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Can Galileo Take the Heat? 
O n  its long, long road toJupiter, the spacecrafi will have to pass through sunlight so hot it could 
jy; will thejagile Galileo survive its hazardous journey? 

A ~ B R  12 YEARS OF DESIGN, development, 
and seemingly endless delay, the National 
Aeronautics and Space Administration's Ga- 
lileo spacecraft is finally on the launch pad, 
nestled tightly in the payload bay of the 
space shuttle Atlantis. If all goes as planned, 
W e o  could begin its 6-year voyage to 
Jupiter as early as 12 October. And the 
mission engineers who have labored so long 
and so hard to get it to this point are 
ecstatic. 

They are also anxious. Even if the launch 
goes perfectly, everyone involved with the 
project is acutely aware that Galiieo will 
have to follow a bizarre, multiloop trajec- 
tory that first canies it sunward past Venus, 
and then outward again past Earth- 
twice-befbre it even begins to head for 
Jupiter. This will be the most cumbersome 
and perhaps the most risky trajectory ever 
undertaken by any NASA space probe: one 
misstep on the sunward leg could fry the 
spacecraft dead in the solar heat. As one 
engineer with extensive experience in the 
project put it in an off-the-record conversa- 
tion with Science, "I think the mission team 
has convinced themselves that they can han- 
dle it"--but there are a lot of crossed fingers, 
nonetheless. 

NASA has invested quite a bit in Galileo 
over the y d 1 . 2  billion-and from all 
reports, it shows. ''Galileo is the RoUs 
Royce of spacecratl," dedans Clayne M. 
Yeates, deputy science and mission design 
manager of Galileo at the NASA Jet Propul- 
sion Laboratory (JPL). "&re'U never be 
another one like it." 

Indeed, Galileo promises to be impressive 
even by the standards set by the spectacular 
Voyager flybys of Jupiter in 1979. When the 
spacecraft reaches Jupiter in December 
1995, it is slated to drop a probe into the 
giant plands atmosphere and then go into 
orbit, looping among the icy moons with 
instruments a generation more advanced 
than Voyager's. It will cany cameras and 
infkared spectrometers capable of mapping 
the Jovian moons with a resolution 20 to 
1000 times better than Voyager's-in hct, 
with as much clarity and information ton- 
tent as the Landsat images of Earth. It will 
pack more computer power than any un- 
manned space probe befbre it, and will carry 

software capable of diagnosing and fixing a 
multitude of fiults automatidy. Its very 
structure is unique: a slowly spinning top 
half will carry the piutides and field instru- 
ments that sample Jupitds fierce radiation 
belts; a stationaxy bottom halfwill carry the 
cameras uld spectrometers; and a joint that 
gave the engineers fits to design will steadily 
rotate between &em. Galileo will be, says 
mission operations and engineering manag- 
er Neil E. Ausrnan, Jr., "the most complex 
spacecraft JPL has ever flown, probably the 
most complex spacecraft ever." 

However, none of this technical virtuosity 
can guarantee Galileo a safe ride around the 
sun. And indeed, says Ausman, given a 
choice, no one would have opted for such a 
trajectory. But after the Challenger accident 
of January 1986, NASA had no choice. 

Before the accident, the agency's plan had 
been to send Galilea on a much more direct 
trajectory that would have gotten it to Jupi- 
ter in only 2% years, starting from a sched- 
uled launch in Apnl 1986. However, that 
would have required the use 
of a powerful-liquid-fixled 
Centaur booster nxket, 
which would have had to 
ride along with the space- 
craft in the shuttle's payload 
bay. And in the h a t h  of 
Challenger, NASA head- 
quarters ruled that the Cen- 
taur's liquid hydrogen and 
liquid oxygen propllents 
made it far too risky for the 
shuttle to launch. Galileo 
would have to use a safer 
solid-fueled booster known 
as the Inertial Uppa Stage 
(IUS)-which, u n f o ~ e -  
ly, has nowhere near enough 
power to get Galileo to Ju- 
piter. 

On the other hand, the 
IUS can get Galiteo to V c  
nus. Thus the detour: thc 
workinp;s of celestial me- 

loops around the sun, together with o ~ o  
more close passes by Earth itself, can then 
give it enough energy to make up the shoct- 
fall from Centaur and set it on the outward 
course it would have had originally. This 
long, looping path is known as a VEEGA 
trajectory, for Venus-Earth-Earth Gravity 
Assist. 
But therein lies the problem, says Aus- 

man. Leaving aside the fact that the VEEGA 
trajectory forces Galileo to spend an extra 3 
years or so en route-meaning an m a  3 
years for things to go wrong-the inbound 
leg exposes it to at least twice as much wlar 
heat as it was designed for. How was Galileo 
supposed to stay cool enough to survive? 
The answer had to start with Galilee's 

4.8-meter wide high-gain antenna: the lacy, 
golden dish that dominates the top of the. 
spacecraft and that is essential for beaming 
back the stream of data from Jupiter. This 
antenna is perhaps the most vulnerable sin- 
gle element on the spacecraft. 

