










































tooKlNG AHEAD

away. many of ıhe dirccıions havc alrcady
been sct.

This article is bas€d on an assessment of
ıhe fuıure as a framework of the possible-
as helicopter pioneer lgor Sikorsky once de-
scribed iı-by some l00 cxperıs in industry.
universities, fcdcral agencies, and venıure
capiıal firms in ıhc U.S,. Weltern Europe.
and Japan. Forıy <rf ıhese experl§ makc up
FoRTUNE's Probability Paıels. offering
their prcdictions abouı the lilelihood of
specific innovations a§ shown in (he acconı-
panying tables. Surpriscs arc bound to
cırıergc along thc way lhat nıa!, ıhto$,somc
o[ ıhc predicıions off ırack: Wiıncss lhe rc-
cenl surge in high-ıemperaıure supercon-
cAing materiaIsl Buı. says l BM'ı Gomory.
"lorgeı the unexpected-ıhe unexpecıed
will jusı acceleraıe the progress. Believe me.
we're having a reyoluıion wiıirouı sup€r-
conductivity or anything like ıhaı."

A tour of whaı's coming by 2000:

IHE EXPERTS ACRIL ıhaı prog.

! ress in both consumer electronics

ı ",5 ;"TJJ*:,"ll :.,*1,1,"il:,§
chips. These adYances have been nothing
shon of spectacular_ and they will continue
ıo be so. Jusı I8 years ago Inıel Coç, pio-
n€ered a 1.024-bit. or one-kilobil. DRAM
(dynamic random access memory) chip.
which held about 4.000 transisıors and re-
lated components. Today, fou r-ınegabiı-
four-million-bjt-DRAMs with abouı l6
million components 8rc already in use.
-(A one_billion-ıransi§ıor chip by the year

2,, .ı is not inconccivable," says Rob.n N.
Noyce. vice chairman of lntel and co-inven-
tor ofıhe silicon chip. He ıhinks that a hun-
dredfold, perhaps evcn a thousandfold,
improvement is sıil| possible with conven-
ıional ıechnoIogy, including so<alled wa-
fer-scale integration-building hundreds of
different chips into a single system. Greater
chip density makes chips chcaper and com-
pute6 smaller and more reliablc.

Along the way a new kind of informaıion
sıorage and processing ıechnology may
possibly emerge. Oİ e inıriguin8 candid8ıe:
an opıical liquid-crysıal medium thaı
would allow information to be stor€d in
lhree dimensions, insıead of the two di-
men§ions of today's chips. Thi§ would pcİ.
miı thc cquıvııGnt of thousınds of mcmoty
thıFİo.8a jİtrıın d,|i!oı irğdcc thr3ııG of
a tofrec cup. s8ys cahcch chip dcsi8ncr
John Hopfield.

lt's alrcady clcor ıhOı ıh. 80tlopin8 Gİ.
ıcnsion of ıodıy's ı.chnolo8y wiıl give

,c{eN6t lılt NOzzl,t otsIoN
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To spokcncommands, a computer.Ğconrigurıs ı |et-cogİne housing ınd submits lt to tests.

compuaers of the year 2000 an electronic
punch tha( wi|l sıarıle today's users. Desİ-
top workstalions will pack ıhe power of
whaı we now kİow a5 supercompulers. Su-
percompuıers ıhemselves will soar inıo the
numerical stratosphere-as will ıheir cosı.
Supercompuıers of thc future aıe expected
ıo do aı |east four ırillion complex calcula-
ıions 8 s€cond- 1.000 timcs more than ıo-
day. Thc biggesı may cosı as much a5 §ı
biuion, buı that will repres€nt a vası im-
pr]ovem€nı in computing bang for ıhe buck,
A whole corporaıion mi8ht be built around
a sinğe supercomputing sysıem.

one big challenge: d€vising appropriate
sofıware lo run ıhese supercomput€rs,
ıvhich will likely consisı of hundreds or
€ven ıhousands of individuıl computers
runningin parallel, lfthaı ıyçıe ofprogram-
ming can be masıered, and mosı experıs be-
lieve iı will be, superconlpuıers will cmerge
as great vision- and inıellecl -exıend ing en-

ğnes by üc year 2000. Kenncth G. Witson,
a Cornell University Nobe| Prize winncr in
physics and an experı on supercompuıing.
pİtdicıs ıhaı ıhe machinş "wiıl opcn Yast
nGw domıin§ of 6cicntı6c İlsGiİch{o
ıııinı lüıi ııt tnscccs§ibıc ıo ttıdttionrl
cİpcİlminıüı or thaor€ıical modes ofinYcs-
ligstion.' Supcrcompuıcrs. hc .xplains,
will cnsblc acicnılsıs ıo "scc" objccts on a
§mallcr §calc ıhın microscope§ can-s viıal

contribulion to chemistr!. chemical engi-
neerin8. molecular biolog!,. and other
fields. Supercompuıer§ could also describe
lighıning-fast events.5uch a5 the chemisıry
involved in photosynıhesis. in greater de(ail
thah today's insıruments permil.

