


E'VE ALL been hammered now and
Wlhtu by the tired aphorism “Figures
don't lie."" Ridiculous! Thev are used
and distorted equally by the most devious
and the most guileless, the selfish and the
selfless; to buttress their arguments. He-
cause columns of numbers, graphs, and
charts are usually accepted as accurate and
authoritative, theyv increasingly decorate
every sort of article and bureaucratic report.
Frankly 1 am suspicious, distrustful, and
even resentful of this growing dependence
on surveys, charts, and graphs. I'm quick to
quibble over discrepancies, especially if
they challenge my own preconceptions or
cancern my taxes,

Recently two books crossed my desk. The
first estimated that one entire species of life
becomes extinct on earth each day. The oth-
er cited estimates that one to two species of
plants, alone, leave us each day. A Smith-
sonian news report notéd a warning that be-
tweennow and the end of the century species
will disappear at the rate of one per hour.

These sources are reliable, authoritative,
and well-meaning. Normally, such widelv
divergent numbers would stir me toa flurry
of quibbling, but unlike taxes this subject 1s
too important to permit figures to obscure
the probiem. To become miired in numbers
or argue the pace of extinction and do noth-
ing would be like standing in the path of an
onrushing train, debating its time of arrival.

So far as we know, man is the only species
capable of speeding or slowing our planet's
rush to extinction. We're proving the former
each day. Are weable or willing to prove the
latter? Further, there is no law—natural or
man-made-—that exempts us from the ever
growing endangered-species list.

Regardless of whose figures vou like, we
face a gloomy scenario, One tiny bright spot
is found in our article on the biack-footed
ferret in this issue, Given up for lost by
many, it séems to have crept back from the
brink of extinction.

Butwe must not take too much comfort in
this—whether the rate i1s one a day, one an
hour, or one a second, we are witnessing a
massive, accelerating, and terrifyving loss of
species that are irreplaceable. And too often
thev're gone before we have even found
them, much less understood why they were
here in the first place.
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The Once and Future Universe 7o4

What was fnconcetvably smoll ag long as 20 billion
years ago is now inconceivably large, vet still growing
at nearly the speed of light., Rick Gore reports on
science’s latest discoveries. Photographs by James A.
Sugar, paintings by Barron Storey, picture text by
David Jeffery, and a double supplement on the known
universe and a mew Sky Sureey,

That Noble River.

The Thames 50

Eyvewitness to empire, England’s regal waterway has
overcome pollution and neglect to become the world’s
cleanest urban estuary, even s aninnovative tide
barrier tames its wilder urges and surges. By Ethel A
Starbird, with photographs by Q. Lowis Mozzatento.

Wrestlin® for a Livin’

With King Coal 593

Like the mountains and valleys at the junction of
Kentucky, Virginia, and West Virginio, the fortunes
of the region rise and fall with demand for coal.
Michael E. Long and photographer Michoel O'Brien
chronicle the seesaw life of the past few years.

Warriors From a Watery Grave 5z
Submerged for centuries off the coast of Italy,
two heroic bronze statues tllustrate the highest

attatnments of Crrvel scudpture, Journalist
Joseph Alsop reports.

Last of the Black-footed Ferrets? #:8

Amonyg the rarest of North American mantmiis,

these small, fierce hunters were pushed to the brink
of extinction by settlers killing off their prey,

prairie dogs. Now biologist Tim W. Clark has counted
i small surviving population on the Wyoming plains,
Photographs by the author and Franz |. Camensind.

COVER: Apainst a bright field of ionized pas, the
dark, cool Horsehead Nebula rears in the constellotion
Orion. Photograph by David Malin © Royal
Observatory, Edinburgh.

703




104

¢ AH, BUT A MAN'S REACH should exceed his grasp,” wrote the
poet Robert Browning. “Or what's a heaven for?” Even ancient
man strove, with such technologies as the megaliths of
Stonehenge, above, to comprehend the heavens. When Galileo

turned his telescope skyward, he ushered in the age of reason and the
notion that, by using mathematics, mankind could indeed divine nature.

Recently our earth-based telescopes and spacecraft have revealed a
panoply of astronomical objects, behaving in ways heretofore thought
impossible, pulsing with undreamed-of energies. In charting some of
the billions of galaxies, like our own Milky Way, we have been stunned
by the immensity of the universe. (See The Universe, a special double
supplement to this issue.) Radio telescopes such as the Very Large
Array, above right, let us study objects so distant that their light



AND FUTURE

has been traveling toward us for more than ten billion years.

We have reached beyond Einstein and pioneered physics that traces
the universe back almost to its very instant of origin. Our universe,
astrophysicists have concluded, was born in an explosion of space,
called the big bang, perhaps 15 billion years ago.

Astonishingly, scientists now calculate that everything in this vast
universe grew out of a region many billions of times smaller than a
single proton, one of the atom’s basic particles.

The evolving logic of the cosmos defies our imagination. Still, man
continues to reach—back in time to unravel the secret of creation,
forward to discern the ultimate fate of this our universe billions of
years hence. Do we stand—as some think—on the brink of grasping
the infinite? Does man’s reach now truly exceed his grasp?

Photographs by JAMES A. SUGAR
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The effort to understand the universe is one of the very few things
that Lifts human life a little above the level of farce, and gives il some
afthe grace of tragedy. —STEVEN WEDNRERG, “TICE FIRST THREE MINUTEN™

N THE EVENING of January 27, 1982, Minoru

Honda, the most famous of Japan's many comet
hunters, had a feeling that something unusual had
happened in the constellation Aquila. Honda, 69, drove
up to his “mountain inn,” a fastidiously kept hut atop Black Rock
Mountain, not far from the Inland Sea city of Kurashiki. He
brushed a dusting of snow off the hut’s sliding roof and opened it,
exposing his eight cameras and wide-view telescope.

Then, as he does some 200 nights a vear, he bégan to
photograph the sky. Aquila would not rise until just before dawn.
This would be his first look at that constellation this winter. For
several months it had been too close to the rising sun to observe.

Honda became well known in Japan for discovering comets
shortly after World War 11, when the country was in ruins.
Inspired by his achievements in those desperate years, many
Japanese turned to the sky. Today the country has perhaps the
world's most dedicated corps of amateur sky-watchers.

“I'm not a professional,” he insists. “T just think stars are
beautiful. And if someone asks me what happened in the sky last
night, I want to be able to answer.”

Honda took two time exposures of Aquila that night, The next
morning on the negative he saw an unfamihiar black smudge. It
looked like a new star, one that would be barelyv visible to the
naked eve, but quite bright compared to most of the hundred
bhillion or so other stars in our galaxy, the Milky Way.

Honda quickly realized that this new star was actually a
tremendous nuclear explosion called a nova. To ancient
astranomers novae, which appear suddenly and gradually fade
away, were omens of important events. Recently astronomers
have concluded that novae release as much energy in just one
vear as our sun does in a million. They occur on the surface of a
bizarre tvpe of star called a degenerate dwarf.

I first encountered the dwarf, known now as Nova Aquilae
1982, five months after Minoru Honda, while I visited the
European station for the International Ultraviolet Explorer (IUE)
satellite at Villafranca near Madrid. I was beginning an exploration
myvself—of the exhilarating (Continued om page T18)

Steel eyelids shut at dawn as the optical telescopes of Kitt Peak
National Observatory are secured for the day. These and other
superb instruments push our knowledge outward into that
ultimate laboratory and profound expériment—the universe itself.
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[he age of the universe s one of astronomy's
great debates, Estimates range between U 2907 fabowve) |
B and 20 hillion years, Althouph no
consensus exists, the age of 15 billion years
used wn this arficle is conswstent with
most theories, give or tuke 2 billlom years,







THE
BIG BANG

AND
AFTER

WO CENTRAL
observations: On a large

scale, every part of the
expanding universe (I} is
receding from every other
part, a fact first recognized in
the 1920¢ by Edwin Hubble
(2}, A corollary is that all the
parts were once much closer—
in fact, packed into an
ultradense, ultrasmall clump.
The second observation, first
made in 1964, is that &
telltale rachation (3] at three
degrees above absolute zero
on the Kelvin scale (3K)
pervades all space in every
direction; it is interpreted as
the fading glow of the
ultrahot expansion that
brought into being space and
time, matter and energy.
Conclusion: our abservahble
universe began at a finite
time in the past in a hot
explosion—the big bang.

Physicists believe that just
after that time, perhaps 15
billion vears ago, the four
hasi¢ forces of nature—
gravity, electromagnetizm,
the strong atomic force, and
the weak atomic force—were
unified. Isgac Newton (4) first
explained the operation of
gravity {(5), now thought to
have separated from the
other forces just before Planck
time (6), 10°%* second—a
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tenth of a thousandth of 4
millionth of a billionthof a
trillionth of a trillionth of a
second after the big bang.
Some physicists think a
sudden inflation (7] followed
As the universe continued to
expand and cool, the other
basic forces separated. The
strong force (B) operates across
the nucle: of atoms to bind
protons and neutrons, The
weak force (9) produces
certain kinds of radioactive
decay, Electromagnetism (10}
was descnibed in 1864 by
James Clerk Maxwel] (111
Electricity and magnetism are
aspects of the same force. It
binds atoms into molecules
and, by means of massless
particles called photons,
transmits radiation across the
spectrum at wavelengths from
gamma and X rays through
ultraviolet, visible light,
infrared, and radio waves,
T assess the universe is to
inguire into the atom, now
known to be a complex
structure of particles
composed of subparticles
such as quarks orbited by a
cloud of electrons (12), No
earthly atom smasher can
ever duplicate the energy
avallable at the big bang. Yet
in the structure and behavior
of the very smallest things lies

the explanation of all matter.

Astronomy was simpler
once. To Ptolemy (13) the earth
stood at the center of the
universe. Copernicus (14)
displaced it with the sun.
Galileo (I5), aiming a telescope
skvward, first suw Jupiter's
moors. Kepler (16) discovered
the planets’ elliptic orbits.

Astronomy is experiencing
a golden age, in part because
it# tools permit exploration of
such objects as galaxies (17) all
across the electromagnetic
spectrum and to immense
distances. Yet abatract math-
ematics, especially the theories
of Albert Einstein, underhe
much of it, az Einstein’s image
underlies this painting (18). To
wit: Nothing exceeds the
speed of light; matter is a form
of energy; gravity warps space
and time.

The universe has much to
reveal, Did galaxies first form,
then clump together, or did
great sheets of matter (19)
fragment into clusters? How
will it all end? If the
energy of the big bang
can overcome or équal the
force of all gravity (20, 21},
the universe will expand
forever. If gravity
dominates, matter will
collapse, the big bang
becoming the big crunch (22).

Paintings by BARRON STOREY
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OLTH. planet and all its
continents, seds, and

tiving things rose from the
deaths of nearby stars, While
hvdrogen and heliuvm were
created by the big bang, the
more complex forms of
matter, {rom planets to purling
brooks to stargnzers, are
comiposed of heavier elements
created from the debris
scattered through space by
dving stars. The arms of a
spiral galaxy such as ours are
rich in stellar debris, cooled
clouds of gas and dust (1),
the birthplaces of new
generations of stars

When a gas cloud along a
ealaxy’s spiral arm is
compressed, 1t will collapse
under its own Fravity and
tgnite as a star if the clump
has sufficient mass; if less than
one-tenth the mass of our
sun, it may become a “brown
dwart"” (2). Jupiter is such an
object, too small to “tarn on”
bv nuclear fusion but still
shedding heat from its
collapse. Brown dwarfs
cannot be seen ut great
distances but may well
account for a large part of &
galaxy's mass

Our sun, or any star of
about the same mass (3), has a
typical history. It beginsas a
cloud of gas and dust, or

All picture text by DAVID JEFFERY )

THE
BIRTH AND
DEATH
OF STARS
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nebula. When enough matter
falls 1o the center, the central
mass ignites and bécomes a
star, which may go througha
“jet phase.” Stellar winds
blow gas and dust away from
the star and, in the case of
our sun. leave planets in the
clear. The star burns=
hydrowen, converting it to
helium. (The sun, at 4.6
hillion vears old, 1= about
halfway through this
process. ) Then, as hyvdrogen
becomes exhausted, the core
shrinks and hedts ever more
rapidiv, while the outer
luvers expand and the star
becomes a red giant, The
core, now almost pure helium,
s surrounded by a shell of
fusing hyvdrogen (4). Maore
contraction, more heating:
The helium core starts to fuse
and ignites, liberating
energy, and actually pulsates
for thousands of yvenrs.
Finally the helium core
collapses and fuses into
carbon, a stable state. The
outer lavers drift away (5).
The now naked core, a slowly
coolineg white dwarf, is |eft
“like a dinmond in the sky™—
which, being carbon, it may
well become.

A star of ten solar masses
(6} has similar beginnings but
a more rapid, flery, and

MaTIE =Sl OF R s PRl S |iim el

creative end, [ts core fuses
past helivm and carbon, all
the wav to iron. Iron absorbs
energy rather than releasing
it. In less than a second,
gravity overwhelms the core,
crushing it to a superdense
nueleus that rebounds
outward throwing off shock
waves (7). These blast
through the gases of the star's
outer envelope, superheating
them and creating heavy
elements in an explosion—a
supernova—burning brighter
than a billion suns (85, The
core then becomes & star
composed of neutrons, Like a
cosmic jce skater drawing in
its arms, the star's gravi-
tational collapse accelerates
its spin. This concentrates
its magnetic field perhaps 1040
million times, As the feld
encounters charged particles,
thev will be swept along and
emit radiation. Called a pulsar
(9], the star now beams radio
ar other waves from its mag-
netic poles like a hyperactive
lighthouse.

A star of 30 to 30 2olar

masses (10) may have aostill
shorter life. When its fue] is
exhausted, nothing can support
the core against its own gravity.
It must collapse into itself and
become a black hole and, in

n sense. exit the aniverse

e |
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wing  leastenergized form of radiation. pulse forth
nade inexplaining the origin, current state,  from intenzely violent events

% |
and u

lodavouruniversei1ssovastthat wemen leneths have radically revised our tradition
!

timate fate of the universe New insights provided by these wave-
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ht-vear—the nearly ten tril-  al vaiew of the universe as re
n kilometers that photons, the basic units  and static. Especially in the past decade the

of light, travel in a vear. It began perhaps 15 new instruments have reveated 1L 10 be an

billion vears ago with the big hang, the ex arena of furious fireworks. of galaxies hurl-
plosion of an incredibly tiny intensely ener- ingE out jets of matter, and of shock waves

gized speck of space. As this hot speck from exploding stars buffeting and heating

1.':'i||i-:'|"]'_'l:. and cooled, matier Iroze out nri interstellar gns to millions of decrees. 1 he

wdrogen and  universe, it appears, thrives on explosions

marily as the basic elements

helium. Theze elements condensed into gal-

axies of the celestial furnaces we call stars HEN HE TRAVELED from
Much of the progréss in understanding London's University College

this universe has come with instruments [ike to the Villafranca IU X station in

the IUE =zatellite, a joint Unitéd States- spain last June, Anthony Lynas-

European telescope, and one of many that  Gray was anticipating eight hours to himselt

have been probng regions of radiation be- on the IUE satellite: But earber that mehtin
vond the limited horizons of visible light Australia, astronomer Don Morton had ob-

The human eve cannotsee the vast bulkof  served Nova Aquilae in visible waveleng

radiation surving through space. For exam- during breaks in the cloudy skies. 1The nova

NOoOwW | |||- DO CLOFAD INErnaiiOnA: in

nle, extremely hot ohijects, suchasyvoungno-  was by

rae, emit most of their energy in ultraviolet, vestigation, and Lynas-Gray was told that

X-ray, or gamma-ray wavelengths, Cold, the IUE was being commandeered to follow

dark objects often radiate strikingly in the up the Australian observations with a nearh

nirared. Paradoxgcally, radio waves, the simulianeous ultraviolet look at the nova




Losing telescope time 1s part of life to as-
tronomers. Usually weather is the culprit,
Competition for telescope time iz fierce, and
a young astronomer s career can be crippled
if he 13 rained out teo often. Rescheduling
can take months or sometimes years

But Lynas-Gray took this change enthusi-
astically. When I met him in the control
room at Villafranca, the IUE was beaming
an miage of a star field down to a TV maoni-
tor. Lynas-Gray was helping technicians
aim the satellite’s telescope at the fading
nova. Eventhough the nova was by then ex-
tremely famt, IUE's ultraviolet eves could
break down its radiation, as a prism does
with visibhle light, into a spectrum filled with
valuabie data about the gas blowing off the
surface of that degenerate dwarl

The IUE data would take months to ana-
Ivze, But 1 learned enough about novae that
nighl Lo set my course

True, there are far more energetic phe-
nomena out there. A supernova, the nearly
total annihilation of a dving star, releases a
million times more energy, And quasars,
mvsterious powerhouses billions of light-
vears from earth, shine with the brightness

‘T love to see stars in the sky.
That's all there is to it." Not quite
for when amateur Minomu Honda
of fapan {left) processed film he
had taken on the freezing night of
1982, he sqw
something Hterally new
It spot of {ght (right, arromw)

proved to be a thermonuclear

January 27

{1 TTCTRN

Expiosion in (e constellation
Agutla, and Honda's discovery
sent profeseionals all over the
world to their instrumenis
Professional astronomers rely on
the scouting of such amaoteurs,
sipce research -*L'll'..'-'.:=."".|"|.'.'-'l -‘:I.'-'l."'I'-..II il
lerrge measure Of their ime
woking at known objects.

The Onee and Futiire LUniverse

of hundreds of galaxies. Novae, in fact, have
been a bit of an astronomical backwater

Nevertheless, the latest technology in as-
tronomy now was being turned on Nova
Agquilae. Moreover, novae offer basic in-
sighits into the fires that power our explosive
universe. Like Minoru Honda. I found
Nova Aguilae irresistible:

“1.do have a fancy for novae," said Honda
overtea. Inthe early 1970s Honda had shift-
ed his attention from comets to novae.
“These explosions took place thousands of
vears ago far away. Finally that light
reaches earth, | am sometimes lucky enough
Lo encounter it. 1 find that quite exciting,”

Honda has discovered nine novaée, As-
tronomers estimate that each yvear some 30
degeneraie dwarfs—also called white
dwarfs—go nova in our galaxy. Yet almost
all are hidden by interstellar dust. So thickly
does dust pervade the Milky Way that for
every photon of visible light that reaches
earth from our galachic center, some 30,000
light-vears away, another trillion are ob-
scured. We are lucky to learn about three or
four novae ayvear, and without the hundreds
of amateurs like Honda who patrol the sky,










even those would most likely be missed.

What is a nova? And how does a star be-
come a degenerate dwarf in the first place?
Sumner Starrfield, an astronomer at Arizo-
na State University, has spent much of his
carcer dealing with those questions.

“A nova starts oul with two stars, each
about the size of cur sun. very close togeth-
er,” Starrfield told me. Such binary stars are
extremely common—probably more so than
solitary suns like ours.

One of these two stars consumes all its
hvdrogen. If the star's mass iz comparable to
our stn's, it flares for 200 million vears or so
into a huge fireball called a red giant. When
it then exhausts its helium, itcontractsintoa
dwarf about the diameter of earth.

During thizs contraction, gravity squegzes
the dving star so tightly that its gas then be-
haves in ways that physicists consider de-

generate: Its structure now resembles that of

a metal, and when heated, it can no longer
expand rapidly enough to relieve the pres-
sure, The surface of these degenerate stars
hecomes ten million times denser than the
surface of the sun. Under this enormous
pressure the star's core, now largely convert-
ed to carbon, can compactintoacrystal. The
interior could actually be one big diamond.

As the degenerate dwarf and its compan-
ionorbit each other, thedwarf'sstrong grav-
itv pulls gas from the other star. This
swirling gas forms what astrophysicists call
an accretion disk, which feeds onto the sur-
face of the dwarf, wrapping it in an ever
growing mantle.

An accretion disk has recently become an
important astronomical concept, Just aswa-
ter swirls around the drain of a bathtub, gas
drawn toward a compact, high-gravity ob-
ject such as a degenerate dwarf spirals
through a rotating disk analogous to Sat-
urn's rings.

If Isaac Newton could have dropped his
apple into, say, a quasar’s accretion disk,
that apple would have gained, as it swirled
ever fasterinward, energy equivalent to that
in a five-megaton thermonuclear warhead.
That is 400 times more potent than the atom
bemb dropped on Hiroshima.

Gasswirling around a degenerate dwarfis
accelerated to 5,000 kilometers per second.
As this gas strikes the dwarf's thickening
mantle, the impact heats the degenerate gas

i22

enormously. Temperatures in the mantle
rise to the ten million degrees needed to
ignite nuclear fusion, the same process that
fires our sun. But since it is degenerate, the
mantle cannot shed the heat by expanding.

“Basically a new sun 1s temporarily creat-
ed around the ember of adead one,” said an-
other mova expert, Boh Williams of the
University of Arizona. A nuclear smolder
begins to spread. When it hits a flash point,
a holocaust engulfs the dwarf.

