
snap—literally.

Next, notice that a Smith-Corona
sounds professional —solid and smooth,
like the fine precision machine it is.

Now, look at the way it types.
Smith-Corona type marches across the
page evenly, smoothly, cleanly. Not one
single letter out of line or out of step.

He’s excited. He’s going into Give your student a Smith-
high school next year, and he’s got a sleek, Coropa. Teachers will listen to every word
new Smith-Corona® electric portable. 1t writes.

Of course having a Smith-Corona
isn’'t going to make him into a genius. But
it is going to help him with his papers.

They’ll be easier and faster to
write than in longhand. And they’ll look
neater and be easier and faster to read.
(What teacher won't appreciate that!)

There’s something else you ought
to know about buying your student a
Smith-Corona. Like a solid investment, it

Smith-Corona
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those built so far have been employed in
research.

One realm of inquiry where supercon-
ducting magnets have proved particu-
larly useful is in the physics of elementa-
ry particles. For example, the largest of
all superconducting magnets is one that
surrounds a bubble chamber at the Eu-
ropean Organization for Nuclear Re-
search in Geneva. It has a working vol-
ume of some 80 cubic meters and a max-
imum central field of 3.5 teslas; the ener-
gy stored in the field is 800 megajoules.

t the Fermi National Accelerator
Laboratory (Fermilab) near Chica-

go almost 1,000 superconducting mag-
nets are being constructed for eventual
installation in an underground ring six
kilometers in circumference. The mag-
nets are components of a synchrotron,
in which protons are accelerated to high
energy as they repeatedly circle a ring-
shaped vacuum chamber; the purpose
of the magnets is to steer and focus the
protons so thatthey stay in the ring. The
superconducting accelerator is expected
to reach twice the maximum energy of
an existing synchrotron in the same tun-
nel, which is equipped with copper-and-

COPPER AND IRON

iron magnets; at the same time energy
consumption will be reduced. The mag-
nets, which are being wound with multi-
filamentary niobium-titanium wire, will
have a peak field of 4.5 teslas. The field
must be uniform to an accuracy of a few
parts in 10,000. Cooling the magnets
will demand 5,000 liters of liquid heli-
um per hour.

A still larger ring of superconducting
magnets is under construction at the
Brookhaven National Laboratory for
ISABELLE, a device in which high-energy
protons will be stored in counterrotating
beams. The 1SABELLE magnets differ in
design from those employed at Fermi-
lab, but they have similar basic specifi-
cations, with a maximum field of five
teslas. The need for field uniformity is
even more stringent: a few parts in
100,000.

The highest field strength yet attained
in a superconducting magnet was pro-
duced by a much smaller device, built in
the U.S. but operated in Japan for mate-
rials research. It has attained a maxi-
mum central field of 17.5 teslas in a
working volume of 70 cubic centime-
ters. This magnet is also one of the few
now in service made with 415 com-

ALTERNATOR

pounds rather than the more easily fab-
ricated alloys. The windings consist of
a mixture of Nb3Sn and V;Ga.

Large superconducting magnets pow-
ered by direct current have a number of
potential applications in the electric-
power industry. One application that
has been under investigation for some
years is generation by the magnetohy-
drodynamic, or MHD, tecnnique. An
MHD system would replace the boiler,
turbine and alternator of a coal-fired
or oil-fired power plant; electric power
would be derived directly from the com-
bustion of the fuel. At the heart of an
MHD generator is a “channel,” where
a high-temperature plasma, or ionized
gas, is forced through a magnetic field at
high velocity. Positive and negative ions
in the plasma are deflected in opposite
directions by the field, which gives rise
to a voltage difference in a plane perpen-
dicular both to the magnetic field and to
the direction of plasma flow. Electrodes
in contact with the plasma collect the
separated charges in order to drive a
current in the external circuit. The
MHD generator has no moving parts
other than the plasma itself.

The efficiency of an MHD channel

BACK IRON

SUPERCONDUCTING

HOMOPOLAR MOTOR

CONDUCTIVE DISK

COPPER AND IRON

MOTORS AND GENERATORS rely for their operation on the in-
teraction of an electric current with a magnetic field. Because the
power output is a function of field intensity, significant improve-
ments can be expected from the replacement of copper-and-iron
magnets with superconducting ones. In an alternator, or alternating-
current generator, an electromagnet excited by direct current is ro-
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tated inside a cage of stator coils, in which the alternating current is
induced. With present materials dynamic losses prohibit a supercon-
ducting stator, but a superconducting rotor is possible. A direct-cur-
rent generator or motor of the homopolar type consists of a conduc-
tive disk or drum that rotates in a magnetic field. Again power out-
put can be raised if the exciting magnet is a superconducting one.
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Maybe the biggest thing /i
history
sofething no thicker than

jfi Wellsboro’s

a human hair.

.

You could easily mistake Wellsboro,
Pennsylvania for other small American
towns.

Butlast year, Wellsboro (population
4,003) made history.

[t became the first town in America to
put a commercial optical fiber telephone
system into everyday use.

We should explain that optical fibers
are threads of ultra-pure glass as thin as a
human hair.

And over them, telephone signals can
be transmitted by laser light.

What's so great about optical fibers?
Well, if you wind them into a cable, you have
a miracle telephone line.
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Which can carry far more telephone
traffic than conventional copper lines.

And these lines, which cost less than
copper, aren't subject to noise interference
from nearby power lines, as copper lines are.

It was an ITT scientist who first made
optical fibers practical.

And ITT people, working with the Rural
Electrification Administration and Common-
wealth Telephone, brought fiber optics to
Wellsboro.

Mind you, Wellsboro may still not loom
as large in history as that other Pennsylvania
town, Gettysburg.

Butfor Wellsboro (and America) it's
quite a first.

The best ideas are the

ideas that help people.ITT

© 1980 International Telephone and Telegraph Corporation, 320 Park Avenue, New York, N'Y 10022
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NASA

Power
Saver

© NASA Patent # 4,052,648

* UL Listing Applied For

* 15% Energy Tax Credit

© Built-in Safety Fuse

* Cooler, Quieter Motors

* Load Compensation to
Prevent “Bog Down”

NASA invented it to save power in
spacecraft. Now, YOU can use it to
cut the cost of using major
appliances by as much as 60%.

In 1975, NASA engineers invented a computer to con-
serve power used in spacecraft. They called it a power
factor controller. Selected companies were licensed to
produce it. Exxon bought Reliance Electric for it. One
company, Enercon, Inc., further modified and improv-
ed upon that design for home and industrial applica-
tions. They call it Dr. Watt.
HOW DR. WATT CUTS POWER

Most electrical motors found in major home ap-
pliances were designed to supply maximum power dur-
ing peak load conditions. Your appliances typically do
not need all this power most of the time. During these
periods, these motors use more power than is
necessary. NASA invented a solid state device that
senses when your appliance is overload ed; it then swit-
ches off the power for very short periods of time
(millionths of a second). When demand for power in-
creases, Dr. Watt provides more. You use and pay for
only the energy you really need. It’s like letting up on
the gas when your auto is coasting downbhill.

CHECK THE SAVINGS

Dr. Watt applies to induction type electrical motors,
the most commonly used in major home appliances
and industry. Dr. Watt can save 10 to 60% depending
upon load.

Monthly  *Monthly
Application Cost Savings
3 Ton Central Air Condi-
tioner $89.10 $13.37
Washing Machine $1140  $399
20 Cu. Ft. Refrigerator
Freezer $17.60 $ 264
Shop Disc Grinder $12.00 $ 7.20

*Average monthly savings are based on National
Energy Watch data and estimated usage figures.

Dr. Watt savings can be substantial. It may pay for
itself in weeks. You also get a 15% energy tax credit off
your income tax. Don't take our word for it—test one at
no risk for yourself.
NO INSTALLATION REQUIRED

Dr. Watt is easy to use. Simply plug Dr. Watt into your
wall outlet, plug your appliance into Dr. Watt and start
saving. Dr. Watt also comes in wire-in models for in-
dustrial application.

15 DAY NO-RISK TRIAL
Try it for 15 days, if you are not completely satisfied,
return it for a prompt refund of your purchase price.
After that, you have a substantial factory warranty.
TO ORDER send check or money order to the aadress
below. Credit card customers:

Call Toll Free 1-800-527-7066

In Texas call collect (214) 349-31

———— ———————————

MEDIA MARKETING

10155 Plano Rd. ¢ Dallas, TX 75238
Yes send me the following Dr. Watts with 15 day no-risk

e e

return.

—120v ¥2h.p.Dr. Watt $39.95
—_120v ¥2hp Wire-in $59.95
___120v 2hp Heavy Duty $79.95
____240v 5hp Heavy Duty Wire-in $79.95
—__240v5hp Heavy Duty Plug-in $99.95

Add $2.50 for delivery. Texas residents add 5% sales
tax.

Name
Address.
City
State Zip

OCheck of M.O. Enclosed
For even faster service, charge to:
[JMC/Visa — Expires

improves as the plasma is made hotter
and as the magnetic field is made strong-
er. The maximum temperature must be
limited to prevent damage to the walls
of the channel; as a result field strength
is paramount. At attainable tempera-
tures, acceptable efficiency demands a
field of between five and 10 teslas, and
so a superconducting coil is mandatory.
A prototype MHD generator with a
power capacity of 25 megawatts is be-
ing tested in Moscow in a joint U.S.-
U.S.S.R. project (which is now in abey-
ance). The magnet for the generator was
built at the Argonne National Laborato-
ry outside Chicago. It has a maximum
field strength of five teslas and a work-
ing volume of about a cubic meter; the
stored field energy is 20 megajoules.

Astill larger MHD magnet, weighing
about 400 tons, is being designed
for the MHD Component Development
and Integration facility in Butte, Mont.
This program represents the first step
toward a full-scale MHD power plant,
with a capacity of 600 megawatts. De-
sign studies suggest that such a plant
would require a superconducting mag-
net capable of reaching six teslas and
weighing about 2,000 tons.

There is hope that the generation of

power by thermonuclear fusion may be
possible and eventually lead to world-
wide energy abundance in the 2 1stcentu-
ry. For a fusion reaction to be sustained
a plasma must be confined at sufficient
density while being heated to a tempera-
ture of more than a million degrees K.
Any contact with the walls of a material
container would quickly cool the plas-
ma and also contaminate it. For now the
major research effort is based on confin-
ing the plasma in a magnetic field, which
can be arranged so that charged parti-
cles are always deflected before they
reach the walls of the chamber. The field
strength needed is in the range of from
eight to 12 teslas, and so there is no
practical alternative to superconducting-
magnet coils.

In recent years the kind of fusionreac-
tor given the most attention has been the
Tokamak, in which the confining field
and the reaction chamber have a toroi-
dal form. A large project intended to
evaluate magnet technologies for Toka-
maks has recently been undertaken. Six
different magnets will be built by groups
in the U.S., Europe and Japan, then as-
sembled in a large vacuum vessel at the
Oak Ridge National Laboratory in Ten-
nessee. The magnets differ in design, but
they will all supply a field of eight teslas
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SUPERCONDUCTING ALTERNATOR is to be constructed by Westinghouse in a joint pro-
gram with the Electric Power Research Institute (EPRI). The rotor of the alternator is shown
in cross section here. Only the rotor has a superconducting winding; because of dynamic losses
the stator must be made of copper and iron. The rotor is encased in an insulating vacuum flask,
which rotates with it. Liquid helium enters through a rotary coupling and is held in a reservoir
in the central cavity. It circulates by convection: helium that has absorbed heat from the wind-
ings tends to flow toward the center, where it is drawn off in the gas phase. The windings,
which are made of a niobium-titanium alloy, have the form of elongated ovals. The alternator
will have a power capability of 270 megawatts. It is to be tested in a commercial power plant.
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How toreach

the people with

the longest shopping
list in the world.

KK
KE XUE The People’s Republic of China is buyingandit's time your

company introduced itself.

Our paid circulation of 25,000 includes China’s emerging
scientific, engineering and industrial leadership; the people
who make the future happen. Rarely have advertisers been
presented with such a clearly defined and potent audience.

China’s shopping list includes most industrial categories:
agriculture, energy, aerospace, chemicals, mining, data pro-
cessing, communications, manufacturing, transportation, re-
source recovery and heavy machinery. China’s ability and
inclination to buy will accelerate. Now is the time to present
your product, your people and your corporate identity.

SCIENTIFIC AMERICAN is now published in the first
languages—English, Italian, Japanese, French, Spanish,
German and Chinese—of half the world’s population. World-
wide paid circulation exceeds 1,000,000.

Where will your company be when China makes a
purchase? If you want a place on the shopping list, we'll save
you a place in the Chinese-language edition of SCIENTIFIC
AMERICAN. For more information, contact: Richard Delano,
415 Madison Avenue, New York, NY 10017 (212) 754-0472, or
Wallace Burgis, 54 Pall Mall, London SW1Y5JH, England,
011 441 839 1595/6.

*The Chinese Language Edition of Scientific American.
**English Transliteration; Translation: Exact Knowledge, Science
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AMERICAN

We reach the people who make the future happen.
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NATIONAL OBSERVATORY
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1981 CALENDAR

Enjoy each month of 1981 with
this beautiful full-color calendar from
the Kitt Peak National Observatory,
Cerro Tololo Inter-American Ob-
servatory, and Sacramento Peak
Observatory.

O Enclosed is $4.00 ($3.50 plus
50¢ shipping) for the 1981 Kitt Peak
Calendar.

O Enclosed is $1.00 for the Kitt
Peak National Observatory catalog.

O Send me, free of charge, the
Hansen Planetarium Publications
catalogs, including astrophotog-
raphy from the Hale, Lick, and U.S.
Naval Observatories, NASA, and
others.
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Hansen Planetarium

15 South State Street
Salt Lake City, Utah 84111, USA
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Authorized Sales Center,
owned and operated by
Pan American Electronics, Inc.,

wecan sell
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These computers are new and

have Radio Shack® warranties
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512/581-2765

Pan American
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within a D-shaped bore of 2.5 by 3.5
meters. A practical fusion reactor would
require still larger coils.

Five of the six magnets will be wound
with niobium-titanium alloy, but a
design by the Westinghouse Electric
Corporation calls for superconductors
of Nb3Sn. The fabrication of complex
structures out of such difficult materials
has now reached an advanced state, as is
indicated by the cable now being man-
ufactured for Westinghouse by Airco
Superconductors. The cable consists of
486 strands, separated by channels for
the helium coolant, which will circulate
under pressure as a supercritical fluid
with a temperature of 5.2 degrees K. (In
the supercritical phase gas and liquid
cannot be distinguished.) Each strand
has a thin outer coating of a semicon-
ductor, which serves as a barrier to eddy
currents that might arise between the

[)

ROTOR
RESISTANCE

LOAD LOSS

STATOR
RESISTANCE

CORE LOSS

WINDAGE
(INCLUDING COOLING)

ROTOR EXCITATION

COPPER AND IRON

strands. Inside the semiconductor coat-
ing is a jacket of pure copper, which is
intended to take over most of the cur-
rent if the superconductor is quenched;
the copper is separated from the core of
the strand, which is bronze, by a layer
of tantalum that blocks the diffusion of
tin from the bronze. Embedded in the
bronze core are some 3,000 microfila-
ments of NbsSn arranged in hexagonal
groups of 19. The Nb3Sn compound is
formed in situ by diffusion of tin from
the bronze into filaments of pure niobi-
um metal.

An alternative to the Tokamak design
is the magnetic-mirror fusion reactor, in
which a plasma is confined to an approx-
imately cylindrical volume by magnets
at each end. A large mirror-fusion test
facility is under construction at the Law-
rence Livermore Laboratory in Califor-
nia. A pair of superconducting coils will
yield a maximum field of 7.7 teslas. The

—1

¥ -
A

L

HELIUM REFRIGERATION

SUPERCONDUCTING

ENERGY LOSS might be reduced by between 50 and 65 percent in an alternator with a super-
conducting rotor winding. Resistive losses in the rotor are eliminated entirely, and there are
savings of other kinds as well. The superconducting winding requires a helium refrigerator,
but its power demands are much smaller than those of the blowers that cool a copper-and-iron
rotor. The superconducting alternator is also smaller and lighter than the copper-wound one.
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What if you chose HP products to

For example: HP’s new Oscilloscope Measurement System: The real
surprise is not just that it’s better, but that it is fully programmable
and extremely easy to use.

The HP 1980 simplifies performance of tests and adjustments
on complex electronicequipment. Atleft, the display directs
the operator to adjust a circuit under test. Below right, using
programs stored in an external computer, the HP 1980 guides
production tests with instructions to localize circuit defects
quickly. Below left, the HP 1980 checks itself, quickly verify-

Cowr IDENCE TERT 8BS

The most obvious difference between
the HP 1980 and conventional scopes
is the front panel. The Hewlett-
Packard system does away with the
bewildering maze of knobs and
switches scope users have had to mas-
ter, and replaces them with a clean,
logical array of color-coded keysand a
single rotary control.

Internally, too, the HP 1980 is de-
signed unlike any other oscilloscope.
Controlled by a microprocessor, the
HP 1980 reduces knob twiddling to
the point that only minimal training is
needed to operate it. (For instance, to
obtain an initial display, only one
key, AUTO-SCOPE, need be pressed.)

Oneimmediate result is that complex
measurements no longer require the
skills of highly trained technicians,

158

freeing them for more creative, pro-
ductive, and cost-effective work.

The HP 1980’s automated operation—
though both built-in and remote
computer programming
capabilities—brings new possibilities
and time savings to product de-
velopment and production test:

o HP-IB (IEEE-488) compatibility
makes it possible for the HP 1980 to
receive programming instructions
from a computer, or to send mea-
surement information to a computer
for processing, evaluation, and hard
copy printout.

e The simplified panel cuts setup time
by as much as a factor of five. Front
panel setups can be saved in the sys-
tem’s nonvolatile memory (they can’t

© 1980 SCIENTIFIC AMERICAN, INC

ing its digital and analog operation.
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be lost even if the system is turned
off), then recalled and implemented
with only two keystrokes.

e Calibration menus called up on the
CRT display permit complete calibra-
tion via the front panel, with no
operator’s manual and minimal test
equipment. What'’s more, the HP 1980
can be calibrated in its operating en-
vironment in less than 45 minutes—
compared with the 6 to 10 hours it
now takes trained technicians to
calibrate conventional scopes in a
calibration lab.

If you are developing or manufactur-
ing products that use electronics
technology, you owe it to yourself to
find out more about the HP Oscillos-
cope Measurement System. Price of
the HP 1980 is $8500™.




enhance your skills?

For example: a new approach to making continuous, reliable
measurements of a patient’s respired CO., noninvasively.

Ordinarily, the amount of CO; in the
blood is regulated automatically by
the brain’s respiratory center, which
controls the rate and depth of respira-
tion. But when a patient is anes-
thetized, or when disease prevents
normal breathing, CO, can get seri-
ously out of balance. And it is at just
such critical times that the physician
most needs to know the patient’s CO,
status, in order to control ventilation
effectively.

CO, is often measured directly from
arterial blood samples, in spite of the
fact that significant time may pass be-
tween drawing the sample and
analyzing it in the laboratory. In such
a case, the physician must rely on in-
formation that may no longer reflect
the state of the patient.

Nevertheless, the analysis of samples
from an arterial tap is the favored
method, simply because monitoring
by other means has been cumber-
some and unreliable.

Now, with the introduction of the HP
47210 CO, monitor (or capnometer),
the physician can get stable, repeat-
able, continuous CO, measurements
noninvasively. Microprocessor aug-
mented, and using technology
which departs radically from that of
other CO;, monitors, the HP cap-
nometer makes direct measurements
of inspired and expired CO, by
on-line monitoring on a breath-
by-breath basis.

The measurement is made optically
by a small sensor secured to an air-
way adapter at the patient’s mouth.

A beam of infrared light from the
sensor is transmitted through the
adapter, and the absorption of this
light by the breathing gases gives an
accurate, continuous measure of the
patient’s CO,.

The advantages of the HP cap-
nometer are impressive:

e Simplicity of operation makes it
possible to concentrate on the
patient rather than the monitor.

o Built-in gas cells make it easy
to check and recalibrate the
instrument.

e The capnometer monitors itself
continuously, and calls attention to
itself if a malfunction occurs.

e It also monitors the ventilator or

anesthesia machine, and alerts the
staff in case of apnea or breathing
system disconnections.

An innovative option makes possible
the noninvasive cutaneous monitor-
ing of CO, diffusing through a small
area of the patient’s skin. Its
availability is subject to FDA ap-
proval, which is pending.

Price of the HP 47210 is $5800*.

For more information, mail the
coupon to Hewlett-Packard, 1504
Page Mill Road, Palo Alto, CA
94304. Or call the HP regional
office nearest you: East (201) 265-
5000, West (213) 970-7500, Mid-
west (312) 255-9800, South (404)
955-1500, Canada (416) 678-9430.

These are only two of many thousand product reasons for choosing HP.

K

HEWLETT
PACKARD

v

Mail to: Hewlett-Packard, 1504 Page Mill Road, Palo Alto, CA 94304
Please send me further information on

() HP 1980 Oscilloscope Measurement System
() HP 47210 Capnometer

. vana )

Company

Address

City

State Zip

-

*Domestic U.S. prices only. 00046

© 1980 SCIENTIFIC AMERICAN, INC

159



system is comparable in scale to the To-
kamak magnets. The stored energy of
the field will be 400 megajoules, and the
total mass of the superconducting coils
will be about 50 tons.

