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Behold
the Computer
Revolution

BY PETER T. WHITE nuiona! Geographic Seafl

[itustrations by Naitonal f.'r'-'-L:."r.'li'1IrI|'4 |'”1'.'r'.’.'-'.:.":.ll,-n"r['r"-

BRUCE DALE and EMORY KRINTOF

Y WIFE IS MALD AT COMPUTERS, “Those awful
M machines,” she calls: them. "How thev mess up oue
crecit card accounts] Imagmne sending a bill for 523224
EVery manth 1or 1our months alter youve ed it
But I'm not mad, Fhat misup was se
Ued wfter Aive months, and we never did
el s computer-harasseel as some Amer-
ins, notably the Kansan repeatedly re-
minded that his department store bill was
“overdue in the amount of 300,007 At lus
Hie oo manameol L ||JIHH Lhe COmnules
with a check for 500,00
In a way, though, my wife is right. After
a vear of looking ¢losely ol computors—at
what they are doing all over the country,

what they are I'I.I-I_" [ cloy hefore lone, and
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whal thetr effect= are expected to bhe upon
pis wll nrl ALY O discendants—1 muist
sav that these machines are indeed awiul,
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Bringing the blessing
Df EdUEEltIDIji Five o fice with a classroom Triemdd, six-vedr-old Shelid Brun

i throwserh an erthmetic drll af L COniT VU DO ETTE VR Mot nml
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Vcsteaipendl Takme burns with her o lrssemile skl ielentihes hersell egch day by perging

ol her number amd frst name on the machine. Searching its electronic momory. the des









Behold the Computer Revolution 347

thinking fundamentally changed. It began
with my first inkling of how ==gnihcantly
computers are embedded in our evervday Life.

I take my salury check to the bank. The
check i& imprinted with sharp-coriered num-
bers in magnetic ink that can be read by
computers. A computer credits my pocount,
and sorts all the checks received it my banlk,
for forwarding to the banks on which they
are drawn. Another computer will charge my
emplover’s account in fiy hank

In this wauyv our commercial banks handled
2 billion checks in 1969 As the Bank of
Americy, the Niation™s biggest, puts it, “Had
we nol started Lo Wse compulers Veirs ago, we
coon woilld have had to hire every adult in
Californin to help with our bookkeeping™

Muchine Keeps Track of New Numbers

I pick up my telephone and dial a number

An aperator’s voice cuts in and savs, “May
I have the number vou are calling, plénses”

I sav, "3585.7170."

“Thank vou.” savs the operator. Now an-
other voice tells me: “The number vou have
called, 555-7170, has been changed The new
number s 5535-7535. ._."

That second voice came (rom acotmputer.
While I was saving 535-7170, the operator
punched those numbers on a kevboard. She
thanked me, pressed a key marked “Start,”
and the computer ok over

It reached into its memory, or storage unit,

The patient that
always comes back

Lifelike in its apparent distiress, a plastic-
skinned manikin known as Sim One—for
simuloted patient No. 1—serves as a durae
ble guines pig for an aneshesis student
arnd his instructor, rght. al Aerojet -Generat
Carporation’s  Electronics  Division  in
Azuysa, Cnlifornin. Driven by a computer,
Sim reacts to their ministrations by sleep-
ing, coughing, vomiting, changing his
Lreathing rate, even temporarily dying. As
the student tilts the head (o insert a tube
mio the windpipe, the mstructor stands
mear s console thal permits him 1o vary
Sim's repctions From the monitoring of
mmtensive-care patients to the sending out
of hospital bills, computers have swiftly
become medicine’s newesl partnors.

EFTECHEI D Fe wrmd ks D AT e SITREREEL W iETE

to match the old number with the new num-
her, Then it fed the new numbér into an
audio-response unil, which conuuns a vocals.
ulary of prerecorded phrases and numbers
from zero to npine, to assemble s message
custom-made for me That was the second
vioice | hesrd The operator wis through with
me fn seven seconds She would have taken
at least three times nc long if she had hid to
do the whaole job by herself. .

similarly, before the astomatic dinling of
long-distance calls, an operator hacl 1o write
down the time and charges for each call Now
more and more computers keep trick of that
and <end the hills, and the telephone com-
panies gel along with about 170,000 Jong-
distance operators. To handle today's volume
of long-distance calls in the old way would
require nearly 750,000 operators—equivalent
to all the unmarried women in their thirties
now in the country's Inbor force.

At this point 1 paused to look into the
nature of the computer itself

Like all machines, it transforms things, as a
lathe shapes a chunk of metal into 3 useful
part, or & tvpewriter turns the touch of my
fingers into words on paper.

The computer transforms information.
This sounds simple, but it 15 in fact the basis
of all its awesome power. How so? Because
the information going in—in the form of
numbers, letters, symbols, and even pictures
—can be made to represent o tremencdous
variety of things. And the numbers, letters,
and symbols coming out can be made to pro-
duce, often without human help, a tremen-
dous vartety of action, as we shall see

One more thing to remember. The com-
puter transforms information by electronic
means: To enable the machine to do this, the
information, or data, going in must first of all
be put into a form the machine can come o
grips with, For most computers in-use today,
the duta je rendered into the so-called binary
code, in which any number, or letter of the
alphabet, can be expressed in terms of Just
two digits, 0-and | (For example, the binary
cquivalents of the decimal numbers one
through ten are: 1, 10, 11, 100, 101, 110, 111,
OG0, 1001, and 1010.)

Inside the machine, those binary digits—
0 and 1—are represented by switches that
mav be either off (for 0) or on (for 1). The
machine, ih effect, consists of hundreds of
thousands of tiny swilches. They are grouped



They make
computers work
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Into five units: Input Storage, or memory. Control. Process
g Chutadld

[he mput unit senses, of “reads.” data in binary code
[rom VArlous SOoUrces, such as:
* Punched cards, each with hundreds of spots in which o
Hole may be punched. A hole may represent 1, no hole mas
represent |
# Mprnetic tape, with more than a thousand spots per inch

spot magnetized i one direction represents O, a spol

maEnetized o the other direction represents |
* A kevhoard When a kev is pressed, the letter or numbe:
it represents i dutomancally encoded mto electmonic m-
pulses ¢orrespondinge to O and |'s
LR |lar antenna, of a TV coamerie The data they gaths
12 ls0 turned 1o elecironic tmpuises, represeniome Dinar

s and 1's
Chutput Appears in Varied Forms

Unce sels of bingrvy electronic impulses have been pul
inkey Lhe machine, they wre ready 1o e manipulnted by th
almost indescribably complex interachons of the memary

cnlrol, amd processimg unifs—3that 15, to be added together

(W ,'i-l'I;h'lJllrll"n:ﬂ"'l“rg_lﬁ hlllr HAiFTPE

L o compsired

with each other; in hort, to be processed. Then the output
it deltvers the résults, which can e made WO appeesr inn
VATIELY O WAYS

In hmary code on punched cards or magnetic tape. Uh

decoded into decimal numbers and letter ithe alnhabet

e pirrmtedd i @lecine typewrriler or olher mue hing
such as the one turming out Lthe mathing labels Lar &, QOH), (00
oples of this magazine. Or displaved on a cathode-ray tube
imitlor to thot of a TV set. Or put into words through an
pudio-response unil, such as the one | beard gfier diafing
that telephone number that had been changed

wnd because 1t's all done by whiat 132 bastcally the switch-

i i . i . ;
thg arcund of electromic impulses, the work al this most

astomshing machine man ever buldlt is known by the modest
¢ “electronic dath processing.”

For a modest but far-reaching example, | dove toa Jr

Hol Si pe in northwest Washington to get a Kovalbyreer

(he gl @t the checkowt registér punches a key markedd

RBE(s a1 oul pops myv check: 55 cents Her punching
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SHEPHERD of a steelworks,
an unseen compulter
walches over an automated
inferno at the Granite

City Steel Company in
Hlinois. Contrallers, sharing
air conditioning with the
pampered computer,

monitor panels showing
temperature, dimensions,

and speed of the glowing sirip
of steel as it goes through
powerful rolling mills at
center. Hidden sensors
conslantly scrutinize the

process. Should the product
stray from programmed
specifications, the computer
automatically carries out
proper adjustments,

EXTACHAOME BY DMOAT SMSTOF () W.6.5.

604
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is connected o our computer here, and the
trooper gets his answer within %0 seconds,
before he has to Tet the man go,

“Or if he chases o car on the highway, he
can check out the license plate while travel-
ing anly three miles. Could save his life, if he
5 told the man is armed and dangerous”

The anticrime computer’s jobyis a matter of
eléctronic matching: The Vespa hit at 11:38
wis tvped 1n thus: 8sesfAz/67/Mc That stood
for license plate B 505, Arigoti, "67 motor-
cvele or motor scooter. Had there been noth-
ing 1o match in the computer’s storage, the
machine would have tvped back: NO RECORD.
But the match was made, which triggered the
outpouring of the stored information.

“We also put in stolen seourities,” the -
spector said, “and boats, aireraft, snowmo-
bilee. About two million records. By the way,
Mr. White, what ix vour date of birth?"”

I said May 11, 1925

He typed DOFBIWA. NAM/WHITE, PETER
DOB/os1125,

The machime typed N0 RECORD, and the
inspector bade me goodbye

Computer Solves o Builder's Nightmare

I drove to the Potomac shore, to the Water-
gate complex—hotel, shops, ofhces, and apart-
ments—I{our vast and unconventionally curvy
buildings: 4 montument 1o computerization.

The réason is that so little is square about
these buildings. All those curves, so harmo-
nious to the eve, are far from symmetrical; an
architect’s dream but a construction man's
nightmare The project manager supwervising
the erection of two additional high-rise build-
ings says o computer is saving his sanity.

“Each concrete floor reaches out Lo aslight-
v different edge. Those glass walls are really
hundreds of separate windows, set in hun-
dreds of steel frames, each of slightly different
hreadth! To get the necessary specifications
tnkes hundreds of thousands of calctulations
Even if we could get enough engineers to do
it. they'd each make little errors. and the
pieces wouldn't fit properly.

“Spe—one computer figured it all. It sends
specifications to the manufacturers for each
window and frame. Each arrives labeled as
to precise location. Excuse me”

He turns to a teletypewriter that spits out
blocks of numbers.

"A lady who bought an apartment on the
eleventh floor wants a wood-burming  fire-

National Geographic, November 1970

place,” he sayvs “Now the computer tells us
how we can put in a chimney for ber without
measing up the apartments higher up.”

To learn how one operates cotputers, |
entered i special school in Washington. The
teacher <aid, "“We don't just leed data mto
the machine; we must also put In instroc-
tions. First we analvze the problem. Then we
write a solution as a logical flow of consec-
otive steps,”

And so wedrew up aflow chert, 4 sequence
nf concise instructions, in this case, the pur-
pose was o tarn out a factory pavroll

IF HOURS WOREED GREATER THAN 40, Gl)
T OWERTINE.

IF SOCTAL SECURITY AMOUNT 15 LESS
THAN SOCIAL SECURITY LIMIT, GO TO DE-
DUCTION,

IF BONDS EQUAL $518.75, GO TOBOND—BUY.

And a 1ot more instructions. Finally:
WRITE CHECK FOR NET PAY. And STOF RUN

All these instructions would be encoded
intn series of electronic impulses and fed
into the computer—to set a lot of the switches
inside it, =0 to speak. Incredible, how much
switching our instructions wouald unleash. To
do the dutn processing necessary for the print-
ing of each paycheck, circuits by the tens of
thousands would be switched dn and off, pll
within a single second!

And how marvelous that we didn't have Lo
worry much about the inside of the machine:
the mass of wiring linking masses of minus-
cile parts But of course we weren't studving
th become engineers. We were learming to
write recipes for dath processing; or, &s the
jargon has it, to write computer programs. 1
witd hecoming & programimer

The teacher suid, “Any well-defined proce-
dure can be programmed.” But how can one
defing the everwhanming factors in an indus-
trind process well enough so that a computer
can run an oil refinery? Or a steel plant?

The teacher said, “ A properly programmed
computer can control and modify its own
operation.” Many measuring devices keep
watch on the provess to be controlled. Their
putput Is turned into electronic impulses.
These are continuously fed back into the
computer: which in turn sends out impulses
of its own to continuously adjust the machin-
#rv necessary to refine crude oil into gasoling,

Or to mix the ingredients for steel in n fur-
nace, and then fintten fat mygots into shéets
thin enoueh to sheathe cars and refrigeritors
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Behold the Computer Revolution

(pages 6G04-5). O o lounch one of NASA's
rockets into space. That process—requiring
s many things o happen so fast and so
accuratelv—could never be managed withoul
computiers

Before such a rocket can be lnunched, hun-
dreds of programs must be written, contain-
ing hundreds of thousands of steps. That
requires hundreds of programmers, and a lot
of programmers can make o lot of mistakes.
Errors, or bugs, are eliminated as programs
nre run for testing, or debugmng. Just the saume,
an undetected bug disabled the §18.500,000
Mariner 1, so that instead of flying to Venus it
had to be destroyed barely five minutes nfter
take-ofl from Florida

Alas, how tricky it could be just o program
a girl to crossa road! 1 had learned that from
i film which, to illpstrate the pithalls of gro-
gramming, shows her holding a walkie-tulkie
and doing anly what she is told to do.

Take g step forward. Hove you reached
the curb?  No,

Take a step forward. Have you reached the
cierli?!  Yes

Stop. Look to the left. Iy there a velticle
within 80 yards?  Yes

Is there a vehicle within 60 yards?  Yes

Is there a vehicle within 60 yards?  Yes.

What went wrong? The girl was stuck be-
cause the programmer forgot that velcles
can be parked. He should have asked:

1y theve a moving vekticle within 60 yards?

The reply would have been No, and the
next instruction could have been Cross the
rovad,

Something like this had happened in that
department stare’s billingoperationin Kansas,
thie one that produced hills for S0, re-
member? Somethineg wis missing from the
flow chart for that program, n slep saying
“Teat for zern. If ves, send no Wall"”

Now that 1 knew how demanding it can be
to work with computers, and how frustrating,

Shakey the robot

Gl

| couldl see why extra-bright programmers
can earn 320,000 & year at age 25. Why they
sometimes chew their nalls and pencils around
the ¢lock, and snap ot their wives when they
finally get home. And why one night a pro-
grammer fired two bullets into a computer
Unemployvment checks were late that week in
the vicinity of Spokane, Washington

Machines Keep Track of Fashion Trends

To celebrare my escape from programming,
my wife and [ sent a lot of electronic impulses
flving. We headed for a suburban Washington
department store, and she chose a dress. The
salesgirl tore off a portion of the price tickel
that had n mass of holes in it (page 61.3)

That mght many such stubs would go
through a reading machine; it would trans-
form the data on the stubs into holes in punch
cards, ready for the computer

Next morning the dress buver would have
i report from all the store’s branches, show-
ing just what dress styles were selling best,
so she could reorder fast

I stopped it the store’s theater ticket coun-
ter. Any seate for the musical 1776 in New
York tomorrow? The girl punched a Key-
board, and the answer fashed right back on @
little screen like that on u TV set: N101 and
102, fourteenth row, center. 1 zaid all night.

The girl punched another key and our tickets

were printed out then and there.

Thé morning after the show, I kissed my
wife goodbyve, picked up the phone, and askerd
an airline for a seat to Dallas. 1 couldn™ see
the reservations girl, but I knew what she
was doing: punching keys, looking at a little
TV screen, then punching in my flight num-
Lier, date. destination, and name.

Ardd something in additon. Did 1T want
steak or lobster for my dinner? Steak! 1 was
off to see H. Ross Perat, the celebrated com-
puter tyeoon, in Texas (page 595)

Mr. Perot had responded to a widespread

With a whir and a wobble and a chirp from s

radiv transmitter, n man-high mechanism named Shakey prowls a reon al =stanlord
Research Institute in Menle Park, Califormia; Challenged to discover a paih through
a maze of obstacles, Shakey starts out st the left side of the electronic magp at {ar left.
Following a dead-end path, it gropes forward, senses obatacles with its cat-whisker
antennas, and ullimately rigzags to the goal Asked to show how it would return,
Shakev's computer intelligence—a PDP-10—recalls the obstacies ene ountered and
draws for the robot g correct path, shawn as R-to-G on the right-hand map. Scien-
tists at the institute think mochines ke Shakey coutd someday explore dangerous
environments such as those man might encounter on Mars.
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need. Many a busingssman eager o benefit
from computers had learned the hard way
that one can't simply buy the machines, pluu
them in. and expect them to do just what the
salesman promised A procedure might take
only an hour to run, but the necessary pro-
gramming might have taken a vear.

Even little changes in a program consuime
much time and nervous enerigy. And o switch
from Gne computer sysiem to o newer one?
Programmers quitting in a hoff! Accounts
muxed up by the thousands! Chaos! No waon-
der many corporations fnd it best to let some
body else do thelr data processing for them,

31000 Check Tums Into Millions

Many men have discerned this need und
scores have invested to profit by i, bhut none
with the touch of Mr. Perat

(n his coffee table 1 saw a 51,000 check
framed in silver. “With that 1 started Elec-
tronic Dala Systems,” he sad, “m 1962, when
| was 32" Eventually his company issued
shares to be sold to the publbic, Theése soon
rose in vilue, to such an extent that the shares
he hnd kept for himsell were now worth
spyvpral hundred million dollars.

The brightly lit hall where [ watched his
computersat work looked like any other com-
puter center: False floors, to accommodate
thick eables connectinge those massive steel
cabinets, in pale blue and pale grayv. Reels of
magnetic tape, spurting and stoppimg, guietly,
behind plates of glass. Machinery printing
out 1,100 hines & minute. For an insurance
company, a bank, 4 brokerage house.

Mr. Perol said, “My secret is 1o hire men
who are smarter than I am." Ten of his em:
plovees had become millionames oo

Next to dozzle me with computer doings
wits o pigtadled frst-geader named Shelin, in
MeComb, Mississippi (pages 594-5), 1 watcherd
her at the kevbourd of a Teletype maching as
she hunted and pecked with slender hngers

The machine typed: 6 = 5= __

Shelia pecked 1n: 1

Machine: 4 + 3 =

Shelin made it T

Quick tallies on the Big

Board

bli

Then came the thing that mmpressed me so,
Maching 54+ 2 =L+ X
C=__

Sheliw, quickly: 4

1 have singe been assured that this = not an
uncommon accomplishment for Arst-graders
—that's the sort of math they dre taught now-
adavs But not many as vel are drilled daily
by computers, as were all the pupils in the
seven elementury schools of the McComb
school district, It was an experiment then,
piped in over telephone lines from Stanford
University in Californm, Today the MeComb
schools have o mini-computer of their own,

The machime summed up. 16 PROBLEMS
WITH 94 PERCENT CORRECT IN 168 SECONDS,
GOOD-BYE, SHELIA. PLEASE TEAR OFF ON
THE INYI'TED LINE

“The machine doesn't allow the mind to
wander," snid the district superintendent
“Some teachers were opposed. They thought
it was just plav. But our test results show
sigpificant mmprovements 1n the children’s
muthematicnl abilities. So whal if it's fun?"”

I noticed that among Shelia’s classmutes
none got quite the same problems A Clittle
boyv named Ralph wa=s mven only the simpless
ndditions. Te 22 + 33 =_ he replied 6. The
machine tyvped, NO, TRY AGAIN.

Ralph thought and thought

TIME 15 UP, ANSWER 15 53

Ralph said, “It's a good thing. it tells vou
when you're wrong.”

The machine does o ot more than that, As
soon as a puptl types in his Arst nome and
identity number, it finds his file and provides a
drill custaom-made on the basis of his previous
performances, geared (o his own pace of learn-
ing Teachers e datly summaores. réporting
on each pupil’s progress, and periodic print-
otts of grades, saving paper work. 1 special
counseling <eems advisable, the child’'s file
1« instantly available for review. The teachers
still tesch The machineé provides drll

h, oh, no more drills todav. All the ma-
chines are outl of order. A day later, they type
out an explanation: STORMS HAVE BEEN RAG-
ING IN CALIFORNIA .. MIWER FAILURES

As traders mill about, an offi-

cial reporter of the New York Stock Exchangre hastily jois ona compuiter cared the details
of o sale—the stock. its price, and the number of shares traded. Insected in the electronic
reader besyde him, the information will fash almost instantly on 9000 Exchange tickers

and display boards ground the workd,

W e ed T B AT BFSTE R



WEARENED CITROUITS WITHIN COMMMNENTS
THAT MARE UF A COMPUTER IT TARKES
LONG HOURS AND CONSTANT PROBING TO
TRACK DOWN AND REPAIR THEM ONE HBHY
ONE. ..

Thase are the tlls computers are heir to.
There are more. Excessive humidity can make
them go havwire, So can the vibration from
heavy traffic. And particles of tobacco ash
can mix up the impulses stored on magnetic
tape and produce errors,

Exasperated Student Gets a Warning

As 1 traveled on, I was impressed by the
variely of sophisticated programming done
for the benetit of students nowadavs | sam-
pled the computer-assisted instruction avail-
able to all the midshipmen at the U, 8 Naval
Academy—physics, electrical  éngineering,
ecconomics. And 1 took a geography lezson
myseff at Dartmouth College

Please keep 1n mind that there is no humaon
being at the other end of the line, just a well-
programmid computer,

HI, 1| AM CALLED MISS TELETYPE—WHAT
WOLLD YOU LIKE ME TO CALL YOU?

FETER.

HELLO, PETER! TOGETHER WE WILL, LEARN
THE LOGIHT OF LOCATING A SET OF CLIMATE
DATA ON THE GLOBE. . ..,

I was given climatological definitions, plus
information about average monthly tem-
perature ranges and avernge rniniall for a
real but umdentified place—interspersed with
guestions 1 wis (o answer in my own wiirs.

Step by step 1 located the place in the
Northern Hemisphere, in the upper mid-
latitudes. T did fairly well bhut not for long

BE SERTOUS, PETER.

| confess that | became unduly exasperated.
I typedd in an mtemperate word. Miss Tele-
tvpe reacted tmmecdintely

GOODNESS—SHAME OX YOU N wWATCH YOUR
LANGUAGE OR TLE CUSS BAUK AT YOI

| was ashamed,  huckled down

VERY GOOD,

EXCELLENT, PETER

PERFECT—THAT WASN'T HARD, WAS IT!

SO LONG FOR NOW, PLEASE GIVE ME A
CALL AGAIN—S(HIN.

| puid my respects tothe professor who
had programmed Miss Teletype. “It"s pot all
thist hard,” he said * You know-—you present
things logically, vou trv o anticipate what
might hoppen.”

An even more graphic lesson swuted me
at the Massachusetts Institute of Technology,

2

The associate dean of enginetring took me
o a desk equipped with a TV screen, a key-
bourd, and o so-called light pen all connected
to the sume computer,

“Tuke the pen and draw on the screen,” he
siicl, “Lanes of light will appear on the screen,
in the path of the pen. Pledse draw a child’s
set of bhuilding blocks. When vou are satisfied,
press this kev—vour drawing will be stored
in the computer's memory.”

I was crenting a model, so to speak, of a
set of blocks It was in the form of informa-
tin stored in the computer, representing
algebrac formulas based upon lines and
curves. No need to worry aboul the mathe-
muatics, though; the computer's program took
care of that.

“Now watch,” said the dean, *1 can com-
muand vour blocks to become larger or smaller
I can change their shapes. And rotate them,
to view them in different perspectives. 1 can
arranze them ns I ke, | can erase them.™ He
did all that, moving the light pen, pressing
kevs. | had never seen a fancler toyv.

