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NASA PRESS RELEASE : 03 DECEMBER 2002. >
EXPEDITION FIVE BACKUP CREW -
MEMBER NAMED TO EXPEDITION SEVEN -t

Russian cosmonaut Alexander Kaleri has been named to replace Sergei Moschenkoasa
prime crewmember for Expedition Seven. Kaleri joins astronaut Ed Lu and Russian

cosmonaut Yuri Malenchenko in training for the long-term increment aboard the

International Space Station next year. Kaleri was a member of the backup crew for
Expedition Five, currently returning home aboard Space Shuttle Endeavour. He's also a
veteran cosmonaut, having lived aboard the Russian Space Station Mir during three
separate long-term missions: 145 days in 1992, 197 days in 1996 and 73 days in 2000.

Russian officials proposed the crew change to the Multilatera] Crew Operations Panel,
and the Panel approved the action on October 10, 2002. ) 2 gy "l -
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BBC 30 SEPTEMBER2003.
SHUTTLE ON SLOW ROAD TO SPACE.

The day the last box of Columbia's remains reached its final resting place, Kennedy Space Center
workers scrutinized wing panels from sister ship Atlantis. It is a small step on the US space agency's
(Nasa) long road to return the fleet to flight. The work is arduous and time-consuming. Each of the ship's
44 panels must be removed, packed and shipped to a Texas laboratory for X-ray, ultrasound and eddy
current testing, then returned to Florida for re-installation. If Nasa cannot develop ways to inspect the
panels in situ, that work alone will more than double the amount of time it takes to prepare each ship for
flight, from three to about seven months. "Obviously the vendor has got very good, solid techniques they
use to do those inspections,” said Atlantis vehicle manager Scott Thurston. "Will we ever get to the point
where we can do it here? We don't know. We're trying to figure that out.” The wing panel inspections are
among the return-to-flight criteria drawn up by the board that investigated the fatal 1 February shuttle
accident. The board determined Columbia was destroyed and its seven-member crew killed because of a
hole in a wing panel that allowed superheated air to blast inside the wing, melting the structure as the
shuttle flew through the atmosphere in preparation for landing. The breach was caused by a piece of
falling foam insulation during launch. The KSC team knows more work is coming. For starters, engineers
are designing a 50-foot extension to the shuitle’'s robot arm and fitting out the boom with cameras and
lasers. Future shuttle crews will use the crane to look for damage in the heat shield tiles and panels. The
boom must be designed, manufactured and fested before it is sent to Flonida for installation aboard
Atlantis, the first shuttle being prepared for flight. Nasa had hoped to launch the ship in March, but
acknowledges that date is not possible. A new targeted launch date has not yet been selected. "We're not
working the schedules right now,” said Thurston. Atlantis is barely visible, cocooned by work platforms,
protective blankets and support equipment. Four wrapped wing panels have been reattached to the
aluminium structure. Several more U-shaped panels rest on tables below the ship. It is quiet in the
hangar, like a sanctuary. Many of the managers, technicians and engineers caring for Atlantis spent
weeks combing the fields of Texas and Louisiana picking up Columbia's remains. "It was sobering,” said
Thurston, who arrived in Texas the day of the accident. "But it was a good feeling that we were bringing
her home. She was over lost over a large part of Texas and we were bringing her home." With the
investigation into the cause of the accident complete, Nasa moved the debris into a section of the
massive Vehicle Assembly Building where it wall remain in permanent storage and accessible to

researchers for study. % 2 9 @2 \




CHECK SIX NASA was poised late last week to delay the tar-
get for the space shuttle’s return to flight from next March to
at least mid-July to better accommodate program changes and
vehicle inspections required in the wake of the Columbia acci-
dent. Among the work that could be added is the time-con-
suming removal and precautionary inspection for corresion of
components in the nose cap of Atlantis. The prevention of cor-
rosion caused by Florida's seaside environment is a never-end-
ing battle. But Kennedy Space Center engineers also received
good news last week: the internal gearing of the orbiter
Discovery’s speed brake actuators were found to be just fine
after inspectors feared corrosion could have built up (AW&ST
Sept. 22, p. 25). That means it is also unlikely to have formed
in similar areas of Atlantis and Endeavour.
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‘Mars Express zon-
~der problemen op
weg naar Mars

Eind oktober toen deze AST-
RUIM naar de drukker ging,

was alles wel aan boord van

deze Europese ruimtesonde.

Op 19 december zal de lander

(Beagle-2) van de orbiter ge-
scheiden worden. Op 25 de-
cember komt het in de Marsi-
aanse atmosfeer terecht en

nog diezelfde dag zal het een

zachte landing uitvoeren.

|429% o\

Mars Express journeys on

'ESA says that the Mars Express spacecraft en
route to orbit the Red Planet in December is

behaving in a “nominal manner” despite the

solar arrays generating 70 percent of the

required power, due to an interconnection
problem between the solar arrays and the
power conditioning unit.
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CNN : 12 NOVEMBER 2003.

SPACECRAFT TO LAND ON MARS ON CHRISTMAS DAY.

'LONDON - A British-built craft designed to scour the surface of Mars for signs of life is scheduled to land on the planet ofi
| Christmas Day. scientists said this week. The Beagle 2 lander is traveling aboard the European Space Agency's Mars Express
{eraft. launched from the Baikonur cosmodrome in Kazakhstan on June 2. Scientists told reporters that the unmanned
{spacecraft was about 13 million miles from Mars and expected to reach the planet in mid-December. "As of 16:00 (GMT)
yesterday, Mars Express is on collision course for Mars," John Reddy, the project's chief electrical systems engineer. said
{ Tuesday. On December 19, the craft will eject the Beagle 2 landing module — a 132-1b shell shaped like an oversized wok
land packed with scientific instruments. If all goes to plan, it will parachute to the surface on December 25. flip open and
| begin conducting experiments. Mars Explorer will orbit the planet for at least one Martian year, 687 Farth days. Iis antenna
twill receive data from Beagle 2 and the orbiter's own instruments and beam it to Earth. Reddy said scientisis were "98
Ipercem confident” all would go well. Scientists believe Mars once had water and appropriate conditions for life but lost it
| billions of vears ago. possibly after being hit by asteroids. It is believed that water might still exist on Mars as underground
lice. Previous attempits to find signs of life have been inconclusive. Of 34 unmanned American. Soviet and Russian missions
to Mars since 1960. two-thirds ended in failure. In 1976, twin U.S. Viking landers searched for life but sent back
| inconclusive results. Beagle 2 - named for the ship that carried naturalist Charles Darwin on his voyage of discovery in the
1830s — has ambitious scientific aims: It will collect soil and rock samples, dig into Mars to search for organic materials and
check the atmosphere for traces of methane produced by living organisms. "We are dealing with the magnetic question of ‘is
there life on a second planet in the solar system?" said Colin Pillinger. Beagle 2's lead scientist. "We're talking about the
- possibility of not being alone in the universe." The mission also will map the planet and use powerful radar to probe below
the surface for evidence of water. Mars Explorer is not the only mission heading to the red planet. Two U.S, Mars rover craft
|are due to arrive in January. and Japan's trouble-plagued Nozomi orbiter, launched in 1998, continues on its way despite
technical problems. Mars Explorer is an attempt to demonstrate that Europe can have an effective space exploration program.
"I think it's important that Europe has its own way of going and exploring the planets." said David Southwood. the space
agency’s science director. "It's part of Europe's destiny that it should reach out and start exploring the solar system.”

2 99/

he diminutive Beagle-2 lander is
~Jue to settle on the surface of
- Mars in the early hours of Dec.
- 25, carrying with it the hopes for
. what would be an extraordinary
gift to humanity—the discovery of life
signatures on another planet.

The 73-Ib. lan-
der will address
“the  magnetic

uestion, Is there
life on a second

The 73-Ib. British
Beagle-2 lander is
depicted with its
solar arrays fanned
open and 29-in.-long
instrumented arm
extended upward.
Beagle carries 12
tiny ovens to bake
samples for signs of
past life to follow up
on U.S. Viking data.

planet in the solar system?” said Colix
Pillinger, a British Open University re- %2'9 22
searcher who has championed Beagle

and is the project lead scientist.
Launched on June 2 from the

Baikonur Cosmodrome on a Russian/

Starsem Soyuz booster, Beagle 2 is sched-
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uled to separate from fie European
Space Agency’s Mars Express orbiter on
Dec. 19 when they are still ome distance
from the planet. Beagle willthen fly freely
on its own for five days beore entering
the Martian atmosphere for touchdown
on the surface at about 0254 GMT Dec.
25 (9:54 p.m. EST Dec. 24\, Mars Express
is to enter Martian orbit 6 min. later.

The challenge for Pillinger and his col-
leagues—besides getiing the Beagle
safely to Mars, off the arbiter, and down
to the surface intact ard operational—
has been to come up with a research ap-
proach that would provide unambiguous
indications of life, shoild it ever have
been present on the planet.

Beagle 2, named after Charles Dar-
win’s ship, is to follow up on the 1976
NASA Viking Mars lander life-detec-
tion experiments, which some re-
searchers believe may have detected ev-
idence of metabolism. But Pillinger

Beagle, attached to side of ESA Mars Express orbiter, will be separat-
ed when the vehicles are five days from Mars. Orbiter has subsurface
mapping radar, stereo imaging and spectral sensors.

points out the “Viking life-detection ex-
periments were designed blind.” Since
scientists then had no previous data from
earlier efforts, what emerged was am-
biguity, where potentially encouraging
results were able to be explained by sim-
ple inorganic “chemical effects.”

“We've had 20 years to think about

the problem,” and the outcome has been
to avoid “trying to find specific com-
pounds. Our analysis will be for anv form
of organic matter,” he said.

Beagle 2, just the size of'a bicycle
wheel. will attempt to measure the ra-
tio of carbon isotopes present in Mart-
ian rock samples. On Earth, there’s a
high ratio of carbon 12 to carbon 13 as
a result of biological processes. It’s this
indicator that Beagle 2 will also look for
in Martian rock. “It’s a more simple,
more general experiment than used on
Viking,” suggested Pillinger.

Attempting to find the lighter carbon
isotope on Martian surface rock will also
potentially answer concerns and ques-
tions regarding the analysis of Martian
meteorites, and the apparent presence
of organic matter. “We’re going to Mars
to eliminate the possibility that the sam-
ples were contaminated on Earth,” he
noted.

Before any of the science gets under-
way, however, Beagle 2 has to identify
where it has actually landed, along with
providing panoramic imagery of its im-
mediate locale. The Isidis Planitia—a rel-
atively flat, dust-free comet- or asteroid-

impact basin—was selected as the land-
ing site. It should have enough surface
rocks to make the area scientifically in-
teresting.

Beagle 2's heat shield will decelerate
the spacecraft during the initial atmos-
pheric entry. A pilot parachute will then
be deployed. and the shield will be sep-
arated by pyrotechnic bolts. The main
chute is used to further slow descent un-
til the radar altimeter activates gas-bag
inflation at 200 meters (656 ft.).

Once on the ground, the solar panels
will unfold automatically, and the lander
will then begin to attempt to contact mis-
sion control. Initial-
ly, this may be via
NASA's Odyssey or-
biter, until Mars Ex-
press is available to
act as a data relay
once it is established
in the correct orbit.

The first possible
signal, via Mars
Odyssey, will be at
roughly 05:15 GMT
(12:15 a.m. EST),
Dec. 25.

Safely down, with
communications es-
tablished, the Bea-
gle 2's innovative science package will
come into its own. Most of the lander’s
experiments are housed in the Position
Adjustable Workbench (PAW)), fitted to
the end of a robotic arm. The arm pro-
vides the Beagle with around a 75-cm,
(29-in.) reach. The PAW represents the
business-end of Beagle 2 and contains
two high-resolution stereo cameras, two
types of spectrometers and a micro-
scope. as well as the rock corer-grinder
and the mole (AW&ST Dec. 11, 2000,
p- 76).

Shortly after landing, an initial wide-
angle image will be taken using a pop-
up mirror. The lander will attempt to
send this image back, via Mars Odyssey,
as soon as it can. The stereo cameras
each have a 48-deg. field of view. The
mole was initially intended to be one of
the tools to be fitted to a small rover ve-
hicle. The latter item, however, fell vic-
tim to the weight constraints govern-
ing the Beagle 2 effort, with the
burrowing tool finding an alternative
home on the PAW, The mole will be able
to retrieve subsurface samples up to 2
meters away from the lander.

|%2994)

The cameras will provide the ability
to build a 3D model of the area around
the lander, and identify areas of inter-
est within reach of the robotic arm.
Pillinger suggested that the exact or-
der in which Beagle will carry out its sci-
ence experiments will depend partly on
its immediate surroundings.

Two U.K. facilities will be involved in
managing Beagle 2. The Lander Oper-
ations Planning Center (LOPC) is sit-
uated at the Open University in Mil-
ton Keynes in southern England. while
the Lander Operations Control Center
(LOCC) is based at the National Space
Center in Leices-
ter. The ‘T.OPE
will determine the
science plan for
the lander, while
the LOCC will es-
tablish the com-
mand sequences
for Beagle 2.
These will be sent
to the lander via
the Mars Express
mission control
center in Darm-
stadt, Germany.
The Beagle 2 is fit-
ted with a low-gain
antenna that trans-
mits at 437 MHz.

Housed in the
Beagle 2’s main
body is the gas
analysis package (GAP), intended to
carry out isotopic measurements of ma-
terial samples, as well as of the Martian
atmosphere. Rock and soil samples will
be heated gradually in miniature ovens
along with oxygen. During this process,
the carbon dioxide generated at various
temperatures will be measured by a
mass spectrometer to identify the ratio
of carbon 12 to 13. The GAP has 12
ovens for carrying out the life-science
experiments.

The two other spectrometers—a
Mossbauer and an X-ray—will be
employed to examine the mineral com-
position of rocks. The Mossbauer Spec-
trometer, which utilizes gamma radia-
tion, will be used to examine oxidization
levels of the Martian atmosphere, while
the X-ray Spectrometer will target rock
age.

Alongside the life-oriented experi-
ments, the lander houses a number of
environmental sensors. These are in-
tended to provide data on the nature of
the atmosphere, with readings taken
both during the lander’s descent and
after it’s on the surface. @
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SPACE.COM : 03 DECEMBER 2003.

MARS EXPRESS MAKES FIRST PHOTO OF RED PLANET.

The European Space Agency's Mars Express has faken ifs first picture of the red planet as it gears up for
arrival later this month. The photagrdph was taken by the probe's High Resolution Stereo Camera (HRSC)
Dec. 1 and released today. It shows Mars from about 3.4 million miles (5.5 million kilometers) away. It is a
very unusual view of Mars, ESA scientists said, because the planet is illuminated in a way never seen from
Earth. The Sun shines on part of the western hemisphere, but more than a third of the Martian disk lies in
the dark. The dark features at the top are part of the northern lowlands of Mars, where oceans might
have existed billions of years ago. The resoluﬁan of the image is not the sort that can be obtained from
the Hubble Space Telescope or other orbiting Mars. But it shows that the Mars Express camera

is ready for future fasks. l 'lc_’ﬁ S ]

De planeet Mars van een afstand van 5,5 miljoen kilometer, deze week gefotogra-
feerd door de Europese ruimtesonde Mars Express die onderweg is naar de rode
planeet, Volgens de plannen landt op eerste kerstdag de Beagle-2 op de planeet
voor onderzoek van de bodem en de atmosfeer. Hij moet zich daartoe op 19
decemberin volle viucht losmaken van de Mars Express.
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Mars in View

European mission on track for lander
separation as it nears its destination

MICHAEL A. TAVERNA/PARIS and DOUGLAS BARRIE/LONDON

he European Space Agency has

released first images of the red

planet taken by its Mars Express

probe and signaled that all systems

are go for a planned separation of
the Beagle-2 lander on Dec. 19.

The powerful Oct. 28 solar storm that
appears to have damaged NASA's Mars
Odyssey does not seem to have affected
Mars Express (see p. 17). In briefings last
week, ESA Project Manager Rudolf
Schmidt said solar flares had briefly
knocked out the star trackers, but the
trackers are now again operating nor-
mally. “No problems whatsoever™ re-
sulted from the storm, he affirmed.

Similarly, final calculations just com-
pleted confirm that “no part of the mis-
sion” will be affected by a solar power
failure detected shortly after the probe
was launched in June, Schmidt said

(AW&ST July 21, p. 17). By reconfig-
uring payload voltages and modifying
operating procedures, the mission can
live with the 30% power deficit result-
ing from the failure, he indicated.
Instrument checks were successfully
completed eatlier this year. Pictures of
Earth were taken this fall, and shots of
Mars were released on Dec. 3. Software
has been in idle state since Nov. 17.
The first critical step in the approach
to Mars will occur on Dec. 16, when con-

%3 D00

trollers line up the probe with the lan-
der separation trajectory. Because Bea-
gle 2 has no onboard thrusters to modify
the trajectory, this step must be per-
formed with extreme accuracy, flight ops
manager Michael McKay noted.
Ejection is planned for Dec. 19, but
this date could be pushed back up to two
days in the event the release mechanism

does not work as planned, and
various fallback scenarios are
available. If the lander failed
to eject, the probe could still
perform its orbital science
mission. McKay said, but the
added weight and drag would
cause virtually all the fuel to
be burned during orbital in-
sertion, limiting orbital ma-
neuvers thereafter.

Beagle 2 will take five days
to reach the Martian atmos-
phere. and 7.5 min. to pene-
trate the atmosphere and
reach the surface of Mars,
said Colin Pillinger, who is re-
sponsible for the landing mis-
sion. After automatic deploy-
ment of solar arrays and the
antenna, lander systems will
shut down—except for brief
operation of the camera to
obtain a star fix—during the
first Martian night. This will allow the
batteries to recharge.

The camera will be reactivated at the
start of the first day to demonstrate that
the mission has survived. Activities be-
yond this point will be determined lat-
er, in accordance with local conditions,

Mars Express and its Beagle-2 lander will be
the first full mission Europe has ever sent to
another planet. Beagle is expected to sepa-
rate from the orbiter on Dec. 19 and arrive
on the Martian surface Dec. 25. The mission
is intended to help determine whether life
exists or used to exist on the red planet.
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= Pillingcr)ndicalcd (AW&ST
Dec. 1, p. 57). Latest calcula-
tions have reduced the likely
landing zone from an ellipse
500 km. (310 mi.) long to a
110 X 46-km. area, he said,
although he insisted Beagle 2
could alight safely anywhere
within the Isidis Planitia basin
target site, which is some
1,100 km. in diameter.

After releasing the lander,
Mars Express will initiate a
35-min. main engine burn to
brake its crash trajectory and
commence insertion into its
planned orbit. This will take
12 hr. Insertion could be per-
formed by attitude thrusters
if the main engine fails.

Instrument commissioning
is nominally planned for
Jan. 13, but could be shifted
depending on conditions, said

mission scientist Augustin Chicarro. The
optical payload is to begin initial opera-
tions on Feb. 20 and the sounding radar
on Apr. 7. Routine operations should
commence by mid-April and continue
through Nov. 30, 2005, although a three-
year extension is planned. (-]
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SPACE.COM : 16 DECEMBER 2003. " ~
MARS EXPRESS POSITIONED FOR BEAGLE 2 DEPLOYMENT.

PARIS - Ground controllers of Europe’s Mars Express satellite on Dec. 16 successfully completed a precision-
pointing maneuver to prepare the satellite for a planned Dec. 19 ejection of its small Beagle-2 lander, the
mission's flight director said. Michael McKay, flight operations director at the European Space Agency's Esoc
space operations center in Darmstadt, Germany, said Mars Express was rotated and its engines briefly fired fo
increase the satellite's speed as it approaches Mars as part of the maneuver. A breakdown of how Mars
Express fits together. The Beagle 2 can be seen sitting on the lid of the craft and the main communications
antenna is visible in the lower left. The orbiter carries seven instruments including MARSIS, a low-frequency
radar designed to probe the subsurface of Mars for water. Click to enlarge. "This is about the most accurate
pointing of a satellite we have ever had to do," McKay said in a telephone interview. "It was successfully
completed Signals to and from Mars Express are delivered via a new 35-meter tracking antenna that the
European Space Agency recently installed in New Norcia, Australia, near Perth. Mission managers have
narrowed the likely Beagle-2 landing point to an area measuring almost 125 miles (200 kilometers) in width and
31 miles (50 kilometers) in iength. After the Dec. 19 ejection of Beagle-2, Mars Express will continue to follow
the lander for five days before performing a breaking maneuver that will put it into a 400-kilometer orbit -
around Mars. The satellite is equipped with radar and optical cameras to study Mars’ atmosphere and surface.

Beagle-2 is scheduled to land on Mars on Dec. 25 to begin a six-month search for signs of past or present life

on Mars. \.%30 % \ -
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FLORIDA TODAY 23 DECEMBER 2003. 230]2
MARS EXPRESS CONTROLLERS REHEARSE FOR EMERGENCIES.

FRANKFURT - A European spacecraft streaked toward Mars on Monday - right on schedule — but mission
controllers still rehearsed what could go wrong during the voyage to determine whether life ever existed on the
red planet. Mars Express' mission would be jeopardized by any problems with its main engine, which must fire
on Christmas Eve (early Christmas in Europe) to propel the spacecraft on its path around Mars. Once in orbit, the
craft is supposed to send back 3-D overhead pictures of the planet surface and scan for underground water with a
powerful radar. The craft also will relay data from the Beagle 2 probe, which is due to land on the planet hours
before the orbital launch. Mars Express was launched June 2 atop a Russian Soyuz-Fregat rocket from the
Baikonur cosmodrome in Kazakhstan. With the orbiter successfully on course, engineers are preparing the final
commands for activation early Dec. 25 and simulating possible glitches. One of those could involve Mars
Express' engine not firing. Controllers have practiced using a variety of diffferent commands to start four thrusters
on the craft. "This has been rehearsed over the last months, twice a week. They know they can do it," said
Jocelyne Landeau, a spokeswoman for the European Space Agency at mission control in the western German
city of Darmstadt. If the thrusters fail, "then we're in trouble,” she said. Controllers also conduct daily drills for
such emergencies as satellite link breakdowns and computer failures at mission control. The Beagle 2 probe’
separated from the Mars Express craft Friday, bound for Mars.After parachuting through the atmosphere, the
143-pound probe will use inflatable gas bags to bounce to a soft landing, flip open and begin transmitting a
preprogrammed "blip-blip-blip” signal telling controllers it has safely touched down. That transmission has
several chances of being picked up. The first will be when NASA's Mars Odyssey spacecraft passes overhead
early Christmas Day. "We are working very closely with our colleagues from NASA," Landeau said. "They'll get
the data back to Earth, then pass it on to us and we will be able to tell if the landing has taken place.”
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Esawiinscht sich
rote Weihnacht
Count down fiir Mars-Mission

flugkontrollzentrum in Darmstadt zu
gehen. Wzhrend anderenorts Ge-
schenke ausgepackt werden, blicken
Techniker und Forscher dort gebannt
in den Nachthimmel. 150 Millionen
Kilometer entfernt von ihnen befin-
det sich die européische Sonde ,Mars
= &urz vor dem Ziel. In der
Nacht zum ersten Weihnachtsfei :
soll ihr Landegerat ,Beagle 2" au
dem Mars aufsetzen. Damit erreicht
sionen der vergangenen Jahrzehnte
4 Weltraumagentur Esa_zufolge wird
,Beagle 2° um 3.45 Uhr MEZ nahe

} - —beim Mars-Aquator niedergehen. Um
(b 30 | §den Aufprall abzufedern, werden

o kurz zuvor drei riesige Airbags mit

Heiligabend im Europaischen Raum-

Gas aufgepumpt, die den Lander
komplett umschliefen. Wie ein Gum-
miball wird ,Beagle 2“ dann bis zum
Stillstand auf der Oberfliche aui-
und niederhiipfen. Nach dem Entlee-
ren der Airbags erwarten ,Beagle®
frostige Temperaturen: Der Durch-
schnittswert auf dem Mars liegt bei

_ minus 60 Grad. Der Klima-Schock

fallt noch heftiger aus, weil zuvor
beim Eintritt in die Marsatmosphare

" durch die Reibung Temperaturen von

bis zu 2000 Grad herrschen. Uber-
steht ,Beagle“ die Schockfrostung,
klappt er nach der Landung wie eine
Taschenuhr seine Solarpaddel zur
Energiegewinnung aus. Dann konnte
auf der Erde im Laufe des Donners-
tagvormittags das erste Signal ein-
treffen, dass alles geklappt hat.

gigens fiir die Mission komponiert
glagt.' Auf die kosmischen Klange wird
gine riesige Antenne warten, die die
Esa in Westaustralien erst vor kur-
zem errichtet hat. Ob die Mission ge-
lingt, werden weltweit Millionen von
im Internet verfolgen.
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SPACE.COM : 24 DECEMBER 2003

MARS EXPRESS, BEAGLE 2 ON FINAL FOR RED PLANET ARRIVAL.

3281%)

PARIS - Ground teams controlling Europe's Mars Express orbiter foday braced the safellite forifs insertion info Mars
orbif, heating its fuel tanks and shufing down its on-board computer fo prepare for tonight's all-imporfant
maneuver info an equatorial orbif around the Red Planet. "We are perfecily on schedule and dll the spacecraits
systems are performing well," flight operatfions director Michael McKay said in a telephone interview from the
European Space Agency's Mars Express control center in Darmstadt, Germany. “You could cut the tension with al
knife here now as we prepare for a few interesting hours,” McKay said. The probe is less than 12,400 miles
(200,000 kilometers) from Mars ond is expected to be just 257 miles (414 kilometers) above the planefs surface
when ifs main engines are fired to avoid collision and place the spacecraft into an elliptical orbit. The 34-minute
engine firing is scheduled fo begin at 9:47 p.m. EST(0247 GMT Thursday).Using NASA's Deep Space Network of
Earth station antennas, the Mars Express team should know within minutes whether the orbital insertion has been

successful, McKay said. The Beagle-2 lander, which separated from Mars Express on Dec. 19, has been hurtling
toward Mars just ahead of Mars Express and is scheduled to enter the Mars aimosphere just before 9 p.m. EST

(0200 GMT Thursday). The first possible signal of whether the lander has survived the journay will be delivered by a

signal captured by NASA's Mars Odyssey satellite, already in orbit over Mars. Odyssey will have between 10 and

20 minutes to receive a Beagle-2 signal before passing out of view. Confirmation of Beagle-2's health should be

available to ground teams by 1:30 a.m. EST (0630 GMT) Thursday if Odyssey picks up anything. If no signadl is

received, project managers will be in the dark on the lander's status throughout the frigid Martian night. In what
Beagle-2 managers have said will be the make-or-break moment of the mission, the lander's signal the next
morning could be picked up by Britain's Jodrell Bank Observatory shortly betore 6 p.m. EST(2300 GMT) Thursday.

Mars Express and Beagle-2 are both designed to look for evidence of present or past life on Mars.
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Riskante fase

voor Marslanding

Door onze redactie wetenschap "}‘ﬁlﬁh down’. op 2.600 meter

ROTTERDAM, 24 DEC. Morgep—
ochtend vroeg om 3.54 uur Neder-
der ‘Beagle-2" neerdalen op Mars.
Rond 4.00 uur wordt ook begon-
nen de ESA-satellier ‘Mars Ex-
pr&’mnmdﬁﬁmﬁ:vedﬁpﬁsche
b22n om Mars te brengen. Volgens
de teams die de ‘Beagle-2’ en de
“Mars Express’ begeleiden werken
alle systemen op dit moment goed
en liggen beide toestellen op de
juiste koers. -

Pas tegen 8 uur s ochtends (Ne-

derlandse tijd) kan voor het eerst.

zekerheid komen over het succes
van delanding van de Beagle-2. De
Beagle-2 kan om 6.30 uur het be-
richt van veilige aankomst doorge-
ven aan de Amerikaanse ‘Mars
Odyssey’ die op dat moment over-
vliegt. Anderhalf uur later kan de
Odyssey zijn signalen doorsturen
naar de aarde.

De landing is zonder twijfel het
meest riskante deel van de reis van

de Beagle-2. Essentieel is dat de
hitteschilden goed werken en dat
de parachute precies op tijd (drie
den voor

minuten en 45

%35 19

hoogte) opensmt (De Beagle-2
heeft geen remraketten). Vijftien
seconden voor de landing moeten
drie reusachtige luchtkussens (air-
bags]udlmﬂenomd:klapvande
landing op te vangen. Direct daar-
na wordt de parachute afgestoten.
Waarschijnlijk zal de Beagle-Z on-
geveer twaalf maal stuiteren voor
‘hij rot rust komt. Zodra de lucht-
kussens ziin afgestoten klapt de
lander open en kunnen de zonne-
panelen de bijna leeggelopen ac-
‘cu’s weer g2an bijladen.

‘De Beagle-2 zal speuren naar te-
kenen van leven op Mars en geolo-
gisch en meteorologisch onder-
zoek verrichten. Het moederstati-
on ‘Mars Express’ van de Europese
ruimtevaartorganisatie ESA doet
datvanuitde ruimte.