The supercompuıer of the year 2000 will'
cmerge as an indiipensable indusıriıl tool,
because its enormous capacity will mate
possible mathcmaıical modeling of com-
plex phenomena thaı are influenced by
huge numbeıs of variables. Among oücr
things. it is likely to serve by ücn as a full-
ffedged electronic wind ıunnel. Where to-
day only portions of airplanes can b€ ıested
in computers. comp|eıe airframes ıvill be
"flown" inside supercomputefs aı super-
sonic and hypenonic speeds. Betıer cars
will be designed in computers because an
engineer u/ill be able to "feel" how a car
handles before iı is bui|t. on thc screen the
designer could repeaıedly crash his com-
puıer-model car inıo barricrs or other cafs
lo scc how well iı withstands ıhe damage.

The desi8,n of new maıcrials should bcn-
cfiı spccıscularly from ıhc new supcİcom_
putcİ..Pogcl. "Scicnıists havc so fır
öıpltİdl tnü:ın inftılr6tnr.I, ttıcı|on of. .

possiblc forms of malter." §ays Wilson.
sincc ıhc propcnies ınd sirucıure of molc-
cul.s Erc Üİıi!ırıeİy dctçrmincd by ıhc in.
ıeracıions of ıhe €lcclrons within ıhcm.
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ın thisApple comput!İ Goncçpt, ! de§ıtn could baprov€dout withoğt buildina a prototyp..

§pciti in un\ıruçıurcd and inconşisrenı
ways. Compuıcrs havc comparable prob-
lems idenıifying visual patterns and recog.
nizing objecG from varying an8les.

To the rescue. by the year 2000. may
comc ncurıl circuiıs. simplifcd analogs of
much more complcx human audiıcııy and
vi5ual ncrves and relaıed sırucıurcs. one of
thosc unpredicıable ıwisıs in ıhe high-ıech
road to the fuıure may be a $2.000 board
for pcs thaı will allor\, ıhem to understand
several hundred words of conıinuous
speech. Thc board. ıahich Digiıech lnc.. a
small Missouri conıpıny. says iı wiII deliver
by ıhe end olthis ycar. uses chips rhaı try to
imiıatc some ol ılrc car'r sound-processine
funcıions, Sımilar work is in proğress in rİ
sion. Calıech's noıed microchip designer
Caıver Mead, for insıance. ha§ already buih
a chip ıhaı imitateş some of the eye\ infor-
mation processing.

By putıing some ofıhese ideas into prac-
tice. says Jean-Louis Gassee. Apple com-
puter's scnior vice president for research
and dev€lopmenı, "by ıhe year 2000 com-
puıen will se€m magic ıo my yif€. who
really doesnl lite compuıers.'' The day
may \Mell have come when machines re-
spond readily ıo spoken commands-and
even answer back, just as ıhe strong-wil|ed
HAL_9000 compuıer did in the 2Gyear-old
film 200l: A Space üyssey.

Y THE YEAR 2000 most compuı-
eıs will have losı ıheir familiar
boxy shapes. Th€ idea is to make
ıbcm more compaıible wiıh peo-

ple by makin8 ıhcm look less like machines.
Says Gomory: "One way ıo make compuı-
ers ei§y to usc is to prcıcnd ahere is no
computct. Instead, you İeproduce on the
screen whatcver you'rc uscd to. Ifyou want
to wriıe a leıtea, you reproduce a piece of
paper on Üc screen 8nd you wriıe on it.
The computer ıranslaıes your handwriıing
inıo type. If you wanl lo file ıhe l€n€r. a

Wilson says. sufficiently powerful' super-
compulers should theoreıically be able lo
"predicı everyıhing about a maıerial \r,ith
no experimenıal informaıion $,haısoever.'
by calculaıing those intefacıions. He adds,
"The potential imponance for both basic
research and indusıry applications is be-
yondanyıhingone can imagine ıoday, ifre-
liabitity could be achieved.''