In the turbine-driven alternators that
now supply virtually all electric pow-
er, the adoption of superconducting ma-
terials has one obvious complication:
some parts of the machinerotate at high
speed, which makes the delivery of heli-
um coolant awkward. It might seem,
therefore, that the easiest course would
be to install superconductors first in the
stationary field coils of an alternator.
The stator windings, however, carry al-
ternating current, and so the magnetic

field must decay to zero and be reestab-
lished in the opposite direction 100 or
120 times per second. Under these con-
ditions the dynamic losses in present-
day superconducting composites reach
an intolerable level.

The problem of losses in alternating-
current magnets might ultimately be
solved by further refinements in the fab-
rication of superconducting materials.
In the meantime superconductors seem
attractive for the rotor magnet of an al-
ternator, which is excited by direct cur-
rent. Here the main difficulties are not
physical or electrical but mechanical.
The magnet and its surrounding vacu-
um vessel must rotate inside the stator,
typically at 3,600 revolutions per min-

ute, and liquid helium must be supplied
through a rotary coupling.

In the early 1970’s small experimental
alternators with superconducting rotors
were built by the Massachusetts Insti-
tute of Technology and by Westing-
house. With a rotor field of about 5.5
teslas these machines were designed to
generate up to about five million volt-
amperes. They were operated under
both open-circuit and closed-circuit
conditions, but they were not brought
up to full power. A 270-megawatt su-
perconducting alternator is now being
designed by Westinghouse in a joint pro-
gram with the Electric Power Research
Institute. The niobium-titanium wind-
ings of the rotor will yield a maximum

WORKING STORED | SYSTEM |
MAXIMUM | VOLUME ENERGY | POWER
SUPER- FIELD (CUBIC (MEGA- | (MEGAVOLT-
DEVICE BUILDER CONDUCTOR (TESLAS) METERS) JOULES) | AMPERES)
BUBBLE-CHAMBER MAGNET EUROPEAN OR- Nb-Ti 35 80 800
GANIZATION FOR
NUCLEAR RESEARCH
PARTICLE ACCELERATOR FERMI NATIONAL Nb-Ti 4.5 .06 5
(STEERING AND FOCUSING ACCELERATOR
MAGNETS) LABORATORY
PARTICLE STORAGE RING BROOKHAVEN Nb-Ti 5.0 .08 85
(STEERING AND FOCUSING NATIONAL
MAGNETS) LABORATORY
HIGH-FIELD MAGNET INTERMAGNETICS Nb,Sn AND V,Ga 17.5 7x10° 1.7
FOR MATERIALS RESEARCH GENERAL
ROTOR MAGNET FOR WESTINGHOUSE Nb-Ti 5.5 4 %102 1 5
ELECTRIC-POWER ELECTRIC
ALTERNATOR CORPORATION
60-HERTZ ALTERNATOR WESTINGHOUSE Nb-Ti 5.2 .86 9.2 300
ELECTRIC
CORPORATION
HOMOPOLAR MOTOR AND GARRETT Nb-Ti 5.0 06 46 2.2
GENERATOR FOR SHIP CORPORATION
PROPULSION
HOMOPOLAR MOTOR GENERAL Nb-Ti 6.0 06 9 2.2
ELECTRIC
COMPANY
400-HERTZ ALTERNATOR GENERAL Nb-Ti 5.7 06 8 20
FOR AIRCRAFT ELECTRIC
COMPANY
ROTOR COILS FOR WESTINGHOUSE Nb,Sn 5.7 06 8
AIRCRAFT ALTERNATOR ELECTRIC
CORPORATION
MAGNET FOR MAGNETO- ARGONNE Nb-Ti 5.0 1 20 25
HYDRODYNAMIC GENERATOR | NATIONAL
LABORATORY
MAGNET FOR MAGNETO- GENERAL Nb-Ti 6.0 5 72 183
HYDRODYNAMIC GENERATOR | ELECTRIC
COMPANY
MAGNETS TO BE EVALUATED SIX INDE- 5 Nb-Ti 8.0
FOR THERMONUCLEAR-FUSION | PENDENT 1 Nb,Sn
CONFINEMENT BUILDERS
— - . —_ — —
POWER TRANSMISSION LINE BROOKHAVEN Nb,Sn A 1,000
NATIONAL |
| ] LABORATORY . |

LARGE SUPERCONDUCTING DEVICES either completed or
now under construction include several that could lead directly to
applications in the electric-power network. An alternator based on a
superconducting rotor will probably be the first of these. Magnetohy-
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drodynamic power generation and thermonuclear fusion aré more
distant prospects, but in both of them there is no alternative to super-
conducting technology. Various magnets for research have provid-
ed experience in the building of large-scale superconducting systems.



“The more you learn about
our DC-10,the more you know
howgreat itreallyis”

Pete Conrad
Former Astronaut
Division Vice President, McDonnell Douglas

“I've watched airplanes and spacecraft take shape  thoroughly-tested jetliner ever built. Along with U.S.

for much of my adult life. I'm certain that nothing Government certification,the DC-10 has passed
made to fly has ever been designed or built to structures tests just as demanding, in their own way,
more exacting standards than our DC-10. as those required of U.S. Air Force fighter planes.

“Eighteen million engineering man-hours were “The DC-10 fleet demonstrates its dependability
invested in this plane’s development. That includes flying more than a million miles a day and serving
14,000 hours of wind tunnel testing, as well as 170 cities in 90 countries around the globe’”’
full-scale ‘fatigue testing’ for the equivalent of To learn more about the DC-10, write: “DC-10
40 years of airline service. Report; McDonnell Douglas, Box 14526,

“I'm convinced that the DC-10 is the most St. Louis, MO 63178.

/
MCDONNELL
DOUGLAS
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|=I A e Simply
| Masimum-Minirmum | eather-ful!

hermometer
I' Gift yourself and others whose interests
| include weather-watching, energy conser-
vation, or simply staying comfortable
and healthy.
| Max-Min Thermometer
| Tells you the present temperature in both
| °F and °C and records the previous high
| and low. Works both in and out of
! doors. Easy reset stem. Beautiful
| | 2-3/4”-dia. red, white and blue case.
Mounting bracket included.
Precision Hygrometer
| Tells you the Relative Humidity without
| charts. So dependable, we can certify it
traceable to National Bureau of Standards.
| This 4”’dia. instrument, in gleaming silver/
1| chrome case, helps keep the home healthful,
| plants and materials long-lived.
Company orders and dealers welcome.
Satisfaction guaranteed or full refund.

oA " ™ TBrooklyn Thermormeter Co. In
wyr‘gklyn Dept. A -801, 90 Verdi St.,

| Farmingdale, NY 11735

| Please rush postpaid:

| #7413 Max-Min Thermometer @$8.90 © 3@$21.50
| i #7434 Precision Hygrometer @$26.00

|1 My check or money order is enclosed. NY residents

|1 "add Sales Tax.

| | 0Send me FREE descriptive Gift Brochure

| Name

|_ Address \

Il\.‘.‘ Ciy _ _ State _______ Zip

e ————————
Journal

of
{  Field
Archaeology

Taxonomists

in all branches of botany, zoology,
and medicine are needed to identify
archaeological finds. The Journal of
Field Archaeology is preparing a list
of taxonomic specialists who are able
to classify plant (seeds, pollen, fibers,
wood, etc.), animal (insects, shells,
bones, hair, teeth, leather, etc.), and .
human remains from current
archaeological excavations. If you
are willing to participate in such
inter-disciplinary work, please send
your name, address and the materials

you are competent to identify to:

Curt W. Beck
Vassar College, Box 92
Poughkeepsie, N. Y. 12601
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field of 5.2 teslas. The alternator will be
completed in 1984, and plans are being
made to test it in an electric-utility pow-
er plant. If the project succeeds, it will
constitute the first major industrial ap-
plication of superconductivity.

everal advantages can be expected
from the adoption of superconduc-
tors in large alternators. Total electrical
losses should be reduced by 50 percent
or more, which would amount to a sig-
nificant savings of energy during the
lifetime of the machine. Even if the ini-
tial cost of the superconducting alterna-
tor were somewhat higher, the improved
electrical efficiency would give it an eco-
nomic advantage. Only part of the sav-
ings can be attributed directly to the
elimination of resistive losses in the ro-
tor windings. Another important contri-
bution comes from elimination of the
normal rotor cooling load. Although a
helium refrigerator must be provided
for the superconducting rotor, its energy
consumption is much less than that of
the blowers that are needed to cool a
copper-wound rotor. A superconduct-
ing alternator would also be smaller
than a copper-and-iron machine of the
same power capability, which should re-

duce transportation costs and ultimate-
ly construction costs.

Even if the stator coil of an alterna-
tor is wound with copper, its design is
influenced by the presence of a super-
conducting rotor. The stronger field of
the rotor allows the iron “teeth” to be
eliminated from the inner surface of the
stator; the teeth ordinarily improve the
coupling of the magnetic flux from the
rotor to the stator, but at fields above
two teslas they would be saturated and
would serve no purpose. The detailed
consequences of this change are not yet
clear, but it seems to allow stator coils
to be better insulated and possibly to
generate higher output voltages. Power
might even be generated at transmis-
sion-line voltage, thereby eliminating a
transformer and its associated losses.

The reductions in size and weight
made possible by the higher magnetic
fields of superconducting systems are
quite attractive for airborne and ship-
board power equipment. These advan-
tages have led the Air Force to develop
400-hertz superconducting alternators
based on principles similar to those of
power-station designs.

For direct-current generators and mo-
tors the problem of dynamic losses is

\ PbMo, ,S,

CRITICAL MAGNETIC FIELD (TESLAS)

0 6 8 10 12

SR |
14 16 18 20 22
TEMPERATURE (DEGREES KELVIN)

24

STRONGER MAGNETIC FIELDS than any now contemplated in practical superconduct-
ing devices are within the capability of certain Type II materials. These materials cannot be ex-
ploited, however, until their critical current density can be raised and until they can be fabricat-
ed as finely divided conductors. Magnetic fields of more than about 20 teslas can be generated
only in pulses, and so portions of the curves shown as broken lines were measured in that way.
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All Ends Up

S. HARRIS. Foreword by LINUS PAULING.
128 pp.. illus.

Although Sidney Harris is known to many for his
science cartoons, his subject matter is practically
without limits, as the cover cartoon (about existen-
tialism) for his latest collection, All Ends Up.
brilliantly demonstrates. The third collection of
S. Harris cartoons to be published by William
Kaufmann, Inc., All Ends Up features a Foreword
by two-time Nobel Laureate, Dr. Linus Pauling—and
a profusion of new laughs (more than 120, in fact)
by S. Harris. Publication date: November. 1980.

$5.95 paperback. A

Chicken Soup

& other medical matters

S. HARRIS. Foreword by WILLARD ESPY.
108 pp., illus.

Like chicken soup itself, S. Harris's second book is a
sure cure for whatever ails you. “"What this world
needs right now is a good laugh. Chicken Soup
provides at least 100! —Abigail Van Buren.

$3.95 paperback. B

What’s So Funny

About Science?
S. HARRIS. 120 pp., illus.

A collection of over 100 cartoons on a remarkable
range of scientific and technical subjects, bringing
out what is human and humorous in sophisticated
scientific inquiry. “*What's So Funny About Science?
Why, Sidney Harris, that's what!”—Isaac Asimov.
$8.95 hardcover. Ch $3.95 paperback. Cp

Two important books on
hypnosis, its origins and

Words-Pictures-Ideas-Books!

For your professional use and personal enjoyment—
and to give to your friends and colleagues as gifts.

Words!

MARK SOPPELAND. Editor, University of Akron.
120 pp., illus.

WORDS!. a lively collection of imaginative drawings
of words, gives symbolic and graphic definition
to 110 of the language's best—from **Anamorphos™
to “Obscure™ to “Worms.” WORDS! is an enter-
taining, inspiring and graphic new way of looking
at our language. Publication date, November 1980.
$6.95 paperback. F

Great Expectations:
The Psychology of Money

HENRY CLAY LINDGREN;, San Francisco State
University. 353 pp.

This revealing, detailed psychological analysis
brings together the history of coin and currency
with dozens of contemporary studies to illuminate
the role of money in our personalities. politics and
behavior.

$12.50 hardcover. G

Draw!
KURT HANKS and LARRY BELLISTON.
242 pp.. illus.

Over 900 drawings, cartoons, sketches and photo-
graphs, and brief, easy-to-grasp discussions of the
essential tools, methods and techniques of modern
drawing and design. A4 veritable symposium on the
visual media... Hanks and Belliston are really
vhowing us how to turn on an unused channel of
thinking: how can you refuse such an offer’”
— Human Behavior Magazine.

$9.75 paperback. H

Special Prepublication Offer:
HANDBOOK OF

ARTIFICIAL
INTELLIGENCE

Edited by AVRON BARR and EDWARD
FEIGENBAUM, Stanford University, 3 volumes.
This pioneering work brings together and explains in
detail, yet in comprehensible language, the results
of more than 25 years of research and development
in the new art and science of artificial intelligence.
The Handbook of Al is a reference work, a textbook.
a guide to programming techniques and to extensive
literature of the field, and a book for intellectual
browsing. Publication date: Volumes | & I1. Spring,
1981. Volume I1I: Spring 1982. Special prepublica-
tion offer: All 3 volumes for $65.00. or Volumes |
& 11 for $50.00. (After publication. each volume will
costat least $30.00) 12 I}

Rapid Viz ——
Techniques for the

Rapid Visualization of Ideas

KURT HANKS and LARRY BELLISTON.

170 pp.. illus.

Learning and practicing basic quick-sketching
skills opens minds to new ways of thinking. The
exercises in this book harness natural abilities to
convert fleeting ideas (about homes, landscapes,
trip-planning, plumbing. geography. car repairs.
wardrobes—you name it') into visual form.

$7.95 paperback. J

AND MORE WORDS—PICTURES—IDEAS—BOOKS—ETC.
The California Water Atlas. William Kahrl, General Editor. $37.50 hardcover. K
Current Trends in Psychology. Irving Janis, ed. $16.00 hardcover. Lh $7.95 paperback. Lp
The Flight of Peter Fromm. A Novel. Martin Gardner. $9.95 hardcover. Mh $5.95 paperback. Mp
Investigating Microeconomics. Jim Eggert. $8.95 hardcover. Nh$4.95 paperback. Np
Microbial Diseases: Notes, Reports, Summaries, Trends. Carl W. May. ed. $14.00 hardcover. Oh

$7.95 paperback. Op

1981 Wretched Mess Calendar. $3.95 paper. P

Notes on Graphic Design and Visual Communication. Gregg Berryman. $3.95 paperback. Q
Professor E. McSquared's Original, Fantastic and Highly Edifying Calculus Primer. Howard Swann

and John Johnson. $7.95 paperback. R

The Universal Traveler: A Soft-Systems Guide to Creativity, Problem-Solving. and the

Process of Reaching Goals. Don Koberg and Jim Baghall. $5.95 paperback. S

1 think, therefore I am paid" T-Shirts (Features S. Harris cartoon.) S, M. L. XL sizes. in man’s
(regular cut) or woman's (French cut)shirt. $6.95 TS

current applications

————————— ey

Mesmerism

FRANZ A. MESMER. Translated by GEORGE
J. BLOCH. Introduction by E.R. HILGARD.
176 pp.. index, fns., glossaries, appendices.

Now available for the first time in English: The
compiled writings of Franz Anton Mesmer. the
I18th-century Austrian physician whose startling
therapeutic methods became known as “‘mesmerism.”
Mesmer’s works explain his remarkable theory
of “animal magnetism™ and his claims for its
power to cure and prevent disease. Included along
with case histories of the cures resulting from
his use of animal magnetism, are accounts of the
skepticism and scandal he engendered in practicing
his unorthodox medicine.

$11.50 hardcover. E

Hypnosis in the
Relief of Pain

ERNEST R. HILGARD and JOSEPHINE R.
HILGARD, Stanford University. 256 pp., illus.

Addresses the significant contributions hypnosis can
make in the alleviation of pain suffered in childbirth,
in medical or dental surgery, in the treatment of
burns or injuries, and in the incidence of crippling
disease such as cancer. “Extremely valuable.™
—Contemporary Psychology.

$13.95 hardcover. F

—-—-1

Ask for these titles at your local bookstore. Or order them directly from us with our
guarantee of satisfaction.

Please send me the books and other items indicated below. | understand that if | am not
completely satisfied, | may return the order within 30 days for a full refund.

ABChCpDEFGHIPI'JKLhLpMhMpNhNpOhOpP QRS TStypee W/M S M, L, XL

O Enclosed is full payment plus $1.25 shipping charges. (Calif. Water Atlas purchasers please add an
additional $2.50 for shipping) Calif. residents please add sales tax.

O Please charge my VISA /Master Charge (circle one)

Credit card # Exp. date

Signature

Name

Address

City, State, Zip

William Kaufmann, Inc.
Dept. SA ONE FIRST STREET, LOS ALTOS, CALIFORNIA 94022
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Write in for this wnte-off

Want to save taxes, travel expense and time?
Rockwell’s Jetproposition — now with

! three Commander® Jetprops and new
"4 and expanded plans that make them
\ even easier to own and operate —

can show you how.

Rockwell
International

@) Member of GAMA “

Name where science gets down to business

For full information on the many
advantages of owning your own
Commander Jetprop,
call 800/654-4483.* Or write:
Dept. 95-25, Commander Jetprop
— Information Center,
Rockwell International,
5001 N. Rockwell Avenue,
Bethany, Oklahoma 73008.
TWX 910-830-6870. AEROCOM.
*In Oklahoma, call collect:
405/789-5000, Ext. 228.
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Company
Street
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computique

TEXAS INSTRUMENTS
electronic calculators

computique
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computique
new,err  THE HP-85!

HP-. 33C NEW
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not critical. The Navy has successfully
tested a 400-horsepower superconduct-
ing direct-current motor and has issued
contracts to the General Electric Com-
pany and the Garrett Corporation for
the development of two 3,000-horse-
power motors and a 3,000-horsepow-
er generator for electric propulsion of
ships. The machines are of the homopo-
lar type, but instead of a conductive disk
rotating between the poles of a magnet
they have a drum that surrounds the
field magnet. The drum is a normal con-
ductor, but the magnet windings are su-
perconducting.

Certain other applications of su-
perconducting magnets and coils in
the electric-power system can be envi-
sioned. An intriguing possibility is the
temporary storage of electrical energy
in the magnetic field of a superconduct-
ing coil. During periods when surplus
capacity is available the coil could draw
power from the network in order to
build up the field. If the coil were then
short-circuited, the current would con-
tinue to circulate and the field would be
maintained indefinitely. Reconnecting
the coil to a load would allow the energy
to be withdrawn as the field gradually
collapsed. Such storage coils may be
useful as short-term stabilizing devices
in large power networks and as longer-
term power reservoirs for load leveling.
The Los Alamos Scientific Laboratory
is now building a prototype stabilizing
device for the Bonneville Power Admin-
istration. It will have a capacity of 40
megajoules. Even larger coils for stor-
age on a daily cycle are being investigat-
ed by workers at the University of Wis-
consin for several utilities.

The transmission of electric power
through a superconducting medium
would seem to be easier in at least one
respect than the construction of genera-
tors, motors and the like. Because the
conductor is not coiled, the only mag-
netic field is the internal one generated
by the passage of the current itself. That
field is typically .1 tesla or less, and so it
is well within the capabilities of most
Type II superconductors. Nevertheless,
the development of superconducting
transmission lines is in a stage of explor-
atory research rather than approaching
commercial practice, as in the case of
magnets and machines. The main rea-
son is that superconducting transmis-
sion becomes economic only at very
high power levels, somewhere between
109 and 1010 watts, which is well beyond
the present requirements of the elec-
tric utilities. Also, competing technol-
ogies, such as water-cooled cables and
conduits filled with sulfur hexafluoride,
are advancing rapidly as candidates for
very-high-power transmission.

There is certainly the potential for
major economic benefits in improving
the efficiency of electric-power trans-



The first personal computer
\

for under $200.

The Sinclair ZX80.
A complete computer—

only $19995 Dplus $5.00 shipping.

Now, for just $199.95, you can get a
complete, powerful, full-function computer,
matching or surpassing other personal
computers costing several times more.

It’s the Sinclair ZX80, the computer that
independent tests prove is faster than all
previous personal computers. The compu-
ter that “Personal Computer World” gave
5 stars for ‘excellent value.

The ZX80 cuts away computer jargon
and mystique. It takes you straightinto
BASIC, the most common, easy-to-use
computer language.

You simply take it out of the box, con-
nect it to your TV, and turn it on. And if
you want, you can use an ordinary cassette
recorder to store programs. With the man-
ual in your hand, you'll be running programs
in an hour. Within a week, you'll be writing
complex programs with confidence.

All for under $200.

Sophisticated design makes the
ZX80 easy to learn, easy to use.

We've packed the conventional computer
onto fewer, more powerful LSI chips—
including the Z80A microprocessor, the
faster version of the famous Z80. This
makes the ZX80 the world’s first truly port-
able computer (62" x 8%" x 1%" and a mere
12 0z.). The ZX80 also features a touch
sensitive, wipe-clean keyboard and a
32-character by 24-line display.

Yet, with all this power, the ZX80 is easy
to use, even for beginners.

Your course in computing.

The ZX80 comes complete with its own
128-page guide to computing. The manual
is perfect for both novice and expert. For
every chapter of theory, there’s a chapter
of practice. So you learn by doing—not just
by reading. It makes learning easy, exciting
and enjoyable.

The ZX80’s advanced design

features.

Sinclair’s 4K integer BASIC has perform-
ance features you'd expect only on much
larger and more expensive computers.
These include:

m Unique ‘one touch’ entry. Key words
(RUN, PRINT, LIST, etc.) have their own
single-key entry and are stored as a single
character to reduce typing and save
memory space.