Computer Models Help Decision Mukers

“In the same way,” sabd the dean, *we can
create & model of something we reallv wan!
1o build. A school building perhaps, or a traf-
e interchange. Then we type in information
on the physical site, on design reguirements,
and human consderations, on many factors
affecting our project. The computer caleulntes
these, and we can modify the model accord-
inglv—add parts, delete parts; change some.

“We look at various stases of modification
We mensure the effects and the cost=. We are
stmulating things that might happen—io find
the best choice, 1o make the best decision ™

In other words, hguring out a lot of things o
lot faster than many men could with pencils?

“1 think vour analogy is unfair to the com-
puter.” said the professor. *We have g brand-
new capability here, to do things we couldn't
do before, to explore so many possibilities. To
let the truly creative man use hiz mind freely.
An incomparable tool of exploration.™

Modeling! Simulation! Much atreraft de-
signing 1= done that way nowadays (page 613),
An engineer with o light pen draws a cross
sechon of a4 wing. Then, in efect, he tarns his
computer into a wind tunnel, subpecting the
wing to simulated stresses.

He changes the shape and dimensions of
the wing., and when the resulis ook sood 1o
him, he presses o key, Thereupon a computer-
controlled plottine moaching will draw a



blgeprint of what he designed. Then the com- James Lovell, Fred Hase, and John Swigert

[uler O k. produdc | LE A, L COnLT i huartled throtieh space Ln Uedt damaged crafl
machine to butld that wing for o prototyp. wher nstronauts huddled inside the computes
VModeling and simulation et astronauts to wed command-module and  lunar-module
LT1e TIHO0T In training, they see the effects of aimulators in Houston, dogeed!y irving i
LT puoling imulated as thes practice 1 nfocedures for returninge Apolio b to earth
SIRELL NS B under orcumstanees Bever Dolor FCCrLLd
For months the spacecralt’s fight 12 math lered and never really foreseen m compleb
enjatically simulated b CIMPULers juring Lhi detail. Pinolly L ;:l'--|'-_--f||r|- thius checked
nctunl Bight the model = corrected once ever and double-checked were radiosd up o th
Uhis freshiv calculnted navigationn ren]l Apollo 15, and applied succ easfurlly
pulidance can be beamed un, as needed, Tron | found less hecti irtelies Of & il
N ASA's contral comnuters o and wikle, serentis Connecticut olse)
NEVET WAL  STHLCT '.!fﬂl | el nbeel  1nor
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“The Fisherman™: A computer; programmied to

draw i human {ace, sulded 4 plotter that turned
oul thix portrat with Oriental femtures

“Oscilluting Wastebasket™: A
University of Toronto programmed the computer

that produced thi

studdent al Lhe

sEtract « CHETE st LN
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the spread ol bhlight in a mathematically simu
lated field of tomatees. From an analvsis ol
rlata University of
Michizan stmulates erasien, e show
cessive computer-printed profiles how  the
Colorado River cut the Grand Canvon
SUOTES O0f MAJOr COMPanies use s1mutanon

ok 1 peolomist at the

1Y AL -

I car production draps, what's the effect on
the steel industry? How

IFLCEs IS l-.rrun- 11 3= ':'I.'i_-.l.' Er SWiili | tos mlunrmi-

negth can

COVIfaeT

[} L]

im wire lor winding transformers?

And how was the duck shooting last year?
Aow s duck breeding coming alongin Cana-
clad From such information the U, S Fish and
Wildlife Service creates p model to simulate
duck populations for the coming season. to
decide how many hunting davs Lo permil

It would take all the pages the GEOGRAPHIC
pablishes in a year just to list all of todas
computer apphications

scrence Projects Stored for Reference

Back in Washington, [ visited the Smith
computerized
Information Exchange

sonan  Institution's SCIenoe
Researchers send in
brie summaries of their projects, to be storeil
an  magneti Anv wrcler
print-outs re=earch

underwav in his field, so 1

I:..:||||' rientist can

crrmputer tlescribitng

uit hie won't stnrft o
do what somebody else i= already doing

L' he divector said e had about 100000
active projects on tape, lots of them employv-
ing electronic data proceszing. "1 suspect that
using computers in research is becoming as
COmMMOn &8 usIing the microscope.”

Compuiters montor experiments 1 hey ana-
lyite, tabulate, and sift bndings, thus fostering
the discovery of newly apprecinted relation-
ships and proving new theses. Not anlv in the
physical sciences but also in hiology, in arche
alogy (see the article beginning on page G341,
and in the humamities g5 well. Throurh anal
vals of the recurrence of certitin waotrls, a com
puter furnished convincing evidence that 1)
Federa
been written by Hoamilton were by Muadizson

By now | longed for o rest from compoters
Hut with

their daily diet of computer-relpted ems

151 [’~1||L'r- widlely thought 1o havi

| couldn’t avoid the newspapers
* Lomputers in bhospitals anolvze eleotro-
cordioprame and beain waves;, they monitor
patients progress by continuously measuring
neart anil respiritory Iunchions, temperplure,;
and blood pressure

* Lomputers tn state and muonicipal emplos-
ment agencies malch job applicants with job
lstings that are truly up to date, so that a



mian won't @go ufter o position that wis filled
IWo Gavs Delore

® Lompiltlers
Intersectinns,

lights at ity
chanrng the sienals i tune
with the over-all situation that vers
mMamernt. as ‘-L'.lTIIIL'l.l I.I'- FILA]Y =E'[1edil=

I also read that computer-made music is

oL

control traftho

rafi

pages HLE-0 30 15 DUsSIness in Com-
puler-wntten horoscopes. For 220, ane gets
reams of advice and predictions
reliable, it
Computerized doting services flourish too
People love them, even though o computer
onoe matched brother and sistes

And ¢fimed Twao bright young men fron
North Caralina are in jall now, but for 8 time

Every bt s

seems, as any other h|-|'-:.~.n||;-

they were riding high with an antl-poverty
ngency in Mew York City, They made o com-
puter turn out thousands of checks Lo nonex
Istent youths working at fictitious jobs. Then
Ehey b a ot ol

ing severnd hundred thousand dollars

vase checks cashed, collect

High Hopes [or the " Beep-boom™ Svstem

| weok to the road again, to discovier whisl
electrnnic data processing 15 domng to wariare
The general who heads the S
Computer Svstems Command gives me a

Armys

plimpse of the automated battlefield of the
where f[ar-off detection
sensors, feed doata 1o tactical |:-|_'_1|||:|.=:|.. riers
v radio

Cnime

fulure, EVICEs. Of

censofs go 'beep” The compuiler

evitluntes what set them off, sav enemy tanks
of o certain size, [t picks out the right artiller
preces, orders the right fuses, aims, fires! No
tume wasted, We call it ‘beep-boom "

Vhis new system wall soon be tested on
Lthe general
jamp o msleading conclusions

“*Romemboer, the decision= are still wp to the
‘A computer progriim
has value judgments buill Into. H—iL says
when certamm conditions are met, go this way

A EUYeErs, ani wiorries lest |

commanders, he savs

But a commuander can punch different crteria
inte the program. And be stavs alwavs in
commund because we put him either on-line
as we say, meaning the chain of action passes
through him, or we put him off-lne, meaning
e commands coming
out of the computer look good to him, he lets
them be carmied out. If not, he overrides them,
with a button.”

How can electronic data processing assist
a commander under attack? During & Mavy

lie dels as a mafistor, IF 1

S "Hemole Sensine Sew Eves o See e Worldl
s Reniweth F Weaver, GEDGUAEIE., lanuary 1940

clemonstration at the Fleet Anti-Afr Warlar
Traimng Center in San Dweeo, 1 watch thi
WELLORS coordinalor on on aircrift carrier
make up his mind as enemy planes close 1n
Irom dilferent directions, faster Lthan the speed
of gound. Which of the enemy planes presents
the greatest threat?

'he coordinator zits al 4 console of the
Navy Tactical Data System, which is fed by
vilrous sensors—ihe radors of friendly ships
button and tin
yale jump onto 4 display screen

Rowrnd

andd planes. He
painted sym
the  hostile
inendly ones

TSRS i

plinries svimibials  shiow

Wielding a light pen, a consale operator
outiines alrcralt parts on g computer-linked
iube @ Lockbeed-Californin
Company in Burbank Striving to get the
maximum number of parts out of 4 metal
saieet, i Kevboards (o mancuver

g JRcLures andl insert them inop CO T ET

calhode-ros

LSS il

metmory. Lhis micrmation will pulde & ma-

ciime 1 cutting out b il
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With hi=s palm, he rolls 4 black rubber
gadget protruding from the console like half a
terinis ball. As be rolls i1, o bright blip moves
correspondingly on the screen: he rolls until
the blip coincides with the closest hostile
plane, presses another hutton, ani the system
“hooks an” to that plane

He presses g third button. Rows of white
digits appear in his read-out panel, giving
information about that plane. Its present
course. Altitude. Speed. Time to target, if it
keeps golng thi= way. A greéen digit fashes i
computer-calculated “threat number”. .. 2

e S The highest would be 7.

He checks on othér enemy planes before
making recommendations o the skipper.
Other buttons will unleash the defense, the
Phamtom jets, the Terrier missiles. . ..

In the future, should i real battle be in the
offing, the admiral in another ship may be
able to press buttons to cat in with commands
of his own. S0 may the Chief of Naval Opera-
tions 1 Washington. S0 may the President
of the United States, wherever he may be

That's the idea of the World Wide Military
Command and Control Syvstem. When comi-
pleted, 1t will be the biggest computer net-
work ever built 1 saw something like that
already inoperatton—inside Chevenne Moun-
tain, near Colorado Springs, Colorado. This
s NORAD, the North American Air Defense
Command, i most awesome electronic datn
processing compilex, emploving 15 computers
and 34 generals.

President Himsell Can Go "On-Line”

Information constantly feeds in from radars
around the globe. Masses of intelligence and
weather dath are stored and constantly up-
dated. The job, savs a U. S Air Force general
in NORADs Combat Operations Center, 1s
to process all this data rapidly; to display the
gist concisely; and, Il necessary, to Lrigger
nuclear weapons {or air defense. Subject to
dectsion from the President, of course. If nec-
essary, the President would be nght on-line,

“The only nabion in the world that can
launch an all-out nuclenr strike on us s the
soviet Union,” savs the general. “And 50 our
prest radors look more than 3,000 miles
over the horizon and into the Eurnsian Lond-
mass, from England. Greenland, and Alaska
They pick up a rocket launch. 1s it a test?
Or o space shot? Or an attack on the North
American Continent #

National Geographic, November 1970

“Within a mainute the computers calculate
the trajectory and display the answer. If-it
should be an attack. thev predict the Impact
aren. We'd et 15 to 25 minutes' warning, A
turget in the north would get less warming
than ane in the south "

The general poes home and a U, S Army
colonel takes over the operolions console.

"There are thousands of commercial planes
in the air all the time, and we don't want to
see those” the colonel savs "Hut if one isn't
i a positton. where his flight plan savs he
should be, the computers pick him up, That's
an ‘Unknown.” A red light goes on, and if we
can’t identify him fast, we seénd up fighters to
take a look.

Radar Watches Soviet Planes

“Of course,” adds the colonel, “we routinely
keep an eve on a few ‘Specials” we're inter-
ested in” He lights 4 cigar and reclines in his
swivel chir. Sixty-three buttons glow to the
left of him, ewghty to his nght (page 626}, He
PrESsEL e,

(I his sereen appears an outhne of eastern
North America and part of the Allantic. Near
Newfoundland glow two dots with tiny tails
He presses again. Letters and numbers appear
alongside the screen. “IWN370, the Russian
Aeroflot Hight from Murmansk to Gander Lo
Havana NN245 is going the other wav, Ha-
vanp—Gander—Moscow.” Another button
brings up a little tnangle off Cape Hatteras:
VEDL, a Russian hshing trawler.

The colonel presses the button marked
*World,” and another button, 1 see the path
of & daviet Cosmaos satellite. A blip marks the
spot where it was o second ago. The colonel
savs, “We track every man-made thing in
earth orbit."”

It was un uneventful night. Cosmos 22
over New York. Cosmos 236 over Anchorage,
Alaskn. The airborne command post of the
strategic Air Command near Kansas City

Then a red hight went on, An Unknown
popped up over Californin, going east.

It turned out to be United Airlines Flight
14, o DC-8 scheduled from Los Angeles to
Kennedy Airport, New York, with 50 passen-
gers and a crew of 7. It had been hijacked
and was heading for Hiuvana

I headed back to MIT, whose researchers
developed so murch of todayv's computer gadg-
etry, What's in the future, for nonmilitary
men like me?



ATHPFORT THAT NEVER WAS:
Az if seen from a cockpit, a
computer-drawn runweay

fooms realistically a mile and
a half ahead (top left), at 600

FETHCHESOMES WY BRUCE DAL 00 NG S
feet (center), then a mere 25
feet away (bottom ). Finally
the “plane” rolls smoothly to
a stop—or crashes info black
oblivion.

These rivid scenes flash on
the sereen of a new compuler-
ized fHight simulator (abare).
General Electric engineers
designed if fo train pilols
without the cost—or peril —
of actual flight. Here a pilot
vecrs the simulator as another

jet appears to streak across
thi screen before him.
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Keeping America
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\\Qﬁ SAFE FLYING. Rings marking fice-mile intervals frame a departing

Boeing 727 in a double exposure made at John F. Kennedy

tional Airport. The radarscope brings the computer’s memory

and lightning reflexes to the tension-wracked task of shep-

herding 3,000 planes a day in and oul of
the swarming New York City area.

Tag b&q:'de the blip at upper left identifics United Air Lines

t 799; 32 indicates 320 knots; 120 means 12,000

feet; 3Z is the plane's file number; and 1100

o

y ' es the craft will pass over without landing.
lips without tags mark craft unequipped to

the compuiter, while those with one-line

. labels are controlled from other radar screens.

IETACWRONE BY BAUEE BALE 5D .69
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seal, six-way  power-adijusiable seat e1ght
Pvpees of steering wheels The computer g&r-
ranges for the right parts to reach the right
assemblyv-line station at just the right moment

People-picture
of megalopolis

Fed n meal of geography and census

How manyv 1970 (Mdsmobiles could con-
ceivably be made hére, without any being
exactly like the other? The programmer

frgures, o compuier prins
winces; nol every oplion Can go mio gven

gutl & diagram of e northeastern

model. He takes eight hours 6 prepare a United States showing population

program, and 18 seconds of computer timg lensities as mountun peak
tlentified] in the nset sketch) Th

eraph demonsirales hiow 1h

'he answer 15 61,758.733,548, 151,070,414
What else les ahead? A lot of computer-
ized paving of bills. Say you keep an account

Omijrdier can ransiorm iaked

pumbers into meamngial dieplavs

A

in the bank and make a purchase o a shoe
store. The clerk takes vour hank credil cand,

inserts 1l into an attachment an !'I|.- J.|||.ill. |]- REY 10

Tone telephone, and punches in the '-r".F';J,I-r_.':.'f,;'-r_m""*'”
amount. The bank automatically de
ducts that {rom vour accound, and
credits it to the account

ol thi store

L andd edectiric meter<s will



b |Ir'||r'.|_'|| L r--l..-||Iu-r:1-I-m--. o Lthat con PLEETS |-'|-'1|_|||- SO |!.;_'. [ s |||_--|.' WOTKRET Ied up

rend the meters from ator and <end oul the with traffic jame in the city will do his job a

bills. They could alzo be comnected to banks; a computer input-output station at home: 1
rustomers would then fimd ottty cherges on ke wants to see documents {rom COTri e,
their monthly bank statements s, he punches s kevboord and they appesn
Your crecht card will be truly on hs display screen If he needs a copy, hi

thell-proal: 't be your thumb. presses a button and there 1t is, on pape:
Computers will soon he pro I he wantz to confer with collengues, he
grammed (o recognize fingerprints  pressés buttons, and they appenr on the scree
rapidlyv. Eventunally, when n state ton. To dictate a letter, he punches up hi
[FOOPEE s10DS 0 suspect, Dé may ask seoretary, at her office desk or at her termingal

{ the man to put his thumboona little  in her home. She'll type it on her kevboard

.. sCreen n the patrol car—1or and the test will emeree 10 the downtown
o instant semEmning ||:. fh ofce, Lo eo into the Gles and into the mall, O

."_:F FHEI computer-in she'll send electronic impulses directly to the
-_’_ff Washington,  company addressed—into their computer
How

gﬁﬁ- sous ol comptee wse frot hiite

._

)

§T% Hpon . usd Amonge 5 leadine techmicol
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sy i -_:|]|_'-|_:-.-I! ] @ COROMIE [ |-I-I:i‘|:- A Al
| trust no prediction= on thal

(in the other hand., computer technol oy
experts’ expectiutions
Computer performance, in lerms of Capacity
,jl'I'E, --||~|-r-1r1-.;; '-_il|'|'l‘|. continges Lo Frow l|-_'. H |
fadior ol en &#viery wi .|'--§ y hall 1o three
Had the 2pevd ol manned fRieht tn
creqed ot such a rate, an astronoot could
have orbited the earth nine vears after Orville
Wrizht wohbled aloft at Kitty Hawk:

I'he fact 1= that the frst Yelectronic digital

with o variabile QTR TN slisresdl In

may vt outsinp the

VIEslS

COmpateT

L memory —io use g proper definitton—was

nol in operation watil 1950, Al present some

are 1n use m the United =tates and an-

LN
ather 23,000 abroad, chieflv in Eorope and
lapan. Technologically, 99 percent of these

: F k i .
COIMYEVULEe s Aars .|..-..||-._-.| frl AN IPWOEERT LRI -

neer< are awed v wlsat s aleeady being tested
Foor data stornge. nof maenetic tape but
Far processing,

55 10 1r.|"-.':'| I1i,

hologronmas, or loser pietures

nNot wiIires 1or l'|l'l'!2|'l.=l'.' II".'I||I!
beams. Nol 3

SLEPS [T sl . hul a "|:||l'|l i '.'.'Iil'l

bl s milllton processing

such advances permit vastly ineremnsed

amounts of dita storaze. Such speeds will
enable o computer to serve hundreds or thow-
sands of users and still respond as rapidly as
[ hose machines might cost

a lot more, bhul their output, unit by unit, will

it oW seryved Al

5Ll

T 'I:II I i I:_ o -.I - k.. : I'll"_.

S KT L |, LaEu

| |I.||:| 1 |

bepiet s elisctron b

trands in the glint of sunset,
stoel travks of the =anta Fe ratlwan
switchine vard in

KRansas Citv, Ransas. The

L III.*I -r-II.

bhecome cheaper. Many new applications will

he cconomically feasible

And =o I mayv vel have achance ta sit home
and punch my push-hutton telephone to ask
i |'l-|:||||1|:|_'.,r far the best car route to Lhe bheach
on Labor Day, dnd =see the directions spelled
out on my TV screen. Or see my wile pushing
fram the
with the charmges nuto
matically deducted from my bank balunce—
without mistakes! But to extend such services
households might  put
stress on the telephone network that it would
have to be rebuill, o matter of a decade at least.

those buttons o ofder horgains

department  stores,

o millions of sich

Riggest Computer Grows in Pennsylvania

Architect of what mayv become the mos!
powerful computer vet is D Daniel L. Slot-
nick of the University of Lllinois in Urbana
Here was brought forth one of the clissi
computers, the first TLLIAC, 1n 1952, Dr. Slot
nick’s boaby 1s the ILLIAC 1V, being built
vanin {paee 631, Would it really
el the capacity of ol other computers in

il Penirsy

the world combined ?
lhat would be one hellish caleulation,”
z=ail Dir, Slotoick, “but 1it's probably not far

feom right,”

Marvelous, 236 processing elements, a tnl-
lion operations per =econd. Who needs all this
computer power? The U. S Alomic Energ
Commission, for one. It seeks the biggest and
most advanced computers, to destgn nuclear

Working on the railroad . ..

gt from the hump, &80 nciine that
feeds cars onto the proper trac ks for
asqembily mlo trains. CUnee the do
of the switchman, such yards

TOm computers

T
todny tnke order

I'hie machine stores in 1= memdn
i list of whnt cars 1o shuni wheore
A fter vard engines have pushed cars
up the far side of the hump, the com-
puter aotivates the progeer switche:
ihen brakes the cars for safe lnk-up

Yardmaster (far leftd will take
over ot s omuion] conteol poanel i
the computer tnils, or if an umcient
Rl car redches the hump. Radlroads
den increasingly adopt ACH—Auto
matic Car Identibcatinn—an winch
rends i Imoving

P LEmpinE  behm

Feeiht cars coded label (left)
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Behaold the Computer Revolution

wenpons and to make calculations for peace-
ful atomic uses. Could Dr. Slotnick cite a
homelier application? He said: “Weather
forecasts, one (o two weeks phead, accurate
bevoand anvthing now possible. Ideally we'd
have rendings tmkeén ot some 8000 points
around the miobe; at 10 levels ahove each
point, and 4 different measurements at each
lewel Altogpether, more thon 300,000 measure-
ments, TLLIAC 1V could digest all that, fast"

Biguer, faster, increasingly interesting. But
as | toured the lnboratories, what intrigued
me most was the programming done to devel-
op so-called artificial intelligence

Rohots Can “Learn” by Experience

At the Stanford Research Institute in Men-
lo Park, Californin, I watched a computerized
robotl moving about and making decisions on
it= own, “learning” as it went (page 605). Such
machinery, I was told, might precede men in
exploring the bottom of the sea, or the planets
—Lheir microphone ears hearing things m
frequencies humans cannot hear, their tele-
vision eves seeing things in the mfrared por-
tion of the spectrum

Huw does a maching learn? By trial and
eTTOT,

I had found that out at MIT wo—from a
25-year-old Missourian. Richard Greenblott
He had written a chess-plaving program for
a computer gmploved by MIT's artificial.
intelligence team

“In any given situation, some moves look
muore promising than others,” he s;d. He
dréw mé n “dectsion tree,” showing various
branches. or possible moves:

Having made a losing move, he exploined,
the program will clip off that branch, And s0
it will sponer or lnter wind up with the opti-
mum path, “Now | don’t feed m moves any
more,  he said, “1 feed in principles. The
learning process = already built in. While it's
plaving, T don't feed in anything, of course.”

In 1967 this had become the first computer
to win a tournament game Now its olficial
riting woas close to the median for tourna-
ment playvers in the United Stites

Could 1 play?

“Sure," said Richard. “We had a professor
here the other day who sald computiers can't
think. It beat him"

It beal me too, with its tenth move. Could
I take my Inst move back, and play an?

We went to twenty moves, o thirty. More

627

and more yvoung men gathered around. Forty
moves, fifty. | got outof a trap rather elegantly,
I thought. 1 looked around and wis surprised.
Why was evervbody rooting against me?