- The discovery capabiliücs of compuıcrs
of all sizes will b€ enhanced by the gİeaı
leap in computing power by the year 2000.
The reason: üe advent of what scientists
have begun to call ..visuat compuİing,''
which in effect reproduc€J rea|iıy mathe-
maıically ıYiüin a compuıer so ıhaı objecıs
can be both seen and manipulated in all
sons of ıYays. The naıure and bchavior of
an objecı or phcnomenon can be describcd
in equations and presented visually; ıhe ob-
jects simulated can includc anything from
ıhe slğering mechani§m ofa car to the inte-
rioı of a star. This kind of computin8 wilı
opcfl up new ar€as to scienıific inqulry anğ
bıing producıs to market at unhcsrd-of
§peeds by allowing ıhe rapid testing of aı-

iı: "l don'ı care \^,hether we're traveling
down the bloodsıream and inside ıhe hean.
or lmking at a bui|ding shaking in a simu-
laıed earthquate, or aı an interior design of
a hous€. or aı a demographic projection
u,iıh six variables. I jusı wanı ıo see whaı's
happening so ıhat if my mode| does not
yi€ld ıhc resulı§ ı anticipaıed, or if the in-
terrclationships beıween ıhe variables are
incorrecı, l can 8o bacl and changc lhe
simulaıion."

Anoıher gıeaı benefiı ofsoaaing compuı-
ing power will be lhe anival of üe lıuly
"us€r friendly" compuıer. A great gap sıiİl
separ8ıes man and machine. Despiıe their
compuıaıional bri!liance, which dwaıfs
man's, ıııachines havc horıendous difficulty
with spe€ch recogniıion becausc peoplİ
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LOOKlNG AHEAD

pieınıtofı 6liıu.cıbioct ı9p.ıı! ind yoıı
sıicl üe leııcr in."

Handwriıing as a means ofenıering data
inıo computers. in fact, tops the list of
many experıs' predictions They feel it is a
mofe naıural way to interact wiıh compuı-
e§ ıhan using keyboards. even thou8h
somc pcople can type lasıcr ıhan ıhey wriıe
and oıhenı havc messy handwriting. The
wriıing would be done on ıhin flat ıcreens
placed on desks. much like blot(efs.

Companies are hard at work on puıting
these concepts inıo pracıice. IBM. for one.
is developing components of an electronic
book that would contain the text and illus-
ıraıions froın hundreds of volumes on a
small diskeıte, wiıh an easy-ıo,read liquid-
cr}sıal screen instead of pages- "We could
eyıq give it to you in a leaıher binding if
y. prefer"'says Gomory. In addhion, it

ould b_cı*dtı a coııpuıçıizcd ıvoıkboolç
ı small machine for şıord proccsing ınd
other applications th8ı 0 lrave|cr could car-
ry along and comn,ıunicatc wiıh in long-
hand instead ot using ı keyboard or a

mouse. Texas lnstruments is also exploring
the idea.

l l ITCHELL KAPOR designed
ni the Lotus t-l-J \Dreaosnceı
lll Drocrams and ıs now cha|rman
İ 

' 
İ oı un ıecnnoıogy ınc., a Cam,

bridge, Masachusetts, sofıware company.
He sees a|most all PCs asuming the shaç
of hard<over books in the year 2000. He
predicts ıhe appearance of a computer-
bas€d referenc,e book, a cross between a
dictionary and an encyclopcdia, thaı an-
swers questions about çoplc. placeş and
eYents. Gassee o[ Apple envisions comput-

many
la

Noyc€ of ınıel cıp€ctsıo soe a personalizcd
elccıronic file by thc ycar 2000. He de-
scribes this devicc as "a filiııg sysıem ıhaı
wiıl rcad ınd recall cvery piece of informa-
lion that comes across my desk. or ıhaı [

deal with in my dıily activity." The device.
furthermore, would have "instanı commu-
nicaiion wiıh every other computer." The
function ofcomputers will also change dra-
matically. Th€y wilI. in esstnce. become in-
struments of access to a network over
which desired information ffows rapidly on
demand.

Telecommunications are converging
with computers aı an opponune timc. Just
a§ computaıional capabilities are bcginning
to soiır. the ıelecommunicaıions industry is
rapidly switching from analog to digiıal

,PnlNI our TIRT RIPOBı 05 8ı[L,s,
ıt lLl yOU, BNo fRH ı COPY İO ,rOı|N
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transmission of signals-the "bit" lan8uage
of compuıers. Furthermore, ıhe industry is
greaıly enhancing üe transmision capaci-
ty of exisıing ıelephone line§ to allow si-
multaneous ıransmission ofvoice. data, and
video A few years funher in ıh€ füiuıe is
widc r§€ of capacious fiber-optic cables in
b§iness and at home. GassĞe calls such a

le "a data hydranı."
The tcIephooe of üe yeaı 2000 will

evolve inıo what Bell Labs' vice president
for research, Amo A. Penzias, refers ıo as
"an inıeglated information appliance."
This would be a sleek device rvith a targe
flat screen that would allow picture-phone
conferences in full color as well as offer all
Ihe oıher accouıerments of ıhe informaıion
age: ıhe abiliıy to send and receive docu-
menıs and me§ageı act as a full-size
compuıer. and provide access ıo many in-
formation sources.