De Amerikaanse ruimtevaartor-

_ymueNASA wil op 4 en 24 janu-

ari twee rijdende onderzockstoe-

.stenmopMarszetten.

_Laatste nieuws over ‘Beagle-2’
resp. ‘Mars Express’ op internet via
www.beagle2.com en mars.esa.int.
Neclerlandse tijd is GMT plus 1
uur.

t vannacht op Mars

4. Hoofdparachute gaat open.
5. Afstand tot opperviak wordt gemeten.

| 6.'Airbags’ worden opgeblazen om
| landing te verzachien.

| 7. Beagle-2 landt stuiterend op Mars, bij
| eerste contact met opperviak wordt

| parachute losgekoppeld.

| 8. ‘Airbags’ rollen weg en de Beagle-2
ontvouwt zich.
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On course for Mars

The spotlight will be on Mars more than ever before this Christmas when a small UK
designed and built probe reaches the Red Planet after travelling more than 250 million
miles.

On 19 December Beagle 2 will be released from the Mars Express spacecraft —its
home since leaving the Earth in June 2003 — to begin the last leg of its journey from the
Martian atmosphere to the surface of the planet.

After five days of hurtling towards Mars at speeds of around 14,000 mph, Beagle 2
will reach its final destination around Christmas day. where teams of scientists and
engineers at the UK’s Jodrell Bank Observatory will anxiously await their Christmas
wish — a signal from Beagle 2 on the surface of Mars.

Europe’s Mars Express and Beagle 2 are not alone in their efforts to search for signs
of life — past or present — on Mars. An international flotilla of spacecraft destined for the
Red Planet are also making the most of Mars' closest brush with Earth in almost 60,000
years, with two US revers and a Japanese probe set to explore Mars in early 2004. -

NASA’s Mars Exploration Rovers, Spirit (MER-A) and Opportunity (MER-B), were
launched in June and July 2003, and are on course to arrive at the Red Planet in
January 2004, embarking on a 90-day mission to search for signs of water on Mars.

Japan’s Nozomi was launched in July 1998 for a mission that was scheduled to
arrive at Mars the following year but due to a series of problems will now only arrive in
orbit in early 2004. :

These latest international missions join Mars Global Surveyor and Mars Odyssey.
Silently circling the Red Planet, these NASA orbiters have provided a wealth of data
which has been vital in the development and planning of the new 2004 missions.

This issue of Spacefiight contains extended coverage of these mementos events in
planetary exploration. Starting on page 22, Spaceflightlooks at the pioneering science
and sophisticated technology behind Europe’s first planetary mission.

1. Marsorbiter lanceerde
ap 18 december de Beagle-2.
2. Beagle treedt atmosfeer binnen

3. Eerste parachute gaat open.
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TELEGRAAF : 25 DECEMBER 2003. 5
SPANNING ROND LANDING MARSLANDER.

DARMSTADT - Technici van de Europese ruimtevaartorganisatie ESA hebben donderdagochtend
tevergeefs gewacht op een signaal van de Marslander Beagle 2. die rond 04.00 uur op de rode planeet
zou landen. Het is de eerste Europese solomissie naar Mars. Een eerste poging van de Beagle om
omstreeks 7.30 uur (Nederiandse tijd) contact te maken is misiukt, liet de Britse projectieider Colin
Pillinger donderdagmorgen weten. Pillinger toonde zich enigszins teleurgesteld, maar zei "dat het niet het
eind van de wereld is". De Britse radiotelescoop Jodrell Bank kan mogelijk later op de dag (om 23.00 uur
Nederlandse tijd) een signaal van de Marslander opvangen. Moederschip Mars Express koppelde de
Beagle 2 vrijdag 19 december met succes los, maar het laatste stuk van de reis van de lander is het
meest riskante. Tot op heden is ongeveer tweederde van de missies naar Mars mislukt.
Donderdagochtend bleek wel dat de Mars Express zelf in een goede baan rond de planeet is gebracht,
een essentieel onderdeel van de operatie. Dit maakte projectieider Michael McKay bekend. In Nederland
houdt de Mars Society in de kerstnacht open huis in Rotterdam. " We hebben computers ingeplugd en
volgen via een online verbinding wat er in Darmstadt gebeurt, maar tot nu toe is het een beetje
magertjes", aldus voorzitter Artemis Westenberg van de organisatie die zich inzet voor onderzoek naar de
rode planeet. De webcam die gerichi staat op de viuchtleiding in Dammstadt geeft volgens haar maar af
en toe beelden door. Bij Westenberg zaten 's nachts ongeveer tien belangstellenden. "Sommigen zijn hier
al jaren mee bezig. Die willen het nieuws niet missen, ook al valt er nu nog niet al te veel te beleven.”

(33024 )
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DARMSTADT - Even though o Mars probe has Tailed to signal it hios fanded, scientisis af The Eurepetin Space Agency said on Friday The Ty mission geal 16 pour
a satellite in orbit oreund Mars was achieved. Officals at ESA headguaiters in Darmistadi remained hogeful that the British prohe Beagle 2 ihat was scheduled fo
tand on Mars on Christmas Day will still send o signal to indicote it has arrived. But they were siressing that even if Beagle 2 is nof found, the Mors Express
mathership thot brought the 34 kg (75 pound) probe Yo Mars had successfully been guided on Yo an erbit oround the red plonet, where it will study Mors for two
years. The 300 million euro (3375 million) mission has in any event heen groundbreaking — the first fully European mission to any planet and hailed os a
irivmgh for British ingenuity and European space exploration. "The fanding probe on Mars is in essence the icing on the cake," said Gerhard Schwehm, an ESA
p[;m_afary mission official in Dormstadi. “For the scientists here fhe orbiter is the most imporiant part of the mission.” After a six-month, 100 million-km (53
million-mile) journey from Earth to look for signs of life on the planet, the Mars Express will circie the planet on an orbit hetween 250 km and 12,000 km, It will
study the surface of the planet, its geoiogy, its weather, and also analyse the atmosphere and its gravify. The Mars Express will use special rodar that will
enable it ta scan up to five metves helow the surfoce — and explere areas beneath the Mars surface where fraces of water may bie found, "Mars Express is okay
and'in @ gasd orbit," suid ESA diredior of lechnical support Gaele Winters. "Mars Express haos been a great success s it is in o stable and very good orhit. We
hope the mission is going 1o be an aven greater success yet," said Germany's Research and Technology Minister Edelgard Bulmahn on Thursday. The failure to
pick up o signal from Beoale 2 has roised fears thol the probe, no bigger than an open umbrella, hod met the same fafe as so many croft before it ond ended ifs
fife os serap mefol sirewn across the Morfion landscaps. Mission stientisis soy Beagle 2 might hove been blown off course by dust douds ond storms which
sweep the surface. Alternotively, its ontennae might be poinfing in the wrong direction for the rocket to pick up ifs signal. The worst cose scenario is that it
disintegrated on lunding or burned up o3 it hurtled fowards the planet's surfuce. Beagle 2's British sdientists had gathered in London in the early hours of the
morning, haping ta hear the probe brondeasting its signature tune aeross space. But 1t remmned silent ond scentists were farced fo wait 16 hours for o second
chonce fo defect the probe - This fime using 1he giant Jodrell Bank telescape in ceniral England. That bid afso failed ond fhe dionces of finding the probe in one
piece oppear fo be foding. Sdentists will moke their nexi bid fo frace it of 1815 GMT on Friday, using o mission racket orbiting the plonel. They can fry ogain af
regulor intervals over the next few weeks but with 2ach foiled attempt, hopes for the mission grow slimmer. In Darmstadt, scientists were still optimistic. The
probe is pocked with state-of-the-art scienfific instruments designed o scrape, bore and hake dust and rock samples ta look for signs of life for six menths, Buf
Mars is a formidable foe. Of the previous 11 probes dropoed on to the planet's surface, anly thres have survived. < > B -
2382



— MARS EXPRESS DOING FINE AS HUNT FOR BEAGLE 2 CONTINUES.

PARIS - NASA's Mors Ddyssey suiallite fodoy made o second aftempt ot picking up signs of life from Europe’s Beagle-2 Mors lander, agoin withou success. sur
Beagle-2 program managers vow they are nof giving up hope fhat the lunder, which presumably orrived on Mars' surface early Christmas Day, hos survived and
will ultimately send word to one of the several antennus seeking confirmation that it is functioning. **It's like sending somebody o love letter, ond you know
they got it and you're waiting for a response,” soid Professor Calin Pillinger, the day ofter the finy croff wos supposed to huve londed on the surface of Mars,
opened its solar panels and called home. Pillinger, chief scientist for the Beagle, told o news conference the team was just beginning the search for the craft.
s "“The mood here is still opfimistic" Baogle-2 projeci fenm spokesman Peter Barratt soid in o felephone interview. "And remember that the Mars Express

satellite will begin looking for Beagle-2 soon and that satellite was specially designed to pick up Beagle-2 signals." The European Spoce Agency's Mars Express

spacecraft successfully entered Mars orbit on Christmas Doy. Starting Jon. 4, it will begin searching for Beagle-2. Until then, NASA's Odyssey craft will confinue
x to make daily passes over the orea where Beagle-2 is presumed to have landed in seardh of the 33-kilogram robot, which is designed to search for evidence of
sest or present life on Mars. Alse sach doy, Britain's 76-meter Lovell radio telescope, of the University of Manchester's Jodrell Bonk Observatory, will fisten for
Seagi=-2 signals for an hour or mere sach evening. "Our understanding is that we have access to Jodrell Bank pretty muth s long a5 we need.” Barralt said
“They have been very suppertive.” The Jodrell telescope's next Beagle vigil is tonight, ending at 7 p.m. EST (2400 GMT)). Meanwhile, the goed news is that Mors
Express did successfully enter orbit over the Red Planet. In addition to oding os o commynications relay station for Beagle-2, it siss is o map the Marhaw
surfaes and search for water with @ powerful rador that can scan several miles underground. In the coming days, controllers must change the orist 5 e
Express from o high elliptical one around the equator fo a lower polar orhit that will let it establish contact with Beagle. Pillinger seid the mather shig could offer
- the bes! hope of renching Beagle os, unlike Odyssey and the Jodrell telescope, ifs communications were specifically designed fo heor the probe’s
transmissions.” Those confadts are already programmed in, so we have got the on hoard tomputer and would be silly fo waste them or in ony way, shape 8¢
farm give up until we have used them," he added. Pillinger said both the Mars Odyssey fipk and communications using Jodrell Bank were untested. * You hove
1o liken this to the early days of mobile phones,” he said. **We've got one mobile phone, one mobile phone mast and one satellite, ond we have fo match these

—
things up and if's nof that eesy.” The success of the Mors Express orbit was a big boost to the Eurapean program. European Research Commissioner Phsfipps
Busquin called if o *“fantastic achievement,” whether scientists get any transmissions from the Bengle 2 croft or not.
! [§3027)
-
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CNN : 27 DECEMBER 2003.

SCIENTISTS CLING TO HOPE BEAGLE 2 WILL PHONE HOME. i
LONDON - Europe's first Mars probe remained silent for a third day, but scientists clung to the hope Saturday that the
Beagle 2 spacecraft had landed safely on the Red Planet and would respond to a call from its mother ship in about a 4

week. "We haven't yet played all our cards," said David Southwood, the European Space Agency's director of science.
The baby, we believe, is down on the surface and the mother is very anxious to get in touch.” The British-built Beagle
was turned icose by the Mars Express more than a week ago and was scheduled to land on the surface of Mars on
Christmas Day and begin searching for signs of life. But repeated efforis that began Thursday to pick up a signal from
the probe, using the powerful radio telescope at Jodrell Bank Observatory in England and NASA's orbiting Mars
Odyssey. have failed. Scientists now hope Mars Express will be able to contact Beagle once it enters its correct orbit _
January 4. "We reckon our best chance of a communication ... is to wait until Mars Express is available for use," chief —
Beagle scientist Colin Pillinger said. Mars Express was designed tc beam back data gathered by Beagle, and Pillinger

said its communications were specifically set up to hear the probe’s transmissions. In the coming days, controllers must

change Mars Express' orbit from a high one around the equator to a lower polar orbit that will let it establish contact with S
the probe. "With Mars Express we will be using a2 system that we have fully tested and understand," Southwood said.

"I'm not writing it off right now and | don't think anyone should. We're hanging in there." The scientists have maintained

an optimistic line in the face of repeated disappointment and hope the probe touched down safely, aided by a parachute.

The 143-pound Beagle, shaped like an oversized pocket watch, was supposed to unfold its solar panels and transmit a -
signal confirming its arrival within hours of landing But Jodrell Bank has twice scanned the planet's surface in vain, and

Mars Cdyssey has failed to pick up a signai in three overfiights. Scientisis believe the probe may have landed off course

in an area where communication is difficuit. They say its antenna may not be peinting in the direction of Odyssey and N’
fear Beagle's onboard clock has suffered a glitch, resulting in the probe sending signals at the wrong times. Getting a

working spacecraft to Mars has proven frustratingly difficult. Several vehicles, most recently NASA’s 1898 Mars Polar

Lander, have been lost on landing The Saviet Mars-3 iander touched down safely in 1871 but failed after sending data

for only 20 seconds. Working in tandem, the Beagle and Mars Express are meant to look for signs of past or present life!
on Mars. Beagle has robotic arm to take scil and rock samples, including = grinder o clean weathered surfaces and a

drill to probe inside rocks. Mars Express is expected to orbit overhead for at feast 3 Martian year, or 587 Earih days,

probing as deep as 21/2 miles below the surface with 2 powerful radar in its search for underground water. it zlso will -

map the surface with a high-resolution stereo camera % 3 T %




Marslander Beagie zwijgt in

-

eratorium’ Beagle 2 zou in de
vroege ochtend van eerste
kerstdag met behulp van een
parachute en airbags een ‘zach-
te" landing op Mars hebben
moeten maken, maar er werd
geen enkel levensteken van de
Beagle 2 vernomen.

Enkele uren na de geplande lan-
ding, op 25 december rond 3.55
uur Nederlandse tijd, moest de
Beagle-2 een 'OK-signaal’ zen-
den naar de al langer om Mars
draaiende Amerikaanse sonde
Odyssee, die dat signaal diende
door te sturen naar de aarde.
Het ging daarbij overigens niet
zomaar om een bliepje, maar
om een stukje muziek dat door
de Engelse popgroep Blur is ge-
componeerd.

- 4 e 2 |
alle toonazu‘den”J

— Wetenschappers van de Europese ruimtevaartorganisatie ESA breken
zich het hoofd over het lot van de op 2 juni van dit jaar gelanceerde

Marslander Beagle 2.

B3 oW\
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Urenlang luisSterden de ESA-me-

dewerkers in het operationele
hoofdkwartier in het Duitse
Darmstadt tevergeefs naar de
Blur-tonen uit het heelal. Nieu-
we pogingen werden s avonds
rond 23.00 uur ondernomen.
Ook toen zweeg de Beagle 2 —
genoemd naar het onderzoeks-
schip waarmee Charles Darwin
in de negentiende eeuw zijn rei-
zen maakte -als het graf. Nadat
het op tweede kerstdag nog
steeds stil was gebleven, begon-
nen de ESA-onderzoekers zich
af te vragen wat er mis kon zijn
gegaan. Er is nag altijd geen be-
vredigend antwoord op die
vraag gevonden.

Het had er allemaal zo veelbelo-

%3063y

Beagle 2 mogelijk

geland in

ANP

De mogelijkheid bestaat dat de
Marslander Beagle 2 bij de lan-
ding in een krater is terechtge-
komen. Dat heeft professor Co-
lin Pillinger, maker van de Be-
agle 2, gisteren verklaard.

Het gat waarin de Beagle mis-
schien is terechtgekomen, is tot
nog toe onbekend op de lan-
dingszone Isidis Planitia op de
planeet Mars. Het gat zou onge-
veer een kilometer groot en 700
meter diep zijn. Eerder opper-
den deskundigen dat de Mars-
lander is neergestort of een ka-
potte antenne heeft.

Experts maken overuren om de
radiostilte te verbreken. De
hoop van de wetenschappers is
gevestigd op volgend weekein-
de. Op 4 januari moet het moe-
derschip Mars Express zijn
eindbestemming bereiken en
daarvandaan contact maken
met Beagle 2.

Kkrater

De Marslander had vorige week
op de rode planeet moeten arri-
veren. Tot nu toe is geen enkel
signaal vanaf de rode planeet
ontvangen.

Ook de radiotelescoop van het
sterrenkundig onderzoekscen-
trum van Astron in Dwingeloo
heeft de afgelopen dagen gepro-
beerd een levensteken op te
vangen van de Beagle. Volgens
een woordvoerder is op eigen
initiatief gezocht op de fre-
quentie van de laatste commu-
nicatie tussen de Beagle en de
marssatelliet Mars Express. Te-
vergeefs, want de Nederlandse
telescoop ontving geen enkel
signaal van de marslander.

De telescoop in Dwingeloo is ¢
enige in Nederland. De giganti:
sche installatie bestaat uit vee;
tien schotelvormige antenne
Elke schotel heeft een midd%
lijn van 25 meter en kan op elK
punt aan de hemel worden ge

HC‘M =3

vend uitgezien. Volgens plan
werd de Beagle 2, gehuld in een
schild dat hem tegen de hitte
van de intrede in de dampkring
van Mars moest beschermen,
op vrijdag19 december door het
moederschip Mars Express af-
gestoten in de richting van de
Rode Planeet. De Mars Express
zelf was bestemd om rondjes
rond de planeet te gaan draaien.
De Beagle 2 had op de planeet
moeten landen om daar grond-
onderzoek te verrichten en ook
te speuren naar de aanwezig-
heid van leven op en in het
Marsoppervlak.
Zo had het moeten gebeuren:
met een snelbeid van bijna
20.000 kilometer per uur moest
€ Beagle 2 de dampkring indui-
ken, waarna de snelheid in vijf
inuten tot 350 kilometer per
uur zou worden vertraagd.
Daarna zou zich na afstoting
van het hitteschild een rempa-
rachute ontvouwen en vervol-
gens zouden er rondom het
‘Marslab’ luchtkussens worden
opgeblazen om de schokken

IR, R
Beagle 2 zwijgt

in alle talen

LonNDEN

van de landing op te vangen.
Voorzien was dat het geheel
stuiterend op het Marsopper-
vlak zou terechtkomen. De
remparachute en de airbags
zouden vanzelf worden afgesto- (
ten. Als een grote platte oester- 5 ,
schelp, zo groot als het wiel van
een jongensfiets, diende de Be-__bﬂ}
agle 2 zich volgens plan open te
VOuwen, waarbij zonnepanelen
en een instrumenteel deel
zichtbaar zouden worden.
Erkanvanalles mis zijn gegaan.
Wellicht was de hoek van intre-
de in Mars’ dampkring niet
goed. Als die ook maar iets te
klein is geweest, kan het hitte-
schild hebben gefungeerd als__-
een platte zeilsteen die terugge- _~
kaatst werd de ruimte in. Ook
kan de parachute zich te vroeg \U~|
of te laat hebben ontvouwd, ’
waardoor de Beagle 2 te pletter C
is geslagen. Hetzelfde kan ge-W
beurd zijn als de stootkussens .|
iets te laat of te vroeg of onvol- 73
doende snel zijn opgeblazen. =%
De wetenschappers geven zich
nog niet gewonnen, maar ze
zijn geheel afhankelijk van ra-
diosignalen, afkomstig van een
oranjeachtig ‘sterretje’ dat s
avonds aan de zuidelijke hemel
te vinden is. En van een stukje
Blur-muziek.

)
2349 - 2089

3239 |
Ook de satelliet Mars Udyssey
van de Amerikaanse ruimte-
vaartorganisatie NASA kreeg
geen contact met de marslan-
der. Wetenschappers stelden

ANP/AFP

dat daartoe zaterdag tussen
07.17 en 08.37 (Nederlandse

De jongste pogingen om con-
tact te krijgen met de marslan-
der Beagle 2 zijn opnieuw mis-
lukt. De Lovell-radiotelescoop
in het Britse Jodrell Bank heeft
voor de tweede achtereenvol-
gende nacht geen signaal van
de lander ontvangen. Dit heb-
ben ruimtewetenschappers za-
terdag laten weten.

tijd) een mogelijkheid was.

De Beagle 2 moest donderdag-
ochtend op Mars aankomen.
Maar tot nu toe is er geen teken
van de lander vernomen. Ge-
vreesd wordt dat de Beagle 2 op
de rode planeet te pletter is ge-
slagen.
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‘Zachte’ landing op Mars
van Beagle-2 lijkt mislukt

Door onze redactie wetenschap
ROTTERDAM, 27 DEC. De beoog-
de ‘zachte’ landing op Mars van de
Britse Marsverkenner ‘Beagle-2’
lijke te zijn mislukt. Sinds het mo-
ment waarop de lander neerdaal-
de, donderdagochtend vroeg, is
geen enkel teken van het toestel
ontvangen. Het moederstation, de
satelliet Mars Express van de ESA,
is naar alle waarschijnlijkheid zo-
als bedoeld in een baan om Mars
gekomen. De Beagle-2 had op Mars
naar tekenen van levensprocessen
moeten speuren.

Ook vannacht, toen de reusach-
tige Lovell-radiotelescoop van Jo-
drell Bank Observatory luisterde

aar directe signalen van het ui-
terst zwakke zendertje (vermogen
5 watt) van de Beagle-2, isniets ver-
nomen. Hetzelfde geldt voor ande-
re radiotelescopen die is gevraagd
naar de Beagle te luisteren. De
Amerikaanse NASA-satellier Mars

NRC H andeldsh.

f
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Odyssey, die tot 4 januari als relais-
station functioneert, gaf evenmin
signalen door. Na 4 januari moet
de Mars Express, die tegen die tijd
in zijn definitieve baan moet zijn
gebracht, de functie van de Odys-
sey overnemen.

Het Britse team dat de Beagle-2
begeleidt, onder leiding van de
hoogleraar Colin Pillinger, heeft
de moed nog niet opgegeven. Inde
Beagle-computer staat voor 4 janu-
ari nog een twaalftal uitzendingen
geprogrammeerd. Er zijn tal van
redenen te bedenken waarom nu
nog geen signalen worden ge-
hoord zonder dateen later succesis
uitgesloten. Zo zou de klok van de
computer van slag kunnen zijn
waardoor op andere tijden wordt
uitgezonden dan gepland. Maar
privé hebben wetenschappers toe-
gegeven te vrezen dat de Beagle-2
is verongelukt of zich niet naar be-
horen heeft geopend.

o2

Hoewel de Beagle-speurtocht
naar ‘leven’ het meest tot de ver-
beelding spreekt, is de missie van
de Mars Express van de Europese
ruimtevaartorganisatie ESA tech-
nisch en wetenschappelijk gezien
belangrijker, De Mars Express zal
vanuit zijn baan om Mars veel geo-
logisch en meteorologisch ender-
zoek doen. Ook zijn uiterst gede-
tailleerde  terreinverkenningen
mogelijk met behulp van een ste-
reocamera die voorwerpen met af-
metingen van slechts twee meter
kan zien.

Eriseenkleine hoopdatdeze ca-
mera de verongelukte Beagle kan
herkennen aan de grote rempara-
chute of dedrie ‘airbags’diedelan-
dingsklap hielpen opvangen. Op
zondag 4 januari en zaterdag 24 ja-
nuari hoopt de Amerikaanse NASA
twee rijdende robots op Mars neer
te zerten: de Spirit en de Opportu-
nity.,
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BBC 79 DECEMBER 2003.
BEAGLE MIGHT BE IN A CRATER.

Beagle 2 may have fallen down @ crater on Mars recently discavered neor where fhe lander was due fo fouch down, sceatisis on the project have daimed.
The crafer has been discovered in Isidis Planitia, a flattish basin on Mars where Beagle wos due to fand. Scentists said fhere wos o remote possibility it
landed in the coter, which may be about one kilometre wide. If this is <o, there is "no way" it con communicate with Eorth, but sdentists siressed this
scenario was "unlikely". Beagle 2's creator Professor Colin Pillinger suid this was the “absolutely worst cose scenaria.” But he added: "We'd have 1o be s
incredibly unlucky that it went right down this crater.” The rater is roughly in the centre of the "landing ellipse” on Mars where Beagle wos supposed 1o
have londed on Christmas Day. It has shown up in pictures from Mars Global Surveyor, which is in orbit around the planet. Malin Space Science Systems,
which operates the camera aboard Mars Global Surveyor, identified it and sent the picture to the Beagle team lute last might. If Beagle did in fact disuppear N
inta this croter on its descent. it could be petentially disastrous for the mission. A rough landing on the sides of the crater - which could be as much as 700
metres deep - could hove domaged the lander. A crater might also cast @ shadow that would make it nearly impossible for Beagle fo “power up" using ifs
solar ponels. The crater is surrounded by rocky debris, which may also have pierced Beagle's nirbags or prevented it from opening its solar panels properly.
Hawever the Beagle feam stresses that this s just one of fhe current scenorios it is looking af. Meanwhile, science minister Lord Sainsbury, who was al o
Beagle news conference in North London, gave fhe strongest indication yet that the UK Government would help fund the European Spoce Agency's (Esa)
Aerora progromme. “We need fo be warking with Es to ensure that, in some form, there is o Beagle 3 that takes forward this technology. | very much hope
that the Aurara programme which is currently being developed by Esa will take forward this kind of exploration.” Future Eurapean Mars exploration comes s
under the smbrella of the Aurora programme - Esa's bald vision o land probes, and perhaps eventually, astroncuts on the Red Planet. The ExoMars mission,
set for 2009, would investigate the biology of the planet, paving the way for a more ambifious propesal fo bring samples of Martian rack back to Earth for
analysis. O Beagle 2, Lord Suinsbury added: "While we're disappointed that things have not gone to plan, we're determined fhat the search should go on. -
"Both the search to make contact with Beagle 2 and also to answer the long-term question about whether there is life on Mars." All aitempts to contod! the
Jander with the Mars Ddyssey craft in orbit around the Red Planet and with large radio telescopes on Earth hove drawn o blank. Scientists hove now set up o
"iger leam’”" of fop experts 1o work through ol pessible reasons for the silente. The group, bused of fhe British Notional Spoce Cenire, has o full-sized
enigineering mode) of Beagle ond reams of technical documents ond drowings o hand. |t hos drown op o list of "blind” commands to send te Beagle thot il
might prompt it to respond. “These commands are blind in the sense we have no idea if they are geting through - but we're gaing to fry,” said senior
Seagle feam scenfist Professor Alan Wells. On 31 December, after the fenth oftempt made fo contact it, Beagle will switch over info o mode called
communication search mode 1 (CSM 1). This will allow it fo recognise whather it is down or dusk on Mars by measuring the power coming from the solar ~
arrays. If it is still alive, Beagle will begin fransmiting more regularly and will afso be oble to occept blind commands. "We're working under the
‘assumption that Beagle 2 is on the surface of Mars and for some reason cannot communicate to us," said Beagle mission manager Dr Mark Sims. "The feam
has tome up with o method of fooling the receiver into accepting commands without having to tafk batk ta the orbiter,” Dr Sims odded. The Beagle 2 feam
has just agreed with Nosa a pian to reconfigure its Odyssey probe - which is currentiy in orbif around Mars - fo begin sending blind commands on 31

Decemiber. By 5 January, Beagle will have switched aver to communication search ‘mode 2 (CSM 2), which will allow it to communicate with its "mothership”
Mars Express, which carried the "potket watch™ Jander 1o the Red Planet. Mars Express will then be in @ prime position 1o communicate with Seagle and
scientists think this is their best hope of raising the rabot. Scientists had suspected that o dack errar might hove meant Beagle 2 was simply transmifting af e
the wrang time, explaining the inability of the US orbiter and the telescopes to pick up its signals. Dr Sims sid that the figer feam had now “probably"” ruled
ot a clock error. He added that other slips of Beaale's onboard time could have been coused by o software glitch or by copying data between different parts
of its memory. Other scenarios include o failure of the pocket watch design fo apen fully; o failure 1o deploy properly the solar “petals” that charge the —~
Beagle hattery system and obstruction of the anfenna. Both the radio telescopes at Jodrell Bank in the UK and at Stanford University in the US listened out
for Beagle late on Sundoy - but with no positive result. One obvious explonation for silence is that Beagle wos destroyed os if attempted to land on
Christmas Day, but no one connected with the Esa mission is prepared yet fo contemplate this awful possibifity. Operations to get in contoct with Beogle via

Mars Express will begin in earnest on 6 January. At the moment Wors Express is heading away from the planet, preparing for o major engine burn on
Tuesdoy thof will sweep it back info a nolar orbit of Earth's near neighbour. L\
Yo YUY
MARS EXPRESS CONTROLLERS REPOSITION ORBITER. ({ 2 ; : 5.3
ERANKFURT - Mission controllers on Tuesday redirected Europe's Mars Express orbiter closer to the Red Planet's poles, .

taking a crucial first step to push it into a lower orbit where it will be able to listen for its missing Beagle 2 surface probe.
Officials at the European Space Agency's mission control center in Darmstadt, south of Frankfurt, adjusted the orbit by
firing the main engine of Mars Express for five minutes at about 3 a.m_ EST, spokesman Bernhard von Weyhe said. The s’
maneuver "has been completed very successfully,” he said. The British-built Beagle 2 is believed to have reached the
Martian surface early on Christmas Day, its impact softened by gas bags and parachutes. But several attempts to hear its
signal have not been successful. NASA's orbiting Mars Odyssey searched again Tuesday after five successive days of \
silence. but there was no immediate word on the resuits. Efforts by researchers using powerful radio telescopes at the b
Jodrell Bank observatory in England and Stanford University in California have also come up empty. Tuesday's maneuver
allowed controliers to move Mars Express, launched into orbit around Mars on Dec. 25, from some 117,000 miles over
Mars' equator to roughly the same height, but over the planet's poles. The craft will be progressively lowered over the next
week, when it is to sweep as low as 125-155 miles from the surface — allowing Mars Express to use its powerful radar to
search for signs of water or ice on the planet during expected two years of surveying. Officials also consider Mars Express
their best chance ta find the British-built Beagie, since their radios have been tested together and shown to link up. "The
probability of communications is 100 times higher than having Mars Odyssey try,” von Weyhe said, adding that "the et
probability of finding Beagle from Earth is very low.” While Beagle's silence has worried the mission team, Mars Express'

flight has gone smoothly, with the spacecraft making the tricky entry into Martian orbit flawlessly on Christmas Day. The,

mission, launched from Kazakhstan atop a Russian booster rocket June 2. is intended to look for signs of past or present

life on Mars, which scientists think may once have had enough water to sustain living organisms. Mars Express also will,

map the surface with a high-resolution camera and relay data from Beagle, if it is found. The 143-pound Beagle, if it st
reached the surface intact is to sampie soil and rocks with a mechanical arm searching for indications of organic matter
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Wo'ist . Beagle 2“? Noch immer ist es
der Europdischen Weltraumagentur
Esa nicht gelungen, ein Signal des
Landegerits einzufangen. Funkstille
zwischen Mars und Erde.