That explosive phase is what Minoru
Honda saw az Nova Aquilae. Several weeks
after Honda’s discovery, on top of one of
earth's great voleanoes—Mauna Kea on the
isiand of Hawaii—two British astronomers,
Andy Longmore and Peredur Williams, also
took a fancy to Nova Aquilae,

AUNA KEA rises 4,200 meters

(14,000 feet) out of the Pacific

Ocean. The six telescopes on its

summit git above nearly half the

earth's atmosphere and most of 1ts water

vapor. Moreover, in mid-ocean there are no

landmasses to create the atmospheric tur-

bulence that distorts star images in most

telescopes. In short, Mauna Kea 15 an
astronomer's dream.

Being there can actually seem like a
dream. At the summit oxygen deprivation
makes the newcomer feel drugged. To my
surprise, the stars did not seem as bright as
at sea level. With less oxyvgen the retina does
not function as well, “It's the only place I've
ever fainted,” said astronomer Tom Geballe
of UKIRT, the United Kingdom Infrared
Telescope. “Many people can't function for
a while. But it can be euphoric.”

Mauna Kea can also be a monstrous
mountain. “This is mot Hawaii," said
UKIRT astronomer Kevin Krisciunas. “In
July we can have snow, sleet, hal, and
freezing fogs. In winter the wind can blow
more than a hundred miles an hour, You
practically have to crawl along the ground.
Astronomers have been stranded for days."

Mauna Kea's height and climate make it
the most noted mountain in the world for in-
frared astronomy. Infrared wavelengths are
longer than visible light waves but shorter
than radio waves, Infrared radiation is es-
sentially heat. Evervthing above absolute
zero—even cold dust—radiates in infrared.

National Geographic, June 1983



Infrared waves can passright through inter-
stellar dust,
into our gal thy

Infrared poses one major problem, how-
“karth’s atmosphere 15 warm,  ex-
nlamned (Geballe, “Its molecules emit a lot of
infrared. 5o do telescopes lr_a-u-.u 1o do in-
frared from earth is like doing visual astron-
omy indayiight. We need special technigques
to eliminate hackground radiation. Obvi-
susly, cold, high, dry sites are best.”

Hence the British, whaose cloudy climate
typically frustrates astronomers,

UkIRT Mauna Kea, alongside an

letting astronomers see deep
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Americaninirared facility and a joint Cana-

dian, French, ar 15| Hawaiian ﬂjhln—l] Instru-
ment. UKIRT s 3. 8-meter mirror makes it
Lthe world's Llr'.zt'h'l Lie]ie SCOpPe devoled to
infrared astronomvy.

The question about Nova Aguilae that in-
trigued UKIRT astronomers Longmore and
Williams was whether the nova had begun
emitting much infrared. That would mean,
they believed, that the shell of gas blown off
by the nova had cooled enough to form dust
grains. Dust absor
light and re-emits it in infrared. Nova Aqui-
lae, however, had a surprise in store
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A new class of electronic chips
called charge-coupled devices
(CCDs) can detect nearly every
photon of visthle light that reaches
them. Photons gntering
telescope (diagrom, r‘ighi.l are
funneled onto a supercooled CCD
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“Even the first time we looked at it, we
saw excess dust grains,” said Longmore.
“The gas blown off by the nova couldn't
have cooled that fast. That means some of
that dust was there already. Hot gas must
have been coming off the star for perhaps
thousands of vears before it went nova,”

Why is this star dust so intergsting? Pri-
marily because it is the stuff of new stars.
Matter evolves during the lives of stars and
emerges largely through their nova, super-
nova, and red-giant stages, The big bang,
remember, created almost exclusively the
simplest elements, hydrogen and helium,

More complex elements are forged only in
the fiery death throes of stars. Some of the air
we breathe, for instance, may have been
released by a nova or a red giant. So were
many carbon and silicon atoms. Supernovae
have created most of the heavier ¢elements.

As Sumner Starrfield put it, “The very
materials out of which our bodies are made
were cooked up in a violent process some-
where in the universe."

While Longmore and Williams were
watching Nova Aquilae’s shell expand inthe
infrared, halfway around the world at Wes-
terbork in the Netherlands an array of radio
telescopes was also [istening in on the nova.

HICK CLOUDS off the North Sea

heralded an autumn storm as |

walked along a three-kilometer line-

up of radio antennas at Westerbork
with astronomer Thijs van der Hulst. These
14 grav disk-shaped antennas measured 25
meters each in diameter. They looked like
big ears tuned in to the heavens.

Neither davlighl nor the dismal weather
was deterring the Westerbork radio astrono-
mers. Radio waves are measured in centi-
meters or even meters—not in angstroms
like X-ray, ultraviolet; and optical wave-
lengths. They are thus no more hindered by
galactic dust or the North Sea’s raindrops
than ripples are stopped by mud suspended
in a puddle. Like infrared, radio waves also
let us probe distant, dusty reaches of the
UNIVETSE.

Moreover, when electrons move rapidly
through mapnetic fields, as thev do in parti-
cleaccelerators onearth and violent process-
es in space, they release rudio waves, Oddly
enough, 50 do the tiny molecules of some
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very important cosmic chemicals, 5o radio
emissions can let astranomers both map hot
eruptions and analvze the chemistry of cold
interstellar clouds.

For many months the ears of Westerbork
had been monitoring the expansion of Nova
Aquilae; 1ts radio data were sent, along with
the spectra from Hawaii, Australia, and
Madrid, to London’s University College.
There, astronomer Mike Seaton wasleading
a team that was working out a detailed por-
trait of the fires of Nova Aquilae. Those
fires, he concluded, were exceptionally vio-
lent. They mayv have blasted oul matter at
speeds more typical of a supernova.

E WITNESS supernovae in

our galaxy perhaps once every

300 vears, when one flares up to

become nearly the brightest star

in the sky, The star of Bethlehem, for in-

stance, was once thought to have been a su-

pernova, The last appeared in 1604, We are
due for another.

Supernovae come in two types. Type |
may begin as degenerate dwarfs. In fact, on
these dwarfs nova eruptions may merely be
precursors of a grand finale.

“MNovae are just blisters on & degenerate
dwarf's skin,” joked Craig Wheeler of the
University of Texas. “We supernova peopie
turn our noses up at novae. "

Indeed, the grand scale of supernovae has
special allure. “T'minterested in supernovae
because I want to know what makes a star
blow up—as well as which ones do it,"” said
Wheeler. “But a colleague of mine simply
likes anvihing that goes bang. Supernovae
do make one hell of an explosion.”

Supernovae occur so rarely in the Milky
Way that astronomers have to study those
that go off in other galaxies. ITn March of
1981 a Soviet astronomer detected the
brightest Type 1 supernova seen in ten
years—in a galaxy some 50 million light-
years away. This explosion, christened SN
1981h, has triggered more than two yvears of
analysis by a team headed by Wheeler.

What can blow apart a degenerate dwarf?
Like Nova Aquilae, Wheeler theorizes, SN
1381b could have been part of a binary sys-
tem, with mass from a companion flowing
ontoits surface, heating the star and causing
it to flare as a nova every 10,000 years.

Narional Geographic. June 1983
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These explosions still could not get rid of all
the accreting mass; <0 temperatures and
pressures within SN 19810 would rise

At some point, suggests Wheeler, things
just got too hot inside SN 1981b. Its whole
core ignited. In a few seconds the explosion
tipped through to the earth-size star's sur-
face, blasting the bulk of the star away 1n a
gasenus ball of elements. Ths cloud raced
outward so rapidly that, had it been earth,
our planet’s debris would have reached Plu-
to in enly a few days. That journey, by con-
trast, would take the Vovaper spacecrafl
more than a dozen vears

Type 11 supernovae explode no less vio-
lently. However, they signal the death of a
giant siar, not 3 dwart. These glants, with
masses of 8 1o more than 30 times our sun s,
are the primary cosmic alchemists. Like all
stars, they make energy by fusing simple
atoms such as hvdrogen or helium into more
complex clements, such as carbon and oxy-
mer. Such fusion releases energy through the
same process as does a hvdrogen bomb

This chemical cooking proceeds until the
star's core iz completely converted to iron.
Iron is the ultimate stellar ash. Ifs atoms are
s stable that they actually consume rather
than release energy when they fuse, hus
the star runs out of fuel and collapses. The
energy released by that collapse, however,

bounces the infalling matter back into space
as a tumultuous, glowing shock wave much
like SN 1981b's. The extréeme heat released
in this explosion also forges the heavier ele-
ments, such as uranium.

A supernova typically leaves behind a
a spinning neutron star. These lit-
tle stars are made of neutrons, atlomic parti-
cles that can survive the crushing gravity of
a supernova collapse. 5o densely are these
nentrons packed together that a thimbleful
of a neutron star would weigh more than all
the cars on earth

such tiny stellarembers, whose diameters
are each about the length of Manhattan,
concentrate the magnetic fields ol thelr par-
ent stars. These intensified felds cause high-
ly charged particles to stream, like the beam
of & searchlight, from the magnetic poles of
most voung neutron stars. These muni-stars
rotate rapidly, and, if the beams point
toward earth, astronomers can detect rapid
|:I-I|I|.'-1_"- of Tadio ENEregy as the beams flash
repeatedly past us. Astronomers call these
atars pulsars E

corpse

Unill November of 1982 the
astest known spinning pulsar was the fresh
corpse of a supernova that created the chaot-
i, brilliant Crab Nehula in the constellation
Faurus in AR, 10534, That neutron star 1s
still so charged up from its collapse that i
rotates 30 mes a second

A star is born but remains
invisible within a small globule of
dark gas and dust (left). What is
visible, ax discovered by Richord
Schwartz of the University of
Missourt at 5t, Lowuis, are bright
knots called Herbig-Harmo ohiects,
here connected by a glowing
filament. The less than millon-
year-old star is still organizing
itself, and in the process i1 elects
gouts of motter. As this matior
encounters other matartol, o
shiock front is creéated, and the
motion of ionized pas behind he
Front s comverted o radiation.

CIn g much grander scole
(right), galaxies called "the
toadstool™ are linked by a bridge
of hydrogen where great hordes of
stars are probably forming

Nattional Geographic, June 1953






BINARY
STARS: ODD
COUPLES

MINQRITY OF ONE,
oer sun his no companion

star. But the mojority of
stars appear in company. Our
nearest stellar neighbor,
Alpha Centauri, (s a three-
star systern, while Castor, in
the constellation Gemini,
st be counted az a trio of
double, or binary, stars
orbiting (o common center,

When binary stars are
close enough to interact with

NOVA AQUILAE

If a dense white dwarf aorbits
a nommal star, the ntense
gravity of the dwarf will
draw matter away from the
companior. This matter
swirls throuwgh an accretion
disk onto the dwarfs

surface, building up pressure.

TYPE I SUPERNOVA .

Awhire dwarf may erupt as ©
a nova mamy fimes Finally,
however, the buildup of
internal pressure becomes too
great, and the dwarf cannot
shed heat except by exploding
entirely. Unlike a Type 11
supernove—ihe catastrophic

each other, they produce
some of the most explasive,
peculiar, and baffling evénts
vt ohserved.

N 1979 Donald Backer, a research astron-
omer at the University of Cahfornia at
Berkeley, submitted a paper to a presti-
gious astrophvsical journal proposing

that an ohscure oliject listed in a 20-vear-ald
survey of galactic radio-wave sources might
be a superfast pulsar, The paper was reject-
ed as unconvincing and poorly written, He
put this object, cataloged as4C21.53, on his
back burner.

Backer returned to 4C21.53 last vear
while at the 305-meter-diameter radio tele-
scope at Arecibo in Puerto Rico, He and his
colleagues confirmed, after rechecking their
instruments for every conceivible glitch,
that 4C21.53 was in fact a pulsar rotating
642 times a second—20 times faster than the
Crab pulsar,

“T was simply stunned,” said Backer. So
wis the rest of the pulsar world.

Twao theories for making such =uperfast
pulsars have been proposed. One, the pulsar
was born with an extremely weak magnetic
field—the force whose drag normally causes
pulsars gradually to slow down. Alterna-
tively, the superspinning ohject’s magnetic
field decayed. Then a companion star began

T

Since the dwarf cannot shed
heat by expansion, the dxcess
is blasted away by periedic
nuclear explosions.

collapse of a giant star that
leaves behind a nettron
star—this explosion may
lecve no remnant star,

throwing mass onto 4C21.33, kicking it up
ta high speeds. Later the companion star it-
self vanished inasupernovaexplosion, leav-
ing this naked neutron star to spin alone at
heretofore impossible speeds.

Neutron stars whirling arcound compan-
jon star: are responsible for a variety of ex-
plosions in our galaxy. Most radiate storms
of X rays. More than any other wavelength,
X ravs have revealed the ubiquitous vio-
lence of the universe.

As penetrating as X rays are, they are ab-
sorbed by earth's atmeosphere. Early satel-
lite telescopes could not focus X rays well.
But in 1978 the Einstein Observatory,
which could make sharp X-ray images, was
launched. Before it died in 1981, Einstein
analyzed a dizzving assortment of violent
binarv syvstems: X-rav pulsars and X-rav
bursters, including a rapid burster.

“We are like the 18th-century botanists in
the jungle finding all those new flowers,”
said MIT astronomer Eric Feigelson, a
member of the Einstein team. “We are still
classifying things. "

If we had Einstein's X-ray vision we
would see our quist sky pulse and flash,

Nurtional Geographic, June 19841




55433

Even in a strange universe,
this was impossible—a star
that ssemed to be both
coming and going al @ guarter
of the speed of Hpht, Whiet
&5 433 may be 15 a neutron
star engulfed in matter from
g companion and firtng off
blobs of matter and jets of
radiagtion in rotating beams
that malke it look like a
relativistic vo-yo,

BINARY PULSAR

Two ultrodense stars, one a
plsar, the other a mysterious
cbrect 50 far unseen, hove
Been found circling about
each other in tight orbits
Their gravity pulls them ever
closer, and in time they will
merge. Thetr combined mass
will then be insupportable,
and they will disappear into
hlack hole of their own
maring.

LEDAT N ToarMErMD

X-RAY BURSTER

Material from g companion
accumulates on a neutron star
and is blown away—in
hours or doys on commaon
bursters, in seconds or
minufes on rapid bursters. Jt
may be that hydrogen fuses
agrd butlds up helium on the
stir's surface. Under
pressure, the hellum {gnites,
and, in fusing to iron,
(therates a burst of X ruys.

Some fires would appear for a few moments
and disappear for the rest of our lifetimes;
Others would sputter continuously at us.
Theentire sky would glow with the soft racdi-
ance of an unexplained dilute fog of ions, or
charged particles, as hot as 500 million de-
grees. We would alzo see bright 50-million-
degree supernova remnants plowing past
mtersieliar islands of ultracold gas.

[f we could extend our viston to see the still
more engrgetic gamma ravs, we would per-
haps once a week notice astonishing bursts,
popping off hke flashbulbs. On March 5,
1279, a particularly awezome split-second
gamma-ray burst was recorded. It may have
came from the closest galaxy to us, the Large
Magellanic Cloud. If =0, in that briel n-
stant, calculates Kevin Hurley of France's
Centre d'Etude Spatinle des Ravonne-
ments, the burster released as much energy
as one hundred bilhon stars. Even if the
burst had occurred in our own galaxv, as
most bursters appear to, its energy would
have been less, but still amazing.

Astronomers cannol explain these oulra-
geous outbursts. All thev can say is that the
bursts seem to be coming from an object

The Once and Fature Universe

about the size of & neutron star. Speculation
abounds, Some scientists have suggested
that the bursts occur when accreting gas
from & companion star somehow causes a
degenerate dwarf 1o collapse into a neutron
star without a supernova explosion. Others
have proposed that asteroids or comets
striking a neutron star cause the bursts,
Neutron-star quakes might also generate
Fiirma- l"-'.l.}’ l!Il!ET',EiEE-

Recently, however, 26-vear-old Bradley
Schaefer may just have seen the normally
invisible gamma-ray beast.

As a bov in Denver, Schaefer constructed
hisown telescopes and staved up nights star-
gazing. Later, when he enrolled at MIT, he
hecame infatuated with nearby Harvard's
plate collection, an archive of 400,000 pho-
tographic plates, each recording some tiny
part of the night skv and taken since 1885 at
ohservatories around the world. “The Har-
vard plates are a time machine,” said
Schaefer, “You can go back and sneak a look
at what any star was like 10, 50, nearly 100
vears ago. Very few people realize what vou
can do with these plates.”

What Schaefer did with them was to
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With a detective’s tenacity, MIT
groduate student Bradley Schaefer (left)
searched old sky plates in Harvard
College Observatory's archives, seeking
visual evidence for one of astrononty's
great mvsteries, a gamma-roy burster
But he couldn't be sure of spotting
arivthing.

10:31 pom. 17 November 15928

every move 5> 433's jets make. Individual-
ly, these sentinels are dish-shaped radio-
telescope antennas. logether they compose
the new pride of radio astronomy, the Yery
Large Array, or VLA (page 738). "It sa giant
radio camera,"” explained astronomer Bruce
Balick of the University of Washington.
“It's the most difficult way man has ever
devised to take a picture.”

I prefer to think of each antenna 1n the
V9LA as a rod in the retina of an eve. The
VLA's rods, however, detect radio waves
When VLEA's brain—its computers— com-
bines the signals each antenna senses, it can
create sharp images or redio maps

The 27 antennas can fan out far enough
across the desert to make the array equiva-
lent to & radio éve the size of metropolitan
Washington, D). €. This huge eve has the
resolution to dissect distant galaxies. Since
35 433 15 much closer—only 13,000 light-
vears awav—the VLA can zero in on the fine
structure of its jets.

The Once ared Fictire Univers:

After weeks of digging, he hit pay
dirt: a plate from South Africa récording
no unusual object (below left) and
therl, on another taken lesz than an hour
later (below right), o Aash of light
where the burster should be—mdication
rthat it does flash and emit rodiation in
visible Hght as well as gamma roys

11:17 pom. 17 November 1928
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The VLA devotes so much time to 55
433" jets largely because they may be minia-
ture wversions ol monstrous jels spewing
forth from highly disturbed galaxies all
across the umverse, Some of these "active
galaxies” throw out their jets at more than
99.5 percent the speed of light

To study these cosmic blowtorches, radio
astronomers have developed a still more re-
markable technique called Very Long Base-
line Interferometry, or VLBIL. They can
synchronize many hours of data recorded si-
multaneously at radio telescopes all over the
waorld to within an exquisitely tiny fraction
of a second, and in effect combine the tele-
scopes intoa radio eyve the size of the earth. A
satellite telescope, which would expand the
rivcdio eve to 40,000 kilometers across, may
be dadded to the network in the 1990s.

Already computers can make VLEI im-
ages that reveal 1,000 times the detail of the
VLA. VLBI can measure the width of a
human hair from 80 kilometers away




VLBI has revealed that those huge jets
seen in distant galaxies emerge from their
central cores. Anthony Readhead, a VLEBI
pioneer at Caltech, showed me a computer
movie of an active galaxy spitting out a bloh
of matter as part of a jet. The blob alone
measured five light-vears—or 47 trillion
kilometers—across.

That galaxy was a special one. It con-
tained the first confirmed quasar,

For vears after their discovery in the early
19605 gquasars mystified astronomers. The
extremely distant objects seemed mere
points of light, racing away from us at re-
markable speeds, but radiating a thousand
times more light than an entire galaxy.

To appreciate the energy quasars release,
consider a big nuclear power plant produc-
ing 1.000 megawatts of electricity. Muluply
thase 1,000 megawatts by a billion trillion.
Then multiply again by ten billion. That 5
roughly a quasar's power.

Only recently have most astronomers
concluded that quasars are in fact the cores
of very disturbed galaxies. Susan Wyckoff
and Peter Wehinger of Arizona State Uni-
versity have found a “fuzz"” around some 45
guasars, And Todd Borosan of Mt. Wilson
and Las Campanas Observatories has de-
tected starlight emanating from that fuzz.
Today we have charted some 1,500 qua-
sars—roughly one for every piece of sky the
size of the bucket of the Big Dipper.

Some astronomers argue that quasars are
much closer, and hence much yvounger, than
they appear. But most now believe that qua-
sars turned onin a great burst when the uni-
verse was one-fourth its current age.

The quasars have been speeding away
ever since, on the same thrust of expansion
initiated by the big bang. Since their light is
just now reaching us, their enormous fires
have probably long been quenched.

What cuused the quasars to flare? The an-
swer may also explain what upsets today’s
less active galaxies enough to produce jets.
The engine probably resides in these galax-
jes’ cores, which we cannot vet see well
enough to probe. However, many astro-
physicists already speculate on what they
will detect within the cores of quasars. First,
they would expect to find a whirling, super-
hot accretion disk, where particles of incom-
ing gas are accelerated to nearly the speed of
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light. The heart of this glowing disk, from
which the jets and hlobs emerge, would
span a diameter perhaps three times the dis-
tance hetween earth and Pluto.

Embedded in that disk would lurk the ul-
timate cosmic héte noire—a huge spinning
black hole.

HOUGH their existence is nearly im-

possible to confirm, black holes theo-

retically occur when matter collapses

into an exquisitely compact state. Its
gravity grows strong enough to trap every-
thing, including light, within the horizan of
its gravitational field. The earth, for in-
stance, would become a black hole, if it
could somehow be squeezed to the size of
amarble.