OLAND C. MOREı..O, presidenı
of Paris-based lnnovatron and in-
ventor of a "smart" credit-and-
charge card equipped with a chip,

sees counterpafis ofthe French Miniıel sys-
tem in wide use in oıher counrries by ıhe
t of ıhe cenıury. (West Germany's Bun-
u!]po\İ. the fedcriıl po§ıal service. is noç
expanding iıs version of the system.) Mini-
tel replaces ıelephone books with a smal]
computer terminal. Besides finding ad-
dresses. it can buy theater, pıane, and train
ticket5, send bouqueıs oİflowers wiıh notes
trans|ated if need be-albeir clumsily-and
find girlfriends or boyfriends, the ma-
çhine's mosı popular service. Minirel is
now in usc in nearly four million French
households and oJfices a5 a govetnment-
subsidized experiment.

Japan's entry in the iuture-telephone
derby is likeIy to be an insıantaneou§ trans-
Iation ıeIephone ıhut will wurk i!i lca5t in
English and Japanesc, for openers. NEC,
thc Japanese clccttonic§ giaİt. bc8an rc-
learch on the Projcct in l98]. Akihiro Kita-
mura, a NEC vice president, says it will
take aı minimum anoiher five to tcn years

to complete the device-assuming the
problem of recognizing conıinuous speech
will have been masıered by then,

The Age ofInsight is also revoluıionizing
both medicaI diagnosis and lreatmenı by
making them far quicker and more specific.
An imposing array of new tests and instru-
mentation-from antibodies that seek out
harmful viruses and bacteria to vasıly im-
proved body-scanning technologies-are
op€ning the interior of the body to a new
view. AlI İhis should allow doctors to diag-
nose infections in minu@s instead of days
and hean aıtacks in seconds instead of
houn. They should also be abıe to detecı
tumors before sympıoms appeaf, permit-
ti4c lrça!ıneallo begin earlier and dfasti-
caıly improYing the chance of success.

New insights into human diseases would
spur the creation of elegant new ıreal-
ments. For instance, Leroy Hood, a bril-
liant Caltech immunologisı. says that by
ıhe year 2000 ıt should be essenıially possi-
ble to prevenİ such autoimmune diseasğs as
rheumatoid anhritis. mulıiple Sclerosis, and
insuiin-dependent diabetes, in which the
body mistakenly anacks its own tissue.
Clones of immune system ce||s gone hay-
wire do the damage. Hood and his asso-
ciates aIe already designing ways to remoı,e
such undesirable cell families in mice.

One of the experı:' nıosl 51aIı]ing nredic-
ıions i§ ıhat by the year 2000 iı shoul<i be
possible ıo regrow whole organs. or parts of
them. in the My instead of replacing them

*ilh tran§dın*. Thiı'çtiuld comç abouı in
aı leası two ways. First, scienıists could de-
cipher ıhe remaıkable biological prrıgram
that lcads to the growth of a new hcart in
an embryo, for example. Second, they
could repair sections of a heart ıhal had
been damaged by a hearı atıack, say, by ad-
rninistering Such tissue-restoring sub-
Staİces ıs the fibroblası growıh factor that
the body ınakes to regenerate blood Vessels.
California Biotechnolo$/ lnc.. of Mountain
View. the firsı company to clone the factor,
has shown that it significanıly accelerates
the healing of wounds in animals: tests on
people staİt next year. The growth factor
aıso appears to repair nerve cells such as
thos€ destroyed in the brains of Alz-
heimert victims.

