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A Renaissance for Michelangelo

For nine years restorers have beean removing the grime of centuries
from the artist's frescoes in the Vatican's Sistine Chapel. The results
are literaily brilhignt. David leffery describes the restoration project,
photographed by Victor K. Boswell, [r., and Adam Woolfitt

Double Map of the Holy Land

The latest in. the “';.'}u'f[c.‘l' Plaoces of the World series charts the area
sacred o Jews, Christians, and Muslims, relating historical events
and scriptural passages bo actual sifes.

Baja California: Mexico’s LLand Apart

Cnce a seldom traveled interiand, this desert peninsula hos been
discovered by tourists drown to the beauty and bounty of the Seq of
Cortés and by Mexican workers in seqrch of jobs, The deluge of
 visitors hos brought a bloom of prospértty, along with now problems
men oo anan mecx 120 Belt reports, with photographs by Annie Griffiths Belt,

Advanced Materials—
Reshaping Our Lives -«

Man’s increasing ability to create new materials by manipulating
the atoms or molecules of existing ones 1s spurring an international
scigntific race that is transforming our material world. Thomas Y.
Canby and photographer Charles ('Rear describe recent deveiop
ments it plastics, ceramics, composttes, and alloys

i
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Washington State.

Riding the Pacific Tide =

A rising wave of Asian cormumierce brings economic benefits to the
Evargreen State. Celebrating s centenmial thas vear, Washongton
looRs to s rich agriculturdl and mdustroal base 1o carry it tnto (ts
second century, savs Miuke Edwards, Photos oy Sandy Fetsenthal

{ R
Our Year in Review s
A Society-sponsored geography poll of Russians reveals that they
share with UL 5. Citizens a poor awareness of the world around
them. Mattonal Creographie President Cridbert o, Grrosvenor details
[988 projects promoting geography education

Cover: Restorer Pier Gilorgio Bonetti wipes awoy dissolved dirt from
Michelangelo's Libyan Sibyl, painted in fresco where the Ststine Chapel
ceiling curves into o wall Photograph by Adom Woplfitt
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AURENALS

A restorer wipes centuries of dirt from
a tace i the Vatican s Sishine
Chapel, as the gloomy masterwork is

renewed to a glory of color and light.

HO WOULD DARE C
the arms of God on the
first day of Creation?
|"'.-F|-.'||:“-|='|1'|5.._{|ﬂ|rl First he
scribed outlines for God's
arms into wet plaster with quick strokes of
a sharp tool. Then he abandoned those
outhnes in a flash of brushstrokes. He
painted God's left arm so it swept directly
overhead, made that arm plunge a divine
hand into the turbulent hight and wrench
it from the darkness (page 697)

[he Sistine Chapel quivers still with the
aftershocks of Michelangelo’s daring—
NOW even more as nine years of careful
cleaning and restoration by vVatican

HNEe

-I"."-.[-l‘l"l |5 Come L) i I_'||..| i E.‘Ll-l.l.- !"'ul'..li_' I:"I:'I'II
separating darkness — the accumulated
grime of nearly Hve centuries —{rom
Michelangelo's light. It is a light to amaze
the eve and blind the soul

Yet what a reluctant light it was, for the
artist was cajoled and harassed, forced
really, into completing one of the crown-
ing masterpieces of Western cvilizahon

Continued on e 696)

By DAVID JEFFERY assmrawr enrrom

Photographs by ADAM WOOLFITT
and VICTOR K, BOSWELL, IR

MATICMMAL GLIMiHAFHH PHUOTTHER APHER

COURTESY THE VATHC AN MUSELME
WITH SPECIAL CUNSENT OF
NIFPON TELEYISHIN NETWORK CORPORATIXS
















Curtained scaffelding and elevator (above) divide dark uncleaned scenes,

at top, from restored sections. The shadow of a restorer (left) falls on can-
vas beneath the newly cleaned creation of Adam. Though shtll partly

obscured by scaffolding (previous pages), the chapters of Genesis from the
Creation through the temptation of Eve to the Flood wunfold from right to
left along the chapel celling. Flanking those are portraits of prophets and

sibyls, and below, under arches where walls begin, the ancestors of Christ,
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(Contrmued from page 6588)

By age 33 Michelangelo had -already
made s reputabion as a sculptor equal to
any ancent Greek or Roman. His marble
“Pieta,” the crucified Christ [ifeless across
the knees of n Mary forever young and
mnocent, transcended griet. His giand
“"David™ glowered fiercer than any Goliath

MNow he had a commission from Pope
Julins I1 to make for him a tomb of sculp
tures s0 elaborate and so huge as to con-
found the imagination. Julius, however,
first insisted that Michelangelo paint the
ceiling of the Pope's own Sistine Chapel.

Michelangelo did not want the Sistine
10b he began in 1508, Though trained to
the brush, he had pamnted infrequently,
Julius, whose fame came from enlarging
the papal domain by the sword, bullied
him like a drill sergeant, once hitting him

FEN BEOCEEETT ITRCIHE FEE] Tl

B BICAEIET

As i garbed im a harleguin’s motley, & half-
cleaned figure shows just how heanily centuries
af dirt, sool, varmishes, and other foreign

e bter had darkened frescoes of the Sistine

Chapel. Cleaning the surface is done at a pace far

slotter than Michelangedo kept to paal 1.

ik

with a cane, once threatening to throw
him off the scaffold. The artist grumbled
constantly, asked for release, signed his
letters: “Michelangelo, sculptor.”

Yet in little more than four years he
filled the ceiling and upper walls with
dozens of compositions: the ancestors of
Christ, Old Testament prophets, and
sibyls of the-ancient pagan world., On 132
by 44 feet of celling, he painted scenes
from Genesis, backward from the Flood to
the Creation.

A\

LL ROME ADMIRED Il and crowded to
see it recounted one contempo-
rary of the compieted cetling,

unveiled in 1512, Another
wrote: “It was such as to make evervone
speechless with astonishment.™

Astonished oo were those who 469
vears later crowded to see the first cleaned
section openad to public view. Yet some
academics, critics, and painters com-
plained that the images now looked Lo
bright, too flat. A few asserted that some,
and maybe a good deal, of Michelangelo's
pwT handiwork must have been erased in
the cleaning process

To see tor myselt, | visited the restorers
at work. A clanking ascent in a narrow eie-
vator brought me up to a scaffold similar
to the one sketched by Michelangelo, The
attachment points along the walls are even
the same ones, and the central platform
also has a few oversize wide steps at ertther
side to facilitate working along the arc
where the ceiling curves toward the walls

bcaftolding had borne chief restorer
Gianiuig Colalucc and his colleagues
Maurizio Rassi, Pier Giorgio Bonetti,
and Bruno Baratti for years, All worked
umder the directtom of art historian Fabri-
i Mancinglli of the Vahcan Museums
Barath was preparnng to inject vinyl resin
to secure a small sectibn of ceiling weak-
ened by a void behind the plaster, while
others worked on figures out on the curve
and Filippo Petrignani recorded every
detail on a computer

Years of restoration had passed, and
with them daily strain, stress, and inter-
ruptions. Michelangelo described similar
cttects on himself: "I hive here in great toil
and great weariness of body, and have no
iriends of any kind and don’t want any,

Nabional Gepgraphic, December 1089



and haven't the bme to eat what | need
He then, as the restorers do now, stood
day by day, head bent back, arms
stretched up. He complained of painl
splattering his beard, of pain, of problems

W : The restorers I'-.I'!":‘I'l O
steadily, protessional and serious bul not
solemn, Colalucci has a button pinned to
his smock that reads: “"Even the Pope had
trouble with Michaelangelo.”

Trouble ran both ways. The artish was
desperate to quit the commission; the
Pope was adamant that he continue. The
work did not go well at first; partly from
inexperience. The tresco of the Flood was
spon hazed over by "mildew,"” the resull
perhaps of mixing too much water in the
surface plaster, or imforace, Michelangelo
-._l.lrIIJ"]:LiHI:_-':I ta the P Jals

"Indeed I tald Your Holiness that this i*:
not my art; what | have done is spoiled.’
[ulius did not relént: Miche ]:lr".:.{{*]i'- misk
make 1t his art

HE RESTORER S CREDO is like the

physician’s: First, do no harm

The treatment is to lift layers ol

Rome’s dust, spoty grease from
burning candle tallow, and other substan-
ces—even the residue ol {_'-rteh Wil
as a cleaning solvent some 273 years ago
All have obscured Michelangelo's Prome
thiean work

rie used

Worst of all were varnishes made of ani-

mal glues. Applied in various centuries (o
brighten the darkening surface, they did
50 for a bme. Then each detenorated and
furned the cetling darker than belore
Despite its dingy appearance, most of
the tresco remained in good condition
The technigue of painting on tresh plaster
wask ibs own best ]""'L'||'L'l..'|.jL'f| in the hours
'1-1],1EE'L} 1.|'|.||'l.ir!|'l,- =

ap ruu_..l:n_rn n] fresco dried. As it did. the
E,||:|_|IIII._'[.r';- Were I_:','!-l_lll_l._.,.. '| 111311L.l l::l ||'| cl
hardening layer q
varipus glues and gums of centuries did
not penetrate that h.:u]d carbonate shell.
The glues have, however, shrunk and
puckered, and in spots scabs of glue
have fallen away, pulling pigment
with them. This slow destruction
by glue pox, rather than some large and
immediate threat, has been the Vatican's
principal motivation for cleaning the

4 Renoiszance for Micheloneelo

cium carbonale. The

Grooves outlining the features of God dividing
the light from the darkness were incised iy
prressing a stylus alomyg the lines of a paper
design, or cartoon, affixed over damp plaster,
Even as e patnted, Michelangelo had second
thoughts and changed the left wrm’s position,

cetling now. Water damage from rool
leaks sinoe ]."]'..‘.E,-—’-“L-;. has also infiltrated
dissolved salts to the surface, stains
that cannot be removed as easily as ordi-
nary grime

[he 3 fOr exame-
ination of each section of fresco with

scientific instruments and assessment of
the results with human judgment. Then,
under exacting procedures, the gentlest
eftective solvent 1s applhied to overlying
grime and both are rinsed away. It seems
a nearly magical process to watch

Cn one side of the scaffold Bonetti is
cleaning the figure of the Libvan Sibyl
(pages 7¥2-3), First he wets a natural
sponge in distilled, deionized water and
gently wipes a small section of fresco.
With a natural-bristle brush he applies the
cleaning solution. Used by restorers for

'Y



about 20 vears and known as ABS7, it is
made of hicarbonates of sodium and
ammonium. An antibacterial, antifungal
agent is added, All these are mixed in car
oxyvmethvicellulose and waler o becomie
a gel that will cling without dripping.

The gel is applied and remains for about
three minutes. Then the gel— together
with the dissolved grnime—is removed
with sponge and water, Where grime is
especially heavy, the process may be twice
repeated at 24-hour intervals

RESTORER comes to leel on intimate
terms with the creator of the
work on whicn he labors. Bon
ett works with a musician's
rapt concentration, Here—and here! —he
finds bristles from Michelangelo's brush
embedded in the surface. The master must
have béen using an old bruosh. Boneth
smiles. Then—here!—he Gnds an arc of
small indentations. Michelangelo was
probably testing the set of the plaster, the
ntonaco—with his fingertips.

Bonetti works on, and the sibyl’s glow-
ing flesh appears from beneath a gravish
brown hide. The back and left arm are
smoothly modeled with color. Brushwork
defining the face is ineffably delicate, yet
the expression will be clear to someone
standing on the floor some 60 feet below.

Dletails of brushwork along one told of
white drapery appear. Bonetti calls them
“worms,” timy red corlicoes that detine
the curve and give volume to the told

“The technigque and results always sur-
prise;” Boneth says. Even after all their
years on the scatfold and the preliminary
e photogrammetiic mapping,

the peering beneath surfaces with ultravi-

.1T1|l|}1-|:"-_ i

alet Ruorescence and sodium monochro-
PR tic J.l,',h! and infrared SpeCirometry and
liquid chromatography and atomic absorp
tion spectrophotometry. . . . After all that,
Michelangelo stll surpnses.

“"We know what will be there, but to sere
1! just look at that green!”

Uin the other side of the scattold Maurizo
Rossi confronts an image of Jeremiah as be-
set with cause tor lamentation as was the
prophet himself, who bemoans of his peo-
plein the Bible: “ Their visage 1s blacker than
a coal their skin cleaveth to their bones;
it is withered, it 1s become like a stick.,’

ML

FEFHTAH WUREUWY JEROFT BED FECET (Pbd]

Before cleanisyg, a5 on Ezekiel (above), many
tests are made. Infraved Light (top right)
penetrites old varmish and overpainiing to
show ortginal fine details as in the drapery,
Liltraviolet Light (bottom vight) shows clumsy
restoration of prior centuries as red on
garments and dark shadows on small mdes.

F'o determine the order of deposition of for-
eign maltter, munute prgment samples are sus-
pended in polyester resin (below). When i
hardens, cross sections are cut and magrified
(bottom seguence). Dt beneath varmishes sug-
gesis that they were applied much later thin
the pigment and not by Michelangelo,
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Cleaming segquence by clief vestorer Grianludy
Colaluect shows a typaoid procedure. Fiest a
solvent called AB 57, made of bicarbouates of
s it @ arrmiorrriaen it a fungicide and
arbibactertol agent in a gel, is upplicd by brash
(tapl. The head represents an ancestor of Christ
from one of the unettes, or half<moon wpprer-
wall sections. After three minutes solvent and
restdues of dirt and old varmish are woped ooy
(reetalelle) werth o sponge souked i distalied,
defonized water. The procedure 15 repeated 24
s later to complicte the cleawing (hodtam),
The process 18 dociitented oo great detatl by
Yippon Television Network Corporation
(right), which s funding the restoralion in
retury for temporary reproduction rights and
ta higdp protect a wworld freasure

leremiiah’s image was already damaged
péetore Michelangeln's death in 1564, The
sisting Chapel, bmlt m the 1470s by Pope
bixtus 1V, racked slowly out of plumb as
the massive structure settied anevenly
into the soil beneath. Some of the cething's
tresco, including

sart of |erermniah, was
sloughod onto the tloor below

Artist Domenico Carnevali’s mid-161h-
century restoration was the first of several
in just a small region near Jeremiah's
head. Rossi points to a detail where gray
overpainting from the 19th century covers
a laver of glue varnish that, in turn, had
been applied atop an earlier repair

sorting through the complexity at jere-
miah amounts to micro-archaeolosy; all
the lavers and details are analyvzed and
recaorded long before anv cleaning begins

I[CHELANGELD |m55.c-.:' from 33
to 37 years old during his
Gistine ordeal butl aged

much more. Even his
images of God seem o reflect the terrible
weteht. Painted Hrst. the creator of Eve
looks fatrer and younger than the creator
of sun and moon

Ciianbhuem Colatueo teels that in a sense
Wichelangelo salvaged the design of the
tomib he had wanted to bld by turming 1t
inside put, adapting the architectural and
sculptural elements to the painting, He

Believes to0 thiat the artist underwent a

personal transformation during the work,
“He is gvena [ob he doesn’t want, bul

At & certiun ]--,||'1‘. i Starte to enioy '.'-'||.:|'.

7000 Yalvonal Creographic, December 108



he 18 doing. His designs become less con

. 1 - . S | .
stricted. It 15 hard to sav exact

.Il L illll.

but the teeling begins (o changg
When we started cleanmg the scene ol
the temptation, | realized that we were oul

of the evervday routine. 1 felt a new leve

Of pleasure 1In the wWork

Then when ot to the head of Adam
| had another whole feeling. It was like a
change in stato d annno

[hat literally translates as
mund.” But Colal '

el explain
deseribine not a fllash of feeling. ar

ETTILY
Hogs, Bl a .L;n'L'.i!||1 -'h|'.:"~i: e change |
his '1'L'I'=:'|3f'i|“ to the work, both Michel

1S 0WTT, Ars and restorer

I o s and |
might now spi ak across nearly 5N vears
and say together: This is' my arl

ering criticism, no one has

red tangible eviidence

As for the Iin

g that casts

doubi
tar the majority of interested art historians
and conservators support the project

(R |
VYWe made a mastake in the beginning

|

n the validity of the Testoration. By

moedes Walter |:|'r-':"._',..-" then secretan

Yiuseums
[ . i

LNCOYersed Z!I" Nrst Cleamnco |'.'.Z'

ind treasurer of the Vatican
Atter wi |
we lefl the same strong

HE thiat
II.ll' LresCOeEs II-.'...! |"| N OVETOICA N |.1 -Il
stead, they had -'"'!':|"|".' DHE L Y L"-'ii_l.',l'll.l.'l'l il

[he Vatican has now replaced the old

lights there. The MPression W as i

| Kenatssance for Michelangelo

bright hghts with dimmer ones, and the
|'l_'|‘5!'!r|'-_'| colors have retreated back into the
lesign and rhvithms
in the
ITOITI
of thi Analvsis will already have
begun in preparation [or cleaning Wichel-
fresco of the “Last Juggment,”
wiork that nises 6} feet ke Painie d

n the wall behind the Sisting

if the composiions,

coring a gathering of experts rom

the world will assess the cleaninge

cetlinge
Ingelo s
FHLUA e

he wall, Colalucd savs, has likely suf-

Ii'l'-_'

n more damage than the ce !

nore handling, more deposition of dirt,
and more sooby erease from the tallow ol
itar candles know whait the
laboratory anaivses will shiow

11 Miched

maintine that antholoey of salvation and

'IIE"IIl.J I.I |_'

He does nol

i 3 r | ] 4§ ¥ |: i
bt dioes e expedct L e fsdad

i e i T o
damnatbo g vears arbe he Anished the

ceiling, used identical resco techniques

';.ni"':t:l:u-Q Colaluco now knows with the

intimacy!

Perhaps.” he says

grealest
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Retrnees 1959 and 1994, New Light on Michelangelo,
il fonr-piplipmne mrork clivosecling Hee pestoration, il
e preblished by R.C5. Rizzols Lilerd 5.0 A, Milan
Editions Mazenod, Panis: Mercatorfomnds, Anfwerp
Helen Goodket, Chreaeo; Random House, Inc, (Crozen
Pubrlislhers), Newe York; Fakemndle-Verlog Lirzers, Ly
Fdiciones Encuentro, Maodrid: and Nippon Tele-
riston Netwweork Corporation, Tokyo






ERCHINIZ BY

HE COMPLEX POSE of a
pagan female seer, the
Libyan Sibyl, being
cleaned by Pier Giorgio
Bonett: (left) was Arst sketched
by Michelangelo using a male
muodel (above), Musculature
in the sketch, emphasized to
show detail, was softened
and feminized in the fresco,
A more ditficait problem
was compensating for visual
distortion induced by the
Curving surtace on which the
sibyl 15 painted. Called inex-
perienced by rivals, Michelan-
gelo proved to be a master
ot foreshortenmg hgures
30 that little distortion 1s
evident to a viewer on the
oor same 60 feet below, In
this view the camera lens achs
in a similar way; The wall
curves much more than is
=.'|11E1|1TI-"I'I|Z

A Renoissance for Michelangelo
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ATiEE LA iEEliNE. FLOBRPHET (AR
RITEOPELITAN WUELES OF &NT. REW 00N | EROWI

Contrary to a popular view,

Michelangelo almost certainly
did not lie down while paint-
ing. He drew a comiic sketch ot
himself at work (above nght)
Fid ACCOMpPAnY a satiric sonnet
he sent to a lnend. Transiated

- o ] -
-T ||I= L l:__-_'

e g i
-
" !

- e = =
] |

E | A

trom ltahan, it reads in part:
"1 have already developed a
goiter . . . that pushes my belly
under my chin. My beard
points to heaven. . . and my
brush, continuously dripping
onto my face turns itinto a
rich mosaic, My loins have
penetrated my belly, my
rump’s a counterweight, and |
walk around in vain, without
seeing where [ am going
Behind, my skin is shriveled
tor too much bending, and |
am stretched like a Syrian bow.”
Today s restorers have simi-
lar problems, although their
pace is slower and the lighting
158 much better. Where Michel-
angelo had a demanding and
impatient patron in Pope
Julius 11, ¢chief restorer
Cotaluca (left) has an endless
parade of visiting scholars and
dignitaries to enlighten

103






HE CRAFT OF FRESCO, a8
used by Michelangelo, is
shown in a series (right)

at iccros, an instifute for res-

toration training in Rome.

A smooth layer of thin, wet
plaster, the mlomaco (1), is
troiveled atop a rougher layer
ol d:l‘:.' FJLI!—.I:-E-r, the arricei,

Tomake a guide tor the
mage of a head to be painted,
artist and Vatican restorer
Maurizio Rossi has pricked
holes along lines of a drawing
ort a sheet of paper. He tacks
the paper lightly over the plas-
ter and then taps along the
holes with a porous bag of
charcoal dust (2).

He removes the paper (3),
revealing outhines defined by
charcoal dust on the plaster.
Called pouncing, this tech:
niguer Of transkerming cartoons
1= still visible as dots o detatls of
Michelangelo's own work {5)

With outlines established,
Ross paints while the plaster
15 wet (4). As it dnes and sets,
pigments of the water-based
paint are bound in the outer
layer, and colors highten

Michelangelo's ariginal of
the head as seen before (6) and
after (7) restoration shows that
the curl under the chin had
been hidden by overpainting,
and the transparent clarity of
the fresco had been muddied.

Enormous contrast appears
in the cleaned luneties (left)
that depict the ancestors of
Christ. One of thetr mam
themes, motherhood and the
Passing ol E;Ei’i{‘ra!'ri‘ln!-i. WIS
nbscured in this F:'.:il!‘ll-'] when
the child in the cradle was all
but buned under grime.
Michelangelo painted each
lunette without benefit of car-
toons. Except for one, each
was completed in only three
working days

A Renaissance for Michelangelo







TTEMPTS at restoration
In prrevious centu
ries varied from
the good (considering: tech-
nigues then available) to the
dreadiul, Modern restorers
must evaluate each prior
attempt and decide how much
OF 15 JE any, 1o |'-:12|.'::‘..".

In the 18th century 1-shaped
bronze clamps were inserted

to anchor weakened plaster

fabovel. Where these cause no
problem, they are left as part

of the celling's history
A section of plaster with the

left hand of God (in the Gene
ais scen of the gathering of
the waters) had fallen and
smashed in the mid-16th cen-
tury. Domenico Carnevali
an artist of the tme, soo
replastered the surface and
|l"p.1.'|'|:-'u| the hand l'l'n'a'._t_'h
crudely. A decision was made
to Keep the repainted hand but
replace the surrounding back-
ground. Raving protected the
hand, restorer Bruno Baratt
above left) slowly removes
the backeground. When new
Haster is added and painted
(lett), the restoration 18 restored

There was no question about
[emaoving bad OVETPAININE
on a8 sceneg of a woman and
mmfant (far left). Not only was
Michelangelo's original work
weneath, bul his depiction of

lIII_' WIHTIAN < |.'.'L'.:'1|. [, lll'u. |_|

e tamibal lovinge bond af
mother and nursing child.
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ERE IT IS FITIFLIL B0
o the human race
perish 50 miserably
in the waves,” wrote Ascanio
Condivi, the artist's own
designated f"II.IE_',TEI'|1|‘1F_'1' ol
the Flood in Genesis.

As people battle for a place
on the ark and in a baat, oth
ers seek refuge an thie final bits
of land. Some are terrified,
while others (detail, right)
1|'1Ld:.:;t' o, 845 il }:-:.:rtin;.; U
with an unseasonable stretch
of bad weather.

MNor was Michelangelo, as

Condivi put it, “without anxi-
eHes™ about this eat

V¥ Iresco,
because when lI'II|.'|'|F"IiI-_*'E|-_"|:_i_ “1t
pegan o mildew so that the
figures could barely be distin.
t:l:lil;‘-ht':ti' " The condition may
have been caused by Michel-
angelo having mixed too much
waler in the |;|-3'r2—“.l_'r.

He hiad never wanted the
commussion o paint the
Sistine Chapel in the first
IL||.1|.'1“ and, i:-inn:ini:r, the
Hasco On s mexpernence,
he petitioned Pope Julius
[l {or release. The Pope,

however, would not agree

[Dismissing assistants, he
ook almost all the burden of
the painhing upon himself. As
he progressed beyond the
story of Noah, s destgns
became simpler and bolder,
the color schemes more muted
and elegant,

Prophets and sibyls burst
beyond the confines of their
niches. The powers of God al
Creation, even the very look of
divinibe, wore struck as indel-
ible models tor the mind's eve,
and for the ages.

National Geographic, December 1950






[i -"-_"'."I 1LY LI .'I-II-"i -;_'III! L N
nish that blemished a

wild-eyed face (above

lett) were removed without
loss of pigment. Elsewhere in
the chapel conlracting varnish
has pulled original pigment
from the frescoes, spurting thi
decision to do this comp
restoranon

- e |
) 4

varnishes made of antimai
plues were applied through
the centuries to brighten the
[rescoes, A lEmporary remsedy
varnish would soon deterio-
tate, making them darker yvel

B4 ] E

An especially slop

was done on one of the nudes
(rieht) positioned at each oo
ner of the cerling’s central
scemes, [he lighter swath

PSP SRl S0 cof WY L | =k
aeross the right thigh and ab

domen was missed by a care-
ess worker perhaps wielding
i lomg brush from below

Giiant acorns assaciated with
many ol the nudes, or g
[FaCimg page), e rrad to
neraldic device on the

Coal Of armes

LFpig - 3

Ihe figures themselves echo
Michelangelo's changmg
moods, his love of anciant
statuary, and his abiding de-

site to be. above all. a sculotor
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iridesoent in evil

| he kalerdoso Jis of Colors
displayed on a computer”
sereen (left) records sipmticant
miormahon about the [rescoos
and the restoration s pProgeress
This constellation of Eden
nowe dingonal green lines,
loose plaster; heavv greet

lmes. one dav' s work for
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elangelo; red lines



cracks; vellow crosses, metal
clamps; and blue circles, weak
areas from past restorations

| e computer mapping 1s
based on a photogrammetric
survey that details even smaall
curface variations, of which
there are many smce the ced-
mg undulates like an inverted
washboard road

Logsred on to Lod making
the sun and moon, Filippo
Petngnani enters data for Cre
ation’s fourth davy. The soft.

wire ook a vear o create I:l




BA]JA CALIFORNIA
Mexico's
Land Apart

By DON BELT

HATHINAL COEDGRATHIC STATF

Photographs by
ANNIE GRIFFITHS BELT

“A pathless, waterless, thornful rock, sticking up betwesn two oceans.” Thus wrore
a Jesuit missionary in the 18th century, describing the scene of his ordeals—the
peninsula called Baja, or Lower, Californio. Isolated by the incredibly rich Sea of
Cortés (gatefold), where dive-bombing brown pelicans feed on schools of fish,
Baja Californic has been steadily goining ground since 1973, when its dusty back
rovadds were huttressed e a paved peninsalo-long highway.
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Tapped out by irrigation before it reaches the Sea of Cortés;, or Gulf of California,
the Colorode River no longer flows through (12 own delta (left). What appear as
rivers are actually runoff from tidal surges, among the world’s highest. Grroy
whales migrarte from Alaska waters to breed in sheltered bays and logoons along
Birja's Iomely Pacific ¢oast (top), witlle hurmans imhabit rare oases such as Mulegé
(above), blessed with one of the peninswla’s few perennial streams,



High and dry, the mountoine forming the peninsila’s backbone are proactically
untnhitbited. The same iy true of islonds in the Sea of Cortés (top), despote their
growing popularity as anchorages. Science finds them oven more irresistible as
notural lohoratories for the study of evolution. “They're like o poor man's
Galapagos,” saves George Lindsay, a pioneer of selentific exploration here. “Miony
af them have plonts and animals found nowhere else on earth.™




“If it were lush and rich, one could understand
the pull, but it is fierce and hostile and sullen.”