»Das ist schon enttduschend, aber
nicht das Ende der Welt”, urteilte
gestern Chef-Wissenschaftler Collin
Pillinge, schwankend zwischen Hoff-
nung und Niedergeschlagenheif. Da-
bei hatte doch alles so erfolgreich be-
gonnen.

Am ersten Weihnachtsfeiertag um
3.47 Uhr mitteleuropdischer Zeit war
,Beagle 2 mit gut 20000 Kilometer
pro Stunde planmaBig in die diinne
Mars-Atmosphére eingetreten. Ge-
bremst und abgesichert von Fall-
sehirmen und Airbags hitte.er sieben
Minuten spater seinen Landeplatz
mit 60 Kilometern pro Stunde errei-
chen sollen.

,Mars-Express“ erfolgreich

Ob er das geschafft hat, weill zur
Stunde niemand. Die erwartete
Funkbestatigung — ,the Beagle has
anded” - blieb aus. Und wéhrend
seine Mutter-Sonde ,Mars-Express®
rfolgreich in die vorgesehene Um-

ufbahn um den Planeten eingebo-
sen ist. bleibt ,Beagle” verschollen.

Im Raumfahrt-Kontrollzentrum
ler Esa (Esoc) in Darmstadt gab sich
Flugdirektor Mike McKay gestern
iberzeugt, dass der kleine Roboter
lie: Mars-Oberflache zumindest er-
eicht hat.  Mars-Express hat ihn auf
inen sehr, sehr prazisen Kurs ge-
racht. Er ist auf jeden Fall in die

-Atmosphare eingetreten.”

. Was ist danach geschehen? Viel-
eicht wird man es nie erfahren — wie
uch die Amerikaner bis heute nicht
vissen, was mit ihrem ,Polar Lan-
ler® passiert ist, den sie am 3. De-
ember vor vier Jahren verloren. Da-
als lag der Mars-Roboter noch

olf Minuten vor der Landung ge-
Iau_ auf Kurs, Auf das erlosende , An-
ekommen!“~Funksignal wartete die
Fas_a indes vergeblich.
. Alle nur denkbaren Unfall-
Jrsachen spielten die Nasa-Forscher
lamals durch, genauso wie es jetzt
ie europiischen Esa-Kollegen tun;
tuchlandung der Sonde, falsche Po-

n
—
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Raumfahrt Der Européischen Raumfahrtagentur Esa st es noch nich
gelungen, ein Signal des Mars-Landers ,Beagle 2* einzufangen.

Derweil befinden sich zwei US-Sonden im Anflug auf den Roten Planeten.

R chase

sition, verklemmte und nicht ausfahr-
bare Sonnenzellen, zerstorte oder
falsch ausgerichtete Antenne, Ver-
schwinden in einer Marsspalie und
vieles mehr, Die Nasa forschte erfolg-
los nach , Polar Lander”. Bei der Esa
ist man jedoch noch weit davon ent-
fernt, ,Beagle 2 aufzugeben. ,Es
gibt noch ein Dutzend Gelegenheiten,
Daten des Landers zu empfangen®,
heiit es vom Kontrollzentrum.
Hoffnungsvoll weitermachen - das
gilt auch fiir die Nasa; Derzeit befin-
den sich zwei weitere Mars-Lander
der USA im Anflug auf den Roten
Planeten. Die Sonden haben wertvol-
le Fracht an Bord: zwei so genannte
Mars-Rover, die ,in etwa die Masse
und die Geschwindigkeit der grofien
Galapagos-Schildkriten aufweisen”,

So hatte es aussehen miissen: ,Beagle 2, von Airbags gesichert, nach seiner Landung auf dem Mars.

Wissenschaftler der Doppel-Mission
,Principal Investigator".

Die Mars-Mobile miissen auf der
Planetenoberfliche erst einmal sanft
gelandet und getestet werden, ehe sie

Weich gelandet

Seit 1960 hat es zahlreiche
Versuche - vor allem der Sow-
jetunion und der USA - gege-
ben, den roten Nachbarplane-
ten der Erde mit Flugkorpern
zu erreichen. Die meisten
schlugen fehl, erst 1976 gelang
den USA die erste weiche
Landung einer Sonde auf dem
‘Mars.

Foto: ddp

an verschiedenen Positionen ihré'o
schungsauftrige erledigen kone
Das erste der Vehikel soll von de i
vergangenen Juni gestarteten Smi
,Spirit* (Geist) schon am 3. Jaw
abgesetzt werden, das zweite vor ¢
im Juli abgeschossenen ,Opporin
ty* (Gelegenheit) am 25. Januar. I
gesamt kostet die Doppelmission zi
Roten Planeten rund 650 Mill
nen Dollar. Weitere 200 Millior
Dollar kommen als Betriebskosten
Ende 2004 dazu. Es steht also viel |
dem Spiel.
Das ungewisse Schicksal des , B
Cglle"‘ lastet zusatzlich auf den Ner
er Nasa. Deren Forschungs-Chef
Weiler sagte dann auch: ,Es ist scl
schwer genug, zum Mars zu flieg
Dort richtig aufzusetzen, ist n
schwerer.*

beschraibt sie Steve Squeres, Haupt-
E.Q\L\v\\:ac,\\g_ ?QS'& D5 )2 28 B
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Europé’s first planetary mission

Mars Express has been speeding silently
through space since its launch from Baikonur
on 2 June 2003. With its cubic structure,
wrapped in black thermal insulation and about
aman's heightin length, it could be described
as a giant 'space insect’ with its two silver
solar panels extending like wings.

The Beagle 2 lander travels attached to one
side, folded up rather like a very large pocket
watch. Moving away from the Earth at an
average speed of three km per second, the
spacecraft has conserved energy, doing
almost nothing until about a week before its
arrival at Mars. Right now there's little activity
on board. But silence and low activity are not
the norm for this Mars mission. During the
summer ground controllers were still checking
out the spacecraft configuration, as well as the
post-launch survival of the seven instruments
onboard. Some very delicate operations took
place, during which a major part of the mission
was at stake.

One of them was to release the special
clamps holding Beagle 2 in place during the
launch. “These clamps were extira means of
making sure that the lander stayed perfectly

attached to the spacecraft during the launch,”
said Con McCarthy, Beagle 2 Principal
Systems Engineer.

“Releasing them three days after the launch
was a very critical operation, because if the
clamps were not released correctly Beagle 2
could not be ejected on arrival at Mars, and
Mars Express would go into orbit around the
planet with the extra 65 kg of the lander on
top.”

This extra weight could have affected Mars
Express operations considerably, not to
mention the fact that the lander's mission
would have ended before it even began.

The mission is not called Mars Express by
chance — it has been developed quicker than
any other comparable planetary mission. The
design and development phase took less than
four years, compared with up to six years for
previous similar missions.

Calculations had shown that the best
combination of fuel use and travel time could

only be achieved by launching Mars Express in -

the period between 23 May and 21 June 2003.
“If we had missed the launch window, there
was an ‘emergency opportunity’ on 28 June,
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with some re-arrangements in the mission. If
we missed that one, we would have had to wait
until 2007," said Rudi Schmidt, Mars Express
Project Manager.

Diary of a Mars mission

One way of gaining an insight into how the
Mars Express team dealt with their extremely
tight schedule is to take a peek at their diary...

Leaving for Baikonur

“As the date for shipping the spacecraft to
Baikonur draws closer, the stress and tension
levels have increased dramatically, of course.
Delays of minutes rather than hours, or even
days, now take on a new and sometimes
frightening significance,” wrote John Reddy,
Principle Electrical Systems Engineer for Mars
Express, back in February. At that time, all
development, integration and testing activities
were being completed at the Toulouse facilities
of Astrium, the Mars Express prime contractor.
By mid-March, the spacecraft had to be
transported to Baikonur, almost fully
integrated. “Time waits for no man, or

spacecraft,” said Reddy.
i%%@52§
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Experienced planners well know that time is
merciless, especially when unforeseen
problems show up. This is why last-minute
surprises always need to be included in the
schedule. In fact, this extra provision allowed
the Mars Express team to cope perfectly with
its own last-minute problem.

“Just before the spacecraft was due to
leave Toulouse, engineers discovered a fault in
one of the electronics modules,” said Rudi
Schmidt. “Of course, it was the most difficult
box to remove from the spacecraft! When you
open an electronic box in a spacecraft, you
can'timagine how many wires and connections
there are. It's very easy to mess something up,
so you must be extremely careful.”

In the end, changing the box did not create
any extra problems. The team had been
working with the first days of the launch
window in mind; so they simply moved the
launch date back by just a few days.

The launch campaign

The spacecraft, the lander and all their
accoutrements, gathered into a 100-tonne
cargo shipment onboard two Russian Antonov
planes, arrived at Baikonur on 20 March. A two
and half month launch campaign then began.
Baikonur became the temporary home of more
than 70 people from all over Europe, mainly
from companies such as Astrium, Starsem
(responsible for the launch) and Alenia (in
charge of the assembly and testing
programme).

Work at the launch site went on for 12
hours a day, seven days a week. As the
average age of the team was 40, most of them
are too young to remember the excitement that
surrounded the first missions to Mars in the
1960s. Nevertheless, the launch team still felt
the thrill of working on a mission heading for
the Red Planet.

“Being here, we sometimes feel like
pioneers too,” wrote Don McCoy, Mars
Express Assembly Integration and Verification
Engineer, on 2 May. “It's been hard work to
play our part in getting Mars Express ready to
go to Mars, but we are all happy to be a part of
it! The schedule to get the spacecraft ready in
time for the launch is very tight. There is no
room for error!”

The first weeks of the launch campaign
were devoted to tests. Only when the ‘all clear’
was given, did the team take the final steps to

get the spacecraft ready, with the installation of

the thermal blankets and the solar arrays.

Science

By the end of April, the spacecraft was ready
to be fuelled with propellant, a delicate process
that lasted fOf awhole week and took place in
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Pioneering new ways of working

Mars Express has been developed quicker than any other comparable planetary
mission, and at about half the cost. It took only one year to go from engineering
concept to the start of development, compared to the usual five years, and it has cost
300 million Euros, compared to Rosetta’s one billion Euros.

What is the secret? It lies in the new managerial approach being used, which
includes distributing tasks and responsibilities differently within the whole team, and
the re-use of existing hardware.

Mars Express Project Manager Rudi Schmidt explained: “Giving more
responsibility to industry was a key factor. The Project Team allowed industry to take
decisions faster than in the past.

“Also, we have enabled industry to interact directly with the launch-service
provider and the scientific community. This speeds up the decision making process
and frees manpower for other tasks. Realising that all three — ESA, industry and the
launch service provider - are in the ‘same boat’ to Mars, we have managed to establish
an excellent team spirit from the very beginning, which has helped a lot during times
of high stress or technical problems.” g ™

However, safety of the mission was never compromised. “To ensure that quality
did not suffer, we imposed a rigorous review process. We also carried out a complete
test programme to ensure that we get a very reliable spacecraft. Aithough we had
immense time pressure towards the end of the project, we did not drop any of the
planned tests to save time. | call this a fast design phase followed by a thorough
testing activity,” added Rudi.

Integration of Beagle 2
with Mars Express.
Astrium
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the Hazardous Process Facility. The next step
was to mount the spacecraft on Fregat, the
Soyuz upper-stage rocket, and then the whole
structure onto the Soyuz launcher. This
‘marriage’ process took place on 24 May.

The whole structure was subsequently
rolled out to the pad four days before launch.
“Seeing everything taking shape as scheduled
was the best reward for all of us, after having
put so much effort and dedication in the launch
campaign,” said Michael Witting, Mars
Express Launch Campaign Manager.

When Mars Express was finally ready for
launch, what could the team still do in the days
before launch? The answer is rehearse,
rehearse and rehearse again. “Once the
spacecraft was mounted on the rocket and
sitting on the launch pad, it doesn’t mean we
could sit back. We still had to perform several
operations to get it ready for its voyage.

“Mars Express is a very complex satellite
and we wanted a perfect send-off. We spent
about eight hours talking to it via computers to
configure it,” wrote Don McCoy.

The future

Of course the most interesting part of the
mission is not yet written in any diary. Full
activity on board the spacecraft will resume six
days before arrival at Mars with the ejection of
the lander.

That operation will also be one of the ‘hold-
your-breath'’ type. Beagle 2 mustlandon a
region called Isidis Planitia, a flat sedimentary
basin straddling the northern plains and the
southern highlands of Mars.

The landing area has the shape of a large
ellipse, 300 km long and 150 km wide. But
Beagle 2, which weights only 65 km, is too light
to carry a steering mechanism, and it will be
unable to receive commands from Earth. So,
how will it manage to land where planned?

The answer is simple: engineers have
calculated very precisely where and at what
speed Beagle 2 has to be ejected from the
Mars Express orbiter. Putting theory into
practice, however, won't be as simple. The
operations leading up to Beagle 2's release will
take two days, and engineers regard it as one
of the most complex phases of the whole
mission.

“Beagle 2 is fixed to the spacecraft with a
spin-up and eject device,” explained Rudi
Schmidt. “This device will be released by firing
a pyrotechnic charge six days prior to Mars
arrival which will give Beagle 2 a certain
forward speed — about 0.5 m per second - and
a rotation at the same time. The rotation has
pretty much the same effect as with a child’s
spinning top, stabilising Beagle 2 while it flies
towards its landing site on the surface.”
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The mechanism and its operation is
complicated. A lot of testing has gone into
ensuring that it reliably releases Beagle 2 from
the orbiter. Mission controllers at the European
Space Operations Centre (ESOC), in
Darmstadt, Germany, have been training for
months with simulators that resemble
sophisticated computer games.

However, a failure when in orbit around
Mars will cost you much more than a few
points! After ejecting the lander, the Mars
Express orbiter will be on a collision course
with the planet. Three days before arrival,
therefore, ground controllers must manoeuvre
the spacecraft onto the right trajectory.

They will also reduce its speed by 1.3 km
per second to allow the planet’s gravity to
‘capture’ Mars Express and put it into Mars
orbit. Several manoeuvres will still have to be
performed to get the spacecraft into its final
operational orbit. The latter is highly elliptical,
taking Mars Express from within just 260 km of
the Martian surface, to more than 11,000 km
away from it at its furthest point.

In the meantime, while the orbiter is still
getting into its chosen orbit around Mars,
Beagle 2 will have already touched down on the
planet’s surface. The landing will also be a
very complicated and challenging operation,
given that the lander will enter the Martian
atmosphere at a speed of several thousand
kilometres per hour.

Friction with the planet's atmosphere will
slow it down to about 1600 km an hour, at
which point parachutes will be deployed. Just
before it reaches the surface, large gas-filled
bags will inflate to protect the lander as it
bounces. Once the lander comes to a halt, the
bags will be ejected and scientific operations

can begin. at the end of the robotic arm, where most of
One of the reasons why Isidis Planitia was the instruments are located, will unfold and
chosen is that it is not too rocky to preclude a rotate to give its two stereo cameras a
safe landing, but rocky enough to be panoramic view. With the help of these and
interesting for the experiments. Isidis Planitia other images, rocks and soil samples will be
has few steep slopes, it is not too dusty and its selected and analysed in detail.
elevation is low enough to provide enough In the meantime, the orbiter will be imaging |
atmospheric depth to allow the parachutes to the entire planet at very high resolution in 3D b
brake the lander’s descent in the thin Martian and in full colour. It will also scan the
atmosphere. subsurface with a radar altimeter, looking for
After landing, Beagle 2 will begin emitting a water and ice, and map the mineral '
‘beeping’ signal, which will be picked up by the composition of the surface with great
Jodrell Bank radio telescope in England. accuracy.
Arrival of this 'life sign’ from Beagle will tell the Then it will be the turn of the scientists.
engineers that it has landed successfully. Data from the orbiter will be returned to Earth
Several ‘overflights' by Mars Express and via the 35-metre dish at New Norcia, near
NASA's Mars Odyssey will be needed to Perth, Australia. From there, they will be sent
determine its exact position. One or two days to ESOC and then to the instrument scientific }
after the landing, and once the outercase has | teams. i
been opened and the solar panels unfurled, Data from the lander will also be relayed via
Beagle will start making observations. the orbiter, except for some periods when

The Payload Adjustable Workbench (PAW) NASA's Mars Odyssey will pick up Beagle 2
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Solar array deployment on the Mars Express
spacecraft and (right) graphic depicting Mars

Express attached to the Fregat upper stage prior
to separation. ESA

data and send them to Earth. This will happen
during the first 10 days after the landing, when
Mars Express and Beagle won't be able to
‘'see’ each other.

So what will Mars Express and Beagle 2
discover? Maybe water, maybe life... “In any
event we will get the most thorough view of the
planet ever, which is of fundamental
importance,” said Agustin Chicarro, ESA’s
Mars Express Project Scientist. “In the global
international effort to explore Mars, Mars
Express is a key mission, since it will provide
the framework within which all further Martian
observations will be understood.”

Acknowledgement
The basis of this article first appeared in ESA Bulletin

115, August 2003.{ & - < ©
%3 ) \J




After a journey of 250 million miles, and five days before Beagle 2 is due to enter the

atmosphere on Christmas day, the whole of Mars Express will be lined up as accurately as
can be managed with the projected landing site.

Beagle 2 will be separated from the spacecraft using a spring mechanism which pushes
the lander away whilst making it spin on its axis for stability. The whole process is carried
out by a 1.6 kg device called the spinup and eject mechanism (SUEM).

With Beagle 2 hurtling towards the surface at 14,000 mph, Mars Express will be free to
make the manoeuvres to place itself in orbit. It will be a critical point in the mission for
both halves of the Mars Express project. If separation does not occur Beagle 2 cannot land
with the orbiter attached but equally so the orbiter will not continue in its efforts to map
Mars from high above its surface.

During the descent phase the heat shield brakes the lander from its interplanetary
velocity, energy being lost by frictional heating. Firing the parachute deployment device
(PDD) through a patch in the back cover, deploys a pilot chute with the task of dividing the

Pyrotechnic bolts explode to drop the heat shield

space craft into two sections whilst pulling the main chpte from its stowed position.
i fold. Qo b R

The gas-bags are inflated by a gas
generator at 200 m above the surface (as
detected by a radar altimeter) and on first
contact the device releases the main parachute
so that the lander can bounce away from
underneath the canopy.

When the whole package comes torest, a
system of laces holding the three gas-bags
onto the lander is cut allowing them to reform
and roll away, dropping Beagle 2 onto the
surface. Irrespective of which way up it falls a
hinge will open the clam shell to start the
science phase of the mission.

Beagle 2 will land in a region of Mars
named Isidis Planitia. This is a 1500 km wide
embayment into the highlands that occupy,

much of the Martian equatorial region and
southern hemisphere, whose northeast side
opens onto the low-lying plains that cover most
of the planet’s northern hemisphere.

It cannot be predicted exactly where Beagle
2 will come to rest but there is a 99 percent
probability of it lying within an ellipse
measuring 174 km by 106 km centred at 11.6
degress N, 269.5 degrees W.

Isidis Planitia is probably a very ancient
impact basin caused by the collision of a
comet or a 50 km diameter asteroid onto the
surface of Mars some three to four billion years
ago. Subsequently its floor may have become
flooded by volcanic lava before being further
buried by sediment deriveg from the
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Beagle 2 has three airbags which will separate
to release the lander onto the surface of the Red
Planet. Inset: artist's impression of fiery entry
into Martian atmosphere. 8 i:’ Sy
Photos: all rights reserved Beagle.

surrounding highlands. A major factor in
selecting Isidis as the landing site is that it is
low lying (to give the parachutes chance to
work), and slightly north of the equator (to take
advantage of the relatively warm spring nights
and thus minimise the thermal stress on
Beagle 2's electronics).

So far as can be deduced prior to landing,
the surface within the landing ellipse is
hardened dust with about 15 percent of the
area covered by rock fragments, mostly
smaller than house bricks in size.

The most dEaued images available from
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previous Mars orbiter missions show details as
small as a couple of metres across. These
reveal a few ridges and numerous cones
occupying about 10 percent of the total area
and each a few hundred metres across that
may have been produced by small explosive
volcanic eruptions. If so, they indicate the
presence of ice in the local subsoil, making
Isidis Planitia an appealling place to search for
signs of life.

So what will the view from the lander
reveal? Most likely a stone-strewn plain. There
is only a one in 10 chance of landing on a
volcanic cone, and perhaps a one in five
chance of a nearby cone being visible from the
lander. There is an even smaller chance of
landing among substantial sand dunes, though
small wind-blown drifts of dust are perhaps
more likely.

The camera's vantage point on a relatively
short robotic arm may not be great for distant
views, but we expect to get fascinating close-
ups of individual rock and soil specimens prior
to studying them with Beagle 2’s considerable
array of analytical devices.

Isidis is also being considered as the
location for one of NASA's future Athena
rovers which are also landing in gas-filled bags
and subject to the same engineering
constraints as Beagle 2.

Beagle 2's scientific payload, which weighs
just 10 kg, consists of six instruments and two
dedicated tools with which to study the Martian
surface and subsurface materials, and a
robotic sampling arm with five degrees of
freedom.

The eight experiments can be divided into
two categories: those mounted directly on the
lander platform — namely the Gas Analysis
Package (GAP) and the Environmental Sensor
Suite (ESS) — and those housed within an
innovative structure called the Payload
Adjustable Workbench (PAW) located at the
end of the robotic arm — namely the Stereo
Camera System (SCS), the Microscope (MIC),
the X-ray Spectrometer (XRS), the Mdssbauer
Spectrometer (MBS), and a set of tools that
includes the Rock Corer Grinder (RCG), the
Planetary Underground Tool (PLUTO), and
other support equipment such as a sampling
spoon, a torch and a wide-angle mirror. The
science- payload/ landed-structure ratio is
about 1:3, the highest of any planetary lander
to date.

GAP, which is accommodated in the
lander’s base, will make both quantitative and
qualitative analyses of sample composition, as
well as precise isotopic measurements.

It can process atmospheric samples as well
as material acquired by the sampling tools in
the form Ff soil or rock chippings, which are
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deposited into one of eight miniaturised ovens.
Gases can be analysed directly (eg those
present in the atmosphere), after their release
from samples by heating, or as by-products of
chemical processing (eg CO,).

GAP can therefore investigate: processes
associated with atmospheric evolution,
circulation and cycling, the nature of gases
trapped in rocks and soils, low-temperature
geochemistry, fluid processes, organic
chemistry, formation temperatures and surface
exposure ages, and can also assist in isotopic
rock dating.

ESS will contribute to characterisation of
the landing site and permit meteorological
studies using the data from 11 sensors
scattered throughout the lander platform and
the PAW. Measurements of the uliraviolet
radiation flux at the surface together with the
oxidising capability of the soil and air will
provide insights for exo-biological C
investigations. (2 3 3 (G} é )

Measurements of atmospheric temperature,
pressure, wind speed and direction, dust
saltation and angle of repose will complement
the in-situ environmental experiments.

SCS, which consists of two identical CCD
cameras and integrated filter wheels, will be used
back on Earth to construct a Digital Elevation
Model (DEM) of the landing site from a series of
overlapping stereo image pairs. The DEM will
then be used fo position the PAW with respect to
promising target rocks and soils.

The landing-site investigations will include

Artist impression depicting the various stages of
Beagle 2’s ground-breaking mission and (inset)
Prof Colin Pillinger. Astrium/Beagle 2

Mars

panoramic 360 deg imaging, multi-spectral
imaging of rocks and soils to determine
mineralogy, and close-up imaging of rocks and
soils to infer their texture. Observations of the
day and night sky, the Sun, the stars, and the
Martian moons Deimos and Phobos will allow
the assessment of such atmospheric
properties as optical density, aerosol
properties, and water-vapour content.

The observation of the lander's surfaces
and atmospheric effects will allow the dust and
aerosol properties of the Martian atmo;.s_;_)_here ’
to be assessed. % 3 O —9 =0

MIC will investigate the nature of Marti
rocks, soils and fines on the particulate scale
(few microns), providing important
exobiological data in the form of direct
evidence of microfossils, microtextures and
mineralisations of biogenic origin if present.

By identifying the physical nature and extent
of the weathering rinds/coatings on rocks and
soils, it will also contribute to geological
characterisation of the landing site.
Atmospheric and the global planetary studies
will also benefit from the more detailed
knowledge of dust morphology.

MIC will be the first attempt to directly
image and assess individual particles with
sizes close to the wavelength of scattered light
on another planet. The acquisition of complete
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sets of images for each target will allow the 3D
reconstruction of sample surfaces in both the
visible part of the spectrum and the ultraviolet.

The primary goal with XRS is to determine,
in-situ, the elemental composition, and by
inference, the geochemical composition and
petrological classification, of the surface
materials at the landing site.

It can detect major elements (Mg, Al, Si, S,
Ca, Ti, Cr, Mn and Fe) and trace elements,
and uses X-ray fluorescence spectrometry to
determine the elemental constituents of rocks.
It can perform radiometric dating of Martian
rocks in-situ.

MBS will allow a quantitative analysis of
iron-bearing materials in Martian rock and soil
materials. Such measurements are particularly
important due to the abundance of Fe-bearing
minerals on Mars and their formation being

linked to the history of water on the planet.

It will also provide information about rock
weathering in general and oxidation in
particular. The MBS-generated spectra will
allow the characterisation of the mineralogical
makeup of rocks and soils, and hence a
petrological classification. The MBS also
complements the in-situ geochemical and
petrological work, and provides support for the
GAP measurements.

The RCG, located on the PAW, addresses
the latter's need for access to ‘fresh’, pristine
material on a suitably prepared rock surface to
avoid the effects of weathering rinds and
geometric effects that can seriously
compromise instrument performance.

It allows the removal of the altered material
and produces a flat, fresh surface suitable for
the spectrometer measurements. After the in-
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situ analyses have been completed, a ground
sample will be extracted using the device'’s
coring action, and delivered to the GAP's inlet
port for further chemical analysis.

The PLUTO subsurface sampling device is
another PAW tool, which can retrieve soil
samples from depths down to about 1.5 m and,
depending on the terrain, from under a large
boulder. This capability is very important for
Beagle 2's exobiological investigations
because materials preserving traces of
biological activity lie deep within the soil or
rocks, where they are unaffected by solar-
ultraviolet radiation. PLUTO will make in-situ
temperature measurements as a function of
time and depth as it penetrates below the
surface, and will also allow the soil's
mechanical properties and layering to be
assessed.

International missions to Mars

Japan targets atmosphere

NASA'’s twin geologists

The Mars Exploration Rovers (MER) will search for answers
about the history of water on Mars. Key to the mission’s
scientific goals is to search for and characterize a wide range
of rocks and soils that hold clues to past water activity on
Mars, and the spacecraft will be targeted to sites that appear
to have been affected by liquid water in the past.

MER-A, or Spirit, was launched on 10 June 2003 followed by
MER-B, or Opportunity just under a month later on 7 July.

Spirit is on course to arrive at Mars’ Gusev Crater on 4
January 2004, and three weeks later, Opportunity is due to

The Japanese Mars orbiting aeronomy mission Nozomi could
still become the first spacecraft to the study of the Martian
upper atmosphere after a trouble-plagued flight.

In mid-November a Japanese space official tried to alleviate
fears - that the probe would be unable to enter its planned
orbit when it reaches Mars on 14 December - by stating that
the probability of hitting Mars was “about one percent” even
without any orbit corrections.