Y EXTRACTING such healing
substances from lhc human body
and dup|icadng them through ge-
netic engin€ering, scientists are

cashing in on-and enhancing-the body's
remarkable ability to hcal itself. Genetic en-
gineers have hit a potenıia| bonaıza: The
body makes abouı 100,000 proteins. Says
David Bosıein. vice presidenı for science aı
Genenıech. the biggest U.S. bioıech compa-
ny: "Suppose I70 ofthem have the potential
ofbeing turned into pharmaceuticals. That's
l,000 new drugs." other druş of the year
2000 Should include inexpenSive and highly
specific moiecules tailored to fiı receptors
for hormones. pepıides. and other sub-
5tance\ lhı( Iegulare physiological evens in
the body from hunger to the sex drive.
These precise]y nıgeted druş will replace
chemicals discovered by the historical ırial-
and-error nıcthod. Geneıically engineered
vaccincs. stıch as the recenıly jnıroduced
hepaıitis killer. could eradicaıe ırıany inlcc-
riou! di\eases. inc|uding maıaria.

Thi\ ccnıur}') crouning açlrievcnlent in
biology could we|l turn out İo be the deci-
phering of the human genome-the deter-

n chance,
ıtİ.c|.ı .;
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tOOKİNG AHEAD

minaıion of ıh€ order. conıcnt. and
locatiı.ın of the gencs on thc humiın chro-
mosomes ıhaı control ıhe body's 8rowıh
and well-bcing. Brokcn down to the most
basic chemical level, says Hood of calıcch.
those instrucıions would fiII 500 volumes.
each 1.000 pages long. each pagc conıain-
ing 1.000 words, each word consisting of
six leııers of the DNA language. Thc map-
ping of ıhe genome would open broad neu
avenues of medical diagnosis and trcat-
menı. In basic biology, comparaıive analy-
sjs of ıhe 8cnomes of mice. fruit flies. and
people would al|ow scientisıs ıcı brcal thc
oıhcr ıwo slill undcciphcrcd D\A codcr-
onc ıhlı dicıaücs \ıep5 in celldtfl!,rcn(ıaıion
ga(de\elopmenı. anoıher ıhaı 8ovcrns Ihc
, :ıure rıf chromosomes.

an iiŞ- *),:.ff l:l1[' li,.:"';:
İ -specıacular nossibilily of creaıing
V an,,ra,, new ı}pe, ol Dıo'lructure\
for nıcdical and indusırial uses. A molcculc
might be designed, for instance. ıhaı t!ould
conn€cı with cancero§ cells and make
ıbem reven lo normal. Deciphering the ge-

nome wouıd also allow doctors to prepare a

8enetic prinıout of a baby aı birth to spot

^ 
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Poşeı tıanımission.,...

Lev|tating tİan§portation

susceptibility ıo various discııscs and to
sıart early trealmen1,

Surprisingl1. FoRl U\ı 's Probıbility
Plinal doubts ıhıı ılre lrr()sı ıalked-abouı re-
ccnı scicntific hrcakıhrtıugh-supercon-
ducıaviıy-\ıill conıribute much b1 ıhe
year 2000. The phenomenon greaıly speeds
the flow of elecırons by cooling the con-
ductors they pass ıhrou!ü-ıo ıhe poinı
where they lose resisıance. Buı lan Ross,
presidenı of Bell Labs, sa}l ıhat while sü-
perconductivity is of 8reat interesı in in-
strumentation. working at exıremely low
(emperatures in compuıing and signal
switching is "too irksome." Chairman Gor-
don Moore of lntel adds ıhat he is always
suspicious of new technologies "whefe ev-
erybody seems ıo be excited about iı for

SUPERCONDUCTİVİTY
The3a aıpartı ihlnk the ttchnology a9llkoly to lmgrove mlgnet6 and motor§, bul doğbl
thaı ruch thlngg 8s magnetically l€Yitatlng tralns wll1.oonbo 8 commercıalİoollty.
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En\ lx lİt l9ıOı. xolll ıOInTt

nıI scnN 90. ı0 llt tıN sEt ll ,ıOM
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somebody elsc's applicaıion. You know,
'My vierr ir thaı iı doesn1 impıcı ıhe kinds
ofthings *c do nıuch bul ıhe po\ıer gcncr-
aıion pcopie u,ill find iı grcaı."'

ln T lB\l. (ioıroır drarrs ı slıitrp
§B u,,,,n..,,,,,, D(tu((D nc\\ \ııpcr-

|| .unura,,ng milterıaı\ a\ \cıçnıtrıc
I ldiscoveries and ıheir possible
ıechnological applicaıions. He says. "A
door has bccn opened into 1h€ unkno\ı,n
and wc don'ı knoıı whaı's on ıhc olher
sidc, Wc'rc in a çhole ne* world of maıcri-
als. l{ı:,ıory has shown u\ lhıı over time
that (ends ıo amounl to someıhing." Buı he

8uesses that most ol those breathless fore-
ca5(5 abouı superconducıiviıy powering
300-mile-per-hour ırains and carrying elec-
ıricit1 cheaply over long distances probably
won't come true.