"At the closest approach to Venus," says 

chanicsCSare such that a dose 
The JO(M.y In this artist's conception, Wi leoJr  soM- 

pass that planet can end w e d  booster srcnts it on the longpath to Jupiter. The bw160KF i w  
UP gi:vhlg Galilee a Substan- injvnt  b the high-gain antenna, >Ued under its little s u m d  A 
tial amount of extra kinetic larger sunshade at the base ofthe antenna shields the rest ofthc 
energy fbr free. Two more spacenaj. 
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1 I Loop-de-loop to Jupiter. AFer its 

I Galileo Flight Path I 
EARTH 

launch this autumn, calileo has to 
spend .I years making two loops around 
the sun before i t jnnl ly  gets kicked out to 

Jupiter. Alon,q the way, however, it 
promises to be one hnsy spacecrolft. 
Htqhlkhts include m inpared and ultra- 
violet search for deep cloud patterns and 
llfihtning during the Jyhy of Venus 
(February 1990). Composition map- 
ping o f  the,jar side o f the  moon durin'q 
the two Earth encounters; possible imax- 
ing of the antarctic oronr hole (Decem- 
ber 1990; December 1992). Possible 
close observations oJtwo asteroids, Gas- 
prn (October 1991) and Ida ( A U X U S ~  
1993). Once Calilro awives in Ilpcem- 
her 1995, it will he busier still. The  
atmospheric probe will sample the tem- 
perature, pressure, and composition o f  
the atmosphere and cloud decks. The 
orbiter will then saend the next 20  

months takin,q measurements of thejovian magnetosphere and radiation belts; performing remote studies ofthejovian 
atmosphere; and producing high-resolution imagery and composition mapping of'the Galilean satellites. 

he says. Sticking awkwardly from the back 
of tllc- spacecraft, it is a thin spine looking 
exactly likc what it is: an akerthought. 

Unfortunately, it hnctions a bit like an 
aftertl~ought, too. Transmitting data over 
interplanetary distances through a srnall an- 
tenna like this one requires a lot of  power. 
And power is in very sllort supply aboard 
Galileo. 

"Our biggest constraint is that we were 
really unable to  modify the KTGs," says 
deputy spacecraft manager Matthew R. 
Landano. <;alileo's two KTGs-Radioiso- 
tope Thermoelectric Generators-were de- 
signed to produce roughly 600 watts of 
electrical power for the spacecraft from the 
decay heat of  plutonium-238. Unfortunate- 
ly, says 1-,andano, tlie RTGs were originally 
fueled in preparation fbr tlie 1986 launch 
attempt and have been decaying ever since at 
the rate of  about 16 watts per pear. And 
since refilcling them for this launch would 
have cost $1 10 million, more than NASA 
headquarters was willing to spring fbr, 
"We've had to develop a number of power 
switching and power sequencing scliernes" 
to make sure the scientific instruments get 
everything they need. 

In com~nunications terms the power lim- 
its mean that Galileo's new low-gain anten- 
na will be restricted to  transmitting at a data 
rate of  just 4 0  bits per second as it approach- 
es Venus and just 10 bits per second during 
the period of closest approach in February 
1990. For comparison, the high-gain anten- 
na is capable of  transmitting at 134 kilobits 

Ausman, "tlie bonding material used t o  hold 
thc mesh to the ribs would lose adhesiveness 
in a very short time [a few tens of seconds] if 
exposed to the sun." The mesh would then 
begin to  pull loose, eventually transfbrnming 
the antenna into a misshapen, unusablc 
blob. 

JPJ,'s solution is to  keep thc antenna 
tightly filrled in its launch position like a 
collapsed umbrella, and then to keep the 
spacccraft as a wl~ole pointed precisely at the 
sun during the whole first year offlight until 
it co~npletes the inner loop of  its trajectory 
and returns to  Earth. Assuming that 110th- 
ing happens t o  spoil Galileo's aim, the furled 

I "Stop the Plutonium Shuttle!" 

antenna can then rest safely behind a small, 
circular sunshade that has been added at the 
tip. The body of  the spacecraft sshould like- 
wise stay safe behind a niucli larger s~msliade 
added at the base of  the antenna. 