Queen from Queen's Bishop 8 to King's
Kook 8! The machine hnd notled me with its
fifty-ninth move. There was o great sigh of
reliel. Richard said, " You lasted longer than
most people who come in here”

His program can be adjusted to look two
moves ahead, or four, or six_ 1L cannol possibly
lnok nhead to the outcome of all possible
moves—that would be a number with more
than a hundred digits. No computer envi-
sioned today would be capable of such a thing,

But the thought of things that computers
may do before long gave me pause. Says Dr.
Herbert Grosch, n senior researcher in the
Center for Computer Sciwences and Tech-
nology at the National Bureau of Standards:

“Many machines now can derive totally
unespected tnformation through procedures
the builder cannot fully predict. An advanced
machine, programmed (o evaluate its own
performance by given criteria, may determine
that some criteria are worthiess and others
more important than indicated in the initial
programming. The human programmer has
no way of knowing about theése shifls in cri-
terin values. He only knows that he gave the
machine the capacity to make them"

Computers May Act on Moral Values

Even today’s computer technology—uprimi-
tive in view of what is likely Lo come—permits
the design of machines that adapt to a chang.
ing environment, repair themselves, and
make new parts as needed. Moreover, serious
men with impressive credentials in data proc-
essing donot think it at all unlikely that some-
day computers, supplied with feelings and
even moral values, will make decisions based
on those feelings and wvalues, as well as on
what their sensors perceive

Right now there is growing concern that
computer technology can damage individuals,
and curtail the personal Hberties of all

U 5. senator William Proxmire of Wiscon-
sin warns that as credit-bureau files on some
120 million Americans are computerized, and
linked into nationwide data banks, question-
ahle information and data-processing errors
are traveling faster dnd farther than ever,

"You could lnse your credit, yvour msurance,
even vour job, because of such an error in a






FRTACHEOMES BY RENCE DALE ) W65

Students swing to machine-made sound

Like the inside of a gigantic jukebox (left), the University
of Illinois Assembly Hall churns with garish lighting

. ’ during a five-hour marathon of computer-created music.
: Presented by composers John Cage and Lejaren

' Hiller, the concert features the din of 51 loudspeakers
pouring out notes that were both scored and taped by
machines. Seven harpsichordists simultaneously

played computer-written music.
One listener lies trancelike in a blur of swirling

. comrades (above); slide displays enthrall others (below).
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Push-button
WDI’|d C¥bject of endiess spaoal

Nne '||'|‘.1' Lhe comimiter nevertieless

sbands decure as a shaper ol the future
Line glimpse phead oan be seen gt the
Kiewil Computaton Center ol Liart

month College, where students Ll

COM[antie termimal stalls. Because
Larimouth shares s facilities With
other schoals, the pupdls represent all
apes and contront Lhe compuber With
GUEsStAS INVEIVINE everyinmg (roem
phiveics and mathematics (o comput

erired checker games and the odds on

the next foothall game This vouths

neamire “hand<-an’ experneos WILh

L sl amarine maoc hines oever bl

I have ta leave the room. Which button ido I press?®’

terminil in his office, near a bust of Einstein,
whese assistant he was. He told me:

UInine out ol ten of our undergraduates <il
down ol a compuier terminal as naturally as
they would gzo to the hbrary to look up somie-
thimg o/ ook, Chir (feshmen starlh writing
programs after two ane-hour lectures We
don't teach them aboul computers, we teach
hadals ol indgutry,.

Snoopy Emerges From a Computer

'hat evening on campus, 0 the Kiewit
Computation Center (elt), ten 'of the sixteen
terminals were odcu e

One sophomore had a girl with e He
WaS TUnmng & progrivm pronting oul a piclure
madde up  of leletvpewriter characters, a
icture ol The e SHoopn

Tt spows vour dote,” sald a freshman. He
was modélineg o course for an Apollo fhighi

\notheér wor

ced on oo Physaes | problem, (o
==¢ what would happen if another moon
entered earth’s orbit ind erashed with the
ot already there No, he didn’t know much
math, he was ploannme to major in English
Hul here he was, crashing moons around

suid a professor, “Onee the kids get then
hands on the thang like that, thev're no longer
m awe of 1t And they learn how enormoush
they can inerease their powers ™

T._'!'_- |||- |||||u-;1l1|.;,- of kids |||.r|..l||- Miin-
dreds of thousands, will g¢t their hands on
the thing within one generalion N e
awlully curnous (o see whal they il oo with 1
FHE EXNIT
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Akhenaten hasks in the benevolent rayvs of the Aten—the sun god —on o block from

Computer Helps Scholars

Bv RAY WINFIELD SMITH

HIRTY-THREE CEXTURIES AGQO),
! Karnak on the east bank of the Nile,

A great temple rose—n vast complex of
structures that may have extended more than
a mile into the desert

Built by the revolutionary pharaoh Ameno
IR
naten. the temple stood complete for little
Then
razec and cannibalized as a source of stone
for suycceeding monuments,
are s standing

My rood Tortune hos been to direct an

~whao lnter changed his name to Akhe-
more Lthan two decodes vaimmisheil

some of which

.34

intriguing réséarch program that has suc
ceeded In reconstrocting on paper much ol
the metual this remarkahle
bullding. 'We have based our work upon more
than 35,000 of the temple’'s decorated sand-
stone Dlocks, stacked away over the vedrs in

AT ANCE K]

storehouses and in the O, after excavators
and restorers retrieved them while workimg
oh other projects. Some were located as far
away as Europe and even the Umted States.

Through photography of the reliel-carved
fares of these blotcks, and with the ald of a
computer, we have matlched thousands of

Hiustrations by



the Phoraoh’s long-dismantled temple—"world s largest jigsaw purzle’” (papes 642-3),

Re-create an kEgyptian Temple

stones prd hove seen superb works of art tuke
form agarn afler thousands of years. We have
been able 1o re-create;, on paper, o pillared
courtvard sumptuously embellished and deds
cated exclusmvely Lo ARkhenatén's consort, the
proud Oueen Nefertitl, a woman who inspires
worldwide fhscination even m our day. Her
courtvard m a ceremonial structure 1 believe
o be unigue 10 the story of Eeyptolomgy
The inception of the Akhenaten Temple
Profect goes back to 1963, when the late e
Willinm =mith, n distinguished
scholor Trom Bostan, came to Cthe United Aral

SLEVENSON

National Geographic Photographer EMORY KRISTOF

Republic. Bill wanted to examine a <ingle
Mock that had captured his mterest venrs
garhier, and 1 went along with him to Knrnok

he Nile that blazing day flowed blue and
sl RKarnak's templed shore. Step-
ping down from the horze-drawn CIOTTTAEe

SETETIC

that hoad brooght us feom Luxor, Bill and 1
walked past columns, pylons, and sculptured
wills, some of the noblest relics of ancient
Fiyvpt's Age of Empire (pages 636-7 and 652)

There was nothing in that bhght spring
morning to hint that this roval seat of phat
phowt! to confront me with the

aohs was

fri5



Rubble of vesdtervenr's glory Lies in orderly
rinks beside the still-splendid Temple of
Laxor. More than 3,300 vears agn many of
these hlocks were part of a temple bult by
Akhenaten o hosor the Aten—the sun—
proe lmmed by him as the supreme o

In 18635 the author determined to recon
ot this ERAERIICE Nt ST TUTE—Hy 3]0
Arded by vour Society and the smithsoninn
Instifutson, hie and hss Lemple

Project team have locited anad photographed

Akhenaten

85 000 decorated Diloeks Listne & :‘:l!i.lilll'.lll'_'l

COMmpAter A I e« TEanmng |Illln!'|:||:'.
mitich of thiz eredd monuwmend
have approached a mle o length, with it

rhambers, and enelosgnes

esfimater] 1o

immterior wialls

dlivvnrated with a thousnne] seeniss

ereatest challenge of my life—one that would
lead me Lo startling conclusions aboat the are
of Akhematen (pronounced Ahk-en-aH-ten)

We stopped at the door of a low storehouse
Wiping his damp forehead with a sléeye, an
Antiquities Department deputy used an iron
spike to twist and break the seals

lhe door swung open. From the
rnor. heat as from an oven hlasted us

Row upon row of blocks, neatly stacked
nine high, reached into the gloom. Each block

1M inte-

v about 2 feet long and 10 inches
high and wide—small enough for 4 man to
hit and carry. (Later, we found a special
group ol hlocks that had been trimmedd to i

measyred an

thickness of abwual seven inches, )

[ scanned the rehef-cut and paint-flecked
front= of the blocks. Muoch of the decornbion
WES eXqQulste parts of chanots. |.ri'|I:['|'l'|.'|'l|.L|':-'
seenes of ammal sacmbice, hands strumming

instruments, the prowd it of a gqueen’s head
r.u1r1!_|||I|'r the Kev to a Challenging Task

"How muany hlocks are we looking at?” |
Askid], recovering from surprise
“About 16,00
gereat temple built bere by Amenophis IV to
honot the Aten, the sun's disk,” Bill rephied
“Isn't anyvihing going o be done abogl
them#™ | asked incredolous]y

"holhine as e as 1 know,” il shrgeeed

zgme of the remmns of the

“(h, | suppose now and then people like me
will stuedy the odd bliwk or two”

| was dumbfounded
heauty and historieal lore should e neglected
seemed unthinkable

Returning to Cairo, | sought out my Iriend

That such a mine al

who al the time wis - direc
tor peneral of the Antiquities Departmient,
and asked him, "Shouldn’t someone undertake

Anwar Shoukry

5] ]

study of those Aten Temple blocksF™
*Whv don't vou oo 1t?" he suepested

0 [roper

Hattering

His conbdence wis hut was
thore any practical way to go aboul the sk ?
thousands of scrambled blocks com
posad the world's bipmest and weightiest jig
puzzle. How
rlll.ll."-l.l'l LRI r
An jdea struck me
prphing U

I. I!-1'=—|.

SIW cowld the pieces bhe pul
What ubout pholo-
soulptured sides of all those
sorting and matching the
photographic prnts, a zreal deal should be
lesrned, not only about Akhenaten’s long

Mismantled temole to the Aten, but also about

16000 stones? B

the stezanee and paracdoxici) Pharmoh himseld
I =non hit upon the only way my driim
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Holy realm of ancient Egypt, the area now
krown as Thebed blassomed with monuments
The exact location of Akhenaten’s temple remains
unkoown Manyv of it stones were re-usod lor
foundations amd A in the monuments of Raarnak

For simplicity and economy we used black-
and-white film, but one of our staff always
wae on hand to record for each carved block
the most minute detiadls of colors still elinging
to costumes; flesh, jewelry, fowers, animals.

For our analysis and matching program, |
found a Cairo office and anssembled a staff
Nearly all those enlisted were graduates in
Egvptology from the University ol Cairo.®

We st to work. James Delmege nimed his
lenses first at biocks in Karnak's lnrgest store-
house. On a good day, Jim and his helpers
could photograph about 400,

None ol us will ever forget the thrill when
we achieved our first match of two Aten Tem-
ple blocks 1 was in the office when Asmahan
Shoucn (pagme 0642), an attrpetive young
woman with three school-age children, cried
ot with an exclamation of delight She had
spen that photoprints of two blocks htted to
form part of a scene showing sunrays and o
hieroglyph. Most suspiciously, the inscription
said, “The god's heart 15 pleased ™

Akhenaten Challenged Even the Gods

What rewards warranted this elaborate ef-
fort to let these temple stones speak once more
to men, after <0 many centuries of silence?

The challenge lav in the complex personal-
ity and unorthodoex goals of Akhenaten, whom
the American Egvitologist James H. Breasted
termed “the world's first jdealist | the earli-
est monotheist, #nd the first prophet of inter-
nationplisn—the most remarkable figure of
the Ancient World before the Hebrews,"

Then, too, we shared the commaon curipsity
about the eccentric king's marriage to Nefer-
titi, that svmbol of queenly pride and beauty.

The Egvption empire waz still in its golden
e an the T4th century 8.c, when Amenophis
Ml turned over control of Ezyvpt to his son.
The new ruler may well have been still in
his teens.

Though the son, Amenophis IV, apparently
possessed o brilliant and décisive mind, his

* An intermational group of Egyplobogiss collaborsied
m e Akhenaten Temple Project. Without thy enthus-
wstie sugipsart ol D Sarwat Okasha, Mintstes of Cultuse
inthe United Araly Repulilie, aned v, Gamasl Mukhiar,
Linder-Secrelary: of Cuolture, 1the effort conld net have
wicceeded P Charles Fo Nims, Professar of Egvptedogy
ad the Criewtal Institute of the University el Chicago,
providen] expent comnael s Kesafent Lgypiobogiag. Prinm
vonsaltants indladed Jobin A Wilson, Professor Enseritus
o thee Ohsenie! Instinnte, Dr Herbert Ricke, Director ol
the Swi== Archacological Tnstitute i Carro, andd Py
fessar Abdel Monetm Almu-Rake, fosmar besd of the
Favptology Departeent of the University ol Cairos
(e her dstinemizhed acholars; foo rumerais Lo mention
trdividually, afforded imvaluable sdvice anid assistance.



hody may have been grossiv misshapen, oW Amun’ woe he elevated the Aten, the sun
e | AITIE COVSICIL EISOTO0eT Hiliet= an sk, to the rank ol rirmd i {ETy I."".'l-
A gL 1T 1% 11T LN 13CE 2T Nl | | ESIEerl i WiOT s} that ¢ S 1N ¢iTicCt thn -.'.an-I -

L] COE s Loy SEHn ol { i LILEM I ! {11 ar ol | It A AERTRERTAT \
nrt clenlcte Rim s more nOorTaal i A AT took o sacond drematic ste ¢ chanped his

Ahomt £ Imie 0l [ W CEsSHM R mame Lo AAKienaten Ao IV Meanming ”I
when no elder than 16, the future ruler mal W ho Serves the Alen

Nefertitl. whose name meant “The Hess . .
FLitl | LA Myvstery Veils Pharaoh s Move to Amarma

il O Is Come” One of the six daughters
of this unon would wy Lutankhamun, el Early i his reden the Pharaoh il thy
nt alter depth of the fabulows teomb discon freal tem I [T %t karmnk that vieldie
ered in 1922 1t "-.| of Lthe Ring !'||'|l'l|;i-- Vi are styclving. But thnen, il 2ot
AR ENTRE CVER esitantly at nrst, ut then [ fiem e Chsmng I! [1s namu
vith swiluly sureing authority, the new Phar moved s residencoe rom the ancient capatal
wilh wielded his power to overthrow Amun, that incloded Komak and Luxor
nliol i et | panthean, In Vit iishing apeed b ecterd B nes
. an Trove™ b Che ity, complete with luxurious palinces, pubi
; , . Ii-| iiding | nother | I %) '
First step in assembling the gigantic puzzle —phottgraphimg the bocks. Man
1 | I._u LIF L | = 1 =i i*i] LT e = i LEabdl s |
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his weis the man whiosd EXIMORIVE, CONLrD
viersiil rareer spdrred me oo oomb Rarnak
and Luxor to find every last possible stone
from hi=s dismantled temple. Several stoe
howses Al karmak houwsed looks, and Lhere
WEN '|'l-'|-_1 1ls more stai kel an the open
L Luxor {pages 636-7) The Franco-ovpllan
Mission al karnak & sl recoverine Aten
Temiple bliocks rom the core, or interior, of
the MNinth Pylon, one of the msssive cer
monial eatewavs—ithere are ten of them

{hat &oa -J-I|-||r|nr 1o Lthe Rarnok sceni
Warldwide Search tor Teilatal

When th |:||n||--_r.||-| e wirrk |||'.:.'.'| wie
knew of nearly 30,000 blocks Rarnak work-
men traditionally bave colled them folafal, o
puzzling destegnalion, lor the word 15 tha
Arabic collective meaning “threes

Mundreds af geddittonal block< had van
I=hedd from harnnk and f'rom Epvptl as well

pirited oul of the countiry i the Hici trace
n antipuites. Following every lead, 1 hove
ferretedd outl many ol them in musedins in
(IS L ll'--.'ll'r-!I!|l 1) |.I,'I'l-|l: |I'-'; "'||':':|-:.|_-. ]
made a special trip to Europe to photograph
these sandstone fugitives and to obtain, in
sOINE CAses !l:‘ll-l--.::'.||l|'_- ol blocks known to

JRR BECEE RPN I'II'|||-- but now untraceable

How was it possilile to match blocks that
had been photopraphed at different times m
ireas miles—aor thousands of miles—apart?

L= & where the computer provesd atbs
vworth, T'oeach block we asstimed 3 mine-dat
wlentihcation number, and photographed the
Block with 1t number. Ax developed prints
PROUTEO 10 Ol Lire ofhee. thi [ g2 I '|'-r_ Iy
recorded on coding sheels every sipnifican
visuid detml of every stone. Sent o the IHM
center, this information wis transterred to
prnch ards and then to macneti R

From this memory bank, the computer al
Fantiastic speed prnted oul bundreeds of thou-
- |;||i- Ol entries o -!Er_u ts of RHEE S |§'. Il lers

and digits poross many columns, these com

puter hsts classified distinctive fentures for
i ||'|| <1 h1vr

Akhenaten neglected the affairs of empire We used 10 hsts, one Tor each major type

Clav tnblets found at Amamit—: good part of hlock decoration, There 15 one st for in

if the officin]l Bles ol the Pharaoh™ foreten stance, lor heures (sabaisvaded under kings,
oIfice al the time—aive us many detals, With QUEeens, princesses, prnests, and so fortd dl11-
in 13 vears of his coronafion, AKhenaten wil oiher lor sunrayvs. nmil others for I'p"--:"';-P :
nessed Lhe vartuald colliapse al his empire. Hi Al Lor such categories as architectural detalls
clegth, perhape in his early 30%, lollowed soon  and defopcements

fter, The Egvptian court reverted to it tra We tmmedately discovered that the Alen
FHLTIE | v hedsmy, and the roval Beo (L I'.:ll'.'.l' MIS{IN= .I.:I| bkt the walls accordine

ters moved back to T hebies ta o ried ootterne,. They bmd uo the stones 1o
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Putting the pieces back together

el T HE AUTHOW'S TEAM be-
rins L0 it Fi |_-:'|i'|!._.

granhs of hilncks—a virty
ally impossible job without
a computer. Every conceny
able  cetmib—aoolnrs of
n'n.L||II.I||.::|.-||I'|1_-4:"-..-J.rr' .|'|-'|
diher [eatures of HBgures
angies of sgnrays, hiero
glyphs—was ferd into an
IHM mputer n Cairo
which In lurn prepared
Hstinaes ol stones  with
related charscternstics

¥ Asmahan Shoucn
(abhovel, cutting out bloe ks
from o prinl has alredds
matched two stones on the
:_'LI“ i||.|I|' i e 17!
erilargement of obe rests
pn, the stand. Dr. Saved
lawhik checks a listing fon
acldifional blocks

L oo thie hiest suceessiul
matohines, AL lekl, grew

Fl the scofu it Fphi

whiich began with the header
of Akhenaten’s neht elhow
snNext slep was o contialt the
computer [ist of all blaocks
with fizures of Akhenaten i
Ehe propseracale, Possihbilite
wiere nafrowed by checking
for such charprteristics ns
npfohile Byoang left and a
cutodt at shoulder helehi
Thu= the numbers dentify
ing ane plece oul of 35,008
isfen nere i the shol of the
dowble ruler at bower lefi
wire localéd and the hilock

muitched 1o the elbow ston






altermiting rows of headers (small end facing
outward) amd strétchers (long side out). So we
abwiyvs knew which tvpe of block we sought
above or helow the one to be matched To
this rule we found one notable exception. In
~Nefertiti’s  pillared courtvard, headers ap
peared only in alternate courses at the corners
of the columns

Actual matching = a painstaking proce-
dure. In one instance, Said Gehary, one of my
stall, wanted o hind the match for a4 block
chowing Akhennten’s right elhow. He "asked”
the computer for the numbers of all hlocks
with king Agures in the required scale. This
produced 2 18 print numbers. Knowing from
carher examples severnl other features that
hae 1o be present m the sought-adter stone,
Sanel sepnned the column entries on the AIT-
priate st and quickly narrowed the choice
Lo a single block (preceding poges)

Bringing the paired prints triumphantly to
my office, Said was so excited he tripped over
Lthe threshold!

Where at karnak hacd the
stood? The question persistently arises, but
s vel there i3 no delimite answer

Less thon:a hundred vards enstward from
the eastern zate of the Temple of Amun, early
cxplorers found the basés of 27

A\ten Temple

more-than-life-size statues of
Akhenaten ranged around the
southwest cormer of an
ATea presumed by some
archeolngiste to have been
within the Aten Temple 1l &,
part of the lemplis mayv hive oc-
cupled the area north of the statuyes

I suspect. instead, that the temple
extonded o=t of the statues (upper
map, page 638L Perhaps remains of
the foundation will be found some
time under a netighboring villngee ancd
I|!I|_' 1.I|_"||1_- i.ll_'_'u'llll':ll i1_

After Akhenaten’s death the Aten
Temple at karnak was cannibalized
tor new monuments. Smenkh
kare mav have reigned bricty
after Akhennten. Then,
tollowing the reigns of
Futankhamun and Av, |

“The Beautiful One Is Come.”

the commoner Horemheb became king He
sought bv every means (o erase memories of
the Aten and its roval sponsor.

Horemhel bult the mighty Second Pyvlon.
now partly restored to s ancient majesty
'.'";III I"l I-|F5|"|.|.l".lll'l:"-. wore fas r|r-|':| !I'Ii||1rﬁ1.lr'|'|l'['l|.'- igl
ancient Epwvnt. Tradifionally o ||'-."|u|i hatd two
wings in lhe shape of massive truncated
pyramids flanking a linteled gateway

Horembeb used thousands of Aten blocks
m (oundations and for core stuffing of the
second Pvlon. He ook padns never Lo re-use
any of the Aten Temple bhlocks where their
decorations could b seen

~early 33 cepturtes Inter, o Frenchmon,
Henri Chevrier, partly redressed the despoli-
ation of the Aten Temple. The Egyplians in
1926 put Chevrier in charge of exenvation
and reconstruction at Karnak, and it was
he who brought to light most of the Aten
Temple blocks, #s well as many frazments
of the 27 statyes.

Chevrier s still hiving, and T have the pleas-
ure of his Triendship. When | recently visited
him in his Paris apartment, his eves lit up on
hearing of our présent effort to reconstruct
the Aten Temple through photozraphs

Chevrier, to be sure, came upon the talatat
accidentally. He found them in
post-Akhenaten column  foundia-

tions and in pyvlons he had under-
taken Lo restore.

Drsmantling the Second Pylon,
gricvoushy damaged by earth-
guake or ground subsidence,

Chevreler {ound  its  great

store of Aten Temple blocks

some of them had been com-
bifedd 1nto. seven ||I:.-':J'.1t|51,:
structures which Chevrier
called altars Under our pho-
tographic analvsis, they
turmad out not to be aliars at all
bt parts of a unique ceremoiil
enilnsure

several of the strange assem.