— JOHN STEINBECE The Log from the Sen of Cortes

HE WORLD WAS AT WAR In

December 1944, when a young

Mexican pilot named Luis Cop-

pola Bonillas, ferrving an Ameri-
can B-17 bomber from Canada to England,
landed in Greenland and fell in love with
Baja Cnliformin.

Somewhere over the Atlantic his plane hit
hurricane-force winds. Coppola and his crew
made an emergoncy landing at a weather sta-
tion in Greenland, which in those days was
ane of the few places in North America more
remote than the Mexican desert peninsula
this story is about.

"There we ware with the biggest war in his-
tory, and all we could do was hunt ducksin the
snow and read.” he recalled. “Luckily I'd
picked upa little novel somewhere called Jour-
ney of the Flame, all about a voung man s
adventures on the frontiers of Baja California
Ta me it sounded like the most exciting place in
the world, By the time we got our plane off the
ground, 1 knew my destiny was in Baja Cali-
fornia. I can't explain it, except to say that one
has rocks in his head when he’s voung.™

Five vears later Coppola was manager of the
peninsula’s largest airline. He was alsoits only
full-time pilot. Flying back and forth across
the Sea of Cortés, he hauled chickens from La
I'az to Guaymas; people from Loreto to Ense-
nnda, and fichting bulls from Jalisco state to
the bullmngs of Tijuana. He flew a malitary
surplus DC-3 his partner had picked up at an
auction for 11,000, “It had seen action in
Eurppe during the war,” Coppola said. " Bul
the flak holes were good for ventilation.”

NE HUNDRED MILES of waler,
maore or less, divide the penin-
sula called Baja, or Lower,
Californin from the rest of
Mexico, and flying into La Paz
on a clear day, you can see mountains along
the west coast of Sinaloa, rising dreamlike
thraugh the hare above the Sex of Cortés.
This bady of water is also known as the Gulf
of California, although most native peninsu-
lares prefer the more evocative Mar de Cortés,

Raja California: Mexico's Land Apart

for Herndn Cortés, the congueror of Mexico,
who came here hunting pearls in 1535 and
claimed the peninsula for Spain. Judging by
maps from this period, Cortés miy have called
the gulf the Vermilion Sea, perhaps after
watching its surface turn blood red, as it often
doesz in the hour between sunset and dark.

Bv whatever name, the gulf has isolated
Baja Californiz and many of its islands since
they tore free of the mainland some five million
vears ago along the San Andreas Fault system,
which zigraes up the gulf before rising from
the mud flats of the Colorado River Delta to
menace citizens of the other Califormia

In o thousand small wayvs thisisolation has
shaped the natural and human history of the
Baja peninsuln and made it as distinct from
mainland Mexico as twins raised on opposite
sides of a mountain range, Both were born
poor and have spent their days looking to the
dezert skv for miracles. But Baja California
grew up harder and lonelier and generally
worse off than other parts of Mexico —mainly
hecause here the sky so rarely cooperates.

Baja's central desert, which covers & third
of the peninsula, gets between one and three
inchesof rain a vear—about the same as Death
Valley. Except for hurricane years and a few
regions that get unpredictable downpours, all
Bajn California is a desert full of thorns and
sharp rocks and wide-eved childreén who have
never seen an umbrella.

As vou might expect, people are spread thin
over this land. Of the estimated 2.5 million
persons Hving in the states of Baja Californin
and Baja California Sur, some 80 percent are
crowided into the big northern cities of Tijua-
na, Ensenada, and Mexicali near the United
stntes border, with 160,000 living in the south-
ern capital of Ln Paz. Most of the others hve in
fishing camps or small villages scattered along
a wraparound coastline that if unraveled
would stretch from downtown Thuana o
somewhere just north of Juneau, Alaska.

Because it is barren and mountainous and
exceedingly lean in the things that make men
rich, Baja California has repeatedly folled
man's attempts to make something out of it

ol



In 19480, when Luis Coppola began flving
the penmswia’s first matl route, Cabo San
Aicas was a ramshackle fishing village strewn
around a tuna cannery at Baja's southern Gp.
A couple of hundred people lived here then, ™

ne told me. " There were 4 few goal ranches,
but most people worked at the cannerv and
fished in their spare time. The whole town
srnelied ke tuna fish.”

He wasn't the only pilot landing his plane on
the ditt strip down by Labo's wateriront. 1
was used also by a handful of gringos who
loved the anonyvmity and (funky charm of the
place—men like John Weyne and Bmg Cros
b, who flew down in private planes and spent
their davs hauling trophyv-size marlin from the
waters around the cape

Lhese men would sometimes invite rencs
down o join them, and soon Coppola was
shuttling passengers along with the miéll De-
tween Cabo and La Paz, which was then in its
hevday as a duty-free port, “That was a crazy
he recalled. " Baja was: a lasi frontier,
laska, Yoo thought big in those days.”

(One morning in 1952 f|'||_':':'-|'||__'j WOHeE LD
thinking really big. Backed by his father-in
law, he made a “rdiculously low affer™ for
Los Arcos Hotel in La Paz. He fully expected
the owner Lo lanugh m s face. Instead the man
pulled a ring of keys from his pocket and hand-
ed them over

poda, ” he said

Eimee,
likce

“Congratulations, Mr. Cop-

" You're now o hotelier.”
Crne thing led to another, and soon Coppolia
hiolel

arcommodate the prowins -|'|t':-|'i-'_'.

wils apening a 24-room in Ciabo to
lishing
Finisterra, 8 luxurn

crowd. Then came th

hotel he -l]"l.'.'ll.'lJ. in 1971
san Luchas began popping up in the travel se«

tions of major U, 5. newspapers, Coppola was
adecade ahead of FONATUR, Mexico’s bareay
of tourist development. Around 1982
started talking about Baja as another Cancin
and followed up by expianding the interna-

tional airport serving Calb

ahout the time Cabo

they

‘In thee beginning we all wanted to keep this
place a big secret,” Coppola recalled. ¥ Guys
would go home and Deaboutl how crummy the
[lshing was.

He looked out at the bulldings transforming
the quaint fishing village of his memories into
one of Mexico's premier tourist destinations,

There are a thousand new hotel rooms being
built on the cape right now.” he said with a
sigh. *1 guess 1t's safe to say the secret’'s out.”

At last count the secret was being shared by

—

about half a million tourists a vear in Baja

Celiformin Sur, Their free-spending ways
accounted for a third of all income and helped
pive Mexico's least populated state one of the
country's highest standards of hving

For every ten vacationers strolhing the dust

filled street:

aof Cnbuo, it seems, there is also a
businessman in white shoes stridhing about
wilh a portlolio full of architectural sketches
under hiz arm. From those drawings spring
forth projects of every description, designed to
cash in on the success of FONATUR s develop-
‘Los Cabos"

ment at . !|II' NAME COMES

promote hoth Caho San Lucas and the neigh-

nsédel Cabo

boring pueblo of San |
At Pedregal, a hilltop development owve

looking Cabo San Lucas, owner Manue] [Har

Rivera watched as workers put the finishing
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on a mansion of mortar and stone

touches
Commissioned by a Los Angeles couple, the
| square feet and took 70
men three years to complete. Yet 1t was bt
: ] [ what the buy-

house covers X510
for only 3300, 000, a fraction o
ers would pay for the same home in California
“We hve 1n a state of

ahout wh

CORLIMUGLE Fhssin
y'5 butlding and where, ™" sad 1L ias
LORS Of A

who speaks m the ghtb, rapid-fire

Wlexicn Uity “Yesterday | watched A

RALIVE
CAanAdrver point to my nouse and tell a touris
That's where Sylvester Stallone Hves," "

Word
in the Mexican interior, w
soars. Perhaps o1
in Cabo San Lucas today is a construction
worker, and hundreds more arnive each week
lonking for work, T

f all this haz spread to distant states
lere unemployvment

we ot of three

peonie living

iese pewcomers live 1n a

Bara California; Mexico's Land Apart

To turn parched land into farms, Baje Califor
nians use underpround water, COn his ranch
near Ciudod Insurgentes, where annual rain-
fall is four inches, Arnulfo Eeves irrigates
cotton, whent, and other crops with well wiater

Spraw line J‘|.{r'.l_-. bty on Cabo s north encd,
[ar bevond the village's ability to provide them
DRtiC Services ke seweran

wWitl and water

pnds meal Puerto vallarta s
Lagi Tre-
mendous growth with absolutely no planning
Private enterprise can work miracles for the
Mexican economyv, But we need government
to give us infrastructure. Otherwise it doesn’t
tike a genius to see the problems ahend.”

Cn the other hand, some see Bajn Califor
nig's chronic mefficitency as not all bad,

1 s own ren

[&W VEATS 220 L oppola told me




%

UNITED ETATES functioning as a kind of unofficial conserva-
tion program. “Une of the saving graces of
Mexico is that it's not perfect,” said American
Tim Means, a soulful expairiate whose com-
pany, Baja Expeditions, trains local guides to
lead environmentally conscious tourists into
the backcountry. “If gringos ran this place,
it'd look like Miami Beach™

HE GRINGO MULTITUDES shut-

tling down to Los Cabos today

were just a politician's dream on

December 1, 1973 —the day the
long-awagited peninsular high-

way, Mexico 1, paved from Tijuannto La Paz,
opened for business. Atthe border between the
peninsula’s two states; Mexican President
Luis: Echeverria led dedication ceremo-
nies, which climaxed with the unveiling

Bh of a 135-foot steel-beam coulpture
M of an eagle, Mexico's national
g\ emblem. In g symbolic gesture the

A eagle was placed facing north,
toward the United States.
s | '."f“"‘-"#.__- Today the colossal symbal
S --,J’f"ﬁ of hope is a little worse for
o P wear, its wings rusting
v L .

_ in the heavy, salt-
< \ i'q' ,1_4 tinged air drifting

'-:-.._r... = i

California
Discovered in 1533, this new
land was dubbed “California®
for its resemblance to a fic-
tional island deseribed by a
Spanish quthor of the day.
After attempts to colonize it
Ffailed, Spain turned Califor-
nia over to missionaries, who
wartched helplessly as Euro-
ally all their Indian converts.
Supplied from Loreto and
other peninsular missions,
the padres pushed north into

' AFARARGlS L1%h B RITTER

between PRSSSACTIOM: CLLEE [ LA Ean
fornia ralions, IO CLLFY -
HiF CDITAR TV AT
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from nearby Guerrera Negro, wherg the
world's
located. Bul no matter. The highway has

RTEESE _-'ITII._'.F I"'.'i'.l:ll"lr:lri".'F' '_--il.llI MINE 18
paved the way for development and watered
Baja's drv-gulch economy with a steany
stremim of Amenican cash,

Miexico Highway | oflicially beginsg somse
450 miles to the north, at the Tijwana border
crossing, where each year some 13 million ve-
hicles cross from one California into another,
heading south. Bevond Tijuana the high-
wiay rambles along the scenic Pacfic coast, its
reverie interrupted by bi
mugeing, in fractured English, the condomin-
wme, restiurants, and hotels built along the
road for U, &, consumption

Wherever thas highway goes, 1 captures

; .
|boards and banners

‘:~.~1.l.'1'--—-[|u!||n*_' commerce away from their
cenlers to a strip alongside the pavement. This
1E8TE ¢
ey al the PEMEX gas station comes face-to
fare with the man behind the wheel of the
£50.000 Winnehaszo with dirt bikes and surt
boards strapped on top. The language of Baja
aced with words that have
passéd from English into Spanish around a gas
pump. You may not find the words aute-
dorles, parkiar, carrp, trocke, Or lORCKE 1N VOUL
spanish dictionary. But yvou'll hear them sure
enough when a Baja Californian hixes your
water pump, tells yvou to park vour car behind

it

15 Lhe contact 2one betwesn cultures, w

Californians 15

his truck, or mvités you to lun |

Tourists become fewer the farther south yvou
dnvealong Mexico 1. Many never make it pas
the curio shops and cantinas of Ensenada,
home o hath the Baja 1000 off-road race and
the Mexican tuna fleet, where an " attorney for
tourist protection’”’ 15 on call to put visitors at
ease. (thersturneast onanew paved highway
to San Felipe, aguiet fishing town on the Sea ol
Cortés where residents more often need pro-
tectionn from the tourists

Recently San Felipe
party anime
stene on Kaster weekend hns turned especiatly
ugly. Sard one American visitor: * I Mexicans

vk been overcun v the

s af southern Cadlfornia, and the

Wiint 1o SN ||'.='",'_|| i-i[III alld ||'|| LHEe Wy sofme
Americians acl down here, we wouldn't just
throw them in iatl—we'd close the border.”

Dofin Anita Espinoza, the gray-haired
matriarch of El Rosario, has a saving about
this: “ Bad roads, good people. Gcood roads, all
kinds of people.” In ber coastal town 150 miles
south of Ensenada, she has watched, with a
twinge of regret, as good roads replaced old

Bapa California: Mexico's Land Apar
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A gringo imvasion 5 lounched every weekend,
as thouwsands of California students head for
Bain {an abbreviotion that guietiy rankies
many native peninsuloares ), favoring hot apofs
like Rosarito Beach (below). Ensenada hosts
the BHaja 1K) (above), the legendary off-road
race run by sCorg, a U, §. racing organization,
“The peninsula is like o crazy mixture of Mex-

ico and the U, 5.." observes a Mexice City
native. "It's a different kind of culture.™
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apirtta soar on Sunday in Todos Santos, where Padre Hipolito Zacarias conducts a children's
Mass in his church: Affectionately bnown as “little father,™ the young priest also takes his
miinistry on the road, driving his pickup truck o remote ranches and fishing camps.

values with gringo ways and dependencies,
évenas they carnid her ttle restaurant arepu
talion for the best lobster tacos 1in Mexico
Just' bevond her door the highwav turns
mland, awav from the cool Pacific,
gut alone mto a torrd land=<cape of cactus and
dust and the bones of a thousand dead automo-
biles, picked clean by backyvard mechanics
I'his is back-lot Baja California, a destina
tion vou'll mever see advertised in FONATUR' s
[ts symbol 13- 8 tumbledown
M550, 54V, Or 8 I"'.'.'1i" DI TUustyY MININE equip
ment, or a clutch ol abandoned ranch houses
recling in the wind

AN SELS

siick brochures

['hese monuments 1o the

Galled dreams of Bata Califormians bristle with

i sound of sand carried on the hot wind. and

thev invarahly eather other things cast awnny,
that hlows
across the landscape, fluttering

EVET,

ircessarntly

arounc
immune to the disintegrating effects of
rain because there 15 none

For vears the pavement ended just south of

olockine the [itter

[T -

Anita Espinaza’s restaurant, and few dared to
irive the rough-and-tumble dirt road between
L.a Pz, TO0 miles to the south. Anita
1] -||_'. :'|-.'1:|-['_:|_|-:-r_-. [l |||';|| i |-|:.-:_'L_':il|[| 0l ."|.1|'||_'!"_-

hete and

an ologists;, Baja 1000 drivers, and assorfed
wiltl men who passed her door in Lhose cdays

“Those were the ones | called heavy-duty
Americans,” she sdid. “They'd sta
i

desert, make camp, eat their Wheaties, They
loved this land with a passion.”

ot i the

ORMAN ROBERTS 158 heavy-duty
American. He's 69, mowves like
he's 30, and has been scram
bling @&round Baj California

seven, He

an old chewed-up

fiace he was WEAT
wire-rimmed glagses and
traw cowboy hat, even when cooling ofl i the
ata ol Cortes. Me wasa high school sophomors
Dounced through i

29 Model A

i north out of La Pag in

in 19536 when he first

B

LIS And he recallects

048 when he and

i i
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o few buddies had so much trouble that after
they reached El Rosario ten davs later, they
jumped out and Kissed the pavement.

Morman told me this story in the gruff, wry,
deliberate style that served him well during his
veterinarian days, back when he doctored
racehorses in Tijnana., That was after his
snake-collecting days and before hisdavs asa
consultant at the U, S. Department of the
Interior. These dayvs he manages investments
from his San Dhego home, serves on the Inter-
national Whaling Commission, and writes
scientific literature about the natural history of
Baja California in his spare time.

Norman, his bride Gelin, and 1 drove south
one August in his Baja truck, a four-wheel-
drive camper fortified foroff-road travel. Nor-
man’s truck is the only thing 1've ever heard
him brag about. “1t'll drive forever and climb
awall,™ he likes to say, He was working on a
new edition of his feld guide to the plants of
Baja California. Gelin, a former schoolteach-
er from Mexico City, had néver traveled south
of Tijusna and wanted tosee the land that won
her new husband's heart so long ago.

As we drove south from E! Rosaro, we
passed the canteen back and forth in u kand of
trance, lulled by heat waves rising off the
pavement. I wiped dust from the little plastic
thermometer I'd clipped to my bag; it read
110 degrees. The scene out our window was i
no-man ' s-land of reddish volecanic mountains
and scorched vegetation. Mars with cactus,

“It’s a thin line between life and death this
time of vear,"” Norman said. “A lot of dezert
plants — cholli, creosole;, mesquite —go into a
dormant phase during drought, like deciduouys
trees in winter, They die by degrees — first the
tips of branches, then the branches, then the
stem. The roots are the last to go, and all 1t
takes isa little rain to reverse the process.”

Indians roamed this desert during pre-
Columbian times, he said. They hunted
snakes to supplement their diet of beetles,
mice, lizards, ¢actus pulp, and roasted agaves,
“In other words, " he said, * vou and 1 would
have gone hungry most of the time."

Red meat was a delicacy so prized that they
customarily tied & string around each morsel,
chewed and swallowed it, then pulled it hack
up for the next fellow. During summer they
gorged themselves on cactus fruit, then driecd
their feces in the sun, picked out the seeds,
ground them up, and ate them again. They
wiere nomads, probably driven south into the

Baja Califernin: Mexice's Land Apart

peninsila by enemies, and spent most of their
lives on the move from one water hole to
another—"not unlike the old Baja travelers,”
Normuan observed.,

% THE HEAT began to lose its edge
nne aftermoon near Calavifia, we
turned off onto the peninsula’s
origimal road, which bumps
along in the dust next to the
paved highway. “That's the old road right
there, " Norman would sing out as we traveled
along, pointing with pricle to some hair-raising
stretch of switchbacks winding up a russet
cliff. " They ought to make that road a nation-
al monument,” he declared once. " Of course,
yvou're talking to a guy who thinks the whaole
peninsula should be a national park.”

Catavifia sits among remnants of an ancient
mountain range, reduced now to huge granite
houldérs strewn across the land, Winds and a
thousand changes in dlimate have sculptured
these rocks into monuments to the sublime
hand of erosion, and n the white sands grow
plants that match them in size and majesty.

This is the realm of the cirig, or boojum —a
tall, outlandish tree whose slender branches
curl skyward like tentacles (page 739)—and
the staiely green cardon, itsthorny trunk sguat
and gnarled as an ancient oak. Norman ex-
plained that both species ocour mainly in Baja
Californta and ina few small colonies in >ono-
ra—suggesting that they may have evolved as
the peninsula split apart from the mainland
and sinrted moving toward Alnska at the rate
of some two and a half inches & year.

He told m# this while poking around [or rat-
tlesnnlkes before dinner, an old habit of his,
“This is prime red habitat, " he explained, re-
ferring to the red rattlesnake common in Baja.
He stopped and turned over & fallen cardon
with his foot. He learned to hunt rattlers asa
bov, he said, working on commission for the
San Diego Zoo. His hero was the zoo's herpe-
tologist —a man so comiortable with snakes
that he onceé got bit while waving a rattler
around during an smmated conversation.

“Never been bit myself,™ he mused. “ Ordi-
narily herpetologists don't get bit because
they're always looking down."”

“Ornithologists get bhit," he continued,
“because they're always looking up."

The three of us made camp in g clearing and
climbed a boulder, the loose grains of granite
crunching beneath oar boots, to watch the sun

29






s¢l. Later, cloaked in the light of our dying fire,
we listened to the creak of cactuses swaying in
the wind and warmed our bellies with teguila
from atincup. Somewhere outin the boulders,
a covote wailed benenth a spray of cold stars.
Norman and Gelin conversed for a moment in
Spanish, the language they were married n.
Gelinis amerciful soul, and she gave me a brief
translation. “The most perfect night in the
world, ™ she spidd, her dark eves shining.

“This is the stuff that keeps vou coming
back to Baja,” Norman said quietly, “The
primitiveness, the aloneness of it. My problem
15 | never get tired of it. It seems like my com-
pass always points south.”

QST OF THE YEAR you can
drive the length of Baja Cali-
fornia from Tijuanato Cabo
san lLucas—a journey of
=ome 1,050 miles on the pen-
insular highway—and cross runnming water
exactly once. at the little town of Mulegé

There a trickle of underground water nses
to davlight two miles from the gulf and finds
itself the centerpiece of a palm-lined oasis. Its
syiclden appearance in a land where 90 percent
of all rain evaporates practically on impact
seems so improbable, even bizarre, that many
here believe the water must onginate sorme-
where else. ‘Alaska, they whisper. The water
comes all the way down from Aliaska

To my mind there is no more dramatic sight
than coming upin one of these rare green oases
in Baja's desert, and no regional figure of
speech more pleasing to the ear than egua dul-
ce, meaning water that is sweet, or potable.
Baja Californians speak the word agua with
love and reverence and asense of ultimate con-
sequence, much as they say [hes, the word for
God. “No hoy agua,” a mncher will say sol-
emnly, explaining why an entire mountain
range is uninhabited. There is no water, Or,
“Without sgua we have nothing,”™ a remark |
heard o hundred times from the lips of farmers
and fishermen and waiters and politicians all
over Baja California—a land where only fools
waste water, and then not for long.

“Once there was nothing here but cactus-
ga " =gid Marco Antonio Nufiez, a farmer
from Ciudad Constitucidn, a prosperous farm
town northwest of Lo Paz that gets only about
four inches of rain a yvear— barely enough to
keep a cactus happy. For the past few decades
Farmers have (Continued on pape 738)

Baja California: Mexice's Land Apart

Fuast times are nothing new to La Paz {facing
page), capitol of Baja California Sur. This is
where a ship full of Spanish mutineers first
blundered upon Califormia, and where rumors
of stunning pearls brought Herniin Cortés in
1545 to see for himself. La Paz earned her
nickname “La Perla” exporting pearls to the
crowned heads of Europe, even as the rest of
Bajo California longuished. When oyster beds
died mysteriousty in the 19405, La Poc's status
as a duty-free port and fisherman’s paradise
drew Mexican tourists to soften the blow.

Tourism hos changed Cabo San Lucas at
spine-tingling speed from a sleepy fishing wil-
lage o a booming resart. Visited mainly by
tourists from the U. 8., resorts along land’s end
earmed some 70 million dollars in 1988 and
brought nearly full employment. This news
spread throughout Mexice, and thousands af
mainlanders have immigrated to Cabo by fermy
(top). Many find construction jobs, and a few
entreprencurs survive by selling their wares to
beached visitors from the north.

7il
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=iun Francis

LIng¢ marning Francisco Arce
ledd the author tooa Uny spring
giirgling from & crack 1n the dr
rivertsid above his ancd 4t
nacid el rancko,” he said: " Hen
the ranch was bhorn.” He ex-
plained that the spring gushes
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“Yery swieel,” the aythor
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futher. O course, ™ Ehe rancher
replied, his eyes filled with
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Using a hands-on approach, biologist
Enrigqueta Velarde (left) of the Universidad

Nacional Autonoma de México studies birds
nesting on {sla Rasa in the Sea of Cortés.
Alarmed by rapid tourist and fisheries devel-
apmant in the gulf, Dr. Velorde leads a mowe-

ment to preserve the region’s unigue habitats.
Evolved in isolation, the boojum tree {right)

gronws only in Bojo Califormia and dacross the
gulf in Sonora.

people of San Ignacio have collected this water
in & man-made lake and tapped it, via canals,
to wash clothes, sprinkle dusty streets, and
irrigate oranges and date palms.

The Pacific iz near enpugh that many San
[gnacians earn their living on the water, fish-
ing during the week, then returning to their
families on weekends. They come home to one
Baja town whose soul hasn't been paved over
by the highway, and many here pass their
leisure hours in the cool of the plaza, chatting
peacefully in the shade as workmen whisk the
sidewalks clean with palm fronds and the girls
of San Ignacio, whose prames are sung from
Cabo to Mexicali, pass sweetly by,

In 1716 when Jesuit missionaries first
explored this area, they found hundreds of
Indians in the oasis. As they had begun doing
two decades earlier at Loreto, the Jesuits es-
tablished a mission colony and butlt a church.

The padres ran a tight ship, carefully
screening the soldiers and tradesmen brought
in from Sonora missions to support the colony
They strictly forbade sexual intercourse
hetween their Indian flock and these workers.
But thev couldn’t shield the Indians from the
white man's diseases, and during the 18th
century one epidemic after another —typhoid
fever, measles, malaria, typhus, and small-
pox —devasiated the Indians. Between 1743
and 15808 the native population at San Ignacio
punged from 2 000 to a hbundred. And by 1850
the Indian population of Bajn California—
perhaps 35,000 when the missionaries land-
ed —was all but extinguished.

As the missions deteriorated, the lavmen
dependent on them locked for alternatives. A
fortunate few acguired land near an oasis or
pushed north with the missions into present-
day California. Others fanned out to claim
ranches m the dry surmounding mountains.

Perhaps 20 of these ranches remain in the
Sierra San Francisco (page 733), which lies
north of San lgnacio. It is there, in the remote

Buja California: Mexico's Land Apart

mountainous interior, that an older—some
would say triser — Baja California hives on, [it-
tie changed by the tourist caravans, the high-
way, or the events of the past 200 vears.