Iiowever, as Galileo spacecraft manager 
A. Earl C:herniack points out, the decision to 
keep tlie antenna f ~ ~ r l e d  creates another 
problem: H o w  is Chlileo supposed to corn- 
municate with Earth? There is a separate, 
smaller, "low-gain" antenna on  board, lie 
says. But it is located at the tip of  tlie high- 
gain antenna, where it will be i~selessly 
pointed at the sun. "So we had t o  add a 
second low-gain antenna for tlie Venus leg," 

The plutoniuni-238 pellets that power Galilco's Radioisotope 
Themloelectric Ge~lerators (RTGs) are encased in graphite acro- 
shells designed to survive an accidental reentry into Earth's 
atmosphere. Inside that they are clad in iridium for resistance t o  
corrosion by seawater. They have becn fabricated as a \lirtually 
insoluble plutonium oxide ceramic that-unlike the highly carci- 
nogenic, bone-seeking plutoniunl metal-will generally pass 
through the body without being absorbed. In laboratory tests, 
they have s u ~ i v c d  shocks ten times more severe than they would 
have experienced in the payload hay of  the exploding Cliallenger. 
They are, proclaims NASA, quitc safe for launch aboard the 
space shuttle. 

Except that some people don't buy it. "We have essentially 
zero faith in the contention tliat the casks will hold the RTGs in 
case of  an accident," says Orlando, Florida, activist Kruce 
Gagnon. After Three Mile Island, Chernobyl, and Challenger 
itself, such official reassurances ring pretty hollow, says Gag- 
non-so hollow that he and his allies soon hope to ask thc federal 
court in Washington, D.C., for an injunction t o  stop tlie launch. 

Gagnon, who is director of  the Florida Coalition for Peace and 
Justice, a statewide alliance of  75 local peace groups, claims t o  see 
a rising ground swell of  public concern in the state about 'The 

I'lutoniuni Shuttle." But in addition, hc says, there is a second 
reason to be concerned about the tialilco and its RTGs: "this 
whole I Pentagon] plan to put weapons in space. We feel tliat this 
is an effort t o  break the ice for thc 100 nuclear reactors tliat the 
military is going t o  need to launch for Star Wars." 

What co~tld they d o  about it? Well, bcsides possibly seeking an 
injunction, Gagrion says, "We hope to institute a rio~~violent civil 
disobedience campaign t o  put people on  the launch pad." 

That may prove difficult. The shuttle lamich pad is sealed off 
by fcnccs, motion sensors, a regular security force, and tlie 
equivalent of  a SWAT team. The Coast Guard keeps the offshore 
waters clear on launch day, and the Air Force patrols the sky. 
"Our policy is to allow anyone free access right up  t o  the gates of  
the Kennedy Space Centcr," says NASA spokesman Charles 
Rcdmond. "That lets them have all the publicity they could 
want." 

The injunction possibility is more worrisome for NASA. 
Agency officials say that it is hard t o  sec what the grounds could 
be: NASA has filed an Etiviroti~ncntal Impact Statenlent and has 
allowed for all the public comment required by law. Still, the 
agency's lawyers are briefed and ready. Says Redniond, "NASA is 
taking this extremely seriously." 8 M.M.W. 
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per second from the roughly tenfold larger 
distance of Jupiter. 

Under normal circumstances, the backup 
antenna's glacial rate of communication 
would be adequate. But suppose something 
goes wrong with the spacecraft as it whips 
by Venus? JPI, mission controllers would 
have to diagnose the problem through this 
extremely slow communications channel 
and then try to radio correction commands 
the same way-a process one engineer close 
to the project compares to groping your way 
through a dark room where your 3-year-old 
may or may not have scattered tops on the 
floor. You can do it-slowly. But it would 
certainly be easier and safer i f  you could 
increase the data rate and, in efkct, turn up 
the lights. 

"The low data rate is something we didn't 
want to do," says Ausman. But he remains a 
cautious optimist. "We have assessed the 
problem, and we believe we have sufficient 
visibility to always reconstruct what's going 
on in the spacecraft." 

He admits that 40 bits per second is too 
low for the controllers to exercise and cali-
brate Galilee's attitude-control system, 
which is what maintains the pointing. But 
that will be done shortly after launch, when 
the available data rates are much higher, he 
says. 'We can't think of any failure modes 
near Venus that would require us to recali-
brate immediately." 

So in the last analysis, does sending Gali-
lee past Venus bring it too near the edge? Is 
the mission about to set a new NASA record 
for technical risk? 

Well-probably not, says Ausman. "The 
design margins we built into the spacecraft 
at the outset have been almost miraculously 
maintained," he says. "We've been able to 
satistjr the fundamental thermal and power 
constraints unchanged throughout the mis-
sion." He maintains that he and his col-
leagues are comfortable with the mission as 
it stands. 