I lages gwalted our seratiny in

an outdoor storpge area. They

were sgure, almost <x feet
on iside, and 63 much

'hus trunslates the name of the fascinating Nefertitd,

Akhennten's wife, who was worshiped as o goddess The famous bust of the queen (above),
bresithitaking in its resltam, proclidms her loveliness to the modern world, istortion—
virtunl carteature—charctenees other art of the Pharmoh’s time. The temple block at rght
gntl another shown on the cover exacgerate Mefertuti’s delicate face and slender neck

Fyih 4
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ac Lhree fevtl high, Thetr exterior blocks were
distinctrve In havine been cut thinner than
Lhe other Aten Temple stones

Chevrier recorded his perplexity st the
muanner in which Horembeb hael burie
mivsterious “altars” deep within the Second
Pvlon, Some came to light under the massive
pylan ‘walls. Cthers were interspersed amid
the recular Aten Temple blocks, which filled
the pylon core like dominoes in a box

To Chevrier's amarement, some of the
“nltars" had been carefolly turned wpside
down! He also discovered thal the carved
human hgures—all of which were Temalée—
nmed been mutilated by having their facinl
fcatures, bodies, and limbs hacked awasy
strangest of all, =omebody bad cut deep
slashis acroes the fingers of human hands
with which Akhenaten's mrtists had termi
nated the sunravs on his temple reliefs

tHiese

Sunravs Help Solve o Puzele

These sunravs proved the key to identify-
g the struoctures When we followed the
angle of convereence of the sunravs, we could
penpoint the position of the sun disks from
which they descended, many vards above
the still-stamwiine courses of stone The
ctrudiures uncarthed from the Second Pyvlon

bl Hmi sl | BETIE W m=ae FEaEkTy T W

Mortal turmed goddess, Nelertiti inspects
hed monument o moasons old Goshine
berigehies.  [hliment detertive work led o
Enowledpe of this pillared countvarid—the
mosl exciting discovery of the project Care
ful matchineg of artstic anld architectural
elements of the blork: emaliled the suthor to
thirect artist Leslie Greener in re-crvating
the colorful colyumns, decoraied ex Hisrviely
with female figures

moetits of Nefertitd farmy herselfl soross an
affering table, endlessly repented, embellish
the outer faces. The other three sides rortrmy
the gueen being blesssd by the Aten’s rass,
each termannting o hoand

he bk  above, showing one. of this
gqueen’s dauehters, may have been part of
pope of the multple ouler scenes
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could only be slices removed from soaring pillars.

Sonn we found, scattered throvugh our thouszands
of talatat photographs, numerous blocks dentif-
ible as componentsof pillirs. We now have matched
hundreds of such stones, enough to confirm that

at least 28 pillars must have stood in the courtvard
il oidr 1|:T'l11:1{'.

Diecorations on the pillars consisted exclusively
of likenesses of Cueen Nefertiti and her princesses.
These fpures—scores and scores of them—oom-
[m.wrl an extravaeant and '-|'I-|I"111|JI:E exidtation ol
femininity. The pillars of this particulsr courtvard
bore not 4 single hpare of Akhenmten, nor even any
mscriptional mention of him. In fact, nothing mas-
culine—nat a courtier, a fan-bearer. or even a male
animal—appears on the pillar blocks

“efertiti o Power Behind the Throne?

Eventually we were able to establish the dimen-
sions and placement of the pillars. Our Cairo team
labored long and patiently to document the paint-
ing on the preéceding pages. Artist Leshe Greener
has re-created the moment when Nelertiti first
visited the magnificent pillared courtyard that had
been erecled in her honor

We are compelled to reappraise the stature of
Nefertitih,. We believe that, while still in her teens,
she was recognized with a large courtvard dedi-
cated exclustvely to her peérson and containing no
hint of the existonce of her Pharaoh husband. Such
a tribute, to our knowledge, was never accorded
any other Egvptinon gqueen, before or after Nefertit,

There ts strong evidence that Nefertiti held di-
vine status at an early age. Pravers were addressed
to her, indicating that people believed she had the
power of granting human réquests. Even her nurse,
Tew, was called “the great nurse, the governess of
the goddess "

With intellect to match her beauty, may not
Nefertiti conceivably have been a power behind
the throne? 1 am confident that our work will
advance this spéculation.

studyving the blocks from Nefertiti's courtvard.
wie noticed that defncements were concentruted on
blocks v the Chevrier structures. Barelv did we
find defacements on other pillar blocks

As Akhepaten's army commander, Horemheh
must have worshiped the Aten. Later; as ruler of all
Fevpl, he probably suffered embarrassment-about
this relimmous backeround We believe that, to dis
tract attention from his past, e staged in the Sec-
ond Pyvlon an ostentatious demonstration of his
contempt for the discarded order of things.

Well and good—>but why Nefertitt as a victim
{n the collapse of the Aten regime a speciad stigma
quite possibly attached to iNefertiti, perhaps even
mare strongly than to Akhenaten. Some students

el

Frowning Pharnoh Horemheb (far right)
directs the desecralion of stones from Mefer-
titis courtyard in this pammting based on the
author's studies. Scratching out thé former
gueen's [moe and siashing the hands of the
Aten, the sun god, precede Lhe ignomintous
burinl of sections from Nefertitt’'s columns
inside the Second Pylon Horemhbeb rose to
power within 15 vears of Akbenaten’s death
As a military afficer under Akhenaten, he
doubtleszs once worshipod the Aten: MNow,
wilth the old guds again in vogue, he may
have wished to erase the moemory of his early
devotion—and express s comtempl {or the
deail fueen
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sibEeesl thiit Akhenilen weakened, toward
the end, m his devotion 10 the Aten above
athier godds Nefertith perhaps tried to stiffen
her hushand’s hack hone

Evidence of an Act of Bevenge

pevond these reasons, Lhere may hive been
bad blood between the glamorous gqueen and
lowly Horemhbelb, He may Bave suapectid her
ol LHATHOSITE IS TISE 1N lrl'.:|||1'li-l.,'

Hence this act of degradation, to show his
sforn for the tormer gueen. Perhaps o full
view of mvited] puests, Horemhbeb supervised

his workmen as they obliterated Nefertitn's
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kenvsses and roval rappings on scgments
of pillars from her dismantled  courtvaord
wiutilation of the sunmy hands symbolized

Yhisn's

minlons thu<

reection ol Lhe PLLTRLA

Horemheb '«

hilinge ks

MWL
concealed the
TR . i ||.'||| ]".-u-li ||1_-r|m||-. il'l,-l_'l||]f|]:_
ton crush Nelertitl svmbolically and to inflwel
on this beautiful creatore the indignity of
betng turned upside down. She wais expected
Lo B losl foresver from men's izl

AL Akhenaten's roval city o Amarna, ar-
chenlogisis have relrieved enough of palaces
Femipies,
ment the sumptuous scale of roval living

andd nobilEemen’s manstons (o dioey-

I lll
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gardens, brieweres, biakeries, and stables sur
rounded the god-king Cur tempie blocks are
coplirming thal stmilar luxury cradled Akhe
mialen and MNefertiti at Karnak

Amarna, with s wealth of tomb art and
Inscribed steloe, has siven its nome to the dig
tnctive: sivie of exagrerated naturahsm that
s cultara] hallmack of Akhenaten’s era Yet
the huee ARhenaten statues found at Karnak,
atmg]l now the Aten Temple's human Agures
prove that tradittopalism had vielded Lo the

Honoring the Aten, a wor-
shipeer pours a libation belore
an offering tabie: his other hand
holds a gift of burnipg food.
Flamiéed ardse fromt bowls of
otl on n how table at right. Bases
of such tables were found by
the thousands at Amarnn. the
city huilt by Akhenaten I4(0)
miles north of Thebes

distorted “ Amarna stvio” well before the new
CIEy wis Dt

In earbier rewens: Egyvptan artists hod often
depcted other peoaple with their pharaohs
features, However, the bizarre exageerations
ol the Amarna stvle may have reflected Akhe-
faten s orcers. ar Lthe artists” desire o 1|.-|I!1-r
thioir roder by mmking the cnnons of Egyptian
art condorm o s abnormadilbies

The new [ashion m sculplure and painting
however: Some craltsmen

portraved their fisures in on dealized stvle

was not exclgsive




giving them fealureés ol Hawless perfection
A< we put fe<h on the ghost of a great (em
ple, we gre making stendy progress Low i
visunlizing as o whaole the group of structures
that composed this extronordimory edihce

T housands of Stones Stll Undiscovered

Chur photozraphic hles now conlaim (-

tures of about 35,000 decorated blocks. A [air

ruess sugpeststhot less than half the reliet-cat
Ladniat
will be avallable for photography andd match

that adorned the Aten Temple ever

i, snd that the total of decorated blocks in
the temple may hiave approached 55,000

l|.-lII|L'I |.I]'.":l|,'|| bl k=,
numerdus, we have usundly passed by as unin-
tarmative:. Very likely o guorter of a million
deonrated and undecorated: stones composed
the whole Aten Temple complex when first it
stood, shining and complete

Cur Egyptolomst advisers und 1 share the
opinion that only the mterdor wall surfaces
were decornted, Assumm that the walls gen
stomd] 15 therr total

i-T||||.|;|J|._'. LW § =

feet mioh

OVET

erallsy

Oviginal paint <6 clings o
the Pharaoh’s fnce ln this block
found in the Ninth Pylon Tis
lescation sbove the groumd-
waier level helped preserve iL

Loping through o Reld, o fe-
male hvena appenrs in one of
thetemple's scenes from malare,
The antmal and hermate, whise
haunches and tail can be seen
at lower right, were carved by
an arfiat of consummate skill

i i eremyy #F [woEr vEmarnd o

at vanished glories

Stmuous hands probably be-
bemgpeee] tor the Pharaolh and his
gueen, the author believes. The
femmnbe hiend appears in vellow;
mosl ol the red paint ustgally
applied o male fleslt has van-
iwhedd. The pozsition of the hands
seprnts to indicate & departure
from the foemal family pors
travals of earlier periods




f:52

length, simple arnthmetic suggests o temple
complex about a mile Jong, with more than
two miles of sculptured scenes embellishing
the pillars, walls of its courtvards, chambers,
and sacred enclosures.

Wall scenes that we have reconstructed
vary greatly in size; but they seem to have
averaged about ten feet in width. Our tadly of
hlocks thus allows us to conjure up an Aten
Temple adorned with at least a thousaned
magniicent scenes!

Carvings Re-create an Eventful Ern

The talatat we have already matched com-
pose hundreds of groups, from isolated pairs
of blocks up to deamatic photo-mosaics
comprising 30 or more stones. As | pore over
these exquisite: reliefs, | imagine
carmed back to that colorful era

A pesk of pomp early in Akhenaten's reign
was the roval jubilee he staged, probably in
the fourth vear of his rule. 1 am convineed
that he nmever held another, The Pharnoh's

EINOECHHEIIETY

mivsell

National Geographic, November 1670

Aten Temple must hiyve been uncler congtmie-
tion at the ome, and a large numbér of our
talatat are “culouts™ from scenes commemio-
rating that sumptuous ceremony, Panels de-
picting relimous homage are interspersed
with carnival highlights—musicians, dancing
wirls, and wrestling matches.

Perbups a yenr or two later, when Akhe-
naten and Queen Nefertiti made their first
roval review of the completed Aten Temple,
an alr of festivity and loval adulation muys
have greeted the couple. The scene surely was
one of extravagant display. Elaborately pre-
pared foods—runt, ducks, knunches of pume,
nch confections—uwere lnid out on row upon
row of offering Ltables to honor the Aten and
his earthly representative. Hordes of citizens
of high and lowly rank must have cheered
the god-king's progress.

Evervwhere resplendently decorated walls
greeted the roval pair. They saw their own
likenesses endleszly repeated, Akhenaten and
hix consort viewed scenes showing groups of

Ancient walkway of the mighty,
the enstern access to the Temiple ol
Amun al Rarmnal reverts to o foot-
path used by dark-robed Egyptian
women. In 1925 two statues of Akhe-
naten came 1o hght in this aren, Henro
Chevrier, Director of Works at Rar
mak for more than 20 vears, wondered
whether there had heen others. and
began @ careful excivation. He dis-
covered that 27 ant sculptures had
once existed and concluded that they
marked the site of Akhenaten's tem-
ple. The latest theory places It some
J00 yards easi of this still-standine
Ralewny (upper map, peee 0334

Colossus of Akhenaten (rdght) tow-
er= above the nuthor, examindng car.
touches contmning tweo of the sun
porl's appellations It is preserved in
the Egyvptian Museum, Cedrn

Akhenaten directed his artists to
portray him truthfully, some experts
believe. Slight varintiom occur in the
statues, but all depact the Pharash
wilh peculiar physical chisracterdstics
—hatchet chin, slender neck, bulbous
belly and thighs, and spindly Jower
lege—robably the outwiesd siens of
@ glandular disorder.

AR






Wir prisoners—aslark reminders of the vast
extent of Egpvpt's empire, which, in Akhe
naten’s earlies! vears, embraced laree areas
of the Cpper Nile, as well as the eastern shore
of the Mediterranean Sea. One often-ropeated
seene portrays two rows ol richlv-parbed bt
miserable-lookime captives, linked by ropes
around their necks

Ohir photographs show us what Akhenaten
utely ndmired
of steers pndd ghmpses of men and horped
beasts 1n rodeo-like tests of strength. Snnkes
wiere sacred in Ezvpl, and we

seenes of gacriicind slauehter

ve counted

T

representations of cobras by the thousands,
ind i vanety of wild animals (pages 650-31.)
Flowering plants and waterfowl in riverside
muarshes compose other vignettes of nature
Hieroglvphs have siven us o name for Lhe
temple: Per Aten (House of the Aten), seem-
mgly apphied to the over-all sanctuary com
plex. Major components were the Gem pao
Aten {The Aten Has Been Found) and Huet
Benben (Mansion of the Benben) The Ben
ben was o massive pyramidal block, tradi-
tionadly the spered Tocus of a sun temple
Chur talatnt will almost certainly gmive us



“Thou appearest beautbully
on the horizon of heaven,
Thou living Aten,
the heginning of life!”

HYMN TO THE ATEMN

Warm rovs ftom the sun sk
dleswend an the munarch. Akhe-
naten euides iz roval Chanot
with hi= wafe Mefertitt behiiv
iy, holding on lor deasr el
abtendms follow, moone of the
mast  mearks
wirl issembled biv the authoe's
teim Artists Greener amd Hian
chy sketched in the rraimedier
ol the scene after studving stmi-
lar temple rediets

Akhemiten's temple

cismplete stenes

Sl
st res froms oblivion If funds
svailalile for actanl
rrassembly ol the bliwks, the
pithor's identification numbers
will reveal the precise locption

bsircdimie

ol cach slone i storchouse
ar (i MTELsEL

In the meantime, Egyvpiolo
piads the worrid over will e ahls
o study the photagraphic re.
rreation of this great tempie
and gain new knowledge of

- = s —_——  roval couple wha followed one
porl while the rest of the world
U worshipesd many
Tic R IR L |||-_|;|.'_- ERE &l ®TD el wif=s satEiias e L0 H aAlINTW SWHE BEELR RahEEC H L] L]

clues to the elusive background of Akhena-
ten's theolomy. Thid a revelation insgre
in the case of other prophets? Or was his ten-
dency toward monothelsm a reasoned ileal?

People ask me, “*When wall the Aten Tem
ple be restored so that visiiors can wander
throoeh its halls and courtyvards?” s tmpios
sibile to-surmise if this will ever be done. Phys-
ically, it would require the inclusion of tre
mendous quantities of new stone, and the
sk would be enormousiy costly

| am conhdent, thourd, that many of the
iovely scenes we have assembled will somehow

Y, i

Le ro<erected for the world to admire. Perhops
spleirted az=emblaores of blocks can alzn be
senit dhroad as touring exhibits

Whatever happens, we consider it a poy
eee to have lad a cormerstidng for Future
roscarcly on the Karnak Aten Temple. The
value of the computer as an archeological
ool has been established without question

Rest of all is the satisfaction of having
retrieved beauty and knowledge that seemed
destined to oblivion when ancient Egypl nur-
turer] amd then destroved the starthing innoy-
tHone of the pod-king Akhenaten. THE END
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OWN FROM THE HILL
D the old song drifted. down
through the pines and the
hickories, dowrn to where 1 sat
with the men who had come to

raise Lonnie Lee's house.
The words, bittersweet, told of

n =urcease of dally cares

Thera'll be no more sorrow or pain to bear
In that home bevond the shv;

A glorious thought swhen we all gt there,
We never will sav goodbye.

[Day breaks early in the Oeark Highlands
in summer, and meh rse with the sun. In the
hamiet of Fox—a handful of howses scattered
like broswdeast wheat around o dusty Arkan-
was crossrodls—neighbors, kin, and (riends of
Lonnie Lee had enthered before seven o'clock
to begin building the new home.

Perspiring under the fierce sun, they had
hauled stone for the foundation, naled in foor
yonsts, raised the froming of one wall,
| At noon they had taken their well-earned
leisure in the shade of a dell, enjoving the
lunch thedr womenfolk had spread: chicken,
dumplings, potata salad, pie. Then Tom Wil-
som- and hiz brother James tuned up a banjo
and guitar and climbed the bl to play and
singe. We listened silently, squatting with our
plates under the lealy boughs,

O come, angel band,

Come and around me stand:

(2 'bear me gway on Ve SHOWY WENES
Fo my tmmortal home

“My wife and T dreamed of a new house
for 10 vears” Lonnie Lee told me. Sowmiller
andd father of nine, he fixed me with blue eves
that sparkled like the clear strenm I had
fshed the day before. “The first tme 1 started
it, 4 oyclone cume along and blew 1t all down,
S0 1 cut 4 lot of new lumber and started over.”

Then came another blow; an aceident with
hiz logging truck disabled him. When thi
word got around. neighbors decided to help.
What neighhors! Never have | seen men work
harder. Thev framed a secomd wall after
lunch. Before packing their tools, they vowerd
lo return as many davs as necessary to fimsh
the house. Tn a4 month the Lees moved in.

Through
Ozark
Hills and
Hollows

This spirit, [ found, 5 not un-
usual in the Orarks, which cover
u big slice of southern Missourd
and northern Arkansns with sapw-
toothed ridges, wavy plateaus, nnd
deep-cleft ravines imap, page 66H35),
Long isalsted from the American
mainstream, the foar-back hills
and hollows still nurture folkways of a cen-
tury Ago.

Yet | had to marvel, driving the twisting
road out of Fox that might, that such a life-
stvle survives. For no ope can remain long in
the Ozarks without also encountering the
gnsel of enormous change.

Until recent vears this was almost wholly a
region of small towns amd small farms, the
pristine beauty of vast swatches of tousled
terrain flawed neither by a city nor by 3
smokestick—in many aréas, nol even by a
paved road.

The beautv—a wild, rogged kind of beauty
—remains: | glimpsed it from the razor’s edage
of the ndegetops and from the narrow vallevs
with their willow-fringed streams—even in
the wvaulted caverns that honeveomb the
depths. 1 often visited drowsy villages that
the world seems to have forgotten.

But I also felt the rapid pulseheat of towns
grown big and busy with tourism and indus-
try, providing jobs, paychecks, apportunitivs.

Economists say the Ozarks need them. One
census study shows that between 1940 aml
1966 the region’s population shrank by
325, 0000—a tenth of the whole—as voung
people drifted away in search of work,

The average income remains low, more

than 31,000 a vear below the national norm

of 83,687, making the Uzarks poorer even
than Appalachin. But o new population study
gave regonal developers cause to cheer last
veur. It indicated that the people drain at last
has ceased

Uity folks," ns the Ozarker calls the out-
=idérs whe now Hock into his lend, fuel the
new vitality, Vacabionists streamin from Chi-
cago, SL Louis. Litthe Rock, Memphis-—20
millian a year hy some estimites

Although most réemain but o lew days,
skimming hoats over lnkes of shimmering
emerald, perhaps 50,000 permunently traded

Musio of the water mill survives in the Ugarks, The Hodgson Mill near Galnesville,
Missourh, grinds menl and four daily, lis | 200000-gallan-an-hour spring powers
buibrstomes beought from France more than a century ago Althowgh the band
bums with new Industry and tourlsm, Ozarkers cherish such reminders of the past
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Ozark lliﬂt. ‘ﬂil'ﬂ' .'5. =
Army Corps of E-.;hnm
created the vast lake by
damming the White River
in 1958 for flood control
and power. Winding jusi
north of the Missouri-
Arkansas border, the lake
offers 43,100 acrex of
hoating and fishing,
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The way of a boy with growing thines carmed
young Leeorme Woshington Carver the nams * Plant
Lhctor. Al b birthplace near Chamond, Missour
ow o national momument, & bronze [ikene<s b
Rohert Amendola marks the hidden rarden of thi
St vouth who began ife as a ddave about | 86

anid ' EemmeE o wiorld An LU aTals bolarilst. AvTTnd

MESL, andd hamanmitaran: He diied m 1949

L EFIVE O COnCIse ANSWeEr o 4 very simpile

guestton, "What are the Ozarks? "

Il pressed, he continwed, be would call
them hills, Chthers say mountains. Still others,
a platesy, a dome, or a highland

Neither has accord been reached on how
far |
ATRANSAS Into netghboring siates

[ the present provokes disagreement, thi

e Oeark= streteh bevond Misgourt and

nias! coes nol Thick lavers ol sedimentan
rock Iimostone, dolomite, 5 Ldstone, shale

lell geologists that 400 to 500 million vears
ago the reglon was an ocean Hoor, Unly a
million years ago, the earth thrust the sea hed
ipwiaired, forming a4 mgh plain. Then nvers

i T E 1 = |
crdpiered i, chaseliny lleyvs

smoothing
lanteaus, mining th !.J_-."'.'-.'-l Stone With ca
errs dand numberless springs

"Lhr mountains aint so piEs, byl our val-
evs shore are deep,. goes an Ozark expres
sion, It Are; the Osarks could boast no peaks

not even hills—wwvere 1t nod the vallevs

e rivers @Ol e
Elevations here seem unremiarkable bosice

Avien Lhe Aooalchinns, muach less the Rockies

| o o -

3 - i ]
Nmibered rdeges moll to the hordron
T nerihers Arkansi il souther

Missourt Here in Ozack Niations! Fores

nre LAwoT EeeEns walch ovier lusly whi i (it

touched by the hiest gh W il auntumn

L hicagts

# Sam Fraocisso l'llllll'!"h"hlﬂll:.l:rrlwl.

ARER | -
ThiLARGED

i[l:l::jl.’_-_'-l_l i=land of mountains. riciled |
myrisd eaves, springs, and sparkiing streams
the Llark Plateasd rose above the central
plains about a milllon vears ago. Frenehmen
COTE B0 RO TEEEm biefor TN, seplcing fun

4 " - i § - .
sl miineral wealth o the | 9th century An

glo-Savons [tom the Appalachilahs ¢lalmed
the hills Arkansas also boasts the deep

ralivyes e hiita viountian
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Hoisting semaphores of dogwoord and redbgd
n sprng, consumed in the hot flame of oaks and
rums 1In autumn, 4 clutch ol peaks called thi
Boston Mountains struggles Lifs A

feel—ihe highest point in the Arkamsas (Ozarks

MOsl h £ Gk

iprecedinge page). Mesouri's highest peak, Taum
sauk Mountaan, rises to 1,777 (eet

| he rurredness of the Ozarks does nol derive
from  erand extremes. bt from the wrinkled
landscape’s afthnily for the verdeal. What the

DS ek 1 hetght they muke up forth stecpness
Cavil War Broweht Guerrilla Ganis

French trpppers, Lraders, and miners venturen
into the Ozarks from the Mississippt River
thee BT 0h pned ERLh centures, and some historimn:
pelieve they contributed the root phrase of the
e £ name. LAZarks mav D¢ a oorrupnon ol
‘Ywr Ares.” short for "“in Arkansas countrv.” o
oty anx ares, referming o the woodl which the
Indians esteemed for "gread” or hivws

WMot of the Ol -r.'l_" | Mol are |||_--.:|_|'_;]|.I
trom famihes who came from the Appalachians,
nnd especinlly the Tennessee Appalachians due
cast. | his restless Anglo-Saxon veomanrv, with
wrh niomes ad Lancaster, Bovd, and Clark, ven-
tured west over rutted tratle, driving teams of
lumbering oxen, besihnine i the eardy 1800'<

stowed by the Civil War—an the Ozarks, a
L when boancs of vicious bushwhackers took
ulvantace of the breakdown of law anid order
the mirration continued into the 20th centur