EYOND THE SIERRA Lo the east lies
the Sea of Cortés. There, in the
cool air that lingers in the hours
before dawn like a truce between
the desert and the ferce vellow

sky, barefpot fishermen nudge their pongas
out into the still waters of the gulf

Depending on the season, the fishermen
may motor out to check lines they set the night
before —thick cables baited with hunks of
dorado to attract hammerhead and thresher
sharks —or to tend 300-foot nets unfurled to
catch manta rays. These davs they might
instead be taking tourists out to trall for mar-
lin, roosterfish, snapper, or yellowfin tuna—
species present in such abundance that the Sea
of Cortés has acquired a repulation among
sportfishermen as the “world's greatest fish
trap” —implying that fish somehow take a
wrong turn into the gulf and get stuck there,

The “world's greatest fish hatchery™ is

L
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A sea of plastic ripples across the San Chiintin popuiation as varned as any in the world. 1t
Valley, where furmers grow lomatoes ustng ncludes fin, blue, gray, humpback, and
drip irrtgation systems and mini-greenhotises perm whales, as well as the vagusita, or Gulfl of
e conseryve underpround water supplies. Baio i
California furms are consuming water much
faster than it’s being replemshed

alifornia harbor porpoise an encdangered
species endemic to the northern Sea of Cortés

such variety and abundance have histor
cally led Baja Califormans to see these waters
more like it. For these fish are mostly the asa cormucopia, delivering blessings that the

homegrown products of an tncredibly hounti- sk sa oflten withholds from them

(1l food chaln, =&t In motio ||_t.' I B '||-'.1.'i-|'.i|':: In Baia Calitormia nobody staryvie

told me.
fsins and submarine cCanvons nitnling oul whatl she regards as a kev differ-

of mutrient-rich cold water from the gull*sdeep Anita Espinoza of El Rosario had

viaring scientists have counted more than  ence between the peninsuls and the interior.of

800 species of fizh and 2,000 species of inver-  Mexico, " No matter how poor yvou are, here
tebrates in the gulf and lfound B cetacean SO can alwaves cateh & lish toeat.”
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MNobordy koows, etther, how the loss of some
tons of trash fish each vean
affects the ereat web of life in the Sea of Uortés.
But this much is certain—shrimpers aren't the
onlfv ones tnkmg biomnass from thicssea. Every
fehermbn I talked to has seen foreign boats
fiching inside the gulf or lurking nearby, vio-
tntmg the varnous hmts Mexico has declnred
to protect her coastal waters

LM LU Tret

“Catch and release” is a motto in Cabo San
Lucas, where roughly half the marlin caught
by tourists are set free. The rest are often cut
into steaks (helow) and given away. Anglers
claim Cabo's legendary calches are being
depleted by commercial fleets—a complaint
echoed by fishermen on the gulf (nght),

\
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IS COPMILA's eldest son, Lais Jr., man
ages the Finisterra, the [omilv's
hotel in (Cabo San Lucas. Also the
author of a stathing book on gov
ernment corruption, the 41-vear

old Coppola shows plenty of his father’s vigor
Lately he has channeled it intoa bold crusade
pEanst 1legal fishing in the walersnear Cabo

It all started with the Fukwju 17, a Japanese
bodat flving the Mextean flag that put into Cabo
i Miay 1984
vealed that its halel was filled with frozen mar-
lin, swordlith, and dorado—all species then
reserved by Mexican law for sportishermen

There hove been gt least five other incidents
in recent yvenrs, said Coppola, pulllng a stack
of documents from his files. "'We have names,

A SUFPIISe navy ii|-||1*~.'.i-|r| re-

December 1980
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Chrice disdnined, stingrays are now sowught after
by fishermen on Isla Espiritu Santo, whose
declining catehes may reflect overfizhing in the
pulf. Despite economic benefits, recent devel-
opment threatens the self-reliant life-style of
the born peninsulor,

sardines from the Sea of Cortés. Recently fish-
ermen began to notice that schools were get-
ting smaller, and so were the fish. Fearing a
population crash like the one that wiped ot
California’ssardines in the lnte 19408, the gov
ermmentin 1987 beégian declaring a brief, annu
al moratorium on sardine fishing in the gulf

HAT WAS
directinn
larde, whose workkon Isla Raza. &
tinv, guano-covered sland in the
gulf, serves ns o beacon for Mexi-
can conservation. Dr. Velarde, af the Univer-
siclad MNacionnl Autdonoma de Méxioo, and her
colleague, biologist Fulvio Eccardi, along
witha team of students, man a research station
cach spring on Rasa, where 95 percent of the
world's elegant tern and Heermann's gull
populations gather to breed
“Our studies had shown that the birds rely
on sardines for food, " said Velarde. *But un-
il three vears ago we had no idea how much.”™
That yvear, mvsteriously, the roving schools of
sardines vanished from the waters near Rasa
*lt was a disaster,” recalled
Uzually about 15,000 tern chicks survive to
leave the sland. That yvear we counted 200 —
and witnessed what happens when the sardine
poputation suddenty drops. It wasa scary vear
for the world's elegant terns."
Armed with data, Velarde and her team
spend much of the vearin Mexico City, work
ing with other conservationists to convince

A STEP in the nght

says Enrgueta Ve-

Focardi

eovernment leaders t

il further study and
planning are urgently nesded (o mannge the
sed of Cortés ecosystem

“It's essential,” she savs, “ Mot
wildhfe but for those guys out there with the
nets— Mexican fishermen — wha are havine a
harder time making a living."
One of the guys out there with the nets is
Bomm in the tny seaside
village of San Pedro México, southenst of La
Paz, he learned to fish from his father and
erandfather. “Now there was a fisherman, ™
Lucero said. "He learned to fish from the

missionaries.’

[5sL Tor

harder anit

WViarcelo Lucero

744

A Tew yvears ago Lucero adapted to changing
times. He bécame a fishing guide, taking tour-
isis out to fish the witers e knew so well

“With commercial Ashing it's a big risk,”

he said. “Maybe you cateh fish, mavbe no
fish. But with farisme, vou know yvou will
make money
more, plus tips.” Not long ago he pooled his
resources mnd bought a taxi—an "83 Dodge
van painted school-bus vellow, with a big
black stripe around it. I asked him why

“Because | want to be prepared.” he said
cheerfully, “when all the fish are pone.’

“Whit do vou mean?" I asked.

He shook his head slowly. ¥ Every vear the
fish are down, down, down, The commercial
ETINE0S
everybody., We all fish, fish like crazy, and
there won't be enough to go around. I think in
ten vears vou come back gnd 1'l be driving a
taxiall the time: Nomore fishing. My wife says
I'Tl probably die from lack of salt water."

Seventy dollars a day, maybe

boats, shrimpers, Japanése, us,

National [ir"‘?".’:ﬁ‘f-'r'n Ahecember 98U
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WENT FOR A WALK ane aflternoon in the
desert northwest of La Pag, on the dav 1
understood Baja California best. On
this particular aftermoon a cool wind
from the west suddenly came up. Then
dark clouds rolling in off the Pacific gathered
over the Magdalena Plain, and it looked as if it
might actually rain, My wife, Annite, and | had
merked on 4 dirt aceess road behimd the farms
of Ciudad Constitiicion
fields of wheat, ripe and rendy for harvest

(In our right were

witered from an aquiler that each year grows
more salty. On our left the desert stretched
uninterrupted, west to Magdalena Bay

Annie and | —along with the farmers, no
doubt —were thrilled by the prospect of a good
soak. Together we walked ouat into the desert
to welcome the first rain we'd seen in more
than two months of traveling. Surely it would
ratn any second: We conld smell raim, and it
seemed that somehow the desert could smell it
too. On that afternoon, in that place, I coild

HBara Colifornia; Mexicos Land Apart
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henr those sun-tortured old cactuses, cloaked
in thorns and withered hide, sigh with sweet
anticipation. The desert was posied [or rain

Then the clouds went away, as they always
seem to, and the land became very still and
guiet. The sun shone, and again the heat was
clear and sharp. But for one overcast momaent
| had seen something as profound in its way
as the Virgin of Guadalupe, the miraculous

we desert that '__','L'L es Mexicans !LI.I|.I'I.'!

W0 15 !

“We have many ohstacles to overcome,”
Luis Coppola had mld “There 15 little
water and even less planning, But Baja Cal
formians always find a way., We are experts at
adapting to our surroundmgs.”

With a motion of his arm he sent my imagi-
nation wanderng up the long, twisting high-
way of hope toward Tijuana, more than a
thousand miles away

“lake a good look around you as you go,
Lauis Coppola said

“T'his crazy desert 15 full of life.’ []

me




RESHAPING
OUR LIVES

Technological progress can be gauged by how humans have used the
materials provided by nature. Now, equipped with greater understanding of
the structure of matter, modern-day alchemists in laboratories around the
world create new materials that are revolutionizing our times.

By THOMAS Y. CANBY sewmm assistant e

Photographs by CHARLES O'REAR ws
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breakthrough occiors in o

Swiss laty, and Jopan's maoy-
retioally levitated train (left)
comes clissar to corrumarcial
reafity. The alumimom-alloy skin
ferils on an ogeed ateliner, anid

the avietHon mdustry owakens
fo the threat of metal Retipue
has materials shape our [ves,
A 1986 discovery in Zurich
mictcde a household term of
superconductivity-—the flow of
electrictty without resistance.
Superconductors have been
harnessed for three gecodes,
biit only ar temperatires neor
phzolute zern, The Zurtcl tegm
tdentified moterials fhot
superconduct ab higher tem
poeratures, promising faster
comptiters, maore effictent power
IrHsnigs 0, and inecpensive
electromapnets that will help
el Japan's 300-mile-an-hour
Super Maglev off the ground

Ltrire ies foith i Ennednsgrion,

the Beech Atrcraft Corporg-
fion of Wickitg, Konsas,
bBrrdught @ new look 1o gvltation
with its Starship (left) . Carbon
Filvers in an @poocy matry form
the body of this corporate

passenger plune mode entively of
COFFroesiTe mgferiols

he plane is powered by twin
fetprops belvind wings that
feature vertical-tip sails. The
result s o craft thot, although
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slovewr thoan o fet, hok better fuel

eeoroTmy andd more Reddroum
thitrr okt small planes.,

Lommposites appenl o the air-
eraft industry becoke of thetr
srrenpth amnd Dghiness, qualities
that earned them a market in
aparts eguipmient such as tonnis
rackers, goll clubs, and surf-
Doscrrvds, Hut compoasiles Com De
l[aboriows and costly o moke
drowbacks that are now yvield-
pg to automuation

T A I

e cogght up with an Aloka
Airlines jetliner on April 28,

oS, wehien the roof of Dhie
forward cabin tore of ot 24,000
feet, killing a Might attendant
and njuring (5 passoneers.
Heading from Hile, Hoawedd, to
Honobwlu, the 19-year-old plane
wiees mialing its 89,681 st Right.

Pussengers are secit ¢vacual
g dn g photogeoph talken afres
arr emergency tondims on Vo
It the foregrownd, metallurgist

James Wildey of the Notionil
Fransportation Safety Board
holds pleces of the Boging 737
that tell the tale: The repeated
stress Of thousgnds of takeofis
amd lonetings coused the growith
of tiny cracks af rivet holes
cracks that, thowugh simall
enngh to escape visual inspec-
tion, lod to idHsaster. The NTSH
findings promplted fresh aowoare-
ness of the volnerabhility of

mietitls to fafletie



fie track t2 never mocddy ot

Remington Poark in (kla-
homa City, where the “dirt" is
cormposed of polymer-¢oted
sivrnd pprticles, 'he surfoce is
il feest aored aoft, report
plecsirdd fociaeys,

MHun-made polvmers, known
familiarly o plostics and syn
thetie fibers and rirbbers, huove
profoundly chanped our mote-
rial warld. Most are built on

carbon molecules focrd in " _ A ) —
L e e e e N Tl g en T eI
e trodewm and ather lppdmoor- e e e o P LTy .-.‘-"'_.;*":'_r.:..“}}?:;-r: I o e L A T T
T & i i il - y #0 oM g . = - Y - — '-.-' 2 -+ a :l..l.l:".-'l = Bl - g ¥ J.' - —_—
ons, with hundréds of new F o L ST 0 .:5:'.::'_,3_ .-::_'._‘_'-_._,":’.._E_ﬁ.- 5 =T

parieties entering consumer
products annually, Ther poten-
frard £ almost Himitless, sav
chemsts [the Hichard Fleming
of Du Pont; “Compared with
melols, plaostics are in thetr
nfirncy, vet they are already
mrore complex. Cheer the vedry
munufocturdrs ove enhancesd
them with one property aftes
unother—astiffness, oughness,
Hame reftordotion, brcatiom,
corlor—inid we're pnly

beginming.”

tigfttriing boll ora mueclear

hlist wowld never blingd o
pilot wedaring these popeles,
developed by Sandio Nabtional
Lahoratories in New Mexico.
Made of polarized plass and a
ceraomic called PLET, the lenses
gre glear when linked to an
glectric current. A flash breales
Ehe circutt, instantaneotisly
blicking all light

Laght on wereht and resisbort

to freat angd corrosion, ceramics
hold promitse for widespreod
i Wateriols scientistin hocis
o ansereoming brittieness, o

Frmfinge wedbness

l|I||||'|".'!|,':I LI irs _|||_,'" if | |I I| A F R s



ore refTective than o bith-

roHs ErroT, o giont
helipatat foctses suntight for
generating energy at Sandia
National Laboratories. A
silvered polymer film coots o
thim metal membrone stretched
awer i steel hoop 26 feet in
diameter, producing o mirrer foar
lighter than comventionol gloss
for cosy mounting and aiming,

Versatile plastics tewdiny

surrpiss metonls on volumee godd,
exacerbating the waste problem
at landfills ar well a8 creating
unsightly refuse along high-
WATVE. & ke govertments amd
plagtics manufactureérs pursue
i variety of aolutions. Ohne ap-
proach is to make plaostics thaot
degrade, either in sunlight, bac-
terially, or chemically, Another
answer is recycling. A growing
number of jurisdichions regiare
vurhside pickup or trmpose
dopasits to encourage reduem
if ermpty contminerg.
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Determined to continue her ballet coreer
despite degenerative arthritis, Zina Bethune
stretches in her Los Angeles studio, To ensure
mutwimmim flexibility, Bethune helped design
her hip replaocements, shown tnan X ray. A
porous cobalt-chrome coating on the implanis
permils strome bonding with bone.

Seen with his son Jeremiah in Duncan,
ORklahoma, Ken Whitten wses artificial limbs
that replace forearms [ost in o power-ling
accident. The prostheses, of carbon compuosites,
use computer chips to send impulses from
upper-irm muscles to his new fingers.

(Continued from page 746) hang glider

The people concocting these materials will
tell you they are working a revelution

“"For the frst time in historv,” observed
Merton Flémings of the Massachusetts Insti-
tute of Technology, “we can design materials
precisely to fit our needs, molecule by mole
cule, atom by atom."”

They get help from incredibly sophisticated
lools. New microscopes reveal atoms nestled
in their lattices almaost as clearly as we see eggs
in acarton, Lasers lay down atoms on surfaces
.-;u:':l'tflll]j.' as to endow them with entirely mew
properties: Insulators become conductors,
metals become glasses. Magnetic cannons fir-
ing jon beams harden metals and ceramics
agamst corrosives. Fulfilling an age-old
dream, computer graphics enable materials
scuentists to stody 4 complex molecule on a
screen, rotale its shining gnlaxy of atoms, and
select where to place an additional atom for a
desired effect.

Yesterday materials makers were mainly
metallurgists. Today they must also be chem
1sls, ceramists, engneers, and phyvsicists. In
their labs vou oftén see them staring at the
wall; follow their gaze and you see g copy of the
periodic table, that crvpiic tabulation of the
elements they so cleverly manipulate.

Little to their liking, these scientists find
themselves caught up in global competition
Japan, the Soviet Union, the major European
countries, China —all are locked in the cru-
cial struggle to develop new materials and
processes, At present the United States leads
in résearch but often lags in commércializa
tion. And the stakes are hgh.

“Materials are the building blocks of the
future,” observed Rudy Panser, former
research director for the Du Pont Company
“Today's advanced material is tomorrow's
commaodity.”

“Tomorrow"” can be a long time. On aver-
age, & decade elapses between teést tube and
marketplace for a new material, with exhaus-
tive testing in between. Many deplore this
slowness. But haste can be costly. | heard
some of the horrofr stories;

How Britain's Rolls-Royee Ltd. , switching
from metal jet-engine blades to light compos.
ites, went bust because the blades had not
received a rigorous “goose test” to determine
the effect of bird impacts —and they shattered

How U. §S. Liberty ships, welded together
iy the hundreds (Conbmued on age 760)

valtomnal Geopraphie, Decembay 1950
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Chemists’
keyboard:
the periodic
table

Building blocks of all matter, 103
elements provide the raw compo-
nants for torging tomorrow's
materials. (There are at least five
additicnal man-made alemants,
produced in minute quantities
and axisting than anly briefly.)
Thasa basic substancesa differ as
widaly as buoyant hydrogen and
haavy indlum —twice as dense as
lead. But when arranged in ranks
in the pariodic table, here simpli-
fied, atoms of these disparaie
alements raveal family relation-
ships that bring order to the
physical wortd and provide an
invaluable guide to chemists in
their iabs,

Each key bears an elomant's
symbol; the full name appears on
the key's right side. The front
sids lists the element’s atomic
number —the number of protons
In its nucleus. Baginning with
hydrogen, at upper left, thess
numbears increase sequentially
alang the horizontal rows, known
as periods: hellum, 2, upper right;
lithium, 3, baneath hydrogen, and
so forth.

Family similarities unite ele-
menis aligned in vertical col-
umns. For instance, lithium and
tha five other metals benaath it
share traits of saftness, lightness,
low medting point, high heat con-
ductivity, and similar reactions in
forming chemical compounds.
Exceptions are the elemants
known as [anthanides and acti-
nides, smaller dual keyboard,
whose lfamily ties run horizontally
{see note at nght).

Colored blocks on the keys,
coded at right, identity some of
the elements that play imporfant
rodes in matenats, both traditional
and exotic.

Hydrogen compounds similar to

thoss found in petrolewm and fv-

Ing organisms are the foundation

matanas of many plastica.

Lithizem, the lighteat metal, finds “a
growing wes alloyad with akummi-
num for arcraft. MoResa lithium
feacts snplosyaly with water,

marng procsasing dangerous,

Abundent calcium is tha basic

Ingrecisnt of cement,

Ziroconiwmn combined with
gxygen forms a hard heat-
roaistan] cornmio, ziroonia

I
The rare earth laninanurm was

n congtituent of the first high-
tempiritur superconductor
chsoovered.

Barium, & metalic
oomponent of somea high-
{emperatiime suparcon-
ducioes, |s highly rmaciive;
i & v found in the

pure state

SELECTED ELEMENTS AND
THEIR USES

SLIPERCONDUCTOR
CERAMIC

POLYMER
COMPUSITE

ALLOY

CEMENT

00000

Codor codas Iink alamants
to categores of sdvanced

maleHigls reforred
15 Im the texl,

LANTHANIDES AND
ACTINIDES

Two senis af slemems defy 1he
table's normel crder. The lanthe-
nidaes, with proparties smmalar to
the slemant larihanum, hove two
Secirons in their cutssde shall
and behave much the samea
chamically, Once thought scarce,
thay are called tho rofe anrtha,
Tha actinides, chamecaily smil-
lar to the lanthanides, are radio-
active, Al axcopt uranium and
theriumm e rie in sbiice,

a{""‘}

s

Thallum, a highly toxic elament,
cCours in the high-temperaiurs
racord hokder among the new
supsroonductors

Baryllium, atbractive for asroraft conetnuction beciuse of its lightneas
and niffnen, s toxie nod cosls as much aa 53,600 a pownd.

Magnesium offsrs the greatest strangth for weight among metals bt
raadiy comodaes. Infsnsive rasnarch is ovearcaming this probilsm.

¥Hirium, found in some garmets, is siso a component of one
al the high-lemparatuse supsrconducting materizis.

Wondss metel of rockstry and |51 anginse, tianum
DCCurs Bs0 in ceramices and metal-matriz composiee, Usatul afloys of aleminum

Hard and cOMMos-DN resistant, chromium mm mﬂfﬂ-ﬂm llwm#hﬁ
protectvily plates other metals and |s alloyed
with iron and nickal 1o form Atniniaes ateal S0Me componites, snd nlum

MLt St SOPAPOURGS Torm
Iron, principal Ingredient of atesl, s the  rugged caramics. '
mhhmumﬂnlnﬂﬂulndmhh!nﬂﬁ.

Nichs| |8 alkryed with siesl to
lﬁnfndﬂiﬂimbil.ﬂfmmh
Pt -tbier il superalloys

jel engines.

An slement In B0Me naw

supsconcuctors, bismuith
has i low melting paind




ibeon, the stuft of slectrome
hips, reacts with oarbon to
o @ hard ceramic id a oe-
nrre fibar weed In compos-
=2 118 & component of

prngy siicone sfastomer
mmm'nrmm FIHIELE“EHTGF
wnrpliin Ingrediants of struc- PREDICTABILITY
fural matenials! in plastics, n Tes s Sy This frer-
the finar and matrix of com- odic y SUgoasts how efa-
poadten, in hani-resialsnt 3+ mients will react with one
ramics, and in carbon sisals. anothar. Tha key lien in thoir
alactrons, which cam ortlt the
: AUCHRUE IN a9 MAany 88 E&vSn
Futrogen atoms go into mylan layers, caliad snelis, Each
;T;“"h" w "“"“‘I::“ E:um izl nﬂﬂn::ﬂ fiLirm-
fuard Dam of alactrons: i,
Tﬂdmm mwo, the secand, sight: and
50 forth [diagram below). The
ruaribar in the outor aholl dic-
Ciyoen Solsiers most pins- tmten whether an alom will
| tics and composiion, &y wall donate atectrons 1o anothar
- w8 Carneri fnd Mot coeram- share slectrons, or geize
e |t s emsantial to high- thrmy, and how bightly the two
fiflsd, the atom 8
breeert, @3 wirth helarm 2nd the
other nobie gases.

THE MAKING OF A MOLECULE

BT Fray b O OF more athar
atoms 1o form molecuwias, the
smallest stable partcles of an -
armant or compound. This chism-
houil procons taked olace
bebwaan the slectrons in
each atom’s cuter
shall, Horo borgilivm

procoss gonarston § poaitre

chatge on the barylium and a nepa-
tiva on the axygsn, uniting the two
aioms in 4 process called isnlc bond-
ing. Thn resuf in baryWium oxide, which

SHELLS SHAPE THE TABLE Bed

Tha horpontal stractlire of thi
parodc tibie roflacts the num-
bar af elactron shelis of azch ela-

ment, Hydrogen and haiium, noch forms a usaful, heatl-tolaran! cesamic, AIDmE
with a single shalf, sef the pallem can alag unds by sharng siectrons, s pro-
A1) TOW DN, CaSS known 35 covalnm bonding.

il ansl §7 bLils SainL Ratiijipel SENEEAFE ETART, ARD CEi B B HIAEE A

CEREUL RS, SSeRge F ey, SETINILE GED- . |



Superconductors

i f L FREEEITT HFUTIE EEEILIEE ERC™. LI BLAMCC NE~2lihd,
TLEEs o AN TWiE N (AFE LR dadME Ml T op" s iIBSEATARTY

A Tinkertoy maze to laymen, to scientists this
computer graphic depicts the possible anatomy
of a modern-day miracle: one of the high-
temparature superconductors.

In an ordinary metallic conductor. such as
houss wiring, moving electrons that flow as elec-
tric current often collide with atomic nuclei in the
wire, lesing some momentum. In a superconductor
the electrons travel pathways that avoid these
collisions, permitting them to flow indefinitely.

The crystalline model above presents the theo-
retical structure of the famous “'1-2-3" supercon-
ductor, the first to superconduct above the
tempersture of liguid nitrogen (TTH, or =318°F).
The few royal blue spheres, representing atoms of
the rare earth yttrium, are virtuaily blocked out by
abundant red oxygen atoms. For each yttrium
atam there are two of barium (light gray) and
three of copper (lurguoise). This structure per-
mits pairs of electrons [yellow with comet tails) to
speed unobstructed along crystalline planes in
the direction of the arrows.