Ground controllers now plan to fire Nozomi’s steering
engines on 9 December followed by a further rocket firing six
days later.

Nozomi was launched in July 1998 and was supposed to
reach Mars by the end of the following year. However, in
December 1998 a main engine firing went wrong.

Two corrective burns had to be made and, by the time the
probe was back on its proper course, its remaining fuel wasn’t
enough to brake itself into the desired survey orbit once it
arrived at Mars in October 1999 - and so it flew past.

Japanese controllers were left with the option of working out a
flight plan to bring it back to Mars but at a gentler approach
speed, requiring four more years of coasting and a pair of Earth
fly-by manoeuvres in December 2002 and June 2003.

R

arrive at a level plain called Meridiani Planum on the opposite
side of Mars from Gusev. Each rover will examine its landing
area for geological evidence about the histery of water there,
key information for assessing whether the site ever could have
been hospitable to life.

After the airbag-protected landing craft settle onto the
surface and open, the rovers will roll out to take panoramic
images. These will give scientists the information they need to
select promising geological targets that will tell part of the
story of water in Mars’ past. Then, the rovers will drive to
those locations to perform on-site scientific investigations
over the course of their 90-day mission.

The lander's petais will unfold and the rover will drive onto the surface of
Mars. NASA




F,i. ord Sainsbury, Britain’s sci-

I ence minister, had it exactly

right—and exactly wrong—

I when he commented on the

me initial failure of the Beagle 2
lander to communicate from the
surface of Mars after its descent on
Dec. 25. Sainsbury properly called for a Beagle 3 project
under the auspices of the European Space Agency’s Aurora
planetary exploration program. It is encouragng to see British
leaders vigorously pushing space-based science again after
40 years of quiescence.

But he was wrong when he noted the “highrisk™ nature of
Beagle 2, and cautioned, “we must avoid th: temptation in
future to only do low-risk projects.” Certainy risk is an ele-
ment in ‘any undertaking as difficult as a rebotic landing on
Mars. Yet Sainsbury is mistaken if he believes Europe’s fu-
ture in space should follow the Beagle 2 model. While the
professors who put the mission together must be commend-
ed for the energy and ingenuity they brought to bear, they
were forced by government penury to design, build and test
on the cheap. That pushed their project beyond high risk into
foolhardiness.

NASA learned that lesson with the two “faster-better-
cheaper” probes it launched to Mars in 1998. Both the or-
biter and lander failed because, as the inevitable outside-ex-
pert post-mortem had it, the U.S. agency overdid the
“cheaper” part of the equation by about 30%. Fiscal cir-
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Beagle 2 Silence:

Pentjry Scores Again?

$3033

cumstance drove the Beagle 2 de-
signers to ignore even the most ex-
plicit lessons of NASA’s Mars Cli-
mate Orbiter and Polar Lander.
including the need for some sort
of telemetry during descent that
might have given designers of fu-
ture landers at least some idea of what went wrong.

It is hard to know just how cheap Beagle 2 was, since proj-
ect leader Colin Pillinger won't say how much the lander cost,
out of fear that those who donated hardware and expertise
to its development would be beset by hordes of high-tech beg-
gars with equally high-risk dreams. By comparison, ESA freely
admits it spent about 300 million euros ($375 million) on
Mars Express, the orbiter that dropped off Beagle 2 for land-
ing before it went into orbit around the planet. That, too, can
be characterized as a cheap mission in an arena that saw
NASA's §1-billion Mars Observer vanish without a trace in
1993. But ESA project managers avoided excessive risk by
using hardware proven on other missions, while spending
what it took on testing.

We hope Mars Express will find Beagle 2 when it moves
into position to use its more-compatible radio receiver this
week. But come what may, a proper balance of cost and risk
has enabled ESA to join the exclusive club of Mars explor-
ers, while the high-risk Beagle 2 will have left the U.K. bark-
ing up the wrong tree even in the unlikely event it is found
functioning on the planet’s surface. o
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Beagle 2 bleibfq 35 5
weiter stumm

DARMSTADT (afp/rtr). Die Aussich-
ten auf eine Kontaktaufnahme mit
dem européischen Mars-Landegerat
~Beagle 2% werden immer geringer.
Auch bei einem niedrigen Uberflug
der europdischen Marssonde Mars
Express {iber das Landegebiet gelang
es gestern nicht, ein Signal von ,Bea-
gle 2 aufzufangen. Dabei hatten die
Wissenschaftler groBe Hoffnungen in
diesen Tag gesetzt: In 315 Kilometern
Hohe flog die Muttersonde , Mars Ex-
press” iiber das Gelande, wo das ver-
schollene Landegerat vermutet wird,
ESA-Wissenschaftsdirektor ~ David
Southwood machte keinen Hehl aus
seiner Enttauschung: Er habe eine
wtraurige Nachricht”, verkiindete er
am Nachmittag im Kontrollzentrum
in Darmstadt. Aufgeben wollen die
Wissenschaftler trotzdem noch nicht.
In den kommenden Wochen will die
ESA mehrere Anliufe starten, Bea-
gle 2 doch noch zu finden.
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Beagle 2: Sargdeckel bald zu? -

- Mars-Mission Europdischer Geldnderoboter weiterhin verschollen

Einen Tag nach der erfolgreichen
Mars-Landung hat die US-Raum-
sonde ,Spirit” gestern Aufnahmen
{ vom Roten Planeten zur Erde ge-
schickt. Wie die Nasa im kaliforni-
schen Pasadena mitteilte, bereitet
sich das Gefahrt auf die erste Erkun-
dungstour vor. Der deutsche Raum-
fahriexperte Harro Zimmer duflerte
sich unterdessen verhalten zu den
Aussichten, das européische Lande-
gerat _Beagle 2" noch zu orten.

Bereits kurz nach seiner Landung
hatte der kleine US-Roboter Spirit
Schwarz-WeiB-Fotos zur Erde ge-
funkt. Die Qualitat der farbigen Auf-
' nahmen sei zudem dreimal besser als

die der Pathfinder-Mission im Jahr

1997, so die Nasa-Techniker. Mit sei-

ner Bord-Antenne soll Spirit dem-
I nachst die Fotos mit Ubertragungsra-

ten von iiber 11 000 Bit pro Sekunde
direkt zur Erde schicken. Auf dem

Umweg iiber Satelliten konnen die

auflerirdischen Ansichtskarten sogar

mehr als zehn Mal so schnell gesendet
werden. Mit Spannung erwarten die
Forscher der Nasa den ersten Ausflug

von Spirit. In etwa neun Tagen soll -

das solar-betriebene Gefihrt sich auf
die Mars-Oberflache wagen. Die
Aussichten seien gut, so Jennifer
Trosper, die den Einsatz beaufsich-
tigt. Spirit sei gut gelandet, es ligen
keine groferen Steine im Weg.

Bevor am 25. Januar das zweite
US-Marsgefahrt, ,Opportunity®, ge-
nau auf der gegeniiber liegenden Pla-
netenseite landen soll, wird es auch
fiir die Europier noch einmal ernst:
Morgen iiberfliegt die Raumssonde
wMars Express® der Europaischen
Raumfahrtagentur (Esa) in nur
375 Kilometern Hohe jene Stelle, wo
der europdische Geldnderoboter
»Beagle 2" vermutet wird. Die Euro-
péer wiirden dann ,das entscheidene
Obr an Beagle 2 legen, sagte Zim-
mer. ,Noch haben wir ihn nicht beer-
digt.“ Wenn Mars Express dann noch

immer kein Signal empfange, ,kén-
nen wir den Sargdeckel zumachen®.

Das britische Marsgefdhrt ist seit
der geplanten Landung am 25. De-
zember verschollen. Zimmer verwies
darauf, dass die Nasa fiir ihre Mission
vier Mal mehr Kapital eingesetzt
habe als die Esa und deshalb nicht
von einem echten Wettrennen gespro-
chen werden konne. Die US-Behorde
lasst sich ihre Marserkundung dies-
mal 820 Millionen Dollar (gut
650 Millionen Euro) kosten.

Drei Monate lang sollen 250 Ex-
perten mittels Spirit und Opportunity
mn bis zu 400 Millionen Kilometer
Entfernung von der Erde nach Spu-
ren von Leben suchen. Die Esa-
Experten miissen sich méglicherweise
mit der Vogelperspektive des Mars
Express begniigen. Aber auch dessen
Spezialgerdte konnen mit Radarauf-
nahmen bis zu vier Kilometer unter
der Planetenoberfliche Wasser und
Eis nachweisen,

R,((\LM\\:SO\JL Qg-&  Bb/~0)\— Laol).
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TELEGRAAF : 07 JANUARI 2003.

DAG VAN DE WAARHEID VOOR

RIJSWIJK - mwdagmmdedagvmdewamwm

ander Beagle Z. De Europese
ruimtevaartorganisatie ESA heeft al haar hoop gesteld op @ s Express die om 13.15 uur
(Nederlandse tijd) voor het eerst recht over de vermiste verKeNner Uiegt Als het moederschip de
zwijgende Beagle niet kan vinden, geldt de marslander als veror®"- Beagie kwam op eerste kerstdag op

de rode planeet aan, masheenmmﬂmnﬁsmeamzidllai@‘hﬂmm De talloze pogingen om via
de Amerikaanse satefliet Mars Odyssey en radiotelescopen op COhjtact te krijgen leverden geen
enkel levensteken op. De overviucht van Mars Express, op een hood'© Vén 375 kilometer, is echter de
eemeommege&egemld'ommmmkrwen.mes& Verbinding via het moederschip
mdsmmummmnm@m&mwﬁ&mmmm
grondig is getest. Mocht er woensdag geen teken van leven zijn, mmwdehamendedagennog
meer pogingen. "Het is niet alleen een kwestie van bliepjes oppikken, Mars Express kan ook nog
commando’s geven", aidus een woordvoerder van ESA in Noordwijk. Verder zal de camera van het
moederschip vrijdag de omgeving fotograferen. ESA hoopt dat op de beelden de parachutes en airbags
zijn te zien. "Als we vrijdag nog niets weten, is het voorbij". V : rs concentreren zich op drie
nmgﬂ:emdmenmhetzwugenvandeseagb Erkaneenslaﬁmiﬂdemangnofem
probleem met de communicatieapparatuur van de lander, maar de ESA heeft steeds meer de idee dat de
ruim 60 miljoen euro kostende Beagle tiidens de risicovolle landing op de planeet is vernietigd. De lander
heeft - of had - instrumenien om in de grond te boren en de omgeving af te schrapen naar sporen van
mogelijk leven. De venmissing van de Beagie, eeabeﬁgﬂkond@tdeelvandeeemmlﬁssier
naar een andere planeet. staat in scherp contrast met de Amerikaanse robot Spirfi. Die :
empmbdemmummmunmmmfm'smﬁmvﬁﬁmmm
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Europese ruimterobot

eagle bli]

DaArmsT.
ANP

De marslander Beagle 2 blijft
spoorloos. De Europese ruimte-
vaartorganisatie ESA is er ook
gisteren niet in geslaagd om
contact te krijgen met de zwij-
gende sonde. Dat heeft de orga-
nisatie in het controlecentrum
in Darmstadt gezegd.

De kansrijkste poging op een
levensteken van de Beagle,
door middel van het moeder-
schip Mars Express, leverde gis-
teren geen enkel signaal op.
~We moeten ervan uitgaan dat
de Beagle is vernietigd of'in
een krater is terechtgekomen”,
zei projectieider Mike McKay.
De ruimterobot kwam op eer-
ste kerstdag op de rode planeet
aan, maar heeft sindsdien niets
meer van zich laten horen. De
talloze pogingen om via de
Amerikaanse satelliet Mars
Odyssey en radiotelescopen op
aarde contact te krijgen, lever-
den geen enkel levensteken op.
De passage van de Mars Ex-
press, op een hoogte van 375

ft zwijgen

kilometer, was de ,eerste op-
timale gelegenheid” om ver-
binding te leggen, aldus de
ESA. De verbinding via het
moederschip geldt als het be-
trouwbaarst, omdat zij volledig
op elkaar zijn afgesteid.

De komende dagen volgen
meer communicatiepogingen.
»Het is niet alleen een kwestie
van bliepjes oppikken, Mars
Express kan ook nog comman-
do’s geven”. aldus een woord-
voerder van ESA in Noordwijk.
Verder zal de camera van het
moederschip morgen de om-
geving fotograferen. ESA hoopt
dat op de beelden de parachu-
tes en airbags te zien zijn. .Als
we dan nog niefs weten, is het
voorbij.”

Wetenschappers concentreren
zich op drie mogelijke oorza-
ken van het zwijgen van de Be-
agle. Er kan een storing in de
software zijn of een probleem
met de communicatieappara-

| tuurvan de lander, maar de

ESA sluit niet nit dat de ruim
60 miljoen euro kostende Be-
agle tijdens de risicovolle lan-

ding te pletter is geslagen.

(3308

Hoop op signaal
van Marslander
Beagle opgegeven

Van onze verslaggever
AMSTERDAM

De Europese Marslander Beagle 2
blijft spoorloos. Het moederschip
Mars Express, dat woensdag voor
het eerst over de landingsplek
vloog, kreeg geen contact met het
voertuig. ‘We moeten ervan uit-
gaan dat de Beagle is vernietigd of
in een krater terecht is gekomen’,
zei viuchtleider Mike McKay in
het vluchtleidingscentrum in
Darmstadt.

De Beagle 2 heeft sinds zijn aan-
komst op Mars, op eerste kerst-
dag, niets van zich laten horen.
Alle hoop was op de passage van
de Mars Express gevestigd, op 375
kilometer hoogte. Het communi-
catiesysteem van het moederschip
is speciaal op de Beagle afge-
stemd, en is daar op aarde grondig
voor getest.

Dit in tegenstelling tot de Ame-
rikaanse sonde Mars Odyssey en
enkele aardse radiotelescopen,
die eerder vergeefse pogingen de-
den signalen van de Beagle op te
pikken.

Bovendien kan het moederschip
niet alleen signalen ontvangen,
maar ook commando’s naar de
lander toe sturen. De vluchtlei-
ders hoopten op die manier de
Beagle weer tot leven te wekken.
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ESA’s Mars Express seen
as best hope to locate
the missing British lander

".

DOUGLAS BARRIE/LONDON and FRANK MORRING, JR./WASHINGTON

Europe’s big Mars mission got off to a good
start when the Mars Express orbiter released
3 Beagle 2, but the high-risk lander kept con-
trollers waiting for a signal from the surface.
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pacecraft con-
trollers in Darm-
stadt, Germany,
have given the
European Space
Agency’s Mars
Express orbiter
an unwanted if
not entirely unexpected first
mission following its suc-
cessful arrival at the red plan-
et—trying to pick up a signal
from Britain’s Beagle 2 lan-
der that rode the orbiter to
Mars and then was silent af-
ter it descended into the at-
mosphere.

A 4-min. burn of its 400 N
main engine on Dec. 30 shift-
ed Mars Express from the
equatorial capture orbit it en-
tered on Dec. 25 into a high-
ly elliptical polar orbit in-
clined 86 deg. to the planet’s
equator. A second planned
burn Jan. 4 would bring the
orbiter over the Beagle 2
landing site in the Isidis
Planitia Basin on Jan. 7 at an
altitude of 315 km. (170
naut. mi.).

From that vantage point
Beagle 2 managers hoped the
ESA orbiter would be able to
receive the first indication
that the lander was functioning on the
surface and relay it to Earth. After its
entry into the Martian atmosphere at
2:47 a.m. GMT Dec. 25 (9:47 p.m. EST
Dec. 24) the 73-1b. lander failed to com-
municate using timed signals and untest-
ed links through NASA's Mars Odyssey
orbiter and the Jodrell Bank Observa-
tory in the UK.

Beagle 2 was designed to shift into
“communication search mode 1” fol-
lowing 10 unsuccessful attempts to com-
municate on a preprogrammed schedule
via Odyssey or Jodrell Bank. Using the
increased current generated by its solar
arrays at dawn as a signal that it would
be safe to transmit without consuming
precious battery charge, the lander would
broadcast more frequently and be open
to “blind” commands from Earth.

In addition to Jodrell Bank, Beagle 2
controllers have already used a radio
telescope at Stanford University in Cal-
ifornia to listen for signals. The West-
erborg telescope in the Netherlands and
the Effelsberg telescope in Germany
were also available to listen if needed,
but Mars Express was considered the
best opportunity for a linkup because of
its proximity and because its radio has

[b2ob3 |

Mars Express returned an image of the
Beagle 2 lander moving away following its
Dec. 19 separation (top), but the lander
failed to communicate after it entered the
planet’s atmosphere. Controllers later shift-
ed Mars Express into polar orbit as planned.

been tested with the one on Beagle 2.

Based on the Mars Express orbit es-
tablished by the Dec. 30 burn, the first
chance the European orbiter might pick
up a signal from Beagle 2 came on Jan.
4. Subsequent opportunities prepro-
grammed into Beagle 2 were to occur
on Jan. 6 (11:00 a.m.-12:20 p.m. GMT),
Jan. 12 (3:10-4:30 a.m. GMT), Jan. 13
(3:18-4:38 p.m. GMT) and Jan. 17 (5:50-
7:10 p.m. GMT).

“The 6th and 12th are when Mars Ex-
press is maneuvering into its final orbit,
so they are not optimum for Beagle 2
communications.” said Mark Sims, Bea-
gle 2 mission manager. “The 13th and
17th are very good opportunities for
Mars Express.”

That assumes the spacecraft survived
its risky plunge to the planet’s surface.
and was working as programmed after
landing. An “Analysis and Recovery
Think Tank” was set up at the Univer-

sity of Leicester’s Lander Op-
erations Control Center to
brainstorm possible failures
and recoveries after Beagle 2
failed to signal early in its
programmed sequence.

Possibilities with some
hope of recovery included a
landing off course or with the
lander tilted, and a failure of
the solar arrays to open fully.
Imagery from NASA's Mars
Global Surveyor taken 20
min. after the scheduled land-
ing time showed fine weath-
er, but it also revealed a pre-
viously unobserved 1-km.
crater that could have caused
trouble on touchdown.

Like NASA's 1997 Mars
Pathfinder lander and the two
Mars Exploration Rovers set
to touch down this month,
Beagle 2 was designed to take
a direct descent approach to
the surface using a heat
shield, drogue and main
parachutes to slow down and
inflatable bags to cushion its
landing. The entire sequence
from entry to surface should
have taken 7 min.

Mars Express released
Beagle 2 right on target for its
unpropelled descent on Dec.
19 and later sent an image of the lan-
der moving away from it (see top photo.
above). But after that the lander was on
its own, relying on its internal clock to
conduct the landing autonomously some
9 light-min. from Earth. The failure
analysis team also was studying the pos-
sibility that the onboard timing may have
slipped or was lost altogether because of
a software failure.

If the lander survived, deployed its ar-
rays to collect power before its batter-
ies expired and can be recovered by the
team at Leicester, its primary mission
will be to measure the ratio of carbon
isotopes present in Martian rock sam-
ples. Beagle 2 scientists would consider
a high ratio of carbon 12 to carbon 13
in the samples rooted up with a spring-
loaded digger attachment dubbed the
mole as an indicator of biological
processes (AW&ST Dec. 1, 2003, p. 57).

Beagle 2’s cost was small by space ex-
ploration standards, reportedly about 50
million pounds ($89 million), although
the project has not released figures.
While the design team took innovative
steps to hold down expenses, the danger
of doing so was well understood.

“We've always recognized that Bea-
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gle 2 was a high-risk project, and we ~

must avoid the temptation in future to
only do low-risks projects,” said Lord
David Sainsbury, the U.K. minister of
science and innovation.

The potential loss of Beagle 2 over-
shadowed the early success of Mars Ex-
press, which made ESA only the third
space agency after NASA and the Sovi-
et Union’s Space Research Institute to
reach Mars orbit. Built for about 300
million euros ($372 million), including
its launch on a Russian Soyuz/Fregat ve-
hicle, the 2,305-Ib. spacecraft is planned
to spend at least one Martian year of
687 Earth days mapping the planet’s at-
mosphere, surface and subsurface to a
depth of a few kilometers.
| Froman elliptical orbit that will bring
it as close as 259 km. to the surface, Mars
' Express should be able to produce a full-
1p]anet 3-D map in full color with its
‘high-resolution stereo camera, which
was designed to capture images as fine
‘as 2-meter (6.5-ft.) resolution in select-
ed areas. A visible and infrared mapping
spectrometer will map surface miner-
alogical composition with a resolution
‘of 100 meters, while an ultraviolet and
infrared atmospheric spectrometer is to
produce seasonal maps of ozone and
‘water vapor over the entire planet.

ADDITIONAL atmospheric analysis will

' llbe conducted by a planetary Fourier

'spectrometer, which will measure the
'vemcal pressure and temperature of car-
{bon dioxide and look for water, carbon
monox;de methane and formaldehyde.
'An energetic neutral atoms analyzer will
'study the interaction of oxygen and hy-
drogen atoms with the solar wind in the
planet’s outer atmosphere. The space-
craft will also use its own radio waves
‘back to Earth to study the Martian ion-
osphere, atmosphere, surface roughness
and interior as reflected in the gravity
field.

Mars Express carries a 40-meter-long
antenna for its subsurface sounding
radar altimeter, which will use low-fre-

‘quency radio waves to map the thick-
ness of sand deposits below surface
'dunes, as well as other subsurface struc-
tures and materials including water and
|ice. In addition to characterizing the ba-
sic planetology of Mars, ESA has adopt-
ed the same follow-the-water approach
with Mars Express that NASA uses to
prospect for evidence of life there.

“A major goal for Mars Express is to
find out whether there is or has been life
on Mars and where the water is and how
much we have on the planet at present,”
said Agustin Chicarro, ESA's Mars Ex-
press project scientist. °
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Marslander Beagle
2 is verloren

DARMSTADT, 8 JAN. De marslan-
der Beagle 2 blijft spoorioos. De
Europese ruimtevaartorganisatie
ESA is er ook gisteren niet in ge-

laagd om contact te krijgen met
de zwijgende sonde. De meest
kansrijke poging op een levenste-
_ken van de Beagle, via het overvlie-
" gende moederschip Mars Express,

leverde gisteren opnieuw geen en-
kel signaal op. ,,We moeten er van-
uitgaan dat de Beagle vermctigdis
of i m een krater terecht is geko-
men”, zei projectleider Mike
McKay in het Duitse Darmstadt.

NRC
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Hoop op teken van
Beagle 2 verviiegt

DARMSTADT — De hoop op
een teken van marslander Bea-
%3 S 9 S gle 2 is nagenoeg verloren. De

—FHuropese rumtevaartwgam—

satie ESA is er ook gisteren

niet in geslaagd om contact te
krijgen met de zwijgende son-
de, zo heeft de organisatie gis-
teren gemeld. ,We moeten er
vanuit gaan dat de Beagle ver-
nietigd is of in een krater te-
recht is gekomen”, zei project-
leider Mike McKay. De Beagle
arriveerde op 25 december op
Mars, ‘maar heeft sindsdien
nmts meer van zich laten ho-
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Marslander Beagle 2 hlijft spoorl

DARMSTADT — De marslander
Beagle 2 is nog steeds zoek. De Eu-
ropese  ruimtevaartorganisatie
ESA is er ook gisteren niet in ge-
slaagd om contact te krijgen met
de zwijgende sonde. Dat heeft de
organisatie in het controlecen-
trum in Darmstadt gezegd.

De kansrijkste poging op een le-

del van het moederschip Mars Ex-
press, leverde gisteren geen enkel
signaal op. ,,We moeten ervan uit-

gaan dat de Beagle vernietigd is of

in een krater terecht is gekomen”,
zei projectleider Mike McKay.
Beagle kwam op eerste kerstdag
op de rode planeet aan, maar heeft
sindsdien niets meer van zich laten

Y%%Tf)sx)

de Amerikaanse satelliet Mars
QOdyssey enradiotelescopen op aar-
de contact te krijgen leverden geen
enkel levensteken op.

De overvlucht van Mars Ex-
press, op een hoogte van 375 kilo-
meter, was gisteren de ,.eerste opti-
male gelegenheid” om contact te

krijgen, aldus de ESA. De verbin-
ding via het moederschip geldt als
het betrouwbaarst, omdat zij volle-
dig op elkaar zijn afgesteld en de
communicatie tussen beide gron-
dig is getest.

Nuer gisteren geen teken van le-
ven is gegeven, volgen er de ko-
mende dagen toch nog meer pogin-
gen. ,Het is niet alleen een kwestie
van bliepjes oppikken, Mars Ex-
press kan ook nog commando’s ge-
ven”, aldus een woordvoerder van
ESA in Noordwijk. ,Als we vrijdag.
nog niets weten, is het voorbij.”

Wetenschappers concentreren
zich op drie mogelijke redenen
voor het zwijgen van de Beagle.

Er kan een storing in de soft-
ware zijn of een probleem met de
communicatieapparatuur van de
lander, maar de ESA heeft steeds
meer het idee dat de ruim € 60 mil-
joen kostende Beagle tijdens de ri-
sicovolle landing op de planeet is

vernietigd. De lander heeft - of had
. instrumenten om in de grond te
boren en de omgeving af te schra-
pen naar sporen van mogelijk le-

ver'

vensteken van de Re==le;doormid- horen. De talloze pogingen om via
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CNN : 10 JANUARI 2004. .
NEW BID TO FIND LOST MARS PROBE.

% 359 3)

DARMSTADT - Further attempts are being made to contact the Beagle 2 Mars probe, Which has been missing
since Christmas Day. Scientists have tried on several occasions to find the lander since it was spun off towards
the red planet in mid-December, but without success. Europe’s Mars Express orbiter will again fly over the
landing site on Saturday and on Monday to try to pick up a signal. Flying 315 kilometers (195 miles) above the
site where the probe was to have landed. Mars Express last week reported no transmissions from the probe.
which was programmed to emit a steady beep-beep—beepaﬁeritbounoedloawﬂlanﬂingmairbag& European
scientists believe Beagle 2's mothership will give them the best chance of contacting the 67-kilogram (143-
pound) probe, after several failed attempts by NASA's Mars Odyssey orbiter as well as British and U.S. radio
telescopes. Despite the setback, Mars Express will continue lo carry out experiments on whether Mars ever
supported life. The orbiter carries a powerful radar that can probe beneath the planet's surface for indications of
water or ice. The fate of the British-built Beagle 2 — part of Europe’s first mission to Mars -- remains unclear.
Scientists suspect it possibly tumbled down a crater on the rocky Martian surface. As the Europeans tried to find
the probe. their NASA colleagues broadcast the first full-color photos of the Martian surface taken by the Spirit
rover. which landed safely last weekend on the planet.

226050



=

Ul Astray 5= S

As hope fades for recovering Beagle 2 lander,
European mission team turns to orbiter -

MICHAEL A. TAVERNA/PARIS and DOUGLAS BARRIE/LONDON

ngineers have not given up hope of establishing a com-
munications link with Europe’s Beagle 2 lander, but
are already shifting most of their attention to the ac-
companying Mars Express orbiter, which was inserted
into Martian orbit last Dec. 19 without a hitch.

Using NASA's Mars Odyssey and radio telescopes on Earth,
mission controllers had tried to pick up a signal from Bea-
gle 2 following touchdown on the Martian surface on Dec. 25
(AW&ST Jan. 5, p. 22). They had placed considerable hope
in a new attempt on Jan. 7 using Mars Express, whose com-
munications system. unlike that on Odyssey. underwent end-
to-end tests with Beagle 2.

But this attempt, performed after a series of orbit-lower-
ing and inclination-trim maneuvers on Jan. 4-6 that brought
the orbiter to within 315 km. of the lander’s planned landing
site in the Isidis Planitia basin, also came up short.

Renewed overflights of the Beagle 2 landing site by Mars
Express were planned for Jan. 8-10 and Jan. 12, the day con-
sidered the most propitious. Further attempts will be made
if needed, said the ‘European Space Agency’s science direc-
tor, David Southwood. “[Jan. 7] was the first good opportu-

AVIATION WEEK & SPACE TECHNOLOGY/JANUARY 12, 2004
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nity, but there will be otht,rq I be quite a few more weeks
before we cease trying.” However, he acknowledged that “the
odds took a dive” after Jan. 7.

If, as seems increasingly likely. this proves unsuccessiul.
then scientists may face having to wait until perhaps early Feb-
ruary tosee if Beagle 2 uses its last back-up mode. auto-trans-
mit, to determine if the lander has actually survived atmos-
pheric entry and descent. Were nothing to be heard within
5-10 days, the assumption would be that Beagle has been lost.

While emphasis will now shift to mission science using
orbiter instruments, in parallel, the Mars Express team will
continuc to analyze data and attempt to come up with addi-
tional recovery modes to find Beagle 2 if those already pro-
grammed prove inadequate, Southwood said.

In the absence of telemetry that could determine what hap-
pened, it is impossible to say to what extent the lander has
survived reentry and retains a sufficient battery charge. Al-
though Beagle 2 is too small to be seen. mission controllers
hope to locate its airbags or parachutes using the orbiter’s
high-resolution stereo camera. which is scheduled to send
first images this week. (-]
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AP NEWS : 19 JANUARI 2004.
NEW ORIBTER EYES “GRAND CANYON” ON MARS.