This extreme gravity plays queer tricks
with space and time. According to Albert
Einstein, time is a dimension just likeup and
down. At this moment [ am at a particular
paint in both time and space. The future and
past exist—somewhere else.

1f 1 could fallintoa black hole—and magi-
cally look back over my shoulder—I could
watch the entire future of the universe pass
hy. However. to soméone standing outside
the black hole, unaffected by this gravity, it
would take an eternity for me to cross the
black hole's border, or event horizon.

Incredible? Not to & mathematician,
Mathematics describes with ease cosmic
concepls that the human mind intuitively re-
jects, Infinity, for instance, no mone Lrou-
blesamathematician than does a black hole.

Black holes come in at least three sizes.

“A fraction of a second after the big
bang," explamed Caltech black-hole expert
Kip Thorne, “overdense regions of the uni-
verse could bave collapsed into multitudes
of mini-black holes as the rest of the universe
kept expanding, Each could have measured
less than the diameter of the nuclens of an
atom, vet weighed a billion tons."”

A loophole in the laws of physics, discov-
ered in 1974 by Stephen Hawking of Cam-
bridge University, probably enabled most
mini-black holes to evaporate long ago mn
catastrophic explosions. Some may still be
arpund. Perhaps once a month one may ex-
plode randomly in space.

Medium-size black holes result from the
collapse of ginnt stars too massive Lo stop at

Nationa! Geographic, June |943




the neutron star stage. They just disappear
mto their dark prisons, Also, a neutron star
in 4 binary svstem might become a medium-
size hlack hole if enough mass from its com-
panion accumulates on it to push it over a
critical edge.

In addition, a pulsar has been discovered
orbiting another compact object, separated
by adistance comparable to the sun’s diame-
ter. “That's like two soccer balls ten miles
apart,"” said Joseph Tavlor of Princeton Uni-
versity, “exerting a profound influence on
cach other.” Gravity = irresistibly drawing
the two stars closer. “When they meet in 300
million véars,"” says Taylor, “thev will merge
into a black hole.”

The monster black holes that may be at
the centers of galaxies probably formed as
the galaxies were getting organized. Whirl-
pools of matier would have gravitated
inward to the collapsing core. Michael
Penston of Britain’s Roval Greenwich Ob-
servatory believes his team has actually
weighed a palactic black hole by using IUE
to measure the speed of gas orbiting it. “The
black holen NGC 4151," he says, "has the
mass of 100 million suns.” The diameter of
such a black hole would stretch three-
fourths of the way from earth to Jupiter.

ALWAYS WANTED to know what a
black hole would look like,” said Uni-
versity of Hritish Columbia physicist
William Unruh. He was about to show
me & compuler movie he made to fulfill that
fantasy. “You can't see a black hole, Just its
effects. I imagined myself in a spaceship in
orbit around & 10,000-solar-mass black
hole, looking at the constellation Orion. ™

The movie began from a point in that or-
bit with an unobscured view of Orion. Soon
something that looked like a dark amoeba
with a twirling crown of stars moved across
the screen. The stars were not real. Rather,
the gravity near the black hole's horizon had
made a profound mirage, bending the light
from every stur in the sky like a lens and
focusing it into second images of those stars,
creating a halo around the hole.

As the spacecraft went behind the black
hole, Orion turned into & pinwheel. T could
watch the three stars in the hunter's belt
being pulled apart and hurled into the black
hole's crown of stars. As the spacecraft

The Onee and Fitiure Universe

came out from behind the amoeba, Onon
quickly reassembled.

Even though this star twirling was an illu-
sion, Unruh's movie was compelling testi-
mony to the gravitational stréength of black
holes. Black holes literally can tear stars
apart. Stars could well be what feed the
black holes in active galaxies. Like New-
ton’s apple in an accretion disk, pieces of
stars would liberate enormous energies and
create colossal fireworks on their swirling
descent into extinction.

“Fifteen vears ago hlack holes were on the
fringe of respectability,” said Anthony
Readhead. "Now we must take them seri-
ausly. No other mechanism can explain the
encrigies released by active galaxies. Nucle-
ar explozions won't do. Throwing stars into
black holes is perhaps a 50 times more effi-
cient way to generate energy.”

Cuasars may simply have been a stage
most galaxies went through as their black
holes formed and swept up stars and gas
within their gravitational reach. In those
early days the universe had expanded only
to a fourth its current size. Galaxies were
close enough to collide frequently, cannibal-
izing each other. So the quasar epoch may
alzo reflect the prevalence of food back then.

Theage of guasars has ended, “Apparent-
lv, most galaxies have used up the fuel near
their cores,” said Roger Blandford of Cal-
tech. “But they are left with their central
black holes, guietly waiting for more food.”

Occasionally there may still be acts of can-
nibalism. A strange dark band streaks the
agitated center of the nearby galaxy Centau-
rus A. “That band,” said University of
Washington’s Bruce Balick, “suggests that
Cen A has ripped apart a galaxy perhaps as
large as the Milky Way. Some of its rem-
nants now appear to he streaming in to feed
Cen A's monster.”

Does the Millky Way have a slumbering
monster of its own?

“Radio astronomers have found a curions
energetic dot in our galactic center,” said
Balick. “It could well be a black hole.”

We might even have been active ourselves
recently. “There's an expanding ring of gas
clouds around our galactic center,” said
Dennis Downes at the French Institut de
Radio Astronomie Millimétrique. “What's
causing it? Was there a big explosion "
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Hawking radiation,” that they will
sventually evaporate, and that some of the
mini-variety Ir*.":'-'m-'ul.' glready fumi

Gravity, in Einstein's formulation, causes
space and time to curve. When enougn mass 18
concentrated, as in o large collapsing star
that curvatire becomes extreme enough to
prevent light from escaping—a black hole
has formed

A rotating black hole of 100 million solar
masses with a diameter egual to Mars' orbil
conld B¢ a PO ful engine, here one drives
the qudsaral the heartof a young galnx
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Institute of Technolom .'h-:’Iml.‘Jr.'ﬁ.' hizs rmildde
H.IE__1||...I|_._||'j ributions to understonding
hov this mechanism might work. A star falling
infon the range of this black hole wiotilod b
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A still closer wiew enlorges the black hole’'s
event horizon, As LY oolect Such a8 4 8f '-'L'L"'II"I-I'
that was somehow able to cross this boundarn

would have its matter torn apart and
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call "the singularity,” a point of perhaps
trifirntie densth

What iz the final fate of matter that enters
a black hole? As Roger Blandford says, ©If 1
krew the answer to that question, I would be
very famots

Since not even light can escape a black
hole, one can never be seen directly. Yet |
[iex hetween a distant star and @ CoOSHLLC
nbserver, the hole will oot as a lens. As {ight
rays from the star Pdhs FLEedr the blachk hole
they will be bent by it2 intense gravity. [ he
hending will create o mirage, and the
bserver will think he I8 seeing Dwo stars
Artually, he is seeing what is not there—and
not seeing what is. Warped though it may be

the universe 12 ol Without a sense of numaor
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In Austrahia. where bath the ealaq
and our two closest galaxies, the Large
and =mall Marellanmie Clouds=, nas= directhy

gverhead, Mount Stromlo Observatory as-

tronomer Michael Dopita told me there is

evidience thal lessthan |

W million vears ag

a third Magellanic Cloud might have heen

ripped apart by the Milky Way
Astronomers are

tars above our galaxy's spiral disk, wher

.r'l'.'-|."_'.! ITHRIEY W OiLand
there 15 no longer enough gas to form stars
How did thev get thered Al=o, a Faseous
cloud. called the Magellanie Stream. waflts
like a tail out of the Milky Way. The stream
may be the remnant of a close encounter,
Mount Stromlo's Alex Rodgers
¢ astronomers doubt that there i= a

black holein our galactic center. "Howoever

W certniniy see & burst of star lormation in

va Umiversity of Arizona’s CGreorp

[TeTE RN
Rieke. We are just learning that the hirths of
stiars mayv be as explosive as their deaths.
Moststars formin groupsin cocoos
and dust, called Giant Molecular Clou
From Mauna Kea, infrared astronomers
Eric Becklin and Gareth Wynn-Willlams of
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the University of Hawaii have been mom
toring otir clogest MO, in the constel

Urion, walchineg the violent birth of several
COUNE stars, Tlll'-r ol I| |J'J|| ed> I HE
thes saud Wynn-Wilhiams, *t

also blow material awav ferocions]s

condense Ty

Big blobs of cosmic shrapnel, some emit
Ling &s much energy per sécond &s our sun
blast out from yvoung stars. Perhapsthe stars
are just 1gniting, launching a shock

that hurls out these

wave
raseous cannonballs,
such interstellar bullets may be pieces of
matter too small to form planets, sugpests
Dennis Dlownes. Similar pleces that stas
near thi SLAT Iy by OMme comets

Moreover, astronomers now see jets
sireaming from many star-forming coconns
Perhaps even stars go through a jet stage

As University of Arizona’s Charles Lada

put it “Mavbe when the sun was horn, the

solar system looked like a little quasar
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FIRST MOMENTS

Phvaics starts hare; theory cannot
agecount for conditions before this time
Grravity hax just broken free from the
gingle unmified force presumed (o exist ot
the big bang. Char umiverse s 100
Lvn?.-m:.hr i dlameter; if 18 tnconooety
ahly hot, bur cooling as (f expands

The *ffationasy epoch” begins. The
ohservable universe hus grown go Jir"
cm and s cooling, but it can rémath
briafly ir it& previous state, much us
wiater rematns Lguid below (0 C before
crystallising to lee. In this stote o
eemadition ke negattve gravity
devglops and inflotes the unfverse
exponentiolly. Toward the end of this
split-second epoch, the universe reheats
as the strong and electroweak forces
begin o take on separate (dentitics.
Energy begins (0 congedl into particies
f miatter stch a8 guurks and electrons
and their mirror images called
antimatter. Antimatter is identical o
mugtter but with un opposite charge, A
negative electron is, for exaomple, paired
with a positively charged twin called a
pasitron. The universe fas tnflated (o

the siz¢ of a softball

The inflattonary epoch-ends, kming
muode the universe smooth and almost
homogeneous. Matter, antimatier, gnd
radiation are a bubbling opague stew

Fhe universe has grown to gbout the
size of pur solor syktem, AL this (ower
remperature, quUarRs bind into profons
and neutrons. Malter gnd anfimattes
annihilate each other. Fortunately
there [ slightly more matter, and this
picess comprises the matter in the
umiverss todoy

Pratons and newtrons fuse oito atdni

nuclei; electrons arg sill (oo engrgetic o

e boyund (e afonis

Electrpns join with nuciel 1o make atoms.

Radiarion separates from matter, anid
light can now travel through spoce

Quasars form, and the observable
Lniverse (& O Course 1O assume i
familiar appearands right polrits

of {ight tn.a dark sy
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I have just returned from the Texas Sym- ¢4

posium on Relativistic Astrophvsics, and
the simplicity of Jamis Tan's lyrics soothes a
brain badly muddled by the complexities of
cesmology—the story of how it all began.

Inveking the insights of Emnstein and an
inscrutable command of mathematics, theo-
retical phvsicists have worked out a history
of the univerze all the way back to a mere
10 zecond after the big bang, That frac-
tion of a second would be expressed byvadec-
imal point followed by 42 zeros and a one—
L0ORC0000000G00000O0ODOCOCO00000DO0ODO0ON00 T -

What existed before 107 second? Re-
member, the latest theories propose that at
that moment our universe—all the cosmos
that we can observe—was condensed into a
region much smaller than an atom. Matter,
aswe know it, did not exist vet. The universe
was pure, pent-up, exquisitely hot energy.

*The very fabric of space and time was be-
ing fashioned then,” said British physicist
John Barrow of the University of Sussex.

If we could time travel back to this mo-
ment,; sugeests David Schramm of the Uni-
versity of Chicago, we might encounter “a
fonm of mini-black holes popping off and re-
forming. " Qur universe may have been just
a minute part of this foam. At some point at
leastone regton of the foam—ouruniverse—
began expanding rapidly, somewhat like
bread dough rising explosively fast. The big
bang had begun.

In our universe today there are four basic
forces—yravity;  electromagnetism; the
strong force, which glues together the parti-
cles within the nucleus of an atom; and the
weak force, which causes atomic nuclei to
decay radionctively, Phvsicistz have recent-
v predicted that at ultrahigh energies elec-
tromagnetism and the strong and weak
forces are unified into a single force.

Most suspect that at the extreme tempera-
tures prevailing in our tiny universe before
107 second, gravity also belonged to that
single dominant force. Since physicists do
not understand gravity well enough yet to
describe this ultimate unification, they can-
not break bevond the 107" barrier.

What caused the big bang? That question
alzo still transeends our knowledge of phys-
ics. However, o provocative new theory
called the “inflationary universe” takes us
back to that brink of our origin.

The Ownce and Fliture Universe

HE INFLATIONARY universe at-

tempts to build the umverse from

almeozt nothing,” saves the theorv's

originator, Alan Guth of MIT. “In
fact.” he says, “the universe may be the ulti-
mate free junch.”

The awesomely brief inflationary epoch,
descmbed by Guth and others, begins at
10-** zecond and lasts until 10°*%. By 107
gravity had emerged as a separate force as
the space foam had expanded and cooled
and the strong force also began to assume an
independentidentity, This transition, as the
single unifving force lost its previously per-
fect symmetry, caused a comndition some-
thing like the opposite of gravitational
attraction to permeate some regions of the
foam briefly. Space ballooned out. The re-
gian that would become our universe drasti-
cally inflated—to the size of an orange.
Then, much as steam condensing into water
releases a surge of heat, the emergence of the
strong force unleashed an intense reheating
af our bubhle of a universe.

Within those inflationary moments, es-
sentially all the matter and energy inour uni-
verse today was created. Quarks, the tiny
butlding blocks of protons and neutrons,
were produced by the intense heat, as wasa
familv of particles that includes electrons.

Did other universes form? Perhaps, Will
we ever know for sure? Physicists cannot
agree. Some contend all universes would be
like raizins in rising dough: Since the dough
continues toexpand, even expanding raisins
would never meet. Other scientists suy that
the expansion between raisins will slow
down and that as time goes by the growing
universes will eventually converge.

A voung universe could have been zo
dense it would have collapsed back on itself,
like a rocket without enough thrust to escape
earth's gravity, Or, matter might have been
spread too diffusely to clump into stars and
panlaxies. A burst of inflation would have
smoothed out the matter in the voung uni-
verse to just the right density.

“To get a universe that has expanded as
long as ours has without either collapsing or
having its matter coast away would have re-
quired extraordinary fine-tuning,” Univer-
sity of Chicago physicist Michael Turner
told me. He calculated that the odds of
achieving that kind of precise expansion
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without an early homogenizing inflation
would be the same as throwing an imaginary
microscopic dart across the universe to the
most distant quasar and hitting a bull’s-eve
one millimeter in diameter.

This finely tuned course was set by 100™
second after the big bang. Much later—
when it was a millionth of a second old-—the
pniverse had cooled sufficiently for quarks
to clump into protons and neutrons. At
about one second a ghostly particle called a
neutrino broke free, It was these neutrinos,

Prime space atlas, the
National Geographic-
Palomar Observatory
Sky Survey has guided
aSIFONDMErs since the
19508, Survey director
Wallace L. W, Sargent
stands by the #8-inch
Schmidt relescope. The
inetrument's optics amd
film emulsions are

being upgraded for a new
survey to be supportad
by the Soctety, the Alfred
P, Slogn Foundation,
and Eastman Kodalk
one that will look twice
as deep into space

many scientists now suspect, that went on to
plav a vital role a few hundred thousand
yvears later,

Three minutes after the big bang the tem-
perature of the expanding universe had
dropped to one billion degrees. Protons and
neutrons could then clump to form atomic
nuclei. Hydrogen and helium nucler ap-
peared. After 100,000 vears, the tempera-
ture had dipped 10 3,000 degrees; Electrons
bound with the nuclei, creating full-fledged
atoms. At this point, photons, the energetic
particles of light and other forms of electro-
magnetic radiation, were freed from a long
bondage with matter. In a sense, a glowing
fogr that had permented Lhe infant universe
was dispelled. The universe began to as-
sume s familiar appearance of darkness
punctuated by islands of starlight

This bursting forth of photons left an af-
terglow that radio astronomers can readily

44

detect today in every corner of the universe.
This diffuse background of photons has
coaled to three degrees above absolute
rero—the average temperature of the uni-
vierse today, These cooled photons are fossils
of the high temperatures that once existed.

HAT HAPPENED in the per-

haps two hillion vears between

the afterglow and the roaring to

life of the first quasar? Obvious-

lv, the galaxies formed, Today they are or-

ganized into rich clusters and superclusters,

One of the great debatés in cosmology 15 how

those clusters arose. James Peebles of

Princeton University conteénds that the gal-

axies formed first, then congregated. Soviel

theorist Yakov Zeldovich argues that galax-

ies arose out of clouds of primordial gas that

collapsed into thinsheets, These “pancakes™
then fragmented into galaxies,

“A new problem,” said Peebles, “is that
wi suddenly don't know what galaxies are
made of We thought it was mostly stars.
Now there's evidence for huge amounts of
dark, unseen matter within the galaxies.
Stars could actually be minor components.”™

This dark matter could be black holes,
dim or burned-out stars, lots of Jupiter-size
objects that were not quite massive enough
to ignite into stars, or subatomic particles,
The most fascinating candidates are those
tiny neutrinos that condensed out soearly in
the big bang.

Neutrinos resemble electrons, but they al-
most never interact with matter, largely be-
cause they gre so insubstantial and carrv no
electric charge. They blithely zip right
through the earth at the speed of hght. Tril-
lions have just passed through this page.

Neutrinos gre made continuously in stars.
But these that concern cosmologists are the
hig-bang neutrinos that still bathe us.

Few cosmologists paid attention fo neu-
trinos until 1980, when Soviet and Ameri-
can experiments indicated that these
supposedly massless points of energy might
in fact have a verv small mass. If so, that
wotld be cosmos shaking. Big-bang neutri-
nos are nearly as numerous as photons of
light. They could therefore account for more
than 90 percent of the mass of the universe.

‘“Ordinary matter may be ke caps of
snow on top of mountains of neutrinos,” A

Narional l'}f'.'!;.,-f‘-r.zlr?.iu'r CJune 1953




leading cosmologist, Jaan Einasto of the
Tartu Astrophvsical Observatory in Esto-
mia, told me. *Neutrinos could well explain
a striking new structure we are seging in the
universe. The galaxies and clusters now all
seem 1o be strung out along long intersecting
filamentz. In between the filaments lie great
volds—regions with no galaxies at all. ™

Viewed from afar, the universe thus
would look like an airy sponge (page 747).
The newfound voids that pock this sponge
may be as big as 300 million light-vears
across, This sponge could well be shaped
around a skeleton of neutrinos with mass.

"By the time ordinary matter decoupled
from photons, the neutrinos had already
clumped and started to build a structure,”
explained Alex Szalay of Eotvos University
in Budapest. “Matter would then simply
have fallen into the neutrino's prefabricated
gravitational traps.”

Computers have begun simulating how
neutrinos themselves might have clumped
fallowing the big bang. “We end up with fil-
amentary structures with big voids in be-
tween—just like the observable universe,”
said Berkelev astrophysicist Simon White,

We may not even be made of the domi-
nant material of the universe. That news
could further deflate our egocentric notions
of humanity'simportance. It need not. Some
scientists are arguing seriouslv that this for-
biddingly large and existential universe was
abhsolutely necessary for life to evolve.

“The elements life needs had to be cooked
up in stars,” suggested John Barrow. “The
cooking time to get them was at least ten bil-
lion vears. The universe had to be rapidly
expanding all that time. The universe ftias to
be large for life to have evolved.”

“What is the fate of the universe? Will it
expand forever? Will the stellar fires eventu-
ally go out? Will all energy dissipate and the
cold descend?” Astronomer Allan Sandage
was ruminating at the Mount Wilson Ohser-
vatory office in Pasadena on the subject of
eschatology—the philosophy of final things.

“Or will the universe one day collapse on
izelf in a big crunch? Will, as St. Peter de-
scribed, ‘the heavens being on fire. . . be
dissolved and the elements . .. melt with
fervent heat'? If that happens, the universe
might bounce back out of the crunch and
be reborn.”

Fhe Onee and Future Universe

Until the prospect of neutrinos with mass,
astronomers could not find in vizsible galax-
ies even 2 percent of the mass needed to
cause the umiverse to collapse. Massive neu-
trinos could indeed be what has long kept
the universe balanced right on the edge be-
tween the cold and the crunch.

Most evidence now indicates the universe
will expand forever, The question, howev-
er, it far from resolved. We simply can not
measure the size, the age, or the hidden mass
of the universe with encugh confidence.

The death of the universe either by fire or
attrition remains many hillions of vears off.
“The universe {5 still in its vouth,” said Uni-
versity of Hawal astronomer Brent Tully.
“It is probably past adolescence and into the
full blossom of its experience. It's still evoly-
ing. There'sstill Iots of material to make new
stars. It's a very vigorous universe."”