Continued from page 752 during World
War II. oftien =sank with traesic logs of [ifi
e atrse tlelective steel lo=t 11s LOUENRNESS 1 thie

iy North Atlantic, permitting small cracks1

explode o catastrophic rents

HE USUAL CAUTION flew out the win-
dow. though, with the recent uproar
DYEr superconductors.:

Even in the arcane world of physics
superconductivity stands s a marvel: a state
of matter in which electricity Hows forever
withoul resistance. No current is lost, no heat

grnernted o superconductivits

[t does not come easily. Superconductors
lose electrical resistance only when subjected

ntense cold, | raditionally thas has required
immersion n boguid hebum at 4 kelvin
(=4527F) Phis makes supéerconductivits
cumbersome and vastly expensive, sharph
imiting its uses. (We encounter it most {re-
quentiyin the costly medical process Known &s
MAFTHELIC M'esonnance 1maging

SINCE 1S disCovery m 191 1, schniusts have
earched for materials that would “go super-
conductive” at hicher temperatures. Thes
miude little progress antil 1986, when physi-
cist= eorg Bednorz and Alex Millerin Zurich
cooled a4 black cerami Ilr.'Il.-'l. and saw it lose
resistance at 30k, Manyv compare the signifi
cance of their Nobel Prize-winning achies
ment fo Le Geve I'ZI['.'I'H'I'!' three decades earlier
af the famed transistor

scientists rushed to thelr laboratories,
spuirted by the new discovery. Their goal was
a matenal that would superconduct at a tem
periture above 77Kk —still cold, but the point
at which nitrogen liquefies. Nitrogen 15 easier
to Banclie than |:'| |Il| e lium And '|||| FeCuce
OsLs 1o one-Lenth

| he Bbeddnoce-Vidller ceramic contained the

rare earth lanthanum—nol - vour evervoday
oncuctor—along with banum, copper, and
Kvieen, b (nEriments that ollowe] siccess-

fully réplaced anthanum with vitrium, then
ismuth, and then thalhum, and steadils
mcreased the ontical  Emperalure I hi
historic leap—1to 90K —came with an yitrium
COTpoun

It triggered a scientific Mount 5t. Helens

Around the world TV cameras focused on
coin-size magnets magically floating above
superconducting ceramic disks amid mists of
IQuif] nitrogen. SCientists regated the press

with visions of miniaturized AU P TFCONOUCTIng



motors, massive underground magnets stor-
Ing L'II_'I"[FII'I]_'l- (i} [V LT EnLire Ciltigs, t?ﬁn.'::'l'.l'i.."-'
sion lines carrving current without loss of an
clectron, and, most éxciting of all, magnet:-
callv levitated trams whisperning acrosz the
fand at 300 miles an hour

How far off are such dramatic applications
Impressive progress 15 being made, butl the
obstacles are dnunting. The crumbly cernmics
of high-temperature superconductors luck the
flexibility of metallic wires. 'L hey balk at car-
rving hesvy current loads: Exceed the critical
current point, and they cease tosuperconduct,
Solutions lag because wcientists do not vl
understand the basic physics involved —how
high-temperature superconductors work

The fact that they do work, however, has
stimulated prodigious efforts to harness them

Uneof the most intriguing artifacts to date is
a small superconducting generator made n
England. Its fist-size coll carries ceramic wire
fabricated by Imperial Chemical Industries
(ICT in Runcorn. Though vears from commer
cialization, it generates small amounts of
I'_ll'l'|'|. ETr— ..'IIIIl l'[II'IlIlJ.':liJ_-I."!I':I'II']—I.T

!';1[T."|.]'||l'!' ~|J|;r|‘r|'ﬂ1|.-5|_1|'lll:‘||?, devires are also
being developed, mainly for use in phssive
electronics systems such &8 commumications
receivers and amplifiers

"We were already in the ceramics Dusiness
when the new superconductors camée on the
scene,” sald Richard Cass of HiTe Super-
conco in New Hope, Pennsylvania. * Radar
receivers with our superconducting compo-
nents Fve 4 signa
than copper; half a dozen of them are alreacdy
being tested by the Army.”

at ledast SO tmes sSironger

N WHAT GuUisE will high-temperature
superconductors first serve us consumerss
‘Possibly in vour TV antenna.™ said
Mr. Cass. “A compaonent the size of a golf
hall gives vastly better réeception than conven
tional metal, Companies are developing
liquid-nitrogen coolers the size of a cigarette
pack. Thetwo could fit inside yvour TV. Allow
three vears for the superconducting element.”
The advantages that superconductors ofler
in electronics are not lost on the U, 5. malitary
The Army, Navy, Alr Force, and Strategun
Defense Initintive Office have strong pro-
erams for applications research. DARPA, Lhe
Defense Advanced Research Projects Agency,
funds 37 separate projects at a total cost of 30
million dollars a vear, The appea

15 SLrOngest

Materials Reshaping Our Lives

Wisps of vapor from frigid nitrogen
ermmvelop a thallinm-based supercon-
ductor at the University of Arkansas.
This superconductor has a rare charac-
teristic: the ability to suspend magnets
bhoth above and below it. Possible
applications include ball bearings that
operate with no friction.







g where launch costs ol
10,000 & pound Inspire mniaturization

need tremendous come-
H |Tl||l!

Afr Force

in space defense,

'‘We're going 1o
putational power n s8]
Weinstock, who coordinates the
program. “A Cray 2 computeris nol large —no
bigger than a few Hle
monstrous cooling swstem, with its huge power
reguirements 3'_=':_||_||| rieonductors could slash its
size and reduce the power need drastically.”

Computer circuitry itself offers an obvious
market for superconductors. Here the current
in films, just as films of
rold and other conductors form the nérve svs-
ternd of today's chips. Film experiments held
high priority when I visited IBM s Thomas |
Whatson Research Center in New York

“We're working with all
ceramic  superconductors,”
Fobert Lalbowitz in his lab
millions of amps per

._.r.r_'TliI'.r_' r'|'.'-|_"'::', il PO T i

A,

abinets. But there's the

woiuld be carmned by i

three of the
qail  [HM's
L hey can Carry
zfuare centimeter
enough to devices.
“But it's hard to reproduce the films reli
ably. Further, the heat required to make
superconducting films is too much for the sili
con chips they attach to. It could take years to
work things out, but we're making progress.”
So important is this technology to national
competitiveness that a presidential advizory
committer has urged special collaboration
between business, universities, and govern-
ment. [BM has joined forces with two othe
rezearch leviathans, ATE&T Hell Laboratories
and MIT. Asimilar consortium links Ui Pond,
Hewlett-Packard, and Los Alamos Nalional
Lahoratory in New Mexico
The effort to tome high-temperature super
| saW Inten
sive programs in Britain, and West
Germany. All three are dwarfed by Japan's
Japanese scientists have filed more patent
applications for superconductors than the res
i More than &

of the
; . PR L KT L, T MR
flowed from Sumitomo Electric, Japan's lepd-

conductors ferments worldwicle

France,

world combined hiav
ing manufpacturer of electric wires and cables
While U. S. consortia are still organizing, a
[apanese consortium headed by the renowned
nhvsicist Shojl Tanaka counts more than 90
srientists m elaborate new [acilities

What about t
that "-!|'|l'.'I"'llf'll.|'-.l-.".- Al room e rature? No
need then for aw

belteve that if such a stibstance exists, its dis

a material

e uitimeate goal,

il

.|||_|::| RILTOSEn ..'-|..L||:=

covery awaits understanding of how hish
temperalure SUPET onductivity '-.l.'|'||'|-'._-i

Materials Reshaprng Our Laves

Expanding the frontiers of modicine
in Japan, d powerfil magnetometer
called a S¢U1D uses superconductors
to locate neural activity by detecting
extremely weak magnetic flelds in
the brain (facing page). The fields
are indicated by contours on a SQUID
tmage mdde at New York University.
Superconductors hold long-range
potential for improved submarine
detection by the military and the
discovery of ore deposits from
airplanes.

poLy it was ceramics, today's heacdline
material, that gave birth to materials
Sil iL'r'II_'I'.-_-I-ITII' |..'-,|||' 'l-: VELAS amn. 1II-iI.]L'|E
ers in Japan discovered that if yvou
cooked a clay vessel, it hardened into an en-
~ceramic pottery —ant
retained 112 hardness ever after. Un
these early cernmists caused atoms in the clay
to lock tightly together, in what
covalent and ionic bonding

loclay ceramics are riding A& resurgence of
nterest that some call the New Stone Age
Partisans point out that compared with steel
ceramics can be harder
more resistant to heat and

Thev can. But go back again to that ancient
Drop . it chatters, Today's
-eramics behave somewhat the same.

“The problem is brittleness,” explained
Victor Zackay, a materials specialist with Te
1ave spent

trely new substance

SO Ty

Hemists call

| !

lighter, stiffer, and

COCTOSI0N

pottery incl i

gavne Lorporation. " wOompanmes



Ceramics

SELFIH R FRALLITY, IIWEN. FNOR YA F . LR

Attack a ceramic with heat or harsh chemicals,
and it remains intact, held together by tightly
hound atoms. But in that strength lies a fatal
weakness: Unlike a metal, the ceramic cannal
bend Lo absorb an iinpact and instead cracks,
often catastrophically, as seen in the above
wraphic at right. Stress at the top of the coramic
has found a minute flaw, starting o crach.
Because ceramic is unable to deform like metal,
the crach tip rapidly wedges deeper, generating a
stress pattern represented by the circular pattern
arvund it

The picture changes (center) when a crack
beging in a ceramic toughened with fibers. As the
crack hits ssccessive fibers, s energy is partly
ahsarbed, its course diverted, and its force spent.

In another defense, known as stress toughen-
ing, a cernmic containing two types of erystals
halts the crack internally (left). As the tip pene-
trates, stresses cause one type of crystal Lo

expand, squeazing the crack shul,

464

mllions of dollars to devel

op useful cermmi
devices, and m most cases they have failed
woause of brittleness. Metals, because of
thewr crvstalline structure, can deform under
stress inslead of fracturnng, and stll do thedr
|0k, stress ceramics, and their atomic bonding
preveénts the crystalline planes [rom sliding

reach other—detormong. Instead o crack
oDens, and the obiect s o |.'.|-'|"i'|'il.-'.|'-'-

“Before ceramics are accepted as reliable
they muist be made so they can fail gracefulls
[hiz will not be easy, But ceriimics affer fiar too
many advantnges to discournge trving

['he driving dream is the ceramic enmne

“Cermmic engine parts offer enormous ad
vantiges over metals,” sald Richard Allieero
ol Lthe MNorton Company, 8 Mnpssachusetts
research and development firm that already
markets ceramac ball beannes Enrines
would run more elthoently if they could ran
hotter, But metal woidlel melt: instead we m
tall eostly radiators to get rid of thal valuabl
heat With cerpmics wie can harness the heat

anc] et rid Of the bulky radiaton

OST EXPERTS AGREE that the grealest
. ; : : e Tean

advances are being maile in FH LD

Here, where potlery began, goviern-

— — . i 1
T .'.|.'! INLCELESTEY A i""ll'l'l!

motey into ceramics development
The Japanese also have kindled intense
EIASS-TOOLE INLerest, KENOWD as ceramic Ievel
I he lever traces in part to the relentless drive
of the Ryocera Corporation, the leading mak
¢rof ceramic packages for computer chips
we saw 8 need o stimulate public accep
tance of ceramics to help dove industry, ™ said
Foyvusho Nagai, Kvocera's director of interno
nonal affmrs. “Yve began producing consum
e 1Eems Coramic sSC1ssOrs ::.-_|_'u'l||l PeTs
siishi knives, Meanwhile MITI, the Ministr
[ International Trade and Industry, bualt th
Fine Cernmacs Center. The fever spread.”
With Kvocera chairman Kazuo Inamori, |
idimired ceramic products gracing the lobbv of

his Kyoto headouarters: scissors made ol

Helping hands in the fight against discise,
forms made of porcelain are used in manufac-
turing medical gloves at a plant operoted by
Ansell Incorporated in Dothan, Alabama, THe
h'f!'l:lm-ll:_.lin!."-l.'l'n'l'. FESISTONT SUrface arnd u LT
heal transference permit high gquality

control as the forms troved on o chain throwel
virts of lutex and om to curing ovens.

1||I|.II'- II;I.III- IIII.I.I |I-|-|'-||.-'|'- - |r|Il' i l"|||'|-|l" rF LR






The cutting edge of ceramic technology is Zirconmium, oxicde, 56 nhard as to rarely need
found in Japan, where both business sharoemine: ceramic nrosthese: skulleans
ind government powr money into research elbows, hip joints, knees. We paus
Light easily shines through the porouws blode
of a zirconium oxide knife made by the
Tapanese Kyvocera Corporation

A microscope photograph {(othom) shows
that the Kyvocera blade, at right, has a cutting
edge smoother than that of a top-rated steel
knife made in West Germony. Although it U CETRIEIIL iYL
is keener than conventional knives and of Confamnabion
setdom needs sharpening, the Kvocera knife is wir. Nagatand | toured a hyocera plant just
brittle, a shortcoming that is the subject of itside the sacred imperial city, Ball malls pal
continuing research. erized powders of aluminum oxide and sili-
ot oll odvances in ¢eramics are recent. nonitride to the fineness of particles i

bt i A0 YIS o i j = 0 :
Beginning 40 years ago aluminum oxide, or iparette smoke. Products cooked inside squat

gluminag (facing page), was wsed for improved

" . A - furnaces, aglow like Shinto shrines. Techni
spark piuy insulotors demaonded by high-
: ians processed sheets of sapphire —alumi
compression engines in cars and airplones, _
num oxide cerami that would become tooth

r

T impiants and microchip wafers. 1 stroked a

slab bigger than my notebook

[0 5o ceramic auto parts in action, photog

rapher Chuck U'Rear and 1 followed the

beacon of snow-sheathed Mount Fuilto Yoka

hama, to sury s Leramic Research Instituts
| st te ifector Hide KAWAMUITM Ees

tured, and technicians rivsed the hood of & low

[his car wiis using its heat. not rejecting it
"We've put 5.000 k

speed, up to 150 kilometers an bour,  sawl v

W
I i i ¥ i FR
ometers an 1t AL nign

Kawamura., “"{hir tests indicate a cerami

ngine will last five times as long a2 meta

s N the Cerami round Tsuzu LESL
traeck. sindd it K ..||i||-:|:i.-|__ Biit 1t enve trou
hile startne, " Ceramic engineecinge is vers dif

ISl wcknowledged Mr. Kawamura
Another Japanese partnership has staked

| ||' I I.:!"l i I Ceramic trontieér ] .|"|'

manth NGk the huee manulacturneg Tl

the land of ceramic fever. Bul there is 2 down-

side: The rotars require costly individual spir

powders hovers about 5130 a pound
The U. 5. government effort, like Japan's,

has focused on the ceramic auto engine. To me
 seemed quite skimpily funded; B & D fo
ceramic car parts received only 11.3 million

dollars for Gscal 1989, A similar program

develop eramics [or daesel ruck en




Nhe @u i LRt e i omthe DOE
program will be different Trom th 17 L1
1] [ 115k | CinE D Erecl i i |
vill L CEFAmMIC @4 ne strikingly simi
&1 el atreralt's propulsim Tl

YL ETAMIIC AT £ i '_.,|_.I i Al =t '|
siunders Kramer, manager of the LW
III 1 54 -I.I' :-'- .'I -l_l_ I-IIIIIr |_|||I ||II|I T i "Ill'i||

parts test well to 2200 and then fml rapacly

We nesd better cermmic powders Lo retmosvi
iws and eliminate additives used in sinter
ng — L 1 ATO!
How g hefore ceramic | it U, s
Enwa Wi have millions of tmi
2 e W il them, " said Arvid Pastoo
GTE. thi Lron| it Wi pduced
I |t OTE | million. Tl pal 1t
ane ina bl | see commercialization o U
: | 40 Legeris  Sanund B A '
18} wie'll have autoanoh s LU rlnines on
Mt oL e venr 200 if worsl
mlA10 perts wonder if thi I Vi
miintain th Dt nmitmien| | '
ve | L1 tillions O Tl
erverd & Tohnson, a oeriinis =R
Internationgl LTS gy Lhe ISt 4 Tal

how long they want Lo continue losing mone
I've found them to be divided "

Two advanced ceramics, both developed |
Corming Incorporated, nlready play roles in
urdaily lives: One isthe catalytic converter i
VOUT Cil & exhaust svstem —a '!I'I!'I;'I o L

amic fabrication. The other is Corning Ware

AR, T R nercent of U.S. kitchens
[ i find increast 1= thin coa
nEs on obects mia if rventional T
15 W et i I wisit vl e weet i
DK 2L [ irill bi LI o th the gh i [11] i CUurse o) Fitl i y
IR E iy L 1 i Eridat g '.'-I'll AT ATIELRY I I L5 ] i ll.ql =k
nitridi CEl t it e cutring 1 ] ik 1 | B |
I i : | . AN ! i B 1D i miitl TN Via inel, am eS| £ 1t
ing v | ¢ COrami ine e and Dann Dameron locked tones aroun
le Nl el shagt nét, theéen bhludgedo IL miet VL
"l ertis | ramics make: ledgehammer, s LT 1= hal
: he Uarb nelum  Lompa : AT ut the sted neath wor
| % i i FItisn et LTI bl -|.|I|:'-- 11 l | | £ LIl 1 v
I L [HA I WA LrETTNARNY | Tl LT & 1ol | fiv | i
| | carbide seal rings for Europess L
Lyl I'l (W &1 | i1 i sfTial i1} F% IATE] i i 1]
Fan Lit _- ] £ Y B # | ust be al | 5 re
| .1 k conducted me th i L [T [ iTal i LIt I 1 £l i I'si
: rt= silicon nitrid der into gleaming he masters of this have been |
1k hall beanng ' | st LITI | materinds that didn't
£ ol these intrigran [ l [ X1 ETik 0



Antismag pionesr Rod Haglev of
Corming Incorporated holds his
rrvention, the ceramic honey-
comb wsed tn cotelvtic convert-
ers. Thi highly porows device,
impregnated with chemiociols,
comverts the armful gases m
engine exhausl fo nenpollutarnts,

y

Rold innovator of the Japanese
ceramiok indostry, Kozt
Inamord (Left) displays an auto-
mrhile turhine rotor made by
the company he heads, the
Ryocera Corporation. The sili-
con nitride rotor can withstand
the high temperatures produced
by it mew generation af gos-
turhine engines, Leery of relving
too heavily on semiconductors,
the tndustry mainstoy, ITrgmaore
his ateered Kyocera imto such

(vealfromml Ceografhin

Fields a5 cerdamic gemstones and
binlogical implants.

Carrying a power plont is 1m0
prablem for Matty Holtzberg,
president of Polimotor Research
(above). Flis four-cylinder car
ergine 18 made of resin-based
composite plastic. Holtzherp
hopes o imterest Dietroil with
performance and economy, fig-
uring that he can sell his enpine
blocks for half the cost of those
midde of (ro,

. Licember 1080



Unfamiliar technology will lie
wrieler the hood of America's
cerumic autamobile (right)
when it takes to the road, por-
haps in the yedr 2008, In place
of pistoms, two gas turhines

of silicon nitride will provide
ponwer, With other ceramic
parts shoaring the high-
temperaiure area, the cor will
rian gt a hot 2500°F, promising
fuel effictency and emission re-
ductions, General Motors™ Alll-
sor Cras Twrbine IMvision has
barilt three such test engines,
Phe Gaorrett Asceiliary Power
Corporation s testing an alter-
ndative ceraomic gas turbine.
Both progerams are funded by
the Department of Energy.

A ranpe of advanced moater-
als, color coded at right, are fea-
tured in the turbine engine and
in o generic car body of today:
(1} pasifier and power turhines,
{2) air compressor, (3) combus-
tor, {(4) regenerator, (8) molded
bosdy parniels, (6) sealed head-
drmips, (7)) bumper, (8) rein-
forced tire bels, (9) brake pacds,
(10} dashbodard, (11) safety
glass,

Waterinls Reshaping Qur Live

B CERANIC
| POLYMEH
7 COMPCSITE

1 ALLOYY

An experimentol Isuru tests
whiat micty be the world's most
mifvancaed ceramic auto engine,
Itz dogen-plus ceramic parts
include pistons, cylinder liners,
vilves, and mrbocharger,
Lighter and mare heat poleroant
than metals, ceranmics permir
the engine to run hotter—there-
fore more efficientiy—and do
iy with the madiotor. The cor
hax logged more thoarn 3,000
muiles of high-spoead test driveng.
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Like gems in a necklace, molecules of Kevlar fiber
form long straighl chains, producing a substance
five times as strong as steel by weight. In the
model portrayed above, one such molecular chain
loops into the foreground from a rank of identical
maolecules, aligned from upper right to lower left.
As revealed in the looping chain, each molecu-
lar cluster centers on a ring of six carbon atoms
(black), which bind with tenacious strength.
Around each carbon ring hover atoms of oxygen
[red), ydrogen (white], and nitrogen (blue, In
such chains thousands of molecules are linked to
form a macromaolecuie of synthetic polymer.
Polymer-fiber technology, known Lo man for
oiily hall a century, has served the weh-weaving
spider for eons, with a basic difference: The
spiderweb often is many times tougher than
Kevlar, Many of naturs"s most common
creations — hones, trees, seashelis — possess
a sophistication that defies duplication by
materials scientists.

T I,' [

in 1907 Belgian immigrant Leo Baekeland
invented Bakelite, a hard synthetic substance
for making billinrd balls and wire insulation
But Baekeland did not completely understand
the complex chemistry he exploife:
Chat triumph fell to Du Pont chemist Wa
ace H. Carothers. In the 1930s he combingd
carbon, hydrogen, nitrogen, and oxveen —the
- ingredients of VOl -Ana me NLO WONE
molecular chains, Neoprene and nylon were
the resulls—the first wholly synthetic mate
rials ever made by g knowing manipulation of
molecular structure, They launched the matz
rinds revolution that now reshapes our world
ont’

Dir. Pariser, “are sumple carbon-based mole

“Thar nvlcline unies .--.!ul;-ir--:'_ [ Hii |

les known as monomers, derived from ol
natural gas, and coal. With the help of cata-
[vsts we connect monomers info long molecu-
l&r chains known as polymers, The shape of a

hain helps determine a polvmer's properties

"“With Kevlar, an aramid fiber, the mole
cules e straight, mving strength and stiffness
In synthetic rubber they're a tangle; stretc)
Lhem strazght and they try to curl up again like
rubber bands, giving springiness

Lompbibion 1s Keon 10 evi MY d@rea 01 mMater
als development. But nowhere i= 1t ns ferce as
in the group of polymers called plastics

Today 60,000 different plastics vie for a
place in the market. Each week six or so new
ones arrive at Underwriters Laboratories out
stide Chicaps, where rigid testing for lan
mability pnd other properties qualifies plastics
for components of UL-listed products

Roy targets, naturally, are Detroft's aule
issembly lines, which feed so heavily on
metads and glass, At GE's Apphcation Devel
pmént Center in suburban Southfield, a dis
iy of plistic car parts— tenders, bumpers
ontrel panels—peered like safan trophies
Irom a lohbv wal

"I'|-||- |.|_ i |_|| ol | N I S -I,"'-I."'E |l||."
headlamps, " said Adgild Hop, the center’s di
recor Mozt Ford models use our nieEraled

Lexan units.” He referred to GE's renowned

Low-slung addition to the Oklohoma City sipy-
tne, the seven-glory Myriod Gardens Crystal
Bridge ix sheathed in maore than 3,000
double-paned sheets of a durable acrylic plastic
called Fxolite. The 224-foot-long conservwitory,
fiere lit by interior strobe Hghts, houses a col-
lection of palm trees and other tropical plants,
a A5-foat-high waterfall, and a skywalk

Vidsonal Geographic, December 168






A short but safe distance is molntained at the
Houston Zoo, where a boy peers at a jaguar
throuwgh a pane of a tough pliastic called Lexyan,
the same materiol widely used as bulletproof
“rliess"™ 1n the vehicles of dignitaries,

A bulletproof vest made of Kevlar fiber saved
the life of Nashville police officer Richard
MecKee, who holds his son, Weston, with an
arm scarred by buckshot f[ired from a sawed-
off shotrun 12 years ago.

A dummy studded with 122 heat sensors
wears a fire-resistant military fTight swit made
of Keviar during tests at a D Pont Company
[aboratory (fucing page).

see-through plastic that also gives bulletproof
protection to the Pontiff in his |'i|||'u:-||||||'||||'
More recent breakthroug
try are thermoplnstic bumpers and {enders

But the plastics people admit to problems
Plastics can cost adolior or two & pound, while
melals cost pennies. And mn the cutthroat auto
business a difference of pennies makes deci
parts don't always
WOrk as one-for-one replacements for metal

16 for the auto indus-

sSIons, Purther, plasti

ACH YEAR U S
million tons af plastics — half the ton-
nage of the nation's wheat crop. Thirty
percent goes into packaging —the myr-
i bags, bottles, and boxes that find miches in
enviranment from
wave. Far too many of these find a final nic

companiés make 30

I -
i

ever freezer (o

i Innafills or on the roadside

Are the manuincturers responding

They are, along with a4 score of concerned
The major debate 15 not
whether to act, but how: Should plastics be re

sLiLe 1egisial lres
rquired to be degradable, like paper? Orshould
they be recvelable, like steel and aluminum?
Your average plastic container will Hnger
on the roadside perhaps two centuries before
those tight polvmer moleculeés brenk down
How to hasten thisf Hesearch takes thred
approaches: biodegradability, in which a nat-
ural additive such as comstarch gives bacte-
ria a toehold; chemical degradation, in which
acchitives cause the plaztic to crumble away,
ity, in which the
¢ molecules.
But degradability can wealken plastics. And
gnvironmentalists question the effects of de

Sun's

1.'Il| :.-_|II.I:II|J|_'!.[L1|‘|.I.!|-;

ultraviolet lght attacks th

cay residues. Degradability also could conflict
with recycling, now gaining momentum

To foster recycling, which now recaptures
less than one percent of all plastics, nine states
have laws= requiring a deposit on p
tles. 5t

1
LALES Al'e BlS)

astic bot-
welghing mandatory cal-
now low m Rhode [stand
[":':.'I':'n".i'l'll_' pets a boost with a JOLEL VENLLEe
i Pont and Waste Management, Ini
Next sprning Du Pont will open the first two of

lechion of plastics

live planned recychng plants, with trocks
delivering an initial 20 million pounds a vear

(:E is pushing both reusability and recy
cling. Harking back to the davs of otk bott

[1E COMmpany ||r4--'.|.-:-~ Lexan resin for milk

g5,

ontainers that some dairies will buy back
from the
tied Lo the expectation thal thermoplastics will

customer, {ab s recvehing effart 15

i gt lrep JOE)

Natiomal Geographac, I



new miaterials i aulos and

= O AS MAalol
housing. Last Cctober G E opened a prototype
dwelling that is 30 percent plastic; the eventua

i:llll. i:* 5 peroand =t1l]l some vears down the

road are GF

=EOin,

car bodies
that fit
stee] frame.

Polvmers often are called the most versatile

& recvelable nlpsti
_ =1 | i

] - ! Il T
convertible, pickup, van

||'|I'Fi':|.-.’|'.f-"ll" O |||' CIRN RIEER
malerigl. Part of the promise:
Bopy IMPLANTS, All too many of us will
have a polymer part in us somé
glastomer, the soft sprmgy polymer developed
by Dow Corning,
finger joints and forms a base for breas! recon-
struction. When httle Jessica MeClure was
'_|'_'|_;-'|'..5-.':_ fortwo and a half davs in & Texas well
and suffered sever
balloons streiched the adjoining skin until it
was sufficient to cover heér wounas
(] OrTORLECTRONMICS. When electronic cir
cuitrv vields to fazter, ight-activated devices,
Lasht
maves along the chain molecules,” explained
lvan Goldfarb of Wright Stat
Davion, Ohio. “Polarnzng polymers
e Heht on and off 100,000 times as fast

LY =stlicone

nlready replaces arthriti

heard abrasions, sthicone

polymers could provide the switches.

University mn
el

cwitch
as a chip.”

MAGIC MEMBRANES, The same polymes
membrane used frozen
orange julce can remove salts from seawanter
Du Pont has a joint venture with Saud: Arabia
to build such Allied
Signal Corporation uses membranes to sepa
arids that
would otherwise escape into the environment

CoNnpucToRS. Flastic has long coated elec-

IGr conceniriating

v desalination facility

rALe oul ang recovel Illlfl-‘--']hl.l

trc wiring as insulation, Coan it also be condiue-
tiver "Itz potential for carryving current
approaches that of copper,” said Alan Heeger
at the University of California in Santa Barba
ra. Added colleague Paul Smith: " Conductive
polymers could give us the ultralight batteres

we need for the electne auto.”

AKE a polymer resin, add some tough
fberd. and cook it awhile, and vou hive
inother breed of mate
Far stromger than
composites are light. And their

Use is Frowing by leaps and bound

an example ol

rial, the composites,

steed by weight,

“In nature most useful things are made of
explained Frank Ko ol
.||II..I_._.._ % 4

with flexible fibers of

[ibrous composites,”
Direxel Umiversity in Philadelphia
magnificent composite,

lulp=e in a matrnx of ngid lignin.’