B Automatic error detection. A cursor
identifies errors immediately to prevent

entering

programs with faults.

m Powerful text editing facilities.

B Also programmable in machine code.

m Excellent string handling capability—up
to 26 string variables of any length.

® Graphics, with 22 standard symbols.

8 Built-in random number generator for
games and simulations.

Sinclair’s BASIC places no arbitrary re-
strictions on you—with many other flexible
features, such as variable names of any
length.

And the computer that can do so much
for you now will do even more in the fu-
ture. Options will include expansion of 1K
user memory to 16K, a plug-in 8K floating-
point BASIC chip, applications software,
and other peripherals.

Order your ZX80 now!

The ZX80 is available only by mail from
Sinclair, a leading manufacturer of consumer
electronics worldwide. We've already sold
tens of thousands of units in Europe, so
demand will be great.

To order by mail, use the coupon below.
But for fastest delivery, order by phone
and charge to your Master Charge or VISA.
The ZX80 is backed by a 30-day money-
back guarantee, a 90-day limited warranty
with a national service-by-mail facility, and
extended service contracts are available for
aminimal charge.

Price includes TV and cassette connectors,
AC adaptor, and 128-page manual.

Allyou need to use your ZX80 is a standard TV
(color or black and white). The ZX80 comes complete
with connectors that easily hook up to the antenna
terminals of your TV. Also included is a connector for
a portable cassette recorder, if you choose to store
programs. (You use an ordmary blank cassette.)

The ZX801is a family learning aid. Children 10 and
above will quickly understand the principles of
computing—and have fun learning.

Phone orders only: (203) 265-9171. We'll
refund the cost of your call.

Information: General and technical —(617)
367-1988, 367-1909, 367-1898, 367-2555.
Phones open Monday-Friday from 8 AM to
8 PM EST.

[ ] [ ]
E"_':IE“_ Sinclair Research Ltd., 475 Main St.
P.O. Box 3027, Wallingford, CT 06492.

T e e

To: Sinclair Research Ltd., 475 Main St., P.O. Box 3027, Wallingford, CT 06492.

Please send me
shipping. (Your ZX80 may be tax deductible.)

I enclose a check/money order payable to Sinclair Research Ltd. for $

Name B

City. State

__ ZX80 personal computer(s) at $199.95* each (US dollars), plus $5

Zip _

Occupation:
Intended use of ZX80: -

Have you ever used a computer? O Yes O No.
Do you own another personal computer? O Yes [J No.

I
I
I Address _
I
I
I
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R Age:

*For Conn. deliveries, add sales tax.
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Responsive Technology for the Aerospace Industry

Perkin-Elmer minicomputers
“shuttle”’ astronauts into space

When the NASA Space Shuttle goes
into orbit for the first time, the pilot
and crew will feel that they've been
through it all many times before.

In a sense, they have—at the
Johnson Space Center, where they
are training in one of the most ad-
vanced flight simulators ever built. At
the heart of the simulator are 23

Minicomputers give crew
the “feel”of real flight.

Perkin-Elmer 32-bit minicomputers

which deliver the real-time response
needed to create a true sensation of
flight. They also control and coordi-

nate the simulation from takeoff

to landing.

The simulator windows are actually
high-resolution video screens. When
the pilot moves the stick, feedback
control coordinates video imagery
with the motion of the simulator
Crew members see, hear and feel
the changes their actions cause —
the jerks and bumps, for example,
as thrusters are fired or air brakes
let out.

The minicomputers also create
appropriate instrument readings and
simulate ground communication
links. They can even tie the “flight”
into NASA's worldwide communica-
tions network

The high-speed data acquisition
capability of Perkin-Elmer's 32-bit
computers makes them ideal for the
heavy input/output load of real-time,
event-driven simulations. The unique
Perkin-Elmer shared memory

Simulator allows the
crew to practice such tasks as
launching the Space Telescope

permits up to 14 computers to share
acommon memory; if one or more
units become overloaded, others
can pick up the workload.

More than 25 commercial and mil-
itary training simulators are now
equipped with Perkin-Elmer 32-bit
computers. Several computers have
been ordered by the European
Space Agency to simulate experi-
ments to be carried into space by
NASA's Shuttle.

Sharp new eyes warn against
laser-guided weapons

Highly accurate laser-guided
weapons pose a new kind of threat
to military aircraft, tanks and ships.
Effective countermeasures depend
on fast detection and identification of
the laser beams such weapons use
to “zeroin” on their targets

Etalon, the "eye" that identifies
the laser beam, is the small rectangle
in the center of the detector array.

© 1980 SCIENTIFIC AMERICAN, INC

A compact laser warning receiver
developed by Perkin-Elmer provides
this kind of information swiftly and
accurately. The receiver measures a
laser beam'’s direction, wavelength,
intensity and modulation character-
istics. Its basic optical component is




a small interferometer
called an etalon. The etalon
refracts and reflects incom-
ing laser lightto form an
interference pattern that is
actually a unique identifying
signature for each laser
beam. It rejects false signa-
tures such as light from the

in laser warning receiver.

Magnified section of detector array

sun, lightning, searchlights, flares
or explosives.

The laser warning receiver is not
only efficient but, because of its
modular construction, economical
to manufacture. It is built with low-
cost optical elements and repro-
grammable microprocessor logic

Plasma spray is a life saver
for thousands of jet engine parts

When jet engines run, their finely
machined parts encounter a variety
of wear conditions. A process called
plasma spraying —pioneered by
METCO, aPerkin-Elmer subsidiary—
prolongs the life of original parts and
quickly restores worn parts to orig-
inal dimensions.

In plasma spraying, a gas ionized
by an electric arc creates a high-
velocity plasma stream whose tem-
perature can exceed 30,000°F
A powdered material is melted in the
hot plasma and propelled onto a
surface where it bonds and rapidly
builds up to the required thickness.

The dense coating has superior

Coolant

Gas

Plasma spray coatings are produced by injecting a powder
into a plasma gas stream. The powder particles are melted
and projected onto the surface being coated.

resistancetowear and, in some
cases, to corrosion and high temper-

ature. For example, parts made of
titanium, which has an excellent
strength-to-weight ratio but virtually
no wear resistance, can be protected
with a material such as tungsten car-
bide. In higher temperature areas,
chrome carbides are used.

Major jet engine manufacturers
use this process to coat a number of
components. And airline mainte-
nance shops around the world re-
build more than 2,000 worn parts
with plasma spraying to reduce
downtime.

METCO's latest development is a
vacuum-chamber plasma spray sys-
tem, which opens up the potential for
applying protective coatings in areas
of high-temperature corrosion,
such asturbine seals, blade tips and
turbine airfails.

Other industries with similar
problems can follow the airlines’
example.

Plasma coatings are finding in-

creasing use in the automotive, chem-

ical, mining, paper, power generating
and textile industries.

PERKIN-ELMER

With plasma spraying, these users
can stretch service life and reduce
maintenance for parts subjected to
heat, wear and corrosion.

TR VR TS A GG Wt T AT T K

For More Information
If you would like to learn more
about these products, please write:
Corporate Communications.
Perkin-Elmer, Main Avenue,
Norwalk, CT 06856.

Responsive Technology
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How man was meant to fly

Our smooth-as-silk 747B5 from Dallas/Ft. Worth give you all the above, to enjoy on your way to Tokyo and Bangkok.
Unfortunately, our exclusive, direct Great Circle Route gives you considerably less time toenjoy it.
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mission. Efficiency at very high power
levels will become even more important
if nuclear and fossil-fuel power plants
must be built at greater distances from
urban centers. It also seems likely that
more underground transmission lines
will be built, particularly for bringing
power into large cities. The outcome of
the present competition among the var-
ious transmission-line technologies is
still uncertain.

In principle a superconducting trans-
mission line carrying an unvarying di-
rect current would operate with perfect
efficiency; there would be no losses ex-
cept the energy needed to refrigerate the
line. Any change in the current, how-
ever, introduces eddy currents and flux
motion that dissipate energy as heat.
For reliable operation losses from all
sources in a superconducting transmis-
sion line must be kept below about 10
microwatts per square centimeter. This
is a challenging requirement for an al-
ternating-current line, where the current
varies continuously. Even when operat-
ing with direct current from an a.c.-to-
d.c. converter a residual “ripple” volt-
age causes variations of from 2 to 3
percent in the current.

Certain other demands must also be
met by a transmission line. In alternat-
ing-current operation, momentary over-
loads of between three and 10 times the
rated current can arise from sudden in-
terruption of the supply or from other
disturbances in the network; the over-
load currents must be carried without
damage to the transmission line. In di-
rect-current systems the highest surge
currents are considerably smaller, per-
haps twice the normal current. Either
kind of power-transmission line must
also be capable of withstanding the 300-
degree changes in temperature during
cool-down and the accompanying ther-
mal expansion and contraction.

A superconducting transmission line
100 meters long is being assembled as a
demonstration project at Brookhaven.
The line will carry 109 volt-amperes of
60-hertz alternating current. The super-
conductor is NbsSn fabricated in the
shape of a flat tape: it is made from a
niobium substrate on which layers of
Nb3Sn are formed and then clad with
copper or stainless steel. The tape will be
wound into two coaxial helixes, which
will carry the load; additional helixes
isolated from the electric fields of the
coaxial pair will handle overloads.

A large-scale applications of super-
conducting technology draw near,
attention tends to focus on the problems
that remain outstanding. There is con-
cern, for example, over the efficiency
and the reliability of refrigeration sys-
tems. Most helium liquefiers have been
intended for laboratory use, and there is
little experience with systems required
to operate continuously. The supply of

A

HARDWARE & GENERAL STORE

JACK DANIEL
SQUARE GLASS SET

Mr. Jack Daniel was the originator of the
square bottle for his whiskey and always
wanted to have a matching square glass. Well,
here it is! This hefty square glass (each
weighs 14 ounces) is the perfect companion
to a bottle of Mr. Jack's finest. The inside is
rounded to make drinking a pleasure and the
original design is fired on for good looks and
durability. My $15.00 price for a set of 4
glasses (8 oz. capacity) includes postage.

Send check, money order, or use American
Express, Visa or Master Charge, including all
numbers and signature.

(Tennessee residents add 6% sales tax.) For a color

catalog full of old Tennesseeitems and Jack Daniel's
memorabilia, send $1.00 to above address.
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Picture is an
Aztec Radiant Heater.

[

A perfectly beautiful way
to cut your heating bill.

Turn your thermostats down 10° this winter and save
up to 25% of your heating bill, then use energy effi-
cient Aztec Heaters for personal warmth near you for
just pennies a day. Patented Aztec Heaters warm you
the way the sun does, gently, without noise or air
movement, saving energy by heating you, not the air
around you. Aztecs are safe to touch, safe to leave on.
The perfect gift for an older person who needs more
personal warmth. Cold bathroom? Try an Aztec! Why
heat a whole house to warm one room or one per-
son? 500 watt picture heaters like the Wharf Scene
above can provide supplemental warmth for a 12x12
room or the corner of a larger room for 2.5 cents an

hour (national average), yet cost just $89.95;

bath

heaters, $66.95; your personal portable, $74.95; desk
heaters, $52.95. 110V. UL. 30 day full money back
guarantee. Visa. Master Charge. To order Aztec Heat-
ers or free brochures, call toll free 800-545-8306 or
write to_ Aztech International, Ltd, Dept. SA 2417
Aztec Rd. N.E., Albuguerque, N.M. 87107 (505)

345-3416
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“"iSpe

What sort of people need to learn a
foreign language as quickly and effec-
tively as possible? Foreign Service per-
sonnel, that's who. Members of
America’s diplomatic corps are assign-
ed to U.S. embassies abroad, where
they must be able to converse fluently
in every situation.

Now you can learn to speak Spanish
just as these diplomatic personnel do-
with the Foreign Service Insti-
tute’'s Programmatic Spanish Course.

The U.S. Department of State has
spent tens of thousands of dollars de-
veloping this course. It's by far the
most effective way to learn Spanish at
your own convenience and at your own
pace.

The Programmatic Spanish Course
consists of a series of tape cassettes
and an accompanying textbook. You
simply follow the spoken and written
instructions, tistening and repeating.
By the end of the course, you'll find
yourself learning and speaking entirely
in Spanish!

This course turns your cassette
player into a “teaching machine.” With
its unique ‘“‘programmatic” learning
method, you set your own pace—
testing yourself, correcting errors, rein-
forcing accurate responses.

ak

\BUDIGFaORUM

panish

llke a d1 lomat!

The FSI's Programmatic Spanish
Course comes in two volumes. You
may order one or both courses:

7 Volume |, Basic.
(11 cassettes, 16 hours), instructor's
manual and 464-page text, $115

1 Volume I, Advanced.
(8 cassettes, 11%2 hours), instruc-
tor's manual and 614 page text. $98
(New York residents add sales tax.)
Your cassettes are shipped to you in
handsome library binders.

TO ORDER, JUST CLIP THIS AD and
mail with your name and address, and a
check or money order. Or, charge to
your credit card (American Express,
VISA, Master Charge, Diners Club) by
enclosing card number, expiration
date, and your signature.

The Foreign Service Institute’s
Spanish course is unconditionally
guaranteed. Try it for three weeks. If
you're not convinced it's the fastest,
easiest, most painless way to Iearn
Spanish, return it and we’ll refund
every penny you paid! Order today!

Many other FSI language courses
also available. Write us.

Audio-Forum

Dept. 801
145 East 49th St.
New York, N.Y. 10017
(212)753-1783
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WINTER READING
FOR SCIENTIFIC AMERICAN READERS

Courtesy of Mark Hurd Aerial Surveys, Minneapolis, MN

Earthquakes and Volcanoes
Readings from Scientific American
With Introductions by Bruce A Bolt
University of California, Berkeley
Among the most dramatic and
frightening manifestations of nature,
earthquakes and volcanoes repre-
sent forces at once awe-inspiring,
dangerous, and beneficial.

The articles in this collection, along
with the introductions by noted
seismologist Bruce A. Bolt, describe
the nature of earthquakes and
volcanoes and the methods seis-
mologists use to understand and
predict their behavior.

1980, 154 pages, 125 illustrations

(89 with color)

Photography
Art and Technique
Alfred A Blaker, RBP
A complete guide for the beginner
and an essential reference for the
more experienced photographer,
Photography: Art and Technique
covers the technical, practical, and
aesthetic aspects, preparing you to
handle virtually any photographic
situation skillfully and confidently.
Photography: Art and Technique
features
e full coverage of all phases
of photography
e clearer technical coverage than
in comparable books
® an entire section on aesthetics
and form
¢ photographs from dozens of
eminent photographers
e step-by-step guidance on
darkroom layout and procedures
e particular attention to
special techniques
e advice on careers in photography
® a separate camera-bag booklet
for convenient reference to
essentials
1980, 460 pages, 266 illustrations

(19 in full color), includes 48-page
Ready Reference Manual



Natural Regions of the
United States and Canada

Charles B. Hunt

The Johns Hopkins University

“Will help you to enjoy your travels
in North America.”

— Canadian Field-Naturalist

“Just open this book to an area

you already know. Within pages, the
landforms, soils, colors, plants, and
importance of your watershed will
intensify. . . The best book to
practice mapping North America in
your mind”” — Whole Earth Catalog
1974, 725 pages, 558 illustrations,

22 tables

>

Commonsense

in Nuclear Energy

Fred Hoyle and Geoffrey Hoyle
Coming out strongly in favor of
nuclear power, eminent scientist and
ardent conservationist Fred Hoyle
and his son Geoffrey seek to dispel
the apprehensions of other environ-
mentalists by correcting basic
misunderstandings about nuclear
energy.

Whether you’re for nuclear energy
or against it—or haven’t made up
your mind — this compact volume
offers a wealth of information and
clear thinking to help you clarify
your own stance on this issue.

1980, 88 pages, 15 illustrations

Tissues and Organs

A Text-Atlas of

Scanning Electron Microscopy
Richard G. Kessel and

Randy H. Kardon

The University of lowa

The hundreds of scanning electron
micrographs in Tissues and Organs
literally show you the sometimes
startling, always fascinating, intri-
cacies of the basic tissue types that
make up the organs of the body.
These illustrations are correlated
with a thorough explanatory text, as
well as with diagrams, light photo-
micrographs, and transmission
electron micrographs.

“A comprehensive and unforgettable

visioh of tissue and organ anatomy.”
— David W. Deamer
University of California, Davis

1979, 317 pages, 715 illustrations

From X-Rays to Quarks
Modern Physicists

and Their Discoveries

Emilio Segre

University of California, Berkeley

From X-Rays to Quarks offers the
impressions and recollections of
Nobel Laureate Emiilio Segré on the
development of modern physics.
Rather than take an entirely chrono-
logical, predictably historical
approach, Segré emphasizes the
interesting and complex personalities
too often treated only in footnotes.
“| tried to show not only the main
discoveries but also the way they
were reached, the personalities of
the leading physicists, and the errors
committed before the right path was
found. The human side and the
succession of events are often full
of drama!” —from the Preface

August 1980, 337 pages, 126 illustrations

Copies

Commonsense in Nuclear Energy

Earthquakes and Volcanoes:

hardbound: 1163 $15 95

From X-Rays to Quarks
[J hardbound: 1146 $20.00

hardbound: 0255 $23.00

Photography: Art and Technique
[ hardbound: 1115 $25.95

Tissues and Organs

Readings from Scientific American
paper: 1164 $7.95

Please send me the following books. | enclose payment or credit card
information with order. Publisher pays postage and handling.

[] paper: 1147 $9.95
Natural Regions of the United States and Canada

[J paper 1116 $12.95

Name

Address

City/State

[J hardbound: 1247 $7.00 [] paper: 1237 $3.95

[J 1 enclose payment with order
(California residents add appropriate sales tax)

Charge my [ Visa

Account Number

[) Master Charge

Expiration Date

Signature

All credit card orders must be signed

SA—110

[ hardbound: 091 $33.00 [ paper: 090 $14.95

Guarantee: Examine these books for fourteen days. If for any reason
you are not satisfied, you may return them for a full and prompt refund.

.- W. H. Freeman and Company
- 660 Market Street, San Francisco, California 94104

W. H. Freeman is the book-publishing affiliate of Scientific American

171

© 1980 SCIENTIFIC AMERICAN, INC



Ohm defies the laws
of loudspeaker design.
And the results have been

rave-reviewed.

You can read what
the audio critics are saying
about the entire line of
unconventional Ohm
loudspeakers, by writing
Ohm: 241 Taaffe Place,
Brooklyn, N.Y. 11205.

We make loudspeakers
correctly.

Garden Camera
CALCULATORS

Hewlett Packard

HP 67 $298.50
HP97. .. ..584.50
HP 31E ..39.50
[ [ b e T ...51.95
HP 33E ....69.95
HP 37E ......57.95
HP 3BE. .arturcananmsnsssarpsssancosanniocersecess 89.95
HP 33C ol i sy vinarante insnsonstdon.eerernnes 97.50
HP 34C 124.50 I
HP 38C 3
HP41C .
Accessories
TI57 R
T158C .
L S A - TP L 208.50
PC 100C 144.00
TIMBA 5250
Canon
P10.D 68.75
P101-D...........o 99.95
Palmtronic LC-4 18.50

PalmtronicLC-5 .......
“Credit Card” LC6 ..
LC Quartz

IEewEE]
VISA' Call for low prices
ISR ! onNikon, Minolta,
Prices subject to Olympus and all
change without notice Major Brand
Cameras

Speed your order
TOLL FREE!

Call 1 (800) 223-0595

OrSend postage and handling to

GARDEN CAMERA

345 Seventh Avenue, N.Y.,N.Y. 10001
New York, Alaska & Hawali Call:
Tel:(212) 868-1420 Open Weekdays 8:30-6:00
OPEN SUNDAYS 10-4 p.m. Closed Saturdays

STEP UP your mathskills fast — thousandsalready have
—byusingmynew methodinguidebook form. It'scalled
CALCULATOR CALCULUS and comes with this
guarantee: If after 10 days you're not astounded at the
problems you're solving on your own calculator, return
the guidebook for an immediate refund.

But the point is - you won't want to send it back. For
this is the easiest, fastest shortcut ever! The day you
receiveyourcopyinthemailyou'llwanttoputittowork.
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 pro-
blems—all designed to work on your calculator!

POWER METHODS. Needto evaluate functions,
areas, volumes — solveequations — use curves, trig,
polar coordinates — find limits for sequences andseries?
It's all here!

If you're in the biological, social or physical sciences,
you'll be doing Bessel functions, carbon dating,
Gompertz’ growth curves, half-life, future value,
marginal costs, motion, cooling, probability, pressure
— and plenty more (even differential equations).

Important numerical techniques? Those algorithms
are here, too -- rational and Pade approximation,
bracketing, continued fractions, Euler’smethod, Heun's
method, iteration functions, Newton’s method,
predictor-corrector, successivesubstitutions, Simpson’s
method and synthetic division.

LOOK AT WHAT USERS SAY: Professor John A.
Ball of Harvard College (author of the book ‘Algorithms
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“IN JUST 10 DAYS, I'LL SHOW YOU HOW TO DO

REAL MATH

ON YOUR SCIENTIFIC CALCULATOR!”

f o -
dx Z dy
a n=1

. ° 1
lim . l?unck.
o o asy.
¢Guaranteed.

*Fun, too!

for RPN Calculators’) writes:
“lwish I had had as good a calculus course.”

