
工t should have been the greatest leap forward in as-

tronomy since Galileo. It should have seen farther,

deeper, and more acutely into space ahd time than

any instrument the hand of man had fashioned.

Perhaps it will, SOme day. But for now, the Hubble

Space Thlescope, an Orbiting satellite that whirls

around Earth 16 times a day, is a myopic CycIops, its

fuzzy vision caused by a fatal租aw in its 94-inch pri-

mary mirror. It is a staggering disappointment to astron-

omers everywhere, a red-faced embarrassment for NASA

and its contractors, a major setback for the backers of big

SPaCe Pr(房cts and for the lawmakers who had appropriat-

ed the $1.6 billion investment in Hubble, and another

blow to the taxpayers-already sensitized by space shuttle

failures -Whose pockets had supplied the dollars.
“It’s a tragedy, it’s incredibly disappointing,” moaned

Sidney C. Wbl埠director of the National Optical Astrono-

my Observatories in Tucson, Ariz. ``We had planned to get
a whole new view ofthe universe.,’

Princetoh University astronomer James Gunn, Who had
hoped to use one of Hubble’s high-reSOlution cameras to

obtain revealing images of distant galaxies and quasars,

sent an outraged tirade by electronic mail to colleagues,

calling the Htlbbl計‘fiascb” “probal)ly the most expensive

scientifro failu乎e in history,’’and blaming the astronomical

community for a11owing NASA and the aerospace industry

to manage scientific prQjects.

Sen. Albert Gore, Chairman of the subcommittee on sci-

ence, teChnoIogy, and space, Said: ``NASAs eyes are bigger

than its stomach. We owe it to the taxpayers to find out
what went wrong, how to fix it, and to make sure it never

happens again.”

The wound was all the more painful because ofthe great

expectations for Hubble. Vith a bevy of exquisitely sensi-

tive instruments designed to observe in both visible light

and ultraviolet, and an orbit 380 miles above the distor-

tions imposed by Earth’s atmosphere, Hubble was sup-

posed to detect o団ects 50 times fainter than those that can

be seen with Earth-bound telescopes. It was to answer

SOme Of the most fundamental questions in science: How

big is the universe? When did it begin? Are there other
worlds like ours? What is the mass of a black hole? What
SupPlies the titanic、 energy Of quasars?

U血ess Hubble’s problems can be overcome, at least

SOme Of these questions will go unanswered.

The trouble with Hubble began long before its launch on

the shuttle DjscoひeIy On Apri1 24. First proposed as an

American pr〔かect by Princeton astronomer I.yman Spitzer

in 1946, the pr(加ct has been beset by delays, management

Snafus,二and cost overruns.

The primary mirror took a punishing five years to grind

and polish, and when it was finished in 1981 had cost

認諾霊蒜誌嵩謹窯謹謹岩盤
Then came the fatal Challe7喀er aCCident, and a11 shuttle

launches were suspended for almost three years. (Hubble

needs a shuttle to be lofted into o血it. It is 42.5 feet long,

about the size of a Greyhound bus, and weighs 127.5 tons.

¥ It barely fits into the shuttle’s huge cargo bay withjust a
measly inch of clearance.) After shuttle鮎ghts resumed,

Hubble was scheduled to go in June 1989, then slipped to

February 1990 and then to April. Finally, On Apri1 24,

1990, the most sophisticated astronomical instrument ev-

er built left Earth’s surface for a 15-year mission that

would bring a new era in our understanding ofthe cosmos.

But the troubles were not over. They continued with the

depIoyment of the telescope, a day after the launch. The

first operation after Hubble had cleared the shuttle bay,

but while it, WaS Still tethered to the shuttle, WaS tO OPen

its two antennas, unCOil the solarノarray masts, and unfur1
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A nine-year-Old blunder threatens the

mission of the most sophisticated or-

biting satellite ever lannched. How

did it happen? Can Hubble still delve

the cosmos?

By ARTHUR FISHER

the twin solar panels. Both operations ran irito probIems.

The antennas are four-foot dishes on lO-foot masts.

Whe早grOund-based contro11ers commanded one 6f the

dishes尋o swivel, it was blocked」oefore it could complete

its travel-by a loop of cable.