BERLIN - Europe's Mars Express orbiter has sent back its first high-resolution pictures of the planet's surface,
capturing in detail part of a huge Martian canyon, the European Space Agency said Monday. Mars Express went into
orbit around the red pianet on December 25 on the first European Mars mission. About two weeks later, NASA
landed its Spirit rover on the Martian surface. Both missions are searching for signs of past or present water activity
or life. Over the past week, European controllers have focused on calibrating its on-board instruments — including, in
addition to its high-resolution stereo camera, a powerful radar that will search beneath the surface for signs of water’
or ice that may once have sustained living organisms. On Monday, they published the camera's spectacular first
image, shot from 275 kilometers (170 miles) above the surface and showing a bright-red cross-section of Mars' Valles
Marineris — the planet's "Grand Canyon.” The ESA described the first pictures, shot at a resolution of 12 meters (39
feet) per pixel, as "very promising.” The image, it said, shows "a landscape which has been predominantly shaped by
the erosional action of water," with surface features including mountain ranges, valleys and mesas. Mars Express is
set to orbit the planet for at least one Martian year — almost two Earth years. The orbiter carries two-thirds of the
European Mars mission's experiments, among them instruments that will search for ultraviolet atmosphere. Camrying
its companion Beagle 2 lander, Mars Express was launched last June from the Baikonur cosmodrome in Kazakhstan.
The lander, released toward the surface by the orbiter December 19, hasn't been heard from since its own scheduled

landing on Christmas Day. i %3 N j 3 \

AP NEWS : 20 JANUARI 2004. § ;
EUROPEAN MARS ORBITER SENDS BACK
FIRST HIGH-RESOLUTION PICTURES OF PLANET.

O G

BERLIN - Europe's Mars Express orbiter has sent back its first high-resolution p:é:?s o%‘j” ;%e planet’s
surface, capturing in detail part of a huge Martian canyon, the European Space Agency said. Mars
Express went into orbit around the Red Planet on Chrisimas Day on ihe first European Mars mission.
About two weeks later, NASA landed its Spirit rover on the Martian surface. Both missions are searching
for signs of past or present life. Over the past week, European controllers have focused on calibrating its
on-board instruments — including, in addition fo its high-resoluiion stereo camera, a powerful radar to
search beneath the surface for signs of water or ice that may once have sustained living organisms.On
Monday, they published the camera’s spectacular first image. shot from 170 miles above the surface and
showing a brighi-red cross-section of Mars " Valles Marineris — the planet’s “Grand Canyon.” The ESA
described the first pictures as “very promising.” The image, it said, shows “a landscape which has been
predominantly shaped by the erosional action of water,” with surface features including mountain
ranges, valleys and mesas. Mars Express is set to orbit the planet for ai least one Martian year — almost
two Earth years. The orbiter carries two-thirds of the European Mars mission s experiments, among them
instruments that will search for ultraviolet atmosphere. Carrying its companion Beagle 2 lander, Mars
Express was launched last June from the Baikonur cosmodrome in Kazakhsitan. The lander, released
toward the surface by the orbiter Dec. 19. hasn't been heard from since its own scheduled landing on
Christmas Day.

ovengronags
11ip Mar

anwl jzi

water




. 'ﬂftnn;lmdu&mmfo-

maakt. De fvto die is genomen
“~van 275 kilometer afstand, toont

een deel van de rode Valles Mari-

neris, de Grote Canyon.

Het Europese Ruimtevaartbureau

“ESA noemt het beeld veelbelo-

vend omdat het ,een landschap is

wman ijs op Mars en zaltm-
minste één Marsjaar - bijna twee
jaar op aarde - rond de planeet
draaien.

De satelliet werd vorig jaar juni
gelanceerd vanaf het ruimtevaart-
centrum Bajkonoer in Kazachstan.
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CNN : 23 TANUARI 2004,
EUROPE PROBE DETECTS MARS WATER ICE.

The European orbiter Mars Express detected ice at the Red Planet's south pole. mission officials at
Darmstadt. Germany, said Friday. NASA's Mars Odyssey, also an orbiter. confirmed water ice at the
north pole. along with dry ice — frozen carbon dioxide -- in 2002. It picked up signs of hvdrogen at the
south pole, the first indication that water ice might be found there. Mars Express confirmed Odyssey's
suspicions about the south pole. "We have already identified water vapor in the atmosphere," scientist
Vittorio Formisano said. "We have identified water ice on the soil on the south polar caps." Mars Express
headed off for the fourth planet on June 2 specifically to look for water. It carried with it the European
Space Agency's rover, Beagle 2, but that craft was never heard from after its expected Dec. 25 landing.
Express. however, attained its final operational orbit in the last week and has continued its scientific
mission. Express made an unsuccessful attempt to contact Beagle 2 earlier this month when it passed near

the rover’s landing site. ' H) 00

123 ARD=Text 23.01.04 16: 33 21
tagesschau
Wasser auf dem Mars gefunden
Die europlilsche Marssonde hat nach An-
gaben der Raumfahrtagentur ESA auf dem
Mars Wasser und Eis entdeckt.

Wie ESA-Wissenschaftler in Darmstadt
mitteilten, haben Instrumente an Bord

der Raumsonde "Mars Express” Wasser-
dampf in der Atmosphiire des Roten Pla-
neten nachgewlesen, Zudem bewlesen die
ersten Daten die Existenz von Wassereis
am SUdpol. Bundesforschungsministerin
Bulmahn bezeichnete die esuropilsche
Mars-Mission als "glgantischen Erfola”.

Unterdessen sendet der NASA-Marsroboter BESIORS
"Sprit" nach zwelitdgiger Unterbrechung
wieder Signale. Die "Deep Space”~Telec:-
kope empf nEen l:m zohmlnun?u Signal
=14 Llemd b o

AP NEWS : 23 JANUARI 2004. | S _
EUROPEAN PROBE SPOTS WATER ICE AT MARS POLE.

|‘%3\©Lﬂ
DARMSTADT - A European spacecraft found the most direct evidence yet of water in the form of ice on Mars, detecting
molecules vaporizing from the red planet's south pole, scientists said Friday. The quest for water on Mars — which could
indicate life — fascinated scientists for centuries. The Mars Express, launched last year by the European Space Agency.
made the discovery with its infrared camera while circling the planet's south pole. Scientists long believed the planet's poles
contain frozen water. but previous findings — including NASA's Mars Odyssey orbiter's evidence of large amounts of ice —
were based more on inferences. European scientists said. While the Mars Odyssey indirectly showed the presence of water
at the pole using temperature monitors, the European camera has for the first time been able to "literally map the polar cap”
using infrared technology that shows where water molecules are present. scientist Jean-Pierre Bibring said. "You look at the
picture, look at the fingerprint, and say this is water ice." said agency scientist Allen Moorehouse. "This is the first time it's
been detected on the ground. This is the first direct confirmation." James Garvin, lead scientist for NASA's Mars exploration
program, told The Associated Press on Friday that Mars Express offered further confirmation of what scientists have long
known: "Mars is a water planet." At a news conference earlier, he said the Europeans' findings were "not unexpected." "In
terms of the impact, that's wonderful results," Garvin said. "It's instant science, and I think the science community is going
to want some time to think about what that means in the context of what we're leaming." If Mars once had surface water, it
had the potential to support life. although members of the European project stressed it was too early to draw conclusions. In
2001, NASA's Mars Odyssey turned up evidence of lots of ice mixed with the soil, as little as 18 inches from the surface.
Phil Christensen, an Arizona State University professor involved in NASA's Mars projects, said the European findings
bolstered such data "That is a very nice confirmation of the other measurements that have been previously made." he told
AP by telephone
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BBC : 23 JANUARI 2004. 3 9 :
MARS SEEN IN UNPRECEDENTED DETAIL. et
_ [ ] S .
The European Space Agency has released the early results from its Mars Express probe now orbiling the Red Planet. The dofa include a batch of remarkable
pictures taken ot very high resolution. The imoges show what appear to be sediments left in the bottoms of river-cut valleys, and details os fine as dust -
blowing over the rims of craters. "This is no ordinary spocecraft,” said David Southwood, Esa's head of science. "This is only the beginning. There is more to
come in the next two years." The stience results were relensed of @ news conference at Esa's Space Operations Cenire in Darmstadt, Germany. The event
took place as the US space agency ottempted to make full contact with its Spirit Mars rover, which has inexplicably stopped sending data back to Eorth. The
European orbiter's instruments have olso revealed new information chout the stores of water-ice of the planet's south pole and the way it is mixed in with
frozen carbon dioxide (C02). In addition, Esa sdentists say they <on see, for the very first time, water being lost from Mars' atmosphere. But it is the images
taken with the probe's High Resolution Stereo Camera that have generated the greatest excitement. The camera con see defails down to two metres and -
German researchers working on the mission have even constructed computer-generated movies from the pictures to show what it would be like to fly over
the Red Planet in an gircraft. The comera's lead scientist, Gerhard Neukum, from the Free University in Berlin, said Mars Express had olready imaged nearly
two million square kilometres of the Martion surface. The area, covered of a resolution of 10 to 15 metres per pixel, was equivalent to the land coverage of
France, Germany, Italy, Spain, Portugal and Austria combined, he said. His team has already received more than 100 gigabytes of processed data - most of
which has not even been looked af yet. "We have done some instant science and | think we can firmly say 'yes, there was water acting on the surface of o
Mars'," Professor Neukum said. His pictures show what appear to be sediments left in water-cut valleys and at the bottoms of craters which other
instruments on the probe will now try to identify. There were also features that had been pictured that appeared fo be evidence of glociation, he added. It is -

still very early in the two-year mission of Mars Express, bui project scientists say they are thrilled with the initial returns of data they are getting from the

spacecraft. "We have already identified water vapour in the atmosphere and water-ice in the soil on the southern polar cap,” said Vittorio Formisano, who

looks after the probe’s Planetary Fourier Spectrometer. “"We can identify water direcily on the planet," added Jean-Pierre Bibring, from the Institute of

Space Astrophysics, Orsay, France. "It's mixed with (02 essentially but if we go to areas which are o little warmer where there is no (02, we have =
remaining water there." At the end of the mission, he said, scientists should know the precise volume of water-ice still remaining on the planet's surface..

The US space ngency's Mars Odyssey orbiter has already given a strang indication that there is water-ice on the southern pole. lfs assessment comes from

the use of o gomma ray spectrometer, which defects hydrogen, which with oxygen mokes up water. The Mars Express duta amounts to a confirmation, -
betause it arrives of the same conclusion but by o different technigue: its Omego spectrometer analyses visible ond infrored light rather than the gomma
“part of the energy spectrum. Rickard Lundin, from the Swedish Institute of Space Science, is studying how the Sun is eroding the Martian atmosphere with an

instrument called the Energetic Neutral Atoms Analyser. "It shows us the 'planetary wind' which essentially describes water escape - but in an indiredt way

because what we see coming [off Mars] is oxygen and the oxygen is mest likely coming from water." Mars Express arrived af the Red Planet on 25

December. It operates from a polar orbit that takes it between 300 and 11,000 km from the planet's surface. European scientists want the mission to:

®  map the mineral composition of the surface af 100-m resolution

®  map the composition of the simosphere and determine its global circulation
®  defermine the structure of the sub-surface to a depth of a few kilometres
®  determine the effect of the atmosphere on the surface

®  ond defermine the interaction of the otmosphere with the solar wind ~
At the heart of the mission is the desire 1o understand the history and curreni state of wafer on the plonet which maoy soy something about the presence of
life - currently or in the far-distant past. So far, Mars Express hos performed fluwlessly. The one disappointment hos been the loss of its lander probe, S~

Beagle 2. The British-built robot has not been heard from since it fell through the Martian atmasphere on Christmas Day.
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" ESA snakte naar vondst Mars-water

DarmsTADT
VERVOLG VAN PAGINA 1

De vondst van water is een

snel succes voor de jonge Mars-

missie van de ESA, die nu ook
schikt over zeer gedetailleer-

\_Pe foto’s van de rode planeet.

$31 )
s

Het ijs dat het ruimteschip

rs Express heeft ontdekt,
ligt aan de oppervlakte van
Mars en wordt vrijwel niet be-
dekt door kooldioxide. Andere
metingen bevestigen ook de
sterke aanwijzingen voor grote
hoeveelheden water in de
vorm van ijs onder de opper-
vlakte van de planeet.

Het vinden van water was een
van de centrale opdrachten
van de Mars Express, die eind
december in een baan rond de
planeet werd gebracht. Water
is een voorwaarde voor levens-
vormen en de vondst van ijs
versterkt de hoop dat de we-
tenschappers ook stromend
water op de planeet aantref-
fen. ,Een grote dag”, juichte de
ESA, die eerder een grote te-

IOTES

genslag te verduren kreeg door
het verlies van de lander Beal-
ge 2. Deze verdween tijdens de

‘landing op Mars een maand ge-
leden.

De ESA gaf gisteren ook een se-
tie foto’s vrij. Op de beelden
die Mars Express de afgelopen
weken heeft gemaakt, zijn on-
der meer een diepe slenk en

‘landschappen te zien met

scherpe details zoals stof dat
over de rand van een krater
wordt geblazen.

De Mars Express heeft in-
middels meer dan 100 gigaby-
tes aan informatie doorge-
stuurd. Het grootste deel daar-
van is nog niet eens door
wetenschappers bekeken. In-
formatie van het Amerikaanse
ruimteschip Mars Odyssey
wees al eerder op de waar-
schijnlijkheid dat zich ijs op de
zuidpool van Mars bevindt,
maar definitief bewijs was er
tot nu toe niet. De aanwezig-
heid van ijs op de noordpool,
bedekt met kooldioxide, is wel
al aangetoond. Ben woordvoer-

PN — © | — 2SO\

der van de Amerikaanse

ruimteorganisatie NASA noem-
de gisteren de vondst van wa-
ter op zich dan ook niet nieuw,

‘maar zei wel blij te zijn dat de

Mars Express de precieze loca- |
tie kon aanwijzen. }
Voor de NASA was het ook in
een ander opzicht een goede
dag, omdat de Amerikaanse
ruimtesonde Spirit, die zich op
Mars bevindt, weer signalen
naar de aarde heeft gezonden.
Donderdag kreeg de robot, die
op 4 januari op de planeet was
geland, pech. Maar een ruimte-
antenne bij Madrid in Spanje
ving gisteren weer een signaal
van de sonde op. Dat signaal
was wel abnormaal zwak.

Als alles goed gaat, krijgt de
Spirit morgen gezelschap van
een tweede Amerikaanse robot
genaamd Opportunity. Als de
hitteschilden het houden, de
remraketten op het juiste mo-
ment worden ontstoken en de
airbags de val breken, moet de
Opportunity morgenochtend
zes uur Nederlandse tijd op
Mars landen. |
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Mars ‘Express overtreft

verwachtingen—

52120)

"Schés ruimtesonde “belooft veel voor de toekomst’

221

Niet gerder werd het bewijs
voor water op Mars zo
onomstotelijk geleverd als door
de Europese ruimtesonde. De
verwachtingen voor verder
onderzoek zijn hooggespannen.

Van onze medewerker
Govert Schilling
NOORDWLUK

De Europese ruimtesonde Mars
Express heeft op de rode planeet
bevroren water gevonden - ijs
dus. Geen verrassing, want er wa-
ren al langer aanwijzingen voor,
Maar niet eerder werd het bewijs
zo onomstotelijk geleverd, vindt
de Europese ruimtevaartorganisa-
tie ESA. ‘Dit is het eerste directe
bewijs van watermoleculen op
Mars’, zei wetenschapsdirecteur
David Southwood van ESA vrij-
dag op een persconferentie in het
Duitse Darmstadt.

Uit metingen van de Ameri-
kaanse Viking-sondes bleek 25
jaar geleden al dat er ijs op Mars
voorkomt. Alleen ‘op de noord-
pool weliswaar, maar toch. De
witte poolkappen van de rode pla-
neet bestaan namelijk voorname-
lijk uit koolzuurijs, bevroren kool-
dioxide. Als dat ’s zomers ver-
dampt, blijft er een kleine, perma-
nente kap van gewoon waterijs
over, zo bleek uit temperatuurme-
tingen van de Vikings.

Mars Express heeft het waterijs
nu ook op de zuidpool gezien.
Ock heeft de sonde de verdeling
van het ijs voor het eerst nauw-
keurig in kaart gebracht. Maar
nog opmerkelijker zijn de specta-
culaire foto’s die Mars Express
van de planeet heeft gemaakt. De
haarscherpe beelden van de hoge-
resolutie stereocamera stelen de

show op de persconferentie.

De foto’s, genomen van zo’n
drichonderd kilometer hoogte, to-
nen details van tien meter groot.
De camera heeft al bijna twee mil-
joen vierkante kilometer vastge-
legd. Op de foto’s zijn geulen en
andere sporen van water- en ijs-
erosie gevonden. Ook werd een
waterval van rood Marsstof gefo-
tografeerd op de helling van een
vulkaankrater.

De camera is slechts een van de
zeven gevoelige instrumenten van
ESA’s Marskunstmaan. De eerste
resultaten van Mars Express over-
treffen alle verwar.htmgen Euro-
pa mag trofs zijn, aldus de Duitse
minister van Onderwijsen Weten-
schap, Edelgard Bulmahin, die ere-
gast was op de presentatie in het
viuchfleidingscentrum in Darm-
stadt.

Mars Express kwam op 25 de-
cember 2003 aan. Van de meege-
voerde lander Beagle 2 is nooit
meer iets vernomen, maar het
moederschip zelf is inmiddels pro-
bleemloos in een baan over de
noord-ien zuidpool van Mars ge-
bracht. Vanuit die omloopbaan
gaat de ruimtesonde de komende

-jaren de hele planeet onderzoe-

ken.

Een volgende belangrijke stap
komt in april, wanneer de radar-
antenne van Mars Express in ge-
bruik wordt genomen. Daarmee
kan ook ijs diep in de bodem op-
gespoord worden. De Amerikaan-
se Mars Odyssey heeft indirecte
aanwijzingen gevonden dat het

om groje hoeveelheden gaat. Mars
»3122

Express moet daar | n]!slunsel over
geven.

Daarnaast hopen wetenschap-
pers er met behulp van ?{ars Ex-
press achter te komen

er lang-
geleden ook zeeén en oceanen 3 ) 2 2
van vloeibaar water op de planeet — -
zijn geweest. Als Mars een paar

miljard jaar geleden warmer en
natter was, is er misschien 0oit
leven ontstaan. .

“Volgens ESA's wetenschapsdi-
recteur David Southwood vormen

de eerste resultaten nog maar het ——
topje van de ijsberg. ‘Dit belooft % 3 ‘2 |_}
heel veel voor de toekomst', zegt

hij. Augustin Chicarro, weten-
schappelijk projectleider van
Mars Express, beaamt dat. ‘Vanaf
hier kan het alleen maar beter
worden.” Het verlies van Beagle 2
lijkt al bijna vergeten.

Vel <@aonk
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IJs op Mars: 23725
gelijkspel NASA-ESA

De Eumpese sonde Mars Exprmm
heeft ijs gevonden op Mars. Dit is
het eerste concrete bewijs voor
water op de rode planeet. zo
maakte de Enropesermtevaan
organisatie ESA vn}dag bekend in
het Duitse Darmstadt,
) Alshdqsooﬂmvlgeibm vorm
over de planeet heeft gestroomd,
kan er leven zijn ontstaan. Het is
echter te vroeg voor dergelijke
conclusies, waarschuwt ESA.

Er bestaan al langer aanwijzin-
gen voor ijs op Mars, maar vol-
gens de Europeanen zijn die alle
‘indirect’. Die eerderg aanwijzin-
gen zijn onder meer afkomstig van
de Amerikaanse sonde Mars
Odyssey. Volgens de Amerikaan-

dan ook ‘geen nieuw nieuws’.

nieuw wapenfeit in de strijd om
Mars, die op Aarde wordt ge-
voerd. Onder een wetenschappe-
lijk vernislaagje slaan NASA en
ESA elkaar met persconferenties
om de oren, waarin zij mooie fo-
{0’s en vondsten openbaren.

Europa moet het doen met de
Mars Express na het verlies van de
lander Beagle 2. Daar is sinds de
landing op Mars, op kerstochtend,
niets meer van vernomen.

NASA heeft wel met succes een
lander op Mars neergezet, de Spi-
rit. Die is sinds woensdag echter
ernstig in de problemen. Gisteren
werd voor het eerst in twee dagen
weer een zeer zwak signaal opge-
vangen. Voor het leven van de

se NASA is de Europese vondsr—_‘lander mordt gcﬁreesd

Het bericht van ESA is een

23@65
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Een van de vele haarscherpe foto's die de Europese rui
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EUROPE’S BEAGLE 2 MARS PROBE STAYS OMINOUSLY SILENT.

LONDON - As Europe's first Mars probe remained stubbornly silent, British scientists announced a "last resort”
plan Monday of switching off the missing Beagle 2's computer system for an overhaul. Beagle 2 has not been
heard from since it separated from the mother ship in mid-December, despite contact efforts by the European
Space Agency's orbiter Mars Express, NASA's Mars Odyssey orbiter and British and U.S. radio telescopes.
Colin Pillinger. lead scientist on the Beagle 2 program. said Mars Express passed over the probe's landing site
twice over the weekend, but nothing was heard. Pillinger said his team would ask NASA to send a command
from its Mars Odyssey orbiter on Tuesday to tell Beagle 2 to switch off its own computer and reload its software.
"We are now working on the basis that this is a corrupt system and the only way we might resurrect it is to send
such a command and completely reload the software, if it's still alive." Pillinger said at a news conference in
London. "Of course, that is a very dangerous command to send because if the thing is AWOL. or even if it's
there, it may never respond (o it. so it's pretty much a last resort." he added. If Odyssey fails. Pillinger said that
Mars Express may also attempt to do the same thing on Feb. 2 or 3. Pillinger said that his team would press on
with the search for the missing probe. despite the bleak outlook. "It would be incredibly useful to us to know
how far in its mission it got because we are ... dedicated to trying to re-fly Beagle 2 in one way, shape for form,"
he said. Mars Express has had a more successful mission. Scienfists af the European Space Agency said last
week that Mars Express had found the most direct evidence yet of water in the form of ice on Mars. detecting
molecules vaporizing from the Red Planet's south pole. Scientists have long believed the planet's poles contain
frozen water. NASA scientists, meanwhile, are trying to pinpoint their own problems with its Spirit rover that
last week cut off what had been a steady flow of pictures and scientific data. But American scientists are hopeful
of pinpointing the problem and say Spirit could resume normal operations in two to three weeks. They also are
celebrating the arrival of pictures over the weekend from Spirit's identical twin, Opportunity, which was sent to

the other side of the Red Planet. C%:g) 2 )
New Agenda for Europe

High-cost objectives in milspace, applications arena
could blunt space exploration ambitions

MICHAEL A. TAVERNA/PARIS

uropean reaction to U.S. Presi-

dent Bush’s space exploration

plan was positive but not enthu-

siastic—perhaps an acknowledg-

ment that finding funds for such
an ambitious endeavor will be a hard
sell.

European Research Commissioner
Philippe Busquin greeted the proposal
warmly, as did France’s research minis-
ter Claudie Haignere. European Space
Agency Director General Jean-Jacques
Dordain called it “good news for Eu-
rope.” and offered to earmark the
agency’s nascent Aurora solar explo-
ration program as Europe’s contribu-
tion.

In fact, Dordain said ESA had been
briefed on the U.S, initiative well in ad-
vance, and a meeting is scheduled in
March to address specific elements of
Europe’s contribution. These could in-
clude Mars orbiter/lander and sample
return missions and related technolo-
gy projects already under study (AW&ST
Oct. 13, 2003, p. 32).

I'he ESA chief remarked that two ini-
tial European Moon and Mars missions

were launched last year. Although the
Beagle 2 Mars lander has apparently
been lost. the accompanying orbiter was
injected into orbit without a hitch and
last week released the first stunning im-
ages from its high-resolution stereo cam-
era (see photo).

However. there is considerable doubt

Aurora will be cOmpeting
against a number of
other big ticket programs

about Europe’s ability to finance such a
program. Dordain said the bulk of fund-
ing for Aurora would come from the
winddown of development spending for
the International Space Station (I1SS).
“All ISS partners have always consid-
ered that there would be a post-ISS [pro-
gram],” Dordain said.

ESA officials noted that the first phase

%3 30
of Aurora, expected 1o cosl )WO million
euros ($1.1 billion) over five years, will
represent less than 7% of the ESA budg-
el. In contrast, the ISS accounted for
25% of the ESA budget in 2003.

However, ESA is also counting on a
healthy contribution from the European
Union, which is henceforth linked to
ESA through a
framework coop-
eration agreement
that has already
helped spawn the
Galileo satellite.
navigation system.
A white paper ap-
proved last De-
cember foresees a
considerable rein-
forcement of cooperation between the
organizations in the future, although
some issues tied to stalled EU constitu-
tional talks remain unresolved.

The closer links are reflected in a medi-
um-term strategic plan, Agenda 2007, re-
leased by ESA last month, that would
serve as a stepping-stone to a long-term
space program intended to double the

AVIATION WEEK & SPACE TECHNOLOGY/JANUARY 26, 2004
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size of Europe’s space effort (A W&ST
Dec. 1, 2003, p. 33; June 30, 2003, p. 43).
According to the road map set out
in Agenda 2007, the EU could provide
indirect support for Aurora and the ESA
science program by assuming more of
Europe’s basic space infrastructure
costs, as it agreed to do last year for the
Ariane launch system. The document
foresees that the EU would bear 150
million euros per annum in additional
costs over the next four years.
However, backing for such a scenario
is far from assured. Two of ESA’s four
b t contributors, Germany and Italy,
face ballooning budget deficits and have
been in no hurry to join Aurora. Only
14 million euros have been allocated for
the project so far, and ESA has had trou-
ble pushing through 25 million euros in
bridge funding to keep work going un-
til a full go-ahead, expected next year.
Furthermore, Aurora will be com-
peting against a number of other big
ticket programs, some of which are like-
lv to be considered higher priority. A
maijor thrust of Agenda 2007 will be ap-
plications programs considered critical
to Europe’s strategic and economic fu-
ture. These include Galileo—the de-
ployment and operating phases of which
are not yet fullv funded—the Global
Monitoring for Environment and Secu-
rity (GMES) network and an as-yet un-
defined broadband undertaking to
bridge Europe’s digital divide.
Another top priority will be military
space, which as part of Europe’s chang-
ing geopolitical environment is now des-
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This 3D photo from Europe’s Mars Express is
of Mars’ Grand Canyon, Valles Marineris. It is
the first image of this size—120,000 sq. km.—
showing the planet in high-resolution.

tined to become both an ESA and EU
responsibility (AW&ST June 23, 2003,
p. 36). Agenda 2007 for the first time
places defense squarely in the ESA do-
main. And then there is Europe’s future
Launcher Preparatory Program, and the
technology effort needed to support it.

The cost of these new endeavors is
still being tallied. But GMES alone is
expected to cost 750 million euros per
annum when it hits full stride in 2007

(AW&ST Dec. 8, 2003, p. 38). tra costs.
J 531 21)

WHEREABOUTS OF BEAGLE 2 REMAIN A MYSTERY.

Last, Busquin expressed concern that
Bush’s space exploration plan could com-
promise continuation of the ISS. Dor-
dain said agreements committed the US.
to fully deploy the station, but acknowl-
edged “there are concerns thereafter.”

An additional worry will be how to
pay for delays related to the Shuttle dis-
aster. Europe’s first ATV space tug is
now likely to be launched in late 2004
or early 2003, instead of September as
planned. Its Columbus orbital labora-
tory is expected to be postponed two
years. Dordain said he would look into
employing engineering teams on Auro-
ra or other programs to minimize ex-

LEER

Gone without a trace, The British-built Beagle 2 lander remains lost in action afier attempling a Tanding on Mars late last
vear. Thepmbewasqiected&omtthmupeauSpmeAgency’stsExprem&bﬁer now circling the red planet. A Mars
Global Surveyor (MGS) Mars Orbiter Camera (MOC) high-resolution view of the Beagle 2 landing area was released
January 30. Malin Space Science Systems of San Diego, operator of the MOC, issued the search imagery.  Within a close up
imag.eofIsidisPlanitia—theDeaember25landhtgznneofltheagleZ—ﬁmisncobﬁmssignomegleZ—bmme_

photo only covers a fraction of the area in which
is that the atmosphere of Mars became dusty at the end of 2003. Increased dust in the martian atmosphere can degrade the
high-resolution imagery taken by the MOC.The search for Beagle 2 has involved using both MOC imagery and data from
another NASA orbiter. the Mars Odyssey. The Beagle 2 team requested the help of Malin Space Science Systems. hoping
that such a search might spot the probe’s parachute, a heai-protecting aeroshell discarded above the touchdown zone, or even
the lander itself. "There are no obvious indications for lander elements within the high resolution MOC image," notes a report
on the Beagle 2 web site: www.beagle2.com/ "Of course, there is only a small chance that Beagle 2 actually landed in this
part of the ellipse,” the Beagle 2 team reported. Highly reflective items such as the Beagle 2 parachute or the lander itsell
should be visible by the MOC camera. The Beagle 2 team had their hopes raised given the successful use of the MOC camera
tospolNASA’sSphﬂlmda,itspamchum,mdmstnuudeGusevaa‘ﬂehmdmswudoul,inpart,byﬂwfacl
that a reddish veneer of dust particles has not yel made it difficult 1o discern fresh spacecrafi elements on old, dusty marban
terrain. Using orbital imagery to figure out what went wrong with Beagle 2 remains a high priority. Similar in fate to
NASA’s Mars Polar Lander in 1999. the British lander did not relay signals to its operators about whether specific milestones!
Mugﬂsmm,dcsuﬂﬂﬂhmﬁngwaeachiﬂed.hisconccivahleﬂnllheﬂmglezfaﬂeddxrmgitshigh—iemperam
entry over Mars. MOC observations could, al a minimum, verify whether Beagle 2°s parachute had deployed. Given that
ﬁnd,anextdagcmﬂdhehlmateBmgkl‘sﬂraeaﬁbﬂgsmdposalﬂy&chﬂﬁimdﬂ_ "Depending on what we may
eventually see from these observations. it may be possible to drmaticaily narrow the search for causes of Beagle's mishap.”
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the Beagle 2 team reported.

ich the probe might have landed. Making the search for Beagle 2 more difficult
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he UK Science Minister Lord Sainsbury

nveiled the Government's new three-year

[space strategy at the end of the year, citing

the Beagle 2 Mars lander as a benchmark for
e UK's ambitions in space.