(o ELE |

Waterials Reshaping Our Live

Composites enjoy another priceless advan

IETWILSE
brittle materials this
i e Fxodus 5 tells how
they mixed straw with clay, doubtless to blunt
the cracks that piague drving brick

Many of us first met man-maode composites
in leisure equipment; the fiberglass boat, the
[l{ber-reinforced tennis racket, golf club, or
[hey capita
extraordinary strength and hightness —and on

[he fibers deter cracking in ot
[sraclite butlders knew

tage

estament Limes

fishing rod 1z& on composites

{_1I.Ir'ljll-‘--':|.l.'-

- Y TEL g | RPN B i
sportamen’s willingness to pa)

can be costly



Lightness and strength endear composites
tor those who make things fly. The master artis
in this medium 5 designer Burt Rutan, whost

= Ui-composite Vovaeer carcled the globe with
cumposdes it refueling tn 1986, Rutan's composite kits
lor homebuilt planes have been assembied m
thousands of U, 5. garages. He also helped
esign Heech Alrcralt s Starship, the first al
omposile corporale plane
Military aircraft and commercial airhnes
have clung longer to metals, but here too com
poOsites are gaining, éspecially with furhter
anc hebicopters. " The F-14, F-15, nnd F-1i
compasites for the empennap r Lail
feathers,” said Tobey Cordell of Wrnight
Patterson Air Force Base in Dayvton. “The
next generation of Air Force craft could be 5
percenl Comm posites
At the vist Moeldaonnell Douglos assembly
plant in St. Louis, some 70 ledeling Gghters
Strongest of materials pound for pound, compos- """i" ""'i ULInE l"ll'L":l"""' |1.:|: ITHE T > ey
peluded F-155, -85, and Harrier [ls
ites draw most of their strength from their hidden he stubby Harriers caught my eve. “Thy
Marines wanted to double the range of the
Harrier to give betier supporl o grou
arranged in varfous patterns. The cheapest and troops, " said Gerald Ennis, vice president of
Hlﬂﬂhi&ﬁﬂlﬂ!l‘ﬂﬂ:hﬂpﬂdﬂhﬁf“ﬂhﬂ'lﬁﬂ[ .I-rl' l..::.; lon operations at MolDonnell Aircradt,
left]. Often made of glass, they jumble randomiy could increase the power, but still the vaunte

hghter wis too heayvy 1or the neeclend ranse o1

fibers, These come in many types and can be

cAlr.” Improved Holis-Eoyvee engine

i a plastic matriz [(blpe shading). Such fibers visvload.  Only composdiies cosld beel af
strengthen fiberzlass hoats. nough weight without sacrificing strength
Far greater strength results when fibers are
lang and run in the same direction, at center. This
is nature's way in a tree, whose long fibers of cel-
lalose align in a rigid matrix of lgnin. Thin layers g 1 =
of paraflel fibers in a matrix often are laminated ng |'i_.'”!' III:.-_": mortal en
to form structural components of aircraft. ey . =

fused mnoa carbon matrox. 11
I in that il thrives on heal

Finalerialds salten iy temuera

For additional stability, engineers intertwine MNOL surprisingty, coated carb '. aroan 15 a
fibers in three-dimensional shapes, simplified at i p s e S T e B
right, by braiding or weaving. Such interlocked We're making 101 different hot parts f
strands strengthen composite skis, goll clubs —

sinews of o composite of Keviar and glass fibers

amd lightweight rocket launchers, More complex form the shell of o minioture racing car being

; waoven with a bralding moachine during o cliss

patterns produce shapes with enormous strenth project at Philodelphio’s Drexel University,
ins all directions. While being lowered to the ground from a lab-
oratory window, the car gof an unplanned test

af its toughness when if accidentally fell rwo

stories to the sidewalk, It was unhormed

. -|- I lI|.|'|I'.I_"|_|_I | ... [ |I|l .II'_' 2 II||' "1 '..l
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Combining famifiar nickel and aluminum creates
nickel aluminide, a new metal that is extremely

The patiern at left Hlustrates the orderly alter-
nation of nickel and aluminum stoms in a single
crystal, When crystals combine, at center, irregu-
tarities form at the boundaries, providing sites for
impurities that lead to corrasion and cracking.

To eliminate boundaries volnerable to heat in
iet engines, metallurgists make turhine blades by
growing a single larze crystal. For greatest
strength at room temperatore they strive for small
erystals and a snuy M at clean boundaries,

The tendency of a metal to form erystals can be
thwarted by heating, then rapidly cooling—a pro-
cess known as rapld solidification. Here the metal
solidifies before the atoms can sort themselves
out in oam ardery lattice, as happens with glass. In
glassy form, at right, a metal can possess proper-
ties of strength, conductivity, and magnetism
entirely different from its crystafiine form.

the new space shuttle Endeapor,” smd Gar-
land Whisenhunt, & production manager for
the LTV Corparntion near Diallas, % The lead-
ing edges of the wings reach 2600°F. During
reentry the astronauts see them glow."”

Here at the LTV factory technicians were
cutting phies of woven fiber and stacking them
for the shuttle's lnminated leading wing edges
=lowly a stacl
wich stood 38 plies thick in places. Then the

E orew. until a hinal fabnice sand

stack disappeared into an ovenlike autoclave
for curing. Afterward it would be soaked four
trmes m alcohol and recooked four times, den-
SIHVITTE the carbon matrix. Next would come L
ceramic coating to protect agamst oxygen
This labornous process helps explain com-
posiles’ costhiness, Automation has proved
cifficult] only human hands can reliably lnvap
thase floppy plies. This shortcoming reported
ly has heen partly solved at the Northrop Com
pany in maxing the composite B-2 “Stealth™
bomber. The process still is classified

HAT IF vou could braid vour fibers
in a three-dimensional pattern,
like the strands of a rope? That
wotlld get rid of the tedious lami-
nation process and the threat of delamination,
which 15 always a worry.

1 hemndustry is moving fast in this direction
A guiding lorce 15 Direxel’'s Dr. Ko, whose
InEenuity with fibers has spread its web world
wide. 1 followed a thread to the Atlanti
Research Corporation in Virginia

“Frank Ko helped us set up in 3-D braid
me; " said ARCs Jerry L. Fields. *Owur initig)
cutput was small—primarily rocket nozzles
{or the Strategic Defense Initiative —but ap
plications ate doubling every yvear.” Richard
Brown showed me ARC s newest cost cuttler
n high-speed braider developed at North
Carolinn State University that bandles 9,001
fiber ends simultaneously, doing in one hour
whial takes a manunl braider a week

such advances are leading the new compos

ites into punishing arenas that are becoming

Sudden |.'|.:|“|E||'F-F|'.‘ of @ hundred-foot-long section
af the Mianus River bridpe on the Commecticut
[urnpike in June 1983 was attributed in part
to rusted girder connections. With 135,000 of
the nation's 576,000 bridges considered stric-
turally deficient, highway engirteers hope for
progress in the development of noncorroding
coitings and substitutes for metol

r.a - | ! r
National Geographic, December JUR0



1o hiostile for most metals: jet engines and the
MNational Aerospace Plane, or A-30
If the remarkable X-30 ever [hes—and that

is not a certainty —it will launch America ints

the era of hypersonic travel (following pages)
Attaining ork miles an

hour, it will subject materials ti

ital speed of 17,000

srresses of
unprecedonted ferocity
called gas turbines,

Jet engines, properly
have demanded miricle materials since Lhey
Arst (lew in Waorld War I1. They are extraordi-
Prait & Whitnev's poweriul
F-100 can propel an F-15 Oghter stralght up
nt & thousand feet per second. Yet military and
commercial jets must perform flawlessly, 1
something zoes wrong, ™

“wou can't go off and park on a cloud

RArY machines

engincers Ke Lo 53y,

Jet enpineers turned to titanium for Lend
ness, then to superalloys of nickel and cobalt to
handle fierce temperatures. Even so, turbine
blades 1n an engine’s " hot " must be

air-cooled or they will melt; this waste of heat

< C 10N

and oxyeen slashes combustion efficiency.

An ambitious government program aims (o
double engine performance by the year 2000
Compasites dominate prospective materials,
ns they do for the X-30. In & handful of leading

laborntories I saw newbhorn composite maier

nls that someday will retgn In S5y Andl space

At United Technologies Corporation in
Connecticut, & glass matrix grips silicon car
hicle fibers to {orm the comppsite Compglas

Strong and heat resistant. it holds promise

bhoth for engines and airframes
['extron of Massachusetis encases continu-
ous silicon carbide fibers of its own manufac-
ture in a powerful matnx of titanium —part ol
Lhe ].'j.'liil:'- of maternals known as metal-matrix
composites. A strong candidate for the X-30'z
etom
Martin Manetia Laboraloriés in Baltimore
perfecting the X-D process, in which micro
narticles of titanium diborce, ormed chem

cally in a titanium-aluminum alloy

ckin or =k«

15

“TERLIE B
composite that withstands prolonged heat
Another X-30 possibility




X-30 — ...

] Lanxide Corporation of Delaware holds
patents on an ingenious process in which mol-
ten metal, penetrating a fiber preform, reacts
with a gas to form a ceramic matrix, producing
densified composites that require little or no
shiaping. For jet-engine parts.

[ SEP, France's Société Européenne de Pro-
pulsion, boasts a cernmic-madrix process that
15 the recognized leader for making laree, high-
temperature engineg parts. Da Pont has the
license for the U, 5. market.

To retain the advantages of compaosites bul
reduce problems of shaping and densification,
compantes often turn to short fibers that can be
batch-mixed with the matrix.

= A growing number of automaobile

;’ fHat parts — hoods, doors, roofs—are
Y pressed from sheet-molding com-
y pound, a plastic reinforced with

ot

7 inch-long gluss fibers. This technol-

ogy began with Chevrolet's Cor-
vettes and now is much improved.
Smaller fibers; grown as single

3 crystals, are known as whiskers

Advanced Composite Materials of

A new generation of materials will fly
with the X-30, an experimental plane
perhaps in the late 19905, Engines
gulping liquid hydrogen will carry the
craft to cruising altitude above that of
jumba jets or the Concorde. A small
Mhtwﬂiﬂmm#mm
velocity of 17,000 mph (Mach 25) and
into orbit near shuttle altitude.

To withstand searing temperatures
reaching 3000°F, leading wing edges
may be of a carbon-carbon compaosite,
eoated with ceramic to guard against
corrosive oxygen, and the frame of
titanium and aluminum in inter-
metallic form. Materials development
has been accelerated by a consortium
of aerospace compeanies collaborating
in much of the research.

CrksAdls B SEAAGE LA T

CONSULTANT: Willpas F IMFILE fWalTom oF fepiwidnmee,
BANP il PEOSLET SbpicE

> South Carolina mives whiskers cle-

rived from rice hulls in a ceramic

matrix. Because of the compatibility of

whiskers and matrix, they form a compos-

ite that 15 strong and tough —a historic defeat
for cerumic hrittleness,

These silicon carbide whiskers are minute
—shorter than the thickness of a human hair,
“They pin ceramic crystals together just like
nails join two boards,” said Paul Becher of
Crak Ridge National Laboratory, which devel
oped the composite.

At Wright-Patterson | saw what may be-
come the perfect composite —now merely an
embryonic goo in a beaker, "'The polymer
molecules are tiny rods,” explained Tobey
Cordell. " Dissolved in a solution, they could
potentially be processed into sell-reinforced
fimished shapes-—the ultimate composite.”

BAD TIME, one might =ay, to be in the
metals business: plastics invading,
composites on the march, cermmics
poised to strike

But in the tradition of challenge breeding re-
sponse, steel and aluminum are fighting back.

ateel has reversed its retreat from the auto
assembly line with alloys whose stiffness al-
lows them to be stamped out with remarkable
thinness, slashing welght

Natronal Geograplie, December 1050
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Fledgling cagle of the atrwayvs, a half-size
model of the Department of Defense/NASA
National Acrospace Plane, or X-30, rolls ot at
Virginia Polyvtechnic Institute in Blocksbury.
Built by students, it was shipped to the 1989
Paris Air Show for disploy.

ripped off, Miraculously the hulk landed with

|:'II' Ill.-- (¥ llI.I'. LR |I:l:'
the Nattonal Transportation
safety Board identified the

the opening of tny
af takeol and landing. In

inspechion |
villmin as m
cracks by thi
repeated stresse:
ths I saw experimental allovs being
it milhons and litons of times—Lests on
the ground to avoid failure in the s
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mimimal energy at low temperature, A super-
plastic ultrahigh-carbon steel invented by
CHeg sherby of Stanford University, for exam-
ple, shrinks five costly operations into one.

[l Rapibh SOLIDIFICATION. Spray molten
metal in a cold environment, and the tiny par-
ticles cool ata breathtaking rate —a million de-
grees psecond. Known as rapid solidification,
the process freezes the atoms in place before
they can align in 4 crystalline latiice, "RS cre-
ales a new state of matter,” said Nicholas
DeCristofaro of Allied-Signal, “metals with
new structures and new properties of magne-
tism, strength, stiffness, and heat and corro-
ston resistance.”

RS appears poised for explosive applica-
tHon. Allied-Signal has invested heavily in a
magnetic iron alloy now being installed in the
nation's 40 milhon transformers; the annual
energy savings may reach three billion dollars.
Pratt & Whitneyvisintroducing RS super alloys
into jet engines and the power system for the
X-30, The process could banish problems
associated with using bervllium and magne-
sium— both much lighter than aluminum,

[ MECHANICAL ALLOYING. Ina convention-
al allov two or more molten metals combine to
form n third, different metal. Mix metals cold
and palverize them, however; and they com-
bine, yet retain their individual properties
This = mechanical alloying. The novel pro-
cess, pioneered by Inco Allovs, already pro-
duces some of the hottest parts for jet engines

An irascible family of metals, so brittle they
can shatter if you drop a wrench on them, is
gaming favor with engineers who value light-
niess and heat tolerance. These are the inter-
metallics, chemical combinations of two
metals, such as titanium and aluminum, that
form a compound unlike eitherindividual con-
stituent, “They're moving up nmazingly fast
and could flv on the rerospace plane,” said
Dimald Shockey of SRI International.

AN A SUNSTANCE as weak as uncooked
spaghetti be the world's number one
structural muterial? Cement is that
weak, and when mixed with sand and
grivel it is indeed number one —the concrete
of aur bulldings. Each vear the world ases five
billion tons.

“Concrete 15 3,000 ttmes more brittle than
steel," said Derek Birchall of Imperial
Chemical. * Yet nature, using calcium salts
similar to those in cement, makes extremely

T80

tough objects —seashells, ivory, bone. We've
learned the secret.

“In shelis nature uzes a polymer to unite the
calcium earbonate particles so they pack tight-
lv, without voids. We discovered that our
cement was full of microscopic air holes left by
water during curing. By adding a polymer
lubricant, we came up with a doughlike
cement you can mold in all kinds of shapes.”

All'kinds indeed. Dr. Birchall strummed a
cement guitar, bounced cement coil springson
his desk, shone a light through a sheel of
cement as thin as paper.

Supple canoes made of concrete already
navigate lakes and streams. On gossamer
wings of concrete reinforced with fiberglass
mesh, a hang glider built by Robert Wheen of
the University of Sydney in Australia has
made its maiden manned flight,

The traditional concrete is a composite,
often strengthened by fibers of steel reinfore-
ing: bars: This is the stuff of builldings and
bridges. When bridges collapse, the cause
often lies in corrosion attacking the rebars
because of an electrical reaction with the con-
crete—a process greatly accelerated by use of
de-icing salis,

Collapses occur in the United States all too
frequently —and often with loss of life. Of the
nation’s 576,000 bridges, 135,000 are consid-
ered structurally deficient. " Bridge deteriora-
tion is one of the largest problems facing our
transportation system, " said Damian Kulash
of the Strategic Highway Research Program.

Epoxy-coated rebars now help fight salt cor-
rosion. Low-porosity concretes and glass-fiber
reinforcement are under development. The
state of Missourt has taken the lead in a prom-
ising technology known as cathodic protec-
von, in which a weak electnic current draws
corroding ions away from the rebars

HAT aBoUT making materials in
space! Would orbiting laborato-
ries open new opportunities?

Unquestionably, But 1' found
less enthusinsm than T had expected, A prob-
lem is launch costs. Call it the Rumpelstiltskin
syndrome

"I the legendnry Rumpelstili<kin were to
tnke up straw in the shottie and fulfill his
dream of turning it to gold, " said Frank Lem-
key of NASA, “he would lose money. Trans-
portation is too costly. Only a few photonic
devices and pharmaceutical materials could

Nalional Geographic, Decemher 1080




A shower of strength rains down at Britain's

Harwell Laboratory, where a Deam toughens
the surfoce of a racing-car crankshaft by
implanting a thin lover of nitrogen fons, This
vactoem chamber process efiminates the high
heat of conventional hardening technigues,
which can distort the metal being treated. As
they bepin to prove thelr walue, such achicwe
ments further whet the appetite of researchers
who see an ever broadening horizon of pos-

gihilities in the segrch for new muiterials
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WASHINGTON STATE

Riding the Pacific

Chain saw in hand, independent logger Guy Hanson treks
Mount Baker-Snoqualmie National Forest. Clear-cut patches
782 marching toward Mount Rainier once held 400-year-old
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1 e Photographs by SANDY FELSENTHAL
evergreens. As old-growth trees disappear, citizen groups and

government officials debate how to preserve Washington's
natural resources while feeding an expanding Pacific market.






Land of plenty, Washington's virtually treeless
Palouse, east of the Cascade Range, rolls in
waves of wheat. Its rich, deep topsoil produces
some of the highest nontrrigated wheat yields
per acre (n the world, But there s a price to
pay. Natural erosion combined with summer
fallowing and poor plowing methods in the
past caused ropid loss of eritical amounts of
tapsail To eombat the logs, foarmers now divide
i slope tnto two different crops and leave resi-
dhues on the surfoce, reducing exposure to the
forces of noture. Most of the state’s saft wheaot
goes to Astan buyers, such as the Korean trode
team {left) rtouring Merle and David Harlow's
3,000-acre Palowse wheat ranch. Washington
actively courts Asion markets for many prod-
ucts, inchiding apples. beef, and cherries.

Wizsfuenglon Sl

N ASSAULT DN JAPAN 15 bing
planned m the caty of Wenatchee,
in central Washington, down by
the railroad tracks, where the
warchouses are. In this war
cherries  are  bullets
appleés are bombs. As president of the Chief
Wenatchee fruil growers’ cooperative, led
Lacher is one of the generals. His uniform of
i Saturday was jeans, knit shirt, and a big
silver buckle with an Indian vigsage —Chief
Wenatchee, of course,

I was in his office when the phone rang
“"Harada-san!™ he said. "Wheare are vour
Segitle! Can we have dinner?”

Would Zacher-san drive 140 miles across
the Cascade Range to entertain s calier, rep
resentative of A Japanese trading house tha
already buys Chief Wenatchee cherries and
might someday buv apples and apricots? s
there 8 dam on the Columbia River? You
betchn, as Washingtonians say (especially in
eastern Washington, where the kinship with
Idaho and Montana 1s strong)

In this, Washinglon s cenlennial yvear—it
became the 4ind November 11,
1880 —the gare of many Washington business
people is fastened vpon the Pactfic BRim. They
Recurd, in the
FHich farming regions around Chelan and Yaki
ma and Pullman, the delegations from Korea,
Taiwnn, even Thailand and Sin
Limousmes whisk them to view or
d, and packinghouse. Washington
% the world not only fruit but also drv peas
| India curries them ), wheat (to Ltaly {or pastal,
and potatoes (everywhere for fries). This is a
state of Products
worth 55 billion dollars pass through its ports
in & good yoar, and imternational trarle pays

A

stale on

court not only the Japanese

Hong kong

gapore

chard, fie

L
betchn!

hucksters—son

one jobholder in five
Chief Wenatchee has shipped cherries to

Japan for a decade, though the fruit must be

rigorously fumigated Lo satis{y Japanese ngn
These stern pentlemen sav
that they are protecting Japanese orchards
from insects and fung; the Amercan view 15
that japanese growers constitute a formudable
lobby indesd

Even tougher restrictions protect the apple
prchards from formiegn contaminatbon —and

ciltural officials.

nese housewife pays fivedollars for a single red
globe. Yet LZacher-san, on one of s 15 trips to
Japan, succeeded in selling a few apples there

TRz
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Washington
State

Backbone of the
state, the Uas-
cades divicde the
verdant west
from the raln-deRcont east

The Olympic Peninsula soaks
under 200 imches of rain annual-
Iy, which nourtehes some of the
oldest and fastest growing for-
ests in North America. Nearby
copstal waterz are the realm of
commercial Azhermen, who in
1088 harvested 106,000 tons of
salmon, hallbut, shellfish, and
other species.

The east nvernges only about

{86

14 inches of annual rainfall. The
Columbin and its tributaries
ircigate plains and valleys that
tring forth an agricultural
bounty of froits and graimns.

In 1775 Brunao de Haceta
clasimed the region for Spain
Hritish and American flags were
planted soon after as other ex-
plorérs moved into the territory

American settlers armved m
the Protestant missionary ern of
1834-1847, which ended with
the massacre of Marrgs and
MNurcissa Whitman and n dozen
others by Cayuse Indians

ot e, S T
Py YAKIMA INDIAR  coikpes. S

* AESERVATION el

.,

stntelvood was granted ih
1889, but this far-flung corner
of the nation grew slowly,
Woarld War 11 spiarked a still
boaming aircraft industry,
Todsy the busy ports of Wazh.
mgton handle some 35 hillion
dollars in international trade,
largely with Asia
AREA: 68, 138 5q mi (176,477 =q km),
POPULATTON: 4,660, 7O, sAjOR
CITIES: Seattle, 497, 200; Spokane,
170,700, Tacomn, 162, 100 Olvmpia
[capitall, 31,070, ECONOMY: Asro-
spaice, forestry produocts, tourizsm
AGRICULTURE: Wheat, beef, dairy,
apples, hops, potatoes

National Geographic, December 1959



L TR I S T
s EEEPET W . e
a3 dnkm apEpbimi @ AWl e WiLLDE
i i wgparal Pl mlialibs @ BLTIPEE
L ¥ £ adiF TOF0E; Afeil 8 WLILT
i3 FaaE e BT SETIESRPETE &, LA

Not luscious, juicy apples graded Washington
Extra Fancy; merely frozen fruit whose juice
woilld be mixed with yogurt to make a tangy
elixir. The buyer, adairycompany, advertised
it as the "apple drink from the Rocky Moun-
tains." Zacher did not think it necessary to
challenge his customer’s geography; after all,
there are rocky outcrops of lava aroand the
Wenatchee orchards.

Speaking of geography, the State of Wash-
ington holds an abundance, It seems like an
up-coast California—without (fortunately,
say I) the glitz. I remember a day when I exited

Fﬁmngmphr_r SANDY FELSENTHAL has covered
Indianapolis, the Tenn-Tom Waterway, and Mew
Hampshire for NATIONAL GEOGRAPHIC

Washtngton State

a lush forest i the Cascade Range as the sky
spat snow. T was soon in .

Afghanistan, or so it seermod among the
treeless, sagey camelbacks around Yakima
Rain-shadowed by the mountains, the east 1<
big-vista, small-town, large-farm country.
Much commerce in this region inclines toward
Spokane, n sturdy city of 170,700, whose
banks and hospitals minister to an “inland
empire” spilling into Idaho and Montana.
Livability is enhanced by parks, especially
Manito, noted for its well-tended gardens, and
Riverfront, which has a dandy 1909 carousel,
Riverfront, on the Spokane River, was skid
row and railrosd tracks until civie lenders
(who hud long wanted to clean up the place)
mounted the Expo " 74 world s fair, in itself an
achievement for a small city. Evesares became
fairgrounds, then a hundred-acre greensward.

ESTERN WASHINGTON STATE,
poised to receive wet kisses and
balmy breezes from the Pacific,
sprouts not sage bat fern, not
ponderpsa but ponderous cedar. It lives by,
and upon, water, washed by island-fleeted
Puget Sound. The sound area is booming —60
percent of all Washingtonians live there —and
booming not only beciause Boeing enjoys a 68-
billion-dollar backlog of orders for airliners.

- Seattle s the handsome centerpiece, though its

skyvline (now soaring to 76 floors) does not
please evervone, Concerned that their city’s
prized hivability may vanish, citizens voted
last May to restrict downtown development
and to limit helghts to about 40 stories.

Meanwhile, suburbz like Redmond and
Bothell, semirural a decade ago, domicile the
brampower of new endeavors: progrmmers
staffing 500 computer-software companies
and scientists exploring the potentials of
hiotechnology in two dozen laboratories

High tech applied to agriculture seems to
have the opposite effect—big harvests but a
lousy crop of jobs. 1 think of the little valley
wlong the Methow River, helow the eastern
frunt of the Cascades. When 1 first knew it
almost two decades ago, it was an isolated
groove, most of it too cold for apples, dotted
with a couple of one-snloon towns and a few
small ranches. My friends Cathy and Jim and
their four kids lived there, in sweet if seldom
profitable communion with the land. Cathy
could stretch out on a bed of moss and feel as if
its cool, soft spikes were growing right through
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graowth of other West O nast metropolises, Seattle residonts
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“Heaple (in Seattie don't [ive to worlk; they work toemgoy thetr lives,” savs Kristi Elliott Jones, who
surs on her balcomy in Queen Anne, one of the city's most desirable nefghborboods. Newcomer
Jones created @ magasine in order to stoy in the city of her choice. Like moany a Seattieite she
shops for fruit, vegetables, and sedfood at the Pike Place Market {right). The warren of shops
and restaurants was almost lost to the wrecking ball in the 19610s,

her. The kids moved the sprinklers in the hay
meadow and then saddled up to check the cat
tie. Lo be on a horse every dingy

small ranches
it's hard to

W hen the ranch went, 6s
friends went too
make it in the Methow

Methows in Washington

often oo, my

vl there are &

EARLY A MILE HIGH, and nworth
DEATLY IO r..'.ll:'!-.“'l:l.. | switchbh |-.l:'lf
up a trail in North Cascades Na-
donal Park. My gquest was a vision

of glacial sculpture, of rndees flaked by ice un-

ey resembled Indinn stone knives, of ver-
tical witlls cupping obsidian Inkes. [ =crambled

11
F1i f

up & bladed ridege and gazed out at snowy
Mournt | rinmph (thore 15 a Mount Despair be
giittering white
With equal grandeur the panorama swings

vornd) and the Picket Range

southward, to mountains named Torment and
Forbidden, risimg from ice flelds like enameled
fangs. Thess are not lofity peaks, seldom top-
ming 8,000 feet. But some-call them our miost
magnificent, our Alps. [ wouldn't argue
Much more familinr 1= that

Li g p——
round sHowy

mountan. Brtish Capt. George Vilncouwves
named for Adm W hat
CAN 5Weeitn ’Iif' “|lHI'- T Ii|:|r1 '|1.|' =UNnse

Peter Rainier in 1792

-i;_'_::'ll' ':':. i:‘:.iil:'lil'r I"l'ill:ll.'I:T'_ IIE'-..I.' i _-I"'-Ilrl il QAN Ee
sherbet? What 1= more delicious than raspber-
ry Ramier at dav’s dying? What is Paradise?