Professor H. I. Freedman of the U. of Alberta, writing
inSoc. Ind. Appl. Math Review, states: “Therecan be no
question as to the usefulness of this book...lots of exer-
cises...very clearly writtenand makesforeasy reading.

C.B. of Santa Barbara says:

“Your book has given me much instruction and pleasure.
I do not hesitate to recommend it. 'CALCULATOR
CALCULUS isabook that inspires the reader to under-
stand everything down to the last detail. You seem to
have put your heart into the teaching part of good
writing.”

MONEY-SAVING OFFER. For a limited time, you
can invest in CALCULATOR CALCULUS for only
$14.95plus$1 for postage and handling (or $3by AIR),
US or foreign. Calif. residents add 90¢ sales tax. If you
needasuitablecalculator, add $22(US only, UPS paid; in
Calif. add $1.32 tax) and I'llsendyou a TI-30rightalong
with your guidebook! As pennywise Ben Franklin said,
“An investment in knowledge pays the best dividends.
(Tax deductible for professionals.)

NORISK WHATEVER! Send forit today. Besure to
give me your complete mailing address with your check
ormoney order. If youwanttochargeit(VisaorMC), in-
clude your card no. and exp. date. Prompt shipment
guaranteed. Thank you!
©1980 EduCALCPublications, Dept A-1

Box 974, Laguna Beach, California 92652
In California, call 714-497-3600; elsewhere
TOLL FREE 24-hour Credit Card orders:
800—854-0561, Extension 845; Dept. A-1
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helium itself is uncertain. The most con-
centrated source of the element is un-
derground in a few major fields in the
south-central U.S., where it has existed
since prehistoric times as a dilute com-
ponent of natural gas. It is now being
allowed to escape into the atmosphere
as the gas is burned. This loss of future
resources seems regrettable. It appears
that by 1990 the most concentrated
sources will be exhausted. In previous
years helium was separated from the
natural gas before burning and returned
to underground storage. The quan-
tity of helium currently in storage is
probably adequate for research mag-
nets and superconducting machines, if
conservation practices are employed. If
magnetic-confinement nuclear fusion
and superconducting power transmis-
sion are adopted, however, the supply of
low-cost helium would be inadequate.
Extraction from the atmosphere would
then be necessary at a very high ener-
gy cost.

Use of liquid hydrogen as a refriger-
ant would offer important advantages
over helium, including availability, cost
and thermodynamic efficiency. What is
missing is a superconductor with ade-
quate critical current and field to oper-
ate in liquid hydrogen. New supercon-
ductors are being discovered each year;
a few 415 compounds are close to pos-
sessing the needed properties. A contin-
uing search for high-temperature super-
conductors is clearly justified.

In the U.S. the great majority of mag-
nets and of other superconducting de-
viceshave been made with the niobium-
titanium alloys. Much experience has
been gained with these materials, and
their properties are well established.
One consequence, in our view, is that
not enough attention has been given to
the engineering of magnets with wind-
ings of Nb3Sn and the other 415 materi-
als. Although the mechanical properties
of these compounds are far from opti-
mal, the 415 superconductors have a
greater potential for improved electrical
performance. At any given temperature
they have the higher critical field and
critical current density, as well as a
greater thermal margin: the temperature
rise that can be tolerated before the su-
perconductor is quenched.

Finally, all the practical applications
of superconductivity attempted so far
have been confined to magnetic fields
of less than 12 teslas. Type II materials
are known, however, that retain their su-
perconductivity up to almost 50 teslas.
There is ample reason for striving to
reach these higher fields: whenever the
range of a fundamental property is ex-
tended, new science is likely to emerge.
It is not yet known whether the very-
high-field superconductors can be made
to carry enough current for magnet con-
struction, but it certainly seems worth
an investment of some effort to find out.



How we're plating
7 - with gold to keep your

;!

Curting back without compro-
mise isn’t easy for any company.
And a lot of companies that
depend on electrical connectors
are trying to reduce their usage
of precious metals.

That’s why they’re coming
to AMP.

Over the past decade, we've
reduced the gold in our connectors
by 33%. Yet they're as reliable as ever.

The reason is our advanced tech-
nology in plating. And now for the

.

costs down.

'80s, it's ACCUPLATE —our own
method of selective plating. With
extraordinary precision, it uses the
least amount of gold, palladium, or
plating combination needed for the
best performance.

As a result, our customers are not
compromising. And they're saving
money.

Help for the "80s.

Call us for electrical or electronic
CONNECLOTS OT iNterconnection sys-
tens, and we'll respond with innova-
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tions and modern technology. What's
more, we'll give you the benefit of
our research and development—
where we invest more than anyone
else in the industry so you can spend
less making your product.

A better way.

For reliability, for cost-effectiveness,
for help to make your company more
productive, AMP has the better ways.

Write for our brochure, “AMDP Has
A Better Way.” AMP Incorporated,
Harrisburg, PA 17105.
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The Peopling of the Pacific

It began 40,000 years ago with the first-known ocean voyages.

How Melanesia, Micronesia and Polynesia were colonized later

is suggested by linguistic, genetic and archaeological evidence

greatest feat of maritime coloni-

zation in human history. If one be-
gins at the beginning and chooses to
trace all the movements of its major ac-
tors, the record spans perhaps two mil-
lion years in time and extends beyond
the Pacific proper as far west as Mada-
gascar and as far north as mainland Chi-
na above the Tropic of Cancer. Its main
arena, however, consists of the islands
of Southeast Asia, the subcontinent of
Australia and its island neighbors, and
the great ocean reaches of what today
are called Melanesia, Micronesia and
Polynesia. Its first maritime phase was
well under way 40,000 years ago. By
then certain hunter-gatherers had man-
aged to cross a minimum of 70 kilome-
ters of open water to settle Australia and
New Guinea.

Long before the region was known
to Europeans it was settled by diverse
populations that have maintained their
diversity down to the present day. It
is impossible to explain this diversity
purely on the basis of today’s physical,
cultural and linguistic patterns; hence
the confusion of hypotheses that have
proliferated until recently. Advances in
archaeology, physical anthropology and
comparative linguistics, mainly over the
past three decades, now make possible a
fresh assessment of the problem. Here 1
shall present this modern view. It is to
some extent my own and one that not all
scholars will support. It is, however, at
least simple and logical and can be sub-
jected to constant review as new data
come to the fore.

To begin, consider the geography of
the main arena. With the exception
of New Zealand and the southern half
of Australia it is a tropical area. On the
west the large islands of Borneo, Suma-
tra and Java lie together on the shallow
Sunda Shelf. At times of low sea level
during the great continental glaciations
of the Pleistocene these islands not only
were joined together but also were con-
nected to the mainland of Asia, thereby
forming an even larger land mass that
has been named Sundaland. The eastern
frontier of Sundaland is delimited by the

The peopling of the Pacific was the
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biogeographical divide called Huxley’s
Line, a variation on a better-known di-
vide, Wallace’s Line.

The flora and fauna on opposite sides
of this frontier differ markedly from
each other. To the east, in the Philippine
and eastern Indonesian biogeographical
zones, plant and animal life is less di-
verse and cosmopolitan than it is in
Sundaland. Indeed, Sulawesi and the
Lesser Sunda Islands in eastern Indone-
sia have definitely not been linked with
Sundaland since at least Lower Pleis-
tocene times, more than a million years
ago. The same may be true for the Phil-
ippines.

East of this area lie Australia and
New Guinea, connected by the shallow
Sahul Shelf, which was also dry land at
times of Pleistocene low sea level. Here
the mammalian fauna includes two
primitive forms—monotremes and mar-
supials—that have been evolving in iso-
lation within Sahulland since continen-
tal drift separated the area from Antarc-
tica more than 50 million years ago in
Eocenetimes. It is true that certain mar-
supials managed to reach eastern Indo-
nesia, perhaps before man first arrived
there. It is also true that such advanced
mammals as rats and bats reached Aus-
tralia and New Guinea from Asia. Nev-
ertheless, the basic biogeographical dif-
ferences between Sahulland and its
neighbors imply a high degree of iso-
lation for Sahulland. The deep seas of
eastern Indonesia have probably never
been bridged.

East of New Guinea lies Oceania, first
the large and close-set “black” islands
of Melanesia and then the increasingly
fragmented island worlds of Microne-
sia (meaning “small islands”) and Poly-
nesia (“many islands”) that lie across
the Andesite Line. (Andesite, a volcanic
rock, is characteristic of the great off-

shore arc of active volcanism around
the rim of the Pacific basin.) The islands
west of the line are large and geological-
ly complex and exhibit such features
as sedimentary rocks and mature river
valleys. Beyond Fiji (and New Zealand,
far to the south) these features are not
known; the islands of Micronesia and
Polynesia are small, jagged volcanic for-
mations or coral atolls built on moun-
tains long submerged. Many of these is-
lands are ranged in chains. Nevertheless,
they tend to be small, isolated and im-
poverished in their flora and fauna. To
cite one example, in order to develop the
elaborate societies that greeted Captain
James Cook in the 18th century the im-
migrants who settled Polynesia had to
bring all their domestic animals and ma-
jor food plants with them on their mi-
gration eastward.

A some time between one and two
million years ago man first entered
the western margin of this vast and emp-,
ty area. The migrants were populations
of Homo erectus; their remains have been
found in central and eastern Java in geo-
logical formations of the Lower and
Middle Pleistocene. Recently a few sim-
ple stone tools have been discovered in
associated formations. So far there is
no proof of the frequent assertion that
these same early representatives of man
reached either the Philippines or east-
ern Indonesia. Faunal evidence suggests
the strong possibility.that Sulawesi was
connected to Borneo by a land bridge
in Lower Pleistocene times, but as yet
there is no definite evidence that Homo
erectus was able to take advantage of it
to migrate farther eastward.

The most recent fossil traces of Homo
erectus in Sundaland may date back
about 300,000 years. Thereafter infor-
mation is virtually absent until about

DOUBLE CANOES with considerable room for passengers and cargo and often with deck-
houses for shelter were still being built in Polynesia at the time of the first contacts with Euro-
peans. The upper of the two vessels seen on the opposite page is reconstructed from a sketch by
William Hodges made when Captain James Cook called at Tonga on his second voyage (1773~
74). The lower, shown carrying the paramount chief of the island of Hawaii on Cook’s visit to
the Sandwich Islands, is smaller. It nonetheless supported some 50 passengers and crewmen.
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40,000 years ago. Then populations of
hunter-gatherers, who must have flour-
ished in Indonesia at the time, somehow
succeeded in crossing deep water to set-
tle empty Australia and New Guinea.
Perhaps their entry coincided with one
of the periods of the lowest Pleistocene
sea levels, which are now known to have
been some 55,000 and 35,000 years ago.
Even so, the immigrants still had a mini-
mum of 70 kilometers of open water to
cross; their claim to the title of the first
ocean voyagers seems unchallengeable.

Physically these people were the di-
rect ancestors of the modern Austra-
loids. Their own ancestry, in turn, can be
presumed to have included a combina-
tion of genetic inputs from mainland
Southeast Asia and from the earlier
Homo erectus population of Sundaland.
The clearest archaeological evidence of
their arrival comes from sites such as
Lake Mungo in western New South
Wales in Australia and Kosipe in the

Papuan highlands of New Guinea; the
sites date to between 35,000 and 25,000
years ago.

The significance of this first mari-
time colonization in human prehistory
should be assessed in the light of similar
activities elsewhere in the world. For ex-
ample, major islands in the Mediterra-
nean such as Crete and Cyprus appear
not to have been settled before Neolith-
ic times, some 8,000 years ago, even
though Cyprus lies within 80 kilometers
of the Mediterranean shore. Some is-
land-hopping in the interest of procur-
ing obsidian was going on in the east-
ern Mediterranean earlier than that, in
Mesolithic times, but no colonization
resulted.

here are Australoid populations to
be found today? The Aborigines
of Australia and the Highlanders of
New Guinea are the basic representa-
tives of the group. The so-called Negri-

tos of Malaya and the Philippines are
almost certainly Australoid relatives,
and the isolated pocket of similar peo-
ples in the Andaman Islands north of
Sumatra may also be. The people of
Melanesia too are basically Australoid,
but they show a genetic complexity
stemming from both ancestral and re-
cent Polynesian and Micronesian pene-
trations. The last two populations are of
Mongoloid affinity.

In this connection some physical an-
thropologists are unhappy when the
term Mongoloid is applied to the people
of Polynesia, and it is true that the Poly-
nesians do not present a classic East
Asian Mongoloid appearance. Indeed,
many Polynesians and many peoples of
southern and eastern Indonesia show a
high degree of Australoid genetic inheri-
tance. This, of course, is to be expected,
given the earlier Australoid dominance
in island Southeast Asia. To my mind
the Indonesians, Filipinos, Microne-
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dry land. Huxley’s Line, a variation of the more familiar Wallace’s
Line, is the boundary between the rich biogeographical zone of Sun-
daland and the relatively impoverished island regions to the east. Hu-
man occupation of Sundaland began perhaps two million years ago;



sians and Polynesians owe their ancestry
to complex patterns of migration and
gene flow that originated ultimately on
the mainland of East Asia, possibly
north of the Tropics. Within the past
6,000 years these populations of Mon-
goloid ancestry have come to dominate
island Southeast Asia and have gone
on to settle the empty areas of Microne-
sia and Polynesia. Why the Mongoloid
populations had so little genetic impact
on much of Melanesia is a subject to
which I shall return.

Having come to within six millenni-
ums of the present, we enter the phase of
Pacific settlement that has been the fo-
cus of my own research for a decade. In
this phase all areas of the Pacific (apart
from Australia, most of New Guinea
and perhaps some adjacent Melanesian
islands) were settled by people who sub-
sisted largely by gardening and who
spoke related languages within a large
single family: Austronesian (previously

known as the Malayo-Polynesian fami-
ly). Putting aside for the moment these
peoples’ advanced material culture, the
linguistic situation in the region is ap-
proximately as follows.

Australia for some reason remained
totally isolated from the Austronesian-
speakers’ expansion into the Pacific,
with the result that only languages unre-
lated to this family are found in the abo-
riginal population of the subcontinent.
That is also true of the greater part of
New Guinea, where the many languages
belong to the ancient and highly diver-
sified Papuan grouping. Other Papuan
languages are found in parts of the Mo-
lucca Islands adjacent to New Guinea
and in similarly adjacent Melanesian is-
lands. Archaeological and linguistic ev-
idence suggests that Papuan-speaking
populations settled the Melanesian is-
lands of New Britain and New Ireland
(and perhaps the Solomon Islands) no
later than 6,000 years ago and perhaps

much earlier. The settlement of the Pa-
cific islands beyond the Solomons, how-
ever, was solely the achievement of the
Austronesian-speakers and evidently
began some 5,000 years ago.

Most linguists today trace the earliest-
known ancestor of the Austronesian
family of languages, called Proto-Aus-
tronesian, to the island of Formosa (Tai-
wan), where a single such language (or a
group of related languages) was proba-
bly spoken some 6,000 years ago. The
ancestry of the Austronesian family be-
fore that stage is difficult to trace. No
Austronesian languages are spoken to-
day on the coast of southern China adja-
cent to Formosa, but it is possible that
there is a relationship between Austro-
nesian and the Thai family of languages
on the mainland.

hen linguists reconstruct the Pro-
to-Austronesian vocabulary, they
can make certain deductions about the

RCHIPELAGD

el

TASMANIA

__—ANDESITE LINE

MARSHAL

ISLANDS

/PONAPE

ISLANDS
5 MARQUESAS
ST : ISLANDS
ISLANDS . .
g . -. CRUZ
MELANESIA -~ SAMOA |
LR ISLANDS a g, UAMOTU
NEWS! - T . \
HEBRIDES - ”rguir:u;s- i+ . _t—ARCHIPELAGO
; 5g COOK
R S5
2y Q3 ISLANDS
; _e\ __________ O S P
AUSTRAL
ISLANDS
/ \ POLYNESIA

/{ NORTH

NEW *
ZEALAND

# SOUTH
ISLAND

1 ISLAND ~ ANDESITE LINE

TOKELAU

{  MExico

it is indicated by fossil remains of Homo erectus discovered in central
and eastern Java. The Andesite Line (color), named for a characteris-
tic volcanic rock, divides the geologically complex Pacific islands of
the west and south from the smaller volcanic and coral islands of Oce-
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ania. From presumed but still uncertain points of origin in south-
ern China, Austronesian seafarers first occupied Taiwan and then
sailed on to the Philippines, Sundaland and eastern Indonesia. They
eventually voyaged west to Madagascar and east to Easter Island.
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FIRST OCEAN VOYAGES of perhaps 40,000 years ago carried the
ancestors of today’s Australoids from Sundaland to Australia and
New Guinea, then perhaps a single expanse named Sahulland. The

material culture of its speakers. Thus it
appears that they cultivated rice and
millet, and perhaps also yam, taro and
sugarcane. Their domestic animals in-
cluded pigs, dogs and perhaps chickens.
Very early in the expansion of Austro-
nesian-speakers into the islands to the
south a number of purely tropical crops
were added to this inventory: breadfruit,
banana, sago and presumably coconut.

The earliest Austronesian-speakers
made pottery, built seagoing canoes of
outrigger design and practiced various
techniques of fishing. They are unlikely,
however, to have known the use of met-
al. Hence the enormous geographical
expansion of the Austronesian-speakers
over the following millenniums—west-
ward to Madagascar and eastward to
Easter Island, places more than half the
earth’s circumference apart—was ac-
complished by an essentially Neolithic
group of cultures. The practice of rice
cultivation was not carried east of the
Mariana Islands. At some time later
than 3,000 years ago the peoples of is-
land Southeast Asia acquired metal and
possibly domestic cattle as well, but the
use of metal did not extend beyond
western New Guinea before the time of
the first contact with Europeans. One
may therefore conclude that the original
impetus for one of the greatest coloniza-
tions achieved by man arose among peo-
ples supported by a Neolithic economy
and technology.

Recent excavations in coastal areas
of China south of the Yangtze indicate
a possible cradle area for what later
emerged as the Austronesian expansion.
Sites assigned to the Ch’ing-lien-kang
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culture have yielded evidence of rice
cultivation, stone reaping knives, the
bones of cattle and pigs, and pottery,
both plain and red-slipped, that date
to sometime between 6,000 and 5,000
years ago. Sites similar to these, some of
them perhaps equally old, have been
found on Formosa. They are assigned to
cultures known respectively as Ta-p’en-
k’eng, Lungshanoid (after the site of
Lung-shan-chen in Shandong Province)
and Yian-shan. The Ta-p’en-k’eng cul-
ture, the earliest of the three, may rea-
sonably be equated with the earliest rec-
ognizable stages of the Austronesian
family of languages.

Here, then, is a crucial point in the
prehistory of the Pacific. Populations
identified as cultivators of cereals and
Austronesian-speakers reached Formo-
sa about 6,000 years ago. If their meth-
od of growing rice was the slash-and-
burn one, which is particularly prodigal
of land, they would have had a good
reason to seek more land in the island
archipelagos to the south that lay within
reach of their technically advanced out-
rigger canoes. The archaeological evi-
dence suggests that at this time those
southern islands were inhabited exclu-
sively by thinly-spread bands of hunter-
gatherers, who in the long run were
overwhelmed by the expansion from the
north.

ittle evidence is available at present
from Java and Sumatra, but in the
Philippines, in northern Borneo, in Sula-
wesi and as far east as Timor rock-shel-
ters and caves have yielded clear ar-
chaeological sequences. Some of these
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Negritos of the Philippines, Malaya and the Andaman Islands (/ight
color) are Australoid relatives. So are the Melanesians (dark color),
who colonized the islands eastward to Fiji at least 3,500 years ago.

show the sudden appearance of plain or
red-slipped pottery between 5,500 and
4,500 years ago. Adzes made of stone
shaped by grinding that are quite differ-
ent from the simpler indigenous flaked
stone tools also appear, although in less
secure archaeological contexts. There is
little alternative at present but to regard
these new assemblages of artifacts as a
record of a marked cultural change as-
sociated with an expanding Neolithic
population, exactly as the linguistic evi-
dence suggests.

By combining archaeological, linguis-
tic and ecological information one can
fill in the picture a little more. First, as
the expanding population moved south
through the Philippines, Borneo and
Sulawesi its members entered a region
of constantly humid equatorial climate
where the early cultivated rices did not
thrive and where land clearance without
metal and a reliable dry season became
more difficult. (The peoples of island
Southeast Asia do grow rice today, but
the practice seems to have spread into
many areas only in recent millenniums.)
Hence the newcomers’ cereal crops
gradually diminished in importance and
were replaced as major sources of food
by the tree fruits indigenous to the south
(such as breadfruit, banana and coco-
nut) and by sago-palm starch. Although
the indigenous peoples were hunter-
gatherers, not horticulturists, they prob-
ably exploited the same wild foodstuffs,
along with wild taro and some varieties
of wild yam.

Pigs, dogs and chickens appear to
have adapted successfully to the south-
ern environment. Indeed, native wild
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EARLY PACIFIC VOYAGES by Austronesian-speaking migrants
from Melanesia up to 3,000 years ago resulted in the colonizations
mapped here. The western islands of Micronesia had already been

pigs are found today in both the Philip-
pines and Sulawesi. Cattle, if the colo-
nists attempted to transport them, did
not thrive; archaeological sites of this
period in island Southeast Asia hold no
cattle bones. As a result when the Aus-
tronesian colonists went on to settle the
Pacific, their economy was based almost
entirely on tubers and fruits and includ-

ed neither major cereal plants nor her-
bivorous animals.