He announced the plan as the British-
built lander prepared for the final stages of
its journey at Mars shortly before its
separation from the ESA Mars Express.

The strategy sets out three objectives:
Enhancing the UK's standing in
astronomy, pianetary and environmental
sciences

Stimulating increased productivity
through promoting the use of space in
government, science and commerce
Developing innovative space
technologies and systems to deliver
sustainable improvement in quality of life,

3 egle 2 points way to UK space future

this strategy is to build on the UK’s
outstanding record of scientific discovery.
Space is recognised as one of the essential
tools that will help us understand the Earth,
the Solar System and the Universe.

“The Government's decision to invest in
Beagle 2 demonstrated our commitment to
achieving these aims through innovative and
cutfing-edge solutions. Beagle 2 is a
benchmark project which will provide the UK
with scientific and industrial capabilities for
the future ™

The strategy sets out how the UK will
defiver its objectives through ‘world-beating’
services and technologies and achieve
greater use and market acceptance of all
types of space services in the UK.

It emphasises the imporiance of
researchers and commercial companies

working in close partnership to open up
opportunities in telecommunications and
global posifioning systems.

The UK will continue its policy of
investing selectively in space and of
focussing on achieving its objectives cost-
effectively, and through international
partnerships. The sirategy is primarily
focussed on the next three years, but for
the first fime i also sets out the long-term
perspective to 2015.

A study last year into the size and
health of the UK space industry showed
that tumover had increased by 17 per cent
to £2 9 billion, with employment up 14 per
cent. The UK has world-class expertise in
many areas including telecommunications,
small satellites, Earth observation and
radar technologies. -

Lord Sainsbury said: “A key objective to

Mars in 3D

European scientists shrug off lander loss
as they tally exciting results from orbiter

 MICHAEL A. TAVERNA/PARIS

nitial results from Europe’s Mars Ex-
press orbiter are putting smiles back
on the faces of the European scien-
tific community, still smarting from
the apparent failure of the accom-
panying Beagle 2 lander in December.
Scientists began activating the seven
instruments on board Mars Express,
launched last June, on Jan. 4. With the
exception of the sounding radar, which
will not be deployed until Apr. 20, all in-
struments are functioning nominally, the
European Space Agency’s (ESA) sci-
ence director, David Southwood, said
at the presentation of the first results
here on Jan. 23. The initial operating
phase is to begin on Feb. 20, and rou-
tine operations, on May 8.
The successful start overshadowed the

¥

likely loss of the Beagle 2 and helped

spur enthusiasm, particularly in the
U.K., for a follow-on landing mission.
Much of the elation was centered on
a new set of images relecased by ESA on
Jan. 23, showing canyons, badlands, mesa
formations and other features in aston-

ishing detail. The images, like initial shots

made public a week earlier, were taken
by a high-resolution stereo camera
(HRSC)—the first to be employed on
a Mars mission (AW&ST Jan. 26, p. 25).

The HRSC containsnine CCD linear
detectors allowing it to take nine image
swaths at a time—three for stereo, two
for photometry and four for color bands.
The three stereo arrays look at nadir,
forward and aft, so a spot on the ground
is viewed from three positions. A super-
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resolution channel (SRC) hasa 1.024
X 1.032-pixel 2D detector that uses com-
puter enhancement for finer detail. Shots
clearly outlining the slopes of canyoris,
mountains and craters illustrated the
obligue viewing capability afforded by
the 3D camera (see photo p. 5).
IMAGERY OF MOVING dust sheets flow-
ing into a volcanic crater highlighted the
resolution, which is 10-15 meters (33-
49 f1) per pixel for most of the stereo
and color data, and 2.3 meters per pix-
el in SRC mode. Some other Martian
cameras, including one on Mars Glob-
al Surveyor, have featured higher reso-
lution levels, but the multichannel res-
olution on Mars Express is unparalleled.
ESA scientists noted that images
showed traces of water everywhere. in-
cluding sediment deposits in former riv-
er valleys, signs of glaciation. karst-like
formations and other evidence of water
transport. Pictures were also taken of
the south pole. where the presence of
water was identified by past NASA mis-
sions, but have not been processed yet.
Although widespread water history was
already evident from the previous mis-
sions, the level of detail of that presence
provided by Mars Express is unprece-
dented and will permit much closer

This photo taken by the HRSC camera shows
sedimentary deposits (dark shaded area) in a
former river valley. Scientists hope to study
their composition later with the IR sensor.

study of hydrospheric phenomena,
Southwood said.

Among the photos released, covering
1.87 million sqg. km. (722,000 sq. mi.) of
Martian surface and 100 gigabytes of
processed data, was an image covering a
swath up to 4,000-km. wide that ESA
claimed was the largest high-resolution
image taken in solar system exploration.

According to HRSC team leader Ger-
hard Neukum of the Free University of
Berlin, which developed the camera, the
four HRSC color bands (red, green. blue
and infrared) show “true” colors, using
standard red-green-blue filters, with some
added processing for picture brilliance
and morphology only—which he said was
another Martian “first.” The only ex-
ception is the IR band, which must make
filter corrections, but this channel has yet
to be switched on. he added.

The IR sensor’s ability to discriminate
between mineral types is expected to pro-
vide more clues as to the nature of the
sedimentary deposits and other telltale
formations, said Neukum, affirming that
the HRSC will provide “the most com-
prehensive set of data since Viking.”

CEXY

Other parts of the instrument pack-
age also gave ESA scientists cause for
jubilation:

® Omega, a combined visible camera
and infrared spectrometer intended to
provide a global mineral map of the
Martian surface, performed an initial
pass over the south pole on Jan. 18. The
instrument found that most of the po-
lar ice contains water mixed with car-
bon dioxide, but that some pure water
ice deposits exist. Instrument scientist
Jean-Pierre Bibring of France’s Insti-
tute of Astrophysics acknowledged that
these findings had been previously in-
ferred from indirect evidence. Howev-
er, he said, this was the first time they
had been observed directly, which
would permit accurate quantitative
measurements. Bibring said the Omega
instrument had also confirmed that the
ice cap is perennial, and not a season-
al phenomenon.

® The PFS. a high-resolution planetary

® Aspera, a plasma and energetic neu-
tral atom analyzer, demonstrated a dif-
ference between the inflow of solar wind
and the outflow of the planetary wind.
Rickard Lundin of the Swedish Institute
of Space Science cautioned that results
were still preliminary, but suggested that
the slow escape of volatile elements
through the atmosphere could be the
prime explanation for the disappearance
of water on Mars, and could have a bear-
ing on similar mechanisms on Earth.

® Spicam, a lightweight ultraviolet and
infrared spectrometer, performed what
Jean-Loup Bertaux of the French As-
tronomy Service said was the first solar
occultation to be carried out on the red
planet. The occulation, which permitted
the distribution of water vapor and ozone
in the atmosphere to be measured si-
multaneously, showed a relation betweer
the accumulation of water vapor and the
depletion of ozone, another phenome-
non with lessons for Earth. Spicam alsc

Fourrier spectrometer, confirmed these
findings and found that the distribution
of carbon dioxide is different in the
northern and southern hemispheres of
Mars. The PES—which Vittorio Form-
isano of the Institnte of Interplanetary
Space Physics in Rome said is the first
to be deployed on Mars—also produced
some unexpected results that will have
to be analyzed further, after calibration,
to determine their meaning. It picked
up some solar lines that are absent in
the most widely used solar spectrum, but
did not observe some lines that were
predicted.

produced a vertical profile of the tem-
perature and density of carbon dioxide
in the atmosphere—another first, Bert-
aux said—which could help engineers
model aerobraking and aerocapture
techniques for future missions.

MATS, an advanced radio transmit-
ter-receiver, performed its first bistatic
radar experiment on Jan. 21, using a 70~
meter Deep Space Network antenna in
Australia. A direct radio science track-
ing experiment began on Jan. 23. @

Michael A. Dornheim contributed to this
report from Los Angeles.
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SPACEFLIGHT NOW - 11 FEBRUARI 2004.
BEAGLE 2 LANDER FAILURE INVESTIGATION FORMALLY BEGINS.

Lounched on u shoesiring budget, its sire lightly confined, the Brifish Beagle 2 lander headed o Mars for o highly-umbitious missien 1 look for evidence of ife. A Christmas Day
touchdown on the Red Plonet was plonned, but the roft never phoned home sad sebsequent weeks of searching turned up only silence. On Wednesdey, the UK Scence Minister
Lovd Sainsbury and the Eurapean Space Agency announced o jeinl mvestiganen weeld be canduded inte the failure the Seagle ? lendss. The Beogle 7 Manogement Board mel in
London last Friday ond dedlared the spacecraft was lost. ™| believe such = iguiry will be very useful. The reasons identified by the Inquiry Board will allew e experience
goined from Beagle 2 to be used for the benefit of future European planetery =xploration missions,” sqid Lord Sainshury of the Department of Trode ond ladustry. “ESA is g
parinership of its Member States ond sharing the lessons learnt from geed snd bed sxpariences is fundomental in cooperstion,” sdded ESA Diredor General Jean-Jocgues Dosdain.
The space agency's inspedor general, Rene Bonnefoy, will choir the invesfigation beord. The UK deputy choirmon will be David Link, o former director of sdemcz ond rodar
observafion at Matra Marconi Space, now EADS-UK.Offidals soid the boord is being set up under normal ESA procedures by the inspecior general. Becouse the inguiry is into o
British-huilt lander, it will report 1o Lord Sainsbury as well as 1o the direcier general of ESA. Members heing named 16 the hoard will bave o dired involvement in the Beagle 2
mission, £54 said. The group is expected o begin work shortly ond report by e end of March. E54's Mars Express orbiter miried Beogle 2 during launch and the melti-mens
muise aqoss space. Just days before arriving ot Mors, Beagle was deployed ta make its destent. Iavestigntors will stiemp! fo determine whot coused Beagle’s failers. The
board's terms are as follows:

1. Technical Issues

Assess the ovailable data/documentation pertaining 1o the in-orbit opersfions, eaviroament and performance choraderization, and o the sn-ground tests and cnalyses duriag
devalapment; Identify possible issues and shoricomings in the above oad in the saproadh adopted, which might have contributed %o e loss of the mission.

2. Programmatics

Anelyze the programmatic environment (i.e. dedsion-moking processes, level of fnding and resources, menagement and respencidilities, internctions between the varios
entities) hroughout the development phase; ldentify possible issues ond shericomings, which might have tontribused 1o the less of the missisn. In oddition, Eeagls enginesrs ond
officiels are condocling their awn investigation. "The project feam hes begen an in-house investigation info all the Technical aspects of Bzagle 2 1o estoblish those areos of

grestest risk and what might be done to alleviate them in o future missien,” Besgle officals announced in a stotement. "It wjll meke ol the mfermation owgiloble fo the official
E54 /UK gevernment inguiry announced by Lord Sainshury " QD g \ q
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Beagle Litter

With hopes for Beagle 2 Mars Lander all but
gone, U.K. scientists begin to tout successor

DOUGLAS BARRIE/LONDON and MICHAEL A. TAVERNA/FRANCE

"%, ritish scientists and industrialists
‘_eﬁf are beginning to consider options
. for a follow-on mission to the
Beagle 2 Mars lander, which
=" could see up to three lander ve-
hicles sent to the red planet by 2007.

With scant chance the Beagle 2 will
be found in an operational state, scien-
tists and industry are now beginning to
argue that the effort needs to be built
on, even though the final element of the
mission is almost certainly a failure.

Exactly just how difficult it will be to
garner government and industry sup-
port for such a program, and what form
any follow-on takes however, remains
to be determined.

Scientists and engineers have begun to
unofficially explore alternatives for a fol-
low-on mission, be it a Beagle 3, or Bea-
gle 2A. B and C. A mission in 2007 might
require a dedicated lander-bus, unlike
the present effort where the Beagle 2 pig-
gy-backed on the Mars Express mission.

European Space Agency Director of
Science David Southwood cautioned
that the proposed Beagle 3 initiative
should be construed as a broad objec-
tive, rather than a replica of Beagle 2.
“There’s no question we have to go back
[to the surface of Mars], and we have to
move really fast. But no specific mission
is yet planned.”

Southwood said engineers were more
likely to study how some of the ingen-
ious burrowing, picking and chemical
analysis technologies, developed for
Beagle 2. could be reused on future mis-
sions planned within ESA's Aurora plan-
etary exploration program. One possi-
bility would be the rover earmarked for
the ExoMars mission, set for 2009.

“We have to begin to accept that Bea-
gle 2, if it is on the Martian surface, is
not active,” Colin Pillinger, the lead proj-
ect scientist, said.

The lander separated from Mars Ex-
press Dec. 19, and was due to touch-
down on Mars during the early hours of
Dec. 25, GMT, on the Isidis Planitia. Nu-
merous attempts to locate and commu-
nicate with the Beagle 2, however, have
proved fruitless.

The mission team made a “last ditch”
effort in early February to try to locate
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and bring Beagle online. A command was
sent to shut down the lander’s onboard
processor, assuming it was at all func-
tional, working on the basis that the prob-
lem was with a corrupt computer. There
was a very slim chance the Beagle’s main
computer would then restart.

Following these unsuccessful attempts
a meeting was held at British National
Space Council Feb: 6 to assess the mis-
sion. In the wake of this, an ESA-led in-
quiry was announced Feb. 11.

As the Beagle’s scientific and indus-
trial partners move to make a case for
a follow-on effort, Pillinger underscores
just how useful it would be to “know how

While Mars Explorer continues to provide
top-quality imagery of the Martian surface,
such as this volcanic crater, it has so far
found no sign of the Beagle 2 lander.

far in this mission we got.” He added
that he was “dedicated to refly the mis-
sion in some way, shape, or form.”
The team is hoping either the Mars
Express orbiter or Malin Space Science
Systems will be able to provide imagery
of the Beagle 2 landing site on the sur-
face. The lander’s main parachute, in
particular, is large enough to be picked
up. Pillinger pointed out Malin has al-
ready.produced images of the Spirit lan-
der site, and that the company has al-
ready begun to search for the Beagle,
should it have made it to the surface.
Attempts by the British Jodrell Bank
Observatory, using a specially con-
structed cryogenically-cooled 401-MHz.
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receiver to pick up any signal from Bea-
gle, have also come to naught, so far.

“We've collected 37 gigabytes of data,
but there has been nothing [from Bea-
gle] there, ’m very sad to say.” com-
mented Tan Morison, team leader at the
observatory. He, like Pillinger, is a keen
advocate of a further mission, admitting,
“I hope there will be some Beagle pups.”

“We are already making two enor-
mous lists,” noted Pillinger. “What might
have gone wrong, and what we wouldn’t
do next time.”

Determining whether or not Beagle
successfully negotiated the descent by
locating its landing site would at least
allow the team to draw some conclusions
as to the efficacy of the lander parachute
and inflatable bags.

Once the lander had separated from
the Mars Express and begun its descent,
the team had no way of knowing its state.
Pillinger admits, “We would have liked
to have had a radio signal, but we did-
n’t have the mass resource . .. Or an or-
biter in the right place.”

The ESA director refuted any notion
that the comparatively limited Beagle 2
budget was the root of the near-certain
mission failure. The real culprit, in his
opinion, was the program approach. The
lander was added to the Mars Express
instrument package at the last minute
with insufficient interface control on the
part of ESA, and efforts to reinforce the
interface setup after the fact could not
fully correct this shortfall, he said.

“The scientists were needlessly dis-
tracted by technical details. You can’t
fly by the seat of your pants on projects
this complex.”

Nevertheless, Southwood insisted that
the Beagle 2 team had done an out-
standing job under difficult circum-
stances. Notably, he said, they delivered
the lander package on time, unlike a
good many other scientific teams in-
;olved in ESA missions. @




Op 11 februari werd de marslan-
der Beagle 2 officieel verloren
verklaard. Maar er is nog hoop.
De al meer dan een eeuw verlo-
ren gewaande Beaglel - het
schip waarop Charles Darwin
rond de wereld zeilde - is na 134
jaar ineens opgedoken: vier da-
gen nadat zijn moderne opvelger
Toeval of nief: professor Colin
Pillinger - de goedlachse Engelse
wetenschapper met de enorme
bakkenbaarden - is bij beide pro-
jecten betrokken. Zij het dat hij

Niet op Mars
maar in Essex:
de Beagle

[ B3\

"‘alleen het droeve nieuws van de
verloren Beagle 2 mocht bren-
gen, terwijl zijn vriend en collega

___professor Robert Prescott de

spectaculaire vondst van de Bea-
glel wereldkundig mocht ma-
ken.

De timing lijkt echter perfect.
De vondst van de oude Beagle is
een opsteker voor Pillinger na de
zeperd met de Marslander.

‘Alleen zit er een addertje onder
het gras. Het is niet helemaal ze-
ker of het schip dat onder een
dikke modderlaag in de monding
van de rivier Roach in Essex is
ontdeki, ook daadwerkelijk de
oorspronkelijke Beagle is.

De Beagle was een brik - een
van de meest voorkomende oor-
logsschepen in de negentiende
eeuw. Het schip werd in 1820, na
dienst te hebben gedaan bij de
marine, omgebouwd tot een hy-
drografisch onderzoeksschip on-
der commando van kapitein Ro-
bert Fitzroy.

In 1831 begon het schip met
een vijf jaar durende ontdek-
kingsreis rond de wereld. Eén
van de passagiers was de jonge

bioloog Charles Darwin. Zijn ob-
servaties — in Zuid-Amerika en
op de Galdpagos eilanden - wer-
den de basis voor diens revolu-
tionaire evolutietheorie.

De Beagle kreeg na terugkeer
in 1836 een nieuwe bestemming
als patrouillevaartuig van de En-
gelse douane en deed dienst
langs de kust van het graafschap
Essex. Vanuit zijn basis op de
rivier de Roach moest het schip
smokkelaars zien op te sporen
die in het doolhof van kanalen,
riviertjes en kreken aan de wa-
terrijke oost-Engelse Noordzee-
kust opereerden.

Het schip diende later vermoe-
delijk als woning voor douane-
ambtenaren totdat het in 1870
werd geveild en voor 525 pond in
handen kwam van de lokale
kooplieden Murray en Trainer,
Zij ontmantelden het bovendek
van het schip en verkochten de
bruikbare spullen.

Pillinger heeft in 2002 stam-
boom-onderzoek gedaan om af-
stammelingen van Murray en
Trainer te vinden, maar kwam
niet verder dan een achterklein-
zoon in Australié. Prescotts team
ontdekte uit documenten echter
een jaar later de locatie van de
werf waar het schip zou zijn ge-
sloopt. Met grondradar werd op
deze plek onder een drie fot zes
meter dikke modderlaag een
houten gevaarte gevonden dat
qua omvyang en structuur op een
brik lijkt. ‘Omdat er geen sche-
pen bekend zijndie hier daarvoor
of daarna nog zijn ontmanteld,
moet dit de Beagle zijn’, zegt
Prescott stellig.

Maar hij sluit niet uit dat het
een ander schip is. Het team van
Pillinger en Prescott zal zijn
werk daarom voorizetten. In de
komende maanden zal met
grondradar verder onderzoek
worden gedaan. Opgraven wordt
lastig, denkt Prescot. Hij hoopt
wel een houtmonster te kunnen
bovenhalen om meer zekerheid
over de echtheid te krijgen.
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RS ﬂ!‘-‘y mﬂy _ orsmqiy a result of the mm:‘m mm and the glint on the side of Beagle 2 may be -

ing," Sims said. Sims added that the "string of pearls” images may also simply show artifacts of
about the missing probe gaining credence is that Mars' atmospl WﬂlMasmcpe:gdthf
gderioion hute and air bags to ensure a soft landing. That idea is supported by

[%2 1Y) i -
VEABLE DESCERT FOSSLY TOU FAST. — -
A heat shield wos designed fo profect Beagle during descentThe WWL};%LT\QW aimosphere on the pianel was less dense fion

expected. Missisn scienfists fold o London meeting the probe may simply heve been going too fust for its parachute and airbags 1o bring sbout o soft landing. The Royal
Saciety conference oo heard photogrophic evidence had found four Bright spets, dubbed the "string of pearls”, on the surface of the planet. Sdeatists are studying the
images fa see if they show the londer's remains. They want 1o know if the spots ore the probe’s cirbags and chute or are merely an ortefad of the imaging process. The
Beagle team, led by Prafessor Colin Pillinger, fold the society the latter was probubly the case. Readings of the Mortian atmosphere taken on the day Beagle 2 was due to N—
lﬂimﬁﬁdhﬁem:mm,m-ﬁsWWMMMW-WWMGM“MMNMMW&W
reduced atmospheric density at 30-40km above the surfuce,” said Beagle 2 mission manages Dr Mark Sims. “We now need to find out where {on Mors) that measurement was
taken. f tha was true of the Beagle 2 londing site we might have ended up with o situation where we didn't fura the radar altimeter on.” This rodar altimeter was supposed
10 prompt Beagle fo deploy ts irbags ance it reached 200m above the surfuce. But i Beagle was travelling tosfust, they might net have deplayed. The dota shows that there ~
was considerably reduced atmospheric density at 30-40km above the surface Without airbags to cushion the landing, Beagle 2 would simply have cashed into the Martion
dust. However the Spicam data from Mars Express is contradiced by readings from Nasa's Mars Odyssey spacecraft, which did not show greatly lowered atmospheric density
on Mars. Dr Sims said that if Baagle's chute deployed proparly it would bave baen travelling towards the surface ot 16m/s. A failure involving the porachutes higher in the
atmosphere might have meant Beagle approached Mars ot up fo Skm/s. Dr Sims said lusbulence high in the atmosphere wuld also have coused the aalt problems os it
approached the surfuce. Beagle 2 was targeted fo land in o large lowlond basin called Isidis Plonitia ot 0254 GMT on 25 December. It wos designed fo look for post or present
E“A“'WMWMMﬁmmMNMEQMsdaly,.ndulM:ah@elhphmhsmmﬂmhldmmmmm
failed. The idea that Beagle may have had feo high u velodity us it spproached the surface of Mars is not o huge surprise. The US space ogency also reported a less dense "
atmosphere than expeded on the entry of s first rover, Spiri. This wos explained by the dust storm adtivity en the planet af the time which acted to warm the atmosphere,
The Kaso vehicle managed to gat down safely thanks ta its chute, retro-rackets ond robust airbag systam. Even so, the entry parameters for the sacond rover, Gpportunify,
uemdmgedusamﬁ.%'mmdmmmWwﬁdnahﬁ“mw.mmmlhmﬂmnwmiﬁed'

object could be seen in the image taken immediately ofter Beagle was ejected from ifs mothership, Mors Express, five days orior to the lnding ottempt. Scenfists soid this
needed further investisation. w
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EUROPEAN SPACE AGENCY NEWS RELEASE - 18 MAART 2004
WATER AT MARTIAN SOUTH POLE.

"Thanks to ESA's Mars Express, we now know that Mars has vast fields of perennial water ice. stretching out from the south pole
.oftheRedPIanet.Ast‘onumershaveknomforywsﬂmlMarsptmessedpolaricecaps,bmemiyanmlptsatchmﬁcalanalysis-
‘suggested only that the northern cap could be composed of water ice, and the southern cap was thought to be carbon dioxide ice.
‘Recent space missions then suggested that the southem ice cap. existing all year round, could be a mixture of water and carbon
‘dlomd&Bu(mlywlthMamEx;nesshavesmaﬁﬁsbamaﬂehomﬁzmduecﬂy[ortheﬁmthmeﬂmtwatamelspmsentauhe
‘south pole too. Mars Express made observations with its OMEGA instrument to measure the amounts of sunlight and heat
ireflected from the Martian polar region. When planetary scientists analysed the data, it clearly showed that, as well as carbon
dioxide ice, water ice was present too. The results showed that hundreds of square kilometres of 'permafrost’ surround the south
pole. Permafrost is waler ice. mixed into the soil of Mars, and frozen to the hardness of solid rock by the low Martian
itempaamreaIh:s:sthereasanwhyWala'wehasb&mhﬂdmﬁmndehecMnunulnow because the soil with which it is mixed
canmtmﬂecthghteasﬂymdsonappemsdmk}bwem OMEGA looked at the surface with infrared eves and, being sensitive
'to heat, clearly picked up the signature of water ice. The discovery hints that perhaps there are much larger quantities of water ice
‘all over Mars than previously thought. Using this data_ planetary scientists now know that the south polar region of Mars can be
split into three separate parts. Part one is the bright polar cap itself, a mixture of 85% highly reflective carbon dioxide ice and
'15% water ice. The second part comprises steep slopes known as ‘scarps’, made almost entirely of water ice, that fall away from
; %thepolarcsptothes;mmdingplaﬁz&mmirdpmwasmqjectedandmmmpass&sﬁwmstpermafrwﬁddsthalslrach for
" tens of kilometres away from the scarps. The OMEGA observations were made between 18 January and 11 February this year,
/when it was late summer for the Martian southern hemisphere and temperatures would be at their highest. Even so. thal is
‘probably only -130 degrees Celsius and the ice that Mars Express has observed is a permanent feature of this location. During the
winter months, scientists expect that carbon dioxide from the atmosphere will freeze onto the poles, making them much larger
and covering some of the water ice from view. Mars Express and OMEGA will now continue looking for water ice and minerals
across the surface of the planel. In May. another Mars Express instrument, the Mars Advanced Radar for Subsurface and
Tonospheric Sounding (MARSIS), will begin collecting data. looking for water underground. It will be particularly exciting when
MARSIS looks at the south pole because, once planetary scientists know how deep the ice reaches. they will be able to calculate
‘exactly how much water there is. Knowing this is very important to understand how Mars evolved and 1f it ever harboured life.
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Fotos von Uberres
des Mars- Beagle‘s‘“‘?
e | MO&? Es:.m haben auf emem

y | Foto von ,Beagle 2° ein mysterioses
Objekt entdeckt, das fir die

Zerstorung des Mars-Roboters bei
i %3 \ \’\S_smnerLandungaufggnkomHane-
ten im Dezember verantwortlich ge-

wesen sein kénnte. Dies teilten sie
gestern in London mit. Das Foto zeigt

! einen noch nicht niher erliuterten
Fleck. Auf anderen Bildern der Lan- ein in den Bau der ferngesteu
gm0 R
| reste der ersten europdischen Mars- -
| sonde handeln konnte |3 —ox —200M
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Europese Beagle 2 laat niets van zich horen

Kwam de Beagle 2 te hard
neer? Landde het misschien
cp een schuine kraterhelling
en rclde het toestel naar bene-
den? Ligt het op ziin kop?
Oniplociden de zonnepanelen
zich wel om de batterijen op te
laden? Vragen, vragen en nog
eens vragen, maar niemand
heeft een antwoord hierop.
Wat kan er mis gegaan zijn?
Ma alle pogingen om ook maar
het zwakste signaal als teken
van leven cp te kunnen van-
gen. leverden tot dusver niets
op. Op 7 januari vloog de Mars
Express het gunstigst over de
landingsplek. Toen was het in
staat het zwakste signaal nog
op te kunnen vangen. Helaas,
het bleef stil.