Fhemaeh 3 served him poorly al times, the
(rark =ettier took s land, ns in marripee, fol
better or for worse And what he 15 the land
made him. Self-reliant, strong of heart and
-I-Ir.llll ||'| s ] II' 'I-.Ilu" II II." i“'I'I'-r:'- I'||""‘|"”- 'u!I.I

A “onse Ol humor undhimmed by hard Hmes, eo

rer to help a neighbor—this = the Ozarker,

molded m the 1solation of hll and hollow

I thiak 1 gol 1o know bime best im the small
Mi==0un town of Ava

From Springheld, the Ozarks’ largest city, |
drove across raller-coaster hills 1o Ava an a som-
et olay th dyvineg avtomn, Uak= that bl e2lowed
ltke hot coals two weeks before now deliviered
up brown leaves to o chill wandd. Sveamores al
regdy rmased bare white arms n sgurrender to
WITIHET = firlvance

he friendly informality of Ava soon warmed
ne A pedestrian waved o preeting on the toswn
uare. seated on a curb. passing the time o
conversation with s friends, 64-vear-old Ed

U hommpson tokd me Avans rarely are in oo much

of 4 hurry to say hello, "I they should happen
W get in o hurry,” he added, “theyv just sit down

and walt tll that's over with."
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"“Buffalo Gals” and “Cripple Creek Lov Cox's round, weiathered o

Aroma of bacon stil]l hanes i the air as canoeists break ¢ amp on the Bufhilo River. Proposec

v
o

-







£l

Yet I have never heard an Ozarker speak
bitterly of his hard life. He jokes about the
land that made life so. He tells strangers he
uses a crowhbar and
the former to pry apart the rocks, the latter Lo
choot in the seede He savs he grows potntoes
on 4 hillside 30 steep that (o harvest them he

g syringe to plant corn—

merely digs away the end of & furrow, allow-
g the crop to roll downhill to s wagon
ot all his stories describe the nigzardl

ness of his land; some credit i with amastine
nroductivity, W. L. Turner of Ava told me
about a pumpkin that grew =o large that i
sow, having eaten mto its sple, moved 1 o

L] B [

Nired of Aeghtineg, & hooked rainbow trout still
tries Lo aviord the net In a fiat-bottomed johnbonl,
the Orark flont hsherman's favorme crafy, Mroand
Mrs, Iim Gaston iy Arkansas's Bruce Creek, &
irbutary of the White Hivies
parthy submmerged to capture this umsgal view

The camern wos

: Mutional Geographic, November 1970

frrow her pigs “We wouldn't e to vou,” he
repassared me “But owe might tell vou a g
windy now and then”

(hzark humaorist Hob Burns
many “bie windies" from the hills. He told ol
asking nn uncle to send Ozark potatoes to
Califorma to be displaved st o fair

“How many potatoes?” the uncle nsked

Welil, they onlyv allow you to enter 10(
pounds of any one thing ™

(e uncle answered: “1 wouldn't cut ane of
my potatoes in two for anvbody, ™

Now 78 Vance Randolph of Favetteville,
Arkansas, has devoted most of his hfe to col-
lecting: Orark folkwayvs and humor, and has
written 22 books on the sublect His wife,
Miry Parler Randalph, a collector too, teaches
lolklare at the University of Arkansas

borrowerd

Depression Jokes Stll CGet Laughs

Much of the humaor of the Ozarks, Mr. Ran
doiph told me, can be traced to the Hritish
Islee—some of it to medieval bmies

*I don’t think pecple here appreciste a
i.',-l:ll.lll "-.r.lll':'. (i Gkl I‘TI]TI:_'.:-L:'-III:I I1II:IFl.‘=|'Iil|i |_|-|'t||?]|_'
amywhere else,” Mr Randolph saad. “But
Lthey do appreciate a diferent Kind ol joke
They hike old savings, such as the one about
the Depression: 'We didn't have anvthing
then—and we've stll got L "

I wsked why new humor hasn't taken rool
“Chzarkers already have a good body of sto
ries, Mrs Randolph answered. “They're not
eapecialiy sold on gettinge a new one.”

he Odarker’s British heritage also shows
mn his love of fox hunting. Edwin Riley of
Ava, pow 52 told me his father took him fox
hunting when he was 7. He has heen ded)
cated to the sport ever since, Many Ozarkers
pEree Wwith lnm that no music—nat even the
lively fiddle tunes that endure in the Ozarks

—pguals the music of hounds in the chase

“1 don't advocate kilhng the fox,” he told
me 1 just enjov heanng the mouth of a dog
and séeing the ability of one.’

The Ozarker doesn't ride to hounds in a
scarlet coat, he dons overalls and ride=s out in
iz pickup truck, hounds penned In Back
Obligingly, what Mr. Rilev calls “a good-
running red fox” leads the dogs in a circle
perhaps two miles around The hunter need
anly place himself in the center to hear the
chase ull mght

starlight, pale and cold. silhouetted the
ragped onks of the ridge where Mr. Kiley, his




Through Ozark Hills and Hollows 5

neighbors, and 1 gathered one night o few
miles from Ava Frosty and Bed Wing, Crick-
el and Roy Lee and Lad, a dozen dogs i oall
went snuffing off into the darkness, sending
L k The men wailted.
lEstening. speaking m low voloes

Half a mile away, the pack came on a scent
Now the din grew. “There it goes! There if
goes!™ Mr. Rilev shouted éxuberantly, “Now
bovs, vou're ponnn hear a race. Thev'll be
farrly hammerin® that fox pretty soon.

We built a fire when o cold wind stirred. As
we warmed ourselves, the men discussed the
guilities of the canine voices that drifted to us

AN Gccastonml vl

through the leaping shadows

*“That squawhn’ dogs shore pretty, win'
she,” declpred Georee Proctor

“Xeah,” Lreward
shore doies be a mouth,”

Ravmond explained that the
plaintive ep-oar, po-ver 1 heard came from a
"squawhn’ dog”™ A dog hi
“clear-mouth” seemed to be the tenor of the
pack. Mr. Riley identihed another as o “chope

aFreed Henson, “She

F ree

rlescribie]l a5 o

mouth™ 1 judeed that one to be a baritone
some fox quiality of
volee, some anather
"But any knd sounds good if iU leacdn’
the pack,” Mr. Freeman ndded

hunters prefer om

Seceking Romance? It's in the Ozarks

Lhne sunny autumn alternodon |||'|'|- in the
Miszouri COrarks, | found Romance. A mere
hamlel, Romance nestles ina leafy hollow at
the end of o short nbbon of pavement

An Oleark troveler also may discover Truth
knmw  Jov, savor Harmony, sadute Health,
attain =coess O save his money m Beonoms
=uich
st fhe

and buy with confidence in Fair Plas

mMuch a

CoaTamu s | s
vilues of the early Dzarkers
Sometimes the name givers induleet

hames e

mmsouctant humaor, There i< the $tory of a Mis-
ourt village cnlled Smackout, because the
proprivior of 15 general store alwavs nn-
swered, “I'm smack out)
psked for goods he did not have

Ancther village that stancs oul in my mem:
Rather, 1 s
Blue Eves stand out. The Arkansnz-Missourt
siate line, pnssing Across o igh plateay where
broom sedpe glows coppery in the autumn
sun, splits the community in twain. Blue Eve,
\rkansas, home of 73 persons, boasts three
eacoling stations Blue Eve, Missourn, can top

when customers

ory 1= Blue Eye wuld sav, two

.-._

that
glofe, garage, Hoguor store

Postmaster Cue Butler told me the nmame
they share originated In 1870, when someone
suppested that the community be named for
the Lthen-postmaster s deep-blue eves

Harassed ig-city mavors wou
nonchialance of municopal admimstration
the Hiue Eves, Un the Arkansas side, Mavor
Rov Hopper presides over a hive-man council
—when it mects. " That'’s generally just when
somelhing comes up,. be st

() citigens, post office, school, genernl

o envy [ e

[he council levies a modest property 1ax to

pav {or elecincity lor the streethizhts and o

Robed in rapids, Karen Weinberger perchos on a
bowlder o midsiream a1 Jobnson Shut-Ins Siate
Fark, near Fronton, Aizcour,, Water cutting Lhrough
remeoils rock formed the shut-ins, or narrow can-
youis, where deep, clear pools alternate with frotl

| g Ccascacss



lainerd He pels 1o mow the B A A [hey pa Llovel Blevins told me that local vouths

me 34 everv tme 1 do it But 1 have o fur develop rifle arms pegzing rocks at squirrels

ish the : [ | e | have Lo il i Ll
vithoush axes o il cover expenses, rel o second time,” he conceded

neither Blue Eyve goes into the red. Donations | met Mr. Blevins in Thorp's servive sta-

rom cilizens make up the deficits van, around the warmth of o gns heater. Old
Lrames o horseshoes and marhles once oc-  timers gather there to swap varns and humaor
! | th i LLAL M 1 ! | L vt { b irder of the pa:

15 well as the yvoung. Now eight trophies in As I took a seat 1o listen, John Muatloiek

the C H. Badley & Son Genernl Store attest  anhounced that this was hic 83rd birthdas
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pchampionshin with Texas in 1968 Arkansas |os

‘I'd ke to make o hundred 'fore 1 dig” hi

added. 1 veed to devil my wife, tellin® her 1
iy I & handdeed or dietrvin’”

“T wasn't bvin

[ ]
Ws Faln o ive W

] ||' .I"Illl'll 'lllll'r"'u

(MNd-time Ceeneral Store Survives

Helor .|-||h.||' abid the automobile mods

(lenrkers mobile, the seneral store plaved a
viti] role in raral hife

Hack then, we corried | I|'.1||_'. |.|r|_-| stk
Vsl Mrs
tor of Hollands

Eunice Holland, proprie-
in Marble

I rav'TLE Illl "-I|I|1'

rame attended by Peesiclent Richard M. Nixon

LY I A |I..'_|Ii- ||'J| [TRFIoy T

Arkansas. She stood Lebiindgd a wln== caseé that
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al the family homestead—a lean, ambling,
middle-aged man who wsuallv wears o bat-
tered black felt hat and an infectious grin
Jumes: Morris i his real name. Foll-music
funs around the world know him as Jimmy
Diriftwood (opposite)

"We'll sit in the back room,” zaid Jim,
uzhering me into a combination kitchen, din-
e room, and den

He could live in grander style if he chose.
Beades recording fees, he carns rovaltics from
hic compositions. Johnny Horton's rendition
of Jim's “The Battle of New Orleans™ sold
more than a million records. Eddy Arnold’s
recording of his “Tennessee Stud” sold more
than hall a million, |

“T never heard the termfolk musict when 1
wat g boy,” Jim said “But all the people 1
knew lived folk music, Families would gather
to sing old ballads like “Barbara Allen” and
“When 1 Swim the Golden River" ™

When I'said 1'd never heard the last one,
Jim fetched his well-worn guitar. His grand-
father made it, and Jim prefers it to all other
instrument= Rocking back in s chair, eyes
hall closed, he sang:

Tell the yirls to come and kiss me,
For | know they're going lo miss mie
When I swim the golden yiver in ilie moriin’.

Seven vears ago, Jim led local musicians in
apreganizing the Rackensack Folklore Society,
borrowing an old name for the Arkansas
River and the state. Every Friday night Rack-
ensackers gather at the courthouse to play.

sometimes this free show attracts a thou-
sand people, as it did the Friday 1 was there.
An hour before dark, mickups brought the
fnrm familles to town—-father at the wheel,
grandmother in the middle, mother on the
right side with an infant in her lap, two or
three towheaded children bouncing in hack

In the courthouse T heard the sgueal of fid-
tlles and the twang of guitars-as 25 musicians
warmed up. David Morrison sawed a few
niles on his Hdele, then Hstened as his 1 2-vear-
ald grandeon Rickie repeated them on hic

Noo professional-stvle funfare ushered the
performers to the platform. Rarely did amus-
cian announce his number The Backensack-
ers simply appeancd and began to make music.

Roy Wrinkle picked his guitar and sang
“The Wreck of Old 97" A family group offered
twir hymna When Choarlie Richardson fiddled
g peppy tune called “Liberty.,” half o dozen
spectators danced an imprompta jig

Although a lew Rackensackers have maile
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recordings, most do not aspire to the bright
lights and big pay of popular musicianship.
“T don't believe we'd enjoy our music as
much il it was for sale,” ohserved Bobiby
Blair, idly strumming his guitar “H it’s for
sale, It's just different.”

Noture Also Makes Music in the Ozarks

| spent two pleasant nights inoa rough-
biosered cabin in the Blanchard Springs camp-
ground. near Mountain View. Before break-
fast 1 =plnshed in o cool stream, and under
the stars 1 listened to nature’s symphony—
water cascading over stairs of stone, the rich
bass-of bullfrogs, the staccato rasp of crickets.
No wonder Ozarkers are musical!

Early one morning | drove from the cabin
to the White River, where Adrian Parks
awaited me. He motioned me into a snub-
nosed johnboat and set it adrift in the current;
steering us over mcky spots where long ex-
perience as o guide told him trout might lurk,

He kept up a soft running commentary,
talking to me, to any wildlife we saw, to the
trout: *C'mon. fishie, get vour breakfast. You
on a et or somethin'? . Don't be scared,
old tortle. We won't hurt vou. . . . There's lots
of beaver around here. Alwavs cullin' trees,
trvin' to make a dam to stop the rver.” He
chuckled at the futility of that

When my line tugeed, I reefed in a 10-inch
rainbow. “Not big enough to make @ fuss
about," Adrian said. “But il v In the
next hour, [ cadght two more. But Adrian
[retted. " You should've had vour limit belore
now. Fishins not 20 good this mormin’.”

Rimming a high platean, Arkansas High-
woy 7 led me south from Harrtson into the
tangled, rock-strewn hollows of the Boston
Mountains, the most rogeed part of the
Orearks nnd, to my mind, the most beautiful.

Beauty stirs deep controversy here.

Out of the crevices of the Boslons, past
enarled cedars clingng to sheer cliffs;, wan-
ders the Buffalo River, so unharmed by man
that the National Park Service calls it "one of
this country's last significant natural rivers”
{pages 670-71). Conservationists are hghting
to keep it that woy by making it o nationnd
river. Segments of the Current River already
enjov this protected status as part of the Ozark
National Seenic Riverways (pages 675-9),

The Army Engineers began planning in the
1950% to dam the Buffalo to prevent flooding,
but called n halt in the foce of herce opposi-
tion. The appeal of the cash a lake resort
might generate lingers, however, inthe Bulfalo
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Cne autoumn evening [ jomed seven
members ol e Denrk Society, which

helped carry the fight against the dam
Loy plian & canoe trip on Lhe Buffalo
AL wee sinped] colTee Desicle nogmphre

asked Harold Hedees what makes thi
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cance tnps on 81 rivers, pe recently
retired to & home near its headwater:

The bluffs," he answered “Spec-
tivcular 1€ the onlv word Lo describe the
hilulfs along the Buffalio. No other Oxnrk
river offers anvthing that compares
with them,

Next morniae, we put the canoes mitio
it glassy pool—and [, too, appreciated
the malesty of the bluffs Forfress-like,
{hisy rose bo SO0 feel, secmine Lo shul
out Lthie workad

In its deep V-shaped valley, the Bul-
Lilo -slept beneath a coverlet ol mast,
pwakeming when the @un rose hgh
enough to wash the bluffs in pale gold
MO vireos warblied ane wrens chat-
tered. A heron eved us from a limb: Wa
ter snakes and turties sunned on rocks

Wwe ate lunch on a gravel bar, then
paddled on toward Rush. A ghost town
mow, Riah boomed Irom the PSS90
throuwssh World War [ when its citizem
extracted INE ofe Trom moses BEmedd
smuggler, AMonte Cristo,  Jackpot,

Hawkeve, and Sam Hill
Cave Yields Prehitone Menagerie

Near Cave Creek. 2 Buffalo tnbuatzrs
sat in cool, dank Peccary Cave one

alternoon s lack MoeCuteheon nprobsedd

i bank of clav with a trowel. So0n

handed me o smail lamp

Here," he sawd, “I'll let vou have the
jay of ftliscovery

When | rubbed away the cliay, @ Trage-
ment of what seemed to be vellowed
iwvory appeared. “Probably part of the
tusk of n peccary.” fack ventured

v balding, well-muscled man who
pufls o pape, lack hrest oxplored the cave
on his farm five vears ago, His fnds

P i i £
L0 |-Il.'-'l| fhe s hane of & IR

Arelative of the ple. the peccary still
livies in the southwestern deserts. But
the wwbone lack Tound was of the o

long extinct. W hen Dir, lames H. Chainn,

[Us and spEcics Platveonus compressus

fak 3

Muoestro of Arkansas Folk music, Jlimmy Driftwood
this real name 18 James Morris) enjoyvs his nedghbors
arteEtry at the Fraday-might musicale at Mountin Ve
A noterd song wrter. e oreanized the moscians of his
hitne county nta the Backensack Folklore Society,

which sponsors the Fridas-mght get-together

Muster of two arts, Violel Hensley hoth fashions fifd]es

and plavs them. Here she saws out “Soldier's Jos 15

daveghter Sandv, one of nine childreen, amd husbinnil

Adren strum accomponirent. Violet learned 1o carve Lthe

tnstriametls [rom her {adl .

het, atd made her st at 13




Soft-shouldered Creark hills enfold the 16

Ibelow racht), near Arkansas’s
s Capps

of the Geology Department at the Universits
e -

taimied gramts for systematic tréenching of the

aof Arkanzas, learned of the discovers
cave. It vielded an astonishing guantity and
AssOriment of Does and g ew Arplacts
The 30,000 specimens include fragments of
mastodon and mammeoth teeth, and bones of
exlinc woll,
ox, armadillo, and an elklike
Cervalees. Jack also found 20 human teeth, 11

A | HC LS of tlecr I--|-||ir. musk
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shell beads, and bits of charcoal,-all presum-
ahilv lelt by Indmas of an unknown tribe

Hieservorr DProwns Unhnished Monument

[ turned northwest from the Buffalo coun-
trv to Ruareka Springs, a town thit seems to
defv gravity. Its Victorian homes and stores
ching to the steep flanks of two mountiins
Uhe streets twist through curves and switch-
hacks There isn't enough level [and for a erud.

The town sprang | BB s,
g that numerouds sprngEs
from the mountminsicdes bad heahing

U in Lhe adtet
word

rlime

-

i

Bie Chiftv Creel around the
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acre farm of Ml
i

whose hushand's famiby has hved in the replon for renerations, shvly conhdes

powers ureka soan Hourtshed as a resord
People still Bl jups at the Little Eureka
Spring. In the teasing waov of mountain met

gontleman | met near the spring

an ¢l I|"
would not admit at first that he thought its
water myvigorating. " That ald stuff ain't good
lar nothin',” he | never touch it

Nhen, eves atwinkle, he added, “1 got (o be
caredul with 1 Why, it put another 490 veanrs

on your Jife—sand | couldn® stund to hve

VOIrs more.

This area holds a pecubar appead o ory
saders, William Hope (Coin) Harvey, i Lurm-
al-the-century  free-silver advocate, started
construction at nearby Mount Ne of o pyvra
midl 1o

wltich he belweved doomed,. 1 he ste of

house artifacts of our cvibzation

o nl nnisnec], s beneath o6
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Nahon's last home, o E
hoarchnghouse, still stands 7T
pronibition

1008, naming it Hatchet Haoll
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Through Ozark Hills and Hollows

With local government mired in the chios
Jeft by war, thee siege of lawlessness continued
long after the soldiers came home. Murderers
w oiten went unpunished in soathwest Nis-
sotrrd that o vigidanle growp SPrang up, soon
becoming known as the Bald Knobbers
becpuse its members met on atreeless hilltop,

“Nyv grandfather was one ofthe organizers,”
Douglas Mahnkey of Forsyth told me. " May-
bi they shouldn't have taken the lnw into their
own hands, but they believed thatonly by vig-
ilante action could they restore law and order.”

As the Buld Knobbers avenged wrongs, an
anti-Bald Knobber group began to ride the
hills, taking revenge upon the avengers. By
Mr, Mahnkey's count, 14 men died before the
Bald Knobber episode passed. "1t was,” he
said, “n lon terrible, bloody time.™

I made Springfield, situated close 1o many
interesting areas, the headguarters for much
of my wandering. One day 1 drove west to o
quiet hillside near Diamond, and tried to
imagine there the boyhood of a freed slave
icentury ago (page Hod),

“From a child, T bad an inordinate desire
for knowledge, and especially music, paint-
ing, Aowers, and the sciences, algebra being
one of my favorite subjects,” George Wash-
ington Carver said in later hife

Standing ot bz birthploce, now & national
monument, 1 could only guess at his struggle
to nourish that curiosity. Born in a rude cabin
about 1860, Carver had few opportunities Lo
learn from books until well on the way to
marhooid. But the woods and the felds taught
him nature's wavs—a foundation for his
efforts at Tuskegee Institute to encourage
furmers to improve soil and diversify crops,

Old Wavs Proserved —for Tourists

1 found ancther counterpoint to Spring-
field’s 20th-century bustle at Silver Dollar
City, 40 miles south, near Branson. This re-
crented village of the 1880's keeps alive the
old crafts of the Ozarks

A blucksmith hammers on horseshoes. A
hoisewife spins varn Basketmakers deftly
winpve strips of oak. Millers grind comm meal

*See page 610, “Lamd of o Millkan Smiles,” by Fred-
erich Simpich, NATIONAL GRoOGRAFHIC, Alay 1043

639

“We work at keeping the authenticity,”
sail Mre Marv Herschend, Silver Dollar
Citv’s energetic founder-administrator. "I we
let this become just nn amusement park, we've
jost what we're tryving to build.”

She told me NaTiowAL GEOGRAPHIC alded
the gquest for authenticity. In an old issue, the
Herschends saw a photograph of a one-room
log sehoolhouse. Thev located it, bought it,
and moved it log by log to Silver Dotlar City.®

Lyve Soap Kills Ticks, Lures Catfish

Al a revonstructed pioneer home, 1 watched
Mre, Ethel (Granny) Huffman boil lard and
Ive to make soap (page 687). A noveity to most
tourists, Ive sonp s prized by those who know
its versatility, Peering from beneath her sun-
bonnet, Granny explained, "1 good for -
son vy, poison oak, ticks, chiggers, fleas, mos-
gquito bites, athlete’s foot, dandruff, dirty
clothes, dirtv-mouthed kids, and cathsh bait

“Lve soap stavs on the washstand in our
house,” she sad,

The Branson area enjoys special status in
the Ozarks. Here steep hillside, there twisting
valley, over vonder grassy plateau, its terrain
his been o retreat for city dwellers since the
early 1900's.

One of those who visited early—and came
under the Ozark spell—wns Harold Bell
Wrirht A minister in Kan=as, he first entered
the Oearks to seck relief from tuberculosis
Returning, he wrote a novel, The Shepherd of
the Hiils, about the hardy mountain folk who
showed him hospitality and the hills where he
regained strength. First published in 1907, it
became n best seller, the basis for movies and
a play as well

Visitors still buv his book at the Shepherd
of the Hills Farm, where actors dramatize the
story each summer. They need not read be-
vond the first page to know how the author
felt ubout the Ogirks, For there he has Preach-
in” Bill sav: “When God looked upon th” work
of his hands an’ called hit good, he war sure
n lookin® @t this here Ozark country.”