In many ways, in fact, Galileo today is in 
better condition than it was in 1986.lIuring 
the 3-pear delay caused by the Challenger 
disaster, a number of the science instnl-
nients were upgraded. And several hardware 
glitches were found-at least two of which 
could have caused serious problems in flight 
if they had not been fixed. One involved 
cracked solder in the computer electronics 
and the other overheating in the attitude-
control thrusters. 

Still, everyone will be much happier once 
Galileo has looped back and made its first 
pass at Earth in 1)ecember 1990. From then 
on it will remain outside Earth's orbit, 
where the sunlight is cooler-and where the 
high-gain antenna can at last be safely un-
furled. M. MITCHELLWALDROP 

Gene Control Research 
Gets a Boost 
Reseavchevs clone the gene fov  a cvitical cog in the gene contvol 
machincvy of hkhev ovganistns 

FNE RESEARCH TEAMS-four ill the United 
States and one in Europe-are about to 
announce a significant advance in biolo-
gists' struggle to understand how the cells 
of higher organisms turn their genes on and 
off: They have discovered the gene that 
directs the synthesis of the TATA protein, 
one of the most elusive-and critical-coni-
ponents of the gene regulatory machinery. 
"The TATA protein is a key factor in gene 
transcription, the one that the other regula-
tory factors talk to," says Leonard Guarente, 
the leader of one of the U.S. teams. 

How cells control their genes so that they 
manufacture the necessary proteins at just 
the right times is key to much of basic cell 
biology. This includes the orchestration of 
embryonic development as well as the adap-
tations that cells must make in everyday life 
as they respond to the environment. In 
addition, derangements in gene activities 
may contribute to the development of can-
cer and other diseases. 

No wonder then that over the past several 
years niolecular biologists have expended a 
great deal of time and energy trying to 
analyze the biochemical machinery that con-
trols gene expression. They have been very 
successful in doing this in the bacteria, but 
in more complicated organisms the problem 
has proved to be a much more difficult nut 
to crack. 

Researchers learned that genes in the 
higher organisms, like those in bacteria, are 
activated by proteins that bind to specific 
1INA sequences connected to the genes. l3ut 
the molecular control machinery in the 
higher organisms proved to be very com-
plex, involving several proteins that have to 
act together to turn on any given gene. On 
top of that, some of the cr~~cialregulatory 
proteins could not be isolated. 

The TATA protein, which is particularly 
critical because it is the first of the proteins 
to bind to a gene regulatory site-the se-
cluence known as the TATA box-was one 
of those that could not be isolated, and its 
absence presented a major roadblock to re-
searchers who wanted to understand the 
biochemical basis of gene control. The new 
achievenient-the cloning of the yeast gene 
for the TATA protei~l--ought to break 

through that roadblock. 
Guarente, who works at the Massachu-

setts Institute of Techllology, and his former 
postdoc Steven Hahn, who is now at the 
Fred Hutchinson Cancer Research Center in 
Seattle, cloned the gene with Stephen Bura-
towski and Phillip Sharp, who are at MIT. 
The gene has also been cloned independent-
ly by Fred Winston's group at Harvard 
Medical School, by Robert Roeder's group 
at Rockefeller University, by Martin Schmidt 
and Arnold Berk at the Utliversity of Califor-
nia in Los A~~geles,and by Pierre ~ h a m b o nat 
the University of Strasbourg in France. The 
MIT and Harvard workers describe their re-
sults in the 22 September issue of Cell. The 
Roeder group's paper IS scheduled to appear 
ill the 28 September issue of Natnve and that 
of the Berk group is in press at the Proceedings 
ofthe National Academy ofSciences. Chambon 
has also submitted a paper to the Pvoceedlngs. 

The search for the factors that control 
gene activity in higher organisms began 
about 10 years ago when molecular biolo-
gists found that genes carry identifiable reg-
ulatory sequences that are needed for nor-
mal gene activation. One of the first regula-
tory sequences identified was the TATA 
box, which was so named because it con-
tains the bases thvmine and adenine in a 
roughly alternating sequence. 

The researchers already knew that bacteri-
al genes are turned on-by the binding of 
specific proteins to their regulatory se-
quences. So the discovery of the TATA box 
&nited an intensive search for the proteins 
that might control genes in higher organ-
isms by binding to that sequence. 

Ironically, the efforts yielded an embar-
rassment of riches. Researchers found that 
four different regulatory proteins plus RNA 
polymerase I1 bind in and around the TATA . . 

box. The polymerase is the enzyme that gets 
gene expression under way by copying the 
DNA of genes into messenger RNAs, which 
make the proteins the cells need. 

Then a few years ago, Roeder, Sharp, and 
Chambon brought some order out of the-
confusion by pinpointing the particular pro-
tein that actually recognizes the TATA se-
quence. Only after this protein, which is 
designated transcription factor IID 
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