By some 4,500 years ago Austrone-
sian peoples had been expanding into
the equatorial islands of eastern Indone-
sia for about a millennium. This expan-
sion, which ultimately encompassed the
whole of island Southeast Asia, can be
compared to the expansion of Neolithic

reached, perhaps from the Philippines. So had Fiji and the early west-
ern Polynesian outposts: Samoa and Tonga. So perhaps had the rest
of Micronesia, although no definite evidence of it has yet been found.

societies into Mesolithic Europe. The
economy of the expanding population
had undergone basic changes with re-
spect to food plants, and the colonists
themselves had doubtless come in wide
contact with the indigenous Australoid
hunter-gatherers of the region. One may
suspect that as a result of interbreeding
many of these Austronesian-speaking

A\

A.D. 400

FINAL POLYNESIAN PUSH, starting early in the first millenni-
um A.D., advanced eastward against prevailing winds and currents
from the Tonga-Samoa area 3,500 kilometers to the Marquesas Is-
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lands, which were settled in about A.D. 300. Remote Easter Island
was colonized perhaps a century later, and within another 500 years
so were central Polynesia, the Hawaiian Islands and New Zealand.
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colonists had become genetically inter-
mediate between the classical Mongol-
oid and Australoid norms. Even when
allowance is made for a constant Mon-
goloid gene flow from the north up to
the present day, one can still see, mov-
ing south from the Philippines to Java
or the Moluccas, a gradual increase in
the Australoid genetic inheritance. One
may perhaps also infer that many of the
Austronesian-speaking colonists in east-
ern Indonesia some 5,000 years ago
would have resembled the more recent
Polynesians. It must be admitted, how-
ever, that human skeletal remains in
support of this view have not yet been
uncovered.

By this time—that is, some 5,000 years
ago—Austronesian-speaking colo-
nists were probably on the move east-
ward, establishing footholds on the
northern coast of New Guinea and in
the neighboring Admiralty, Bismarck
and Solomon islands. Here their recep-
tion was quite different from the one
they had met in moving south, which
brings us back to the subject of why the

Mongoloid populations had so little ge-
netic impact on Melanesia.

For some time scholars have won-
dered why Melanesia did not become
simply a racial and cultural extension of
Indonesia. The progress of the Austro-
nesian colonists might have been slowed
by their encounter with malaria, partic-
ularly if this parasitic disease was as
devastating in Melanesia then as it was
until quite recently. A more likely expla-
nation, however, is that the long-estab-
lished residents, in particular those of
New Guinea, may have been able to
hold out against the newcomers. Key in-
formation in support of this view has
recently been supplied by archaeologi-
cal work in the malaria-free New Guin-
ea highlands near Mount Hagen.

Archaeologists from the Australian
National University have found that be-
ginning at least 6,000 years ago and per-
haps as early as 9,000 years ago large
areas of highland swamp in New Guin-
ea were being drained by quite elaborate
systems of ditches. The implication is
that the drainage was undertaken to pro-
mote horticulture (perhaps the cultiva-

tion of taro, although the plant is not
known to have been indigenous to New
Guinea). This new discovery in the high-
lands raises numerous questions that are
under active exploration. At present it is
only possible to point out that horticul-
ture of some kind was practiced in high-
land New Guinea before, on the basis
of any reasonable estimate, there was
contact between the Melanesians and
the horticulturist Austronesians. Indeed,
the Austronesians never did reach the
New Guinea highlands.

The implications of early horticulture
in Melanesia are great. It is possible to
hypothesize that the Melanesians of
New Guinea (and probably those of
New Ireland, New Britain and the Solo-
mons) had become large, fairly seden-
tary populations sustained by horticul-
ture more than 5,000 years ago. If future
archaeological work supports this hy-
pothesis, then the failure of the Austro-
nesian-speakers to overrun Melanesia
may be attributable to their not having
the numerical and economic superiority
they had once had over the scattered
hunter-gatherers of island Southeast
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2000 (EXTENT OF SETTLEMENT INTO
ISLAND MELANESIA UNCERTAIN)
|
[~] AUSTRONESIAN CULTURES OF ISLAND
SOUTHEAST ASIA AND MELANESIA
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AUSTRONESIAN MOVEMENT into the Pacific is plotted in rela- years ago and spread to Melanesia. There, beginning in highland New

tion to advances in material culture in five regions: mainland South-
east Asia and southern China; Taiwan, the Philippines and eastern
Indonesia; Melanesia; Micronesia and western Polynesia, and finally
eastern Polynesia. Until some 7,000 years ago from the Asian main-
land to Melanesia most tools were of flaked stone rather than ground
stone, and their users were indigenous hunter-gatherers. On the mai

Guinea, an indigenous form of horticulture had arisen perhaps even
earlier. The Austronesians, facing cultural equals, could not displace
or absorb the Melanesians as they had the hunter-gatherers of the
Philippines and eastern Indonesia. Instead, beginning less than 4,000
years ago, they spread into unpopulated western Micronesia and from

land soon thereafter farming and pottery appeared; metallurgy was
known by 5,000 to 4,000 years ago and iron by about 3,000 years ago,
long before Indian and Chinese civilization began to affect the area.
The Neolithic arts of pottery and horticulture also appeared in Tai-
wan, the Philippines and eastern Indonesia between 6,000 and 4,500
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island Mel into eastern Micronesia and western Polynesia. The
colonization was marked by the appearance of a distinctive pottery:
Lapita ware. Finally, early in the Christian Era, when the Austrone-
sian colonists had evolved most attributes of Polynesian culture, they
began their greatest maritime venture, settling the Marquesas, Eas-
ter Island, central Polynesia, the Hawaiian Islands and New Zealand.
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“Thanks for coming,
And thanks for giving us
Courvoisier”

COURVOISIER VSOP THE BRANDY OF NAPOLEON
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of the mileage.

The 1981’ Buick ‘Electra.

How does one justify the
purchase of a luxury car these days,
when both your conscience and good
sense dictate fuel efficiency?

Actually, it's quite simple. All it
requires is that you visit your Buick
dealer and ask to see the Buick Electra
Park Avenue.

What makes it one of America’s
premier luxury automobiles is obvious.
The stately lines. The elegant, quiet
interior. The air conditioning, power
windows, power seats, the AM-FM
stereo, all standard.

But along with all of the finery
and comfort, there is also some very

sophisticated and hard-nosed engi-
neering. High-pressure, low-rolling-
resistance tires. A trim, aerodynamic

design. A 4.1 liter V-6 engine, standard.

Even a Computer Command Control
system which constantly monitors
and adjusts the air/fuel ratio.

All of which contribute to the
very unluxury-car-like EPA estimates
you see here.

4.1 liter V-6 gstuwy epaEsT MG
29

In addition, there’s also an
available 5.7 liter diesel, which also
offers remarkable EPA mileage
estimates.

\5/; Lijtef | EST HWY. EPAEST. MPG
- lesel.
33

So if you're interested in an
elegant, prestigious automobile, do
consider buying or leasing an intel-
ligent, efficient Buick Electra.

After all, what good is a luxury
car you enjoy sitting in, if you can't
afford to drive it?

REMEMBER: Compare the “estimated mpg"” to
the ‘estimated mpg’ of other cars. You may get
different mileage, depending on how fast you
drive, weather conditions and trip length. Actual
highway mileage will probably be less than the
estimated highway fuel economy. Estimates
lower in California. (Buicks are equipped with
GM-built engines produced by various divisions.
See your dealer for details.)
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Asia. There would have been a standoff
between two Neolithic cultures.

he past 5,000 years of prehistory in

western Melanesia brought about a
degree of cultural, genetic and linguistic
complexity that is unparalleled in the
Pacific and perhaps in the world. Hun-
dreds of discrete Papuan and Austrone-
sian languages interdigitate as far east as
Santa Cruz. Most of them are spoken
only in a small area, perhaps in a single
valley. Genetic diversity is also enor-
mous, and it is not correlated in any ob-
vious way with the linguistic diversity.

Why should Melanesia be so differ-
ent? One may perhaps get some answers
by reconstructing the prehistory of
those crucial past 5,000 years. The earli-
est evidence for Austronesian-speaking
settlers in Melanesia comes from lin-
guistic analysis. There is no coherent ar-
chaeological evidence of their presence
before the appearance all across Mela-
nesia of the pottery-making Lapita cul-
ture (named after the type site in New
Caledonia) between 3,500 and 3,000
years ago. But by at least a millennium
earlier, according to linguistic recon-
structions, Austronesian-speakers had
already moved into coastal locations in
western Melanesia, where during an en-
suing period of isolation from their In-
donesian base they developed a num-
ber of linguistic peculiarities that today
characterize the languages of the east-
ern Austronesian group. For example,
the languages of eastern Micronesia and
Polynesia are believed to stem from this
earlier matrix in western Melanesia,
rather than being transferred directly to
those islands from Indonesia or the Phil-
ippines.

As for prehistoric social and econom-
ic developments in Melanesia, if an ini-
tial assumption can be made, the rec-
ords both of archaeology and of recent
ethnography provide some guidance.
The necessary assumption is that Mela-
nesian societies in prehistory were no
more complex, particularly with respect
to political integration, than they are to-
day. If this was the case, then I suggest
that the initial hunter-gatherer popula-
tions of New Guinea were organized
into fairly mobile bands, each consisting
of a few families, for at least the first
20,000 years of their residence. Up until
the recent past such social systems were
characteristic of the aboriginal peoples
of Australia and the Philippines.

The next prehistoric phase would
have been the initiation of horticulture
in New Guinea and perhaps in adjacent
islands. Along with horticulture would
have come settlement into more or less
permanent villages adjacent to the gar-
den areas. As mobility became limited,
the Melanesian ethnographic pattern, in
which ethnic groups occupy small areas
and tend to marry within them, came
into existence.

Among these ethnic groups leader-

DRAINAGE-DITCH PROFILE is revealed by the contrast between soil colors in this cross-
section excavation into an ancient swamp deposit at the Kuk Tea Research Station near Mount
Hagen in the New Guinea highlands. Some of the drainage ditches at the site, presumably dug
to facilitate the growth of garden root crops such as taro, are thought to be 9,000 years old.
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MODERN TARO GARDENING in the South Pacific often utilizes terraced irrigation ditch-

es; this ditch system occupies a hillside in New Caledonia. Taro and other starchy plants of
the arum family are still a major food resource for many Pacific horticulturists to this day.
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ship is rarely hereditary. It is usually ac-
quired in adult life by individuals, so-
called big men, who are able to build up
advantages over their fellow tribesmen
in wealth and prestige. Until the recent
past active hostilities between geograph-
ically restricted groups were frequent. If
such has been the social pattern in Mela-
nesia for 5,000 years, it is not difficult to
see how genetic, linguistic and societal
diversity arose. In recent times peace-
ful contacts between groups depended
on shifting alliances, cemented by oc-
casions of ceremonial feasting and by
elaborate and often extensive trading
activities. In areas of high population
density the trade networks often devel-
oped into systems of great ritual com-
plexity. At the time of the first contact
with Europeans the Melanesians were
the businessmen and traders of the Pa-
cific. In this sense they were quite differ-
ent from the Polynesians and many of
the Micronesians, who formed ethnic
groups geographically far more wide-
spread, whose societies were character-
ized by systems of inherited leadership
and for whom trading by individuals
was usually subordinated to patterns of
communal tribute or of redistribution
that were focused on chiefly leaders.
Such, it seems likely, was the prevail-
ing social and ethnic pattern in Melane-
sia when the first Austronesian colonists
arrived. The newcomers were unable to
impose their own order on Melanesia;
their settlements simply increased the
diversity in the region. By about 4,000
years ago cultures of the indigenous

Melanesian kind had been planted as far
away as New Caledonia and the New
Hebrides. It is even possible that these
last two areas had been colonized by
Melanesians well before the first Aus-
tronesian-speakers appeared, although
clear archaeological evidence for it is
lacking. Meanwhile, elsewhere in the
western Pacific, western Micronesia
may have been settled by Austronesian-
speakers moving directly from the Phil-
ippines. The extended archipelagos of
eastern Micronesia, of Fiji and of all
Polynesia, however, still awaited their
first human settlers.

he prehistory of Oceania now reach-

es its most remarkable and most ex-
pansive phase. About 3,500 years ago
in western Melanesia representatives of
the Lapita culture had established them-
selves, perhaps in the vicinity of the Bis-
marck Archipelago, where their distinc-
tive stamped and incised pottery has
been found. This population may have
entered the area not long before, coming
perhaps from eastern Indonesia or from
the Philippines. So far there is no ar-
chaeological evidence on the precise
point of origin of the Lapita culture, and
it may even be that the characteristics
that distinguish Lapita pottery actually
evolved within Melanesia.

Whatever its origin, the new popula-
tion did not make extensive genetic or
cultural contact with the neighboring
Melanesians. Instead, as the presence of
Lapita pottery at coastal and offshore-
island sites makes clear, the Lapita peo-

ple over the next 500 years went on to
colonize Tonga and Samoa, some 5,000
kilometers away in the central Pacific.
The Polynesians had at last arrived in
Polynesia.

So, perhaps, had the eastern Microne-
sians arrived in their area, although the
absence of true Lapita pottery in those
clayless atolls makes that part of the sto-
ry hard to read. Where archaeological
facts are absent, however, the linguistic
evidence is suggestive. The languages
of Fiji, of Polynesia as a whole and of
the archipelagos of eastern Micronesia—
the Caroline, the Marshall and the Gil-
bert islands (now Kiribati, an indepen-
dent member of the British Common-
wealth)—all have a common immediate
origin within the Austronesian family
of languages. Hence there seems little
doubt that the colonizers of eastern Mi-
cronesia were also bearers of the Lapita
culture.

What, besides a distinctive pottery,
were the main elements of this culture?
First, like the coastal Austronesian-
speakers of the Philippines and Indone-
sia, the Lapita people practiced horti-
culture and caught fish. Second, also like
their forebears, they were voyagers.
They were more than simple sailors;
they were skilled mariners who were
able to maintain some degree of contact
between their widely scattered settle-
ments for several hundred years. On this
point the archaeological record affords
evidence of their early seafaring feats
within Melanesia. Obsidian from vol-
canic New Britain has been unearthed at
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LINGUISTIC DIVISIONS of the Pacific and island Southeast Asia
are twofold. Languages of the Austronesian family are found from
Taiwan, a presumed proto-Austronesian locale some 6,000 years
ago, southward through island Southeast Asia and the Malay Penin-
sula and western Micronesia; these languages comprise the western
Austronesian half of the family. Elsewhere in Micronesia, through-
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out Polynesia and in parts of Melanesia are found languages of the
eastern Austronesian half of the family. The second family of lan-
guages is Papuan, a highly diversified grouping found principally in
New Guinea but with outliers in the Molucca Islands and in adjacent
Melanesia, where Papuan and Austronesian languages are mingled.
The aboriginal Australian languages seem to be unrelated to Papuan.
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Lapita sites in Melanesia up to 2,600
kilometers away. Last of all, the Lapita
people were highly successful coloniz-
ers of virgin islands.

fter its initial phase of successful ex-
pansion the Lapita culture was sub-
ject to inexorable change. It vanishes
from the archaeological record in Mela-
nesia some 2,500 years ago, in the latter
half of the first millennium B.c. In Tonga
and Samoa, its first Polynesian outposts,
the Lapita culture was longer-lived.
There during the entire first millennium
B.C. the new settlers developed many of
the cultural characteristics that were to
spread to the farthest corners of Polyne-
sia over the next 1,000 years. Neverthe-
less, here too change was apparent. For
example, these western Polynesians lost
the craft of pottery making, possibly as
a result of reduced contact with the al-
ready waning Lapita societies of Mela-
nesia. In this connection the people of
Fiji did maintain contacts with the west
and as a result had a more complex ar-
chaeological record of cultural develop-
ment. Today the Fijians are a popula-
tion that is intermediate between the
Melanesians to the west and the Polyne-
sians to the east.

Early in the first millennium A.D. the
western Polynesians, whose colonies
were now more than 1,000 years old,
were ready to undertake their greatest
voyages. Large double canoes, able to
carry the food plants and the domes-
tic animals required for colonization,
sailed off against the prevailing winds
and currents to settle the Marquesas Is-
lands in about A.p. 300 and Easter Is-
land, one of the most isolated places on
the face of the earth, perhaps a century
later. By the end of another five centu-
ries the western Polynesians had also
colonized the islands of central Poly-
nesia, the northern outlying Hawaiian
chain and finally, by perhaps A.p. 900,
the two great southern outliers of New
Zealand.

One element that was undoubtedly
essential to the success of these long
and grueling voyages of discovery was
strong leadership. Here the Polynesian
social system of hereditary and reli-
giously sanctioned rule must have been
a great asset. By the time of Captain
Cook this aspect of Polynesian social
organization had given rise to the des-
potic and powerful chiefdoms of Tonga,
the Hawaiian Islands and the Society Is-
lands, to mention only the most devel-
oped and populous parts of Polynesia.

The Maori, the Polynesians who end-
ed up in temperate and, by island stan-
dards, vast New Zealand, were forced
into some drastic economic adaptations.
They replaced their unsuccessful tropi-
cal foodstuffs with the sweet potato (in-
troduced before A.n. 1000 from Ecua-
dor or Peru by means unknown) and the
rootlike rhizomes of native ferns. Pigs
were not taken to New Zealand but dogs

POLYNESIAN TEMPLE PLATFORM built in 1767 was seen by the naturalist Joseph Banks
during Captain Cook’s visit to Tahiti two years later. Banks described it as “a most enormous
pile” and declared that its “size and workmanship almost exceeds belief.” When this sketch was
made in 1799 the platform was 10 steps high; today all that remains is a part of the foundation.

were, and other major sources of meat
included marine mammals and moas,
species of flightless birds, some of great
size, that rapidly became extinct.

Early in the first millennium A.D., at a
time when ocean trade between China
and India had begun, the Polynesians’
Austronesian cousins in the East Indies
made an epic voyage of their own and
settled in Madagascar, off the coast of
Africa. It was not, however, until the
second millennium A.D., at some time
after A.n. 1100, that the Easter Island-
ers, some 21,000 kilometers away on the
other side of the world, began to quarry
and erect their famous stone statues in
rows on temple platforms. Although
these works have attained more notorie-
ty than any other Polynesian architec-
tural feat, the temple platforms, statues
and funerary monuments in other parts
of Polynesia are equally impressive.

So ends this reconstruction. Some of
my colleagues will disagree with me
when I derive the Polynesians from a
homeland in Indonesia or the Philip-
pines. There is even a published view
that the Polynesians may have arisen di-
rectly from a Melanesian genetic and
linguistic matrix. There is scope here for
complex disagreement, but I can see lit-
tle evidence in support of that hypothe-
sis, particularly from a genetic view-
point. At least one thing is now quite
certain: the Polynesians are not of
American Indian ancestry, in spite of
some evidence for minor contacts with
the Pacific coast of South America.

Perhaps I may finish with an observa-
tion that could have some general an-
thropological significance. The Polyne-
sians, whose feats of colonization were
undoubtedly the most stressful in all
Oceania, also developed the largest and
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most centralized forms of government
by hereditary chiefs in the Pacific. The
ancestral Polynesians of the period of
the Lapita expansion had quite clearly
achieved a number of cultural adapta-
tions—social, economic and navigation-
al—without which the settlement of
Polynesia would have been unthinka-
ble. The systems of chieftainship, the
domesticated food plants and the great
canoes did not spring into being fully
formed and purely by chance. They
evolved partly in the early millenniums
of Austronesian expansion and evolved
still further as the Polynesians pushed
themselves toward ever longer voyages
of settlement.

For me Pacific prehistory as a whole
provides a record of cultural equilibri-
um over long periods coupled with ad-
vancement toward greater cultural com-
plexity. I see no signs of long-term cul-
tural simplification or degradation, al-
though it is true that some islands, atolls
in particular, are so deficient in natural
resources that the cultural development
of their settlers was necessarily limited.
It is also true that some islands, Easter
Island in particular, had periods of cul-
tural and demographic decline as a re-
sult of either warfare or a reduction in
available resources or both. Numerous
examples of environmental damage, in-
cluding the degradation of vegetation
and the extinction of animals in prehis-
toric times, can also be found through-
out the Pacific. None of these excep-
tions, however, implies any irreversible
decline in human cultural complexity.
Given the many thresholds the migrants
of Oceania had to cross in their long
period of settlement, it is likely that any
groups who slipped backward would
have left few descendants to tell the tale.
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Chemical Reactions
without Solvation

Chemaical reactions are strongly influenced by the solvent medium

in which they proceed. New techniques make it possible to examine

the behavior of “‘bare’’ chemical reactants in the absence of solvent

hemistry is the science of mole-
‘ cules. It is concerned with how
and why atoms bond together to
form molecules and how rapidly mole-
cules can be transformed into new con-
figurations. Most chemical reactions
take place in a solvent medium such as
water whether they do so in the test tube
or in the living cell. Chemists have long
been curious about what happens when
solvents are changed or, better yet, when
they are removed entirely. In the ab-
sence of a solvent would chemical reac-
tions still proceed? Would the same
products be formed?

Few textbooks consider such ques-
tions because a comprehensive theory
of the role of solvents has not yet been
developed. Nevertheless, the questions
are important for a variety of reasons.
First, the fundamental factors that influ-
ence reaction rates cannot be studied in
solution because the solvent molecules
themselves interact strongly with the re-
acting species. If the solvent could be
totally removed, the intrinsic reactivity
of the “bare” reactants could be mea-
sured and distinguished from the effects
attributable to solvation. A second rea-
son for having an interest in the role of
solvation is evidence that in living or-
ganisms the active sites on enzyme mol-
ecules exclude water, so that they can
engineer reactions that either would not
proceed in bulk water solution or would
proceed only very slowly.