VERY TWO WEEKS physicist Mar-
vin Marshak drives four hours from
the University of Minnesota to a de-
funct iron mine near the Canadian

border. He descends zome 600 meters (o a
chamber where on occasion bats flap around
abank of 432 iron-ore slabs. Shielded by the
earth from cosmic rays, each slab contains
eight steel tubes filled with gas (next page).

Marshak is hoping to catch one of the tril-
lions upon trillions of protons that help
make up those slabs in the act of decaying. If
that should happen, the energy released
would charge up particles in the gas-filled
tubes. The event would be electronically re-
corded on one of the tapes that Marzshak
travels north biweekly to change,

“If we can sée & proton go away—convert
itself into energy,” said Marshak, "then we
can argue that the whole universe is dving.™

Proving that protons—and hence all mat-
ter—can decay would have profound impli-
cations for many areas of physics. Therefore
scientists around the world are conducting
experiments like this one in Minnesola,

In the universe's hot early days, protons
and their precursors theoretically decaved
and re-formed continuously, At today's
cooler temperatures they would only decay,
and at a vasily slower rate.

“1f vou lived to be 200, one proton in vour
body might decay,” said Marshak. The oth-
er 107" atomic particles would not notice,
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COSMIC MAYBES

["' PROTONS DECAY or1f
rtrinos—iread when the universe
wiis one second old—hove moss, the
universe 15 a different sort of place than
could have been imagined ¢ven fen
vears ago. These are profournd “ifs
Certain theories predict their realicy,
hut the procl i5-no
Deep within a |

that shields a proton-decay experirment

it yet in

Winnesota tron mine
from inferfertng cosmic ravs, Marvin
Marshak of the University of Minnesota
(upper left} inspects his derection
apparatus, [f protons—heavy subatomic
particles in the nuclet of atoms—decay
they do so extremely slowly. An
uriimaginable mumber must be
monitored in hopes of seeing a singie
event. If such events are proved, this
conclusion would follow: Matter is not
fundamentally stable and will
evaporate 1n some jar future

Neutrinos are thought o be os
numeraus as photons of radionon, yel
they @l but defy detection. I""'I
Learned of the U niversity of Hawiii

left) s part of a project to suspend
thousands of spherical sensors in the
Pacific Ocean to search for highly
energetic warteties of neutrinos.

Even if if took 100 million neutrinos
to equal the mass of a protorn, NEUrrnos
could still account for more than 20
percent of the mass of the universe

The effects of such mass on the
uriverse’s structure have been computer
simulated. A section (s modeled (dark
cubes, above right): (1) as it (s 5een (o
be, (2) as it wisuld be if neutrinogs have
no mass, (3) and with the assumplion
they do have muass, The apparent
universe has a fibrous structure like the
heavy neutrino I_.]lrl_l..l.

Using o computer b Lawrence
Livermore National Laboratory, loan
Centrello and Adrian Melott have
derived a model that includes neutrinos
with mass but omits other matier
(right). A structure [{ke this might have
been present in the early :m*'-'vr::' with

neutrings in giant strands and clumps
concentrating gravitatio .u' .-;'-ﬂ'n rhat
would attract matter after it was freed

from its bondage witn radiation

National Creographic, June [983






In & universe expanding into a cold and

ernnty starless night. nroton deday svoula b

AL 1t gasp. It would take many tnl

[iomis of vears for all matter to decay mto €n-

grey. Those diffuse sputterings ol eneris
||I:'.'.-"-.|'I Wil '| ||I. .Z:.::l!'. Ll 'II-'.:.T'IIiI'."'..IF
fire in a universe where the (ETNPET 2T

hl'n'-.':. !'|-|| CEsE Lk "llli".' el i

OWHAT ISTHE POINT of a untverse
that ends in such eblivion? The more |
heein to comprehend the umiverse, th
nore 1hal goaestiog ||||||'.|"'- il [" 1%l

N ATISTVRT. ill".|||||: =4 LI TR TR T s .il 18 W II

inauiring human beings, in front of black

.-'.;':j-_|-l'|-||.l:--'-"|--'lrr'!.l'li L5, A on

stars are beautiiud

[ hese pis [k continue to take nant sieps
Last January thev launched [1RAS—1thy
Infrored Astronomical Satellite. Owver 11
maonths IRAS, a joint U. S.-British-Dutcl

Lelesran @ill chart intrared emissions

cross 95 percent of the sky

[RAS 1= mapping star-lorming regions
and making energv profiles not only of the
Milkv Way bot also of thousands of galaxies
nreviously too faint to see in the inirared
IRAS can detect dust grains too cold
to 16 degrees above absolute zero—to
raciate sigmn ntly at other wavelengths
=ome sclentists zuspect that much of the

. 1
1 e " n
MIEsine mass neeoli | to ane day close thi

el il !'.E'I'-l 1 IR SO Berct .|.||'|' LINSEEN

Astronomeéers will take vel another step in

1986, with the Space Telezcope, the first g

ed above earth's

|:;|IJ| id = Lrgl I:I-I ||i|
ohscuring' atmosphere. It will see seven
times deeper into space and detect objects

aone-fiftieth as bright #s can earthbound
telescopes, It will revolutionize astronomy

TIIII' apice Telescope 5 not going Lo solve

] roblems. " its director, Riccardo

(Giaccont., cautioned me. “But it will teach

s how to look at thing=n adifterent way A

I|I'|.:!I i :E'_ |-II- ._:. -. j l -II-:-I' .'-I_-._IE-_ |.l|. ||I :_:Ir||| II!_'
‘What's important.” Giacconl added, “1s

L&Y LI yuman brain 15 now capable ol

understanding what's out there. We are

preading the light of reason out acros










Noble Rrver

Photographs by O. LOUIS MAZZATENTA

With nostalgia ahead and cares
Gstern, d foOUursome goes punting
during a lull in the Henley Koyal
megatta. Crenteel but never idle,
invigorated by a cleanup, the
alstore River Thames runs

through the soul of England



Alice was beginning to get very tired
ﬁ/‘ '.x‘f‘fﬁ}.{:{ ?{f]‘ hier sister on the bant,
and of having nothing to do. . . .

Alice's Adventures in Wondd
'|I .-.-I.--|: i A 1.
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manuscript (right)




1 hhe reaches dowon to Fungbourne woo one for a
sunny satl or for a moonlight row, and
the country round about is full of beauty.

Three Men ina Boat
ERDME K. TEROME
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Narrative flows easily on
the upper Thames, where a
tric of chums from
Cambridge University
foilow Jerome's classic 1889
vovage of mishaps, Lacking
orily a stand-in for
Montmaorency, the novel’s
Capricious fox terrer, the

studerits rowed about 180

mies round trip from
Hampton Court to a
landing near Ewelme,
ferome’s grave site.

Winding 146 mules, the
freshwater Thames relains
an unsutlied innocence that
nas [ore attracted the young
ar heart. Also near
Panghourne scurried the

creatures of Kermneth
Grohame’s Wind in the
Willows. At Teddington

the Thames feels the ride
though still 90 miles from the
sed, The river has inspired
guthors from Wordsworth to
W, H. Auden, camases by
Canaletto, and the Water
Music of ”..Jﬂlf*.‘.'
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London’s river saunters i

past the haunts of Charles was Folly Diech, where the

Dickens. A pub called The murderer Stkes met his ond
d | ¥

fioCHiveEr [ ywnst

rapes jabowve right) clatms 1
to he the original Six folly Architect Nicholas Lacey
Fellowship Porters, “a bar to surveys abandoned
softien the humoan breast VITERDISES "|'I¢j.'1fn d ke £

Wutual Friend mairy others after jumbo

ITh L ALY
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et s v A 1Ay Wooden verandal
vhersevare maketie — [ending ger
He warter. . . .

Dur Mutual Frienad

CHARLES DICKENS



L he barges drift

I/ ith the turning tide

Red sails - T ide

1o leeward, swing on the heavy spar.

[he Wiaste Lar



For old times” sake ¢

flotilla of sailing barges ¢nd
smaller smacks lumbers
through a race on the lowes
Thames. As late as 1900,
barges did yeoman duty when
some 2000 haouled bricks

hiry, cole, ovsters, and other
cargo along the coasts and
across to the Continent. Bu

pradually thiv bowed to
swifter fransport, 1'1"1|.| :'l"-'.lli'.'

ortly abaut 50 survive, many

elepantly restored for parties.

avearing the North Sea
Lhe | hames widens to more
Lhan five mitles, bearing an
effluent vastly cleaner than
durtne the sailing barges’

neday, when Londomn's

exploding population
discharged 1tz waste directly
into the river, spawning
cholera epidemics. As recently
as 1950, the Thames was
considered dead. Yet,
remarkably, after an intense
anttpeliution campiaign, (£ (s
now rated as the world’s
cleanest urban estuary,

=
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LDy FATHER THAMES—his

heud pillowed in the Cotswold

Hills, shins soaking in the North

Sea—meanders a mere 236 miles

across southern England. Yel

few world-class rivers anvwhere

have etched a more enduring impression on
as many millions for as many vears.

Much of the biography of Britain was
written in blood along its banks. A glohal
tracde of unprecedented proportions was
long transported onits tides. Here monarchs

ruled and the poels sang their sweetest.

Writers Defoe, Masefield, Wordsworth,
Spenser, Kipling, Johnson, and Pepys all
were gifted devotees of this "most loved of
all the ocean's sons.” 50, too, were painters
Constable, Turner, and Whistler, who cap-
tured its moods on canvas,

Down the river's serpentine rosdstead
sailed the ships that once made Britain the
major maritime and merchant nation on
earth. And on itz foreshores rose the lasting
glory that is London

(4) recalls gentler times and
talls. A statue of Old Father
Thames graces St. John's Lock
and Bridge (5). Oxford’s
Radctiffe Camera (),
completed tn 1749, (s now
part of the Bodleian Library.
Henley on Thames (7) features
@ foshionuble regatta.

ERTILE WATERS hawe
ingpired works as timeless
s Alice's Adventures in
Wonderland (1) and The Wind
in the Willows (2], 8t. Sampson's
Church (3} commands Cricklade
and holds artifocts dating
from the tenth century, while
Halfpenny Bridge in Lachicde




Birthplace of this historv-haunted river
remains a matter of dispute. Officialdom
savs Thames Head, where no running wa-
ter, in fact hardlv any water at all, has been
sgen invears, Others place itsorigin at Seven
Springs (higher even than Thames Head),
whose dribbling output spawns the River
Churn, a Thames tributary.

Either way, the first depth reliable
enough to carry a canoe in most seasons
starts at Cricklade, where 1, too, began mv
mid-March rambles downstream. Lazing

R IF i &

1Y e

along beneath sparse sunshine, I paddled for
miles through a countryside little changed in
a thousand vears, Church towers pinpoint-
ed rare patches of civilization; cows, crows,
and coots were my only companions. 1n all,
a placid panorama that conjures up images
of England in1ts infancy.

Al Newbridge, marked by two inviting
inns, the nver begins winding between
townless water meadows to reach Oxford,
home—since the 12th century—of Britain's
oldest university.
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Runnymede (8), including an
acre given to the United States
in honor of John F. Kennedy,
saw Kmg John acoept the
Magna Carta, Hampton Cowurt
(9) was expanded by Sir
Christopher Wren, who also
rebuilt St. Paul’s Cathedral (10)
after the Great Fire of 1666,

The river’s flood stage (11)
Hlustrates London's need
for the Thames Barrier.
London's Globe Theatre gave
Shokespeare (12) a stage, just
as (ts waterfront stirred Chaorles
Dickenzs (13). Roval barges
included Queen Mary's shallop
(14}, butlt in 1689; the 19th-

centtury Cutty Sark {15) evokes
the golden age of clipper ships.
Crreenwich time wae launched at
the Old Royal Observatory (16),
which stands at 0° [ongitude. An
enormous steamship engineered
by [. K. Brunel (17) sailed from
London’s doclks, now eclipsed by
T'ilbury’s { 1.8).




Holidavs had almost emptied its 35
colleges; ten of them were thnving before
Columbus’s time. Priestlike in their black
robes, academicians hicveled about, look-
ing like s0 many levitated ghosts of medieval
days, Traditions cling like lichens to the uni-
versity, adding to its musty charm. Care-
fully controlled access to its cloistered
quadrangles magnifies the mystique. Amid
splendid Gothic architecture the famous of
tomorrow, as of yesterday, learn how Lo be-
comé that way. The
university’s Somer-
vilie College has the
distinction of having
educated two of the
world's three women
prime ministers—
Indira Gandhi of In-
dia and Margaret
Thatcher of Great
Britaimn.

In 1913 a native
son named William
Morris gave up bicy-
cle repair for horse-
less carriages. His
legacy lives on as the
sprawling BL (Brit-
ish Levland), which
endows Oxford with
its present split per-
sonality: half gown
town, half motor
ciLy.

Chartering a river
crutser below Folly e
Bridge, 1 rode the
rain-swollen current
between banks well
sprinkled with the
most patient of all
people—ihe Thames fishermen. For sheer
numbers and inertia, no one else comes
close. Rain, shine, or underskies nsually tat-
tletale gray, they stare the day away. eves
fixed on float or pole tip. For two hours |
watched a dozen diehards being drenched
by a downpour near Abingdon. But for an
occasional flipof acantop or break to rebait,
they might have been frozen in amber

The best they can hope to hook are such
coarse fish as roach, chub, carp, or bream,
which thev usually return to the river. Asan

ihZ

You can walt bl the cows come

home for water to spring from
usually diy Thames Head, the river's
fficial but disputed source (above)
Downstream, Cricklade Cricket
Club members punt to a Sunday
muatch, escorted by their loyal
mascot, Toby,

extra handicap, anvone wishing to fish pn-
vite stretches must pay a fee to the owner or
a fine to the magistrate.

Match angler Bill Biggs of Wallinglord
usually baits his hook with bread or worms
“But maggots are best for tournaments. Just
set out & piece of rotting meat and wait for
a flv to lay eges on it. Once the maggols
hatch and fatten up, they take to wandering.
You got to keep 'em cool, like in the indge.”
Mrs. Biggs withheld her opinion of this

arrangement.

i Bill thinks the
Thames is deterio-
rating as an anglers’
river. “Too many
boats, too rapid a
runoff; they tear
away weeds fish need
to feed and breed.”

Caretakers of the
upper river try their
best to control its
flow of fresh water;
more than 1,400 mil-
hon gallons on an av-
erage day pour into
the tidal Thames at
Teddington. They re
equally concerned
about its  purity,
since it supplies 73
percent of the needs
of 12 million inhabat-
ants of the Thames
basin., Five percent
of what gushes from
London taps may
have had preévious
USETS.

The upper two-
thirds of the Thames
became a major thoroughfare about thetime
man first settled beside its willow-shaded
waters, But as obstructions multiplied and
rallroads emerged s prime movers, Cargo
barges all but retired from the upper river;
recreational cralt run it today.

Freedom of navigation was first chal-
lenged when shore owners began to im-
pound the low by building weirs to trap fish
and turn mill wheels. As a sideling, some
bankside bandits closed their weirs to create
shallows, then charged stranded boaters

Nationagl Creagraphic, June 1983
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Meandering lazily, the
Lpper river Invites a
CTUISET Upstrenm
egtween Oxford and
Lfehlaode | rt_'_'l'-'l‘l

i ]
Sweaping bends disguise

Ky
I

the _T'i'.'." that the

T'I

freshwater Thames has

e straitjacketed with
44 wetr systems and
dotompanving locks,
Wetr bultlding to turmn d

il o trap fisk had

cCONTHE 86 X '.'l'.!.l £'r
|
T . AR
1200 tRat one Clouse of
the Mogna Carta

pronibited the practice

to little avail, Today's

WELRS MAaintain a s "l;fl:'"_l_'.'

P
level, glthourh some yM
20,000 bots make

formidable quenes on Dusy ¥
passage through locks. Ll
£ el

Whitchurch Lock
Viages (below) sell:
homegrown spinach and rhubarb 10 passing mariners
As lockkeeper, he's geen plenty of incompleat yachtsmen
“A poodle fell tri the [ock; his owner dived to the rescue
and J had to fish ‘em both out,” he told the author
Pradition (s seripus business af Swinford Bridge, one
of onty two toll bridees remaining over the Thames,
There Philip Bateman (abowve) collects twopence from
moforists. A public outery hos gocompanied the bridge

rwher’s attempts to raise the toll to tenpence



lown and gown share the embroce of

1 K "l.il 11 —-|-||||:'|-|-|—|||I. |||-|
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[oop around Oxford (abowve). The

university, aldest in the United Kingdom

began in the 12th century and has
grown to 35 colleges. In 1513 William
Morris started making cars in Cxford;
his Mormis Garage, which buill the
famed MG, has since been absorbed by
BL (British Leviand)

.:"'-':I-]I_-I_- -|I._||: E r-i”l'rl'”'l'.l FOWETS I|I.' L
challenged each other on the Thomes
with o rocing style designed to
gliminate L'-lri'._r'-u.'r'.' ot by bumping the
hoat ahead. During Eights Weer finad
competition last year, Oriel Colleg
remained Head of the River, After
months of training and rigid discipline,
the crew lets off steam by destroying an

1 B4 i | ¢he

PRGIER SOEebe) o —-T1
el b |.|.'|I il ROl Cociean

Bump Suppe

outrageous fees to set them afloat again

lodav's 44 weir systems, all ||'1|uh|_=
owned, can forthe most part maintain a crit
ical water level. Otherwise, with anaverage
drop of only 1.5 feet per mile;, iz watlers
would spill all over the place at times, barely
wirt an ankle at others

sirict regulation usually assures enough
it the average cruiser as far up
stream as Lechlade. But walting in long
jucues to enter locks around the weirs can

LIRS URNLE TRRLL i'l Gl B SUTTIMIE: !'I"-l'll-_l_'.

With some 20,000 craft barricading the
banks and muling around on the upper
T'hames, the lockkeeper's lot 1s not always
an easy one. Ask Fred Mages. In a sylvan
setting once stirred only by oar, paddle, and
punt poie, he passes some 400 powerboats a
summer weekend through the lock he tends
at Whitchurch

“errronal Cre |."-_'l"-:i|"""|.': fane J9AA



Many of the craft he handles are operated
by Inexperienced skippers who come in here
broadside, wrong end to, and belly up to
the Dank. LockKeepers learn early o keep

thelir cool

Cne of those ridiculons davs, thiz bloke
wraps a rope around his foot, and 1 had to
unravel him. Another ran into the barmer
and broke all the crockery. An angrv old gal

umped ashore and asked the way Lo ithe

nearest rall station: she'd never known Gl

her husband took the helm she'd married a

- - o | ] -IEI..I LI

IR LW | I; |'..'I-:.:: :'—.ll_l_ |
r. 4 ra i PPN NN PR .
udeing from oeak traffic davs along this

otherwise tranguil Thames, majority opin-
Ion seems well expressed 1in Aenneth (rra-
hame's Wind in the Willotws, penned near

Panebourne in 1907 “There i= motiimg

utely nothing—half so much worth do-

i
II-I - | 1

Mg as simplyv messing aboutl in boats

Fhie Thames: That Noble Rived

na spoke Water Rat, whno, with Mole and

H.':'l-_'l'l' roamed esiate country west o

Reading and Caversham. And author John
Galsworthy was so taken with Mapledur-
ham House that in 1922 he made it the fic

tonal home of the Forsytes of Saga fame

SVIOUSLY . there's something about

IN1s :_:--||' ||.I|||'-':-.- |I. '|'|.|!:: 'I"

drowsy, dreamiike guality that brings
out the whimsy in writers. At Oxford a shy
untversity don named Charles Dodgson
amused three voungsters with make-
believe while rowing them on the river, His
tales later found fame as Alice's Adventure
it Wondevianad

mome of '|-l'|.::'- s better known Lper

Than |"--'--l|'.'|'- | .II'I|| Liy A ||_;:i:|-_'r' ilecibel
drum. Led Leppelin's lead poitarst ived m

Pangbourne; 1T heW howsas based at Gorine







Old schpol He (ives on an the Oxford

Callese baree fabove ), restored by the

Swan Hotel, The barge holds g weddine

receplion for Robert and Morop Trives,

—

acing camera af left. To remain
newtral, the hotel painted the exterior
both Oxford’s dark Blue and
Camobridee’s {ight blue. Once clubhotses
for rowers, such barges are now
decaying. A presenvdtion fund helps
refurbish four, tncluding the Corpus
Christi barge (left), where students help

with a job that may cost 330,000

Fhe Thames: Thar Noble Rive

home of lead man Peter Townshend

On my spring run down the stretch above
Reading, floodwaters were “going like clap-
pers" over wide-open weirs. Frozen rain-
drops clung to bare branches like premature
pussy willows, and even rooks remained
nestbound awalting better weather.

With all its bluster, this season appeals (o
me motre for river crusing than crowded
summer. Relaxed lockkeepers at their jolly
best called ahead to make sure the next gates
were open, and leafless trees permitted long-
er views of coming attractions

Lightly inhabited reaches, with @
frequent vintage towns and villages, dimin-
ishied as | approached congested Reading.
The sometimes lionired, sometimes de-
spised Oscar Wilde commemorated his pris-
on confinement here by penning “The
Ballad of Reading Gaol.™

iy k=

ESPITE the fellowship and unham-
pered passage that come 5o easily on
the wintry Thames, summer is the
time for some of the nver's muom events
Like the Henlev Roval Regatta, the grand
prix of rice rowing,

Here, for four days in July, I watched top
garsmen from around the world bend their
backs to win a coveted Henlev trophy. Bul
the milling crowds ground me seemed to
wmve other matters on thetr minds.