All the others whe have ¢ome under the
Ozark spell—Ozarkers who love their Land
and  tounsts  just  discovering  H—Enow
Preachin’ Bill was right. THE END

Reaching up to glory, worshipers ift hands and voloes in pralse of Ui at a tent revival
leed bv evingelist E. L Phillips at Branson, Missourd, In the Cuarks rocks lamad, where life
iraditionally hos bieen a day-2o-day battle with the meager soil, fasth tends 1o lse funda-
mental, pncomplicated by doubt and dogma, ind revivalists fimd responsive atdiences
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The Wasp
That Plays Cupid
to a Fig

ARTICLE AND PHOTOGRAPHS BY
ROBERT F. SISSON

Mt Greographc Siafl

HAVE A CURE for that someétime feeling that vou're

geiting nowhere: Spend a day in Cahifornia’s San

Joaguin Valley with o lady wasp, whoese (rustrations
will make vours look pale by comparizon

Shorthy after dawn the litile insect (Blastophura
PYERES) MALYres from a larva hatched mside a male he
she 15 wed immediately 1o a fhehtless husband  who
never leaves hic birthplace.

Then the tiny bride—shown life-
sire ot left—fies off to =eek the only
plice on earth in w hich nature will let
her lay her eges, another male hz But
only one hg wasp in thousanils ever
finds that second male fruit. The others
spend the rest of their short lives—
usually  about a dav—wnndenng
around mnside g female hpe, whose
structure makes egg lnving impossihle

[husk descends. The lndy wasp oies
i frustration, and her unborn children with her, Yet her
timv life has not been fruitless, if I may be excased the pun

Por, as she made ber way out of the natal male Hg, her
body picked up a cloak of 1its pollen (rightl. And as she
wanrlered [rantically through the heart of a female ha
she pollenated at, causing it fo ripen Her act gives

“Chnee upon a hig; there hved a sheswasp named
Blastapiagu T s might a storvieller begin the wondrogs
tale of the minute female b wasp, This atingless insedt.
prching for a place to deposat her eees unwitbimged
priallenates the Calimyrna g one of nature s delicanies
Shown life-size (1nsel, abovel, o wasp dries her wings
outside. her hirthpdace, an inedible mude frust colled @ caprifiyg
Magnitied 45 times, another wasp (oppogite) pcks up o
coal of pollen from male flowers ns she makes her way oul

of o capnag’s interwor, Flowers of the fig are imprsoned
within the center of the frint—a botanical sarity

g D B Y BETIN W@ FETEAENE
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FHEN STAFF PHOTOGRAPHER ROBERT F, $1550N wis asked to photograph the wasp
\'R that muikes possible o multimillion-doller Gg crop each vear, he came back from
California shaking his head. " 'm afraid it's too small,” he sadd, opening a tiny jewelr
hoxs lied with cotton, 'l |1|-|II'.'_|-I ane o show vou

“Where is it? " asked the Editor, peering in vain

Right there, ” said Bob, pointing (o a speck on the cotton. The Editor agreed that i
was probably impossible (o photograph this minuscule creature fertilizing o fig.

Biit the oext timne Bob Sisson retorped Trom Califormia, he had made this series ol
pictures —a feal at least egualine in difbealty s photographs of the railvoad sorm in

advbug in April, snowfakes in Januwery, and walking cal

the July GEOGRAPHIC, the
Heh, grunion, salmon, squied, and shromp in carhier 1ssues.

kthiemagh M. Stsson here tells the story an lehil vein, hits acliievement is a notabl
itle-known details of one of Mother Noture”

comtribution to knowledee, iHomianatinge

=tranges! wavs-—THE EDITOR
¥ 1 1
Caiviime paalure an assis iy
| [ali FTi L I i ] AR i st inctivel | i Lhi







Starting their maternal mission, female fie
WESS swarm willun a male B split opet to
reveal ils inner wocld (below) Flowers on Uhe
tern siele of the internor serve a8 hatchen

vl nuisery for the Insects. Pollen-produning
Howers on the other side goard the opening, ol
eve, which the wasps must thread o reach the
wiirtld aitsdede. As they g0, the tilck w8 cargo
af el fen—bothersome stufl 1o them bt pre

tols 10 the Calimyrnn g Cnce out, they hasten

L RO ther wavy into anct her e elore Lhssr

deaths, usually on the same dayv us their hirths

i

r '.'.'F'

i [
¥

Husband she never sees fertilizes 0 femnle wasp
still inside the apecially adapted Bower she was
barn in (abowve, center). The author reports that the
wingless amber male gnows a hole in one side of it
then penetrates the other side for the ot of fertilizn-

bl Dty done, he dies without leaving the caprifig

Ferilized female (lefti uses the first holt et
by her mate as an eacape halch, Females fiol

Il"-”:'-l DY s ITEaL .iw'.-.' ||".|:'|| W WAk [l o

| he L ASITE, the author ohserved, by utting

wrodingd its eguntor (cdirectly abovel Thoush Infertile.
they go through all the motions of motherhood

pollenating figs s efficlently ax their fertilized sisters.



Wheeler and his somn,

i i =
Hedper! unioad my neasy
KLl

Vou won™ ool stune” he

st outside Fresno, and
cises of photo eer
told me. “Fig
wisps don't have stingers.”

He handed me a sharp knile as h
O MY WOrk

“Anvthing for science,” he saicd. Y Llon’
soatre Johin's fril

[ dicin't, and during the next three
reduced the Wheeler crop by séeveral handred
|I.E- CL Cip R E 451 FIRS
where the w
male tree,

RLT I_ II L: . I

senrch for wasps. | began
n&rrs beEin insicde the Innt of the

ed the caprihg (opposile bhove )

¢ el me

W hat

i5ls Of 8 CalsE

wie Know i a caprifip actuslly

enclosing frat pulp and, al th
one male and
shape of the lemal

ﬂ:l1,l,'|_'[ -:!:]|_'|';I_:|i Al |'r||_- WILSD D |:-|'J|.-_-1I 1l R

center. two kinds of Nlowers,

agne female, The stre and
then the Nower grows a protective coverimg
o el " Cne male he-mav become the Baven

T 8 MAnY JAs UL propes

Male W ASTIS hateh from the ralls before the

[emales. Inside my hrst sectoned iy o host ol

the amber males moved about in sedarch of

wives Throaeh the camera lets | watched

L ke in the top ol a globular gall




Frustration . . . and fulillment. Figs on o female
Calimyrna tree (left) attroct wasps, which canno
tell thim {rom caprifies ol the moale tree

Imaide & Calimyvrna fig (helow), & wiasp find
iy frustration as ihe 1Hnes o thrust hor short
OYIpEERitOr down Lo Phe o i . Ehve B o] oing
of the long stvles in the frmate fig's flower
Cnly in the male fig's short-stvled lowers can she
reach the base and deposit her epp< Aeaan and
again ghe tnes, nll the wihlle brushing male poflen
ortoe female Gowers Finally the thwarted wasp
chies of exhaustion and the lune beat. Long
Detore Lhe g mad I'es, IL5 ERrVITIES
cormpletedy assimilnte the tiny ineect

Endrh of hor sisters remain in the male tree
W oy ther CREES A perpeluale the sfe s,
femle (right, from lond ghehts o | capring, secks
the tinv evee. and loses her winge—no lonper
needer—as she sipueeses mside, 1Then

ritdling ber dectinsy, she at st deqrsits her eoos

ikl



[« this how he finds out 1if o lady, not o late-
hatching brother, dwells withinf 1 don'
know, but the likbor s not in vian, for the
femade wisp ultimately emerges through this
hole. First, though, in the sedquences 1 photo-
eraphed, her mate cuts a second hole. through
which he inserts his specially adapted abdo.
men to fertdize her (page 695)

sow b owitch as the lady witsp chmbs ot
of her gall, 1 {ollow her as she sturts her jour-
nev to sunlight. Before her Hes a thicket of
pallen-producing Bowers through which she
must pass to reach the outsicde, On the wan
she acquires a heavy burden of white pollen

Emerging into the June air, the tiny lady
rests awhile She triez to shed her pollen top-
conl but cannot. Her wings lift her in light

Trick Causes Wasp to Work Overtime

My work with the male fruit 1= done, Fal.
lowing the tiny black insect, [ find her about
tn dhisappenr into a preen female hi

Al this point, I should expliin something
Fig growers are cunnimg. The Wheelers have
loaded the odds against the wasp's finding
another male hg They have plucked most of
the insect-laden male figs from ad joining plots
und put them in open paper bags attached 1o
the female trees (pages 692-3)

Using the knife again, I find the little fo
male w aspoat work for the Wheelers, trvihng
to deposit an ege at the base of a fower part
called a stvle Ron Klamm arrives to see how
| o getting alang

“Toor httle gzirl. Watch her frustrations
hegmn,” he savs over myv shoulder. “The fe-
male fig stvle 15 long, the wasp's ege-laver,
or ovipositor, is shorl

“Instinct tells her she must place Lhe opg
nt the very bottom of the style. She can't
manage 11 She tries another. Same story,

“For gl | 'know, she may 1ryv every stvie
in the g betore she @mives up. In the process,
bless her [ittle soul, she and her s.sters pollen-
nle our hgs"

As we witched h caprifig, a wasp came out
=he shook herselt n the sunbeht, took off
—and landed on o temale fig.

Ron trapped her in his handkerchiet

“I vou ever tell anvbody 1 turned senti-
imental over something 1 can hardly see, I'l
hate vou for hife.” he saad

We crossed the road. Beep in the foliage of
a male e tree, Ron opened his handkerchicd
The lttle wasp flew awav—to aveid the
frustration that awaited so many of her sis-
tors; 1 hoped, and Iny ber egps THE END

$a N
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Colortul camaraderie
of a mid-Asian market

E WCH SUNDAY Gangtok's epen-air Lall
Hazaar mngs with manyv tongnes: Hin

wepalt, hall g dosen
Fonehsh, the ofhocwnl
e

LIETERVEER Byt
clges to rach ethnic groun

e
tvpical of Tibetans whi

LY .-r--||:|~lln.'. Foresl<wellini® ancesiirs 1in e

1 7in centurs
Merchant from Indu, which hes

i less tov 1hie -|'-'I|||

Boyv with a MNepalesé cap ol embroidered
s chiickens for curnyv-flavored stews
Stawl-draped Nepalesg woman pavs

CoLlevin Dy

CR"fl Nih

[BET —that forbidding and forbidden
borderiand bhetween China and [ndan-
hias alwavs fascindted me I remember
as o child an omate kagalo-—a Tibetan ritual
v s a human skull—on our
Through mv [ather’s
antigue shop passed fearsome masks; sacred
paintings framed in nich brocades, and glded
Images of many-armet
Bucddhas., ¥Mv own
without =ome of these
mysterious “Land of Snows
The dream of sectne 1t Tor mrvsell ended,

mudle {rom

mantelpieces at home

l:ll'|1il'|tl.'- il Serene

home has never been

swmbols of the

Milsetan cinlects, and
Dhalect aned dress
['he flartation:
girl nbove wenrs goowd-luck hend

subdued her spiri

and converted them o Buddhism
ol 1

Hhers hundreds of poadlie®s

CEFLE

a turbaned astrologer feom Todin

| D[

when Red Chinese armies in
systematically uprooting  Tibetan
o make af this heartland of Himi-
layvan culture merely another brick in the
structure of Chairmin Miao’s New China
But the Tibetan wav of life goes on, 1 dis
covered when the Indinn Government allowed
me Lo visih Caingtok, captal of the beguiling
mountain kingdom of Stkkim (man, page 7

The tiny protectorate is ruled

FhoueEh
beenn

STl

L]

W perhaps
the world's most unusual roval couple. Scion
ol a noble Tibetan family, handsome Palden
hondup Namgyal, the Chooval of Sthkkim,












Musked deities
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bt of Komtek Monnstery, watches "_|||'||.|E|| a horzontal shit between the two bal-
v curtalns at top, left of center. Banner depicte o dark Buddha flanked by disciple



e

a0 KM

buckle

R

i .,"‘"'T'F .

l:'\..'l.
i
i ¥

j_.f-'.u Churmirgy |
SHKKIM

b o wlif dma
:i'ig{l_:l! -

-
.h."‘q il

o
MRy

J.- ----.. ;
£ P A

o the Himalavan




Storybook capital
of a gentle kKingdom
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Last procession
for a princess

U P THE CLOUD-VEILED ROAD leading
birwarel oNate Pass winds the funera

nf Princess Sangm Pacdaun, voungest

gster of the Chotval, to the roval cremin-

baen ground st Lukshivama last May 15
Behlmd the parnzal, svmbolic of

reylty, @ banma holds a whiite scari

il honor attiached o the bady

within the canopled litter. Thus he

guitdes the soul on “the rieht path

Ihe white one throogh the dreamlilie

relim, or Bardo, betwoen death

and redirth Pravers and offering

vty the way, The roval famils

19 dav—the masimum
pieriod that the spirft roams

i









“Hiz Holiness"s blessing will
sperd yvou to mirvana, shorten
g vour journey through hife's
many rebirths

I‘-‘l'll- lates As I W bt ]
frantically o record the da
long spectacle, Tse Ten rushed
up to me. He wiis chewing on o
FRLEHTE i LIDeLan pusiry hilled
with meat—and thrast another

ThaA N CEi] “Hic Holiness hae

!

A il N e 2 it tn setssis

. . s o] wnforns Bis her hands
15 ITeE in proves
Utlter ofiering co] Lh
lempene Aames (nghth sl the spirk
ITREH S dhi DMl IS MiESt ffcarTiol vesg

X SNrImw F riortern, will e erectbso
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Ing pictures oo long without food and sends Lrumpils mosned as the hoody was placed atop
Vo this 1 pvre Smoake held down by the sweeping fog

[ragedy pulled aside the veldl from another engsliied mourners and clergy alltke as pans
fnce of the venerable culture that sikkin of consecrided ol Were poured onto the fir
puncds. The Chogyal's voungest sister died I owas late atternoon when offenines moloed
wearly o week later, on o dav selected s ais- M butter were added., creating a gredt llow
[H i bv the astroloves of the roval chapel. | oranee Hamwe (heldwy with o hinal sof

Stkkim's beloved Sonam Padaun wias cre- hodder the last frarments of the princess’s
matedd 10 a ceremony worthy ol a Himadasvien bier shpped downward into Lthe ashes

IS =.-'|l| Fii ||||' Lhie pagsan ‘_'. ] el i'i'--_: [ he gorims o] Lhiis I0e B over. sad o

Lp from mile-high Gangiok moved U stkkimese beside me, “and our princess ha
k 1 { | ar
procession, led by red-robed lamas. At the not yet started another. She 1s at peace
lofty roval cremation ground, only a few FHE END
L







STIHID) AT THE EiM:E of a shirunken

lienon in sotithern Paracvuay, It was the

peak of the dry season, and the water was

low and murror still, save for an expanding
circle here and there caused by the towch of a
||T I;'_'_||'||.!'I i '_|.|' SUriac iy ol o "|'||-|.J| r.i'll

Lhe proverbial hormor stories

trimmed from a nearby thicket

LU'niseern 10 these sullen wailers swam ra-
nhas—hunery as are all ish, but allegedly i
drown o 4 masnet
Leeil R-Ceniury bl Viexander wvon

Opening my hishing kit 1 tied a steel leacder
to the end of a 20-pound-test line, then a hook. T
My Enife shiced a cube of bait Irom 3 hunk of r“
SITTEW ™ tooud Deef, My oroel wans g branch
huncred Hmes more FOPRE RS, T bedd L
anvthing fleshv. 1 had read. hke iron hlings l'lﬂ

| had hearn
1|'||_' DS -|;|||||_'|:|1 AT RS ||r|:_',|. e Cow
Jkeletonized while fording o strewm;, tho swim- Fﬂarﬂﬂ
mer dissmboweled by sudden attack Mne

-

Humbold! referred 1o th pirnnha as one ol Flra"“ﬂ
"||I|-'|'- Amiertit » erealest sOourges Il sdiiril=
of eminent iththvologst Lir, Lweorge 5. Avers

imkEn camdes Lo mind: -’ teeth so sharp and
liws so strone that it can chop out & plede of

g g . AWRTICLE AMNLD
fHesh from o man or an alligator as neatly as a e :

razor, or clip off 4 finger or toc, bone and PHOTOGRAPHS BY
. wath the dispatch o & ment cleaves PAUL A. ZAHL. Ph.DD.
[in the uither handd, duringe -‘Llrll..|||'l| 41511 B bl sy iial wiih s

Rapacious killers or crestures much maligned? In an attempt to sepo

rebte fact from Tancy, the suthor jourmeyved peross siigth America SHTEL R RTL

||!|'.|,|-||.|_-_ e luding Sevrasalmig matfererd, considered U most danoenous

'hess Brazitian specimens have red undersides (lefth, while n Par

ELAYAN MREARITINE ||'-|'II-'I'IE LI |-" Sahl et alnvel {HE | -"!i"'-'- I d Ly
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to South American hinterfands, 1 had often
watched Indian children =plashing carefree
and unharmed in piranha-inhoabited waters
(pages 720-211, their mothers waist-cleep near-
by rinsing laundry. Brazihan anthropologst
Harald Schulte, after spending more than twao
decades in piranha country, could write, “In
all these vears T have never had o harmiul ex-
pericnce with these greatly feared pranhas.™

Unspectacular — Exeept for Its Teeth

Mindful of both sides of the story, 1 stitched
the juley bait onto my hook and swung the
line out over the lagoan.

In a few seconds I felt a tuge. 1 braced snd
whipped up the pole. It was disappointingly
easy, Onto the bank flew a silvery fish scarce-
v larger than my hand—a little creature no
more impressive tian the trout of my bovhood
davs in the Sierra Nevada

But the compurison stopped when 1 caught
sight of jnws snapping wildly in their ¢fort to
dizslodee the hook. Had my leader not been
steel, it could have been severed instantly.

“Don't touch him!™ warned my companion,
Senor Juan Mo Rivaldi Blance, chief of Para-
suay’s Fish, Game, and Fish Breeding Divi-
sion, His boot came down, pinning the flag-
ping piranha 1o the ground Cautiously he
remavied the hook, seized the fish behind the
pille, and held it up.

Latinleed a5 Servasalmus mallerer:, this
strupeling specimen had silvery sides and a
vellow  belly—quite  unspectacular, except
for that mouthful of fiendish teeth. Each was
arazor-keen triangle set so that when its cul-
ting eidges met those of opposing teeth, the
shearing power would be all but irresistible
{pages 722-3)

Aboutl a score of piranha species; differing
in head shape, coloration, size, and tempera-
ment, bul nearly all possessing that incisive
bite, claim a habitat covering some four mil-
lion square miles of tropical South America,
Thev are found wherever frésh water Bows or
stands—Irom the lower eastern slopes of the
Andes throucgh Colombia, Venezuela and the
Gintanas, =outh and eastward across the
immense Amaron Bacin, into Bolivia, parts
of Peru, Parnpuay, Urnogogay, and north-
castern Argenting (map, page 719)

Known as perad in parts of the Guianas
and caribes in several other lands, they tuke
thelr moré common name from dialects of
the Tupd hHnguistic group, in which pera

National Geographic, November 1970

means “fsh” and ranka “tooth.” Virtuadly all
piranhas belong to the genus Serrasalmus of
the family Characidae, which also includes
many a good-tempered aguarium bsh.

One of the smaller piranhas, Serrasalmus
sptloplesra, renches only about half the length
of the big dark Serrasalmus miger, which may
srow us long as 18 incheés and weigh as much
as five pounds In my experience; the little
one wis nol dangerous; 1 had encountered
it everywhere in Paraguay, even in the small-
est streams. Serrasalfmus miger wis another
matter; while some of mv informantsdeclared
it 1o b nmoare the most hiarmless, others
gave it a dongerous label. All myv experts
agreed as to the perdl of dealing with Ser-
rasalmus nattereri, the species that is probably
muost responsible for the piranha’s fearsome
reputabion

Some specics have o tendency to gather in:
schools, while others are loners, except when
lured into a group by the smell or tasie of
blood or raw flesh. Some are said to prefer
deep halntats; others seem to frequent the
shallows, either turbid or clear. Certdin spue-
cies appenr lo seek quiet waters, others the
more rapid currents. Some seem saviiee: oth-
ers are only moderately aggressive. Somi seem
to be omnivorous, but most are hasically flesh
citers with cannibal tendencies.

Opinion Changes in s Split Second

To observe and photogeaph piranhas in
their natural halntats, T planned trips that
would sample the group’s entire geographical
range. 1 would begin along the Paraguay-
Argentina border, then move northward into
Brazil, proceeding eventually into the heard-
land and the deltia islinds of the Amazon,
and as for porth as Surinam.

After inding Servvasalmus sprloplenra—the
small innocent one—abundant in Paraguay,
I was somewhat lulled in my estimate of the
piranhan potentinl 1 had often picked this
fellow from a net by hand, hindivg him no
mare hostile than a goldfish. Then one day an
evewitness experlence changed my outlook.

Diriving through Paraguay's picturesque
cattle country a hundred miles south of the
capital city of Asuncion, Sehor Rivaldi and 1
drew up to an solated and brooding lagoon:
Six or seven fishermen, hip-deep in the water,
wire selling a long seine,

I approached the net's onshore anchorman,
clad like the others only in shorts and a straw
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the man’s right hand. Durtng the preceding
split second the creature’s toothy scalpel had
removed o piece of Hesh the size of o dime, ull
but sheanng the bone

For a moment the victim seemed unaware
i the wound A piranha bite, like the cut of a
ragor, 5 sfl W bhe virtually painless gt the
mmstant it happens. Only when others noticed
the blood did the fishérman see it too. His
lace blanched, but e made no =ound

Fish Bite Poulticed With Tobacco

The attrtude of the group was casual. | sue-
that Rivaldi n handkerchisf
around the finger while 1 ran to the car for
myv first-rid kit But before 1 could do so, one
of the hshermen took a large pmch of smok
e tobacco from o battered  leather [m:lr]t.
miastenéed it in the lneoon, molded it into
n wad, and pushed it into the open wound
Then the hmger, wae and all, wns wrapped
securelv in a hit of dirty rag

A few minutes Iater the man was back at
work with his fellows, The wournid] would heal
rapidly, 1 was acsured. the tobaceo acting as
both an astrngent and o desinfectant

In Asupicion I met missionanes

g T E I .H!I[l

Marvin

Oblivious 1o possible peril, children of
Maoka Hehermen [rolic 10 piranha-snhalsited
waters of the Rio Paraguay. In the shallows
neEarby, villgise women rnore tbhe dpbifer
while doing their laundes. The author saw
sich scenes duplicaled many Uimes

Scarred for life, o Prazilian on Marald
[=land shows where piriinhas sheared silver
dodlar-size chunk=s of flesh feom s les

Despite such encownters, Amizonian haler-
men displny little fear of piranhns

Cole and Roy Christopher, who ran a schogl
in o village of Maka Indians on the west bank
The namé NATIOMNAL
GEOGRAPHIC was especially meammngiul to
rIII:‘.'lI.' FTEL sl riils, rlurim: Il'lll.j_: ITIIII'Ith'.;- I_IT
breaking throuegh hnepistically to the Maka
Lhey had used bick is=oes of the magazine
to gs<ociate words with lamiliar objects in
{the photographs: The pictures had Inscinated
the Indinns, and gracually they had been
persunded 1o reveal essential aspects of their
difficult langoape

My aequamtance with the missionaries lec
to o series of visits to the riverside Mnka
village. Aware of mv interest in piranhas, the
villagers tvited me to join them on & fishing
trp to a lake about two miles mland from
their settlement. The lake turned out to be &
soupy dry-season lagoon, scummed with algae
and choked around the edges with marsh
wieeds: Under the scom were sald to swim

of the Hiwy Paraguny

cathsh, eels ravs—and piranhas

My Inchan Iriends, wearmng ol Irousers
ar shorts ar the briefest of loin cloths, splashe
into the thigh-deep water. Their mood was
caredree, almost jocular. Forming o loose line
acrossthe lagoon, some 25 men waded forward,




driving the aguatic population abead for
concentration at the far end. Each Indian
carried his own net—iwo poles about seven
feet long connected by a length of mesh
The trick was to plunge the net, spread open,
into the water wheréver fisho might be, then
ta sipp the poles together, creabing a trap
| pogges 7 28-9),

Stingray More Feared Than the Piranha

That morning several Indians had shown
me scars on their leps—mementog of earlier
fishing forays. The scars were of three sorts:
a vaguely discermible arc on the skin, an r-
regular blotch (oppesite), or a network of
Incalized marks and hnes

The arc<haped scar derived from 4 pira-
nha hite that had cut but oot removed the
skin, allowing the patch to be fitted back into
place for healing. The icregular blotch resulted
irom Lthe clean removal of skin and flesh, as
in the case of the fisherman mentioned carher
And the network of marks and Hnes was the
work of a stingrav's spine, with its attendant
severe pain, infection, and slow healing

In fact, native fshermen told me that they
fear the stingray far more than the piranha—

more than snakes or caimans—for it wields
its sawtoothed spine with great force and
leaves a jagged wound. To avoid stingravs,
which occur throughout South Americi's
piranha area, the wading fisherman shuffles
rathér than treads through the waler, on the
more or less tested premise that a ray will
nol strike unless actually stepped upon

Matching the Indians’ slow forward pace,
| moved along the bank. Finally a signal
from the leader touched off a general outery.,
With whacks and slaps, nets hit the water
and in one swilt motion were dipper, closed
and hoisted, Napping with hsh,

Mozt of the haul were catfish and large-
headed Hoplias, but here and there 1 could

Like Hashing rnzors, n piranha’s irlanpular
teeth, driven by powerful juw muoscles, can
cul o cleaniy that a Oshermsn sometimes
dloes not tealize be has been hitten until he
spes the hlood. Lower teeth of this Sernaual-
mng nallererd, bored by [orceps. M pre
cisely into the servated upper set The
authar walched one Indian woman use 2
faw, cleaned of flesh, m plare of sis=urs 1o
cul threads at her loom A——
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spot. mattereri. 1 watched the Indian nearest
me. Cautiously he grabbed one just behind
the gills—as Rivaldi had done—then quickly
rased it to s mouth and bit fiercely down
into the back of the head, instantly killing it
From time to time I could hear other such
crunchings from along the line.