丁he on-board computer immediately “safed" the tele-

SCOPe; it shut the telescope down rather than permit

the antenna dish to strain against the cable.
` “The telescope is like a hedgehog-a Very SOP血sticated

one,’’says Stephen Maran, a Senior sta∬ scientist at

NASA’s Goddard Space Flight Center in Greenbelt, Md.,

and one of the co-investigators on Hubble. ``If anything

goes wrong, it ro11s up in a ba11. But there is a whole hier-
archy of safe modes, from benigI〕臆OneS tO Very Serious ones.

In a benign mode you lose the research you were doing,

but you don’t cIose the door ofthe telescope and shut down

the power on everyt血ng you can think of” In some料ua」

tions the computer wi11 change the pointing of the tele-

SCOPe tO get the solar arrays to face the sun as much as

possible. Then it has to cIose the telescope door to keep di-
rect sdnlight fr・Om damaging the instruments. The tele-

scope has safed itself at ,1east half a dozen times, Maran
SayS, in a variety ofways.



As a result of that first g鵬ch, the antema dish cannot

swivel throu如a11 of the arc originally plamed㍉md the

time during each o血it that Hubble can communicate (via

the Thacking and Data Jtelay Satellite System) bas been

reduced by a small but non-trivial amount. “We just had to

壷write the software,’’Maran says.

Unfurling the solar arrays also triggered a存safe’’be-

cause of an event that ¥seemed even more threatening. The

arrays, made of l′3Z-inch-址ck Mylar珊m, eaCh eight feet

wide and 39 feet long, are PrOPelled into their open state

by the uncoiling of a helical metal tape. But the computer

detected a tension in one array thatl was higher than the

permitted limit and stopped the procedure・
``That was serious,’’says Maran. “If the panels

furl, yOu have to have an EVA [extra-Vehicular誓詣
right away. The battery is dropping rapidly, and you’ve got

to get the solar arrays working to charge it quickly, Or hook

it up to an umbilical・ Ifthe battery goes dead for a couple

of hours, there is equipment on board Hubble that will fail,

because it gets臆tOO COld.’’

In fact, tWO Of the Discoひe′y aStronautS Started suiting

up and rebreathing oxygen. But when the crew Iooked out

a shuttle window, they could see no sign of the extreme

stress in the panel the computer had signaled. They decid-

ed to override the computer and continue th6 operation,

which was successful.

0ther problems梨.ose during Hubble,s first days and

weeks in orbit. Astronomers and engineers puzzled

over the telescope’s apparent confusion over just

which stars to aim at. The fault lay in devices called宜Ⅹed-

head star trackers, three little telescopes in the mid-SeC一

霊塁義挙器慧霊嵩諸藩諾宝器
are capable oflocking on to a star that subtends an an♂e

of only O.007 arc second-equivalent士o the diameter of a
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dime in a window of the John Hancock Building in Boston

as seen from the top ofthe

SayS Maran. “They were

Monument. )

in on the wrong stars.

They depended for orientation on a star catalog that had

been assembled by astronomers, and

th予ee

it tumed out that続迄

Were SuPPOSed to have square五elds

AIso, all

but one

Ofthem was delivered with a round宜eld ofview, aCCOmPa-

nied by an apoIogetic note from the manufacturer. But the

note got lost in the system over the years. So t址s star

trackeI’WaS mis斗ng StarS in the comer ofthe field because

it had no comers.’,

These’errors, and the fact that the star trackers are

more sensitive (and thus more easily confused) than they

Were SuPPOSed to be, are being compensated for by

Changes in the data base ofthe、 grOund system.

肌篭諾譜識語諾憲
CrOSSeS the ter血inator--the boundary between night and

Sunlit day. The tenやerature change from bitter cold to

Warmth happens in a span ofjust 90 seconds; this ``snap’’

StartS the solar panels jiggling, Perhaps begimlng in the

helical metal tapes; and then the whole telescope begins to

tremble.
``That can cause you to Iose pointing control," says

Maran, ``and you certainly can’t keep a star in a tiIry Slit.

This is the first problem that made people in authority on

the spade telescope pr(塵Ct really woFTied.’’

Jean Olivier, the deputy prQject manager for Hubble ;

and the mission’s chief engineer, made plain what the wor-

ry was.Unless the vibration problem is soIved, he said, “We

do not have a space telescope.’’