Het leek allemaal zo prachtig
te verlopen nog vlak voor aan-
komst. Na 205 dagen onder-
weg geweest te zijn en onge-
veer 400 milioen kilometer
efgelegd te hebben, bereikie
de Beagle 2 de Rode Pianeet.
Zes dagen voor de landing op
25 december werd de lander
van de orbiter Mars Express
gescheiden. Die operatfie ver-
liep naar wens en de toestellen
lagen op koers. Een camera
aan boord liet een opname
zien kori nadati beide toestel-
len gescheiden waren. Viak
voor de landing werd de Beag-
le 2 nog in zijn juiste baan
gebracht om de landing In te
kunnan zetten. Beschermd
door een hitteschild dook het
toestel de dunne Marsiaanse
atmosfeer in. Een parachute
zorgde voor de verdere afrem-
ming en &irbags wisten een
zacht neerkomen te realiseren.
Dat scheen aliemaal volgens
plan verlopan te zijn. Het toe-
stel was op 25 december te
5.52 uur geland. Toen braken
drie uren van spannend af-
wachten aan. Het eerste radio-
contact met de Beagle 2 zou
via de Amerikaanse Mars Ody-
ssey dan te horen ziin. Het
bleef stil. In het viuchtieidings-
centrum in Darmstadt kon men

zelfs het kleinste speldje horen
vallen. De opgewonden blijd-
schap na de landing temperde.
Nee. niemand wilde er aan
denken dat er misschien toch
iets...... Uitgesloten! Dan maar
wachten tot een tweede gele-
genheid zo’'n achttien lange
uren later. Maar ook toen bleef
het stil. Er braken dagen aan
om van alles te proberen om
de Beagle 2 aan het praten te
krijgen. De grote radiotele-
scoop van Jodrell Bank in
Engeland werd erbij ingescha-
keld. Muisstil bleef het. En
toen dit nummer van AST-
RUIM naar de drukker ging,
begon iedereen al met de ge-
dachte te leven dat de Beagle
2 mislukt was. Ontzettend
jammer. Vooral omdat dit toe-
stel de geavanceerdste was tot
dusver naar Mars gestuurd.
Nooit bevatte een Marssonde
zoveel wetenschappelijke in-
strumenten.

Is nu het hele Marsproject van
ESA mislukt. Geen sprake
van!

Op 4 januari zorgde de hoofd-
motor aan de Mars Express
dat tijdens een viff minuten
durende brandtijd, de baan om
de planeet op 190.000 kilome-
ter veranderde in 40.000 x 250
kilometer. Nog twee maal wer-
den er wijzigingen in de om-
loopbaan aangebracht: in de
nacht van 6 op 7 januari en in
de nacht van 10 op 11 januari.
De geplande baan van 11.000
x 300 was bereikt. Vanaf deze
hoogte kan de orbiter aan zijn
gedetailleerde studies van het

opperviak, ondergrondse struc-!

turen en de atmosfeer begin-
nen. Je zou kunnen zeggen
van het gebied tussen de bo-
venste lagen van de atmosfeer
tot enkele kilometers onder het
opperviak op zoek naar ijs of
water. En wanneer die instru-
menten voor de volle 100% het
werk doen, dan zullen weten-
schappers heel veel te weten
komen van deze geheimzinni-
ge planeet. Vanaf half januari

kunnen we de eerste 3D opra-
mes al verwachten. Laten we
vooral goed voor ogen houden
dat instrumenten aan boord
van de Mars Express de inte-
ressantste foto’s en gegevens
gaan leveren.

33149
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Communications first over Mars

A pioneering demonstration of communications
between NASA's Mars Exploration Rover Spirit
and the European Space Agency (ESA) Mars
Express orbiter in early February was
successful. While Mars Express was flying
over the area Spirit was examining, the orbiter
trapsferred commands from Earth to the rover
and relayed data from the robotic explorer back
o Earth.

“This is the first time we have had anin-
orbit communication between ESA and NASA
spacecraft, and also the first working
international communications network around
another planet,” said Rudolf Schmidt, ESA’'s
project manager for Mars Express.

These two significant ‘firsts’ took place on 6
February as part of ESA and NASA's
continuing effcris to cooperate in space and to
enable plans to use joint communications
assets to support future missions to the
surface of Mars.

The commands for the rover were
transferred from Spirit's operations team at
JPL to ESA's European Space Operations
Centre in Darmstadt, Germany, where they
were translated into commands for Mars

Columbia memorial on Mars

The area of flatland in the Gusev craterin
which NASA's Mars Exploration Rover 1, Spirit
landed on 4 January, has been named the
Columbia Memorial Station in memory of the
seven crew of STS-107 who perished during
re-entry on 1 February 2003.

This obligue view of the ancient impact
crater Gusev was taken by the Mars
Express HRSC instrument in colour and
3D from orbit 24 on 16 January 2004. This

33149

crater with a diameter of 160 km probably
hosted a lake, as inferred from the
existence of an inflowing channel called
Ma adim Vallis. The Mars rover Spirit
landed almost exactly in the middle of the
shown image, at the geographic
coordinates 14.5718°°S and 175.4785°°E.
ESA/DLR/FU Berlin (G. Neukum)

Express.

The translated commands were transmitted
to Mars Express, which used them to
successfully command Spirit. Spirit used its
ultra-high freguency antenna to transmit
telemetry information to Mars Express.

The orbiter relayed the data back to JPL,
via the European Space Operations Centre.
“The communication sessions between Mars
Express and Spirit were pristine. Not a single
bit of data was missing or added, and there
were no duplications,” said JPL's Richard
Horttor, project manager for NASA's role in
Mars Express.

Beagle J—E\_.
investigatio 215

An official investigation by the British
Government and the European Space Agency
has been launched into the loss of the UK's
Beagle 2 lander on Christmas Day 2003.

It had been assumed that Beagle landed, so
a series of attempts by Mars orbiters to detect
signals was launched with no success.

Professor Colin Pillinger, the Open
University's Beagle 2 creator, hopes that
images taken by the orbiters may be able to
spot Beagle 2 on the surface, or any of its
artefacts, such as its parachute or landing
bags.

The investigation will look at the
development, integration and testing of the
craft, the project’s funding levels, resources
and management.
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Bush: extrageld . ..

voor reis naar Mars -

De Amerikaanse president
George Bush heeft gisteren
in een toespraak zijn plan-
nen voor de ruimtevaart toe-
gelicht. Bush wil tegen 2015
opnieuw Amerikanen op de
piaan, waar een permanen-
te basis moet komen.

Volgend doel: mensen naar
Mars brengen. Om de Ameri-
kaanse kiezer niet te veronirus-
ten, denkt president Bush daar
de komende vijf jaar maar een

'voor nodig te hebben.
Jn de afgelopen dertig jaar
‘heeft geen mens nog een voet
‘gezet op een andere planeet of
zich verder in de ruimte ge-
waagd dat 621 kilometer, zowat
de afstand tussen Washington
D.C. en Boston. Het is tijd voor
‘Amerikaom devolgende stap te
memen”, zei Bush.
De spaceshutﬂe wordt binnen
zes jaar uit de lucht gehaald en
de Verenigde Staten trekken
zich tegen 2010 terug uit het in-
ternationale ruimtestation
|(ISS). Dat levert jaarlijks zo'n
\vijf miljard dollar op. De NASA
‘heeft nu een budget van zo'n
\vijftien miljard per jaar. Het
‘vrijgekomen en extra geld moet
de NASA investeren in het op-
‘zetten van peperdure langeter-
mijnprojecten projecten als de
bemande Marslanding. Na de
‘door Bush becijferde vijf jaar

'komt het duurste deel van_het
183V 5 Yy

programma. D%eberekenmgvan,

de kosten daarvoor laat Bush
aan zijn opvolgers over.

De Democratische senator en
voormalige Shuttle-astronaut
Bill Nelson, benm_]felde of het
extra miljard per jaar voldoen-
de is. ,Daarmee geraak je niet

op de maan tegen 2014”, zei Nel-

son. Maandag bleek uit een opi-
niepeiling dat iets meer dan de
helft van de Amerikaanse be-
volking het geld liever naar on-
derwijs en gezondheidszorg
ziet gaan.

Veel wetenschappers vinden
dat er beter in het gebruik van
robots in de ruimte kan geinves-
teerd worden dan in astronau-
ten. Bush was het daar niet mee
eens. ,De menselijke drang
naar kennis kan zelfs niet door
de meest levendige foto’s of de
nauwkeurigste  berekeningen
bevredigd worden. We moeten
zelf kunnen onderzoeken en
voelen”, aldus de president.

Bush’ vader had tijdens zijn pre-
sidentschap ook al een plan om
Amerikanen op Mars te zetten.
Het Congres zag daar weinig in,
vooral vanwege de astronomi-
sche kosten: aan het plan van
George Bush sr. hing een prijs-
kaartje van 400 tot 500 miljard
dollar. De plannen van Bush jr.
zijn ambitieuzer. In het plan
van zijn vader was geen sprake
van een permanente basis opde
maarn.

In 2008 sturen de Amerikanen
robots naar de rnaan nder

SN
16— ©) -2 o0 -

meer om voorraden aan te leg-
gen voor de astronauten die er-
gens tussen 2015 en 2020 vol-
gen om de basis aan te leggen.
Een landing op Mars volgt op
zijn ‘vroegst tien jaar later. Om o’
opnieuw naar de maan te

vliegen moet de NASA een
nieuw ruimtevaartuig bouwen.

De basis op de maan is bedoeld =2
als springplank voor verdere
;erkennmgh‘;ahn de ruimte. Op

e maan is um-3 aanwezig;
datmtheonegebmlktkanwnrv
den als raketbrandstof. Ock 5 3

er vermoedelijk water. Daar

kan onder meer zuurstof aan et
worden ontirokken.

Na de aankondiging van presi-

dent Bush. hebben Ruslax?d en

China gisteren eveneens laten ;-
weten dergeliike ambitienze
mmrteplannen te overwegen.
_Voor het eind van het jaar wil-
len we een federaal ruimte-

: a tot 2015 ont-

wikkelen en het is mogelijk dat
dergelijfke projecten daarin e
staan”, zei Nicolaia Moisejev, de
vice-directeur van de Russische
Rosaviakosmos ruimtevaartor-
ganisatie, tegen persbureau

Itar-Tass. )
| _ 33 15¢)
In Peking maakte de Chinese \

Ruimtewetenschap en Techno- e
logie Onderneming bekend dat
het dit jaar tien satellieten gaat
lanceren. Verder worden voor-
bereidingen getroffen voor een
tweede bemande ruimtevlucht.

In 2010 willen de Chinezen een %
onbemand voertuig op de maan
Iaten landen.

e
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Glant Leap

Chinese want new heavy-lift Long March to fly
in time for the Beijing Summer Olympics

MICHAEL A. TAVERNA/BREMEN, GERMANY

hina is on track to loft by 2008

the first model of its next-gen-

eration launcher family—prob-

ably a heavy-lift version capable

of carrying an orbital labora-
tory—officials said at the International
Astronautical Federation Congress here
last week, as they fleshed out details of
the new line.

THE CHINESE have been working on
the KT rocket family, which will be able
to launch payloads of 25 metric tons
into low-Earth orbit (LEO) and 14 met-
ric tons into geostationary

to the Summer Olympic Games in Bei-
jing, which would offer a high-profile
opportunity to showcase the nation’s
new capability.

According to Wang Jianjie, assistant
director for launch vehicles at China
Acrospace Science and Technology
Corp.. which is responsible for devel-
oping the new launcher line, the two
all-new powerplants to be used for main
and booster stages have begun firing
tests and are expected to be ready by
late 2005 or early 2006. These are a 120-

The upper stage. when used, will fea-
ture 8-metric-ton-thrust-class LH/LOX
engines basically identical to the YF-75
engine used on the third stage of the
LM-3B. The differences, Wang indicat-
ed, are mainly related to process changes
introduced to increase reliability.

In contrast to the approach in West-
ern countries, which focused initially
on medium-lift versions, the first mem-
ber of the new launcher family is ex-
pected to be the basic heavy-lift ver-
sion, which will have a total mass of 175
metric tons and a 14-ton GTO rating.
This two-stage rocket will utilize mod-
ules measuring 5 meters (16.5 ft.) in di-
ameter for the main and upper stages
and have 3.35-meter and 2.25-meter
strap-on modules for the booster stage.
It will carry two 50-ton LH/LOX main
stage engines, six LOX/KO boosters in
four pods and two 8-ton LH/LOX up-
per stage engines.

Paradoxically, he indicat-

transfer orbit (GTO), since
the beginning of the decade.
It is aimed at replacing the (
country’s present fleet of
light and medium-lift boost-
ers, whose upper GTO lim-
it is 5.2 metric tons. and cre-
ating a heavy-lift capability
comparable to the Delta IV,
Atlas V and Ariane 5 and,

[}

ed. the second model to en-
ter service will probably be
the smallest—a single-stage
light launcher using a 2.25-
meter-dia. module and one
LOX/KO engine that is to
fly in 2008-09. The light
| launcher line will also in-
clude a two-stage version
with a total mass of 69 met-

most recently, Japan’s en-
hanced H-IIA (AW&ST Sept. 29, p. 22;
Nov. 12, 2001, p. 54).

The KT line is also intended to boost
flexibility—through a modular design
based on three standard sizes similar to
those employed for the U.S. EELV pro-
gram—and improve reliability, while re-
ducing fuel-related hazards and cutting
COoSsts.

Tangming Cheng, of the Beijing In-
stitute of Aeronautical Systems Engi-
neering, said the next-generation launch-
er family is expected to improve rocket
reliability to 0.98 for unmanned missions
and 0.99 for manned flights, compared
with 0.91 for the existing model line. En-
gineers also forecast a 20-30% decrease
in payload injection cost per kilogram,
and a launch preparation time of less
than 15 working days.

Officials declined to discuss the cost
of the ambitious program, but ac-
knowledged that a Chinese plan to or-
bit a 25-metric-ton space laboratory is
a major driver, as are other planned
projects such as the fledgling lunar pro-
gram and the country’s recent entry into
the World Trade Organization (AW&ST
Aug. 25, p. 30). They admitted the 2008
target date for the first flight is geared

New heavy- and medium-lift Long March
models also will be available in smaller ver-
sions put together by modifying the number
or module size of boosters or by eliminating
the upper stage.

metric-ton-class liquid hydrogen/kero-
sene (LOX/KO) engine and a 50-met-
ric-ton-class liquid hydrogen/liquid
oxygen (LH/LOX) engine, designed to
replace nitrogen tetroxide/UMDH that
power the bulk of existing Chinese
rockets.

The LOX/KO powerplant, based on
research done in cooperation with Russ-
ian engine design bureaus, has a vacu-
um thrust rating of 1,340 kN. (301,232
1b.) and a specific impulse of 335 sec.,
and can swing in one direction. The
LH/LOX engine, which derives from
Chinese experience with cryogenic tech-
nology introduced in the third stage of
the LM-3 series, generates 700 kN. of
thrust with a specific impulse of 432 sec.
and swings in two directions. The for-
mer is pressurized using turbopumps;
the latter, via helium. Both engines are
built by China’s Academy of Aerospace
Liquid Propulsion Technology, using

AVIATION WEEK & SPACE TECHNOLOGY/OCTOBER 6, 2003

ric tons, capable of lofting a
1.5-ton payload into LEO. The expla-
nation for this strategy is doubtless the
relatively weak competitiveness of the
low end of the Chinese rocket family,
which is dominated by older models. An-
other new light launcher is being devel-
oped by rival China Aerospace Science
and Industrial Co.

MEDIUM-LIFT versions, weighing 147
metric tons and designed for a GTO ca-
pability of up to 6 tons, will be intro-
duced only when existing models, in-
cluding the LM-3 series, no longer meet
market or government requirements. By
way of indication, Wang said, there are
currently no plans to move manned mis-
sions from the present Shenzhou launch
vehicle, the LM-2E

The three-stage basic medium-lift
model will comprise 3.35-meter-dia.
main and second stages, a 3-meter-dia.
third stage and 2.25-meter strap-ons.
The core stages will carry two LOX/KO
engines and each strap-on, one power-
plant of the same type. As with the
heavy-lift version, the medium-lift mod-
el will be made available in smaller vari-
ants down to 1.5 tons (to GTO) by di-
minishing the number of strap-ons and

only indigenous components, Wang said.  drgpping the upper stage. @
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GROTE STAPPEN
VOOR CHINA.

Als alles mee zit dan lanceert China in het jaar
2008 zijn nieuw model uit zijn “raket familie”.
De heavy-lift versie die onder andere een
ruimtestation in een baan om de aarde kan
brengen valt onder de Long March variant. Dit
werd bekend gemaakt tijdens  het
internationale Astronautical Federation
Congress in de eerste week van okiober.

De Chinezen zijn druk doende met het
ontwikkelen wvan zijn rakeften die de
mogelijkheid hebben om vrachten in een lage
baan om de aarde te brengen. De bedoeling is
dat zij zeker 30 ton aankunnen. Voor de
geostationaire baan is het 14 ton. Als deze
ontwikkeling klaar is, dan vervangen zei de
huidige vioot van raketten. Deze zogenaamde
medium-lift raketten hebben nu een capaciteit
van 5,2 ton. En dat is toch een stuk minder in
vergelijken met de Delta 4, Atlas V, de Ariane

B35 ]

5 en de nieuwe versie van de Japanse H-1A.
De KT lijn komt er ook om het allemaal wat
gemakkelijker te maken. Zo komt er een basis
idee waarmee verschillende versies gemaakt
kunnen worden. Vergelijk het maar met het
Amerikaanse EELV. Atlas 5 en Delta 4 hebben
ook verschillende configuraties.De streefdatum
voor de eerste zogenaamde “maiden flight” is
ergens in 2008. Deze moet samenvallen met
de Olympische spelen in Beijng in dat jaar.
Zo’n evenement als de spelen is natuurlijk een
goede showcase voor het project.

Wang Jianjie, assistent directeur van het
bedriff China Aerospace Science and
Technology, onder andere verantwoordelijk
voor de ontwikkeling van de nieuwe raket gaf
aan dat ze op het moment ook nieuwe
facaliteiten aan het bouwen zijn. Deze zijn voor
de testen met o.a. de motoren die op de
planning staan voor 2005/20068. De tests
bestaan uit verschillende soorten motoren die
gebruikt worden om de diversiteit van het

systeem uit te proberen. 3 \ 6 é
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De Mars-lander Spirit.
voor vertrek.
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ar nicht so grof3 wirk

PEKING. Pekings e

Raumflug hat fiir China itete
Folgen. Kaum fiinf Monate, nachdem
Astronaut Yang Liwei im Oktober die
Erde mit seinem Raumschiff (Shenz-
hou V) umkreiste, muss das Reich der

~ Nicht mehr lange. Das 6300 Kilo-

“meter lange Bollwerk sei vom All aus
! __garmchtmsehen bmchwertslchder

- Ausschau gehalten. , Unsere Erde ist
wirklich wunderschon. Aber ich habe
keine Mauer auf ihr gesehen”, habe er
schlieBlich bekennen miissen.

Chinas erster Taikonaut konnte
auch nichts sehen. Die zehn Meter
breite, wei end nur als Ruine er-
haﬁéne Grc

Mitte seine Geschichte umschreiben. blnﬁem 'Augl!fm Banﬁi?tke atrhm—
Zumindest die von der ,Grofen Mau-  serer Erde ¢ , die Meerdimme  Ab be
er”, die so groB ist, dass alle sie auch Hollands und Chinas GroBe Mauer”. hism ometern Ho
vom Weltraum aus bewundern kénne. ~ Wang Xiang ruft Yang Liwei als sei-  tronauten genmnﬁin verkehren,
Das verkiinden bisher die Lesefibeln  nen Kronzeugen auf. 14 mal habe der  konnten Bauwerke nur auffallen,
an den Grundschulen. . Nationalheld die Erde umrundet und  wenn sie mindestens 500 Meter |
‘und ebenso lang wiren. Die
: termagwﬂmsehne]laufﬂmhtmﬁ
% ; ‘eine von 4113 Eingaben aus dem an-
Y\\Sf/\'\g\ POS - versprachen in allen N
Geschichte streichen zu lassen

| 283 S 60

Fiir China heiBt es, stiickweise Ab-
schied nehmen von einer hiibschen
Legende. 1909 hatte es in den USA
sogar noch geheifien, die Mauer sei
vom Mond aus zu sehen. Tatsdchlich

man dort: zwar Grundstiicke

l %3‘-‘}5 ﬁgm,abermchtememmﬁesufd

Erde erkennen.

iSPACE COM : 22 MAART 2004. o .

REPORT : CHINA TO LAUNCH MOON ROVER IN 2012. Q 3156

BEIJING - China plans to launch its first moon rover in 2012 as part of its ambitious space ¢ on program, state media
reportﬂd.T'hevehmle’smampm‘posewou]dbeto;mmdnmtbmauononwhﬂ'emsetupabaseonmemoon,theBeqmg
Youth Daily newspaper said Sunday. citing Ouyang Ziyuan. lead scientist of the country's lunar probe program. The rover
would carry a camera, a telescope and seismological gear to register quake activity on the moon, the report said. The rover is
part of the three-phase lunar probe program, also called "Chang'e." after a fairy in Chinese folklore who flies to the moon.
The first phase is under way, with Chinese scientists building a two-ton Iunar probe that is to be launched by 2007 and orbit
the moon for at least 12 months, state media has reported. It will take three-dimensional lunar images, measure the density of
the moon's soil and explore its environment, The official Xinhua News Agency put the price tag of the first phase at 1.4
billion yuan (US$170 million). The satellite launch is to be followed by a moon landing by an unmanned vehicle by 2010 and
soil sample collection by 2020, Xinhua said. China's top space official has also said the country wants to land a human on the
‘moon that same year. Smcethcsuccessofxtslandmarkmamedspacelaunehlaﬂm Chm&hasmsedtheproﬁleoflts
once-secret. military-linked space program and regularly releases mformation about plans for further exploration. It is now
theﬁnrdcountrymthewnrldmsuccessfuuyancomphshmamadspamﬂlgm
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'SPACE.COM : 17 MAART 2004, o B _
CHINA PREPARES FOR SECOND PILOTED SPACE MISSION.

China is moving forward on readying its second piloted space mission, targeted for liftoff in June or July of 2005. The Long
March 2F booster that is to loft the Shenzhou 6 spaceship is now being built, and is slated to undergo extensive testing early next =
yw.Chim’innhtm-nemmﬁwrw&dmﬂhﬂﬁsmmat%mﬂmuﬁﬁﬁkﬂymhemmmmemﬁmm
October to place Taikonaut Yang Liwei into Earth orbit. He circled the globe 14 times in the 21 howr-long mission. Yang's
flight catapulting China into an elite group of nations capable of independent human spaceflight: Russia orbited its first -
cosmonaut in 1961, followed by the United States in 1962. Xinhuanet quoted Wang Yongzhi. noted as the chief designer of
China’s manned space program, as saying that the Shenzhou 6 would take two people info space for a flight lasting five to seven
days. Now being ftrained in China is a cadre of 14 space pilots. from which two will be picked for that nation’s second piloted
mission. According to Xinhuanet, during the mussion the crew will float into the spaceship’s forward orbital module to conduct Tt
awpaimmi&Chinmespacekuthbriﬁmmmm&uﬁeﬁlyshakemﬂightsnfShanhnnmhiclm“&ﬂlead_to space
docking of hardware, as well as establishing a permanent Iaboratory in Earth orbit Meanwhile. as China moves forward on its
next human spaceflight, the Shenzhou 5 arbital module continues to whirl about Earth. It was left in space after Taikonaut Yang -
returned to Earth in his reentry capsule. The module. outfitted with its own solar power panels and rocket motors, has been
maneuvered a number of times over the last several months. The orbiting capsule, stuffed with science gear and other equipment.
has completed its work after 152 days, according to China Central Television this week Phillip Clark, a British-based specialist
in Soviet/Russian and China space prowess, said the Shenzhou 5°s module will reenter to Earth in some 75 days, give or take a =
week or so. Clark said he was initially surprised at the long gap between the first and second piloted space jaunts. "But I think the
current Chinese five-year plan simply calls for two manned missions. and maybe the first one came earlier than expected. The
test program had fewer problems than expected.” he told SPACE com. Chinese space officials have stated that there will be no L
docking trials on next year’s flight. But Clark senses that the Shenzhou 6 orbital module — left in space — could be used for a latch
‘up using a Shenzhou 7 vehicle that could be launched late next year. "Shenzhou 7 could even see the first Chinese space walk, as
well as being their first three manned flight,” Clark said. On the other hand, he added, the Chinese have split the 14-man team

now in training to seven teams of two men each. So perhaps they are planning two-man missions for the foreseeable future, he =

speculated. Looking deeper into the future, Clark said that China’s new generation launch vehicle under development appears

well-suited for hurling Taikonauts out of Earth orbit. That planned booster could launch a complete three-man Shenzhou craft on

an around-the-Moon and Earth-return trajectory, "if the Chinese want to do this." Clark said. %3 5 ; 9- <2
SPACE.COM : 26 MAART 2004.

CHINA MOVES UP MOON ORBITER LAUNCHDATE. (g 5, 5%
Q

SHANGHALI - China has moved up the launch of a moon-orbiting satellite by one year to 2006, state media said
Friday. adding momentum fo the space program that got a massive boost from October's successful manned

flight The lunar mission, originally scheduled for 2007, wi!l place a two-ton satellite into orbit around the moon for i
al least a year, the official Xinhua News Agency said Friday. China's lunar exploration program has shified into
high gear following last year's successful launch of the Shenzhou 5 spacecraft with astronaut Yang Liwei aboard. It .

made China the third country after the United States and Russia to put a man into space. providing massive prestige
to the Communist regime and the mulitary-linked space program. The lunar orbiter and its 280-pound payload will
be based on China's existing Dongfanghong 3 satellite and other indigenous technology, Xinhua said. A Chinese _
‘Long March III A rocket will be used to launch the satellite, it said. Xinhua cited China National Space e
Administration Luan Enjie, the chief commander of the lunar satellite project, saying work had begun on the
satellite, its launch vehicle and support systems. It said Luan delivered his comments Thursday at the first national
work meeting on the project. The lunar program -- named Chang'e after a legendary Chinese goddess who flew to -
the moon -- aims (o eventually place an unmanned vehicle on the moon by 2010. Plans also call for a vehicle to land
by 2020 that would collect soil samples and conduct other tests, possibly in preparation for a manned moon base.
Xinhua gave the budget for the initial phase of the program as $170 million. it said the launch would take place from —
the Xichang Satellite Launch Center in the southwestern province of Sichuan. Along with the lunar mission, a
second manned space flight -- this time carrying more than one astronaut -- is planned for next year. Longer-term
plans call for a space station. The report adds to China's growing openness about ifs space program. whose plans,
costs and launch dates were once closely guarded secrets.
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CNN : 26 FEBRUARI 2004. _
MALFUNCTIONING SPACESUIT CUTS SPACEWALK SHORT.

CAPE CANAVERAL - A riskier-than-usual spacewalk outside the international space station was cut short Thursday night because
of a malfunction that left one of the two crewmen with a warm, damp suit. Russian cosmonaut Alexander Kaleri made it safely back
mside despite the problem with his spacesuit. Kaleri and American astronaut Michael Foale had left the space station empty when
they ventured out. the first time the 5-year-old outpost had ever been unattended during a spacewalk. It was necessitated by the
grounding of NASA's shuttle fleet in the wake of the Columbia accident. Everything went well until three hours into the spacewalk,
when Kaleri reported that the inside of his helmet was wet. Flight controllers immediately suspected a breakdown of the device that
is supposed (o regulate temperature and remove condensation. "It's strangely warm,"” Kaleri said. A few mimutes later, he radioed:
“It's amazing. [ have rain inside the helmet I have water on the visor." Russian space officials decided to end the spacewalk early
and advised Kaleri not to exert himself Foale continued working as Kaleri rested. The cosmonaut said he could see well through the
visor, even though it had a water film "I'm not moving too fast so I don't overheat,” Kaleri said as he made his way to the hatch
Foale soon joined him in the air lock, and they closed the hatch. The crewmen managed to complete half their work — primarily
mstalling new scientific experiments outside — before Kalen's suit began malfunctioning. The spacewalk was supposed to go 5 1/2
hours: it lasted three hours and 55 minutes. Foale inspected Kalen's spacesuit once they were back mside. The cosmonaut was glad
to have the suit off. "I feel better now. I feel cooler.”™ he said The men quickly discovered that one of the tubes through which water
flows to cool the swuit, i the stomach area. was bent Kalen siraightened the tube and water began flowing through it He said he had
no idea how the tube became bent. Two spare Russian spacesuits are aboard that Kaleri could use if he and Foale have to go out
again. However, no more spacewalks are scheduled for their mission. Foale's Russian suit worked fine. Throughout the excursion,
flight controllers m Houston and Moscow watched over all the systems orbiting 230 miles up and were prepared, after months of
safety analyses, to call the veteran spacewalkers back m if a fire. decompression or some other emergency arose. What ended up
happening — a suit malfunction — was not nearly as critical but siill worrisome, especially with no one inside to help. Normally, a
third crew member stays inside during a spacewalk to oversee the systems, watch over the two outside and help them once they re-
enter. But the space station has had only a two-man crew since last spring to conserve supplies while the shuitle is grounded. With
shuttle flights off until next spring. an initially uneasy NASA agreed with the Russian Space Agency that it could not keep waiting
for a three-person crew in order to perform a spacewalk For decades, the Russians lefi their Salyut and Mir space siations
unatiended during spacewalks. Before the spacesuit malfunction, Foale and Kaleri took out trays of scientific samples o replace
ones that had been hanging outside for more than two years to gauge the effects of space debris and other cosmic wear and tear.
They also put out a radiation-measuring doll. The space doll — a "matryoshka.” or traditional Russian nesting doll — 1s actually a
close-to-lifesize head and torso made of soft material to simulate human tissue, with embedded sensors to measure radiation
exposure. Scientists want to know how much solar radiation a spacewalker receives, critical information as NASA strives to meet
President Bush's goal of sending astronauts back to the moon and on to Mars. The spacewalkers also photographed the area where
they heard a strange metallic noise last November. to see if space junk caused any damage. Bui they did not have time to replace a
thruster contamination-measuring kit or relocate navigational reflectors for a new unmanned cargo ship due to armive next year. Foale
and Kaleri have been aboard the space station since October. They will be replaced in April by a two-man crew that expects 1o

perform .lwo spacewalks. {%3 \ 9 8 \




FLORIDA TODAY : 26 FEBRUARI 2004. -
OVERHEATING SPACESUIT CUTS SHORT SPACEWALK.