Here I shall describe experiments in
which ions, the electrically charged
fragments of molecules, undergo chem-
ical reactions totally without interfer-
ence from solvents. Such experiments
are conducted by trapping freshly creat-
ed ions in a magnetic field and then iden-
tifying the reaction products by a form
of mass spectrometry that measures the
response of the trapped particles to an
alternating electric field. The apparatus
for conducting the experiments is called
a pulsed-ion cyclotron-resonance mass
spectrometer. Although it has long been
assumed that solvents retard the rates of
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reaction, the degree of retardation has
been hard to measure. Our experiments
show, in one typical case, that ionic spe-
cies in the gas phase react three billion
times faster than the same species do
when they are dissolved in acetone and a
million billion (1015) times faster than
they do in water.

Other experiments show how solva-
tion affects the acidity and basicity of
ions. We have been able to measure for
the first time with high precision the
amount of energy released when an acid
(a donor of protons, or hydrogen ions)
reacts with a base (an acceptor of pro-
tons) in the gas phase. These investiga-
tions have yielded a proton-affinity table
that shows the relative basicity of some
300 compounds. For example, one of
the strongest bases, a negative hydrogen
ion (H-), releases about 10 times as
much energy in combining with a pro-
ton to form a hydrogen molecule (Hs) as
does one of the weakest bases, helium
(He), when it combines with a proton to
form a helium hydride ion (HeH+).

Studying the reactions of isolated ions
and molecules in the absence of sol-
vation is a difficult experimental prob-
lem. The reactant species must be cre-
ated in a low-pressure gas, the motions
of the reactants must be made to avoid
collisions with a solid surface and a sen-
sitive method must be devised to de-
tect the products of the reaction. Let us
see how each of these problems can be
overcome.

Ions are atoms or molecules with an
excess or deficiency of electrons. For
example, a hydrogen atom has one elec-
tron. The removal of that electron
leaves a bare proton (H+); the addition
of an electron yields an ion with one
proton and two electrons (H-). A fluo-
rine atom (F) has nine protons and nine
electrons; a fluoride ion (F-) has nine
protons and 10 electrons. Many impor-
tant types of reactions in solution in-
volve ions either directly or indirectly as
intermediates in the reaction. Generally
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such reactions are sensitive to the nature
of the solvent medium because the elec-
tric charge of the ion causes it to interact
strongly with solvent molecules.

In solution reactant ions can be creat-
ed simply by adding certain substances
to the solvent. For example, when sodi-
um chloride (NaCl), common table salt,
is poured into water, it dissolves to form
sodium ions (Na+) and chloride ions
(Cl-). And when hydrogen chloride gas
(HCI) is bubbled through water, it is
readily absorbed to form a solution of
hydrochloric acid. In water most of the
hydrogen chloride molecules are broken
apart to form ions: HCl + H;0—
H30+ + Cl-. The species H30+, the
hydronium ion, is a simplification of
the actual structure that exists in solu-
tion. In reality the proton is extensively
solvated, or linked to a cluster of water
molecules, by a network of hydrogen
bonds, in which hydrogen atoms form
bridges between oxygen atoms.

In the absence of solvation unusual
means must be exploited to create ions.
Ions are produced in hot gases, such as
flames, but at room temperature ioniza-
tion does not occur to a significant de-
gree. In order to dissociate gaseous hy-
drogen chloride molecules into the ions
H+ and Cl - energy in the amount of 333
kilocalories per mole must be provid-
ed. (A mole of a substance is equal to
its molecular weight in grams; a mole
of hydrogen chloride is 36.5 grams.)
The energy of ionization considerably
exceeds the 103 kilocalories per mole
needed to break hydrogen chloride into
atoms. One can see that the electrical
attraction between positive and negative
charges must exert a strong force be-
tween H+ and Cl - in the gas phase. The
attraction is greatly attenuated in solu-
tion because the solvent molecules inter-
vene between the ions and shield them
from one another.

For isolated ions to be created in the
gas phase, energy must be supplied by
some means other than solvation. The
most widely used method is ionization
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ION-CYCLOTRON-RESONANCE SPECTROMETER provides
the means for identifying the products of reactions between ions
brought together in the gas phase in the absence of solvents. The reac-
tions give rise to new ions whose mass-to-charge ratio can be estab-
lished as follows: A charged particle in a magnetic field travels in an
orbit with a frequency of revolution fixed by the field strength and
the particle’s mass and charge. If the particle is subjected to an oscil-
lating electric field whose frequency matches the particle’s frequen-
cy of revolution, the particle will absorb energy through the process
called cyclotron resonance and will move to a larger orbit while main-
taining the same frequency of revolution. This four-part diagram
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shows how the orbits of three particles with different mass-to-charge
ratios can be selectively expanded by cyclotron resonance. The three
particles a, b and ¢ are assumed to have ratios of mass to charge that
are in the ratio of three to two to one. Therefore the cyclotron fre-
quency of a is a third that of ¢, and the frequency of b is one-half that
of ¢ (I). If a sine-wave signal with a frequency equal to the cyclotron
frequency of particle a is turned on, particle a’s orbit will expand stead-
ily, and b and c will remain essentially unaffected (2). If the frequen-
cy of the signal is raised to match the cyclotron frequency of particle
b, b’s orbit will expand without affecting a or ¢ (3). Finally c’s orbit
can be expanded by selecting a signal of still higher frequency (4).
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by electron impact. Electrons emitted
from a heated filament are accelerated
by an electric field and made to collide
with gas molecules. Ionization results if
the impact energy of the electrons is
greater than a threshold value called the
ionization potential. As the impact ener-

gy is raised above the threshold the yield
of ions generally increases. With this
method a wide variety of positive and
negative ions can be made.

Ions in solution are stabilized and kept
from wandering off by the molecules
of surrounding solvent. In the gas phase

HCI —>> H* + cl-
HYDROGEN PROTON CHLORIDE
CHLORIDE ION

H* + H,0 — H,0*

PROTON WATER HYDRONIUM
ION

HYDRONIUM ION

HYDRONIUM IONS form in water solution when acids such as hydrogen chloride (HCI) dis-
solve and ionize. The ionization of hydrogen chloride yields a proton, or hydrogen ion (H+),
and a chloride ion (C1-). The released protons combine strongly with the water molecules to
form hydronium ions, written as H3O+. In reality the hydronium ion is a complex structure
consisting of many water molecules around a proton. The structure is held together by hydro-
gen bonds (colored dots), in which a hydrogen atom is a bridge between two oxygen atoms.

I ———— CH," + 2e~
CH, +e
P T T CH+H+2
- —> HO' +2
H,O + e
WATER T ———————=> H +OH
NF, + e~ > F +NF,
NITROGEN TRIFLUORIDE
CCl, +e- Cl- + CCl,
CARBON TETRACHLORIDE
CH,ONO + e~ = CH,;0" + NO
METHYL NITRITE
HCN + e~ — H*+CN +e
HYDROGEN CYANIDE

IONIZATION BY THE IMPACT OF ELECTRONS is an efficient way to create ions in the
gas phase. Ions with either a positive or a negative charge can be made by adjusting the energy
of the impacting electrons. For example, if a water molecule is struck by an electron carrying
6.5 volts of energy, the electron remains attached to the hydrogen atom when the molecule dis-

sociates to form H- and OH. When the energy

is higher than 13 volts, the water molecule is

stripped of an electron, forming the ion H2O +. Ions so formed are free particles in gas phase.
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the situation is quite different. Since the
ions are produced by the impact of elec-
trons, they move rapidly in all directions
through the gas at speeds as high as 500
meters per second. Gaseous ions are de-
stroyed when they strike a solid surface.
Their charge is lost to the solid, and they
usually react with molecules adsorbed
on the surface. It is apparent, therefore,
that a special container must be used to
restrict the motion of the ions and to
hold them long enough in the gas phase
so that their chemical behavior can be
observed.

everal methods have been devised
for storing gaseous ions. The one my
colleagues and I have found most useful
is the static magnetic ion trap. This de-
vice combines a strong, uniform mag-
netic field and a weak electric field to
restrict the motions of ions in three di-
rections. The magnetic field causes the
ions to move in small circular orbits
and thereby restrains their motion per-
pendicular to the magnetic field. Mo-
tion parallel to the magnetic field is re-
strained by a weak electric field that is
generated by voltages applied to plates
at opposite ends of the trap. A positive
voltage on opposite plates repels and
thereby traps positive ions. A negative
voltage traps negative ions. The trap is
so efficient that ions can be stored for
several minutes. The pressure within the
trap is kept lower than a billionth of an
atmosphere to eliminate contaminants
that might interact with the ions. When
the ions are first produced by the elec-
tron impact, they acquire some excess
vibrational and translational energy, but
within a few tenths of a second they cool
to room temperature through repeated
collisions with the few remaining un-
ionized gas molecules. Even at room
temperature, however, the ions and mol-
ecules travel at the speed of sound,
about 320 meters per second.

Since our objective was to study the
chemical reactions of ions in the ab-
sence of solvents, we had to devise
methods for identifying both the react-
ing species and the products that are
formed. The method had to be extreme-
ly sensitive: only about a million reac-
tant ions enter into each experiment. A
useful instrument for detecting ions in
such small quantities is the mass spec-
trometer. In this instrument the ions are
projected into a magnetic field and fol-
low arcs of different radii according to
their ratio of mass to charge. By adjust-
ing the strength of the magnetic field
one can focus ions of different mass-
to-charge ratios on a detector and selec-
tively “weigh” them.

In our laboratory at the University of
California at Irvine we have adopted a
form of mass spectrometry in which the
orbital radii of ions trapped in a magnet-
ic field are selectively amplified by a ra-
dio-frequency electric field. The method



is called ion cyclotron resonance (ICR).
It is a rather recent addition to the in-
strumental techniques used by chemists,
but as with most new techniques the ba-
sic idea goes back many years. The con-
cept of cyclotron resonance was exploit-
ed by Ernest O. Lawrence in the early
1930’s in building his first machines for
accelerating protons and other particles.
Lawrence recognized that the equations
of motion for a charged particle in a
uniform magnetic field predict a con-
stant period of revolution. He saw, fur-
thermore, that particles can be acceler-
ated to speeds approaching the velocity
of light by subjecting them to an electric
field that oscillates in resonance with the
particle’s orbital period.

In ICR mass spectrometry the empha-
sis is on selectivity rather than on par-
ticle acceleration for its own sake. At
the outset ions of various masses and
charges are held in circular orbits by
a uniform magnetic field of suitable
strength. The orbital frequency of each
species is a product of the ion’s electric
charge and the magnetic field’s strength
divided by the ion’s mass. As an exam-
ple, at a magnetic field strength of one
tesla (104 gauss), which is readily ob-
tainable with a laboratory electromag-
net, an ion with a mass-to-charge ratio
of 10 makes 1,530,000 revolutions per
second. An ion with a mass-to-charge
ratio of 100 makes 10 times fewer revo-
lutions per second: 153,000.

Ions with differing mass-to-charge ra-
tios are identified by changing the
frequency of the alternating electric
field to which they are exposed. When
the frequency of the signal generator is
not equal to the cyclotron frequency of
an ion, there is very little interaction
between the two, and the ion’s energy
and orbit remain essentially unchanged.
When the signal frequency and the ion’s
cyclotron frequency are identical, how-
ever, resonance occurs, and the ion is
steadily accelerated to an orbit of larger
and larger radius. In this way ions of a
given mass-to-charge ratio can be accel-
erated selectively and thereby separated
from all others.

In 1970, while working as a graduate
student with J. D. Baldeschwieler at
Stanford University, I demonstrated
that the cyclotron-resonance principle
could be applied to identify ions stored
in a static magnetic ion trap. The tech-
nique is now called pulsed ICR mass
spectrometry. lons are formed by pass-
ing a short pulse of an electron beam
through a low-pressure gas and are
stored in a trapped-ion analyzer cell.
After a short time delay, measured in
seconds, ionic reaction products are de-
tected by accelerating them at their cy-
clotron frequency with an alternating
electric field. Finally all the ions are
swept out of the analyzer cell by a
quench pulse. The pulse sequence is re-
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CONFINEMENT OF IONS in the gas phase can be accomplished with a static magnetic ion
trap, which is able to preserve ions for several minutes. A strong uniform magnetic field forces
the ions to travel in small circular or helical orbits and thereby restrains their motion in a direc-
tion perpendicular to the magnetic field. Motion parallel to the magnetic field is restrained by
a weak electric field that is generated by voltages applied to the end plates of the trap. The sign
of the voltage is chosen to be the same as the sign of the charge on the ions one seeks to confine.
Electrical repulsion then forces the ions to oscillate back and forth without touching the end
plates. The pressure in the magnetic ion trap is held at less than a billionth of an atmosphere.
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TRAPPED-ION ANALYZER CELL provides the three functions y for ing
the reactivity of bare ions in the gas phase. The initial supply of gaseous ions is produced by
bombarding selected atoms or molecules with electrons, which are emitted from a heated fila-
ment. The ions are promptly trapped by a combination of electric and magnetic fields (the mag-
netic ion trap). After the reaction between ions has progressed for a predetermined brief period
(usually less than a second) an oscillating radio-frequency signal accelerates the trapped ions
selectively by cyclotron resonance. Initially a compensation radio-frequency signal balances
the radio-frequency signal applied to the upper plate and creates a null at the input of the pre-
amplifier. When energy is being absorbed by ions undergoing cyclotron resonance at a particu-
lar frequency, the coherent motion of the ions unbalances the signal entering the preamplifier.
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peated with various time delays to dis-
cover how rapidly product ions of dif-
ferent species are formed. The pulsed
ICR technique has been adopted by
many laboratories around the world.
Let us now turn to some of the findings.

One of the classic reactions of chemis-
try is the displacement of one atom or
small group of atoms in a molecule by
another. A simple example is the reac-
tion Cl- + CH3Br — Br— + CH3Cl, in
which a chloride ion (Cl ) replaces bro-
mine (Br) in methyl bromide (CH3Br),
yielding methyl chloride (CH3Cl) and
a bromide ion (Br-). Detailed mecha-
nisms for substitution reactions such as

this one have been elucidated; they are
among the best-understood of all classes
of reactions in organic chemistry.

It has long been recognized that such
reactions are highly sensitive to the na-
ture of the solvent medium. With water
as the solvent the reaction between the
chloride ion and methyl bromide is so
slow that several days are needed for
it to proceed to completion. By simply
changing the solvent to acetone the reac-
tion rate is increased by a factor of a
million; the reaction now occurs in just a
few tenths of a second.

The nature of the solvent can also
change relative orders of reactivity. For
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CI- + CH,Br PER MOLE
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Br + CH.CI
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REACTION COORDINATE

POTENTIAL-ENERGY DIAGRAM traces how the energy in a chemical reaction changes
as the reactants are converted into products. The two curves describe the substitution reaction
in which a chloride ion (Cl-) changes places with a bromide ion (Br-) in methyl bromide. The
top curve shows the change in potential energy when the reaction proceeds in the gas phase in
the absence of a solvent. The bottom curve describes the same reaction in water solution. When
the reaction is transferred from the gas phase to a water solution, the potential energy in the re-
actants drops markedly. Most of the energy released (81 out of the 88 kilocalories per mole)
reflects the formation of a “cage,” or shell, of water molecules around the chloride ion. For the
reaction to proceed the shells must be at least partially broken so that chloride ion and methyl
bromide can come into contact. Disruption of the cages takes about 25 kilocalories per mole.
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example, in water a large ion such as the
iodide ion (I-) undergoes substitution
reactions much faster than does a small
ion such as the fluoride ion (F -). Gener-
ally the halogen family of ions increases
in reactivity in the following order: flu-
oride, chloride, bromide and iodide.
When acetone is the solvent, howev-
er, the order of reactivity is exactly re-
versed.

At first one is at a loss to explain such
dramatic responses to solvents. The
equations for substitution reactions, as
they are ordinarily written, offer no clue
to the origin of the solvent effects. In-
deed, the equations are downright mis-
leading: they fail to acknowledge that
the solvent plays any role at all in the
reaction. One is led to question just what
would happen if the solvent were totally
removed. Would the substitution reac-
tion take place at all?

The question can be answered by the
technique of pulsed ICR mass spec-
trometry. Chloride ions in the gas phase,
completely isolated from solvent mol-
ecules, can be created by directing a
beam of low-energy electrons at carbon
tetrachloride (CCly) in the vapor phase.
The bombardment yields chloride ions
and carbon trichloride radicals (CClj).
While the chloride ions are stored in a
trapped-ion analyzer cell enough gas-
eous methyl bromide is added to the cell
to raise the pressure to about a ten-mil-
lionth of an atmosphere. The result is
truly remarkable: even such a minute
amount of methyl bromide is sufficient
to take the substitution reaction to com-
pletion in less than a tenth of a second.
In the gas phase the reaction of chloride
ion with methyl bromide turns out to be
three billion (3 X 109) times faster than
it is in acetone and a million billion
(1015) times faster than it is in water.

dditional experiments in the gas
phase and in solution have supplied
an explanation for these enormous dif-
ferences in reaction rates. The explana-
tion is best understood with the help of a
potential-energy diagram [see illustra-
tion at left]. A wavy line at the top of
such a diagram shows how the poten-
tial energy of the reactants changes in
the gas phase as an isolated chloride ion
approaches a molecule of methyl bro-
mide. Initially the potential energy de-
creases as the two particles approach
each other. The decrease is due to the
long-range electrical forces of attraction
between the ion and the neutral mole-
cule. In response to the attractive force
the particles move faster and faster
toward each other until they collide.
At the moment of collision the com-
plex consisting of the chloride ion and
the methyl bromide molecule has an in-
ternal energy of about 11 kilocalories
per mole and is stabler than the separat-
ed particles. In order for the substitution
of chloride for bromide to take place the
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reactants must pass over a potential-en-
ergy barrier that is nearly as high as the
binding energy of the complex. About 1
percent of the complexes surmount the
barrier to yield the reaction products
Br- and CH3Cl; 99 percent of the com-
plexes break apart, regenerating the re-
actants. As a result the observed rate for
the substitution reaction in the gas phase
is about 1 percent of the rate of random
collisions between the chloride ion and
the methyl bromide molecule.

When the substitution reaction takes
place in water solution, the potential-en-
ergy curve looks quite different. In the
first place the curve lies at a much lower
level, because when chloride ion and

methyl bromide are transferred from
the gas phase to water solution, about 88
kilocalories per mole of energy are re-
leased. Most of the total, 81 kilocalories
per mole, goes into stabilizing the chlo-
ride ion with solvent molecules. Water is
a particularly good solvent medium for
ions. It has a large dielectric constant
(meaning that it is a good insulator), a
large dipole moment (meaning that the
positive and negative electric charges in
the molecule are widely separated) and
the ability to form hydrogen bonds.
Once dissolved in water both the ion
and the neutral reactant molecule are
tightly surrounded by a “cage,” or shell,
of water molecules that greatly attenu-

SOLVATION SHELLS develop around ions and neutral molecules in water. The solvent mol-
ecules tend to insulate the reactants and make it difficult for them to come in contact. These
schematic drawings show the shells around a chloride ion (fop) and a molecule of methyl bro-
mide (bottom). The chloride ion, which is small and has a localized negative charge, is more
strongly stabilized by solvation than methyl bromide, which exhibits only a partial positive
charge (6 +) near the methyl group and only a partial negative charge (8 -) near the bromine
atom. Shells are dynamic structures where water molecules are continuously coming and going.
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ate the electric forces of attraction that
induce collisions in the gas phase. Be-
fore the chloride ion and the methyl bro-
mide can come into contact the solva-
tion shells around the two reactants
must be at least partially disrupted. The
reaction rate, therefore, is determined
primarily by the amount of energy need-
ed to rupture the solvation shells. The
resistance to breakage corresponds to a
potential-energy barrier of about 25 kil-
ocalories per mole. This is sufficient to
make the reaction rate in water solution
15 orders of magnitude lower than the
rate in the gas phase.

Another way of understanding the
low reaction rate in water is to compare
the solvation energies of the reactants
and of the transition state: the complex
consisting of chloride ion and methyl
bromide: (C1-CHj3-Br)-. The transition
state is the highest point on the poten-
tial-energy curve that separates reac-
tants and products. The transition state
has some 25 kilocalories per mole more
internal energy than the reactants have
and thus constitutes a high potential-en-
ergy barrier between the reactants and
the products. The barrier arises because
the reactants are more strongly stabi-
lized by solvation than the transition
state is. Generally speaking ions such
as the chloride ion, which are small
and have a localized charge, are more
strongly stabilized by water than are
larger structures such as (C1-CHj3-Br) -,
in which the charge is spread over sever-
al atoms.

Reaction rates in solvents other than
water can be similarly explained by dif-
ferences in solvation between reactants
and the transition state. The reaction of
chloride ion with methyl bromide pro-
ceeds much faster in acetone than it does
in water because the reactants are not
as strongly solvated in acetone. Acetone
is termed a dipolar aprotic solvent be-
cause it is incapable of forming hydro-
gen bonds yet has a dipole moment large
enough to stabilize ions in solution.
Strongly bound solvation shells cannot
form around ions dissolved in acetone,
and so reactions in acetone tend to re-
semble reactions in the gas phase.