Hubble’s designers anticipated some vibration as being

inevitable, and incorporated compensation for it: a CIosed

loop system with gyroscopes and inertia wheels. But the

amplitude and frequency of the thermally induced vibra-

tion amount to more than the present controI system can

COPe With. The hope is t担t new computer software being

written by Lockheed (builder of the spacecraft itselD will

reduce the vibration by at least a factor of 60-Perhaps as

much as lOO-and make it possible for the telescope to do

useful work.

冒さlemetering new software up to Hubble is not without

語豊言霊蒜霊言語詣蒜豊
introduced.

g down the
road," says Olivier. ``Ybu’ve got to be careful.’’

A11 ofthese troubles-the vibration, the pointihg confu-

Sion, the problems with the antennas and solar array-

vyere but premonitory rumbles compared with the earth-

quake that rattled the space establishment: the discovery
that Hubble’s vaunted vision was so blurred the mission

would not be able to realize more than a fi.action of its sci-

enti範c goals. It was as if an eagle had tumed into a bat.

¥ TIle discovery came in June, after the telescope had fin-

ished its coarse-focusing phase and was entering the criti-

欝誓言音詩語霊能豊露盤e語詣
field/planetary camera, Or WFPC. This visible light cam-
era operates in two modes: a Wide-field mode for imaging

galaxies and quasars, including those billions of light-

years from¥ Earth; and a planetary mode for imaging the
entire face of a solar bystem planet (except Mercury, Which
is too cIose to the sun) in a 'Single exposure.

訊正二e如血

皿ode ∴顕沌請章節

0哩車中聞押Or

made ln疏e Ⅵ皿de能宣d

億薗翼型S「nearer Or farther from the pnmary mlrrOr One

Of these images should have shown a dramatiCally im-

PrOVed focus. But to the dismay of contrdIers and as一

tronomers alike, t軽竜漬璽昏‾珊

町費鵬r出所Ⅳ破記し前車r6

S提鴨M豆ran recalls bemg

June 26 to devote紐1

両膝で漬よせ直売疏; no

Bd on the mommg of

嶺珊瑚欝で和魂直視is b覗成規d‾mean
The hext day NASA released the bad news.

The nature of the flaw was immediately鍋Parent from

the blurry images. Star pictures that should have been

POints were instead surrounded by a fuzzy halo, character-
istic of the optical defect called spherical aberration. With

it, the light rays re皿ecting from a mirror (or passing

through a lens) do not all focus at the same point. PaFabol-

ic mirrors are supposed to eliminate‘ spherica工aberration;

both of Hubble’s mirrors are hypehooIoidal, a Shape that

avoids both spherical aberration and another aberration

called/ COma O鯖-aXis.

NASA engineers created computer simulatio重IS‘ Of im_

ages that would have resulted if Hubble’s mirror sys船m

had di飾erent degrees of distortion in its curvature. When

they ran one that corresponded to the spherical aberration

resulting from a deviation of only -One-half a wavelength of

light-about one-餓tieth the width of a hurmn hairTit

諾詫言慧誌操若輩嘉・砦謹慧
Certain that the flaw is in the big primary mirror; nOt the

Small one, and not in both.
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Sig∬硯で晦

軍もstifying before Sen. Gore’s sub-

committee, Lennard Fisk, NASA’s

chief scientist, Said that the primary

mirror sec;med to have been as

smoothly polished as specifications

called for-nO bumps or pits taller

than a half-millionth of an inch. In-

stead, he said, there seemed to be a

systematic, Symmetrical error in the

mirror,s curvature. “In other words,’’

he said, `笹a斑呼子?二妙二既葛、屯鐘途趣

やr輿営・ ’’
``We suspect,’’Olivier said on June

27, ``th荻弛e

the屯g早re [e横平甜屯r軒もf

but七0七島e-W調g

宜g些写.’’1

The blow to the Hubble team was

Particularly stunning because, aS
Maran says, “It was the last thing in

the world anyone thought would be

defective.

How could such an error go unde-

tected?