The impacı of new ıechnology on every-
day work and life in ıhe year 2000 will be
more subtle than the dramaıic ıransforma-
tions wrought in ıhe Iifetime of Gomory's
father by automobiles, airplanes. movies,
antibioıics, ıelevision, spaceflighı, and oıh-
ef marvels. Some ofthe changes compuıen
wi|ı bring about will b€ morc inıelıectual in
content, while in biotechnology ıhe geaı
advances in diagno§tics and treatment wiıl
be readily apparenı. Says George H. Heil-
meier. chief ıechnica| omcer al Texas In-
struments: "ln the medical field a|one. ıhe
abiliıy to brin8 the besı medical care in the
wor|d to any local hospiıal ııill represenı as
big a jump as going from the horse-drawn
cafl ıo the automobile."

There are limits. of course, None of ıhe
ıechnological possibilities that scicnıisıs
and engineers are pursuing (oday suggest
ıhaı man \rill soon decipher such funda-
mcnıaı mysıeries as the worİin85 of thc hu-
man mind or ıhe faıe of the univcrsc.
Ecclesiasıcs aIso declarcd. "No man can
İnd ouı ıh! v9İı ıhıı God m0kiıh fİo(r|

'lh6 thıınıiıiü,td thğeııd." rııö Pıtiid*t
mqy not havc bccn righı abou] new ıhin8s
undcr ıhc §un, buı on ıhis onç he hssn't
bc€n provcd wnong-yeı. E

\
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vııtıy lmprov.d body-ıG.nnını t.chnl$l.ı ılll ıld botlı d|ıınoıtlc ınd ıwtıcı| ıcctIıCr.
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i""t"ıı""'i.hitii' -Ğ
tlnd !'aİğfri§tig Haut
Ti€nqı komme e§ a,

de!€iera,tigeı und
iinderurge8 d,-"r Haut.
j an deD Augen die
ü]igt uıd de. graue

i.,|l ]].um deı Milch-
]lı ıLoİoaren a}s mole-
.|o; ı. l)afauf deuten

. ] e]ner GrLıDFi|
]., lli]" jl,.ltıat von Dul-
.., |,.. ,-fi'-an Analyscn
,i la.:ı1 m!t İıei,jl ıno]e-
,. : j.,,Pchnet. ar.,. gt-
:., ,:;:halb von Itjteİ_
dc rjleme vof alıem in
nl -n j,r dencn İ],j]e_
.)ri l .ı ni.İl, l'jie sich
i,d(,1, lr lIqj fojrt ;tü-
-]: l)fa. il intelstllli {n

\'.'a"-.._.u!l der ıI]lch-
/].h, :.icht Eılhend der
:,.iung messen, (jie üıı-

'J;İısienden Vcn den
j.lict wird. Der rno]cku-
l 8ibt da8eget1 L,]i.len
.aarschenden niedrigen
- .1ıı zehn crad über
c..-lıper.aturnu] üi,J1l]üt in
- keinc nenı,,e!ısiverte

ll.rdings leBt er §ich in-
cn. In ,,dichton ' \'Jolken
usammenstıjBen andere
.)n€n bislang etwa fünf-
] gefunden wufden, zuİ
,i6ıang wulde dcl, wa§-
ichıidt anhand der An-
chlenmoncixyd nachge-
llı sterke der strahlung
oıyd hangt störke. von

der Gaswolke aıs von
wasserstoıflnoleküle ab.
slnd deshalb nidlt sehr

", Bd 314, s. 495).

l z.. .;en lıliıeııı. die ıı,l Licht İea8İe,€ıll
l ,-hııren unter a:ıderem blutdİuckle' -
l iende und harntreib€n(ie Prğparate,
i a"iltiotıı.". stllfoİ,amide, Irerzmlttel' imd Psvchopııatmaka. Au8erdeİn 6lnd
l p.tl"rte., badroht, die zu Krankheiten
i ucieen. dte durch sonnenlicht auggelögt
j ode; verstarH werden. r^Z

.,' ?kularer Wasserstoff im Weltraum
, 

^1,rıerie 
anders Verteilt / Ana|yse der Gammastrahlung

Einen Ausweg biet€t die Bçobachtung
der ,cammsstighıuı8, alie ar§ aıeİ
Milchstra8e zur Erde kommt. Dıe ener-
iieleichen Gammastİahlen (mit Ener-
Eien von mehr als İünfzig Megaelektro-
;cnvolt) entstehen vor alleE, tııen! dle
İ.,senannte kosmisdte Stfahlung aul
inierstellares Gas triıft, Das haben
UntersuchuDgen in den 8iebziger Jah-
rcn Eczeist. -Da dle AstronomcD deo
Antcil anltomarem wa§serstoff iı in-
tüstellalem Gas kennen, taBt sich mtt
Jen Messungen deİ Gammastrahlung
3rrch deİ Anteil an molekularem was-
s.rstoft bestimmen, wenı man über die
YartcilunE der kosmischen Str3hlung
hinfeicheid genau Bescheid {,ei6.