Temporary bars drew maore attention
than the boats. And bevand the booms that
bound the 1.3-mile course—a rare straight
reach in the upper Thames—an impromptu
parade of lovingly preserved punts, canoes,
skiffs, steam launches, and slipper-stern
runabouts recalled those gracious vester
davs when the freshwater river was more of
a country lane, less of a motorway

soon after the Henley stands go back into
storage, & more intimate pageant passes by
in search of newborn swans

These elegant, arrogant creatures have
been mooching meals on this swanny river
for at least the RB00 vears that thev have
designated as roval birds., By decree, the
crown owns half the population between
sunbury and Pangbourne; the other half 18
divided between two London guilds: the
Vintners and the Divers

I'o establish ownership of each wvear's
hatch, representatives of all three of the

HEEN




10 be seen is the goal of most
at the Henley Royal Regpatta

an annuda! frodition since

[ 839 —where pichichers bring

life to o sunny cemetery near
the grueling 1.3-mile course
(Left). Rain or shine, every
punt needs a parasoel (right)
But for the entrants, who
represented ten nations last
vear, it’s determination that

counts. English onlookers dodge




the scull of an American
corntesiant g Worren's
singles event (below)
Linlike most regatios, wherg
each race pits several crews
apainst one another, tha

Henley extrovagansa runs

only two boats per heat. Thus

as marny as 100 races, timed
a tense five minules apart, are
held on the first of the

confest's four days




eroups boat this stretch in late July for an greatest killer is lead posoning, caused by

annual rite known locally as swan-upping.  ingested shot that fishermen leave around.
Following their six-skiff flotilla from  Unless this type of line weight is outlawed—

Marlow up to Henley, I watched the swan-  and soon—we may lose the rest
uppers carefully corral and mark some 35 John Turk of Cookham, the Queen’s vel
cvgnets according to parentage eranswan keeper, blamessome of the losson
Zoologist Dr, Mike Birkhead of Oxford  boating. “MNoisy, powerful cruisers leave the
swans few gquiet nesting areas. PFilty years
bers than ownership. *“Ower the past 30 ago, in the days of hand propulsion, this
vears, the swan census along here has de- wouldn't have happened. Evervone knew
clined drastically—down from & thousand how to behave and did. No hollering,

in the 1950s to about 200 last vear screaming and, blessedly, no transislors

“Diead ones all come tome to autopsy. 1he In Tudor times music making added o
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the pomp and pleasure of roval revels on the
FVEr as monarchs commuted in ornate
wirges and shallops wo their Thames-side
palaces at Greenwich, London, Richmond,
hew, Hampton Court, and Windsor

COnly Windsor Castle survives on the up-
per Thames as a roval residence.® Even be
fore | turned the last bend above it, I could
see the magmficent old crenellated walle
Hoating above the trees like some storvbook
contection, Small wonder this has been a

“Anthony Holden wrote of Windssr Castle in Wa-
TIONAL EOGEAFHIC, November 195

The Thames: That Noble River

Save Our dwans

gk

Swan song? New concern for the mute
swan mingies with an old ritual called
swan-upping. It divides each year's crop

of cygnets among their three traditional
owners—ithe crown, the Worshipfuil
Company of Dvers, and the Worshipful
Company of Vinmers, The latter guild (left)
todsts swans
miarked on board
gnd refurned to

the water. A private
campagm {abowve)
sounds the alarm.
With a healthier
Ihames have come

more fish. more

fishermean, and more
lead welghts on the
BOTIDML. SWans

tngest the welghts along with bits

of gravel to aid digestion. The result;
About 3,000 swans die of lead poisoning
each vear, including the birds whose
gizzards vielded these sinkers {above).
Leader trailing from a bill (below)

underscores the species” vulnerability
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favorite retreat of the House of Windsor, the
name the roval family adopted m 1917,

Soon after the castle's spacious Home
Park drops astern, open fields along the
south bank signal arrival at Runnyvmede. 1t
was here that rebellious barons forced King
John to temper roval prerogatives by acced-
ing to the Magna Carta in 1215. One of its
terms clearly prohibited ridelli, or weirs, on
the River Thames. To which no one for cen-
turies paid the slightest attention.

Now the estately Thames vields to the
bungaloid Thames, stitched along its edges
with modest suburban homes. But elegance
takes one last bow at Hampton Court, Here
in the early 153005 Thomas Cardinal Wolsey,
who had amassed England’s largest fortune
by exploiting his privileges as both priest
and politician, erected a mansion it for a
king. And so it became in 1525, when the
cardinal tried to bolster his waning popular-
itv at court by presenting the property to
Henry VI, (The maneuver failed.)

The palace, enhanced by Sir Chnistopher
Wren's alterations to the original design., re-
tains itz grandeur. And affable Gen. Sir
Rodney Moore as the Queen’s representa-
tive in residence. He and Lady Moore have
nearly 2,000 Thames-side acres of woods,
parks, lawns, and gardens on which to roam
and run their dogs.

“Wolsey was a bit of a health nut,” he
said. “He chose this spot for its safe distance
from plague-prone London, then had his
water piped under the Thames from aspring
three miles away. He also installed more
than 30 jakes, or latrines, to serve the 280
guest rooms, 4 luxury even rovalty lacked ™

The Moores waved me off as I set forth
afoot along the towpath for the tidal
Thames, birthplace of England and empire

HE RIVER was longer in labor than
¢ither. Tributary of the Rhine for un-
known millennia, it finally parted
company from continental Europe about

gUADON W EdEiH&§N

Testing the waters, young
Atlantic salmon, calied porr, are
released in 1980 {abovel, Wil the
fish tolerate the Thames' once foul
estuary, enter the North Sea, and
return? Two years later, fisherigs
scientist Peter Crough (right) holds
an I 1-pound salmon from the class
of 1979, captured during sompling
with electrified rods that stun the
fizsh for netting (left). The salmon
comeback after 150 years testifies
to a river rebom.

National Geographic, June V33




3,000 vears ago. This evolved after melting
ice and sinking land Hooded the valley that is
now the Naorth Sea to zever Britain from the
Continent
From acros
MENS, Saxons
soughtto renew the connection through con-
| he hames became a handy high-
F which thev th
ambitions—with varving
much of southern England. In 1066 the Nor-
mans came over from France and managed
to stay, Alter that the English, pretty much
of a mixed stock I:ll". then, wWere :h.n'[r' FeSGT-

¢ the Eneglish Channel, Ro-
and Danes (in that arder)

ues]

Wiy upon drove ther

s CCEsSs—Aalc foss

ablby busy fighting cach other

Among pre-Norman ivaders, the enter
prising Romans: mace perhaps the greitest
mark on the countryside. Julius Caesar
crossed the Thames in 54 B.C.
the Britons. But #t was the occupation
troops of Claudius a century later who laid

out road routes still in gse, foundinge—near

to subiusate

the farthest downstream fordable point on

[ et syolrleE Wrnvm

|I llll |illl;|'|.r|'.ll ]

the river—the future cosmopolitan and cap-
ital city theyv called Londiniam

No one knows where or when the frst
London bridege was built, but there was only
ane local crossing until the 18th centary. An
ancient pier base recently uncarthed near
old Blllingsgate fish market dates
Roman time= and may well be an onemal
(tollowing page). Todav 218 spans lace the
tideway between Teddimgton and the Tow-
erof London

With so much traffic moving on and over
the Thames, 115 bottom silt became a re-
markable antiquities. Mud
tlats and shore sites once awash still vield ole
litter from which archaeo

piece together England’s past

DT

repository ol

Oriats: continue to

Jimmyv Rvan excavales on his own. Boot-
cd in Wellingtons and armed with a metal
detector, be's one of dozens of mud larks
who venture over the embankments each
weekKend 1o search of buried treasure

“Me grandparents both sides

was Irish




Spanning the past: Massive fimbers
(below: scale shows 20 cm) unegrifed near
today’s London Bridge date from befor

4 0. 70 and once suppoarted a Roman bridge
The founders of Londinium and theéir
successors left o riverbed strewn with
artifocts to tantalize archacelogists and
rreasure-hunting mud lorks. Cne collector
displavs long-buried musleet balls, burtons,
knife blodes, and pipes, most dating from
the 16th and 17th centurias. Low tide

finds a group cratering the foreshore (facing

page). Digging reguires a legal permit,

with restrictions that (nciude an excavaiion

depth of six tnches,

tinkers: got me love of gold and silver from
'em natural. Somethin” for nothin’ is in me
blood, Trick is to know what the beeps
mean; beginners spend all their tme
muckin' up bottle caps. This ‘ere's a Victon
an paste jar I just picked up. Top's solid sil-
ver. Last week 1 found me a Roman coin.’

From the number of these reportedly re-
trieved from the riverbed, it would seem
that the legions of Caesar and Claudius were
careless with their loose change

By the vear 410, when the centunons
went home for good, the native popula-
tion—descended for the most part from less
sophisticated Celts and Belgne—was pretty
much Romanized, and London had become
ane of the largest cities north of the Alps

Other invaders came and went. Despite
their sacks and sieges—and rather regular
plagues—London continued to grow, be-
coming by 1830 the largest city in the world
And so it would remain until preempted by
New York City in 1910

UT THE PACE of life along London’s
traditional main street—the River
Thames—has slowed in recent vears to
a near standstill
As master of London's ornate old lower
Bridge, Lt. Comdr. Anthony Rabbit (RN
Retd. ) commands a long and lofty view of
the Thames in transition (page 7 &0).
“Twenty vears ago, wed raise the bas-
cules an average of eight times a day to ac-
commodate an endless parade of oceangoing
vessels patronizing our dock system. Al ca-
pacity then, 20 cargo and passenger ships
could berth in the Upper and Lower Pools
downstream from London Bridge, We sel-
dom draw up three times a week now. "
Anthonv's bridge on the bridge overlooks
4 more regssuring sight: a riveriront orna-
nented with such venerable symbols of En-
gland’s durability as the sprawling Houses
of Parliament, Westminster Abbey, the
Tower of London, and a scattering of cozy
pubs that were already dispensing beer and
cheer when the Mavflower =et sail
some decrv the coming of the high rise,
claiming the cityscape iz beginning to “look
like a badly tended asparagus bed” or a
“clutter of concrete filing cabinets.” Buf
when it comes to altering the look of
London the Thames traveler sees, no one 1s
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apt to outdo Christopher Wren, who spent
much of his 9i-vear lifetime filling up the
city, including manyv gaps left by the Great
Fire of 1666, which destroved more than
half of it. Among his masterpneces still mn
place: Chelsea’s Roval Hospital, 5t. Paul's
Cathedral, and the Royal Naval College at
Greenwich, where time begins its daily cir-
Cuit |_|].1:.:|r.' '.'-.'H!'Ell

YHE PASSING VEARS have taken
thetr toll on some of London's less lov-
able landmarks. Derelict wharves and

warehouses—those great gray ghosts of the

city Charles Dickens knew and novelized

—=zac aloneg the shoreline, as black and be-

draggled as roosting buzzards in the rain
The West India, Millwall, East

and Roval Docks

India,

huge enciozed ship ba-

sine where the aroma ITI:. 'i:'.l'ii'l':."- a i "-|'I'.-’.'][.='.

grain and lumber long scented the air—now

stand empty awalling new uses ind users

Authorities hope to have the dock area’s
of prime land and 450 acres of

2. 000 acres

waler fully re-utilized within the decade.

T'he first moves already have been made
to convert abandoned riverfront warehous-

ing to residential, office, and store space.

The tidal Thames has no intention of

lapsing into ghosthood

Natienal Geographic, June 1983

Far too much 15




happening here to fit the changing times.
And too many people—now as in ages

past—cherish a close bond with the niver.

Like Ealy “Kit" Gaviord, a pensioner who
still does a it of charring because it keepsa
little jam on the table.” Proud owner of a
homey 40-foot houseboat moored at the
Chelsea end of Battersea Bridge, she has a
rineside seat on whatever moves Old Father
Thames makes.

She can lie in bed. sip her tea, and enjoy
an outdoor show alwavs worth watching.
Diving ducks aned cormorants iishing, star-
lings doing acrobatics around the bridge at
dusk. “If T ever have to pack it in for an old

Fhe Thames: Thar Noble River

“When the tide’s in, vou're part of the

river,” sayvs Edy "Kit" Gayvford, feeding a
panhandler (feft) off the Buccaneer, her
houseboat moored near Battersea
Bridge. Equally at home on terra firma,
she heads ashore (below) to cheer a sick
friend. Kit steered canalboats during
World War [I, wrote a book, lectured,
came te London as a charwoman, then
found peace on the Thames: “"I'm
absolutely dotty about the river.”

folk's hame, it'd better be one on the river.”

Cheyne Walk behind Kit's tie-up has at-
tracted other Thames admirers. Hilaire Hel-
loc, Gscar Wilde, George Eliot, and Henry
James all lived In the neighborhood for a
spell. So did Sir Thomas More, who often
counseled Henry V1L on inendly bankside
strolls. (The king repaid this kindnes=z in
1535 by having his host beheaded for refus-
ing Lo acknowledge the monarch as head of
the church. )

And Thomas Carlyle, the "sage of Chel-
sea,” resided a few blocks from More's place
most of his life

In “The River's Tale,” Rudyard Kipling
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gave Old Father Thames a mind of his owni

I walk my beat before London Toumn,
Five howrs up and seven down,

Up ! gotill I end wmy run

At Tide-end-town, which is Teddington.
Down I come with the mud in my hands
And plaster it over the Maplin Sands.

Users of the lower Thames soen learn to
mesh their movements with the river's, Wa-
termen rely onits swift flow (as much as four
knots) and its tidal changes (21 feet at Lon-
don Bridee) for both extra speed and safety.
And George Oshorne gears his day’s cock-
ling to times he can pilot his 4 1-foot beat in
and out of Leigh on Sea, where his family
has been a fixture since 1669 (page 7586).

“We been cocklin® ere for donkey's years,
1850 about. I started seriousin 1927, It was
dicev durin’ the war, and mos’ cocklers quit.
"Ard work it was back then, diggin’ by ‘and,
doubled up like a “airpin. Now we suck ‘em
up with power pumps.”

Which is what we did for four hours off
Southend on Sea, once a thnving beach re-
sort. I1ts mostenduring attraction—the long-
est pleasure pier on earth—still spider-legs
across the flats for a4 mile and a third. The
pier is now closed to the public, and its days
mav be numbered.

Inlate Mav 1940 cockle boats {(called baw-
leys) like George's left Leigh and Southend
far astern as they joined a ragtag fleet of
small Thames craft on a mission of mercy
that pave England one of its finest hours: the
evacuation of Dunkirk.

When the operation ended on June 4,
Thames skippers and their plucky nonmili-
tary armada—an least a third of Dunkirk’s
rescue  force—had  helped ferry  some
338,000 survivers to safety,

Pascoe’s livelihood is linked to the

Thames. I joined him aboard the 200-
foot tanker he skippers—the BF Raprd—
near the confluence of the Thames and the
Medway.

Cruising cityward through a thinning
curtain of fog, Don gave evendistant objects
a wide berth: “When vou're hauling a
quarter million gallons of petrol, you iearn
to keep a very thin upper lip. "

A licensed Freemnn of the Company of

[H{E GEORGE OSBORNE'S, Donald
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Whatermen and Lightermen of the River
Thames, Don belongs to a time-honored
trivcle whose roots run deep and strong
ameng bankside families. He, like his ante-
cedents, had to serve a seven-year appren-
ticeship learning to operate every type of
waorkhoat on the waterway.,

There were 4,750 registered watermen on
the river 25 vears ago, about 500 today.
“Only a bov with a close relative in the busi-
ness cian apprentice today, and prospects for
steeacdy work aren’t promising.”

As his son Guyv well knows. “I've been -
censed five vears and I'm still a floater, It's
like waiting to fill a dead man’s shoes.”

A maotley fleet of modest-size workboats
still rices the tides as far upriver as Rich-
mond: tugs, lighters, barges, scows,
dredges, and hoppers. But large seagoing
cargo carriers now ply to Tilbury, 26 miles
downstream from the Citv of London.
There huge containerized and bulk ships
load and unload without emploving tug.
lighter, or many men. Two decades ago the
Port of London Authority emploved 31,000
dockhandsz, today only 3,500,

Graveswnd, just across the way, proved
the final port of call in 1617 for 4 newly mint-
et Christian from colonial Virginia, On her
way home {rom a triumphal London tour,
the American Indian "Princess” Pocahon-
tas, who saved Capt. John Smith and mar-
ried English settler John Rolfe, died and was
buried here—in the chuancel of 5t. George's
Church, the church regster says.

At Woolwich, 17 miles upriver from
Gravesend, Don eased the BP Rapid be-
tween stainless-steel-hooded towers of the
Thames Barrier, monument to man's deter-
nination to protect London from an enemy
ac formidable as many it has known.

Todav's threat: a surge tide that occurs
when low atmospheric pressures and gale
winds whip up abnormally high seas in the
North Sea. Piing atop already excessive
seasonal tides, this huge hump of water fol-
lows the path of least resistance up the River
Thames. Experts estimate the loss in hun-
dreds of lives and billions of dollars if one
should kit London with [ull force.

It almost happened in 1953, but the surge
rolled over downriver seawalls, diverting
muost of the water onto vulnerable lowlands,
where 300 people drowned.

Natonal Geographic, June 1953




Engineer Charles Draper, a naval reserv-
1L on rescue duty there, saw what can hap-
pen, and thought about an answer. “All
anvone had everdone was ratse the embank-
ments with every scare,” he said. “Unless
something different was done, the Thames
would become a walled ditch that no one
could see. The city and all of southeast En-
gland are still sinking and ocean levels are
rising, mcreasing the tide levels more than
two feet a century.

“We needed something that wouldn't ob-
struct navigation and wouldn't overwhelm
the landzcape.” From his concepl and ef-
forts of other experts emerged the massive,
movable Thames Barrier, seven vears and
700 million dollars in the making. *Our
floodgates;, unlike the guillotine type, lie
flush with the niverbed and revolve upward
to a dambke position when needed.™

ULLY AS IMPRESSIVE an accom-
plishment: bringing the river back to
life. Asearly as 1800 the lower Thames
wus already dving, strangling on London's
ever growing effluent. Pollution bred killer
diseases: In the vears 1849 and 1854 cholera
claimed & total of 23,000 victims in the im-
mediate area.

In 1858 —Year of the Great Stink—Par-
liament chambers were curtained with
draperies dipped in dizsinfectant to protect
parliamentary noses from the noisome river.
Burgeoning industry and newlangled flush
toilets added their wostes to these already
troubled waters.

Bv 1861, when Queen Victoria's consort,
Albert, died of typhoid, the first steps
toward piping sewage out of London were
under way. The effluent was to be dis-
charged into the river al Crossness and
Barking, names reflecting the reaction of
those unfortunate enough to live there.

Until midway in this centurv the tidal
Thames remained one of the worst polluted
bodies of water in the world. Improvements
started before World War 11 were heavily
damaged by German bombs. When Queen
Elizabeth II ascended the throne in 1952,
only a few eels remained of the once rich fish
life in London's rver. Even barnacles had
lost their grip.

When Old Father Thames hit the come-
back trail, his recovery was miraculous,

The Thames: That Noble River

thanks to the strict standards of the Thames
Water Authority and industry's cooperation
in meeting its tough demands.

In the past 30 vears pollution has been
reduced 9 percent; water birds and marine
creatures have reestablished themselves in
gratifving numbers. Even undesirable refu-
gees have reappeared: Shipworms are again
chomping away at plers and pilings.

The Water Authority nets fish-life sam-
ples from intake lines at the West Thurrock
Power Station. On the day of my visit, biolo-
gists collected 4,000 individuals of 20 species
within four hours. In all, 104 species have
been recorded since censusing began with
near-zero populations 15 vears ago.

By far the most welcome returnee is the
salmon, once plentiful but absent for 150
vears (pages 776-7). To Mike Bulleid, re-
gional fisheries officer, the arrival and regis-
tering last summer of 116 healthy specimens
(weighing as much as 13 pounds) at the weir
pool below Molesev Lock fully justifies the
expense of restarting the spawning cveole—
more than 200,000 to date.

“We've planted 184,000 young in nursery
streams since 1979, The first lot was due
back in '82, and some made it. Salmon are
extremely sensitive to pollution. That they
survived the tidal stretches means the
Thames cleanup is where it should be.”

Improved water quality has also aided the
lifesgving activities of Thames Division,
Metropolitan Police, whose mission is to
protect people and property along the river.

I sheltered from a shower one day in the
division's unigue floating station beside Wa-
terloo Brnidge, Sgt. Richard Chinnery in
charge. “We get a lot of jumpers around
here; it's easy to po over Waterloo.” Of the
140 ot so who end up in the river each year,
whether accidentally or on purpose, the di-
vizion manages o rescue about half. In the
old days, river filth greatly shortened sur-
vival time.