Within in hour cach man was trailing a
string of 50 to 100 assorted fish. During the
entire operation no one had been bitten by a
piranha or stabbed by a stingray, Apparently
luck rode with the Indians that day.

Un shore now there was new activity as
men collected frewood and others trimmed
woiden skewers with wicked-looking ma-
chetes. Soon half a dozen fires were blasing:
around them the skewers were stuck in the
ground and tlted toward the flames, each
impaling fresh fish that nobody had bothered
to behead (pages 728-9),

so far in my travels | had not tasted pira-
nha 1 tapped the shoulder of an ancient
cheek-tattooed Maka who tendied one of the
hres. “Wana," | said, using the Maks word
for piranha, and pointed to one browning
and crackling on a skewer. The aroma was

tantalizing.
Tough old bands pulled the hsh from the

stick and handed it to me. All I could do was
toss it from hand to hand, blowing on it unial
it was cool enough for me to take a bite.

Imitating my fmends, [ sank my teeth into
the dorsal fesh. To be sure, there were bones
and scalés to be wary of, but the meat had
the texture of broiled bass and tasted just as
good. Two or three of these sight-inch fish
made an excellent meal.

That afternoon in the village [ noticed a
bead-laden matriarch dissecting the lower
jaw from the remains of a piranha. Next
maorning I saw her ot her loom Hanging
around her neck on a long loop of varn was
the toothed jawbone, which she used in place
of scizsors, neatly and swiftly cutting thread
encls ns she went along.

"Man of Faith” Swims the River

Three weeks later in central Brozil, along
the Rio Araruaa bordering the State of Mato
Cirosso, | fished with a different groun of In-
dinns, the Karajh With me on this new quest
had come Heraldo Britski, an ichthvologist
-and museum curator from S&o Paulo, A Vasp
Airlines DC-3, circling first to make sure
there was no livestock on the grassy runway,

National Geographic, November 1970

put us down in a field near the river village
uf Santa Teresinha

Here, as in Paraguay, missionanes proved
valyable informants. Summaoned vin a com-
munications system difficolt to fathom, Tom
Pope, who works as a Protestant missionary
on the far side of the Araguaia, met us before
the sun went down.

“Piranhas? | respect them!” Tom admitted.
He had been nipped once or twice while
bathing in the river, he told me, but with no
SEMDUS CONSEQUeNCEs.

“I-still bathe in the river,” he added, “and
sa does the Catholic padre on the opposite
bank. He once swam the river to visit me,
There's a man of faith!"

Roots and Vines Take Place of Hooks

Thanks to Tom, a fishing expedition soon
took place. Early one morning four Karaja
adults and half a dozen bovs readied a slim
dugout near the mission where Heraldo
Britski and 1 had gone to meet them. There
was no recognizable fishing gear in the canoe,
but on the dank bottom lay a heap of carrot-
size roots and a bale of vines. The juices of
these plants, belonging o the families Sapin.
dacene, Euphorbiaceaes;, and Leguminosae,
have long been used by South American abo-
riginals to stun fish, One of the effective in-
gpredients 15 rotenone.

Tom, Heraldo, and | crowded in with the
Indians and the plants. Within half an hour
we stood on the banks of a large midstream
island. Roots and vines were loaded into
baskets or onto outstretched arms, and witk-
out palaver we filed behind Luiz, the lead
Indian, across rolling stretches of soft white
sand. Then, unexpectedlv, we came to =
depression in the sand-—a lugoon 30 by 60
feet and not more than hip-deep. The water
was pea-soupy with algae.

The boys squatted on the shore and began
beating the roots to break the tough protec:
tive skins while two men waded into the
pool. Each drove a heavy post indo the bot-
tom. The forked upper end would serve as an
anvil for hammering juices from the vines
Accustomed by now to the Indians’ indiffer-
ence to the piranha hazard, | photographed
these preparations, while Brit<ki arranged
collecting nets and jugs.

Now the bovs packed the mashed roots
mio loosely woven baskets and waded with
them into the lagoon. Back and forth they



seekine the Truth About the Feared Piranha e

shuffled, swishimg their loads ap and down in than vellow. Heraldo bhad no explanation
the witer. Simultaneously: the men bludg We netted many & pirantha mings a tail or
caned vines on the post hedads Ipage | cemiously  mutilated where flesh had been
Julces relepsed by both operations spread In ripped  from the body. It was obviogs thal
the waler, appearing o form o a soapy (rotl wheén one h=h begins to wehken from the
on the lagoon’ s sur e ellect of the «f CIMcis another e _'.l'l un
~oon fish swirled madly here and there affected will mse toattack hisdisabled hrothes
small opes iirsl, then lorger ones. The juices  Chten when fislning for piranhas with hook
were nhniabing oxveen absarption by the gnd line, 1 have pulled up only a head, the
rills Without a sustained supply of oxveen, body having been snatched awav by fellow
iy fsh owall  guickiv die. Such chemicdl  of the same ruthless spocies (page 717
- =t i i breet s ] LERd o 1
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ter weeks in the held, 1 could ¢astly st Whal do piranhas normedly eal? 1he ones
uriacing pnranhas, As u<ual, nallerer: woer we caught that day had dined on minnow
the most abundant, but to mv surprise their dre characins. Hut these do not corstitute the

biellies were bhrsht orange OF red hiere ralhied sole piranhn diet Yeors earlier mn Veneroels

Grecdy gobblers at three months, piranhbas hatched bn o Fleise hmarnn Memorial Aguariam ad tha
Lincinnat L0021 winel ment These mabierer plreacy tTry tonmp the curator's ingd WILET |

e s meankire 10 inches U5 aguariuam stanes somebimes el plranhas, butl several stat W TR IRAT
Florida, ban bmpdor Floridinn el thal the creatures might theive in the state’s subtropical wated
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[ had successfully used fruit as piranha baii,
recuently 1 have seen hshermen stick
wad< of hread on their hooks

R pE|

While 1 photographed, Heraldo netted
specimens lor his museam collection, ratthing
off their toneue-twisting Latin names. T he
Indians basketed an abundant catch of their

own. Any piranha still Aapping they immo-
hilizedd not wit
with the resolule whiick of a club

1 & bite, as haod the Maka, bul

Broeding Time Mav Affect Behavior

A woek after fishing with the karaja, Her
Al Britskl, laden tars of preseryvicd
sptcimens, returmed to Sao Paulo
upstream to the village of Santn lsabel dao
Morro, into the John Kennedy Hotel, a tray
cler's lodee run by senhor Koland Ubirajarn
sintos, hunter, fsherman, dand a friend ol
river Indians

Roland didn't like piranhaz, but neither
wins he disposed to dwell on their savaeen
v §owas bemnming to wonder about the
tdes of Terocity. Aller nenrly two monthsan
mritnha country, with the puidance of know|

edgeable experts, the onlv instances of ageres

Wil
I moved

sion had been evoked by o pure

I was beginning even to doubt the nuthen
ucity of those photographs and movies 1 had
wwing puranhos boding o the suriace

g ol R

Unpleasant companions: o piranha snd
an even more feared stingray. The ravs lie
on the bottorm, oiten obscured by saned or
mud. If a wader steps on Oone, iU mity whip
s spine into fool or call, inflicting an inury
far more painful and slower to heal than a
catehi

prranhi bhite Both specimens were

by the plant-mee method (right)

Flant juices replace Ashhooks for Karaii
Ichians alone- Brazit’s Ko Araguma From
beaten vines and moshed roots, thev nhtam
fels thal retand] oxvegen ahsorptian by the
lEh and create a seapy fmth on the waler
Here they use forked us anvils Lo
pound . tamas and reledse Juce into o quiet

WETHATL. SHn oxveEen-starved fish will rise o

|
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the surface, to be speared of hetled. When
hehermen caplure still-active prea-
nhis, they club them, 'in contrnst to Para-
muav's Makh, who dispatch them by biting

= = L X
nin the bpcks aof (her heads

r| S

in response to anvthing fleshy. Whenever |
cited the classi
ficing n decrepit cow as o piranha lure some
distance from the point where his herds most
cross nriver. [ drew smiles. I met not a sinele
cattlermnan in Parnguay or in the Mato Grosso

efoary o the ctileman sacri-

who oould vertly that ane

Cn the other hand, 1 was reluctant to jump
irunha temperament mighi
well be plaved upon
ahles: =eason, chemical content and tempern-
tute of the water, and, of course, availability
wchithbvologist has ventured
ult piranhas, hike mans

o conclusions

W oany numbwer of vare-

il 1II-I||';. i |"|1|_'

the Opimion that ae

another animal of land or sen, are particularls
greressive during the breeding period
Roland knew of mv presccupation with
miranhas. “I want to take vou to the Rio das
Mortes,” he offered one day, “Its four hours
upstream by motorboat, but there we will
find fierce piranhas, 1 guarantee!”™
with & native boatman and

Seex L mMOrning,
i cuidle named Dlomingos Brasa, we whined
our way up the Araguaia. The River of Death,
a tributary of the
teen named n grim remembrance uof a mas
sacre, Dut the detmiis are fuzzv. Some sav mais-
sijonaries, others Broeithan soldiers, were the
e Indians. That the
prives Irom the ferocily of the raver's
lifferent theor
e, | .Il|.T.‘|.'l ] 1'.'.L[||.|.'l| Lis lll':il:"..l'

Ararunia, seemes 1o have

YICLIms VEIATs &L0 o sl

NAMe i
mranhas is an altopethe

[ he sun had climbed high before we turmed
from the broad Argguaia onto the tributars
with rllrl- =Inisier naammee HIH’ ||'II'FI' Wils nothninge






stvx-hke aboutl the Rio das Mortes, My impression
wiis one of shining, slow water, reflecting low lush
jungle on both sides—n setting of perfect tranguil-
Y WEan wiich the FEvVerberating resdl o ot bont's
mulor seemed an intrusion

Eventua
thatched huts camée nto view, Dominecs erinned

v the miver widened and a huddle of
and we bemwe bl mmone severg! slender dusoiits
Dopgs barked as we iumped oshore. a waormg
appeared a8l a doorway, recogmnized Dominess, and

shouted o welcome. Her menfolk were oul tendding
Lthe cattle, she explained

Cuttle Ford River Unmolested

While we talked, a man appeared on the bank
across the niver, leadine two horses 1o the water's
eclpe Ino Lhi L winded, all three, and the |1|l'."--.r:'_-
drank. Stll holding the réins, the man jumped into
n canoe and paddled mto mids<tream. his team
swimming alongside. Our hostess caarht my un-
spoken thoughts. "Ah, but they are harmiless, the
piranhas out there.” she laughed, Yor do vou think
we have tamed them? Every morning two hundred
of our cattle swim across o grazing lands on the
ather side, and swim back at night.”

2ne suggcsted we move upriver o mile or so o o
puarticular lagoon she had beard was packed with
lreacherous piranhas. She spoke with authority, so
we look to the river agan When a dugout paddled
by two ranchmen appeared coming toward wus, we
mel i bow (o bow, Domineos talked to the canoe-
1S, and ang of the pair hopped aboard our canoe,
agreeinE to escort us

Along the way we heard an uproar i the low
trees along the bank, the kind of nolsy fussine that
h troupe of monkeys makes, Domingos abrupth
Deached the canoe and, before 1 could ask kim
gquestions, vanished into the jungle gloom, armed
with his single-barrel shotgun

within minutiss | heard a shot. and almost nt
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Piranhas
Irenzied
feast

; sLUGEHIEH hHrown sifream
j‘% LuErs fevter & conllive ool
dron s scores of plranha
dievour the carciss ol acapy
bara, A creature W hose Tour-
fo] rc i lempeth makes
it the world s lareest rockent
Within three thanutes the
hungry horde had stripped
the fesh [rom the bones

Uncderwater colose-up
ower lefl reveals the fury of
thire fied FHLTVE (RIS

| hemlore  Hidae
Wi 1914 book, Fhrongh he
Bractlian Wildernesy, wideh
wililbetpedl  the pEranha’
ferocity,. Sinee thien, intre-
l|||r'||r o |||lr||‘.'.|I||.: '.|||-L" i
mien hetng devoured have
butlt the creglures mage
mto thatl of a monsler

Some auch 3] T 4 B
have heen embellished
hetr retelfene. Noted anthri-
pologist.  Harald  Schultz
'|".'n. LR '.l".l!E'." FORIMInNE
the Brazitian hinterland, and
in that time mel only seven
persons who had been e




once We were moving agmn, with a dead
monkey in thé boltom of the boal Now |
unterstood that he planned to use it to bait
the piranhas, in place of the stale beef [ had
brought. Raised as a hunter, Domingos con-
sidered monkevs fair game, as hunters in
other lands regard rabibits or squirrels.

We veered off the main river into a challow
tributasy. Paddles teok over from the out-
board. and soon we came to a forced hale A
swamp lay between the tnibutary and the
lngnan we were seeking, so we waded up onto
the shore and dragred our boat scross a
stretch of quasmire o one of those by-now-
familiar drv-season lngoons, its secrets hidden
beneath a muocky green surface.

Monkey's Fate Demonstrates Peril

First we fshed with hook and line, with
istant results, Ot came toothy, scarlet-
bellied maflereri and some large dark pira-
nhas But this wias nothing new. Then Do
mingos lassoed an overhanging branch with
a length of rope and tied the free end to the
monkey, which he lowered into the water,

We paddled off to watch, Suddenly there
wias a stmmering ot the sarface, not Impres-
sive in uself, but all the hint we needed
to know of the furiows activity below, We
wiatched for perhaps hive minutes, until the
trembling of the surface stopped. Then we
piddled back. Domingos grabbed the rope
and pulled ap the monkey. Hardly more than
bones remuined.

Here in a quiet lagoon; a spillover of the
Rio das Mortes, wis undentable evidence of
whit a =chool of hungry piranhas could do.
I could easily understand the notoriety that
had grown up, the body of lurd tales

Yet, was this typcal? On many an oceasion |
had poured beef blood into piranha waters or
tossedd an chunks of fresh meat, and had seen
no reaction whatever, From tiver Lo river,
from one landlocked lagoon to another, my
expeniences seemed inconststent. Where ane
day chitdren swam and women did their laan-
dry only a few yards from where my hook
caught any number of natierert, the introduc-
tion of a new set of stimuli might produce a
frenzy of piranha activity—aor no response at
all. Responses varied not only from one species
to-another, but withinthe same species. Unpre-
dictahility, 1 concluded, was the watchword
i any situation involving piranhas.

My final experience with piranhis was on
Muorajo Islund, in the Amazon delta. There
for several diayvs 1 lived on a fazenda, a ranch

Y.

Sun-bleached bones in mudidy shallows
on Marajo Island atlest (o the savagery of
piranhas. Ranchers (old the author that

weak or wounded animalds most often draw
the killers. Bt [ Zahl's investigathons
proved Lhat piranha attack is neither pre-
dictable nor inevitable Much research s
needed to understand the complex interplay
of the triggering factors: voracity of the
species, water level and temperature, ime
of vear, avallability of food.
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just inland from the coast, where a winding
stream roge and fell in aceordance with near-
by Atlantic tides. "Packed with piranhas™
stated Carlos Pamplona, the fazenda’s manu
zer, as he waded waisi-deep tor a bath, “Bui
thev are nasty onlv when the tide shifts.” he
arleled, "alter the ebb.”

Next day Carlos made his point by tossing
half a godat carcass into the water. Slowly it
sank to the bottom, unmolested. "See? High
wiler. The piranhas are quiet.”

Hours later, alter the ebb tide, when the
stream began rising, Carlos drageed down
the ciarcnss of a voung caiman as a lure. He
tied it to a stake wt the shore line. As we
waited, water sradually covered the bait

Suddenly a churning troubled the placid
water around the carciss, burlding to a bail.
In their frenzy some of the predators leaped
into the air, then splashed back to renew the
onslaught. Some worked their way through
the caiman’s softer underside and their
thumping and thudding inside it could be
seen as they tore and ripped the fesh with
their teeth and incredibly powerful jaws

Stream Bathing Loses 1ts Appeal

Mo maore than three minutes passed before
the boiling ceased. Carlos untied the cord by
which the caiman bhad been secured and
pulled the remains ashore—bare white banes
anid fragments of tough hide.

Later that dav, when the tide had shifted
agmn, -a group of dusity vaguerros strolled
down from the bunkhouse to bathe in the
shallows. “Come on m" one of the cowbnys
waved to me. But one glimpse of the caiman
skeloton sprawled thére on the bank, and |
shook my head. As long as I remained in
piranhn country, T dipped my bath water
from a hucket on shore. For 1 had learned
that piranhas are just like most fAsh in one
respect: You never know when they will feel
like biting THE END









Keeping
up with a
changing
world

HEN YOUR SOCIETY in 1963 first produced

Wiiﬂ National Geographic Atlas of the World—

the most complex publishing project in its his- ,

tory and the fulfillment of a decades-old dream—the j

volume won acclaim from geographers, scholars, and |
non-professional users alike.

“ ..the most useful general atlas yet published in .

this countrv.” “... contains a wealth of knowledge.” l

|

i.

“It has aided me countless times....” *. .. the envy of
my friends and one of my most prized possessions.”
Such were the comments that poured in.

A second edition followed in 1966, bringing the num- i
ber of copies in use throughout the world to 205,000, I
Now, to meet increasing member demand-—and to ‘
keep pace with a rapidly changing world—comes a ¥
third, revised edition. |

Least-known Continent Entirely Redrawn

The new volume is indeed new. Its 140 pages of maps |
and interspersed text sections have all been carefully I
brought up to date to reflect the world of today. For "
example, the map of Antarctica, completely redrawn, I
incorporates recent surveys and scientific indings by
nations engaged in exploring the world's least-known -
continent. Other maps show the broadening blue of the 1
giant Peace River hydroelectric reservoir in British
Columbia, the newly constructed capital city of Bel-
mopan in British Honduras (page 736), the recently
established boundarvy between Kuwait and Saudi
Arabia, and—in the strife-torn Near East—military
occupation lines in relation to political frontiers. In-

ing thousands of such changes involved 21
man-vears of work by the Society's skilled cartogra-
phers, researchers, and compilers.

Nineteen nations have gained independence since |
1963. The third edition includes them all, from Texas- 5'
size Botswana in southern Africa to tiny Nauru inthe  ©
South Pacific. DumpmﬂfMﬂfﬂ:mlhh’lﬂ -

ﬂpmthawmid—mﬂmwht’nm[ﬂnﬂ
again the National Geographic Society issuesa
mmplﬂtehrrﬂimdnﬂu,mthuﬂmdﬂﬂ#:
detailed maps, plus informative profiles of the
globe's 143 countries, and an index containing
139,000 place names. The most recent population
figures, around-the-world weather tables, the
primeval look of oceans drained of their water,
the loneliness and glory of earth spinning in
space—all find a place in this unsurpassed
maosaic of geography depicting the planet of man.

EXNTACHRCIEE NY ROBEAT 3, Oanes ) nas,

A masterwork
takes shape

Wielding an airbrush,
eographic staff

| cartographer Tibor G.
Toth adjusts the subtle
play of light and

shade an the mountains
of California and Mexico;
Alaska's Aleutian

Islands appear as an nset
on this physical map

of North America

The three-dimensional
quality reflects the style
of renowned Swiss cartog-
rapher Paul Ulmer, who
spent several weeks at
Society headguarters in
1967 teaching his methods.

Painstaking precision
characterizes the work
of cartographer Henri

A. Delanghe as he makes
minute refinements

in the lettering of

\ California place names.
EETACEECRDY. §F J&EEE [ SUSSELL () ME.S

The revised, third edition of the National
Geographic Atlas of the World can be ordered
from the National Geographic Society, Dept. 61,
Washington, D. C. 20036.

Standard edition: flexible, leather-grained
plastic cover—$18.75. De luxe edition: hard-
bound in cloth cover with matching slipcase—
$24.50. Please specify the name you wish to
have stamped in gold on the cover.




| Please send me

e Mavised, thhrg aeagihion

NATIONAL GEOGRAPHIC
ATLAS OF THE WORLD

_—| otandard edition $18.75

_] Da luxe edition $24.50
L -':.-:l']L-!il.llJ PRl TTHE WO WESE
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Bill me tor edition checkad plus postage
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EODACHEBOME BY MICHALL §. LORG, NATIORAL GEOGRARHIC STAFY (& W &5

Storm-spawned capital, the world's neweat, rizes on a lush plain in British Honduras, Central
America. Because hurricanes periodically devastate Belize City, the old capital, this last British
colony on the American mainland built Belmopan 50 miles inland and transferred the govern-
ment there last August. The new city, one of many additions to the latest Mational Geographic
atlas, heralds prospective independence, when British Honduras will change its name to Belize.

the highest standards of living among Pacific
lands, and that in desert-dry Botswana the
traditional tribal greeting, pula, means “let
there be rain.”