Anfatıgs bereitete dieses verfahren
SchwiFr ig]ieiten. weil die MeBergebnis-
sc del Gammastrahlen-saielıiten, vof
allcm des. ame.ikanischen sAs-z und
des europaıschen cos-B, ntcht mitein-
iı[del übeleinstimmten. Das lag zum
'I(,il an s_vstematıSchen Fehlern bei der
An.lvse der Daten. Auch wenn,noch
njchf ıüe Probleme gelöst sein dürrten,
si.lcl die neuen Unte:,sudlungen dodt si-
cher weit zuve!ıessiger aıs die früberen
AnalYseo. wenn sich das von den tror-
scheıı ia Dtırbam geİundene Ergebai§
bestatigt, gibt es im inneren, etwa 20 000
] ichliahre vom zentfum fortrei-
chenöen Bereich der MilchstraBe mole-
kulaıen wasserstofı mit einer Masse
von et,,!a 600 Millionen soanen, wğh-
rend die Masse der neı]tralen wasseı,
stoflatome 800 Mil]ionen sonnen ent-
spİiüt. ,G. P.

DtG ltnmer boch unbeant\ı,ortete trra-
ge, weıche der elnİge Milllonm J:,hre
alten homi4idcn Fossiıien direkte vor-

'ahfen 
des Mengchen representiefen,

hat au' einem internationalen sympo-
sium de! universitat vom witwaters-
rgnd wieder zu heftigen Di§kussionen
8eluhrt. Dabeı stand vor aıIem das
;Klnd von Taung" im vordefgrund. ein
iut erhaltener schedet, den Raymond
bart vor 60 Jahıen in einer kalksteın-
schlcht ın Bophuthatswana/südafflka
entdeckt hatte, Dieser Schedel gaıt bij-
lanE als überrest eines etwa sechsj5hrj
ıen- miinnltcheı Au6traloplthecus afİi-
ianus, deı vor rund zwci M]Ilionen Jah-
ren gelebt haben soll.

Nach den neuesten untersüchungen
schei t das Kind von Taung abe. nur
ırnrelchf drei Jahfe alt gewofden zu

"eĞ. 
Tim Brom"ge vom Unileİsily Col-

leae in London hat zusaınmen mıt chıi-
stıoher Dean die wachstıjmslini,n ln
de; Ziünen ernes anderen ar.5tralo-
oıthecınen Fossils anaıysiert. da5 aıIf
ilerselben waüstumsstufe stch1. und ist
dabei für üeses Exemplaf auİ ein Alteİ
von 2.7 bis 3.? Jahren 8ekommen. Len-
ger dürfte auch das Kind von Taunğ
nicht gelebt haben.

Da§ Aıter des Kiıdes von Taung ist
wtchtig, wenn maı aus der Ent$lick-
lung gewisseİ Merkmale beinı Heran-
rıechsen Rückschlüsse auf die z.igehöri-
ge Gattunğ ziehen will. so un,-erschci-
den sich Menschen und Affen ı]nter an-
deIem daduİch, da6 sich beim Aİfen
de! kieleı nach der Geburt nach vome
8dıiebt. wöhrend er beim Menschen
htnten'bıetbt. Fiir Aflen sind auBer,
dem dle stark hervortret€nden Blauen-
böcen charakteristisch, die beim Men-
sch]en und beim grazilen Austratopithe-
cu§ tehten. Dagegen lıaben die ,obusten

İ oüret11.rflg ıaü§te S eıta

Ahnenreihe des Menschen welter unklar
Augtralopithecus africanus Vorfatir dgs Homo odof Nebonlinio? / Kind von Taung war nur droi Jahre alt

AustraloDltb€clnen. der Arrstraloplthe-
cııs robuitus und deİ Australopithecus
boısel, schon ehef AhDlichkeit mit
schlmDangen. sie hab€n sich von der
zıım ı,ienschen İührenden Linie fortent-
\r,lckett. Ungeklaİt ıst b:slang, ob der
AustraloDithecus africacuj schon zu
diesem Nebenzweig 8ehörte oder noch
s"mein.a-"" vortahi des tIomo und
des robusteo Australopithecus war _
ode! ob de! aıtere Au§tra"lopiüecu§ ata-
rensis- der vor rund drei MillioneD Jah-
.un geı"bt h"t, den letz:en gemeinsamen
Stammvater darste]lt.