Constable Frederick McRkenzie has seen
some strange sights wash past his post. “I'm
at this window one day, and a face floats by
not ten feet away. Framed by a bonnet,
lpokin' a bit like ol’ Victoria herself, but not
blinkin"an eve. Boated her at Waterloo Pier.
Seventy if she wasa day, and none the worse
for wear. She'd tried to do herself in but
didn't z=eem too put out she hadn't made it,"”
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The Thames Diviston, 31 vearsolder than
its parent organization, the Metropolitan
Police, descends from a private security
force formed in 1798 to stop theit on the riv-
er. Then, an estimated 11,000, or one-third
of those in river trades, were known thieves,

Among the division's pleasanter chores:
patrolling the 4. 2-mile cour=e from Putney
to Mortlake for the Boat Race, sort of an
aquatic Ascot

First run in 1829, the contest decides
which university—Uxd{ord or Cambrnidge
hasthe superior eight-oarcrew. The appear-
ance in 1981 of petite Susan Brown as the
Uxlord team's coxswain marked the first
time a woman had ever participated in the
race—ane of the most notable innovations
since odrsmen started gliding on shding
seats instead of slipping to and fro on fixed
sheets of greased glass

A timeless Thames tradition, race row-
ing has been growing here since the early

The Thames: Thar Noble River

watermen, transporting fares in wherries
and skiffs across London’s river, began com-
peting with each other.

Far all its many curves, the river now
caters to some 280 rowing clubs and about
11,000 rowers

Several of these in single sculls skimmed
the niver hke water stniders as [ took my last
intimate look at the River Thames. Fisher-
men still sat as statue-like as when | passed
their wav a month before,

A lone mud lark =cuffed through low-tide
silt, gulls wheeling and screaming in his
wake. Calm dogs and Englishmen set a
brisk cadence along the water's edge at
Kew. Below Albert Bridge a bowler-hatted
gentleman fed a mallard couple from his
briefcase full of bread crumbs

To these—and thousands more—the Riv-
er Thames 15 England. Regardless of what
deters its progress, it always gets to where
it's going. . ¥



BULIARK
AGAINST
DISASTER

TheDhamies

Barrier

l_.l IKE |I.':!.:il_lf|.'l|i-'.lrl'_-_-
challengping Neptune,

steel-cowled plers
linking movable gates Lake
cshape eight miles
downstream from London at
Woolwich iabove). Now
completed, this engineering
colossus may (orestall
floods such as one recalled
v an 1850 magazine
cREraving (Jacing page)
Experts estimate that a
symilar inundation today
could cost billions of

dollars in property damage
The barrier is speciiicaliy
designed to protect London
from the devastation of
a surge tide. That
JII'.I:_'I'I'._I.'I|l'i"I|II'| L= 1|'-.'J-1'_"]-a
a low-pressure system
drags a mound of water Trom
the Atlantic into the MNorth
sed and adds it to already
high seasonal tides. The
long-term QANger 15
compounded by nsing ocean
levels and the sinking of
southeast England, together
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causing tide levels to rise &t
le@st two feet per century
Compared 1o a surge, the
normal turn of the tide at
Leigh on Sea (above!,
averaging about 15 feet, is
nezligible

The last major surge ht
m 1953, London itself was
spared by the fmlure of
seawalls downstream, where
SOMme AU ||r.".'l','.ll."|.'- died, A
witness to that disaster, then
Raval Marine Charles
Draper right) evolved a
concept to protect London
bhased on the simple gas

T 0

W] |-._ |I|_' f !II.!:.-.] in 3]5:—

hand., The engineering firm
Rendel Palmer & Tritton
then designed the ingenious

I'i-.:.-n:.:—:.:ll: 1_"_- I-':'::"':'I'r.

The harrier 1s composed
of ten separate movable
gates built side by side
across the river and

interspersed with concrete




pers filled with controls.
When not needed, the
quarter-moon-shaped gates
pivot to he fHat in the
riverbed, allowing open
channels between plers for
In a flood, the
egch 60 feet high
ind built to withstand more
than 9,004 tons of water—
are lifted into place by
massive rocker beams
(above and right). In rising,
Lhiy operate on the same
principle as a gas cock
which shuts off flow by
j:'I'![I|IIH|I'.-_' i Il.lrrll'-_

nver traliiu

gates

-.|..'Il.' I'rl-'i:‘l_' f-:l_.-l_u:l--._ |_||_'|Lr|_'||_
project has swallowed more
than a billion dollars—700
million for the barrier alone
Hut with 1.4 milhon people

GATE OPEN

CLOGING

and 45 square miles of real

estate at risk, it mav be

money well spent on the

day London needs to tame

the 1 hames

L
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600D TIMES AND BAD IN APPALACHIA

pestlin’ for a Livin’
With Kmu Goal

By "»HLH%FI . ]_{'J‘-L"_:

Photographs by MICHAEL O'BRIEN

HEN ALFRED WOUTEXN in lines for butter and cheese.”
finishes the morning shift in What Wooten is describing is the
a mine near Beckley, West wining of the coal boom of the
Virginia, there are two things 1970s. Propelled by the increase in
mainly on his mind, First a
cigarette (left). Miners cannot smoke
underground because of the possibility
of explosion. Then a shower 1n the
company bathhouse. Like most other
miners, he cleans up with common
kKitchen detergent. "1t gels the dirt
better than soap,” he zavs of the black
specks that seem to insinuate them-
selves into the very pores of his skin.

After showering, Wooten puts his
mining clothes into a wire basket
fastened to a pulley chain, hosts the
clothes 40 feet to the ceiling for

quicker drying, and heads for home: o1l prices, the pendulum of prospent
As a foreman emploved by Eastern swung high. King Coal was back,

Associated Coal Corp,, Wooten makes  only to be wounded by worldwide
536,000 a vear. He has a 346,000 ranch  recession, the decreasing demand

hotse in nearby Crab ( Ir-.'h:tr:l and for electric power, and the decline of

vacations once a vear with his famaly the steel industry,

in Georgia or Florida. He also owns ¥et Iast March 500 Beckley area

three sedans and two pickup trucks miners returned to work. Does that

“1 have a good lile, " he says. A fhicker presage a turnaround ? Replies Dennis
0f Worry crosses h[- tace as he adds, suunders of Beckley ]-J"t'ﬁil'il.”‘[ of the
“1I'm one of the lucky ones.’ United Mine Workers of Ametica.

He explains: ' Ul p till a couple District 29, “Lord, if 1 had that

yvears ago, things were goin' strong. It crvstal ball

wis easy to get a job. Then about 60 Meanwhile, sharing a common

percent of the miners in the Beckle plight, miners share a commmon bond
rea were laid off. Ten mines A bumper plate (above) on a car at

chut down. People are standin’ Bald Knob spells it out. Pride.



IRDED by the Levisa Fork ol
Lthe Bie sandv River, Pikeville

Wwas once a '.-ll.":[.'j'- County sgat in
eastern Kentucky. The hangming in
1890 of Ellison Mounts, a cohort of
the Hatfields in the Hatfield-McC oy
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feud, provided some excitement million tons shipped in 1981
I'hen n 1905 the Chesapeake and Pikeville's three banks have total

Ohio Ratlway came, opening the area's assets of 560 million dollars,

immense coal deposits to transport, making the town the third largest
and today Pike County leads the banking center in the state, despite a

state 1n coal production, with 24.3 population of only 5,00

Wresitlin® tora Liovin® With King Coal




111 OREKE—it's the most beautiful

word in the English language,”

says Arthur M. “Smiley” Ratliff
Mine operator and real estate
entrepreneur, Ratliff sits in front of his
Rolls=-Rovee—he has owned as many as
five at one time—and the mansion on
his 20,000-acre estate near Tazewell,
Virginia.

“T"ve never had a vacation or a drop
of aleohol," savs Ratliff. “God didn't
create us to plav golf. He created us to
conguer the planet. He created us for
victorv]”

At 37, the victorious multimillionaire
looks for g new world to conguer—
uninhabited Henderson Island in the
South Parcific, a dependent territory of
Great Britain, Ragliff fiest tried to buy
Henderson, then offered the 50 residents
of nearby Pitcairn Island 3800,000 to
build an airstrip and improve their life
stvles. In return, he wants permission
to live on Henderson. The British are
considering his proposal

“This is my grand finale,"” says
Ratliff, undaunted by Henderson's
cliffs, “Me and my bovs will doze a
road up those cliffs in 30 minutes,

“I've mined all the coal, built all the
buildings, fought all the battles. Now I'd
like to go down hearin’ the bugles blow,
Hell, I don’t want to end up feedin’ the
cats or goin’ o picture shows.’

INNER in last
vear's race for the
prezidency of the
United Mine Workers
of America, Richard

L. Trumika (left, at
right) greets a miner in
Mullens, West Virginia,
during his campaign.

A third-generation
miner and a lawver,
Trumka, 33, is the voung-
est president of a major
American labar union.
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&N TRAPEZOIDAL SEALS,
miners on & “mantrip” will be a
bit more comfortable when the
vehicle starts down a J-degree
slope. “Then they're siting more
upright.” savs Ralph DeBoard,
superintendent of Eastern
Aszofiated Coal Corp. s kevslone
No. 5 ming near Becklev.,

Ruliber ’r:n----|-.1-.|.- identifv the

.:_.:I _‘I'- .|__'I|.I| '_'..'l'.i
which determines Lhe

hetght of the miners’ s

COcll SCAMT

15 a4 mere 36 1o 41 inc

Here the

LA

mnianin under fire, the men crawl
hundreds of feet on their hands and
knees to the seam. 1orsos Upped,
nd their masonry

1 i
crutch as they sid

SOTE exte
hammers like a
through the blackness with a
crablike zai

In i ane, an kastern
operation al Bald Knobh where the
seam is six feet high (rFight), 8 miner
shovels coal on cleanup duts
Another scatters crushed imestone
on exposed coal to render the

explosive dust inert
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ORLDWIDE competition is the
Prime factor in ti -l"..'-f'-'.'- Eners
¢quation, according to

Ravmond A. Bradbury, presicdent of
the Martin County Coal

Corporation near lnez, hentucky
The miner in Appalachia is
competing not only with othes

srican miners, but also with ol
workers in saudi - Arabia and
Venezuela and miners in aouth
Africa and Poland,” he savs

At Martin County Coal's
preparation plant (below), where raw




leaned, cost-conscious
Bradbury runs a "tight ship.” That
and a long-term contract to supph
steam coal to an electric utility have
|.'II.'l:!l]|_'|_:1 '.I'II_' company LD L..,I_'I_'J_I
evervbody working

Laast vear, recession shghtly
reduced the demand for steam coal
But the market for metallurgical
codtl, used to make coke to fuel blast
furnaces, fell more than 35U percent

3-|'|||‘| 1976t 1982 as ||_.'_|[]-,|_-_-.{[|' glppl

coal 15

production dechned.

At the Jewell Smokeless Coal and

Loke Corporation in Vansant,

Virginia, where a locomotive pulls

load of lava-like, freshly made coke

(below), 600 emplovees were laid of

last vear. "“We were operating only
i :r| e | a :'-": a W I-'. " - -1',3__'-. o LI'-|_ L |_';'| I_l-
president H. C. Van Meter

Coke production returned to

normal after the company secured a

contract with a Michizan steel irm

“We're in better shape than most,"

savs Van Meter. ““The coke industry

;l-l.'l:rr:.'--r.-'f arpund the world, not

iust here in Viremnia,’

f




ATURDAY NIGHT in

Lity, Wwest Virgnig—popuiation

L e | L - - : BN = -.
2 0-—1=n"t what it used

to be when the mines boomedd
Business al the tavern (right) 1s
down 50 percent

T.I"f'l_'l" VEears oo 2 miner |'|_'|'.:.|l'!
saunter up to the bar and be in
g fight before he was haltway
through the first beer, "1t was a
rough place,” savs miner Gary
“RHare" Cox. “You could se _i.-'-"
about anvthing in here. Once a guy
blew out a sign with a shotgun. |
dived behind the coolers.™

Then Clyde Bell, a lean, taciturn
minér, took oVer as manager and
restored order. “All of 'em’s good,
honest coal miners.” savs Bell, “If

one has a dollar, everybody has it

o e

You won't find a better bunch of
peaple than in Coal City.”

At a music festival frequented by
minets in MeClure, Virginia, Hope
Randolph (above) sings bluegriss,
the foot-tapping music rooted in

Appalachia







REATH OF LIFE fora victim
B i |||;|| B I“:"_: a4 OXVERD 'IJIEI-E‘
15 fitted to retired miner

Jesse Harless by Daniel Morikone
of Martin County Home Heaith

{"ar

l

Black lung, or pneumoconiosis,

vational Geographie, June 1983
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coal-mine
thousands of miners, but eventually
the mmcidence
expected to decline greatly with dust

controls imposed by

govoernment in

W

.
lII!lI

[

fear a Li

of the

killed mans
lisease 1s

the federal

With King Coal

Harless, who hves by hmself,
keeps the pistol for protection. The
rifle 15 owned by his son. Harless
al=o relies on Grizzlv, his huge black
log. A stranger hete would get his
leg took oft,” he savs, "“'The insurance

man won't eetl out of his car






ILLARS and

prosperity go

tegether in an area
of Pikeville Known as
the Bowles Addition,
named for the familvy
who once owned the
property.

With few exceptions,
the incomes of the mine
operators, contractors,
lawyers, doctors,
accountants, and others
who live here are tied
in some way to coal.

The addition’s 50
homes range in price
from 390,000 to more
than $600,000, with a
median price of
around $300.000. The
owner of the ot at top
has turned down an
offer of 3123 ,000.

“The people who
live here are not the idle
rich,"” savs resident
Henry Stratton, an
attorney. “Theyre
working wealthy, not
investor wealthy."

Within a ten-mile
racius of the town
there are more than a
hundred people with a
net worth of a million
dallars or more,
making the area one
of the largest
concentrations of
millionaires in

Kentucky







USIC IS THE SPICE of life for
Phil N. Bradburv iabove), bui
mining pays the bilis. As
superintendent of surtace mines

for the Martin County Coal

Carporation. Bradbury, 29.

made
554,000 last vear

In the garage of his home in
Prestonsburg, he plavs the oregan
while his wife, Carol, listens. Above
them hangs a picture of his idol,
sputhern rock star Greg Allman

‘My job1s blasting surface
material and rock to get at the coal,”
savs Bradbury. Taking a high-tech
ipproach to the task, he switched
from a slide rule to a computer
(abaowve left). Pit foreman Donald

Sparks observes

Wrestlin' for a Livin

With .II"..."'i i I!: Fil}

“We're looking for the ideal
lormuia before we shoot,” explains
Bradbury, “
break the rock

just encugh explosive to
nto s1zes that our
in handle. We don't
want to lug around boulders as g as

Volkswarens. The ompuf

ECUIpment

er Also
tells me, before we blast, how much
r¢t and how much monev
we'll make. ™

L an a surtace ming be reclaimed
as pastureland? Last vear officials of

the Martiki Coal '|._-|'rj_||_|_'._:.::||_:.j'_ joined

coal we'll

agronomists from Morehead State
University to answer the question
Ubject: to build up topsail an a 250-
acre pilot plot at Martiki Mine (left),
near Inez, through manure from

swine and poultry operations

s [ JL)
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OOD TIMES or bad, coal i= a
continuing challenge to Gary
Baker of Prater, Virginia,

who has had “more downs than
ups” operating small mines. *You
might make it good for six menths,”

vational Geographic, June (W3
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he savs, “then fall on vour face it runs out, then moves on

for a vear.” While hiz new home is under
Baker employs a dozen people construction, Baker lives in a trailer

“my {riends and neizghbors™—and and hoses down his 1982 Cadillac,

pays them as much as 525,000 whose license plate cele E,r 1tes his
annuallv, He waorks a seam until son. He has =old the 1576 Corvette.

Wrestlin® for a Livin' With King Coal




RIVE the 22 miles
from Inez to
Paintsville on

State Route 40 and
vou'll discover what this
area of eastern Aentucky
is aboul
Relentless curve
fallows relentless curve,
announced by highway
markers that wriggle
like snakes. “There’s
only two spots on this
road where vou cal
pass a coal truck
resident cautions

Among the pines
aaks, and svcamores that
(lank the road, sandstone
|_|-II_I||||'."- ]'1"'rl.ll'|.. il t']'_' il
tanks. A succession of
corridars—here called
hollers—crease the nDulls,
'.'l,";”'u L EELITE S HI‘-I'
Buttermulk, Lrreasy
Creek, Pigeon Roost
Chestnut, and Lower
and Upper Wolf Pen

{)n a mountain, the
road swerves below the
homée of a retired miner
(right). The U, > Postal
Service Enows the a
as Hoons Camp K
11204. But local peaple
also call 1t Spices

Mountain, because a

WOman named Spice)
opened a tavern here in
1934. Before that it was
called Yallerstore Gap.
An old-timer remembers
that his great-uncle's

:on had 2 vellow store

here then
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HO'S YOUR TEACHER?
Douglas Moore asks voung
Robert Nichols on the day
before school begins 1n Lovely,
hentucky. Moore has cut hair
for three generations of Nicholses.

“I don't hke the long halr and

beards now,"” savs Moore, “but |
still cut them.” When lunch 15

ready, his wife, Eulah, stomps
on the floor of their apartment
above Lhe shop

The ecstasy of faith shines from
Lorraine Jude's face at her baptism
in & creck near Pilgrim (right). “1t
15 the spirit of the Lord working
within her,” savs Haptist minister
Ernest Hale, at left

Nutiona! Generaphic, June 1983






DUNGSTERES RIPEN like an

Clctober aflternoon 1n rural West

Virginia, slowly and in their own

el |II'.--I| |r.l|||||' II -‘I"l {




good time. Chatting and swinging, Art “You couldn't run fast enough to make
sanda and Elizabeth Maschal make their me want to raise my kids in a city like
own entertainment at Meadow Bridge Chicago.” says a parent.

Wrestlin' for a Livin® With King Coal




Earl Butcher, 67, of Boons

Camp sends his grandniece
Stephaine Spears shuffling across the
griss |below)

“1 2tarted to play music when 1
was eight,” savs Butcher, who grew
up in a log house nearbv, “I had a
homemade banjo with a head of
proundhog hide. Sometimes my

wther would be ageravated by my
plavin® and git the broom after me
I'd leave the house and go on the hall
to practice. There was a coal seam
on that hill. My father dug it for
vears to heat the house,”

B.—"..‘."'-u']i_} PICKIN bluegrass style,




Butcher remembers “loadin’ coal
for 28 cents a ton in 1931, They held
a stopwatch on vou. T hey wanted
16 shovelfuls a minute, ves sir.”
Once a lump of coal “big as mv
livin' room’ {ell on his right leg.
Blood spurted. 1 first-aided
my=elf with a burlap tourniquet,”
he SAYs

A month after a back operation
ended his mining career, Butcher
suffered a rupturéd appendix. ¥1
asked the doctor what was wrong,
and he said. "Il tell vou when vou
wake up, and if vou don't wake up,
Yo don't need to know.'"

At the Martin County Senior
Citizens Center in Inez (below),
retired logeer and town character
Jack Smith discusses with Sarah
Whitt the large potato he has just
bought for 31.50. "1 told him." Sarah
recalls. “that I'd not give over 50
cents for it even if I hadn’t had a
potato for a long time,’

The center buses retired people to
the grocery store and the doctor and
serves them a hot noonday meal
“We take care of our own here,"” savs
Homer Marcum, editor of the
Martin Counttan. “We value our
clderly people as family."

o






GLORIOUS BRONZES OF ANCIENT GREECE

Warriors From a

Watery Grave

By JOSEPH ALSOP

OR ART LOVERS and history buffs, the new
pilgrimage center is Reggio Calabrian. Among
all the splendorz Italy offers, thiz smallizh,
undistinguished provincial capital in the far

Italian south is not one I should normally choose Lo
visit. Yet the pilgrimage is well worth it nowadavs
because of Regglo's museuam, which has on display
two of the world’s rarest and most remarkable
works of ar

These are two heroic bronzes;, more than =ix feet
tall, of nude warriors ready for battle—except that
time's accidents have deprived them of their spears
and zhields. They are almost certainly of the period
extending from roughly 430 to 400 B.C.; and they are
by one or perhaps two of the leading sculptors of the
noblest era of the noble art of Greece, when Phidias,
the most famous of all the famous Greek sculptors,
flourished and the Parthenon was built.

They are the first important pieces of sculpture in
bronze from this marvelous period that have been
s¢en in countless hundreds of vears. We have a fair
number of sculptures in marble, like the famous El-
gin marhlez from the Parthenon, but even they were
more a part of the architecture. Phidias and his lead-
ing contemporaries worked almost exclusively in
bronze, except when they had superimportant com-
missions, where there might be funds to pay for gold
and 1vory.