Parndise 1 5,400 feet up Rainier's slope, a
place of painthrushed meadows, with an old
ge soarmg on preat mbers. For me the
traails from Paradise lead to purgatory—up
Freighted with climbing gear,

steep rdges
Lwio hndred souls attacked those ndees on a
summer saturday. | surrendered tothe thin ain
at 10,00 letermingd

trekkers went on the next dav (o the glaciered

el a handiul of more

summit, 4,411 feel farther into the sio
Mountains snape 101 anlyv the weather bl
alsp the Washington mystigue, begetting the
Mountaineers, a venerable outdoor
twin brothers Whittaker of Mount
fame; and REI, the outdoor equipment co-op
Lou Whittaker, now m his 60s, |lad-back
and loquacious, has climbed Mount Eainier
| 75 times, has taught climbing to many others
las brought down the boidies of friends

luh: the

Everes

'I:-c:n_
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'l bike soniad 18 the brain-
ld of ofbcers Paul Grady and
Mike Miller, who became fru

car because of tralffic, and puir-
uing someone on foot was like
plaving cat and mouse, " Grody
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In gleaming formation outside the world's
targest qirplane factory in Everett, new Boeing
7474005 underpo last-minute detailing before
delivery. The largest emplover in the Puget
stnind areq, Soeing gropples with success as
workers strive to meet a 68-billion-dollar
packiog of orders while facing pressures (o
maintain guality contrel. Mark Ladington
(below) adds a personal touch-up to the

engineg of a jumbo jet destined for the People’s

Republic of China.
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Lou and 1im both got thiar sta noa Bo

scoul program, Colleges also Ny
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now, because ability insurante premiums ar

it vou can stll learn to climb with
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MO T L) 4l LLLEERE [ ELFEAE O i|| Um0l
M L to cover all i ictivities, imchuding
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decades. But to whack by the square mile, up
to the 4 20-foot peak tops, in 0 recreabon
ares close to the Pacific Crest Drails

Plum. LCreek
clear-cut. On the Olympic Peninsula are other
ian tribes and
well as on tract:
by the state Department of Natural

two-million-acre timber lord

is neit the only landowner to

big bald ¢pots—on lands of In
the U, 5. Forest service, 5S
managed

Resources, i

new 1 bhils
environmentalists
an &ght-billion-dollur-a-yvear m

ber mdustry with 60,000 workers: And while

state that brims walh

il alse hosts

experts say the industry's {future is assured
from the wast Weyer
haeuser and other companies, some saw

treet plantations ol
H'i'lr re g5 wiell as tresg lovers are anegm
Jack Dickson, [ gAZES
Across Lhi Rim and laments: * We're
of Japan. We raise timber
iave a better way of life
What Jack objects to 15 Japanese buyvers oul-
hideding lim for logs. Asvice president of Sum-

mit Timber Company, he'd like Lo see those go

instance, who
Pt

becOming & colony

for them so they can

i

through his own mill instead of mills 1n Japan
Summit Timber

qard in Darrington, up against

rises [rom A huge lumber-
Lhe western
Cascades. It's aclassic imber town—the high
cchool teams are the Loggers At thetumaf thi
century the majestic trees, especially soanng
[houglas firs, lured immiprant Swedes amd
[oday many who gather in Ed's Bur
ger Bamn speak with an Appalachian twang s
they order the Tar Heel burger —1
cheese slices, aboul n
mavo, all for $2.10. Hard times in Carolina
[orests sent Tar Heels fleeing to Washington s
hig woods in the 1920s
passed, uncle summoned nepiew
Japan, enjoying a housing boom, bore ofl
a3 whole logs,
tmber felled in Washington

I inns

| and sau-

LAfe Datlies, int ol

ard as the vears

' percent of the commercial
Inst year, The
preferred wood is clear of knots and finely
prained, from the dwindling supply of ancient
Buying from state
lands or from such companies as Plum Creek,
e _|i|||:|!|l."-|' ':l.'.'- LW Ol r.!'||'|“|:' tmes as .’TI']'.'I'I HS
market will bea

Eoren are other major log buvers, thouith thoey

piants called old growth

the L. S Ching and Sowbh

are not so keen on quality

Happy to be home after 70 days at sea, a crewman of the U.S.S, Georgia greets his wife at
dockside in Bangor, base for eight of the nation’s ten Trident muclear submarines, An outhoard
motor powers the Nirvana {above), buszing across Seattle’s Lake Unfon. Built by two young

entrepreneurs, the home-enpineered floating hot tub ta heated by propane.
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Forelgn competition has been adeath knel
for small mills, many of which have ¢losed
But {o:
own old growth,
dends. Pacifu
schools: profits from state-owned timberlands
poured 130 million dollars mto education in
Lhe 1988 fiscal yea

: backyvard —the

i fis
=noqunlmie National Forest

g companies fortunate enough to

[orewrn sales fatten vl

Rim purchases also buoild

Wount Bakes
Tack Dhekson
has no competition from dollar-Hush Japanese
buviers, since Forest Service logs cannot be
Here he confronts the environ
Wilderness  protection,

VTl

sl :|I-r~'-.-.-1
l.’ll'.’lr.l: ITIOVEemienl

habital for the northern cpobix i owl. and
ather preservation measures have curbed the
allowable cut” on this and Uncle Sam’s lour
other forests in the Cascade and Olympie
ranges. And the competition is inténse among
mills ltke Jack's, fighting to stay in bhusiness
or Darnngion (population 11,0200 the

: launting. Without Sammit

tak i
ber's 440 jobs, few customers would wolf Tar

ARES ATE

e

Heel burgers or buy milk at the two groceries

To Keep going, Jack bids for tmber as fiu

away as 200 miles. 1f he happensto get logs ol

"-.| S, I

will help improve Japan's gquality of life, while

Tk ||.I.:|i-". thi J |paness liki
turning a good profit. ' The timber has 1o go to
the market that will pay the most,”

T ALL 15 contiict and rustration,

however. In Olympia, the capital,

people were surprised Lo see envi-

ronmental groups and Indian trilies

iinimg hands with government and timber-

industry officials. They agreed on more strin-

gent regudations requinng loggers on state and

private lands to protect streams and lakes.

screens of trees, 25 {eet wide and more, will

presecve water guahty snd wildhfe habitat

sadd i forester: “'We're inding that it 's casi-

er o work with one another than to sit gcross
the table and vell."”

In supporting the new rules, the Tulalip,

Lummi, and other tribes acted Lo protect vital

Valional Geographic, December 10840



T.000 Indians

aspeople proud and pas-

fish habitat. Washinpton's
have come to the for
sionate, as activists and litigant

MNothing has afforded them greater redress

or dignity—than a 1974 deciston By U, S
District Court Judge George Boldi. On the
hasis of treaties made when Washington was a
territory, he awarded the tribes holf the catch
of Northwest salmon and steelhend trout
fich upin which they historically depended
The state government kicked and screamed
Whites shol atl Indian lishermen: Indian boats
were turned away from docks. It was far from
Washington s finese hour

Law and order finally prevailed. Durning the
short “seasons” when hsh return o spawn,
state and tribal officials monitor the catch ol

histh commércinl and sportiishermen, phon-
ing iiformation to o computer center. I Inde-
ans aren’t getting their share, their (shing
davs are extended,

Cin the Yakima Beservation, 1
acres in south-central Washington, Cecilia El

v7 million

Washington State

Skirting the craoter of Mouwnt St Helens, climb-
ers view the 900-foot steaming lova dome. The
vinleano, which spectaculardy blew s top in
1980, wias reopened to climbers in the fall of
1987; o hundred per doy are permitted up the
south stope between May 15 and October 31,
The round-trip climb takes about eight hours,

told me that only 20 vears aeo the dinlects of 14
scattered groups could be heard.

two of those lnnsuages. But we
have los =he blpmes that on
Bureau of Indian Affairs schools that pun-

|
p | S ik

Litp others,

ished students for speakimg their own tongues.
“1 hated schoal,” she savs.

Cecilia now teaches those two diglects, and
opeevening pascore of teens and adults came to
the reservation high school to begm hercourse.
she explained to them wmafowmie musfilyvunt,
“our philosophy.” The students repeated a
tenet of this traditional faith: “Thlowk toorn
We are all the same "

She remunded the students Chat whatever 1=

A Copyim

T




Catled "the most dangercus Gorse Pace 0 the world, ™ the amnnuid Omak Sudcide

Rice zends riders plunging down a near-vertical embankment into the Okanogan

Kiver and across to a rodeo arend. Out of control, rider number two parted




comparny with his harse but suffered only cuits and bridses; another rider's injured

horse had to be destroved. Animal-protection groups are fighting to halt the
race, d 50-vear tradition for Indians of the Colville Reservation,







on earth is the work of Tomunwethla, the Cre-
ator. And; "Never be ashamed of what you
are. No matter what people may call you, they
cannot take away yvour Indian blood.” I am
sure her students walked home a little taller,

HE HIGH SCHOOL STUDENTS in Rich-

land also walk tall. Their teams are

called the Bombers, and their sym-

hal is a mushroom cloud. Some find
that affensive, but not Paul Beardsley. “lt
spells out the fact that they built Hanford for
that purpose.”

Beardsley came from Oklahoma in 1943 to
he a cvilian puard at Hanford Enginecer
Works without knowing what he was guard-
ing—oneof 31,000 workers living in barracks,
eating in mess halls that never closed, guzzhing
more beer than Seattle. He learned what it was
all about anly after a bomb of Hanford pluto-
titimn devastated Nagasaki on August 9, 1945,

Hanford makes plutonium no more; it pro-
duction reactor went on “cold standby™ last
vear, contributing to.a 2,200-job loss in the
nearby cities of Pasco, Kennewick, and Rich-
land, But the Hanford Site remains a major
scientific center; its 12,000 emplovees work in
robotics, artificial intelligence, and waste
manpgement, among other projects,

In the 1970 Hanford was friendly territory
for the ambitious Washington Public Power
Supply System—WPPSs, Or; as it would be
aptly called, "Whoops." Encouraged by pre-
dictions of future power shortages, WPPSS
began to build nuclear generating plants with
enough power to supply six Seattles. Three of
the five plents were sited at Hanford.

The litany of things that went wrong ex-
tends from sloppy management and strikes to
expensive retrofitting required after the Three
Mile Island accident in 1979, Meanwhile,
five more Seattles failed to appear. Worse,
WPPSS was financing its ambitions by [loat-
ing bonds on the bubble of 1970 inflation,

The collapse came in 1983, when WEPPSS
defaulted on bonds tssued to build Units 4 and
5. It owed 8.25 hillion dollars—and had yet to
cook an atom. Some debt has been zettled by

Curb to curb and beyond, more than 55,000
athletes pound the pavement in Spokane’s Lilac
Rloomsday Run. The 12-kilometer event is the
world’s largest timed race. Runming, walleing,
or in wheelchairs, most participants are in it
for the fun of the great outdoors.

Pl ELPETILE

the courts and some has been refinanced at
reduced interest. Still, 5.9 hillion dollars is
outstanding. Who pays? The consumer.

Through the Bonpeville Power Administra-
tion, the federal agency that markets electnic-
ity in the Northwest, 578 million dollars in
bond interest has been billed annually to local
utilities—who hill their customers. In some
cities electric rates have doubled. So, many &
citizen gazes with gratitude at the numerous
dams on the Columbia amd other rivers;
thanks to their cheap power, rates in the région
are still only half the national average.

One of the three Hanford-sited reactors now
produces power, helping to pay the debt, 1
walked inside unfinished Unit 1, where 2.5 bal-
lion dollars had been invested when work
stopped in 1982, In its great chamber, where
atoms ought to be spinning, only a spider
ipun. A scrawled comment summed up
Whoops: “Born under the wrong sign.” But
the agency hopes that somedny its two unfin-
ished plants can be put to work.

N MAY 18, 1o8o, in the Cascade
Range in southwestern Washing-
ton, mother nature displaved a
power that made man's nuclear
efforts seem puny. At8:32 a. m. an earthquake
registering 5. 1 on the Richier scale shook loose
a bulge that had been swelling like a boil on the
north side of volcanic Mount 5t. Helens. Sud-
denly more than hall a cubic mile of mountain-
sile came roaring down. The volcanic vent
spat a lorrent of tephra—grainy ash and
rock —that darkened the sky 18 miles up and
120 miles away. Lahars, or mudflows, fed by
melting snow and ice, gushed downward. A
powerful hot breath toppled forest giants in &
230-square-mile ares; searing winds killed
timber 183 miles distant. Fifty-seven persons
died; damage and cleanup costs totaled hun-
dreds of millions of dollars. *

The mountain, once a graceful cone, is now
flat topped, with a great yvawning maw, The
landslide and eruption cost it 1,300 feet of its
height, Small carthgquakes still occur, record-
ed on selsmometers watched by the U, 5. Geo-
logical Survey. “It's possible St. Helens has
had its last eruplion {or decades or centures,”
declared the Survey's Don Swanson. "On the
other band, this could be just a hiatns. ™

"See “5t. Helens: Mountain With o Denth Wish, "
GeogmArHiC, January 1981, and “St. Helens After-
math,” December 1981, both by Rowe Findley
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scientists on the scene soon after the But in the you-betcha state, even adversity
calastrophe discovered thal not evervihing an be put to use. Alpreacdy rchi entlowed with
died. Huckleberry bushes and small trees sur tourist attractions, Washington now has one

vivieerd under snow. Satne af the rodents lived with a8 diflerent apneal. A mi linn visitors &

thraueh it in their burrows vear come to gaze benumbed at the devastnted
Most plants and animals that were present  landscape, now preserved in a 110,000-acre

hiefore the blast are now represented, though national volcanic monument

some are few iInnumber. Snakes, tor example,

are scarce, ‘Herds of elk and deer have re- 1 INCHES of precipitation falls on east-

turned; bears and a mountain gost have been ern Washingtonin ayear, ib'sa deluge; b

sighted. Winds hlew 1n seeds and insects many areas six or eight 15 asual, But U
Riolopizt Bob Lucas still marvels at steel- travel this region s to view a sky full ol

head troot he found swimming in rivers rainbows as rrigation syvstems fling suste-

clogped with silt & month after the bhlast nance at an assortment of crops. W heat (often
ADT .-Fl,'l:l:_" Lhév had survived 1in less alffected the higgest MONeEY-Maker), poLatoes, lentils,
tributaries and returned to the main streams mint, hops for beer, asparngus; alialla, @
after the water cooled —though it still was as lozen Kinds of frust, including Dng wWineg
thack as a chocolile miik shaki Erapes and hall of the natian s
OO sunshiiny cavs, eastern Il."-.-:I-I:I'I:-_.'.l'."l i5 &
ornucopia. Just add water (and nutrients),
and vou've pot vields worth more than thres
billion dollprs & ves

hove the Columbia and north of Wenatch
e, [Don Heinicke's orchard AT EA
enches left by e Age dams. From the river
it draws enough water In a vear Lo cover his

274 acres of trees to a depth of four fee

BB LA

i enls o million dallars a YEAr [0 Brow
apples. In the spring, for example, he hires
the pollinating services of 350 hives ol bees al
%22-a hive; the job's too big for the locals
Packing and shipping cost another miillion
With such expenses “vyou can't afford to make
| mistake anv more, " Don san s Washing
ton orchacdisi learned thics vear gt a cost of
perhaps 140 million dollars. Many growers
spraved with a chemical called Alar to reguinte
ipple growth; 1t slowed develgpment so that

1 - | .
Lhe Truit chddn't eCOIeE mMus

v and helped
Keep apples an the bmb untyd picking

When news reports earlier this year hink
LIAT (D CARCET, & gQuarters of Don's 1088 Crop
was =till in storage, wailting to be sold. Apple

Crathering close to the fire, migrant workers
ciomp along the Yakima River, Lured by adver-
tiserments for immediote employment, thou-
sands arrived to have thetr hopes dashed—the
1987 apple harvest was delayed by unseason-
ably warm weather, Charping thoat the Washing
ton Appile Commission kaew that the weather
would postpone the harvest but continued to
advertise anyway, pickers filed a class-gotion
lawswit that is still pending. Orchards in the
Yakima Valley (top) help make Washington the
nation’s number one apple producer.
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A mushroom clowd s the proud emblem of the
Richland High School foothall team—the
Bombers. A booster in war paint wears His

pinon a kamikoze hendband. Antinuciear
proponents are not popular in Richlond, which
for more than 40 years has depended on the
netghboring Hanford nuclear facilities for jobs,
Couples in Rosalia, a small town near the
ldaho border, dance tn the looal firehall (left)
during an annual festival called Battle Days.

operi or down to the International Phistrict tor
dim sum or suzhi

sembtle's culture has been greatly enriched
by the Pacific Rim. Hmong and Mien refugees
from Laos are

Asian immigrants that began with Chinese

the latest in A procession o
laborers before Washington had statehood
Among older [apanese painful memores
lingerof the removal toinland locations during
World War II. Many oldsters =till will not
speak of it although the Seattle community
began the campaign to win rédress from the
eovernment — granted by
last vear, Younger Japanese belipve
nation lingers too, denying them t
suite —in this city that trades
billions with lapan
And Chineser -]'!'||':-_"'| thriving., MNewcdam-
ers from Hong Kong,

revivify the culture, and community AcCep

L OnEress
{1scrim:-
e I'.['-'l.'l'

Tecleral

gols worth

[aiwan, and vieinam
tance of the Chinese shows in politics, In 1961,
when a Chinese [irst stood for election to the
city council, Ruby Chow stuffed fortune cook
w2 1n his behalfs; if you went out for oo yong,
an endorsement of Wing Luke topped off th
meal. Luke waon the election.

Other Chinese went to judges’ benches and
the legistature. The sparing beehive hairdo of
Ruby herself became famibiar i the King
County council, where she served 12 years—

e rare Chinese woman holding elective office
In Amerca

One night I went to the Luck Nt Music Hall
for an operatic jim session. Luck MNE means
Happiness

|':'|_'|| On oHluras

Years ago th HCLHE who Zath

night arrived weary fron
waitressing and washing dishes. Now, house
wives mangle with entrepreneurs. They sing
MUsICnins
strum and saw the young Eum and the yee 1wou
arnd thump the vee yum pu. It is lovely

NO person enrl

arins aboul love

o il I RN, Wy
Al Onor wWilke

M the seattle regFlon mone
than a fellow who arnved 1o 1908, His father,

DOrn m LhErmany had prospered in timber in

Waishineton Stati

1 son had come west to buy tim-

Minnesota. T

fearsome nsk. Hi
Then, in 1916, Wil-
liem Edward Boeing, Sr., helped by a friend

wr—nand then took o

i Ll ke B W L NP S
learned to fly aeroplanes

butlt two seaplanes

. ln lean
times after World War 11t made fumiture. But

the engineers, many of them homegrown, also

Thuz beFan the Boetng Commpany

developed advanced craft. In 1933 the Boeing
first modern airliner to carry

comfort, with good

d4 7 bhecame Lh
|l--I'-"-|'II'_-:"I- lil.l- g B i|'
speed (155 mph),

Though Bill Boeing had stodied engineer
ing, bulldine planes was far from his only
interest. He acquired fledgling aimrlines and
airmall contracts and was 8 skillful investor
In 1928 he
combining his holdings with several
mcluding Pratt & W hit-
ney, the engine maker

Lntted Arrcralt & Transport Corporation -

Willhiam F

reated a potentindly huge conglom-
eraic

kindred enterprises,

hairman —would Ill'

Hoe e,

=i



Fed by melting winter snows, Polouse Falls plunges 198 feet over an escarpment

s the Palouse River meanders on its way to join the Snake, Star attraction of




Palouse Falls State Park, the torrent dimdnishes to o small cascade in surnmer

['his canvon and that of the Snake expose lava that welled from fissures eons ago,







chor-livied, viewed as a danegerous trust by suppliers, binlding, Ior example, fnselnge sec

Roosevelt New Diealers. In 1934 Congress leg- tions for wide-hody 767 jethners. A few vears
rsiated against conglomerates, lorcing the nrn g0 Bhoeime and a _|.'.Ili!I'="=: COTSOITIUIN WeTe
bt Brenk ul Hill Boerine reacted] by petting Tuf Jinre the cost, perhaps two billion dol
ut —=elling every share of his avialtion stocl lars, of developing a highly fuel-efficient

Meanwhile hiz engineers in Seattle, work- propfan craft. Then fuel prices moderated,
L1 IO Ao e i1 Dioprl ol e Lo B il i last interest it the collabdration

for a multiengine bomber. Their craft, ready Facthities 1 the Seattle area—in Kent
in 1935, was the prototypeof 12,716 B-17 Fly \uburn, Everett, and Renton — hum with Bill
ing Fortresses that in World War 11 would Boemg's legacy, Despite metal-fatigue prob
st the homeland of Bill Boeing's fathe ems in some of its older eraflt and allegation
lapan too syllered destructon Irom Bin MNE that :'|||-|- ontrol has sometimes ||--| 1N
cralt, especially from the B-29 sSuperfortress Bocing's airliner business is booming as it nes
which deliveredl Are storms to Tokyvo end  er has before. This and military- and space
itclear death to Hiroshima and Nagasaki BArcdwre sales, and even computer services
MNow [apanese compamies are major Bocing pour more than 100,000 Boeing pavchecks

into the Seattle economy

i FTY THOURAND he catd MNoew

had just asked a computer-software

developer how much he earnéd. MNot
bavel fan IT-year-oid, But it isnd

unuswal 1o the 15 butlddings of Microsolit, ca

-ading mto trees in the suburh of Kedmond
"'.1:-. well-compensated Imend sat in O
with five others about his aege, all degree hold
5 n mathematics or compuier science fron
such institutions as MIT and Caltech.

And all casual! jeans, swenter *We like

our tie," one said polite

it computer programs, IBM s severely but-
raned down by MDA S0

Dion't let the jesgns fool you. There's plent
of pressure hece. Just before the “drop o

iate” bor finishiine 4 new proeram and getimne

11 | MANUIACTUrIDgE ., o3 1L WELE |||' i (e =
work around the clock to ehiminate ues
¥ T 1
SOTTIELATes e ey el CRRLE 18  IME%se0

1
happened earlier this vear with two new

Viowing to fish “whenever | wank,” Yol
Indian Piovid Sohappy (top) returned home o
the Columbia River after 20 months in prison
for selling salrum illegally. Although federal
courts ruled thot Indians are allowed half the
fatal calch of harvestable salmon and steel-
head trout, reculotons dictate the number of
fish that can be caught and when. Sohappy
corntends that fishing at will s his native right
Cinly the Yokima can subsistence fish along
the Klickitat River gorge, where an Trdian
pafoches fish with a traditional dip net (left)



Cince @ gant among giants, a 600-year-old
Diotelias fir in the Olympic National Forest
succumbed o Rick Fitchett's 54-inch chain

saw in 15 muimuwtes. At 37, timber faller Mike
Ladouceur {focing page) is considering flving
for an ailr toxd service instead. “After 16 years
the job tokez its toll on you," he says. Here he
ind three-vear-old daughter Jessie cruise a
meadow an o minibike,

VErsions ol a word-processing program. [ hose
delavs cost Microsoft's chairman, Bill Gates,
1 75 million dollars in paper losses when Micro-
soft stock fell nearly

Shed no tears. Gates 15 5
the strength of the company he founded with a
tellow math whiz, Paul Allen. (Gates was 19 in
1975 when they wrote a program for an early
mucrocomputer. The personsl computer took
off, using Lates-Allen languages and
Lhal workhorse operating system MiS-DHOS

4 percent

till & tillionaire on

later,

Whitle Microsoft grow asmuchas 70 percent
i vear, the Seatile area exploded into a major

anftware center, “ There was-a kind of devel-

oping encregy, Jim Knopd said. * Technical
peaple were here, printers got used to doing
technicnl manuals —it built on itself.”
Ex-1HM technician knopt started his own
company o produce computer programs
called ButtonWare— button being the transia-
tion of his German namae s Wares
awny. “We bhypasserl the advertising cam-
DAMETN, Toir advertising Was, " You
guyscopy the disks pnd share them. And if vou
like the sharewnre, would vou please send 570

tor a manual and any updates?’