Nach d€n Unte.sucburıgen voD T,
Bmmage entwlckeın, sich beim Austra-
loDitheaus afncanus nacb dessen Ge-
b;rt Viele schedel- und Gesichtsmerk-
male ğhnlich wie beim schiİnpansen,
aLlerdinss sehr viel la_ogsam€r. Das
fıihft d;zıı. daB der K]eİer in fortge-
schritxenem Aıter ntcht ganz so weit
hervoltritt. E§ İİbt aber auch we§entlı-
che Unterscbiede, die die :ur Erklarung
dcr flachen menschıichen Gesichtsform
oft angeİühfte Thesa, e:5e langsamere
Entwicklunı deı]te i,ü eineıı Fort-
§chritt in der EvolutioA bin, İragwüfdig
ersclıcinen ıassen.

Da6 de! robuste .\ustra]opithecus
sich von deı Linie zum tIomo fortent-
lvickelt hat, scheint unı€r andeİem mıt
seiner Ernehrung zusan:neozuhangen.
Ats veqetarieı bildeıeo sich bei itım
st^rke_ als Mahlınaschinen dienende
llackenzahne aus. die lrı einem b5fti-
eeüı Kieİer saBen. Dami: giEg nach Yoeı
i.k von der universitğt in Tel Aviv ein
Cmbau der gesamten Gesichtsrİont eln-
ıer. die elni Umverteiıun8 der Krğfte
bei; Kauen bewlİkte (.science", Bd.
228. s.42). Beispteı§weis€ biIdeten sidı
neben der NasenörlnuDg stüken aus,
ıür die es beim Homo keiberıei Anzei-

chen sibt. Ein gemeinsamef vorfahr
İtiİjtelo Uescrıallİn seirL daO er füı die
ii;"ti* in bciden Richtungen nocb
oten ist. ıacıı y. Rak trtıft daş fiit den
euİİİİİopittıecus afarensıs zu, 

_ 
abef

niclıt mehf für den Australopıthecus
africanus. der §ict. schon zur robusten
Llnie hinentwickelt habe.

so überzeügend die Afgumentc auch
sind, so ıveniğ reichen 61e guğ di€ Ge,
..rrl.nt",ınser"r vorfahrcn dıtrch-
schaubaıer zu machen; dcnn beı a]ıqp
unterschieden weist der robuste Au_
stİalooithecus auch bisI3ng unverstan-
a."" iı,.rıi"r,t"iten mit dem Homn'auf,
niniee Paıaanthropologen hirlten zudem
ııedEr den Australopithecus africanus
noclı den Australoplthecus afaİensis
iür 

"i.ren 
geoignetcn stJn.mvater des

llomo. sie meinen, man müsse n9ch el-
ne_ ınderen Kandidaten Aus.chau haı-
ten. zumal deİ Austra]opithecı!s afr;ea-
nus zwar einige Merkmale zur robusten
Liıie hin entwickelt habe. insgesamt
ab€r eher als g€mcınsa|neİ \r)rfahİ iıı
Frage komme als der elte.e Austraıo_
pithecus ala!ensis.

zu dcn schwierigkeiten d-- Palean-
throDoloEie eehöri, daG es İ.ıf recht
\venis Funde gibt. Aıül_"erdP:.ı ],ls,en
sich aie Merkmale :ln deİ, F",":lien un-
teİschiedıich inteİplat;eaen. so ıst
selbsi beim Kind von Taürİ]l k.in.:veqs
unumstıitten. daB es irı ,,1]-, Reihe dcr
sİazilen Austİalopiıheclnen (inzuord-
ien sei. Von cinlgen w'ı senscha fllern
wlrd deİ sch5del vıelrrr.bİ als re];ıtiv
robust angesehcn. Ahnli(,h sch§,aı,(eıı
auclı die -scbötzungen seirıes fossilen
Aıters. wiihİ€nd die MehrheiL der For-
scher rund zweı Milılonerı Jahre dafüt
annimmt. halten andere ein Alt€r von
einer oder drei Millionen Jnhıen lür
ri.İıtiger. GüNTER PAUL

trAr zy, y,8r

İ.r""i' }o inie.:jtltlr,:,ü könnerı Jidral- l al§o im !rın3e:ı,lroJ \ Lii|,nl"rt stİl,ı, 
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