The whole question is an exceeding-

1y complex one, because of the exotica

of mirror testing, an /art mOre arCane

than necromancy. Some experts have

lambasted NÅSA for not doing an
``end-to-end’’or ``all-uP’’test, in which

both large and small mirTOrS WOuld

have been tested as an ensemble.

NASA’s Olivier responded that the

agency had considered but rqjected

such a test, Which he said would have

coSt, hundreds of millions of do11ars be-

cause a special facility would have

had to be built. Other experts coun-

tered that a test could have been per-

fomed for only $10 million.
/ The irritated sensibilities of law-

makers and astronomers were not

soothed by the revelation that East一

読謹蕊霊豊富捻篭
its bid a $10 mi11ion test that would

have detected the flaw. Moreover, the
Kodak pfoposal called for another

COmPany, Itek Optical Systems, tO

build a second, identical primary mir-

ror. Having two di飾erent mirrors and

two different testing methods, the bid

said, WOuld ensure the accuracy of at

least one of them, and that one would

be used on Hubble.

In fact, NASA¥ordered a backup

mirror from Eastman Kodak while

awarding the telescope contract to

Perkin-Elmer. The former chief Hub-

ble scientist, C. Robert O’De11 (now of

Rice University), believing the Kodak

mirror to be optically superior to
Perkin-Elmer’s, T|rged its use, but he

was overruled because NASA admin-
istrators felt it would poison the pro-

ject to choose the losing bidder’s prod-
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uct over that of the prime contractor.

That backup minOr nOW reSides in a

wooden crate in Danbury, Conn.

What makes the story everL mOre
complicated is the role of the military,

spy satellites, and a mmored high-

level tug of war between NASA and

the Pentagon. It is well-known that

spy satellites, also built by Perkin-

Elmer, uSe a telescope similar to Hub-

ble’s, Withthe di髄もrence being that

theirs is pointed down instead ofup.

Those telescopes are routinely tested

end-to-end at ground-based facilities.

Willian Burrows, an authority on
SPy Satellites and author of the book

De?p BlαCk-SpαCe Eapjonαge αnd

Na虎bnαl Secz高fy, SayS ``It mystifies

me why the Hubble telescope wasn’t

tested end-tO-end. It was assembled

by Lockheed in the sane building

used to assemble the spy satellites. It

謹豊悪霊壇: teSted in
Because of the shroud of secrecy

over space espionage, the facts may

never be who11y known. But there are

reports that the Air Force offered

NASA the use of such a test facility

some lO years ago, but was refused,

POSSibly because the military wished
to impose too stringent security.

NASA has app9inted a commission

chaired by Jet Propulsion Laboratory

director Lew A11en to investigate the

mirror error. It includes both NASA

and non-NASA eむerts, Such as Roger

Angel, head of the mirror laboratory

at the University of Arizona’s Stewart

Observatory. Their task will involve

following a lengthy paper trail of rec-

ords both from the mirror maker,

Perkin-Elmer (now Hughes DaIlbury

Optical Systems), and from NASA’s

Marshall Space Flight Center. The
commission’s labors wi11 probably not

be completed and a report rendered

until October.

Allen has promised that his review

Panel would discIose not only how the
mirror fiasco came about but also who

WaS reSPOnSible. “We know the most

likely outcome臆Of our investigation

will be a result that is very embar-

rassing to someone or some¥ grOuP.’’

The question is whether the fa山t lies

with the contractors, NASA, Or both.

Wherever the buck stops; the mir-
ror’s imperfection has led to a huFTied

reassessment of what science Hubble

is still capable of `ぐWe were expecting

to have seventy percent of the incom-

ing light focused within a circle whose

diameter is a tenth of an arc secQnd,’’

SayS Maran. “We desigrled our scienti-

丘c instruments around that spec範ca-

tion and the whole science pr。gram.

What we’re getting now臆is about ten

PerCent gOing into that circle and sev-
enty percent into a halo of about O.7

arc second.

Most severely a節ected are tho!e PrO-

grams-and instruments-invoIved
in the imagingl Of the faintdst o助ects

and those demanding the highest de-

gree of spatial resolution --the ability
to discriminate between two cIose置tO-

gether stars.
Worst off is the WFPC. Edward
Weiler, Hubble program scientist at
NASA headquarters, Stated dQjectedly

that the instrument-meant tO be

Hubble’s wo血horse-WOuld be 5O de-

graded that it might simply be tumed

臆Ofi; and its heavy share of observing

time-SOme 40 percent-a11ocated to

other instruments that su雛ered less

impairment.