He prips

he sand

S0 {ar, 150,

00 have

NOTHER BEAIN TRUST sprang ipin bio
lechnology, stimulited by resésrch at

two aeattle institutions, the Univer

Woashington >School of

Medicine and the Fred Hutchinson Cancer
Rezearch Center, leaders in the fiegld
office 1n A converted warehouse on the Seattle

waterfront, Dhizan that

in hits
Stephen recalled
when be was looking for a new businéss in
1981 — having sold o company that producerd
food packaging—he was introduced to twi
Hutchinson scientists who talked about the
T-cell growth factor™ and a straimn of cells
that might lead to drugs useful against cances
by stimulating the immune svstem. “They
gave me some rmeforences o check.,” Duzan
Wl were MNobel Prize winners.”

e, “Aboul
Dirs. Christopher 5. Henney and Steven (il
lis joined Duzan in creating Immunex Cor
poration. In compensation for their research
al Hutchinzon,
ment fund
holder. Stock issues raised 8 million dollars
for Immunex. Some of that went to develop
Interleukin-2, a drug shown effective in tests
[Or frealing Certain CANnCers Immunex EXHCLS
the drug to win government approval for mar
Keling in & VEAT Or Two
Immunex, NeoRx, IMEE,

Fanlabs —few persons have héard of the Seat

e center's faculty encdow-

was made an Immunex share-

Microprobe,
tie biolechnology compamies and theéir arrays
of screntists (55 Ph.oD s al Immunex alone).
“The large pharmaceutical companies were
slow to acopt this new technology, Dhuzan
sald, “s0 new companies could get a toehold."
Potential sales if Interleukin-2 goes to marked
hundreds of millioms of dollars

Thirty-five miles south of Duzan’s water-
front office, the light chop of Commencement
Bay laps agminst the wharvis of Tacoma
When Washington pot statehood in 1BE9,
December 1050

Natiomal Creographic,






Savaring the remnants of the day, children williqgly Hloating bonds to butld schools ana

perch on a large piece of driftwood to watch save old buudinegs. And it will =2ldom snare

the sunset off La Push on the Olympic Penin- . noa Seattle-stvle traffic iam. save wher

gy, R .y = s e Aoy ; Lo e WL TN
sula. Touted as one of North America’s last Springsteen plavs th wotia Doine

unspoiled frontiers, Washington's coastiine ix

now @ fovoriie fourst attraction, For the

riront, 1a remains a keen
. . 1 } 1 I RS ot 1':|I|'-|_: ETS TV I.Ii _.:i| L=
péople who live there, it is the only place to be. i _ _
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HNoating apartment hudding appeared at the

ras the chief Pupet Sound port. It mouth of Commencement Bav, This was thi

rallroad, and thus union with the rest of Vrild Maersk

After transconti ong, =tECcRed ViE

roma wiatched containers. As Henry

perated visitlor agmins
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multimillion-daliar Cri
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Taiwan that'sa hlem that muast be addressed in that
ouple of sther Washington, the one

B I::l."".' EOOSs Woula SO I.": 'Illlli.lllil'I er Il £ DL

n American markets. Arvild Waersk departed  begins L8 se

n less than 24 hours, carmving lumber, tide. Portoll
machinerv, and frozen French fries : |
‘h deepwater port shippers
Washington has nine others that the
ich cargoes as grain, logs, and wood  nations.
5, trade defcit is writ large on have large
rves, some farm machinery and auto-  And Incdonesia
hiles depart from Tacoma and Seattle, and 150 million people
urse Boeing selis pircraflt warldwide, Hut W hen these nations

imparted cars and other manufacturesaretoa  speedlly remove thel
large extent swapped forsuch raw mateninisas on to the nnterian

A= port ofNCims see Lhings OITVE ADPies




OUR YEAR IN REVIEW

SUpErpowers

Not 5o Super
In Geography

py GILBER]T M, GROSVENOR

I ' 1 . . 1 il IEiae

HE RESULTS ARE IN fTom the Tirst survey ol
FEQETHDPNIC KNOWIEOEE EVEr CONaucied 1n
the Soviet Union, and the statistics are
aisturbing —noft oy for the Soviet
mon bt also tor the United States

l -'"I"|'.-..r'.li O nine other nauons., the

"".|l'--::.|"' % i '-I-lll-I & |.-||.| 0 LT E WY |

all. Asked to identifv 16 PHACES O &

workd map. they averaged only /.4 cor-

o answers. ranking with Mexico at the bottom of the sur-
vev. Soviet vouth, however, did much better than theu
LI, 8. counterparts, shanng fourth place with Canadians
and Itahans (chirts, opposite). U. S, vouth came in lasi
“Perhaps more important,” said Neil Upmever of the
Uallup OUrganmization, Inc.. "Sowviet youth scored considera-
by better than their elders. while Amencan vouth did
not. o fact, Amencans were the only nationality whose

q- 10 24=-vear-olds did worse than those over s
: Faking timy from a busy davy, o

Uhe joint Li. 5.-Soviet survey wias conducted by Gallup Sovier houvewife in the city of
with the Soviel Academy of Sciences. It underscores, 1nomy Kurik answery guiesfions bt
mind, the importance of the many Society projects in [989 geography for a yurvey by the

imed at increasing public awareness of geography and Crallap rganization and the
mproving its instruction in the classrmoom Soviet Academy of Sciences.
he MNational Geography Hee, which attracted a million Murw than falf of the 1,500
Saviet cifizens interviewed vaid
they considered of Vabyolutely
pecEssary” o Know something
casts from the bottom of the Mediterranean Sca about geagrophy “"’?’”"Z”‘"'

National Geographic Kids Network, which introduced ;ﬁfﬁtwtﬂimz:ﬂrjf::ﬂﬂ::f&
b '.'-i"q.'l.:-x of science classes to one inother m four nations at the J'-Ff:-:::::lf{_f"l-ﬂf ﬂl'!-f]:'l::ﬂ-ﬁ

”I-. .L""-.Iill.'I:.II L '-'l.'l'!.-|'il C SOociety | OuUucalionm : .|L|'_||_;_| Fl"l'l"fl’ﬂil'.'lh' ﬂ'i"ﬂ”-l"i ."iﬂ'i"F'l'f I'l'.l'ﬂ'.l'ﬁ
tion. which raises support for a nationwide network of n:urrdﬁﬂhﬁﬂ‘um{tfrinﬁ'rrﬂmn
(e !'f' IV ISacncrs i'.hrirddt'r?:,

student narticitants actoss the Lintted States
The Jason Protect., which thrlled scores of classes at

Saciety headguarters and other auditoriums with hve tele



Amarncans oulscored Soviaels in ol youhger Amancans, ages 18-24,
idantshang lacaes On 8 Workd mag scorad far below their Soviel counterparts
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In all but a few details the Eﬁﬁﬁr.suwt:f
was identical to those done in the other nine
nations, Because working in the Soviet
Uttion is difficult, it was impractical to cover
the whole country. Instead 1,500 peaple
were interviewed in Moscow and Kursk, a
city of 425,000 people 300 miles south of the
capital, to provide a typical sampling of
knowledge in the Russian Republic.

“Results from the survey point to a start-
ling superpower comparison,” saud Gallup's
Upmever. “Americans and Soviets have
demonstrated an astonishing lack of aware-
ness of the world around them.”

An extra guestion for the Soviets, because
of their recent involvement in Afghanistan,
revezled that only four in ten could locate
that country (No. 41 on the map above),
just as only a third of Americans could find
Vietnam, Some 40 percent of the Soviets did
not recognize the Pacific Ocean, as com-
pared to 23 percent of Americans polled.

To be fair, Upmever noted, “the poor
overall showing by the Soviets is & conse-
guence of low scores among those over 55,
who grew up in difficult imes without ade-
quate educational opportunities.” As | see
it, younger Soviets have come a long way
toward knowing the world around them.

418

HERE WAS ENTHUSIASM In the eves of
55 finalists in the first National
Geography Bee at Society head-
quarters in May. Students from
13 {ﬂl schools, grades 4 through 8, took
part. “You're all winners,” Emmrﬂll]
Bradley of New Jersey told the nervous
voungsters as they awaited the final round
of questions. “By vour interest and your
ability you are helping to say that geography
is important and geography is fun.”

No one had to talk Jack Staddon of Great
Bend, Kansas, mto having a good time.
Asked by moderator Alex Trebek to
describe himself, the six-foor-six 15-year-old
quipped. “Well, I'm the shortest person in
my class. I'm the only person in my class.”™
Jack attended the Grear Bend Seventh-day
Adventist Church School, which had a stu-
dent body of six,

When it came down to the deciding gques-
tions, Jack put his self-confidence 1o good
use. “MName the flat intermouniain area
located at about 10,000 feet in the center of
the Andes,” said Trebek. “Altiplano.”™ Jack
scribbled., clinching the Bee championship
and a $25,000 college scholarship.

“It's nice to win,"” Jack remarked later,

a big smile on his face. “But even if |

National Geographic, December 1950




Veked to locate 16 places on g world map, Swedes
wirre most suecessul wmong (en nations surveved.
Yo may fest voor own geopraphic literacy by taking
the guiz bedow; to match the Swedes, vou most

give |2 correct answery,

Showing grace under pressure, I5-year-old Juck
Seaddon (right) of Great Bend, Kansas, won first
place and a 325 ,INK college seholarshap al the
National Creography Bee in May. A mullion stiudenis
across the U, 8. took part in the competition.

LOCATE THE FDLLOWING HUW PERSONS 1N OTHER
FINTR A ha SOTTEDSOIOWT] AoTTTEE :-:DI'-'IH-I-HIEE CHER
fal Gredes aach pqace Pgrowmt of camecT InEwes
firgmeot anrawrs beiow ngry
GWETEN U S SOMIETUMEDN

— . Un#ted States B3 % 88% iy
— v Ursgh a2 T8 T
— Cantral Amencs 51 55 a7

Japan Fral 45 54
—  Canads L Af a4
—— Frances g a8 41
. Peresun Gutf Bl 25 i
_ Méxien 0 B1 1

taly ] a8 B2
= Gwedan &3 25 { I
—— Linded Kingdorn it 47 52
—_—  Sounm Africi T A= 42
—  Wesi Garmany 78 28 34
—  Paciic Ocaan 58 HE S 58
__  Egym =& 25 28

Wit i 44 32 32

didn’t, I'd thank the Lord anvway. [
gives you practice in how not to win.”
Michael Shannon, a 13-vear-old from

Reading, Massachusetts, won second and a
515.006) college scholarship, Kieu Luu of
Landover "-1.'1;"‘:.'|.'-.|'|L|. 14, earned a %10, 00K]
scholarship for third place. About 35,000
schools have '-|ll.'|-'.'l| UP 10T NEXT VE ar s Bee,

ATCHING giant video screens in- a
dozen museums across the UL 8.
and Canada, more than 150,000
kids—including 250K at Sooety
headguarters—saw the robot submersible
fason explore a volcano and shipwreck on
the Mediterranean seafloor in May
It was a broadcast that almost didn't 1ake
A few days before, the cable connect-
g Jasen and its support vehicle to the sur-
tnce snapped, dropping both to the bottom
A camera sied located the two, which were
then recovered with 8 grapphing hook
“Our journey 1o the Mediterranean has
been anyvthing but uneventiul,”™ suid Dy
Robert D. Ballard of Woods Hole Oceano-  {§
graphic Institution
nonstop exercise in problem solving.™

|
NIACE

"1he vovage becams a

SUCH IMProvising came as a surprse o
[8-vear-old John Wildgrube of Stafford,

Presidont’s

Keport. Year-end Kevieu
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Virginia, who was sent by the Society to be
one of five students on the research vessel
Star Hercules. ©1t gave me a better under-
standing of how science operates, how peo-
ple work together to achieve a goal.”

But 1t was well worth the elfort. Not only
did Ballard and s team take viewers to the
scene of distant research, they also stimulat-
ed discussions in the classroom. Students
lalked about ancient trade routes in the
Mediterrancan. They did expenments on
the corrosive effects of salt water. They dis-
cussed the geosynchronous orbits of satel-
htes used 1o relay the video signal.

Besides being one of the sites for th
the Society also lent a

-

hand with related social studies lessons. An
EXPLOEREER documentary on the 'I‘II'-.ri:.'*:“J
will appear this spring. Major support also
came from Quest Group Lid., Electronic
Data Systems Corporation. Turner Broad-
casting Svstem. Inc.. the Matonal Science
Foundation, and Jason Museum Network

FLL0,” the message began. " We
live-in theé largest city of the
LLS.5.R. Its name 15 Moscow.”
Thus tid the boys and girls of
School #3537 introduce themselves to



With o gentle touch, thi
remmlely operated snbomersehii
.I LSO lr.'.rl'll'n'rrr."'. P PO e o
firrth-centwry amphora from
the boltim of the Mediterris
mean Sea ax thowsandy of sTu-
denty Lok o in auditorimms
geross the U, 5. and Canaeda,
Led by i, Robert 13, Ballard
(rights, who spoke to students
e from the research vessel
Star Hercules, the Jason feam
invesizgaied the deepeyt Known
groiend shipwreck site, hall a
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thousands of others 1o the U, 5. and three
other countnies in the first umt of Natbonal
Ceographic Kids hetwork,

A computer-based science program for
grades 4 through 6, Kids Network lets stu-
dents compare data with others far away. I
the first six-week uml. students gathéred
statistics about pets. Ths information was
sent 1o a central computer. and the results
came back in the form of maps and graphs.
These were used 1o answer such questions
a5, o ity Kids Keep different pets Irom
country kids? (The answer: not really.
Dogs. cats, and fish were favornites all over. )

“They're not learning about pets only,”
said Monica Bradsher, managing editor for
software. "They're learning how to make
predictions, how to eollect data, and how to
collaborate. Thev're learming that where
vou live has a lot to do with Aow yoo hve.”

Fourth and fth griaders at Henderson in-
termediate School in Starkville, Mississippi,
were so excited about the message from
Moscow that they sent the Soviet children a
baseball—not any old baseball, but a prized
one autographed by their heroes on the
Mississippi State University team.

Under development for four vears, Kids

Network is a collaborative project of the So-

ciety and the Technical Education Reséarch
Centers (TERC) of Cambridge. Massachu-
setts, with support from the National Sci-

ence Foundation and Apple Computer, inc.

MONG THE SOCIETY'S other new educa-
tional programs in 1989:
1 GTV, a unwque systém combin-
ing a personal computer with a

laser disc to help teach American history
from a geographic perspective. Available to
grades 3 through 12, GTV consists of two
videodiscs with 34 thought-provoking video
segments that let students and teachers pro-
duce their own shows. (1Y was created m
collaboration with Lucasfilm Ltd. and will
be offered m February.

The Weather Machine, computer sofl-
ware that allows students 1o analyze actual
wieather data from the U, 5. and Canada on
colorful computenzed maps. Other sofi-
ware packages: Project oo, an mleractive
visit with animals for grades 3 through 5,
and the Golden Spike, a computer time
machine for grades 3 through Y that takes
students back to the 1860s to rehive the davs

Preswdent’s Report; Year-end Keview

of Amenca's first transcontinental railroad.

Interactive features on PRODIGY. AN ON-
Line compuler Service created by >ears and
IBM. Exploring such places as Serenget
National Park, Fans, Alasksd, the Hima-
laya, the land of the Maya, and Vietnam,
the Societv makes available each month to
prODIGY subsenbers information about the
peoples, wildhfe. and ssues of a region. and
a change to comment on these issues

AKING the Geographic’s message

into the classroom 1% the mussion of

the Soctety's Geography Education

Program. Gradunates of the fourth
Summer Geography Institute —along with
those from I8 state mnstitules and the birst
Instructional Leadersiip Institute —will
conduct 1,0 workshops i this school veds
lor 53, 000 other teachers

At the same time we at the Society and
the 35 state geographic alliances are work-
ing closely with governors and state leg
islators at the policy level to promote
geography in school curncula. Recent
revisions in social studies reguirements in
Rentucky emphasize the importance of
geography in grades 4 through 6. The
University of Tennessee added a vear of
cither worid geography or history (o admis-
sion requirements, and the University of
Colorado at Boulder requires a vear of high
school geography for students entenng its
College of Arts and SGiences

MNational Geography Awareness Week
was another big event in schools across the
L. §. In recognition of such efforts, the
National Governors' Associntion m August
presented me the Chairman’s Award for
Excellence 1n Education.

To help support these many progriuns,
the L. 5. Department of Education and
stile governments have stepped lorward
with hinancial aid. and more than 1,30 cor-
porations, loundations, and individuals
have made contnbutions and pledges of 2.8
million dollars to the National Geographic
Society Education Foundartion. Bell Atlan-
tic Corporation made the largest donation
to date, a grant of 750,000,

his represents, in my view. a2 most gen-
erous response to a national problem. You
can be sure, in the months ahead, as we
search for further solutons, we will do all
we can to continue the successes of 1985, []

What makes the wind blow? Can earthquakes be pre-
dicted? How do hurricanes nnd tornadoes form” Will we
evier run out of fresh water? How are ntups made?

LveTvone lén yeurs and older will enjoy answers (o
quistions like these in EXPLORING YOUR WORLD:
The Advenmre of Geagraphy. Use the form onreverse
sitde to order yours now!
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Golden Bamboo Lemur  Genus: Hapalermur  Specles:

Adult sipa: Langth, 78om; tadl, 39%m  Adult welght: Approx. 1 2kg
Habitat: Ranomafana rai 2 antern Madagascar  Surviving nomber

| T b |
LET) |]:| !-:.: I.

Wildlife as Canon sees it

First identified in 1986, the golden bamboo lemur  survival of these special lemurs as well as the

ane of three rare species of bamboo lemurs i abundant flora and fEuna umgue to the region
habiting 3 aarrow band of mountan rain forest in [0 save endangered species, it 1s vital to proted

e N . nE 5 s Fy o - T rd e . 4 RS Sy | Pty A T B ol M N | . a——
pastern Madarascar. Each of these lemurs, the e hatntats, Uinderstanding the framle balanee

nly primates known Lo ive nearly exclusivelvon  of our world's ecosystem holds the promise tor

wmboo, has its own speciabized feeding habits,  the future. Photography, both as a scentific

One eats primarily the leaves, another the pith of  search tool and as a means of recordmge the world
the trunsx, while the golden bamboo lemur eats the arcund us, can help promote a greater awareness
tender shoots. The recent discovery of the gold-  and understanding of the golden bamboo lemur

el Damboo einur 10 Ui |‘-:.'!.r'I NNEland Aam 1o7esl AT :""".' 1T LIVES '.'-|E|'||'I Iis rl-'l"."l'.ll ETTVITOMITTETI
prompted measures (o create a national park that And understanding 1s perhaps the single most

wonld protect what remains of thisonce extensive important factor in saving the golden bamboo
forest. The national park would help ensure the  lemur and all of wildhfe.
e
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FROM THE PRESIDENT

A Year in the Life of Planet Eartlh

AST DECEMBER. 4% W CCICTTRS-
ed the Societys
vears, | promised we would
dedicale our second century

o encournging a better steward-
ship of the planet. The evenis of
19%4Y have certminly dramatized the
impartiance of that goal

ANUARY! An Arpenting Nawy
supply ship ran aground and cap
sreed i Antarctica, relensing simi
| T O gallons of fuel

FERHUARY: ThHe Soviel sovern-
ment ordered 20 villages in Bye
evacuaied because of
ingermg radivactive fallout from
the 1986 explosion at Chernobyl
The tanker Eooon Vin
ez ran aground i Alaska's Prince
Wilham Sound, cliusing the larges
Wil ‘*F‘i” ever it U 5. walers.

WPRIL: . Adr pallution  reached
now levels ol danger m Mexioo
City, whete world health officials
sind hormiful aestine had rsen dra
mabcally between 19560 and Y85

may: High levels of acid rain
W high a8 those over Europe or
Morth  Amenca —were  detected
over the rain central

fmca, caused by mossive man
misitle Fires on the savanmna.
Peace falks [ailed in
Sudnn, where rehiel agenoes had
st kpilied food against Tamine

Al the aews, mind vou, was nol
bad: 1989 wis also the vear when
wirrld leaders— [or the first time in
recent memory —iurned therr full
tienton ioomiermational environ:
rereen bl Bsiies,

In Helsinki in May, 80 nations
adopied a decharation agreging to
phase out the production and
consumption of chlorofiuoro-
carbons (CFCs) by the
Vs W] -

In June, President

I..:I:'l.::!fl.' Buxh

st (Ul

VO USSR

MANCH

LT esls il

UGS

K
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nitoduced & plan tostrengthen the
Clean Aar Actin the Limited Stites.

In Julv. the
-|'."|'|'l'|-..r.!l.'ll."l-l"-".'.'.L'l.J..I'..I|||'.]'||'_'||||.£|.EL'
in Pans stating the "urpent need
10 snfepguard the enviromment fol
future pencriloans Yustralipn
Prime Mimster: Bobh Hawke jan-
nounced a program to plani a bil-
Lo trees poross s nabion dunng
the e

leaders of soven

i Uecade

Fl was a tough vear for
the environment in 1989,
with oul spuills, witdfires, il
actd rain in Africa.

Bur there was good mews
as well: The world s leaders
iTi .'I-..f.'"1l'|'.|"i|':_'| -:.'I (I MW SYenRast

i preenc

geloresiabon,
erodling  sonis
Unsuie [ cowordimate o

COVETAEE of such vital concorns, we

A pollunon
.||||_:'|'l|1i"l|,i_'|1 LR]y

Wator:

._::_'.,-_‘.u_n_|i||'_|_'|:'.-.|'|l|'|r'.|| NSIVISIOTE I
| 4EY and named
Editor Msoc

this magaine in
A ssistant
Carowve to head i
Lmong ol
wers artcles on the decaying for-
psts of Swizerland. the harards
henefits of radmtion, new

SO

reports: this your

and

parks in the Himalayvs, and new
forest presorves 1o the land of the

wWlavi

[1t coming months we will
civver the altermath of the Alaska
il spll, global warming,
portation of hazardous materinls
the logeing of old-growth timbes
and the need for urban parks and
ETEETWAYS
Char concern [Or the environ
wnl appeared m other Sociery
iwctivities as well, In February our
TV Special examined the plight
of the world's elephants: An EX
PLORER documéentary on  the
potentinl impiact of oil explorition
on Alaska’s At Mational Wilkd
lile Refuee will air January 28
Society books in 1990 will coves

rans

carth's rn forests sind shorelines,
and Worip magaeimne in Febroary
will begin a new senes om the envi
romment. starting with a réport on
disappearing wildlife
As part of Manonal Geography
Aowareness Week i
p student environ-
mental summt at Society  hitad-
quarters with the Environmental
Protection Agency. Winners ol
the President’s Emvironmental
Youth Awards wére mven the
apportunity to meel with nanonal
mublic policymakers
Looking back over 1989, 1 am
saddened by the damage humamty
inflicted upon our planet. But Tam
150 cocouraged by the many signs
that governmients are finally pre-
parcd to do somethmg aboot i
When that NAPPEnSs. YOU CAn be
sure we'lll brmg vou the gid
news—with pleasure

Mesve mibet
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San Dhego

San Diego (August 1989) has the second waorst
ozone pollution in the country. Its bay has been
rated by EPA as the most toxics-polluted harbor
on the West Coast. Raw-sewage spills closed por-
tons of Mission Bay Pack for more than a hun-

dred dayvs m 1987, Parts of Balbon Park are
pverrun with homeless people. If reaclers still
think that weather is evervthing: theyv're wel-
come to join us. Bring money, though. The medi-
an price of a single-family house is $180,000.
MIKE CORNFORTH
San DMego, California

Suck complainls remind outhor Neil Morgan of
the Hell-on-Earth Club, which insisted thal San
iego was foredoomed by earthguake, fire, and
pellubion. Oceanographer Roger KRevelle helped
Sfound the club o bhe TO30% i 0 cleariv UNSNCCESS-
ful effort to dizcourage in-migration

[ gasped when I saw the yvoung men, represents-
tive of our American vouth (pages [80-81) pot-
belbed, slump shouldered, overweight, Let's
hope that the Navy can make men of these out-
of-shape recruits—for their sake and ours.
Mgs. Cramr 5. LEDGER
Arcadra, Lonisiana

I"m sure the sorry posture [of the recruits] will be
ereatly improved after boot training.

aaM C. BATTLES

Keene, New Hampshire

iFEET mUTE ek

Recruits from Uompany 135 were shown i Lhe
Aupust sexwe on thetr fourth day mm frmining,
exhausted and suffering culture shock. Eighi
weeks of mporons raiming —from academics Lo
physical fitmess (above | —earndd Lhis group Lo
fromors in all areas and g coveted brigade aquward

The picture on pages 1B5-9 was discournging 1o
boaters concerned with water safety. The glant
slingshol can deliver a missile, such as 8 wnler
balloon, with devastating force. What may be
considered harmless fun has resulted in perma-
nent injuries, Such activity became illegal in Cal-
ifornia January 1, 1958, We urge you to warn all
boaters, particularly in Coalifornia. that the
throwing of objects, especially by mechanical
means, can subject the perpetrators to legal pen
akties and civil linbilites

RoperTt |. HOFFMAN

Recreational Beaters of California

Redwood City, Califora

Evervone should know that balloons can be mis-
taken for jellvfish by many sea creatiures and if
awallowed are often fatal
JuniTH T, UEHLEIN
Alexandrig, Vivgisia

Little mention was made of one of San Diego's
greatest success stories: the Tijuana Trollev, The
light ral] line was buoilt entirely with state and
local funds and covers 90 percent of its operating
costs from the fare box. The line is s0 popular that
a new line esst to El Cajon is being added, and a
third line north i= being planned.

James E. DaviEs

Sovith Bend, Tndiana

Meil Morgan wrote about a woman in a red dress
handcuffed after customs inspectors discovered
she was carrving a trunkload of marnjuana. On
June 5, 1989, she was tried in Federnl District
Court in San Diego and convicted of charges of
importing a controlled substance and possession
with intent to distribute. On August 7, she was
sentenced to two vears” imprizonment and three
viears probation,

ALLan |. RarpoPoRT

Lhstrict Director

L7 8. Customy, San Diego

Black Women

Brian Lanker's piece; "1 Dream a World," i a
long-deserved tnbute to the endurance and
strength of black women of the United States. It
is encouraging for my generation Lo see such rec-
ognition thatin 1930, when my father’s member-

ship began, may pol have been acceplable, It
remincls us that with the proper effort and

choices, change can be effected.
Manry L. Davis
Chconomowor, Wisconsin

I was so moved because | am g 22-vear-old black
woman who hopes one day to S8rve as a rep-
resentative to the United Nations. This photo
essay made me realize that achieving this goal . as
unreachable as it may seem now, Is not impaossi-
ble. Amenca's existence s based aon many heroic

Natwonal Geographie, December 19580
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deeds, performed by people of all colors. Every-
one should be equally recognized.

STEFHANIE A. Moony

Detrort, Michigan

Best of all for me was the inclusion of Brig Gen.

Sherian Grace Cadoria. [ met then Lieutenant
Colonel Cadoria at Fort McPherson, Alabama,
in 1878, when she was evaluator for our reserve
unit on-annoual traintng. 1 thought then, I think
now: [ have never met a finer officer. Thanks for
bringing those exceptional lives into our lives.

James P. Cooxe

Lincain, Nebraska

You should have balanced Fayve Wattleton of

Planned Parenthood with somebody like Mil-

dred Jefferson, the black phyvsician who is a

leader of the National Right-to-Life Commitiee.
FOBERT F. MCINAMARA
Rochester, New Fork

The article makes no apologies for Angela Davis
having joined the Communist Party. Commu-
nism 15 not a svsitem that promotes freedom and
drviclual rights but rather takes away those

qualities of life. The inclusion of Ms, Davis in
a lineup of black women who have been highting
for freedom and respect for the individual is
inappropriate, ironic, and negative.