The concept of acids and bases is one
of the oldest and most useful in
chemistry. The present definition of ac-
ids and bases dates from 1923, when
Johannes N. Bronsted and Thomas M.
Lowry described an acid as any sub-
stance that gives up a proton and a base
as any substance that accepts a proton.
Proton-transfer reactions are particular-
ly important in water because water can
function either as an acid or a base. In
reactions with a strong acid such as hy-
drogen chloride, water can accept a pro-
ton and yield a hydronium ion, H3O+,
while releasing a chloride ion, Cl-. On
the other hand, in reactions with a base
such as ammonia (NH3) water can do-
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nate a proton to form the ammonium
ion, NHY, leaving behind a hydroxide
ion, OH -. Extensive tables showing the
relative acidity and basicity of hundreds
of compounds have been developed.
With such tables one can predict the
products of a proton-transfer reaction
and calculate how much energy should
be released.

Most acid-base reactions involve ions.
Since ions interact strongly with a sol-
vent medium, one would like to know
how acid-base reactions are affected
by solvation. In particular, are the acid-
base properties of unsolvated molecules
any different from the properties exhib-
ited by molecules in solution?

Rapid progress has recently been
made in understanding how solvation
affects acidity and basicity. The prog-
ress is due primarily to pulsed ICR mass
spectrometry and otner techniques that
are able to measure equilibrium con-
stants for proton-transfer reactions in
the gas phase. Consider a reaction in
which the ammonium ion, NHj, an
acid, transfers a proton to trimethyl-
amine, (CHj3)3N, a base. In water the
reaction rapidly yields the trimethyl-
ammonium ion, (CH3);NH+, and am-
monia, but the reverse reaction also
proceeds at a significant rate because
the energy barrier inhibiting reversal
is quite low. Equilibrium is established
when the rate of the reverse reaction
equals the rate of the forward reaction.
Measurement of the equilibrium con-
stant, which is the ratio of products to
reactants at equilibrium, shows that tri-
methylamine is a slightly stronger base
than ammonia in water solution. A
plausible conclusion is that the substi-
tution of three methyl groups (-CHgj)
for three hydrogens in ammonia causes
only a small increase in basicity.

few years ago the relative basicity of

ammonia and trimethylamine was
measured in the gas phase, in the ab-
sence of solvation, with the pulsed ICR
technique. The results are strikingly dif-
ferent from those in water solution. In
water the products of the reaction are
less than one kilocalorie per mole sta-
bler than the reactants; in the gas phase
the products are stabler by 22 kilocal-
ories [see illustration on this page]. This
means that at equilibrium in the gas
phase the concentration of ammonium
ion, NHj, is lower by a factor of 1015
than it is under comparable conditions
in water solution.

To explain such enormous solvation
effects let me first discuss the gas-phase
results and then point out how they are
modified when the reaction is trans-
ferred to water solution. The first ques-
tion, therefore, is why trimethylamine is
such a strong base in the gas phase. Sev-
eral investigators have shown that sub-
stitution of methyl groups for hydrogen
has little effect on the stability of the

GAS PHASE
NH, + (CH,);N

REACTANTS N
22 KILOCALORIES PER MOLE
CH,).NH ™ + NH
] PRODUCTS
79 KILOCALORIES PER MOLE
>
o
o
w
P4
w
w
w
o
w
WATER .75 KILOCALORIE PER MOLE
SOLUTION
NH; + (CH,);N \ \ (CH.),NH + NH,
REACTANTS ——
T PRODUCTS
REACTION COORDINATE

RELATIVE ACIDITY AND BASICITY of atoms and molecules are strongly affected by the
presence or the absence of solvents. Acids are broadly defined as substances that give up pro-
tons in the course of a reaction; bases are proton acceptors. The two curves show the reaction
in which the ammonium ion, NH}, an acid, transfers a proton to trimethylamine, (CH3)3N,
a base. In the gas phase (top) the products (CH3);NH + and NH; are stabler than the reactants
by 22 kilocalories per mole. When the reaction proceeds in water solution (botftom), the energy
difference between reactants and products falls to less than one kilocalorie per mole because
of preferential solvation of the NHj ion by hydrogen bonding. At equilibrium in the gas phase
the concentration of NHY is 1015 times lower than it is at equilibrium in a water solution.

neutral amine molecules but greatly in-
creases the stability of their ionic deriva-
tives. Methyl groups stabilize the tri-
methylammonium ion, (CH3)sNH+, in
two ways. First, thereisan “inductive” ef-
fect, which tends to release electrons and
shift the electron density in the chemical
bonds toward the positively charged ni-
trogen atom. Second, the methyl groups,
being much larger than the hydrogen at-
oms they replace, are polarized by the
positive charge. The electric field of the
positive charge permeates the space
around the molecule and distorts the
electron clouds of the methyl groups.
Both the inductive effect and the polar-
izability effect make (CH3)sNH+ a far
stabler ion than the ion NH}, in which
the two effects are absent. As a result
trimethylamine has a much higher af-
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finity for a proton than ammonia does.

Now consider what happens to the
same reaction in the presence of wa-
ter. Evidently something intervenes to
greatly weaken the intrinsic stabiliz-
ing action of the still-present methyl
groups. Thermodynamic analysis shows
that the un-ionized molecules, ammonia
and trimethylamine, are solvated about
equally well in water. The major chang-
es in the reaction are therefore due to
the solvation of the ions: NHj is sol-
vated much more strongly than is
(CH3)3NH +. There are evidently sever-
al reasons for it.

Probably the most important reason
is that NH} can be stabilized by the for-
mation of four primary hydrogen bonds
to surrounding water molecules, where-
as (CH3)sNH + has only one acidic hy-
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drogen and can form only one hydrogen
bond. Hydrogen bonds are very impor-
tant for stabilizing ions in a solvent such
as water, and hydrogen bonds of this
type can contribute from five to 10 kilo-
calories of stabilization per mole. When
solvent molecules are clustered around
an ion, the polarizability effect of the
methyl group is much attenuated be-
cause the electric charge is spread over
several solvent molecules. Part of the
difference in the solvation energies of
ions can also be attributed to differences

in ion size. For example, the large size
of the methyl groups in (CHj3)sNH+
excludes solvent molecules, making
it more difficult for them to get close
enough to solvate the ion.

ver the past six years the acidity and
basicity of more than 300 com-
pounds have been measured in the gas
phase. The results can be presented in a
“proton affinity” table that shows the
energy released when a proton (H+)
combines with a base (B) to yield a posi-
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PROTON-AFFINITY SCALE shows the amount of energy released when a proton combines
in the gas phase with the particular atomic or molecular species listed. For example, when
H -, at the upper end of the scale, combines with a proton to yield Hy, about 400 kilocalories
per mole of energy are released. When helium, He, combines with a proton to yield HeH +, only
about 43 kilocalories per mole are released. The scale also indicates the relative basicity of
polyatomic molecules in the gas phase. The strongest bases are at the top of the scale because
they have the highest affinity for a proton. The weakest bases are at the bottom of the scale.
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tively charged ion (BH+). If B happens
to be a neutral base such as ammonia,
the reaction yields the ammonium ion,
NH}, and releases 205 kilocalories per
mole of energy. If B happens to be a
negative ion such as the chloride ion,
Cl-, the reaction yields neutral hydro-
gen chloride, HCI, and 333 kilocalories
of energy per mole.

The gas-phase experiments provide
many examples in which the proton af-
finities depart significantly from those
measured in solution. For example, in
the gas phase the hydroxide ion, OH -, is
a stronger base than the benzyl ion,
CgHsCH,-. This means that in a reac-
tion where the two species compete for a
proton, the proton will be grabbed by
the hydroxide ion, converting it into wa-
ter. As aresult in the gas phase the reac-
tion OH - plus toluene (C¢HsCH3y) pro-
ceeds rapidly, with the release of energy,
to yield C¢HsCH4- and H,O. In a water
solution the reaction goes in the oppo-
site direction: a proton is transferred
from water to the benzyl ion, converting
it into toluene.

The role of solvents in chemistry, long
a hazy area, is being clarified with gas-
phase experiments of the type I have
been describing. One can now measure
quantitatively the differences in reactivi-
ty between molecules that are solvated
and the intrinsic reactivity of unsolvat-
ed molecules. Experimental techniques
such as pulsed ICR are being steadily
improved to encompass a broader range
of reactions. One noteworthy develop-
ment is the ability to generate in the gas
phase partially solvated ions such as
Cl~+(H20),, a chloride ion bonded to
two water molecules. By clustering a
few solvent molecules around an ion the
gas-phase experiments may simulate the
solvent-cage effects that are so impor-
tant in solution. Another useful devel-
opment is the extension of the pulsed
ICR technique to deal with the reactions
of biological molecules of low volatili-
ty. In our laboratory we have recently
measured the gas-phase acidity and ba-
sicity of the simplest amino acid, glycine
(NH,;—-CH,—COOH). In water solution
glycine forms what is called a zwitter-
ion, or hybrid ion, in that it carries a
positive charge at one end and a nega-
tive charge at the other: NHj-CHg-
COO-. In contrast, we find that in the
gas phase glycine exists as a nonionic
molecule. Enormous solvation effects
have been found in the acid-base prop-
erties of other amino acids. The clar-
ification of such properties should
contribute much to understanding the
behavior of amino acids in living organ-
isms. For example, it will be possible to
speak in quantitative terms about how
the properties of an amino acid change
as it is transported from a water envi-
ronment in one part of the cell to a wa-
ter-repelling environment in an enzyme
molecule or a cell membrane.
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THE AMATEUR
SCIENTIST

More about random-dot displays, plus

computer programs to generate them

by Jearl Walker

y discussion of random-dot dis-
M plays in April elicited many
comments from people who
had devised variations on the experi-
ments. Here I shall describe several of
the new experiments. And for the ama-
teur who owns or has access to a home
computer I shall present a program for
generating random-dot displays.

In my April article I described ran-
dom-dot displays in which circles, spi-
rals and other nonrandom forms could
be perceived. The first step in generating
adisplay was to sprinkle paint on a sheet
of paper. A transparent copy of the re-
sulting pattern was made and laid over
the original. If the two displays had the
same scale and were aligned careful-
ly, the experimenter saw nothing unusu-
al. If one of the displays was rotated
around a point, however, concentric cir-
cles appeared (formed by pairs of corre-
lated dots). In some trials the transpar-
ency had a scale different from that of
the original; rotating it over the original
then gave rise to spirals. A variety of
nonrandom forms could be created by
choosing different scales and angles of
rotation.

I had characterized the circles and spi-
rals as illusions. Several readers correct-
ed me by pointing out that the forms are
not illusory but real (as a result of juxta-
positions of the two displays). A better
term for what is seen is therefore per-
ception.

Some of the most extensive investiga-
tions of such perceptions have been con-
ducted by Leon Glass of McGill Uni-
versity. He prefers to call the effects
random-dot moiré patterns. In one vari-
ation of the basic setup he lays a ran-
dom-dot pattern over its own negative.
The original consists of black dots on a
white or transparent background, the
negative of white dots on a background
of halftone gray. When Glass rotates
the top sheet, petal-like patterns (rather
than circles) appear. Apparently circles
are generated only when the contrast
between the dots and the background is
similar; arrays with dissimilar contrast
yield the petals.

In another experiment Glass gener-
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ates a random-dot display by splattering
black paint on white paper and making
a negative image of the result; he then
has the original printed in yellow and
the negative in blue by a photographic
silk-screen process. When these prints
are superposed and rotated, circles ap-
pear. Glass then repeats the experiment
but reverses the colors. This time super-
position and rotation yield petals.

Several people have written to me
about applications of the moiré pat-
terns. One of the most interesting letters
came from Edward B. Seldin of the Har-
vard School of Dental Medicine and
the Massachusetts General Hospital. In
oral and maxillofacial surgery Seldin
must correct certain types of deformi-
ty by moving parts of the facial skele-
ton. He traces the anatomy of a pa-
tient from X-ray photographs and then
studies the possibilities for change. In
many cases he seeks the one axis around
which part of the facial skeleton can be
rotated to accomplish the change.

To determine that axis Seldin has de-
vised a new technique based on random-
dot moiré patterns. He traces the fixed
skeletal parts on a background array of
random dots. On a transparent sheet
having the same array of dots he traces
just the movable skeletal parts. When
the transparent sheet is carefully lined
up with the other drawing, the random
dots are aligned. Seldin then rearranges
the movable parts by sliding the trans-
parent sheet over the other drawing. The
unique axis of rotation for the particular
rearrangement he has just achieved with
the drawings is neatly indicated by the
circles that appear in the overlapping
random-dot arrays. The rearrangement
could be made by rotating the movable
part around the point that was the center
of the circles.

The illustrations on page 203 demon-
strate Seldin’s technique. He began by
tracing the contours of a patient’s hard
and soft tissues and certain landmarks
based on an X-ray plate. The patient had
an open bite and a protruding lower jaw.
Seldin made a tracing of just the upper
part of the facial anatomy and super-
posed on it a random-dot display. The

© 1980 SCIENTIFIC AMERICAN, INC

tracing was done on acetate, and the dot
array was the one made by A. G. Klein
that I showed in April. Seldin also made
a tracing of just the lower facial anato-
my superposed on the same random-dot
display.

The top illustration on page 203
shows the upper and lower facial parts
aligned as they were in the patient. No-
tice that the overlapping random-dot
displays do not reveal any particular or-
dering of the dots. In the next illustra-
tion Seldin has moved the transparency
of the lower anatomy so that the teeth
meet properly and the lip contour is im-
proved. The axis of rotation for this cor-
rection lies at the center of the circles
that can be perceived in the dot arrays.

This new technique can aid Seldin in
planning for the actual surgery. For ex-
ample, he could cut the ramus (ascend-
ing part) of the lower jawbone to give it
the radius of curvature that would en-
able the bones to slide over each other
until the correction is made. Alterna-
tively he could make the correction by
cutting and removing an appropriate
amount of bone in the lower jaw.

Seldin says the exact location, size and
shape of the osteotomy (the removal of
bone) can be determined by drawing a
line extending from the rotational axis
and then rotating it through the same
angle as in the rotation of the dots. I find
this practical application of random-dot
arrays exciting.

Philip Garrison of Montreal wrote to
me about how he worked with a Xerox
copying machine to produce circles and
spirals in a random-dot array. He made
a Xerox copy of a blotter from a techni-
cian’s desk and ran the copy through the
machine after turning the blotter slight-
ly from its original orientation. When
the paper emerged, it bore two copies of
the blotter, one rotated from the other.
The copied arrays of random dots gave
rise to circles.

On some copying machines a copy is
reduced in scale from the original. With
such a machine you can get spirals or
“sunbursts” in the random arrays. Make
a copy of something like the blotter
Garrison had. Replace the blotter with
the copy and make a second copy. Re-
place the first copy with the second copy
and produce a third. The third copy is
reduced in scale from the first. To get
the two patterns on the same sheet insert
the third copy in the machine while
again reproducing the first copy.

Guy Ottewell of Furman University
suggested that one of the best moiré ef-
fects can be created by putting a large
halftone picture under its negative. If
the two are carefully aligned, the entire
area is black because each transparent
area on the negative is matched by a
black area on the print. Any slight mis-
alignment gives rise to a relatively white
area. If you slide the negative over the
print, the white area skims the surface.

A clever version of this technique was



sent to me by Joe Huck of Irving, Tex.
He had originally sought to create a pat-
tern of elements that were randomly
spaced but did not vary much in density.
He had been working with arrays of dots
that, when one was laid over the oth-
er, generated moiré patterns of aligned
rows of the dots.

To create a pattern of only one image
he modified his procedure. He made a
photographic print of a series of dots.
With a quarter-inch circular punch he
removed circles from the print in such a
way that each circle held one dot. He
glued the circles on paper with their
edges touching; the result was a triangu-
lar array of the circles.

When the triangle was several inches
long on each side, Huck photographed it

with high-contrast film. Only the dots
appeared in the negative. From the neg-
ative Huck made many prints, which he
pastedtogetherin a triangular array that
he photographed with a reduction of 50
percent. The product, which was some 8
by 10 inches in size, had a pattern of dots
with an average spacing of an eighth of
an inch.

Huck made three more transparencies
with a pinhole camera in which this pat-
tern of dots formed the pinholes. A light
was shone into the camera through a
panel consisting of a clear glass plate
and a plastic sheet to diffuse the light.
On this panel he put a ruby-colored
transparent film from which he had cut
a large star so that the resulting photo-
graph would consist of stars.

Near the other end of the box Huck
placed a glass photographic plate bear-
ing a copy of the dot array. The dots
functioned as pinholes, each casting an
image of the star onto a piece of photo-
graphic film at the far end of the box.
The developed film (a negative) was
the second of the transparencies he sent
to me, the original array of dots being
the first.

In his third transparency, which was a
contact print of the second, the black
and white were reversed. A fourth trans-
parency was like the second but had
overlapping stars. The size of the stars
on the second, third and fourth transpar-
encies was governed by the position of
the glass photographic plate. Although
the patterns varied somewhat in size, the
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Helping to keep the eyes

Lockheed knows how,

Posting strong new guards.

When the submarine USS Francis Scott Key put to
sea in October, 1979, the new, long-range Trident
missile system went on active duty—a major step
upward in our nuclear deterrent capability.

The development signaled a triumph of team-
work by the U.S. Navy, Lockheed, and other
contractors. In praising the performance
of Lockheed and the entire program
team, the Navy confirmed that all
goals of Trident’s range, accuracy,
and reliability were met or exceed-
ed, on schedule, and that missile
production unit-cost was less than
original design-to-cost figures.

A well-managed bargain, con-
sidering the leap in strength of
the Free World's defense posture.

Hitting trouble before trouble hits.

Another seagoing system, Lockheed’s Mk 86 weapon-
control system, is now on board or designated for seven
classes of Navy ships. For those vessels, it's an upper hand
in combat.

With great accuracy, the Mk 86 can simultaneously con-
trol a mix of weapons including guns up to 8" and surface-
to-surface and surface-to-air missiles.

In action, the advanced system can track numbers of in-
coming attack threats. Then it automatically computes
trajectories and triggers the right firepower to intercept and
destroy the hostile targets before they can home in.

Watchdogs over the waters.

For 40 years, Lockheed planes have bedeviled enemy
submarines. Lockheed Hudsons, Venturas, and Harpoons
helped win the World War |l battles of the oceans. And later
came the Neptunes, many still in operation.

The S-3A Viking (top) and P-3C Orion.

The versatile P-3C Orion evolved from those forebears to
become the most advanced land-based antisubmarine air-
craft in the world.

Able to dash at high speeds or loiter on-station, the far-
ranging Orion carries acoustic, infrared, and electronic de-
tection systems that are technological masterpieces. If that
weren’t enough, the Orion fleet is a cost-effective standout in
America’s defense allotments—its procurement takes less
than 1% of the U.S. Navy's budget.

Not to be outdone by Orion, Lockheed’s S-3A Vikings do
a similar job operating from carriers, and since 1974 they've
proved to be the world’s most advanced sea-based sub-
hunters.
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sharp and the talons strong.

Seeing beyond the hills
and trees. Kk

The U.S. Army will have sharp new eyes :
when the Lockheed-developed Aquila goes 1
on duty. A breakthrough in target acquisition .
systems, the remotely piloted Aquila carries -——

television and laser systems to pinpoint and desig-
nate otherwise unseeable enemy forces and weapons.
Small—6' long with 13’ wingspan—light, and quick in its
maneuvers, Aquila can flit over enemy terrain, transmit
real-time TV pictures to a control station, and successfully
dodge a heavy mix of enemy ground fire that manned

N ’ e

The Aquila test program RPV on its truc k-mounted launching ramp.
aircraft could not survive. (That's been proved in extensive

test flights.) Then, on command, Aquila streaks for its base,
lands in a retrieval net, and is ready to fly again.

The birds of burden.

Around the world today, “Hercules” usually means the
rugged Lockheed C-130 Hercules, flown by the U.S. Air Force,
Navy, Marines, and Coast Guard. Able to carry even large,

fully-assembled trucks and bulldozers, Hercules can use
short, remote airstrips of almost any surface —dirt, gravel,

= sand, or even snow. It's the world’s most versatile airlifter.

The airlift experts: the C-130 (front), C-141, and giant C-5.

Then there’s the fanjet Lockheed C-141 StarLifter. Now
being given in-flight refueling capability for global range,
each of the 270 USAF C-141s is also having its cargo hold
“stretched” by one-third to add the equivalent capacity
of 90 more StarLifters.

And finally, there’s the C-5 Galaxy, world’s biggest airlifter.
Depending on load, it also can use short, unprepared air-
strips. But it’s further able to carry immense tonnages of
outsize cargo, like two main battle tanks at once. No other
airlifter approaches that capability.

Those are just some of the many ways Lockheed helps keep
America strong and its liberty secure —liberty being granted
only to those who stand ready to guard and defend it.

When it comes to contributing effectively to military sup-
port, Lockheed knows how.

Lockheed
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spatial dimensions of the arrays were all
proportional because they were all gen-
erated by the same array of dots on the
glass plate.

When I lay Huck’s first transparency
over any of the others (either on a light
table or against a large window) and ad-
just the alignment, an image of a large
star appears. Huck recommends com-
bining the first and fourth transparen-
cies. Although the individual star ele-
ments in the fourth one are obscured by
overlapping, a large dark star image is
nonetheless quite apparent in the combi-
nation. Overlaying the first and third
transparencies generates a large white
star. The result of overlaying the second
and third transparencies is an image that
resembles a large spiderweb.

Henry M. Gerstenberg of the Nation-
al Bureau of Standards sent me two pho-
tographs of buttons. The first one shows
a collection of buttons that he photo-
graphed with high-contrast film. With
the negative he produced the second
photograph, in which the rotation of the
buttons creates a circular pattern like
the ones resulting from the rotations I
have described in the random-dot dis-
plays.