Improved shading technigues on the phys-
ical maps of the continents give them new
beauty, making each feature stand out as if
seen in three dimensions. Political bound-
aries and place names added to these maps
help vou visualize the way man’s family
of nations has subdivided nature's earth.

Index Carrelates the Old and New

Your revised, third edition keeps abreast
of world name changes, too. Sukarnapura in
Indonesia’s province of West Irian (formerly
Netherlands New Guinea) becomes Djaja-
pura. Sthanoukville in Cambodia reverts to
its former name, Kompong Som. By their
sheer number, these changes could over-
whelm a user of the atlas, but the new index
has been carefully constructed to convert
confusion to clarity: There you can find
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a city or country under its old name, too, if
you dont know—or don't remember—the
new ane,

In amount of place-name detail, as well as
quality of mapping and readability of text,
the new edition of the National Geographic
atlas stands in the top rank of such volumes.
Its index, for instance, contains 139,000
entries. Informative charts and tables mul-
tiply the atlas’s usefulness: populations of
major cities, areas of oceans and seas, tem-
peratures and rainfall for important places
around the world, vegetation and land use,
urique charts of seismology and ocean-floor
topography, and a list of Great Moments in
Geography, climaxed on July 20, 1969, when
Neil Armstrong and Edwin Aldrin became
the first men to set foot on the moon—the
greatest exploration achievement of them all.

From front endsheet picturing the earth
in space to back endsheet sketching the
story of map making, this is a volume yvour
Society is proud to bring vou.
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if you want Kodak
to develop your color pictures,
just say so.

Next time you take your Kodak color film in to be
developed, it’s a good idea to ask for Kodak process-
ing. This way, you're certain to get Kodak quality.
Which means your color snapshots. slides/@mmovies
will be developed by Kodak technicians i} o

using Kodak materials. We think you'll
like what develops.







NATONAL
GEOGRAPHIC
- OCIETY
- MEMBERSHIPS

Please send them as Christmas gifts to:

hristmas A
Ve H’)e Qi

they | ke

S?EU
MEMBERSHIP DUES FOR 1975 CALENDAR YEAR
INCLUDE SUBSTHIPTION TO NATIONAL GEOUHR AP |

I ¥ F i (1 Fal 1
—— i i i Y
i 1 Igmnnsyi Loy perin LR 50+
I " 'Hrl " falmmly | =

| ok &ro 1 i |

1 I ! ji

s TSN iR i 4 =
Fa= L (1]a]] WM L i
P 1 i o M i " i
Pt L] Tl al il | % II 1 1 ¥ 1 i
e G E 1l I I 1

mail to: THE SECRETARY

NaltlONAlL GEOGRAPHIC SOCIETY

WASHINGTON, D.C. 20034

MY MNAME

C =1 e

—
iy

L} 1 L] N Ll L]
I .
= - | j Ii i .
- : 3 i
; o
oy b | I!“ : % T B r
- J | ek o x - letal remmittonce encloied §



BE THERE!

Take more than one vacation.
Take ten.

Get in your Beechcraft and let freedom ring.

Mo more nowhere weekends, Be somewhere
i

for 4 change. Be in the bleachers when the pros

clash. Sail off and dig clums, S5k down & mountaimn.

L omb a beach

I'he miles are short from where you sit in your

Beechoraft Bonanzn. You look down on the high
way now — instead of up that hypnotic line mn the
middle. Mo pme lost. No crowds. No tension. Just

R and free

Y our Bonunza 1= every inch a thoroughbred, 10s
more than big enough! Carmies 3 1o 5 passengers or
i family of 6! 1's more than fast enough! Streaks
up o 210 mph at top speed. And ifs name 15 more
thiin enough, Beecheraft! Acchumed most supenor
i design, engineenng and constfuction. Ask any
ol

Inke n look at the & beauiifol Bonanza models
gt vodr Beechoraft Desler. Then see how great i
1% 10 Hy one

Map ot vour lesuare where if will 9o vodl the

most good. Then go to il and be there from now on !

For more informaiion wrfe Tody

iEL".'I. I'I

._|'.‘_'l| |

Jirerafc Lo poOrarron

Cemtrnl, Wichita, Kansas 6720



AFRICAN SAFARI.
A HORSE OF A DIFFERENT COLOR.
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[ AGINATIVE DESIGN AND SUPERB CRAFTSMANSHIP together create the classic beauty of fine

Kremenls lewelry. A heavy ovisiay of 14 k1 golo gives these pieces much ol the weaning quality and all

al the rch beduty of solid Karat gold. You will always take special pride in giving this finer jewelny — at

Christmas . .. for birthdays . . . anniversaries . .. 10 the wedding attendants . . . or 1o yoursel
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Fords new

ClubWagon
1s here
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~with new dimensions in comfort, :
«new air conditioning, |
..NEW Ssteering ease! |
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Hoam the wide world
irom ocean fioor 1o wind-swe

Dordered

From tropic isle to polar ice field
(o the limitiess frontier of space, the golden
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NATIONAL GEOGRAPHIC fakes members on monthly voyages of discovery
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It’s easier and cheaper than ever to get to Portugal.

A new undersea cable system has been opened between the U.S, and
Portugal and station-to-station rates are now available.

For example, it costs as little as $6,75 plus tax for a three-minute
daytime call to Portugal.

If you call at night or on Sunday it"s only $5.10 plus tax.

Long Distance is still the next best thing to being there—
and the cheapest way to get there.




When hshermen first =aw otlmen drilling
in the Gulf of Mexico some twentv years ugo,
thisy were shocked. “The fishing will never be
the same, " they snd. And they were right.

Nearlya Lhmlmn rf ail-prodocing gﬂﬂﬂnr‘nq
now rse from gull waters and the fishing is
better than ever. Far Lu_Lﬂr \

Not only are citches more abunidant. "-}'hrf

varety iz more interesting. At least a rJ.',.I €N
species of fish, which were seldom seen m

M«”

The fishing is

ared belore, are turning up near the platforms,
Among these are the arstocratic pompano.

And the big fellows ssem {0 be moving
closer too. The annual Tarpon Rodeo at Grand
Igle, in the heart of Looisiansg’s offshore otl-
helds, is now one of the larpest fishing contests
in the United States.

Jersey's affiliate, Humble (hl & Refnming
Company, operates many af the offshore wells,
Here's how they explain the fish phenomenon.
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better than ever.

When the legs of a platformare thrust into. about the waters in which they stand.
the ocean fioar, they attract varnous forms of By the way, commercial fshing in the
marine life, such as plankton, algae and barna-  gulf is going great guns too. Trawlers are now
cles. These attroct small Gsh. And the small ish  catching over {our times the weight of fish they
attract hig fish. And so on and 50 on, in the  caught in 1940,

fish-eat-fish rthythms of the sea. Standard O1il Cﬂ]:llpaﬂ}'

For Jers=y or Humble to claim credit for
this natural process would clearly be absurd. (NE'W Jme'f)
We simply point out that it might not happen
at all if we ran our o1l platforms without carmg @




See the art that turned on Picasso.

L
T

see the influence of African art
in the portraits of Picasso's cubist phase

See s colors and broad strokes
in the work of Ferdinand ]_.t'_'j.fr_‘!'.

ot the impact of 1t 1n those
strange, marvelous long faces of
Modigham

1ake a look around South Africa,

Mot far from Pretoria you can
stop at the N'debele village, where
masterly women artists create abstract,
geometric murals on the walls of their
houses

While yvou're in Kimberley, visit
the Bantu Museum. Here vou can
actually pick up fantastic masks, sculp-
ture, pottery, and examine them af
close range, feel their shape and weight.

You Il want to bring home
examples of African art and artifacts,
And you can, In the shops and the Indian
Market vou'll find masks. Pottery
Weaving. Stone sculpture, Wood
sculpture. You can even take home a
warrior s shield as tall as a man

Prices are incredibly low. Walk

off with a Zulu axe for 32, Or an African
mask for 1/10th of what it would cost
inthe LIS

Interestingly enough, these low
prices apply not just to art, but to
everything.

A tourist can live guite comfort-
ably here for $10 a day

South Afrea 13 almost unique
1n is striking contrasts. With its modern
cities—like Johanneshurg, Durban,
Cape Town—vou’ll discover both
primtive life and present-day luxury,

Fastest, easiest way to get there
is with South African Airwavs, A
Boeing 707 Stratojet will wing vou down
from New York via the most direct
FOULE,

Your travel agent will help vou
get the most out of your stay, See him,
And let him paint you a picture of
what vou can see and do there.

S A AF

SOUTH AFRICAN AIRWAYS

Come with us.
A little off the beaten track.
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Hold the melal that's going to Mars in your hand. And wrile.
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You'll de a lot on aur dishwasher.
So buy the dishwasher you can depend on.



The
color port

The Arposy 15 a whole new breed of prtable
calor T, Forexample, ite picticne is
act sharp we pdded & hoobe that s
vou soften the mage to your thste
Its slimmwer on the outsade, Wwagrher
on the mside, with the casiest-lo
wqpviee chaeste ever built

"r‘ls:l'm-l'l'l'lllhf- The 14" (diag. ) colur pictare s beight,
i 1t's exceptionally detafed because of the new
1 10-dogeress proturo tubw fothers are 80 degreest. The
plectron bemms that “paint” tho picture on vour
screen travel o shortor distanon, so they armve
with unuzunl sharpoess and precisiin. The sew
X tubwe also permils & shimiter, mone
[ portable cessagne. actually 47 sdim
et Ehatt comperntne miishicls

Poside, the Arposy is g triamph of
clectronde engmneering. The chadsis

skt ohmnsin. 15 100 aalid stute. Tubes that can
deteriornte and caese colirs W lade, slite or wpsh
gt have bevn repinced by advanced sobd <iate
componmnia. The resalt: o reliable. cooler-running

sy: the best
le ever built.

poswver plant capmble of much more consistant TV
sigmal processing
Uhe moidular desypm of Lhe chis=ss, valled " Trans
: Vista™ 100, muscks apother dry-
matic miivanese. Most set Tunctions
have bewvn prouped on 11 remons
alie carcuit boands —we call Ehiom
AccuCirouits. Should sh Acey
Circwit failure ocour, the service
A e technldan  simply  locates  the
ActuCircuits.  faulty board and snaps a fresh one
in place. Stmple a= that,

This extraordinury tidevision set comes with an
extraordinary warramty, which we're proud Lo
disriber below Basically, 10's @ [l vears covermgen
i both puarte and labor, plus Uwo vears on the poc-
Lieee tubwe st thee service apeney ol vour chobion.

l By "i.'-_'l BT VL oI :I.'I LA I'll"i'l_llll'l |.'|J|.-u'|' ;mrt;;h!b-
but vou can't buy n
betier one ot any price.
=ee for voursel! at your
HOA dinler's,

MU ATED 1 IR PPN

ARGUISY I-'YEAR PARTS AMND LABOH VCEIWERAGE - BASIU WARRANTY PFROYISIHONS BUCA o=
aarante=in the ljes recsl peachnei char for oo {ad] vour froam s dase
o prirhaae FUA C rrpersteon mll pay ol Dedbor charpes e repesir rd dedsn eyl wall mahie secanishle gl jeaemie (e gep
gl e o i b Db ey LN S iph & s afven  ==s) Grersinrbatam b nral (i s wswior preey = e puir-tuns &
rempaH sl iny. | 1) bee pecturw Cul e Dee=aees ilovfeact ] veow | Plum dw g vege
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CHROMACOLOR

Now the biggest breakthrough in color TV
comes in small, medium, and large.

Last year, Zenith introduced the most revolu-  the brilliance of Chromacotor, in a choice of
tionary color TV system ever invented. Zenith 137, 23" and new giant 25" (diag.) screen

Chromacolar SIZEES.

Mow Zenith announces the Chromacolor At Zenith, the quality goes In before the
family. A complete range of styles and SCreen  Name goes on
sizes, featuring Zenith's Handcrafted chassis Remember: Only your Zenith dealer has
and patented Chromacolor picture tube. Al Chromacolor.



Thenew
most automatic

[t's the new Kodak Instamatic X-90 camera. Does more of everything for you.
Automatically. So you don't have to. And it uses the new Magicube Type X, for flash.
The kind that doesn't use flash batteries. So you don't have to worry about them either.

All sorts of things happen automatically when you drop the film cartridge into
the new X-90. It automatically advances the film to frame #1. And to the next frame,
after each picture. Automatically sets existing light exposure by electric eye; sets
flash exposure as you foeus. Automatically warns you when to use flash. And when you
need to change a used-up Magicube.

All this automation comes with a computer-designed /2.8 Ektar lens of unusual
sharpness. See the new Kodak Instamatic X-90 at your photo dealer’s. Less than $145.

Kodak Instamatic®X-90 camera.

Price mubject to change without notice.




Unfortunately, only
God can make a tree.

The cnly part of 8 Yamaha piano we don't make s the wood, We even
make the sgquipment that makes the partz, 105 not that wo daon't Crast
gulside suppliers. Ti's just that in over TO vers of making fne prlanos
e e found we can make any part better than we can boy 18 Wikh
e exception. And unfortunately, there's only one supplier

Jut then, 18 probably all right
He's heen in nisiness even
langer than we havie

2YAMAHA

1 ey e aa TR, D P (R

Read it an

There are nearly 500 [raveLodges in the

LS. and Canada. This hittle directory tells
vou where they are, what facilities they
have, what rates to expect. Carry it with
vou. And get a good night's sleep,

no matter wWhere you ane

' kb e |

Box WKL, El Cyon, Caltlornmia 92023
Lentlemen: Please send me voul

iree directory

M AT




What can your USE&G agent insure?

All kinds of people, places and things: that's whal
your USFAG agent can insure. He's the insurance
professional, the independent businessman you can
trust for competent, personalized counseling that
helps protect virtually all you value. Consult him
with confidence as you would your doctor or lawyer
He's listed in your Yellow Fages
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FLIMN T AGSSEMBILE
FAFER MODELE OF RARE STAMP FREE
HIBTORIC AMERNC AN
L.I... - LAaMDMARKS R pn;ku[
iPhmmaaE dafferenmts Mol i Enele 18 tg | ﬁudl‘.’lﬂ "ﬂ I..'rundi
Mawltle=5, Y 5] Cafmimial CaonHdsl. Ve LSS "HHH Hﬂnnﬂdf, Trinﬂglﬂ'.i:
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clis gusar. [ 5 TLL! ilj | d 4
Iiupanuos Ml . 1.80 The .'L-"}.- ni Fexon 250 Degs, Cats, Reptiles, plus others,
y ik 3wl 1 1 James Fort, Va 3 1)
bl e o pepalage Io0 Moddel 3 eash ahdilire=ns] ALI‘ FR EE
Campdnta st here am Mequed Send 10¢ For maiking,
MONTE . D. Box ONN IORONTD .
EMTERPRISES N TOW hja“:" S E[ﬁP]HE SIHmP [ﬂHP canana DOEPT N5

Higdo up and down aipirs on this molorized =hair
that travels quistly an 8 smoath, stesl Wwack. Al
moving parts encidsed. Costa abput $1000 1s
#1500 instalind in maoal homes, Thoupands in
une arourd the world, providing wondertul fraedam
ol movament for the aged and the handicapped.
A8 avmilnbile: Dover HomeliFT reaidence sieva-
m tor. Write lor |itnrature.

J-TC) cORPORATION | ELEVATOR DIV.

Dept. .90, P. 0. Bax 2377,
Memphin, Tenn, 38102

Sound off. For manners. FOR YOUR SPORT AND FAMILY FUN
in Colaradao, the fatl line is rie 48 EAA

BEFF ST Gnp—es =M CIIMILC]
i

Fuiid al ki [ 1L fpiinn =k
generally clear as an alpine it b e WL GUDE ottt
mﬂ rni nga " :Ir.-l"l-. "- -I |I- Ix . me . -"—:'..:- l'iirll

Carve christigs into Far:wer Ez:t:rﬂss- G Apt PEATANT em
boundless snowfiglds, Sweap
up again aboard Amenca s TRAVEL CRAFT
widast, wildest ghoice of
chairlifts and gondolas. Top
gach day's adventure with
sophisticated aprés-ski

ramw (= FEETIN
niE 1

Fabwlous 14 faoi

NOW:19

camaraderie. BIG |
It should Happen Lo you. It can. BASIC KIT NEW |
Tha n shows how. Free or i
[ T Illlﬂl.E llllll TR R R R R R Fn’ﬂmv HLFELT Eﬁ &Ing :I
ErerEad fl'll'l'l .5 lg'g i
Sagim af Colgpido, Oiviizer of Cammuidtin & Dekwlipsant $"I 'I 5 Fitiais Ruiked
. Y14 Staty Cogstai Bidy, Devesr, Coluess 30707 i st
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CHANGE OF ADDRESS?
ATRACH YOUR WATIOWAL GSEOSNAPHIC LAREL WERE
print pew sd@ien bafaw, oip sad =nl I Mublanal
Eeagraghis iotiely, Wealiagton, DL 2003 (Hove
B gordian sbeul youi mugatnei Affech label 1n Fhis
tasm, and iy 10 paur fefed |

MAME
WEW AhipaiGs
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NATIONAL GEUGHAFHIES

kept neat, clean, handy

Flagarines and maps ship into thess ang-
zpoime lilkes 1o become veluabls: library
reffrence Voiumes, Laok ER Tins Bosks
Laather:lfhe, bogk-red fronts temudifudiy
emboe=ed jn gald. Now fadeprodf. Cee file
fhrofds © issues or many mai. Inciudss podd
numbers far adding dates, =i, Guarin-
tead. Send check o THE HIGHEMITH CO,
I . Fort Atkinson, Wiz 53538

! - E Matianal Gragraphic Filps
Bigpy = -3 malEnTimE Tiies and ore
- e Fide ol 5535
| (on S oolsiEe U500
posipacd
a3 -|r||-‘|'||'"|
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Proves (e Bible

Prafessor Yadin
fean of Archeology in the Hebrew Uni

suthor of Mazsada and
PRSIy i lerusalem testifims that a
chegiogy is proving the accuracy of
belilical history, Hit stitements
er with remarkable sccounts of siches
lagica Tindegs in Bible Llands, will give
PO TENEwid |.=!I! in the Bible. Raad the
Bible's messags of hope relevant to the

chaalie

tngeth

bimes i which we [ivi

I Send for a2 FREE booklet today i

l BiBLE AMEWERE, Depi. & M

Now 0 Sererel Pegl CMes
Maw Yare, WY 1066467

Firasr wEnd wB  wilhao! "lJl._ﬂ" o,
Archeningy Proves the Bible
MNafme
AOdrEES
Lty R
I Stare i
e T BT L L T epeap——

We'll give vou the sun and the
midn amd the Hollvywood stars,

for a visit.
Sunny days. Clear, cool mights
Avid glamorous Hollywood.
LCome

[heyv're all vours

see the stirs” hoimes
Cirnuman's Chinese Theatre
Tour o motion pieture studio
and the big TV studios. Come
i Southern Californin now
we'll mve you the time of vour
life. For a free s _|'I-:u.',_"_rj-__'
map, write: Southern California
Visitors Council, Dept. 102
P.G, Box 55026, Los Anpeles,
Cabfornin 90055

Everything's going
lor Southern California

THE AGE OF CHIVALRY

fabled lands of medieval Europe-
s anclant
and Grusadar batllegrounds
the pageant of 11

oirney (o tne
[0 fs leudal castles and walled cilies,
porte, shrings of taith
From Constantine O Joan of Arc

cantungs caomeas alive. YWitna=s the Darth ot Gothic

art and archileciure, [ha invenlicn & mechanica
plgcks, the start of universitieas and the jury system
378 pages, aglow with €01 color pholographs, paint-

ings, and map:
51' S99, Dius post Hoe gng msnainrg
Order from NATIONAL GEDGRAPHIC

Dent. 60, Wash

SOCIETY
_-'."'Il_l _i'|"l

|I-:_.:_':_-||l| .!-: i



Our plant sites go

through 17 states,
but you only go through George.

George Defigl (Day-feal) 1= How dioas e do 117 By resources. Hhings like that
possily Ihe busiest real baing able o contact a B st et George dO Il He's
gslale man in the country man livirg in almost every N business 10 malch your
Bul that ligures BMN-served commumily in fha uginess 1o the best possible
Hecause George’s Amercan West, A man who gife. He'|l come nght o ywour
compamy'— the néwly-iormed  Knows iha iengih on the oifice. Cr picK you upin ane

_' - - I- | S - - - I
Hurhinglan Northarn—maay 1 FOWI

1Q saason, whean the of Qur company (els ang 1
sell deal with more real oods caome, who chairs Ine vou oul for a paersonal ook
psiale than any ather firm city counc, And that kind of Heiore you plan @ move

I-_--_-. e Can S g Tayl T 4 IR -INE-Sn00 INToTTEE T a3y r3 | [sBEOfTe 81 61: -E_.-I:'. & _-l

IROUSAEMGS Of acies O Ge 8 Dig nalp Or write him at Burlington
i

¥ aiondg e Al ENIE means you don wortnes
rails of Burlington Marthern nave 1o talk to 17 guys aboul St Pau! Minn 55701

I eveary ma|or marxeting I3hor supply Or power supply He |l show you 8 road 1o
grea from mid-Amanca to Fax |aBwes ar zoning laws d new plant site that's nol

the Pacific coast Water sources or natural paved with red lape

BU
- RLINGTON NORTHERN
vl

Linng places in e Amearicen Wesl



The mother got over her rubella in three days.
Unfortunately, her unborn child didn'.

T o pregnant mothers, rubella
((erman measies) means a few
daysin bed, 3 sore throat, a runmy
nose, lemperature, and a rash

But if they're 1o their first
month when they catch it, theres
a 40% chance that to their unbom
babies it can mean dealness, or &
neart condition, or brain damage,
of cataracts which cause at least
partial blindmess.

Onlylast year, an immuniza
non agmnst rubells became avml-
able. But whena pregnant mothes

For g e booldet gbouaf immsimzastion., »

gets immunized, the prevention
may be as harmful to her baby as
the disease

S0 ifunborn babiesare going 1o
pe protected, 1t will have to be by
inoculating the kids who infect
the molhers whom turninfect the
feiuses.

And it will have to be done now

You see, rubella epidemics
oreak oul every siX 1o nine years
l helast outbreak was in 1964
Which means the next one 15 due
any day now.

In the last epidemic, 20,000
babies were deprived of a normal

childhood —and UK more de-

prived of any childhood at all
Decause no immumaaiion existed

[t would be unforgivable if the
same thing happened
cause an immunizaton existed
afd nobody used i

# Metropolitan Life

We well lite insurance.
Bur our business is life

AFRILND Deé-




Polaroid®

[nder 5160
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Linder $60

Thered better be a sood reason.

Both of these Polaroid Land cameras will
give vou a great color picture in & minute, A
black-und-white one 1n seconds

And completely automatic exposures even
for fash shots

But the camera on the left will do things you
would not beheve,

It eveén tells vou when your picture 1s per
v developed.

fect
with a sharp little "beeep.™)

[ts electric eye and electronic shutter are 50
sensitive they'll set any Kind of exposure auto-
matically.

Color time exposures up to 10 seconds long.

Even black-and-white snapshots indoors,
Without Rash.

This camera 15 brilliantly equipped. Zetss
Ikon single-window rangefinder-viewfinder {you
frame your picture while you focus). Sharp trip-
let lens. Strong, lightweight metal body fimished
in brushed chrome.

And with optional attachments, this camera
takes portraits, self-portraits, and close-ups as
close as 9 inches

You can still save about 51000 with the one
on the right.

Just tell voursell money 18 everything

Polaroid
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