皿re spectrographs, Which dont form

images, are less a飾ected. But NASA

spokesmen, in an initial rush to take

some of the curse off the bad news,

may have downplayed the losses that

these instruments too wi11 endure.
``NASA has said that our own in-

strument, the Goddard High-Resolu-

tion Spectrograph, will be least_a節ect-

ed,” Maran says, ``and that we can do

about seventy-five percent of the sci-

ence we intended. What that doesn’t

tell you is that because we won’t be

able to get a11 the light from a star it

will take much longer to do it, and it

won,t be done as well.”

ノ　Can Hubble be宜Ⅹed? The answer is(‾くa conditional yes.

The working plan for rep牛mng

Hubble’s misty vision is not to fix the

telescope as such, but to put coFTeCtive

SPeCtaCles in the for町Of small curved

mirrors on new inst皿ents that will

replace the present ones. B§請託憩e菰6

認諾蕊詫圭警護
and完ngineers sho血d二be一重I合「め‾二漣-

d聖填挙珪郭も葺髄頭重O血’’租0車槌胆
i皿欝Ob七a垣離窯霊諾諜霧
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faint-O勘ect cameras. These corrective

mirrors would be about the size of a

nickel.

James H. Thainor, aSSOCiate director

Of the Goddard Space Flight Center,

SayS the wide-field camera would be

the first to get this treatment.“It

WaS SCheduled to be replaced by a

SeCOnd-generation instrument any-

Way in 1993.’’That job is to be per-

formed by a shuttle astronaut during

an extra-Vehicular activity.

High"risk fixes

Two other scenarios for fixing the

focus were briefly considered and

quickly discarded. One was to retrieve
Hubble, bring it back to Earth, and re-

Place the mirror with a waiting back-
up, PreSumably fiee from flaws. That

WOuld have posed enormous mechani-

cal risks and enormous costs. The oth-

er was to apply a kind of doughnut to

the telescope, just as a-Camera lens is
αstopped down,, to improve its sharp-

ness. The gain would have been small,

and the risk of contaminating the tele-

SCOPe great.

What is inevitab工e is that coping

With Hubble’s problems is going to
’consume mOre mOney than was bud-

geted-1ots of it. One estimate is at
least $25 million a year. `くThere’s only

One Place that can come from,’’says

Thainor, and that’s the funding for AX-

AF; the Advaneed X「Ray Astrophysics

Facility, and SIRTF, the Space In-

fi.ared i晦lescobe Facility. Both belong

to the series NASAI calls Great Obser-

VatOries. AXAF vyas scheduled for
launch in 1996 and SIRTF by 2000,

but冊ainor fears they, and maybe

Other NASA prQjects, WiIl be delayed

by the ripple effect of Hubble troubles.

Grandiose schemes like the space sta-

tion and the Moon-Mars missions are
especially vulnerable.

Edwin Hubble died in 1953, after a

life devoted to the pursuit of the un-

known through astronomy. What
might his reaction have been to the

troubles of the great telescope bearing

his name? Tb use his own words:
“The search will continue. The urge

is older than history. It is not satis-

宜ed, and it will not be suppressed.’’

On Aαg:烏NASA αnnO乙lnCed thαi

拐e帰yz点れHz‘bu誇prima7y mirror

ZUaS αppαren秒cαZ修edめ′ αやaC乙72g

error df one millZmeterわpαrt Q笹he

CO77やlex opticαl?タStem Z/Sed fo gαZ4±㌍

precisedy Jhe cz/rひα加7.e Q位he m訪ror

du亮7喀訪s /訪αl gr占n窃7嫁αnd pol占sh-

i72g1 Tたe gu訪砂pαr信s cαlled α nZ/ll

COr7でCtO「; α /bcusing lens is α mill‡me-

te牛oo佃r舟om one Q位he correctorも

m乙rrOrS. NASA stαied thαt `もdおc柁p一

αn(ソ〆’thねmag〔訪〃de’’could αCCO脇t

句r Hめble七旬之そy fbc乙IS.　　　　圃