The two bronzes were found in only 23 feet of water
off Riace, a small coastal village 80 miles northeast of
Reggio Calabria. They were probably loot lost at sea
on the way to Rome from a Greek city, perhaps Car-
mnth, very rich in art, which was brutallv sacked bv a
Roman army in 146 B.C. In the sea the bronzes re-
mained until found 11 wears ago by a chemist

Veteran journalist and historian Joseph Alsop has been
studying and writing about ancient Greek artworks for
more than two decades.
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Rare masterworks of ancient Greek
bronze statugry, d Young warrior
(below and facing page) and an older
companion were lost for centuries
until recovered by divers off Italy.




from Kome, Stefano Mamnottina, while snor wheretupon the trightened captain threw Uhi
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power, the other, about 30, more gracefully
buiit but still splendidiy athletic,

The people of Riace tried to prevent the
statues’ being taken to Reggio Calabria. But
with the carabinieri's help, Dr. Foti took the
bronzes to Regeip for restoration.

Hlw BROMNZES were heavily encrust-
ed and corroded. Dr. Fotl recognized
that the facilities in Reggio were inade-
quate. After two vears’ work, he sent them
1o the ltalian government's archaeological
restoration center in Florence. Its expert
team went to work with specialized modern
instrumenis, but endless patient handwork
was still needed; six more vears went by be-
fore the restoration was completed
While the statues were ncompletely

restored, Professor Werner Fuchs, a Ger-
man scholar, pronounced the bronzes the
work of Phidias himself. Many Italian schol-
ars (who tend to be nationalistic) held that
the bronzes at legst came from the pernod of
Phidias, but outside Italy the preliminary
verdict of menv other scholars was that the
bronzes were “late” —meaning perhaps as
lateas A.D. 100-150, and certainlv later than
the most creative centuries of Greek art.
which ended around 320 B.C. Late Greek
sculpture 15 no nine days’ wonder. Hence
there was no great burst of excitement until
the restoration was completed and the glori-
oS, near-intact statues were at last ready to
be shown.

The most emiinent students of Greek art at
once began to go to Italy to see the bronzes.




IN REBORN GLORY, Riace’s
ancient warriors stand
guard in Reggio Calabria’s
national museum after
eight vears of intensive
restoration. Missing
are the pair’s spears and
shields as well as the
helmet once worn by
Warrior B, right.
Traditionally, nudity in
Greek statuary denotes
heroism. usenro =ensas






Centuries in the sea left the statues
with unsightly mineral encrustations,
presenting restorers with o monumenitaol
task. Technicions used scalpels and
preumatic hammers to remove
concretions from the back of Warrior B
(top), revealing a lustrous finish
(bottom). More delicate dreas reguired
ultrasonic tools and micro-sanders,

Who made the statues? What
monument did they grace? How did they
end up in the sea? No one knows, bul
the mystery detracts little from the
warriors' esteemed place among the
world's small, priceless store of heroic
Greek bronzes,

Bi0

Among them was former Oxford professor
Martin Robertson. author of the authorita-
tivie History of Greek Art. After studying the
bronzes, he wrote: “I have no doubl now
they are fifth-century originals, . . . The ex-
traordinary impression they make is partly
due to our being used to classical bronzes in
Roman marble copies, and the real thing
comes as rather a shock.™

DECIDED 1 must go to see these

bronzes, now established as from the

naohlest era of Greek art. 1 stopped in
London to talk with Professor Robertson,
who confidently gave the statue of the voung
warrior a date of about 450 B.C. The statue
of the older warrior, he added, was probably
made some vears later—perhaps as late as
430 B.C., the eve of the death of Phidias
“Some scholars even hold that this statue 1s
by another sculptor,” Professor Robertison
wenton. “lincline to believe it's by the same
man made at a later date. The concept is the
same in both cases, although the style has
evolved. The bronzes probablycome from a
unified group, such as the hero statues that
the Athenians commissioned from the
yvoung Phidias,

“There's nothing to say the bronzes are
not by Phidias. But we have no bronze by
Phidias to judge by. I think ‘bronze originals
by a leading master of the time of Phidias’
is the sensible verdict.™

Professor Evelyn B. Harrison of the Insti-
tute of Fine Arts in New York hasspoken for
datesin the lifetime of Phidias. Professor Pe-
ter von Blanckenhagen, alzo of the Institufe
of Fine Arts, gives the bronzes the same
dates as Professor Robertson but believes
the two bronzes are by different masters.
The one important holdout for a late date for
the bronzes is Professor Brunilde Sismondo
Rideway of Bryn Mawr College.

Add the pro and con votes. The over-
whelming majority favors a Phidian date.
This is supported by the technical findings
ahout the bronzes, as I learned in Florence

Dr. Pier Roberto Del Francia, director of
the archaeological restoration center in
Florence, emphasired that fifth-century
Greek bronzes cannot vet be precisely dated
bv such technical findings as the allovs used
to make the bronzes. These only indicate
“nrobabilities.” All the same, it is impressive

National Geographic, June [9Y383




that both bronzes are made of the simple
tin-copper alloy that Dr. Del Francia de-
seribed as “normal™ for Greek bronzes of the
fifth century.

This evidence 15 reinforced by additional
dats on the statue of the older warnor,
which was damaged in ancient times, prob-
ably by falling or being knocked off its base,
Hence the right arm and half the left arm are
skillful later replacements, While the rest of
this statue is of the normal fifth-century
bronze allov, the replacements are madeof a
different alloy with a little lead added—nor-
mal for later work.

The voung warrior and his companion are
now installed in the fine museum in Reggio,
drawing a flow of pilgrimsto our first visible
proafs of the Greek sculptors’ achievement
in the marvelous maturity of the classical
stvie. The bronzes are electrifyving—grand
and powerful without any straining for
grandeur or power, as only gréat works of
art can be. The more effective of the two
statues is the voung warrior, the earlier
work, from about 450 B.C. In proud first
manhood, he s downright menacing. The
older warrior would be just as effective if the
helmet were not missing, and if he still had
bath his eves in their onginal condition

This statue's head was made to fit the lost
heimet, and the upper part of the skull iz
therefore unnaturally  hairless and pot-
shaped, which causes a discord. As to the
eves, these were onginally made of dark
stones for the pupils, set in white stone to
make a natural pattern, and were then in-
serted in the eve sockets and provided with
metal evelashes, The effect 1s remarkable, as
the vounger warrior shows,; although his
dark pupils are mizssing. But the older war-
rior has one eve missing, while the other eve
was too concreted and misshapen to be com-
pletely cured by the restorers.

Dr. Claudio Sabbione, the curator who
showed me around the musecum, explained
the abzence of the alder warrior’s helmet and
the spears and shields of both statues, Being
removable, these must have been packed
separately for shipment, and thus did not go
to the bottom with the warriors.

I believe that both statues were the work
of the same artist at different dates. Long
delays are natural when an artist receives
commi=sion for a whole group of important

Warrriors From o Watery Grave

works, and 20 vears is not abnormal. Unde-
ninbly, the feeling and the details of the two
statues are different. Not only i= the older
warrior more gracefullv made, but the mus-
cles. velns, and general anatomy are far
from a mere repeat of the young warrior,
Theoverall feelingis more tranquil and clas-
sical—as befits sculpture tentatively dated
as late as 430 B.C., just about when Greek
art i5 thought to have attained complete
classical maturity,

Yet the differences between the warriors
go no further than would be accounted for
by a single artist’s evolution over two
decades. To me, one detail loudly bespeaks
a single sculptor; The scrotumof each statue
has been similarly treated, carefully striated
to suggest the crepe-like texture of the skin
itself—an extra-realistic touch otherwise
unknown in Greek and Western sculpture.

I long process of recoveryof the lost human

past that is'a harmless and striking fea-
ture of the modern era. One of its more mi-
raculous results has been the recovery
within lessthan a hundred vears of five great
works of art that tell us a neatly connected
story of the early development of large
bhronze sculpture in (rreece—about which
nothing salid was known only a century ago

The Greeks started making large statues
in bronze during the mid-sixth century B.C,
An unidentified great sculptor then made
the Piraeus Apollo, found in 1959 by road
workers in the port of Athens and now in
Athens' National Archaeological Museum.
In 1866 French archaeologists found the
Charnoteer now in the Delphi museum,
which was made half a century after the Pi-
racus Apollo, The Artemision Zeus/Posei-
don, created after the Charioteer of Delphi,
was fished up from the sea around 1930 and
is also in the Athens museum. And now the
two bronges in Reggio Calabna carry tivs se-
ries forward into the noblest era of Greek
art: the vounger warrior o the ime of the
early career of Phidias and the older warrior
to the master's Iater years.

=0 when 1 see these warriors [ not only
marvel at the sheer power and grandeur of
the works of art. But | am also moved pro-
foundly by the miraculously rediscovered
chapter of history that had been long last n

HAVE ALWAYS been stirred by the
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By TIM W. CLARK

Photographs by FRANYZ J. CAMENZIND
and the author

N THE NIGHT of Hlj-h:”'|n'T 0, 198 f'J.H o
ranch doe killed & w:fﬂzuz.|nzn1h-:n|Tﬁ=hJe:l-- neAr ks
tond bowl. John's wife, Lucille, persuaded the rancher
to take the m IIlJ victim to Larrv LaFranchi, a
taxidermist in a ||-_-.-'||} narthwest Wyoming tow

whodentified it a5 a male black-looted lerret. Larranch called
Iim Lawrence, a warden with the Wyvommng Game and Fish
Department, and Jim reached me, knowing I had been looking
||r:ﬂ 1 || T 1O 1ust 'LIlI-ILILHL|L'L

[lu nl'hw-]: irified me. Foreight yvears I'd been searching in
YVl 101 ||I'- [l ..""-.l'!-;'l lI|.|'! e R EASLN B !II-'.-III.I.l JII
Lhose vears only a bandiul of sightings had been
onlirmed; =ome people had already grnimly ois
misséd it as another species forever lost. Dhd thi

A research
faropecd
supported
it sudden discovery mean that the animal had per-
H;;Eietﬁ |L.jl-'t ovied back from the brink of extinction?
My colleague Tom Camphbell and [ rushed to the
it with fresh hope

-t Within o r-n'|1“|:4<4'H.ré:ﬁlh1_-4ln.1r- e at-
Bl and searched sev I:|| rainie dog calonies, Black-footed fer-

rels, we knew, livein prairie dog burrows and prey primarily ol
Lthose tunneling rodents. 1 he ferrets have biack feet and black
hpped tatls. Black raccoon-hke “bandit masks” lend them &
thievish look. Their nocturnal habits may afford them protec-
tion against earles, hawks, covoles, and badpgers

We discovered other prairie doe colontes that might harbor

lerrets and searched them, also tonoavall, But st a lew weeks

Captured for @ moment by a mesmerizsing spotlight

urtcus black-footed ferret peers out of the ntent, A |
dozen of the elustve armimals discovered in Wyomng are
the ornlyv known popuwlation on earth "







later a cowbov on an adjacent ranch report-
ed seeing a live ferret while rounding up cat-
tle. His dog had chased it into a prairie dog
hole. The cowboy suid he had gotten off his
horse, crept an all fours to the burrow, and
watched as the férret bobbed in and out only
inches away.

He guided hiologiststothearea, where lat-
er Steve Martin and Dennie Hammer of the
U. 5. Fish and Wildlife Service hvetrapped
a ferret and fitted it with a radio collar, The
TimW. Clark, a biology professor at Idaho State
University pnd head of hiz own research firm,
has pursued ferrets for ten years. He reporied on
prairie dogs in the August 1979 GEOGRAPHIT

tracking device led the men to other ferrets,
and eventually nine weére observed.

It was shortlv thereafter that we began
surveyving the same large dog town. Ranging
over it with spotlights on the night of De-
cember 1. 1981, we were thrilled with our
first fleeting glimpse of a live ferret. Over the
next few weeks we recorded sightings of
more than a dozen anmimals!

Still, the tragic fact remains that Mustela
migripes is regarded as one of North Ameri-
ca's most endangered mammals, ‘The entire
Wyoming population may total about 60,

An enigma to science, the black-footed
ferret was first reported in 1851 by John



James Audubon and John Bachman from a
skin abtained at Fort Laramie, Wyvoming
=mee 1877, when a second ferrel was dis-
covered near Chevenne, about 1,000 re-
ports; as well as some 125 skins and
skeletons, have come from the broad remon
reaching from Alberta to Texas. Utah to
Nebraska, This area of the western (Great
Plains and intermountain basins coincides
almost exactly with the range of the prairie
dog. whose numbers Ernest I hompsan Se-
ton estimaled at more than five billion dur-
ing the late 1800s. Such hordes could have
supported tens of thousands of ferrels.

The radical decline of the black-iooted

ferret was probably causzed by settlers' ¢limi-
nation of prairie dogs, increasingly viewed
as range pests. Eradication campaigns over
the past century have emploved cvanide,
strvchning, and other poisons; gases, dyvna-
mite, and shooting, as well as plowing under
the dog towns. In some states, prairie dogs
have been reduced by 99 percent since 1900
In ouir study area in northwest Wyoming.
intensive prairie dog eradication was never
pursued. We found ranchers there con-
cerned for wildlife and its conservation, a
live-and-let-live spirit that accounts for the
ferrets’ survival—and the hope of their res-
toration—in these rangelands today.

Frontier memories fill Bob Edgar’s open-air musewrn of
Cody, where two Mustelo nigripes (above) have become
artifacts of the Old West. Once found in brush grasslands
(left) from Texas to Alberta, the ferret was hunted by
Siowx, Blockfeet, Crows, Cheyennes, ond Pawnees for

food, fur, ond religious rites. A longtime Wyoming resident,
Edgar helped researchers meet landowners in the study areq.
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Working overtime to feed her yvoung, a

feminle ferret, normally o nocturnal hunter,
pulls the body of a whilte-tailed pratrie dog
(left) from its hole, Though known o eat mice,
rabbits, ground squirrels, and other small
ariirmils, ferrets prey mostly on praine dogs,
making [ife more precarious for this white-
tail carrving nesting material (below), Ferrets
also rely on the gregarions rodents for shelter,
inhabiting burrows in prairie dog towns, Thus
when ranchers in many parts of the West

tried ro eradicate the prairie dogs, viewing
them as threats to cattle and crops, the black
footed ferrets suffered as well,




In 1073, when I began the Ferret Search
project in Wyvoming, timely support came
from the National Geographic Society and
many conservation organizations. Through
wanted posters, postcard mailings, and
newspaperand magarzine articles, I sohcited
sighting records. Hundreds of resulting
reports—most of them false alarms—were
thoroughly checked out. Now, at last, our

long vears of effort were being rewarded.

Over four months of snow-tracking in the
winter of 1981-82, we compiled evidence of
27 ferrets. Even the harsh breath of the Wy-
oming winter, seeping into my field quarters
ina sheepherder’s wagon, could not chill our
spirits as my associates and T mapped each
day's records.

One morning in the bleak predawn, |




lighted the kerosene lamp, freed my boots,
which were frozen to the floor, and set about
{rving eges on the small iron stove. My four
colleagues, bivouacked in tents nearby, bus-

tled into the wagon for breakfast.

“It's kinda crisp!” muttered Louise
Richardson.

The thermometer read minus 38°F.

Had the ferrets been active again last

A pound and a half of intensity, an
alert female scans the neighborhood, In
gne winter night of hunting. a ferret
micy wisit 250 prairie dog holes within a
range of 150 acres. Related species in
Europe have been used by hunters for
centuries to “ferret out” rabbits from
hurrows.
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night, despite the frigid weather? The two
previous evenings it had stopped snowing
about 9 p,m., providing & clean page for the
imprint of ferret tracks,

If the five of us worked fast, we just
might, before nightfall, be able to cover the
rest of the five-sguare-mile prairie dog col-
ony, In the evening, when our total count
atlded up to snow signatures of 22 ferrets,
jubilation filled the creaking old wagon

All of us mvolved I the ferret study
agreed not to reveal our precise working lo-
cation; for the slightest attrition of such &
critically marginal population—however
innocently caused—might tip the balance
against survival

HROUGH THE WINTER we con-
cluded that the ferrets were solitary
animals. Weidentified them by their
hunting sites—"the salthouse fer-

ret,” “Section 17 ferret"—depending on
where we found their tracks

But in mud-March things changed.
Tracks started overlapping, distances of
nightly movements increased, and small
scratched-out  areas  appeared around
bushes. These actions suggested & hunt for
mates at the start of the breeding season.

Earlier studies had reported 2 gestation
period of 42 to 45 dayvs. While waiting for
nature to take 1ts course, we mapped all the
prairie dog colonies in a 130-square-mile
area known to contain ferrets, These 21 col-
onies covertd more than 7.000 acres and
cantained 111,000 praine dog burrow open-
ings. To inspect them, our team walked ali
told some 2,500 miles,

Al last came a landmark day, June 28,
1982, when at 2 a.m. we spoited a mother
carrving three tiny Kits, one at a time, from
one burrow to another. Inanintensive eftfort
1o locate and count hitters, we kept at least
two viehicles and four people covering the
ferret-occupicd colonies every mght. Quar-
tering the rolling miles of grass and sage-
brush, we =wept the landscape with
powerful six-inch aircraft landing lights,
seeking the small, elusive animal that
spends nine-tenths of its life underground.
My azzociate Steve Forrest saw 16 ferrets in
one night. a modern-day record!

Whenever we spotted the green eveshine
of a ferret, we stopped to map its location,

.":.ilﬁ

Too young to know better, o juvenile dozes
i the sunshine (below), an casy target for
a large hawl, polden cagle, covote, or badger
Rorn duiring spring, lirters averaging thiee
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VOLUME emerge from Dlorows In [ate stimmer they can hunt by themselves. Among the medium-

to romp, explore, or vawn with fatigue (left). The sizé members of the weasel family, black-footed

mother then scarters these kits among nearby ferrets rarety grow to more than two feet in length

burrows, tending to them separately (above) till  from the tip of the nose to the end of the tail




o . DRAEEAdEL i1 CRELENY ) LECHER RIEsEEDEM

Worst days of winter are best for ferret
research, since tracks in the snow reveal
much about the animal’s behavior,
SHIL it takes an extra effort (o fix
breakfast in the field (above) when the
temperature has dropped to minus 38°F,
What the tracks can't reveal is where
the species is heading: To a rapid
extinction? Or to a gradual recovery
through long-term consérvation?

record its behavior, and determine if it was
one of 4 group. When we sighted a troop of
voungsters bobbing along behind  their
mother—nose to tail, pairs of eves shining
like headlights—we feared we might be see-
ing, as mv colleague Denise Casey put it
“ane of the last runs of the ferret train.”

By mid-July, when they began regularly
to pop up above ground, the playfol kits
appeared about three-quarters grown. The
mothers, grimly attending to bringing in
meat for their litters, by summer’s end ap-
peared hagrard and worn. Moreover, the
summer-fat prairic dogs—some males
weigh four pounds—were no easy prey for a
one-and-a-half-pound female ferret. One
mother appeared repeatedly with new
wounds on her already scarred face.

At last the mothers began dispersing their
voungsters intodifferent burrows during the
dav. Sdon the voung had to begin killing
prey on their own, living independent, soli-
tary lives:

We had identified 12 litters, an encourag-
ing result. Now we knew that at least 35 new
individuals had been added to the local fer-
ret population

O AVERT the still threatened extine-

tion of the black-looted ferret, we
have coordinated our field studies
and shared our findings with others
just as deeply concerned. The Wyommg
Gameand Fish Department, taking the lead
role in management., cooperates with other
state and federal agencies.

Equally important, of course, is the in-
valuable support of local ranchers who view
protecting native wildlife as a historic
responsibility

Conservation of this small Wyoming pop-
ulation iz possible, forthe short term at least,
barring a catastrophic epidemic fatal to fer-
retsor their prey. Recovery of the speciestoa
healthy status—geneticists say 300 individ-
uals are needed—iz more problematic. Be-
sides closely monitoring this population, we
are seeking other aggregations of ferrets in
remote areas throughout the West

While I am hopeful for the future of this
appealing animal, its survival hangs on the
cooperation of many, and on the full under-
standing that the loss of a single species on
this planet is irrevocable and a loss to all. []
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Wildlife as Canon sees it:
A photographic heritage for all generations.

Chiding tn the water silently like a phantom,
with long jaws studded with more than a hundred
teeth, the ghanal or gavial inspires fear at firss
sight. Actually, it is a fish-eater, and it virtually

never attacks people. The gharial used to abound
n the Himalava-fed rivers in the north of the Indizin
subcontinent, ltke the Ganges, but with hunting
and man-made changes in its habitat, it has become
a gravely impenled species.

The gharial could never be brought back should
it vanish completely, And while photography can
record it for posterity, more importantly photogra-
phy can help save it and the rest of wildlife.

Photography can be a great help to conserva:
tiomists, as in the study and observation of captive
reared ghanals. Moreover, photography can help
reveal the real nature of the gharial, and by doing
s, It can make people see beyond that fearsome
appearance and help them understand this unusual

relative of the crocodile and alligator

And understanding 1s perhaps the single most
important factor in saving the gharial and all of
wildlife.
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solid wood, a blade that is lighter and less A lower price on a lesser IR S0 0l
susceptible 1o warpage tan may spund good. . . but '.