JoHNNY GIESBRECHT

Rosthern, Saskatchewan

As much as T npprecinted the sentiments ex-
presiéd by the women we heard from in Brian
Lanker's piece, 1 winced at Alice Walker's com-
ment denigrating “the white males we have
elected. - . 7 1 would hope she would recognize
that emphasiring the race or gender of those she
would criticize smacks of the very prejudices
these women have worked so hard to erase,

scort MeNuvery

Minneapoles, Minnesota

The American Federntion of Arts is bringing the
Brian Lanker exhibil to art museums nation-
wide. It opens in Birmingham in January 1990,
Denver in April. Sioux Falls in July, Lawrence,
Kanzas, in September. and Albuguergue in
Drecember. For details and the 1991-92 {tinerary,
write AFA, 41 East 65th 5t, New York, New
York 10021,

JILLiAN SLOoNIM

New Fork, New York

Elephant Talk

Reading Katharine Pavne's fascinating article, |
was reminded that some 20 vearcago [ was niding
an clephant in the Terai jungle of Nepal when |
heard, solow-pitched asto be almost inaudible, a
vague thudding like that of a distant diese] gen-
erator. It turned out to be from my elephant ex-
pressing fear of & nearby rhino whose scent it had

raught, As more evidence of animal communica-
tion comes to light, perhaps we need to revise our
concepts of their levels of intelligence.
ARMAND E, SINGER
Morgantown, West Virginia

Old Havana

Tleft Cubain 1960 when the country still enjoyed
the remains of the “capitalist warehouse.” The
pictures reveal a country totally deteriorated,
Prior tothe communist takeoverin 1959, the peo-
ple enjoved one of the highest living standards in
Latin Amenca; now it has one of the lowest.

LEONARDOD GRAVIER

Coral Gables, Flavidn

To make Castro out to be a rather jolly-uncle
tvpe., “joking” and “twinkling” hi= waw
through a three-hour conversation with the Edi-
tar 15 to jpnore the brutalities of the regime,
where block captains keep n beésdy eve on each
resident ' sactivities; and where some of the mos
terrihle political prisons in the world exist. Alsa,
though it 15 reasonable to expect a Cuban spokes-
man to put Castro’s attitude toward prtists ina
good light, it is misleading to accept that idea,
given the book Apainst ANl Hope by Armando
Valladares and his statements in Geneva Inst
vear about the condition of artists and dissidents
in Cuba

Mrs. MAX KAMPELMAN
Wirshington, 13. C.

The comparizon bétween Castro and José Mart]
isuntenable. Between Mart! s huimeanitarian and
democratic convictions and Castro’s Marxist
totalitarian tyranmy, there 15 48 great an abyvss
nz between George Washington and Lenin.
RuBeN | SaAEz
Banrdor, Ovegon

Tt ix Castrowho weaps hemsell in Movts ngme on
the basic of pavallels he sees. Marii would have
recodled from o Marvist dictotorshop as he did

from the Spanish overlordyhip ofhis native land.

More Loons

A correspondent in August seemed proud that
Canada has used her new dollar to memorialize
the common loon. A mese token gesture! On thie
side of the border, we have long recognized the
true value of the common loon and have elected
any number of them to high positions of pub-

lie trigst. .
FRAMCES SPERCE

Jacksonville, Flmda
Lettervs should be addvessed to Members Forum,
National Geographic Mogazine, Box 37448,
Washingtan, D. €. 20013, and showld include
sender's addreis and telephone number, Not all

letters can be wied. Those thal ore will oftén be
edited and excerpied.

National Geographic, December [080



A new generation of precision in @ pinl proyect with the Eaton (rFE Precision Matermle 'We
matenals. [ is-a resource power Corpomtion to utihze 8 unigque can give you the advaniage ol

ful enough 1o transform entire GTE cermmics technology in untapped, untouched potential
imclustries the manulaciure of a whole new vnd the power of 4 new manu-
Right now at GTE, our Preci- breed of automotive engine facturing edge
s1om Mviaterials | |Il"l-|'l 15 Invoived COMPOrnenis Because 1t GTE. the DOYWET 15 40m

d

THE POWER OF POTENTIAL. “SSse SRS B

-I

‘"“-"-.!n.f..f
e Ao

- =
=




JEU

NECEMBER . 146

b |

GRAPHICA

NATIONAL GEOGRAPHIC

MAGAZINE

Muli: In the Footsteps
of Joseph F. Rock

i
!I :' .'| ”.l: il I..-. i r ! -
i LS v
thrilled 8 gengribion o MAaT i
B L 8010 LH T LEEL i |
] ¥ i r

Chinn and T 1 the 12 el Al
Fwersizl Inn wal REeFi [ RETTIRY i |
CUrmovs 1o M LIt i e Tibwetun
border 10 @ |||-' y Sichiiean | v Ine
[ here local kome und 1abelan larm
livesd Beande the roagt migrims took
neipby holy madiniacn
Forly this sear Los Angel Ly
Peter Klika led a group inan sttempt 1
Fe-cieile Bock s travels. Withi th i
[ the Chinets Mountmimsening Aes
ey they weersh tedy Nlaals, ther trices
(b ol vl roanEn g i1 .|:| 4 BTk
WLl SHE porEcs wsy {ERIFEEER
] ol O Tl
HLOCK v U i e ool of hap
DTS WIs ] \ | [ R R
rotes. Klika and W W1
i bt erniaris Vihet i e
rifli probiably (o oo I ks
oy Wil @aunimm II
| e motiEistiery haa beeh et
|'||| [ RETT N 1
eIl | ' . iIrts !".. by E| 1 .
-vear-ahl Sacrmmento businessman
whicn Wil o0 1he exoecition. Sin lnifas
L] S Ve il Acivigs greciod the gro|

Rock's da

whoweore apparen
im Ml srmee
DEONMRS BTV . Wl K, B

(RN ih s | ® 1

11 Wi

i WL I By W

n
]

When the Irees Cry,

h K

Do the Beetles Hear?

o

T i e I 1T i

bl i | {1
5 = T

| - | HEP R L

o 1l Ha vl
i |'| i i
VIS TN i I
1 =1 I | g i

'n

™ sy = i
Hercess A Fessh TNl A0

e Lo wionndel
Mg nore Tieertially Knowe as glits
O acomitic ormmacns—ars beard by
PearE Decties, macctt 1hnd §T1aER IEqHY
trees nd prolifernle dirmmg i ciroragin
Hanck thoupht that the
rrrieht expinin how the mscots can el
hy Irce from o healihy one
N lh 15 s ] A P SR | PNl 0 Year |
ridi When they
down the recondmes (o hear the &mas
Ui TEREY sounded e o s
O POTRT I PO,
[he team developod a method ol
I"II'.-I i {he oh %% akfl | tristrsmmaitime

Hoin i l|!:|| Wine ]l BaSslE . TN 'I:-.:. i

P Leeddm N

T By s WL
RE
i the chim livin el

FRTTR

I':I.I K 53

et e ek et e a clyobics e tweee i
.'.I -|i|I .'.II I il i-- ||!-I I-|.I||..'- i
WL m. |he resgles are nod e
(ETiLive, b O 1] T [ ST 8§

WL ER LT wrier curpang branches
W R rpeles i

Eating Clay Tablets
as an Act of Fath

¥ o the town of Esguipnlas in easten
H L iz ii T RERANR] il o
e E ] weiiiailew eracilin K e . i
hi Block Chrst. The shi Hra
] B Ot ey wtle

VIES relbpr s sy e sl 0w U3 kEE

% Lihi et Rolize, Hondln
rog, . Bl Salvador. ami sewhere In
Crumternaln (Below ledt). Fhe tablel

i Pl k| i i1

The pro i

i T FEY b

lespread h
3 LR J T |

] ETi 1 |
by 1Ll MNAT nal
i S ]
1W=LIPRIE] Ik
tral Amernsci
| BTN T I
FES TR
RIS
The geographe
11 |

usimoers ol the clayv i

Iy ddurime meesnaney 0 ocounleract

i ¢ srckin i Ure o A
ez I'h i reporied dhat
sthoogh there may | HTVE BRI

P gyed ealima 1he chiy s fiokl
et of Tmith. They nskod on i
i iy U Cild Al i
LA & Lhey ik e rep |
1§ i L | il




Further proofs of
Mazda performance.

Announcing the winners of the Mazda Photo Contest "90.

—
Take a look at these winning phetures and you'll for the “family album.” And once sgain we're pliisea
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thern having fun s ho entetied. we offer our Chaghs apd appreciation,
At Magdn, we think that's the whole idea. W hese plglures say mom abot Mada performancs
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We're losing our cool

at 500000
trees per hour:

Thi loss of tropical forests is-a senous
part of the growing environmentil crsis
indicated by the greenhouse effect and global
warrning, To find out how you gan take action
noww, write Global Releal, Americin Forestny
Assoctition, PO, Box 2000, Dept. (R4,
Washingion, [ 20013
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You can meake a wnrhl of difference.

AUTHORS WANTED
BY N.Y. PUBLISHER

A well-known New York subsudy book pub
lisher is searching [or manuseripts worlhy
of publication. Fictlon, non liction, poelry,
fuveniles, travel, scientific, specialied and
aven controversil subjects will bo eomnsid
ered. If you have a ook Bonath manisErTipl
ready for publication fpr are still working
an it), and would like mare information e
a free booklel, please write:

VANTAGE PRESS, DEFT. NA
G16'W. B4th St New York, N.Y. 10001
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{a Give the gift of good health this
Chrisunas...NnrdicTrack

o

The gift of health Is priceless. So are the
bencfits of NomdicTrack.

There's nothing mone valuable than 4 fi
hienittey bewdy. And there's oo gift more
valuable than o MordicTinck.
Sortic Track burns mone clones
i less timwe than any oghes
CxXeyCEs mzchine—up W

1, 1K calemries paer howr
pecceding to Uregon Heallh
Scienoes [niversioy. [t atso

helps reduce the nsk ol developing
heart disguse, olialwtes, hypenension
Ar b WL ) % Al o1 cosmrmibtes
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Give the gilt that keeps on
giving. A NordicTrack.
REesearch shemws thal [ ||-||:-
love thelr NordicTrnicke
BRETS ikl s 1K
rwners are shill using théer
machines more than 5 tirmes
g week, 5 years after purchasmg
ane. Thevwe found thet NardicTrack not ondly
FreTrises more musckes and buams more caliries i less
timie than other muichines on the ke bul 1f's moee

enpwahle 35 well Ir's the pefect gift for felong fitness
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Time ks precioos. Make It count with NordicTrack.
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EasilyY iInCoTpOraie 4N exXercse
program into evenady e by
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leach them to make their own and you give them their dignity.

Think fora minute what your sense Of sell-worth might be; i you had 1o
rely on hand-ours o feed vourself and yvour family. As desperaie as their situation
18, the hungry people of the third world hunger for dignity more than food
That's why at Technoserve we boliove so stronglv in fostering self-reliance.

In teaching communities i Africa and Latin America totill, 1o sow and 1o reap
tOor themselves. The successiul cooperatives we've hielped nurtune are a
source of great pride to us, but more rewarding than that is the sense of self:
pride we se¢. The fire buming in the eves of those wha have their dignity
dgain, Please help us bulld mofe of these fires, by calling the number below,

TechnoServe

Aworking solution to world hunger.

— 14it Faut dawnipn Norwplk, Connsotout. USS GGRE

Cali 1-800-99-WORKS



fne

a L

vl _

R e ok
i | ﬁ.r.{'_:rl.__r_l:..

Tl .-r_:l__':_ F.IJJ:I_.' =, "-'J.

.I-I'|.I"i‘:.I'_.r.




A B R E

American quality has never looked better.

P Its styling is newly refined. Its value is legendary. This is the
1990 edition of the full-size Buick LeSabre,

According to one measure—the ].D. Power and Assodates 1989
Initial Quality Survey—Buick ranks among the most trouble-free
American brands. And that same study ranked the 1089 Buick
LeSabre as the most trouble-free American car*

In addition to giving you less to worry about. the 1990 LeSabre
offers you more to enjoy. udjngasmndardlﬁEhmsePUWH
3800 engine for smooth, confident power Spadiousness for
passengers. Four-wheel mdependent DynaRide suspmsim
Even air conditioning is standard.

The 1990 LeSabre: an outstanding automobile, because it
offers you outstanding quality. See it now at your Buick dealer.

*1.D, Powey and Associates 1989 Initial Quality Survey covering November and December
1982 Based on owner-reported problems during the frst 90 days of ownership.

@

The Great American Road belongs to

BUICK
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THEY CAN TEACH YOU Think Think

ABOUT ANOTHER WORLD Think Think
I hink Think

Think Think
Th=~ Saank

.I-,;; I-.. :I iy 1 Rink
TR i g Thiﬂ]:iﬂ'lil‘ll(
through hasting an ingermution Think Think

| Fi o For more information T}lirlk Ti‘lillk
| '5‘; 5 §  call YES toll-free at: | Thlllk Thﬂ.['ll(._ﬁ
'-.._._'___-'J'--.______.--"l %4 il I '.;I. ".-._-

- BO0-848-21.21. o

Invest in the future grov;ril_i of America.

For over 200 vears. the natural resources ol
America have been rewarding us with a rich and
wondrous life. And the breathtaking beauty of the
land itsell. mayv be the most wondrous reward of all

Bul the beauty that wis onee Common aCross
our land, 1s slowly disappearing,

In many parts of our country, the land ¢can no
Ionger be recogmzed for what it once was, Thats
why, twenly-1wo yvears ago, Lhe Aménca | he Beaul
ful Fund was founded for the preservation and res-
loration of the naturid wonders of America. With
your nelp, we can keep restoning the land 1o a state
that the past once knew. And preserve it so future
generations can see forthemselves, what 1t s that
made Amenca great

support the Amenica The Beautiful Fund
[ he tuture of our land mav depend on it

[orsend donatons, or for _athe g
more information, write o 3 X
America The Beautitul Fund
219 Shoreham Building.
Washington., DC. 20005,




Gijve the mpg} welcome g‘iﬂ!

II'I an mmdependent study NATIONA gift card, upon request If the order furm
FEOGRAPHIC was chosen as the 15 MISSINE, wWirite Lo

magazine people want most as a gilt! o
yvou can't go wrong giving this splendid | -
magazine to friends, relatives, neighbors . | NATIONAL
and colleagues —at only $21"* for each gift! ‘d E GEOGRAPHIC
Don't wait another minute, Complets SOCIETY
the attached form, and simply mail with WASHINGTON, D.C 20056 LLSA
dues in the envelope provided. We'll
announce each gft with a personalized (rder now for Christmas giving.




Ask the remdegr who

Try any of them - Dasher, Dancer, Prancer, etc. NOW Santa ndes i the wanm luxury of Tus new
But vou may have 4 hard time gesting them 1o talk Crrand Carivan. He can't beat its ample 150 cubac feet
about 1. Beciuse Santa gof tired of open-sleigh seatmg.  for all those toys. Or the fact that six lucky elves can

and Jack Frost m hes face, So he put that Camvan mthe join him with room to spare.
stable, and Tus exght mmature reindeer out m the cold, Siarta knows he needs real power for dashing



was replaced by one.

"l,..

T,

A
" | .! Diodge Crand Carovan.

8

through the snow (00, And his sleigh witheight-remdeer - But don’t wonry too much aboat Santa's loval fieam
power can! touch the Daodge Grand Caravan's 150 of erght, Thewr legendary status makes them quite an

horses, Santa's Cantvan doesnt need aspeciad diet o fly.  attrachion o the ady remdeer out on the

[ts powerful 331 V-6 engine and front-wheel dnvetear  nundra. And now they get to play some real Eg.

up the highway, Even i the dead of winger, reindeer games. e new spirit of Dodee.
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YOU never
have to
focus this
binocular.
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L1 s o Tocusing wheel, ™o fcusing
mechinism., No locusing rommicks. Just
lisak throwgrh a par. The sophisticated
patented optics and your eves do the rest

 hinecular w0 advimeed, it mever meed
forusing . From Jason, the leader in optics
[ more: tham ) years

The PERMA FOCLIS 20000 line of
Brculars, you ve oo 10 see it o beleve il
And you can see b al leading retadlers around
thc world

LS. Fairid 4 HsH RET

N THIS LAST DECEMEBER of the 19805, we
pablish 2 new map of that bitterly contested
region known for centuries as the Holv Land

F'he map shows modern Israel amid its neigh
bors—Lebanon, Svna, Jordan, .m-i I-.',:'.'::-!. In 101
vears NATIONAL GEOGRAPHIC has published
some 13 supplement maps of this area, for which
wie have been denounced and vilified by one or
More groups as incompetent, uninformed, ant
semitic, anti-Muslim, anti-Arab, anti-Christian
This map will be no exception, for passions in the
whole region remaimn high and the killing and
dying continue unabated

In one of the oldest cartographic references to

thi region, a 3, 800-vear-old Egyvptian potsherd
refers to the ity of Rushalimum, loosely "ty of
peace.” Tragically this city—now known to most
of the world as Jerusalem and to the Arabs as Al
uds, meaning "the holv” —has bheen perhaps

Lhe least peaceiul city on earth

Fully occupied by Israel since it took East Jeru-
salem and the West Bank of the Jordan River 22
VEILrS Ao, e o I'.I‘; N U THOEr 'I'-" FLLIE O SOme
QOZEN 1
the Canaanites by the Israelites abowut 1000 B.C
Except for conquests and sackings by Egyptians,
Hit!:-_'.'llll"]i.-lfl'-. Persians, Greeks, and Romans, in
the past 3,000 vears it has been held by Jews for
some ten centurtes, Muslims for twelve, and
Christinns for four. All three faiths consider it
acred. It has been destroved and its citizens
killed by

[hroughout the remon there are dozens of sects
or divisions of Jews, Chrnstians, and Muslims, far
too many of whom are well armed and wilhng to
kill in defense of deeply felt beliefs. Inevitably
many of their followers will disagree with our
choice and mix of biblical and histoncal names
and notes, our use of de facto borders as of
December 19849, and the notes that attempt to

Hierent |l MWETS SITICE 11 Wiis | :'I.|I'III'I il from

eXpHaIn them concisely

e hope most of yvou will ggree that in the fac
af political and relimous conflicts, disagreements
pmong historians, and contracdhictons within the
]|-I|I|.I.'. Our cartoeraphers J'..-{".'l. ilrlilllll l.'|| — S Ot
of our series of l.';=-l'| tal Places of the lI|."|.'l.."'|— bk
|'Ilr. =1 1 ".Ill.l..:l|'|l||: of this i T il. |LI“
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TOYOTA COROLLA

“Its a car you can
depend on for those
who depend on you.”

Toyota Corolla is named the most
trouble-free new car in its segment®

When it comes 1o taking care of those
who depend on us, we all want nothing but
the best. And that'’s probably why so many
people buy Toyota Corollas.

Because Corollas have the reliability
and dependability young Families need. And
the comfort and style they want. Combine
that with the performance and economy of
Corollds I6-valve engine and its no wonder

that Corolla owners are finding they love
what Toyota does for them. And for those
who depend on them.

“Towota, I love what you do for me”

M|mmmumwnmmmﬂmhh Giet Maowe Fromn Lide. . Bockle Up! *Hased on encevnterad im
the fima ks of crwnersbsip— 100 Postat amad Associabes B9 Mew Uor Initisl Qualiey Saraeye= by st o
vhe Cownlla LE with S-spevad mamuil irsmseission (25 mapg caty/ 1 gy highvary ). © 1089 Thyota Motor Sales, 115 A, Inc.
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sl -veligme engyclopedin of phvsical and human
peagraphy that reveals just how our world works.

o Ol pages; 334 alphabetical entnes

* nearly LU color pholographs

* coforiul maps, charts, and Eraphs
crivs-references limkimg relnted entnes

o gxicnsive, coasy-1o=-use index

* inciudes o workd wall mape 39" % 21°

cheitoe Baiien leatures bonded-leather anding,
gilt-edeged pages. and satin ribbon place marker.

YES, send me a free examination copy of EXPLORING
YOUR WORLD: The Adventure of Geography. Hill

e as ['ve chocked below, pliy poviaee and hasdling. 1f
mit coprpleredy satisfied, | may rettorn the ook withours
parveienl. ( Plense allow 30 doys lor delivery. )

L Regulur Edition: $29.95 [ ] Deluxe Edition: $41.95
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An Ancient Indian Herbs
Tums Deadly: Coca 3
=iratght: & Gloves-afl
[ reatment Proemam 4%
sagebrush Country
America s {huthprk 5]
Ballet with Stingrays K4

Indonesa: Two Warlds
Pime Apart 94

Rowmg Antarctica’s
"Moot Mod Sens" 129
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SLvicrapere 140
Lhicaro's Haneork Center |75
mmall-Town America: An
Endangered Specites? 186
The Life and Times of
William Henry Jackson 214
Yelivwstone; The Great Fires

r r

of 1988 2558
Witness to o Century of Change 175
Map: Yellowstone and Grand Teton

Lhove China 278

Faulkner's Mizsizsippi 313
Wildlife Quest ta the Iy Seas of
st Geeorgia 140

Wha Orwns Our Past? 376
Trap-Jaw Ants: Set for Prev 104

L P}
Living With Badiation 403
Kroman, Remnants of a
Warship's Past 438
The John Muir Trail 467
Cartapena Nights 494
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for Melp 510
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Venezuela's Islands in Time 326
seurchifg for the Secrets of

Lravity 363

Briving the Northwest Passopge 554
The Baltic: Arena of Power 602
Are the Swiss Forests tn Perilr 637
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Extinctions Gl

Malta: The Passtonof Freedom 700

[maged for the Compuier Ape 718

The Bemiite Worid of Tibet"s
syomads 751

Life ma Mutshell 7R3
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the CGIEOGRAFHIC explored

the land of the Mava, ook an

m-depth look ot cocame, and
devoled a special issue 10 France,
Consult this key 1o locate other
stones ol miserest

Compiete indexes of the year's
articles are avatlable [ree upon
request. The January-June idex
(val, 173) 15 avmlable now; July-
December ( Val, 176) will be

ready in January. The new National

Creographie Index JRRE-[TES 15

on sale for §24.935; a deluxe eds-
ton, with shpoase and separaie
map index. for 333.95. A full 1984
suppiement wall be avalable in
Ianunary; $1.00, free with Index,

| L
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Two Revolutions 5
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The Gothic Revolution 108

Unzettled Immigrants 121
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Madness 13
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Elephant Talk 164
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bo Lapht 360
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(A T OOHE
La Kiin Maym 4214
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LetSdig

alittle

deeper into the

notion that much of our garbage

Is made up of plastics.

Amenca's growing waste problem is
monumental. We generate 160 million 1ons of
garbage & year

Our nanon s landfills are beng filled up. In
five years 2.000 of our remaining 6,000 andfilis
will be closed

A lot of well-ntentioned solutions are bang
offered. One is that foam plastics, plashc bottles
and plastic packaging should be banned,

The fact is that plastics make up less thar
8%, by weight. of our nation’s waste. Paper and
paperboard make up about 36%, glass and metal
about 9% each, all by waight, Plastics are naturally
bghter, but still, when compressed, account fof anly
about 209 by volume

If plastics were banned, the nead for pack-
aging woulkdn't go away. The dea is to substitute
other matenals which are assurmed 1o be biode-
gradable. 5o a landfill would take longer 1o become
tull. Studies show, however, that paper ang othes
matenals decompose so slowly in today's andills
that the Ives of the landtils are not exlenged

Recycling must play a part.

In addition 10 enwronmentatly secure-fand
fills, ard more state-of-the-art waste-1o-energy
incmerators, we believe that a significant answer 1o
Amenca'’s waste problem lies in recycling. Every:
thing recyciabile should be recycled. Yard waste
Faper. Metal cans. Glass bottles. And plastics

Although plastics recychng 1sin its nfancy,
plastics are potentally more recyclable than alter-
natve packaqing matenals

In South Caroling, one company recyies
100 million pounds of 2-ter plastic solt dink bottes
a year mo everything from fiberhll for ski parkas to
SCOUNng pads 1o automobile distnbutor Caps

In Chicano, another company processes
2 milion plastic milk juags 8 yesr Nio - plashc
lumber™” for boat docks. park benchas and fences

What Amoco Chemical is doing.

Amoco Chermecal 1s sponsonng a recycling
program in New York State demonstrating that
palystyrene foam food serwce contaners from
schools and restaurants can be recycled nto nsu
lation board for commercial construction, cafetena
trays and home and office products

We'ra participating in & consortium with
other major plastics manufacturars which will suppaort
constructon of regional polystyrene racychng plants

In Portland, Oregon. we renovated a 10-acre
ernaronmental lBaming camer with a new wetlanaos
walkwerny sians, kiosks and benches made from
recycied piastics

We're encouraging the starl-up of new pas-
tic recycling efforts, heloing o find new ways 10
cotiect and sort recyclables, and supporting efforts
l0 create markets for recycled plashic products

At Amoco Chermcal, we bebeve we re only
beginning to see the benglits o recycling. In the
not-too-gdistant future, it can tum our sChd waste
from a national problem into a rational resource

Fora free copy of “Recyeling. Do It Today
Far Tomaomow " wimte Amoco Chemicall £00 East
Randolph Dmve. Chicage, AL 60607

Recycling. Do It Today For Tomorrow.

Amoco Chamical

& TOE Avegttns Dhertaisl Loripany



On Assignment

HEN MAKINg close-ups
of chief restorer Gian
g Codnluce (amd his
siogan-on-a-button |
Victor B, Boswl I, . was
back 1n & Sistine Chape
-Ir...-ll-.'. | .I..:.: I.Ir_ll | II'-
one e photogritphed JU Yeurs
garbher. Then it took 20,000
watts of illumination to penc
rate the gioom for on rec
MUsac o the enfire celling

[n 1989 Vic needed on ML
tenth the heht to make the view

il 1he restored celline on n

60-92. Long expericnced in
MAKINE paantings, sculpiure

and other treasures come alive
he rehed on s praciiced eve to
make hcdiustments for distortion

0 compensate fol

wame irame. o

TOYVEeEY I!l;_' =0 (L&

LS [ YISO
looking up sone GU
teet from the toor, Vic include
curves of the ceiling as it merges
with the walls. There Michelnn
;!'-'i" plaved s own visua QalIles,

since 0 the fresco some of the
||-'. II I'..'.:llr' II' .I_. | -i."i-_'- 1
mokl s pamted on

Dhrecting the lengthy restorn
tion, vatican art histonan Fabn

y Miancine! eI ouissde the
hapel (neht ), has becom
practicing daplomat 1o visiling
colleagues and 10 the press. He
NG Tesiorer Lojnlucer, g
interviewed by aathor Davy .
Jerrery (far right). hove with
saintiv paticnce answered a
hundred guestions o thousand
mes about Michelangelo'
monumoental work

Dave found his Sistine assign
ment oddly like his firs gl o
Antarctica ar of the Yellowstor
tires (February 1959) . an experi-
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The only ditference 1s the film.

There they go again. And again. And again.
[t’s your only chance to capture your
d '-lLI“}'lT.L["": tirst carousel ride. And
vou’ve got yvour usual film mn the
camera. But what if it’s too dark ?
Or they’re moving too ftast?

Well, with Fujicolor ‘mpu HG 400
film, you can torget all that and | just concentrate on the moment.

Because it freezes the action and gives you vibrant color and clarity
that you hadn’t thought nossible, even in low light. Which could
mean the difference between a clear memory. Or a blurry one.

HE- 4040,

FUJI. A new way of seeing things.
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