R. N. O’Brien of the University of
Victoria described to me how he applied
the rotation technique to investigating
an array of humps on the surface of a
salmon egg. When the egg is fertilized,
the sperm approaches one of the humps.
The humps are in a hexagonal array and
appear to be similar. Nevertheless, the
sperm favors a particular hump in a col-
lection that is about three hexagons in
diameter. How that particular hump
differs from the others is the subject of
O’Brien’s investigations.

To study the regularity in the hump
patterns O’Brien made large transparen-
cies of electron micrographs of the egg
surface. The magnification was some
2,300 diameters. He overlapped two
identical transparencies and rotated one
of them. With a rotation of about 15
degrees he observed a structure in the
transparencies that was about three di-
ameters larger than the unit hexagonal
array. This size (about 15 micrometers)
was approximately equal to the length
of a straight line that could be extended
through the humps on the surface of the
egg. O’Brien suggests that small-scale
ordering in seemingly random arrange-
ments might be studied in a similar way.
As examples he puts forward the possi-
bility of examining “such diverse things
as patterns in feeding flamingos, graz-
ing antelope, shoppers in a bazaar and
people in a mob.”

Some of the moiré patterns studied by
Glass can be generated on a home com-
puter. The upper illustration on page
206 sets forth a program that I employ
to create circles or spirals similar to the
ones that appear when I overlay identi-
cal patterns of random dots and then
rotate one of them. The program is writ-

Uncorrected facial structure with a random-dot pattern superposed by Edward B. Seldin

The correction suggested by moving superposed patterns
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ten in Level II Basic for a TRS-80 micro-
computer system, which should be easy
to modify for any variation of the Basic
computer language. (In the illustration
there are blanks between the commands
for ease of reading, which should be
eliminated so that the lines are com-
pressed when the program is entered
into the computer.)

I shall briefly explain first how the
program works and then what it causes
to be displayed on the monitor screen of
the computer. Line 10 clears the screen,
sets a value for PI and the conversion
(DR) of degrees to radians. (The trigo-
nometric functions in Basic require ra-
dians.) The next two lines ask (1) how

Array of transmitting
dots on Kodak glass

many spots should be displayed, (2) how
much of a rotation should be between
the two identical displays that will be
generated and (3) whether the second
display should be shrunk in relation to
the first. Without shrinkage circles ap-
pear; with shrinkage spirals appear.
The Xand Y coordinates for arandom
spot (labeled K) are chosen on the screen
through the pseudorandom generator
RND on line 40. (The computer consid-
ers the upper left-hand corner to be the
origin of an X- Y coordinate system. The
X axis extends to the right, the Y axis
downward.) Then the program calcu-
lates the horizontal distance XX and the
vertical distance Y'Y between the ran-
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domly chosen spot and the center of the
screen. Lines 60 through 90 assign an
angle T(K) to the spot on the screen. The
distance from the spot to the center of
the screen is computed and called R(K).
The last part of line 100 allows for a
shrinkage factor to make the spirals.
The program repeats the procedure of
locating a randomly chosen spot and as-
signing it an angle 7(K) and a distance
R(K) until it has assembled the number
of spots you wanted.

In line 120 the screen is cleared of the
questions, the desired rotation is put into
radians and the machine prints an as-
terisk at the center of the screen and (in
the upper left-hand corner) the rotation
(in degrees). The random-spot array is
turned on by the SET command in line
130. The program finds a partner for
each random spot in such a way that the
partner is rotated about the center of
the screen by the angle you chose. The X
and Y values for the second spot of each
pair are computed in line 140; the values
are rounded off in line 141. If the loca-
tion of the second spot is off the screen,
the program is told to go to the next spot
in the initial random array. If the second
spot is on the screen and a spot is not
already displayed there, the program
turns on the second spot of the correlat-
ed pair.

The procedure is repeated until each
of the spots in the initial random array
of spots has a partner (provided it is on
the screen) that is rotated around the
center by the chosen amount. Once all
the pairs are turned on line 180 provides
time for you to examine the screen. If
you want more time before the screen is
erased, change the 400 in that line to a
larger number.

After one rotation the program erases
the screen and turns on the initial array
plus the same display rotated through
twice the angle you originally chose.
Again you have a chance to examine the
screen before the program shows fur-
ther rotations. The number of rotations
is controlled by the 15 in line 120. If you
want more rotations or fewer, change
the 15. When the machine has complet-
ed the last rotation, it cycles in line 200
until you push the BREAK key. Up to
that point the last rotation is held on the
screen. The spots on the screen are real-
ly small rectangles half as wide as they
are high. Therefore I must include scal-
ing factors in the calculations: the divi-
sion by 2 in the first part of line 50 and
the multiplication by 2 in the first part of
line 140.

To check the program I run it with
one spot, an initial rotation of two de-
grees and no shrinkage. The circling
around the center is usually easy to per-
ceive. Once I am sure of the program I
run 100 or 200 spots with the same ini-
tial rotation of two degrees and no
shrinkage. The circles appear first on the
outer edges of the screen and then, as the
rotation is increased during the running
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of the program, they move toward the
center, leaving a random muddle of
spots on the outer edge. After a rotation
of 10 degrees or so the perception of
circles in the array is lost. I am not cer-
tain at what point I last perceive circles,
since they seem to disappear slowly.

I have designed the program so that a
spot and its partner are printed succes-
sively. In the early stages of the con-
struction of a newly rotated pattern a
correlated pair probably will appear in a
rather isolated area of the screen. Their
rotation from each other is easy to per-
ceive. Soon, however, more and more
spots are created around them and
perhaps even between them, and the
perception becomes progressively more
difficult.

To introduce shrinkage into the pat-
terns enter a value for the percent
shrinkage (S) when the program asks
you about it in the beginning stages
of running. A value of zero produces
no shrinkage. A value of 5 produces a
shrinkage of 5 percent between the ini-
tial random-spot pattern and the rotated
one. At the smaller angles of rotation
and small shrinkages spirals appear in

patterns on the screen. With either large
shrinkages or large rotations the spirals
usually disappear.

A peculiar image materializes if the
shrinkage is about 10 percent and the
rotation is zero. (Enter O when the pro-
gram asks you for the rotation angle.)
The screen appears to place you at the
end of an infinite “cylinder” of stars,
something like the patterns employed in
films to give the audience the sensation
of traveling through the stars at great
speed.

The program presented in the lower
illustration on this page causes a linear
translation of a random-spot array on
the TRS-80 screen. The program asks
how many spots are desired. Then you
decide whether the motion is to be strict-
ly horizontal or vertical or if it is to in-
clude both directions. Line 70 causes the
randomly selected spots on the screen to
turn on and computes the shifted part-
ner for each of the originally selected
spots. The partner is then turned on in
line 90.

When all the partners are found and
displayed, the program gives you a de-
lay in line 110 so that you can exam-

19 CLS: PI=3.1416: DR=.01745
2¢ INPUT "NUMBER OF DOTS"; D: INPUT "SHIFT ANGLE (DEG)"; DD
30 INPUT "SHRINKAGE (%)"; S: DIM X(D), Y(D), R(D), T(D)
49 FOR K=1 TO D: X(K)=RND (127) : Y(K)=RND (47)
50 XX=(X(K)-64)/2: YY=Y(K) - 24
69 IF XX=@ GO TO 110 ELSE T(K)=ABS( ATN(YY/XX) )
70 IF XX<@ AND YY=>@ THEN T(K)=PI - T(K)
80 IF XX<@ AND YY<@ THEN T(K)=PI + T(K)
909 IF XX>@ AND YY<=@ THEN T(K)=2*PI - T(K)
100 R(K)=SQR ( XX?12+YY?2): R(K)=R(K)*(1 - S/100)
119 NEXT X
120 FOR J=1 TO 15: CLS: DT=DD*J*DR: PRINT @ 544, "*";:
PRINT @ 9, DT/DR;
130 FOR K=1 TO D: SET (X(K), Y(K)) NT=T (K) +DT
140 NX=54+2*R(K)*COS(NT) NY=24+R(K) *SIN(NT)
141 WNX=INT( NX+.5) NY=INT( NY+.5) .
150 IF NX<@ OR NX>127 OR NY<Z OR NY>47 GO TO 170
16¢ IF POINT (NX, NY) THEN GO TO 170 ELSE SET (NX, NY)
1790 NEXT K
189 FOR L=1 TO 40Q0: NEXT L
199 NEXT J
2090 GO TO 200
A program for rotating a random-spot display on a home computer
19 CLS: INPUT "WUMBER OF DOTS"; D: DIM X(D), Y(D)
20 INPUT "SHIFT SIZE=? ANSW IN X, Y"; SX, SY:CLS
39 IF SX=@ THEN N=9 ELSE N=1
49 IF SY=0 THEN M=0 ELSE M=1
5¢ FOR K=1 TO D: X(K)=RND(127): Y(K)=RND(47) : NEXT K
60 FOR J=1 TO 15: CLS:PRINT @ 0,J;
70 FOR K=1 TO D: X=X(K) - (SX+J)*N: Y=Y(K) - (SY+J)*M:
SET (X(K), Y(K) )
80 IF X<@ OR Y<@ GO TO 109
99 IF POINT (X,Y) THEN GO TO 190 ELSE SET (X,Y)
100 NEXT K
110 FOR L=1 TO 400G : NEXT L
120 NEXT J
4900 GO TO 409
A program for shifting a random-spot display horizontally and vertically
206
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ine the screen. Then the screen is erased
and the original random spots and the
new partners, now further shifted, are
turned on. This procedure is continued
for 15 shifts of the size that you enter in
answering the question on line 20. If you
want more or fewer shifts, change the 15
in line 60 correspondingly.

In the early stages of the shifts the
array on the screen develops a notice-
able pattern that betrays the direction of
the shift. The fewer spots there are on
the screen, the more apparent the shift
direction is. By appropriately selecting
the initial shift you can cause the array
to shift straight to your left, straight up-
ward or at an angle toward the upper
left. After several shift cycles the pat-
tern in the random array begins to disap-
pear. Too many of the correlated pairs
of spots then have other spots between
them or next to them, so that the visual
process can no longer pick out the corre-
lated pairs. Shifts thereafter do not no-
ticeably alter the array on the screen.
Each shift goes from one random array
to another.

As with the other program, a pattern
is more easily perceived in the array
when the density of spots is relatively
low. Nevertheless, I usually run this pro-
gram with from 100 to 200 spots in the
original pattern. In each shift cycle the
screen is cleared and then the correlated
pairs (one original spot and its shift-
ed partner) are displayed. In this early
stage of the cycle the direction of shift
is easy to pick out. Later, however, it be-
comes much harder or even impossible
to perceive because of the larger den-
sity of spots.

Several changes can be made in an
investigation of the random-spot pat-
terns on a home computer. My TRS-80
monitor has a black-and-white display.
If your home computer has a color mon-
itor, you might modify my programs so
that the spots and the background on the
screen appear in color. Then you can do
some of the experiments Glass did with
colored arrays.

Can you arrange the colors so that
with one choice a rotated array on its
original gives rise to circles but with an
interchange of colors the circles do not
appear? Several of the other brands of
home computers have a better resolu-
tion on the screen than mine, which may
make the perception of linear shifts or
rotations much easier.

You may want to try one of Glass’s
random-dot patterns. The pattern is not
rotated but is expanded in one direction
(say horizontally) and contracted in the
other (vertically). Readers experienced
with home computers can doubtless
modify my programs so that they run
faster and perform various new tricks. I
would welcome letters about any mod-
ifications.

A peculiar visual effect can be seen if
you quickly swing your view across a
television screen in an otherwise dark
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room. For example, if you stand about
six feet from the screen, starting your
view about a foot to the left of the screen
and rapidly shifting it equally far to the
right side of the screen, you will proba-
bly see an image of the picture on the
screen “floating” in midair off to the
right of the screen. The extra image will
be slanted, with its top displaced to the
right from its base. The image may have
the same amount of detail as the picture
on the screen. If you move your view
through a larger angle (and perhaps ad-
just your distance from the screen), you
may see several of the ghost images off
to the right, although the ones at each
end of the series may be incomplete. If
you move your eyes in the opposite di-
rection, the ghost images appear to the
left of the screen. They are similar to the
ones at the right except that they lean in
the opposite direction.

I believe this effect was first reported
by T. G. Crookes in 1957. He explained
it in terms of the way the picture is creat-
ed on the television screen and the posi-
tion at which the image is formed on the
retina as the eyes sweep across the
screen. A television picture is built up by
an electron beam that moves across the
screen, exciting phosphors that emit
light when they drop to lower energy
levels. The beam is swept horizontally
across the screen line by line until it
reaches the bottom. The sweep is so rap-
id that the viewer is unaware of it.

Suppose that as you begin to move
your view across the screen from left to
right the beam has begun filling in an-
other picture, starting at the top of the
screen. The line that is generated just
then falls on your retina at a position
labeled AB in the illustration below. The
creation of the picture continues as you
shift your line of view. Soon the bottom
line of the picture is generated, but it
does not fall on the same place on the
retina because the view has been mov-
ing. Instead it occurs at CD. This posi-
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tion is actually to the right of 4B on the
retina, but your brain interprets it as be-
ing to the left. (The brain reverses left
and right as well as up and down when it
interprets what you are seeing.) The im-
age, which lies to the right of the screen
because of your rotated view, is a paral-
lelogram, with its top shifted to the right
from its bottom.

If you shift your view quickly enough
and are at an appropriate distance from
the screen, you may see another ghost
image. The first one is off to the right and
the second one is between it and the
screen. The second image is created by
the next projection of a picture on the
screen. The first line of this new picture
falls on the retina to the right of the first
image (at a place labeled EF in the illus-
tration). The last line falls at GH. Your
brain interprets this new image as a par-
allelogram, slanted in the same way as
the first image.

If you repeat the observations at a
greater distance from the screen but
keep the rate at which you rotate your
view the same, you will find two chang-
es. The ghost images are smaller be-
cause the television screen occupies a
smaller angle in your field of view. They
are also tilted more. This second effect is
a result of the first. Because the images
are smaller the top and bottom lines of
each image are also smaller. Since you
are shifting your view at the same rate as
before, the shorter image of the bottom
line means that it will be more displaced
from the image of the top line than it
was in the observations made closer to
the screen. Hence the image you see is
more tilted.

At sufficiently close distances the
ghost images will overlap because of in-
adequate separation of the images on
the retina. At larger distances the images
may be well separated but too small for
you to see the details of the picture that
had been built up on the screen. When
multiple ghost images are observed, the

one closest to the screen will be less clear
than the others because it arises from an
imagethatfallswell off the visual center
of the retina.

To maintain the rate at which you
sweep your eyes across the screen you
can follow Crookes’s suggestion of
mounting small luminous objects in the
plane of the television screen but off to
the sides. Sweep your view from one to
the other. If you move away from the
screen but want to maintain the same
sweep rate, move the luminous objects
farther to the sides so that the angle be-
tween them in your field of view remains
the same.

When you move your eyes rapidly up
or down, the screen produces less dra-
matic ghost images. If the motion is
downward, a bright, squashed image of
the picture appears below the screen.
Upward motion yields a fainter image
(above the screen) that is elongated ver-
tically. The images are produced in the
same manner as the more dramatic
ones. The difference in their height is a
function of the way the picture is built
up on the screen. The line sweep begins
at the top and moves to the bottom. If
you move your view downward, the im-
ages of the top and bottom line in the
picture are relatively close on your reti-
na, giving you a squashed image of the
screen. If you move your view upward,
the images of the two lin€s are relatively
far apart, producing a vertically elon-
gated image.

Most other luminous pictures will not
yield this effect because they lack the
rapid creation and disappearance of the
picture. For example, if you sweep your
view across a motion-picture screen,
you will see only blurred streaks to the
side. The entire picture in a frame of a
motion-picture film is projected simul-
taneously. The visual effect appears
only when, as in television, the individ-
ual elements of illumination in the pic-
ture turn on and off rapidly.
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SCIENCE.SCOPE

Transmitting the entire Encyclopaedia Britannica in just two seconds would be

possible with technologies being perfected at Hughes for increasing data rates
of communications satellites. Experimental hardware -- including signal proc-
essors, switches, and logic circuits -- has demonstrated rates up to 4 billion
bits per second while using but a fraction of the power of conventional equip-
ment. Satellites carrying these components and using time-sharing techniques

would need only one transponder to carry thousands of telephone conversations,
computer data links, and TV channels among scores of cities simultaneously.

A potentially lethal leak of hydrochloric acid from a million-gallon tank on the
Chicago docks was neutralized recently with the aid of a hand-held infrared
viewer. The device, a Hughes Probeye® viewer, senses heat to create bright red
pictures for display through an eyepiece. It let firemen see through a huge gas
cloud and determine the level of acid in the tank, so they would know how much
slaked lime to use to neutralize the acid. At a manufacturing complex in Long
Beach, California, a maintenance man used the viewer to discover two loose con-
nections in a high-voltage transformer feeding the plant's computers. Repairs
kept the transformer from burning up. Inquiries about the energy and safety
uses of the Probeye viewer should be directed to (714) 438-9191, Ext. 223.

A revolutionary mosaic infrared seeker, which creates TV-like pictures of a
scene's radiated heat to allow missiles to lock on and guide themselves to
tactical military targets, promises to provide increased performance at reduced
size, cost, and complexity. The seeker incorporates more than 1000 infrared
detectors mated to a corresponding number of charge-coupled devices used for
signal processing. All these elements are located at the focal plane of the
seeker. Unlike conventional sensors, which mechanically scan a scene, the focal
plane array "stares" at an entire scene to provide extremely high sensitivity.
The seeker, only four inches in diameter, is being developed for the U.S. Army
and the Defense Advanced Research Projects Agency (DARPA).

The Manufacturing Division of Hughes Missile Systems Group in Tucson has many
immediate openings for engineers. These career opportunities require expertise
in designing test equipment for advanced major electronic and missile system
programs. Openings range from digital logic, analog, and IF/RF circuit design
to electro-optical and IR system design. Also needed are industrial engineers
and manufacturing production engineers. For immediate consideration, send re-
sume to Engineering Recruitment, Hughes Aircraft Company, P.0. Box 11337, Dept.
SE, Tucson, AZ 85734. Or call (602) 746-8484. Equal opportunity employer.

Increased productivity is one major benefit enjoyed by the electronics business
since the advent of employee Quality Circles. Quality Circles are groups of
volunteers from a single area doing the same or similar work who meet regularly
to explore work-related problems and possible solutidns. Besides solving
problems, the circles help improve morale because employees have a voice in how
their work can best be done. Since Quality Circles began four years ago at
Hughes, about 160 groups have been formed, involving some 1400 persons.

Crsanng a new world with alectromcs

§HUGHES§

HUGHES AIRCRAFT COMPANY
CULVER CITY,CALIFORNIA 90230
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Invent away to
give a sick computer
a brain scan.

Gould did it,
electronically.

Today’s computers have intricate
nervous systems and well-
developed brains. Two good
reasons why they often need
neurological help.

But how can you possibly
diagnose a computer’s ills when all
its many complexities are molded
into integrated circuits?

Gould solved the problem with a
little electronic magic of its own.
For Gould’'s commitment to R&D
has resulted in a versatile line
of Logic Analyzers that check
to make sure a computer is
thinking correctly—providing in-
stantaneous visual and numerical
indications of the condition of its
sophisticated circuitry.

In the decade of the '70's,
electronic solutions like this have
helped increase our average
annual net earnings by 22.1%,
earnings per share 11.5%, and
sales by 19.5%.

And when you consider the
number of problems still waiting
for technology to answer, you can
see that our future looks even
more rewarding than our past.
Gould Inc., Dept. QSA, 10 Gould
Center, Rolling Meadows, |L 60008.

== GOULD

An Electrical/Electronics Company

© 1980 SCIENTIFIC AMERICAN, INC



After9vears,its
still built on
the same simple
philosophy

———————




"T'he world has changed a lot over
the past nine years.

So have our Honda Civics.

"They're still built on the same
simple philosophy of course: Simple
to own. Simple to drive. And simple
to maintain.

But the 1981 Honda Civic DX
Hatchback gleaming in our picture is
a very different car from the Civic we
introduced back in 1973.

INSIDE. SIMPLE BUT
CERTAINLY NOT PLAIN.

Some people thought our early
Civics were a little plain inside.

Well, the 1981 Civic DXis just
plain luxurious.

With velvet-like seat fabric,deep
pile carpeting, remote hood and hatch
release, glove box and tinted glass.

While on the Civic 1500 DX, a

rear window wiper and washer help

you see where youve been as well as
where youTe going.

SOME SIMPLE ENGINEERING FACTS.

"The 1981 Civic DX features front-
wheel drive and a transverse-mounted
CVCC’engine. 1335cc or 1488cc.

Four-wheel independent suspen-
sion, rack and pinion steering, a
5-speed transmission and steel-belted
radials come as standard.

New for this year, is the optional
3-speed automatic transmission.

DURABILITY ISALSO PART OF
OUR PHILOSOPHY.

We're not trying to say our cars are
immortal. But they are built tolasta
long time.

We hope it won't be long before
you test drive a Honda Civic DX.

Because if you buy our simple
philosophy, you're sure to buy our car.

We make it simple.
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There are over 3000 imported whiskies
in America.Only one can be the bestseller.

Thats VO P o
- Theres areason why, | N

More VO. is bought than any other imported
distilled spirit in America. More than any Scotch,
Canadian, Rum,Gin,Vodka, Tequila. You name it.
Enjoy our quality in moderation.

CANADIAN WHISKY A BLEND OF CANADA'S FINEST WHISKIES 6 YEARS OLD 86 8 PROOF SEAGRAM DISTILLERS CO N YC
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