A further step taken Lo prevent anly until you switch it on.

warpage is the sanding by hand of every

Although imitation is a form of flattery,

{ saafllamrs Fam Comgrany DSY

-
FAN COMPANY
Casalllarca® 14 o registered ok rmark
At Lasadllania Fan Compepy

Fora free cetalog, wride PO, Box 90070, 64 Eazt Cotorado Bivd. . Panadena C A 91108
Chr emll enll froe (5001 3250821 in Calibornls, (800} 352-8518- in Canaifa, (RO00 1&1-1715




Members Forum

PEOPLES OF THE ARCTIC

The peaples of the Arctic (February 1983) are
imaginative, creative, and used to coping with
all the challenges that the harshest environment
could throw at them. Now a pervasive do-
enoddism of the welfare state has removed all
those challenpes that formerly brought out the
very best of their creative efforts and that gave
them a true sense of dignity and self-estéem 1n
olden times. These are not people to whom indo-
lence and a bandout come naturadly or with any-
thing except the most evil side effects

kenneth O'Mears

Haolland, Michigan

Amimals adapt to changes in habitat, weather,
and food supply, and human cultures modify and
adapt to change—it's part of evolution. What
happéens when people are unwillmg 1o change,
unwilling to reevaluate or modify even one tradi-
tion or ritual? Then life can stop. The magnifi-
cent, myserious bowhead whale may losé |ts

tenuous hold on life. The Eskimos did not arigt-

nallv push the bivwhead to the birink of extine-

ton, but they may well be the ongs responsibile

tor pushing 1t over the edge. |# any tradition
worth such a catastrophic price?

Ann Mofziger

Laguna Beach, California

Your article “Huntersof the Lost Spirit™ is inter-

esting and. asusonl, most beautifully illostrated

We appreciate very much vour photograph on

page 154 ol our BF-37 island in the Beaufort Sea

We are, however, distressed to see it identified as
oné built by our fnendly competitors, Sohio

Max 13, Nalley

Exxon Company, U.3.A

Anchorage, Alaskn

fmdeed wre misidentified Lhe 13bkand, Chir pliolog-
rapher took pictures of both, and the one we
showed was erroneouily confirmed ax the other

Read with mterest were the nriicles coBcerning
the peoples of the Arctic. “Utility poles must be
sl I concrete and rocks atop the permalrost”
(page 189). How are community sewags wnd wi-
ter handied in permafrost #

FErnest 1. Smith
Roy, Utah

I'n many smail settiements wasle i3 cotecled
barrels or plastic bags and removed. Larger dnid

Buckle up for sarety

M7

CHALLENGER
& SAPPORO: )’
MORE STANDARD %
EQUIPMENT THAN
TOYOTA CELICA GT
OR DATSUN 200 SX.
PRICES START

AT ONLY °*8323.

Himsim S ehes Phos sscidaning e
IRES, SEETISE g CHEEE NSRS CTIE e

LN

= riftar, 1= R iR



nether communiiies may e abovegronnd piper,  Umberto Nobile captained the dingible Falia,

insudted and uxually heated, lo oarry twader tn formerly the Norge, when it flew from Spitsher
il wasle oul !rﬁ..mmr'rn; lines ave pud o L e acros: the North Pole to Alpska and most of
permafrost, insulation and constant flow keep Lhe wiay back in 1926, The airship crashed on the
pipws from freesrng and from distiorbing the soul pack ice and depaosited many crewmen before it

became pirhorne Again and disappeared forever
over the horizon. Several independent restues
were pttempied; Roald Amundsen crashed and
perished on one of them. Amundsen never flew
with Nobile across the Pole as indicated on vour
Arctic Ocean sUpplement map o

| am astonisher that the authors never refer to
Lhe outtanding and inspiring ethnographic col-
lection ol the northern peaples’ caltures In the
MNationad Museum in apernhagen. After all, the
Dhanes have collected and diffused the know)

the February

edge of northern archacology and ethnograph [983 NATIONAL GEOGRAFHIC
for mdre than one and a half centuries | . Gerald H. Hagquist
Andrew Hlock-Bolten Berlin, New lersey
I||I||-..I'.'|.I:T|:ll'.'|':'|. ."l-"[u:-'_-.rll'i"lll.-'-t"t-‘.;- ) -
ARCTIC MAP Ronld Amundyen, along with Livcoln Ellsworih,

flew wiadsr JVoogle on the tromspolar lighi of the
""n.'u._-'l_:_r 1 1026, T hi .r.';'-_:".-:l'rgél gt ar ,,I,. ILi'.I.;'I.'l,

i

which wa: g different grezhip, ocowrred in 102]

L notice on vour exceédent map that vou oredit
Robert E. Peary as “reportéd reaching” the
North Pole in 1906, 1 realize that our Society =up-
ported im pohlicly at that time to the discredid
of Dr. Fredenick Cook; who claimed 1o have
achieved the Faole in 1908, 1< the cholce of words

on vour map a reflection of doubt? s . .
%M Van Ronzelen: M-D to the Aretic. They wintered on Novava Zemiva,

and Barents died spon after. The names Barents

Allow me to add to your wonderful map a Dutch
supplement. In 1596-97 the cartographor Willem
lacob van Heemskerck saled

Silem, Uregon
' =0, spitsberioen, Barentshure, and other Dutch
National Geographic does nol dispute Peary's parmes recall thewr herme voyage
claim in our moie gn pelar explovation, bul AL UL de Goojer
aekmowledges the long-standing controveryy. Amsterdam, Netherlands

Dodge and Plymouth dealers lake
tha shock out. put the valua in

With more standard lealures than
Toyota Celica GT or Datsun 2008X,
Challengar and Sapporo also boast a
bigger engine. the 2.6 Silent Shaft
MCA-Jel They also offer such com-
fort and convenience refineamenis
a5 rechining buckats with adjusiable
lumibar support for the driver and
memary reium on the passenge
gicle; fuel iller aoor with nside
remote control; digital clock, all just
for starters, Plus the kind of mileage
numbers you'd never expect from
road-hanadwers like thesa: 36 esti-
mated highway, 24| EPA estimaled
MPG* Challenger and Sapporo

are importad only for Dodge and
Fiymouth. Cars shown, with
givminum road wheels. 4-wheel
disc brakes wih 9" vaouum boosiar

:'E'EB'HI Bibicuar Price, exchedmg Dile

fEa=25 licefsal 3M0 destinatkon charge

“Use EPA astmated MPG for companson
actual milsags may vary Highway midaage

peropbly lowsar Cabfomis maleage lowen
Bt by Mitsuibisti Motlors Corp. Plyrmouth

Mlagter Car Bujllders of Japan The Now Chryiles Corpeoriphon




AUNGARY

In John |, Putman’s A I nfferent Communism
Hungary's New Way"™ (February 1583), the map
“Turkish Bole 15667 |s
ayse at that time the Turkish occu-

fRCorrEct ane very oik-
eadine, b

pation covered only the center of Hungary, 1 he

weslern and northern POTEIOE O Hum ALY €=

mained] unoceupied under the rule of Ferdinand
I, and the eastern part of Hungary, which is
called Transvivania, was also not taken by the
[urks. Transvivanin was part of Hungary from
the etghth century to when it was glven (o Komi-
nia by the Treaty of Trianon in 1920,
The Reverend Laszlo Hunvads
Colonia, New Jersey

Lt ihe B '._L'i'.'.' :-_*-!: MHiomian rile tn 1588 Tran Wiva-

mie, ine the frincrpglilies of Walachia and Mo!-

datia, was @ vassad slale of the Turks and onda
nominally independent, and this is not shown

s pavately on thes small map

in the on-the-whole
Fokav-flavored article “Hungarv's New Way"
wis the reference in the final paragraph to Com-
face.” 1 would
have opted to use the word "mask” instead. Mask

implies acover, aconcealment from what's really

The only less sweel note

muiniEm weanne "z humanistic

behind it—in thes case, the fact that Hungary 1=

DISCOVER A DIFFERENT WORLD

Take in the nation's capital in Ottawa and in a few hours take on the mighty Ottawa River Corme on up.



atill m totnhitarian, single-party-ruled state at thi BEIRUT

beck and call of its Soviet big brother
Edwin P. Kulawie Insinuations that Israel was the major cause of
Washington, I). C the destruction in Beirut (February 1983) reveal

L potitical biasif not outright anti-Semitism
Vour excellent article on Hungary is marred by a Brian Schwartz
nistorical error. It wias not Emperor Charles 11 Lauderhill, Flarida

but Charles VI who was Marna Theresa's fathe
Pedro |, Suare:

Dorchestor: Massachnseits | overheard u woman telling other women aboud
the NATIONAL GEOGERAPHIC article on how the
L haries TIT of Hungary was Emperor Charvies Vi |

Lsraedls cestroved Hetrul and killed s e |':_'-_|=|_'
af the Holy Roman Empire, just as James VI gf  When

I rechecked, | did not find it antl-Semiti
Seotlana, when ke succeeded Elizabelly T, was Hetty Hurwich-Zoss

kneien as James I of England Berkeley Heights, New Jersey

For more information about vacations in Canada, write Canadiian Tourism, Box 1159 AX . Glenview [llnois, 60025



It i= regrettable thot Willlam 5. Ellis failed to
mention that it was< “Israels wrath” plus the fac
that "“for (en weeks 1n the summer af 1984 Lhe
Isruelie blockaded west Beirof that fnalls
brought peaced to this eonhappy and tragic city af-
ter eight terrible vears of bloodshed, If, as Mr
Ellissavs, “there is hope now that Beirdt can rise
from the rubble,” let usat teast offer some thanks
Lo valant little Lsrmel,

Your feature “Bemrut—Up From the Kubble

WAE [MOrrayed Deaut fl||i‘- i 10 the classac tro

dition of NaTionanL GEOGRAPHIC, especially
consfdering the polineal morass of that area

Alan V. Clingcales

springiield], Missour

RAIN FORESTS

Your article on min forests {January 1983
sounded an urgent need for environmentalists
ani maturalists in Malgysia o jom hands ~L{H
further forest exploitation. [tis untalr nol to con
sider al=o the allowance of a certain amoant of
land to be cleared for development, housing, In
dustry, and cultivation to Reep up with the ever
FEOWINE i-l-J-l]l.-.1l--I'| of a di '-l'|ll|lE[:£ FLaon ].I-.'.
NMalavsia,
Vincent W. Y. Tung
Lnol, Malavsia

_'.'.'j.'.'l'.ll'r.'r';".i'l..'.'.'.'r' rebiheEs, .I1.|r|' a¥trecie Do gl
1 ! .
forth Lhe Tien iy AIF e ,|I'|'"|'r"|:' wm Ehvee copti-

nents fr fut :--'.-.'I"J'.' T -'u..l'.lll.'r bl s ol afferled thém. "

When quoting disputed Dgures, such as the 50
million acres of ruin forests that disappenr each
vear, and stating that mugnificent imber is being
devastated to satisfy the lunchume chopstick it
rens of Jnpan, I can only wonder just how much
wielght the mighty National Creographic Societ
carnes with those whi systemabicallv efiminat

Natural Flavors. H'.‘
The Sauce is Aged.
TTEﬂ’ILTIS F.I'E.S'h, ' an active environmentalist who goes to jail and

Les betore timber trucks’ In tact, 1 have never se

the richest environment on exrth, either for polit
ical or financial gain, You may presumethat Fam

Ik ll,-i'-. II'--II|.:!'T .II'IIII' lllr"-l""l.i.|ill|'.. It Was '!l:'.

powerful llustration and text that urged m Lo @1
AHLS LN I'-I_'-'.F Ikl

Eichard Baker

Ravleigh, England

|:I_.I [T 'l-l.-ll.'l'hll-ll Iil [ .Il'l;lr |:'.|JI .II.I .1|.[‘| |'.||:II|1'F':I I. I.llr'J M,

.'ll'alul;-.'”u'l. I'l'.'.'ll"'.,l_"'.'..'.'- ':.II|._-__|1_I|!r_ _|!||'l| 1 4 |I'

i nitRglom, D0, 20005, and shetwid 1mcitiad
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“ HE WHOLE of science

On As

signment

is nothing more
than a refmement of everyday thinking,'
Albert Einstein. Haod he been wrong
about that, attempts to report on what is now
known, or reasonably surmised
IS I.'|I|I|:--": £l Ane

W rote

about the

about the same chance

ns asnowhall in a black hols

some of the GEOGRAPHIC s universe team—
enough for a pickup baseball sguad, but by no
means evervone who worked on that inlinite
story—assembled one Saturdav in the bronze
emibrace of RKobert Herks's sculpture of Ein
stein in front of the National Academy of Sci-
ences in Washington, D, C

Author Rick Gore hind been first in the 1eld
He was headed for Chile
about the planets, when the focus suddenly ex-
panded. 1 hesubiect was now Lhe universe, all
ofit. Hethen had an odd streak of luck . Almaost
everywhere he went, "the weather was rotten,
terrible for observations, but fine for me. The
astronomers had plenty of tme to talk

Photographer Jim Sugar has “little by little
worked nto sithrpects
graoduite school of photography. 1 like to
warm up my brain and see that it still works.”
He especinllv gppreciates the combination of
giidance and freedom given by illustrations
editor Al Royce, celebrated for his meticulous
research, crnsp organization. and awiul jokes

Art director for the project Jan Adkins (a
sometime novelist and messer-about in small
boats) worked with New York free-lance illus-
trator Barron Storey, who stvled his paint-

INEL LET

b0 wWork on i stors

E.III"- e 1

sctentifi

Lthe favarite teachineg medivm of
in this high-tech aee—
dusty cholk on sereechy blackboprds

I i S1OrY fitmentis imo ;_u|._-|_|_ O On e

astrophysicists even

guarters like a supernovaexplosion in reverse
Layvoul editor Bill Douthitt—who labors in a
'“Li.['ll.'."'-'-f'.-ltl'.r..-'|' PO W i'||'r|' wWrILeT s, ||;'Ill|'-_'!'.|'
phers, and other staff members wander in and
out offering gratuitous advice—arranged and
rearranged photopraphs, paintings
Space Lo create a cohesive package
With all the elements approved, it was then
Dave Jeffery's task 1o write text for the photo-
spatce was fimited, but

and tex

ETaADns LAtk |li|,|!|'-llli.1-u

¢ UNIverseg

Einstein circumescribed t

wWith E=mc*r

hadn't

Hustrations, and
CRApLIons Were IIIII-|I|.= ted and pared to size,
researchers Barbara MeConnell and Pat
Kelloge 1 volunteered. | i mindg
tretcher”) checked it all line by line, word by
word, Hlustration by tllustration with every-

onsid

Uince text, pholographs,
wanted

O Qucied, Corsu ||'||. 16l -‘.|||'!"-'.|--:
eredd to be knowledegeable,
Accuricy 15 always a final aim, vet at its

imiverse will not sub

Most TUunGameniay, e
mit to being verified
Lhing we can experience 1s the mysterious."
Albert Einstein

“The most beautiful



" :-.-_l M ‘JI F .*IE L

I Hawail, warmih 15 a way of life, 11 bagins with gur spediacuiar nalura
peauty, Warm wide sandy beaches Dizzying watarfails Lush tropical ram
lorests. Kalgidoscopic sunsels

And then therg's gur paaple themselvas A diversady fich Diend of

wWarnm and welcoming as the shimmanmg nawaian sun

'‘E komomai 1 ka hale” Joon us Our hiime 1S Yours

Waua, Cahu Moloka Lanal, Mati Hawan

Six Islands One beaufifl sfafe




TAKE THE SHOCK

OUT OF YOUR
 HLECTRCBIL

e
. HIE e —

&2 FRIGIDAIRE
HERE TODAY, HERE TOMORROW.

B HIGUGRIE o o s

How good a picture is...




Readin. 'Ritin. 'Rithmetic.

Theres a fourth’'R
thats just as important

to your child’s future.
Regular phys:eal activity.

the early vears. Yet the number
ol sichools requiring regulor
physical edocation has actunlly
thecrensed.
Find out what's happening in
viourr sehools, And do something
about 11, That fowarth "H s just as
important as the ol her three,

I vour children don't get at
least one school period a day of
vigorows exercise, then their
Fture is being short changed.
e of our ehildren are
sverwelghtl. 25% are obese,
[hisenses of heart and blood
vessels starl with inactivity in

v President’s Council
1 I-ﬂ'l!ﬁlfﬂl :IL'II“E“I

Your child has a right to §
W and Sports.

good health... exercise it.

can depend on how good the
paper is it’s printed on.

| ,—T'T.'.r. _.r A of the
worlds leading photogrn
nhers uae Fa '_i-.li- [ D |
far thé pictures ey aarm
tuier ks withe Al wity
Ty IpSest rln.rr'-'| Daper
f” hear personal peture
S0 if you wint 1o 1 |
FeCiures f-.-.--.-l filg
||',. g ™ ._:-_. I srablE
mies, loc | Iﬂ. Wlak o
; thE Tar rI T CEANS E-_-
Sure Lo -.:-7- L Mg yo l.

_"l--!| e DT 5n Il
lak paper gi 8 retsner
1 | 1Y F:. the = -_:_!_._..

g : Ask tor Kodak papes
e Y - , . Bocouss good ploiures can
L g depend on good paper
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In The Bahamas, you never run out of things to do. Until you want to
Get an earful of our islands. Explore a garden under the sea. Discover our warmth. Golf,
sail, gamble, shop. Ur renew yourself in the sun. All for so very few dollars— the most
value at competitive prices. And it costs less to get here from most places in the USA
-. - PRV PO, L I e e

It's Better In The Bahamas



“1WOULDN'T
TREAT MY BIKE

THE WAY YOU
TREAT YOUR BODY.”

= hady LoHerty

When Judy Lafferty prepares for o again. Allve, vibrant, ready to get on
race e tne annual Cross-Iowa rnun, she har bike and 1ake on e wornd
makes sure har bike s In parfect shape. Judy Lafferty is just one example ol
ohe inspacts and odjusts every part the Kind Of progress we re making
she tunes and baiances the whoe Qoainst cancer N 15 many forms.
machine, so it can go the distance Tha Amerncan Cancer Sociely Toxes
Because she freats her bogy the some credit for that progress. But credit
same way, she discovered a lump in woan't finance our work
her breast o few years ogo We need your moneay 1o halp us win
She discoverad it early. And thasa the race.

days, 85% of early breast ¢ :
ce reates secessuy. SHUARE THE COST
Judly has since hod reconstructive °F LIVI"G_

surgery, oo and she feels ke nharsaif
) GIVE TO THE AMERICAN CANCER SOCIETY. ¥ =

Discover the uncommon _ >
Caribbean. !

Youl ke 2 deep bireslh and brave another step climey (o
vl cane’s edige. Whal's next? Now aboul sail lixhing or
while-waler cafting? Discover exciling San dose while
you're ol IL Orfind yoar siventure alone

an the coayl, Lxperiene mory e your vacalion

dollar in Coséa Rica. (b epscommmeon Caribbesn.

The thrill of

You're ready for il!







1983 BONMNEVILLE
You arm in for a stimulating expearence.

This is a car that was designed and
engineearad fo chvilize rough roads, as
well as pamper you and your friends.

So go on, head for the open rood. What
you'll feel first Is the quiet confidence of
the standard 3.8 liter V-6 enginea. or even
more powerful available 5.0 liter V-8.

Then, as you encountar a curnve, you'll

soa the real beauty of this exciting four-
door sedan. And experence how smoath,
resporsive and comfortable our 1983

Bonneville really is,

This is what makes it a Pontiac. And
what will make you a Bonneville lover.

Soms Ponbocs ore squipped wilh anginae
produced by oiver GW divisiona. subDsiciaries,
of afflicied compornies workdwicks. Tee yoar
Ponfioc decler kor delolis




The Toyota Tercel #-Door Lilt-

back really knows how to pinch a
panny. Particoiariy when you pur-
chase it Becawse this front-wheel
drive Tercel costs just 54968 °
That's the same as last year Not a
PNy maore

ferce] pinches pennbies at the

pump, too. The 1983 Tercel
cqueezes every gEllon of gas to
the tune of 50 Estimated Highway
MPG, 39 EPA Estimated MPG. Re-
member Compare this estimate
to the EPA "Estimated MPG™ of
pther cars with maftual transmis-

sion. You may get dilferent mile-
age depending on how fast you
drive, westher conditions and trip
length. Acteal highway mileage
will probably be less than the

"Highway Estimate.”

The 1983 Tercel It lets you
pinch pennles. Bul L wan pioeh
passengers. Tercel has more imle-
rior space than Honda Accord
MWissan Sentra, or VW Rabbit —
mare foom than anything eise in
its classs"

lercel doesn't scrimp on pet-
formance ar durability elther It

THE 1983 TOYOTA TERCEL

PINCHES A PENNY UNTIL IT SAYS
‘OH WHAT A FEELING!

OH WHAT'A FEELING!

alves you a peppy 15 liter engine,
rach @nd pinfon steering, plus
lercels body makes extensive use
of g@alvanized steel to resist rust

Be stingy. Pinch a penny, and
listen to what it says. It say ~“Buy
a loyota Tercel!”

“Mlarucsctureny taggrased revadit prire Dealers 4
rums Fenud GOcE maks valy P does nes | sciuds

Fzeese irnmrperianeT . ojrmioo Rl o regiomal| s
. aguiresl eguiziement

e b et il B b me THN#Ed Ty 0 IS

HUCKLE LIP=TS A GOOD FEELING
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