Russian mission controllers ended Thursday's spacewalk at the Intemational Space Station early after
Alexander Kaleri's spacesuit began to overheat. The Russian spacesuit's sublimator malfunctioned, possibly
because of a kink in a tube, about three hours into the spacewalk. The sublimator is designed to remove
heat and humidity from the spacesuit as the cosmonaut does his work. "l can feel | am strangely wam,"
Kaleri told ground controllers after reporting that drops of water had formed in his helmet. "Please take care
of yourself right now,” worried Russian controliers replied as they discussed whether to call off the
spacewalk. Kaleri and Commander Michael Foale completed about half the tasks they were supposed to
finish on this spacewalk, the first from the International Space Station without anyone left inside to keep an
eye on its systems. Among the tasks left undone was the removal of reflectors that are under study as part
of the navigation system for a European cargo ship expected to arive at the station in spring 2005. in
addition, Foale and Kaleri didn't have time to replace samples in a Russian experiment that studies residue
from station-thruster firings. They did, however, attend to a Japanese experiment that studies exposure of
materials to space, and they installed a torso-shaped European experiment that estimates radiation
exposure to humans. Russia wanted to accomplish both to satisfy contracts with those partners. The next

space-station crew, which aiso consists of just two men, plans two spacewalks. Gennady Padalka and Mike

Fincke likely will complete the tasks left ynfinished during Thursday’s 3-hour, 55-minute excursion, which

began at 4:17 p.m. EST. | % 2\ ') 2

or Sﬂm%ﬁm are inad , according To

>, or= among several deficiencies NASA outlines n o stafion
saster. NASA is beefing up the stafion inspections now and
and no significant anomalies have yet been revealed.” The

the report were inconsistent record-keeping and tracking of in-

components for engineers fo use in

el Db et S E -
investigators. NASA is double-checkin e used fo jusfify risks accepted before Columbia was lost. There were

lab or harm crewmembers on board. Meanw NASA said a risky spacewalk Thursday proved a scaled-back, two-man crew
ouiside the station in an emergency. “We feel like it wos o huge success," said Michael Suffredini, NASAs  —
afion operations and infegration. The stafion has been staffed with two, rather than three, crewmembers since the
es. After inifial hesitation, NASA went along with a Russian proposal fo fry the first

eeueuguemﬁa 1o assist. A spacesuit gliich prompted U.S. asfronaut Michael Foale and Russian

xander Kaleri to come inside early. Work left undone will be delayed unfil at least July. A new crew
> in April will do the work during spacewalks planned for July and September. Suffredini said engineers think a =

mmpedcoolmg system water line caused @ build-up of condensation in Kaleri's suit. The suit also began fo overheat. So
Russian controllers called the walk off. Foale and Kaleri finished about 75 percent of the planned work. Among the tasks not
completed: relocafion of navigation reflectors needed fo dock new European cargo ships that will begin arriving next year,
replacement of sensors fo measure confamination on the stafion and the exiernal inspections. 2 % %
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SPACEFLIGHT NOW : 01 MAART 2004. - _
NEWFOUND GALAXY SHATTERS DISTANCE RECORD.

Astronomers say they've peered deeper into the cosmos than ever before, recording light that left a galaxy when the universe was just
3 percent its current age. The discovery represents an important and challenging leap in time and space beyond the previous record
holder and points to more record-setters to come. The galaxy i1s 13.23 billion light-years away, seen when the umverse was 470
million years old. Likening the universe to an 80-year-old human, the astronomers said the previous record holder would be a four-
vear-old child, while the newfound galaxy is just two-and-a-half. The galaxy is thought to be one of the first to form. in an era when
a thick "fog" had begun to lift and end the so-called cosmic Dark Ages that followed on the heels of the theoretical Big Bang. It and
others found in the same study will help theorists refine ideas about how galaxies initially developed. The near-infrared observation
was made with the European Southern Observatory's Very Large Telescope in Chile. In a sort of Best Supporting Actor role, an
intervening cluster of galaxies served as a giant, namral magnifving glass, making is possible to detect the more distant galaxy. "This
discovery opens the way to future explorations of the first stars and galaxies in the early universe." said the study's co-leader Daniel
Schaerer from the Geneva Observatory and University in Switzerland. Light from faraway objects is stretched during its travels
across space. The wavelengths of visible light are gradually shifted from blue to red, toward invisible mfrared light. Scientists
measure this stretching with a scale they call redshift Prior to today's announcement, the most distant galaxy — presented just two
weeks ago — was estimated to be somewhere between redshift 6.6 and 7.0 and was said to be 13 billion light-years away. It had
supplanted a redshifi 6.4 galaxy that was announced in January 2003. The redshift scale is like a logarithmic one: The difference
between redshift 1 and 2 is billions of vears, but the difference between redshift 6 and 7 is only hundreds of millions of years. The
most distant echoes of the cosmos come from redshift 1,000 or higher, radiation that's stretched into radio waves. The new No. 1 sits
at redshift 10, according to Schaerer and his colleague Roser Pello from the Observatoire Midi-Pyrenees in France. Getting to
redshift 10 and bevond, many scientists have thought, would be extremely challenging if not impractical until nexi-generation space
telescopes are built. One scientist involved in finding the redshifi 6.4 galaxy in January 2003 said last month that getfing routinely
beyond redshift 6.5 with current telescopes would be very difficult. Schaerer is more optimistic. "Though technically difficult there's
no reason why one should not be able to find galaxies beyond redshift 7." he told SPACE.com. Here's why: The newfound galaxy is

as Abell 1835 IR1916. The intervening galaxy cluster, whose gravity bends light from objects bevond. magnified the
light of the Abell 1835 IR1916 somewhere between 25 and 100 times. There are other, similar natural lenses m space Among the
challenges astronomers face is sorting out what these magnified observations mean After identifying several objects that appeared to
be very far away, Schaerer and Pello examined visible-light images from the Canada-France-Hawaii Telescope (CFHT) and the
Hubble Space Telescope. The galaxies don't show up in those images. suggested their light had all shifted out of the visible and into
the infrared and helping the astronomers pin down their redshifis. In all. six previously unseen galaxies appear to sit more than 13
billion light-vears distant. Schaerer hinted that the new record might not hold the top spot for long. "In principle one could be able to
find galaxies up to redshift 16-18 from the ground.” he said "In practice this seems, however very difficult. I suspect that redshifts
around 11-14 could be feasible, but very tough " For now, he said. "we'll start to observe more galaxies between redshift 7 and 10, to
be able to study their properties and to understand in more detail how they form and evolve. We've just started to see the tip of the
iceberg." Most of the most distant galaxies seen are known as a quasars, a class of very bright and compact objects thought to be
powered by supermassive black holes. Abell 1835 IR1916 is probably not a quasar, but it is experiencing a bout of intense star
formation, the astronomers said Yet the overall mass of the stars is estimated to be 10.000 times less than the mass of our much
more mature Milky Way Galaxy. Astronomers are not exactly sure how galaxies grew in the early years of the universe, but
discoveries like this one should help them sort it all out. The leading theory holds that black holes and star formation go hand-in-
hand, and that galaxy mergers played an especially important role early on in a universe that was smaller and far more crowdeq. The

latest discovery supports this big-business model of galaxy growth by acquisition. the astronomers said. [ % 3 ‘ 3 ZE
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NIEUW VERSTE EN DUDSTE STERRENSTELSEL JRICLISE
__NIEUW VERSTE EN DUDSTE STEEREEWGTESS™

Franse en Zwitserse peleprden hebban
met de Euwropese Very Larpe Telescope
een nieuw versts en dus pudste sterren—
stelsel ontdakt.

Het sterrenstelsel Abel 1835 IRI¥16
staat 135 323 miljard lich van
aarde en is dus 13, 23 miljard jaar oud.
bat Is za"n 470 li.fl..jclln Jaar na de Blg
Bang, het ontstaan van het heelal.

Het vorlige record was op 16 februmrl
h-k-ndg-?mnkt en datesrca van 75D
mil joen jamr na de Blg Bang. Net zoals
die ontdekking werd ook dlt sterren-
stelsel ontdekt dankzlj een zwaarte-
krachtlens. Die bestaan ult andere
sterrenstelsels die het licht van Abel
I1E3E IR1IF1E versterken.
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years away. nnounced i glimmer took so fnreaéhEarﬂ:,t&.new
yhxyaﬁasﬂquk%%ﬁ:ﬂemﬁmﬁﬁmﬁv&amiuﬁahaﬁy *ﬁmmfmmmﬁw
galaxy." said Roser Pello, a member of the team that found it. "IU's a galaxy that is starting to form " The universe,

',_mimebegmwiﬂntheﬂisbmgmﬁ%ﬁmmagu ‘would have been a mere 470 million years old
when the newly observed galaxy formed, the national research center said. 'Irwewmparetheageafthemvmeto
ﬂ:a:afapasonagad?s wemﬁiemg'_mmmaéﬂf. the center said in a statement. The discovery was
made using the Eur Southern vatory's Very Large Telescope, with other images also coming from the
Hubble Space Telescope and Canada-France-Hawaii Telescope, the center said. /%3 ‘ a4
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Abell 1835 IR1916 - the Farthest Galaxy - Seen in the Near-Infrared
(VLT ANTU + ISAAC)
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ASTRONOTES : 05 NOVEMBER 2003.
MARS ROVER SPIRIT INSTRUMENT WORKING FINE NOW.

PASADENA - A series of tests of one of the science instruments on NASA's Mars Exploration Rover Spirit has
enabled engineers and scientists to identify how to work around an apparent problem detected in August. Tests now
indicate that all of the science instruments on both Spirit and its twin. Opportunity. are in suitable condition to
provide full capabilities for examining the sites on Mars where they are scheduled to land in January. Spirit's
Mossbauer spectrometer. a tool for identifying the types of iron-bearing minerals in rocks and soil, returned data that
did not fit expectations during its first in-flight checkup three months ago. A drive system that rapidly vibrates a
gamma-ray source back and forth inside the instrument appeared to show partial restriction in its motion. "The drive
system is adjustable. We can change its velocity. We can change its frequency." said Dr. Steve Squyres of Cornell
University, Ithaca. N.Y.. principal investigator for the rovers' science instruments. "We've found a set of parameters
that will give us good Mdssbauer science if the instrument behaves on Mars the way it is behaving now." A possible
explanation for the instrument's behavior since launch is that intense vibration of the spacecraft during launch shook
something inside the spectrometer slightly out of position. Spirit is on course to arrive at Mars' Gusev Crater at
11:35 p.m. EST on Jan. 3 (0435 GMT on Jan. 4). As of 8 am. EST (1300 GMT) today Spirit has traveled 228.3
million miles (367.4 million kilometers) since its launch on June 10 and will still have 74.3 million miles (119.6
million kilometers) ) to go before reaching Mars. Opportunity has traveled 184 million miles (296 million
kilometers) since its launch on July 7 and will still have 99.2 million miles (160 million kilometers) to go to reach
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MARS LANDINGS (1976-2004)

Beagle 2 Viking 2 Viking 1
25/12/03* (1976) (1976)

24/01/04* 04/01/04*
* scheduled landing date

Gettlng Down to Work
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TAKING MA

The Mars rover surface operations strategy
will be coordinated in a military-like manner
to trace the role of water at the landing sites

CRAIG COVAULT/CAPE CANAVER#L

he two NASA Mars Explo-
ration Rovers poised to de-
scend on supersonic para-
chutes like scientifically
armed commandos will be
operated by a Jet Propulsion
Laboratory science and en-
gineering battle staff on both
tactical and strategic Martian surface
operations.

As befitting the Roman god of war,
Mars will be explored in a military-like
manner by the MER Spirit and Oppor-
tunity rovers. They will first conduct a
stationary but highly detailed recon-
naissance of their landing zones before
moving out to specific science targets
chosen by their commanders on Earth
more than 100 million mi, away.

Once on the move, the 400-1b. rovers
will sometimes be ordered on specific
point-to-point routes, while at other
times they will be told to reach an ob-
jective, but navigate their own way to
it with their hazard-avoidance software.

Depending upon what’s found, they
will shift to other objectives as their
ground teams maintain a flexible but
precisely timed planning and execution
process. That dav-to-day “tactical”
process will be keyed to Martian sunrise
and sunset for rover solar-array power.

Once commanded, the rovers oper-
ate autonomously. The surface opera-
tions strategy will be governed by the
timing of X-band radio links direct to
the vehicles or relayed via UHF to the
Mars Odyssey and Global Surveyor
(MGS) spacecraft orbiting overhead.
Other factors include Earth rise and set
over the landing site’s horizon, when sig-
nals either can or cannot be received.

While tactical operations are under-
way. a formal strategic ops team will as-
sess “the big picture™ to begin to build
science targets and roving plans to be im-

plemented in the days or weeks ahead
during each vehicle’s expected three-
month lifetime.

U.S. rover operations will be preceded
by the Dec. 25 landing of the British
Beagle-2 spacecraft (see p. 57). The
73-1b. stationary Beagle. unlike the
rovers, has instruments to detect the
chemical signature of biological process-
es, following inconclusive 1976 Viking
lander data. Beagle will be comple-
mentary to the MERs,

With mobility and detailed “Athena”
instrument and imaging capabilities. the
U.S. rovers will focus on whether water-
related geologic and climatic process-
es could have made ancient Mars hab-
itable for simple life. The MERs will be
targeted to land about 3,300 mi. o ei-

Both MER sites show

signs of past water,
and Spirit's could have

been a 3,000-ft-deep lake

ther side of Beagle. MER high-resolu-

tion imaging and surface spectral data

acquisition should begin as early as land-
ing day, depending upon critical self-
tests after descent and landing on a para-

fly each MER site during the landings.

The MER-A Spirit rover, launched
June 10, is to touch down Jan. 3 at 8:35
p.m. PST (Earth receive time) in Gusev
Crater, once an ancient lake. Gusev is
in the “Martian tropics™—theoretical-
ly, in the past, one of the warmest and
wettest places on the planet. It will be
followed on Jan. 24 bv the MER-B Op-
portunity rover. launched July 7 and
planned for a 9:05 p.m. PST touchdown
on the Meridiani Plane about 6.000 mi.
west of Spirit. Data from Global Sur-
veyor indicate a large preseace of the
mineral hematite at Meridiani. On
Earth, this would be an indicator of com-
bined water and geologic processes.

From a science planning and initial
roving standpoint, “the several days from
when we first land until the rover rolls off
the lander is in many respects the most
critical portion of each rover's surface
mission,” said Steve Squyres. Athena
principal investigator from Cornell Uni-
versity. This “impact-to-egress” (ITE)
period is a formal mission phase that
could last for a little more than a week,
depending on the pace of
initial rover events.

In fact, the actual rover
landings on Mars will not be
completed until their rolloffs
from the lander base petal,
said Mark Adler, overall
MER deputy mission man-
ager. He will share Spirit
mission management duties
with Jennifer Trosper.

MER operations present human-
factors, as well as engineering and sci-
ence, challenges. Large portions of the
250-member ground teams will change
their work-cycles to correspond to Mars

chute (see cover), braking rockets and  days (Sols), which are about 40 min.

airbags (AW&ST May 26, p. 54).

Each 1.850-1b. lander/rover entry
package will transmit X-band telemetry

to Earth through the parachute descent.
Telemetry during the airbag roll will be
possible but questionable until after the

four-sided platform stops and opens

with the rover fixed atop the base petal.
More detailed telemetry will be taped

AVIATION WEEK & SPACE TECHNOLOGY/DECEMBER 1, 2003

longer than an Earth day. That will alter
their wake-up, vork-shift and sleep
times. And within that Sol time, the
teams are also shifting to Mars local so-
lar time (LST) based on sunrise and sun-
set at each landing site. They will not,
however, be able to make a full circadi-
an rhythm shift because they will still be
exposed to Earthly sunrise and sunset

for replay by MGS, manem-ereMan fatigue experts from the
h32oY
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EPEERS
NASA Ames Re-
search Center and
private companies
are providing guid-
ance on how to best
adjust, however.

The shift to Sols
and more specific
LSTs will govern the
precisely timed rover
ops planning/com-
manding that the
ground teams must
do during their work
shifts. Those factors
will be further com-
plicated when Op-
portunity lands on
the opposite side of
Mars from Spirit—
meaning each team’s planning and com-
manding routines will be as much as
12 hr. out of phase with the other’s.

Spirit will land just past 2 p.m. Mars
LST, about 17.5 hr. ahead of Pacific time
at JPL. To take maximum advantage of
remaining sunlight, Spirit and (later
MER-B) will use stored commands for
all key tasks during its first Martian Sol.
Airbag retraction and the lander petal
opening should be completed within 90-
100 min. of touchdown. Once exposed,
the rover will immediately open its solar
arrays. If critical health checks are passed,
it will also deploy its Pancam (panoram-
ic camera) mast extending 5 ft. above the
Martian surface.

One group of immediate operations
important for both science and rover
navigation planning will be the start of
highly detailed 360-deg. panoramas of
the landing site from the mast. These
will be done by three systems: the twin-
lens high-resolution color stereo Pan-
cam, the two wide-angle monochromatic
Navcams (navigation cameras) and the
Mini-TES (thermal emission spectrom-
eter). Such imaging could begin about
2.5 hr. after landing.

The first panorama at each site “will
be a spectacular product,” Squyres said.
The Pancams have 20/20 vision and will
provide IMAX-quality imagery. The first

pan will use a red filter on one lens and
O
ww,AviationNow‘conUa\»Z‘;?igi_,g

\_ —

ntBeployment O

alternating blue, green and

Camera mast on

down for the day at Martian

infrared filters on the other, each 400-Ib. U.S. dusk 4 hr. after touchdown.
so the full color range of the ~ rover will extend  But it’s more likely initial im-
landing site is captured. 5 ft. above Martian  agery will not reach Earth un-

The Mini-TES will also
capture a 360-deg. panorama,

surface. Arm carry-
ing instruments can

til the first direct X-band con-
tact the morning of Jan. 4 at

providing the initial miner- extend 3 ft. Surface  JPL.

alogical data on the rocks and  operations strategy On Sol 2, the rover is pro-
soil around the site. The will be divided into grammed to awake early,
Mini-TES is a remarkable in-  tactical and strate-  ready to accept its first com-
strument capable of differ- gic objectives. mands from Earth for multi-

entiating individual rocks by

their mineralogy and therefore as rover
targets. The Mini-TES imagery will be
overlaid immediately on the Pancam im-
agery. Mini-TES also will be pointed up-
ward to obtain a temperature profile of
the Martian atmosphere.

The wide-angle navigation cameras
will provide an early panorama, too. The
Pan and Mini-TES views, coupled with
the Navecam panorama, will be the fun-
damental scientific and planning tools on
which surface operations will be based.

Earth will set at the Spirit landing site
about an hour after touchdown. Although
a long-shot first attempt, Odyssey may
be able to acquire UHF data from the
lander at about 4:30 p.m. LST and re-
transmit it to Earth as early as about 2
a.m. local time Jan. 4 at JPL.

If the project is lucky, this could pro-
vide the first detailed information of

rover status before it automatically shuts
3205 :
AVIATION WEEK & SPACE TECHNOLOGY/DECEMBER 1.200. 2 <O Q)

ple engineering tasks, includ-
ing the start of extensive instrument
checks. The high-gain antenna also wil
be deployed.

Although the schedule can b
changed, Sol 3 is to be critical for rov-
ing operations, with the start of unfold-
ing of the rover’s suspension system, legs
and wheels. Squyres calls this process
“reverse origami,” after the Japanese
art of folding complex geometric shapes
in paper. This will be done in connec-
tion with images sent by the rovers’ two
forward-facing and two aft Hazard Cam-
eras. The Hazcams will be used later
to help drive the rovers, but initially they
will serve as key engineering verification
tools.

One major event will be command-
ing the lift mechanism on the base petal
to elevate the lander about 10 in. at its
center. This must occur for deployment
of the rover’s suspension system and the

83 20



extension and rotation of Spirit’s two
front wheels.

Sol 4 is tentatively planned to be a
heavy imagery downlink day, with images
taken and transmitted interleaved be-
tween higher priority engineering data.

The panoramas will be done in eight
45-deg. segments to facilitate this in-
terleaving for downlink, Squyres said.
On Sols 5 and 6, the rear wheels are to
be extended aft and into place. And ten-
tatively about Sol 7, the umbilical be-
tween the base petal and lander is to be
cut, followed by about a 4-in. “baby step”
drive atop the base petal—the first rover
motion, Adler said.

This would verify command and drive
system health, and possibly also be used
to reorient the rover slightly for the best
drive-off angle, be it forward or reverse
or angled slightly to one side depending
upon what the imagery shows.

Normally, on about Sol 8, Spirit would
be commanded to drive about 10 ft. off
the lander petal, finally completing its
“landing” on Mars and finishing the ITE
phase. Its first drive will be targeted to
the “safest patch of dirt we can find,”
Squyres said.

First checks of the 3-ft. Instrument
Deployment Device (IDD) arm me-
chanics, its joints and motors, will be
critical at this juncture, because arm mo-
tions cannot be tested while the roveris
on the lander petal. Q32 léil

Immediately after checkout, the a
will be lowered to the ground to acquire

initial spectroscopy of the Martian soil.
This will be a baseline reading at the
landing site using the arm’s Alpha Par-
ticle X-ray Spectrometer (APXS) to de-
termine the soil’s elemental chemistry,
and its Mossbauer Spectrometer (MB)
to assess mineralogy.

The microscopic imager—another
rover camera, but in effect a micro-
scope—will also be used to observe soil
structure. All three will play a much big-
ger role later inspecting specific rocks
selected via Pancam and Mini-TES im-
aging. The same process will be repeat-
ed with the Opportunity rover.

Each rover will transmit data direct-
ly to Earth by X-band two or three times
a day for 1-2 hr. at a time. The fre-
quency, however, may be somewhat
higher early in each mission, Adler said.
Engineers want to conserve electrical
power and also avoid overheating the
rover, which the X-band system can do.

Most commands to the rovers will be
sent direct from Earth via X-band while
rover downlinks will be about evenly
split between direct and the UHF or-
biter relays. MGS will pass over each
landing site at about 1:30 LST every
morning and evening, and Odyssey at
about 4:30 twice daily.

Being solar powered, the rover will
“wake up” about 8:30 a.m. LST for com-
mands and operation, take a short sies-
ta around noon to cool down, and wake
up again to continue operations until
about 3 p.m. Then with its batteries

o]
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charged to keep warm overnight, the
rover will be shut down for the evening.
The APXS and MB instruments, how-
ever, have small processors that allow
them to maintain long data takes on
rocks or soil at night.

“Typically we will tell the rover what
to do in the morning, see how it does in
the afternoon, then having received that
data, decide what to have it do the next
day,” Adler said.

The tactical strategy on the surface
will be carried out with an organized and
precisely timed series of daily planning
sessions.

There are four tactically oriented Sci-
ence Theme Groups (STGs) assigned
to geology, mineralogy/geochemistry,
rock/soil properties and atmospheric sci-
ence. A fifth STG has the “strategic”
mission for big-picture planning from
the assimilation of data from the other

Spirit target crosshairs lie in Gusev Crater
landing ellipse at mouth of a large river
channel. The 90-mi.-wide crater once could
have been filled with water 3,000 ft. deep.

four STGs and related terraip and nav-
igation issues. % S S

A typical day will begin with a Scienc
Context Meeting directed by the strate-
gic STG lead scientist with participation
by the other STGs. This session will be
driven daily by the desire to explore spe-
cific scientific hypotheses raised by team
members. The pursuit of these theories
will be based on data received so far,
weighed against what’s expected in the
upcoming downlink—and what it might
mean for uplink commanding.

BASED ON DISCUSSIONS at the context
meeting, STG members will receive
instructions on what specifically to look
for in the approaching downlink to sup-
port the various hypotheses discussed.
And they need to be ready to report on
the new data in about 3 hr. L

The downlink of science data from the
rover will then start. The information will
first be managed by Payload Downlink
Leads assigned to each instrument or im-
aging system. They first assess the sys-
tem’s health and data quality, then for-
mat the information for access by STG
members. From this point on, the STGs
have about 3.5 hr. to assess the data and
determine what they want the rover to
do on its next Sol, in light of what was
just received.

Toward the end of this period, the
chairman for the overriding Science Op-
erations Working Group (SOWG)
comes on shift to chair the first of the
day’s two additional, and most impor-
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Foto boven: tekening zoals de Spirit op zijn 2) 3 2 ) 3
landingsplaat op planeet Mars stond.

Foto onder: eeen camera aan boord van de
lander maakte op 1400 meter hoogte deze
opname van het landingsgebied




tant, discussions—the Science Assess-
ment Meeting. This is is where the Pay-
load Downlink Leads and tactical Sci-
ence Theme Group review the latest
science data and determine what near-
term actions to take.

Discussions typically will involve, for
example, whether to have the rover go
to a particular rock for specific science
objectives based on Pancam/Mini-TES
data already received, weighed against
what might be obtained with the arm-

mounted instruments. And this in turn.

may frequently require using the Rock
Abrasion Tool (RAT), which can grind

open a patch up to 5 mm. (0.2 in.) deep.

and 45 mm. (1.8 in.) in diameter for the
instrument to reach subsurface layers.
Differences of opinion will inevitably
arise that the SOWG chair will have to
help resolve. After the meeting, the STGs
will have only 1 hr. to complete the (al-
ready well-practiced) instrument tasking
sequence for their particular sensor.
That will bring the process to the for-
mal SOWG meeting that will be held at
6 p-m. LST for each rover—essentially
immediately after each is shut down for
the night. This 90-120-min. session is de-
signed to weigh the STG operational se-
quences against rover electrical and oth-
er competing resources. It's essentially a
“bloodlet meeting” to choose between
what could be done versus what actual-
ly will be done—and make that selection
in time for key uplink command timing.
Immediately after the SOWG decides
among the winners and losers, it will pres-
ent the resulting integrated plan to an-
other group called Payload Uplink Leads.
They will take the science plans and run
them through the uplink planning and
validation process, with the objective of
having them ready to transmit to each
rover about 8 hr. later, when the vehicle
wakes up on Mars to start a new day.
The appropriate engineering, soft-
ware and uplink/downlink personnel are
integrated throughout this process, to
be repeated every day for each rover, to
guide tactical operations on the surface.
To facilitate commands, the planning
process and command software has al-
ready been divided into four generic cat-
egories:
® Panoramas to guide the Pancams and
Mini-TES imaging.
® Drive operations to traverse distances
up to about 30 ft.
e Approach operations to move the
rover to within the IDD arm’s reach of
target rocks.
® Target science operations that guide
what to do with the various instruments
once the rover arrives at a specific spot.

This includes what sequence the arm
should rotate the RAT, APXS, MB or
microscopic imager into place on the
target. The tasking will again be keyed
to support data on a particular hypoth-
esis related to geology or water.

Each category of operation can take
an entire Sol, depending on the science
objective. The “driving” and “approach”
operations are distinct in their own right.
The fore and aft ground-level-hazard
cameras and twin wide-angle mast-
mounted navigation cameras are criti-
cal for both rover movement and haz-
ard avoidance, and involve positioning
the instruments within the arm’s reach
of targets.

WAYPOINT NAVIGATION in which con-
trollers map out safe routes can be up-
linked. as can longer traverses of about
30 ft. when the rover’s automatic haz-
ard-avoidance software is engaged.

Hazard avoidance, however, must be
deactivated for approach operations be-
cause controllers do not want the rover
to avoid a rock they want to sample. If
something tantalizing emerges in the
imagerv as the rover moves, the science

team plans to command the vehicle to
stop and sample a target of opportuni-
tv that may not have been apparent
when planning to reach a more distant
objective.

For these operations, precise but
small positioning movements will be
commanded until the arm’s instruments
are within reach of the rock or soil tar-

etl.
- The science and operations teams
aren’t going to be shy about driving to
interesting targets, Squyres said. With a
highly mobile rover. the immediate land-
ing site is the only area within about a
half-mile radius that the science team
did not pick, based on science objectives.
“It may not make a whole lot of sense
for us to hang around where we land-
ed for very long.” he said. “We will sam-
ple at least one soil location and one
rock there, but if it doesn’t look very in-
teresting, we might ‘put the pedal down’
and move elsewhere pretty fast.” @
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SPACE.COM : 28 DECEMBER 2003.
NASA ADJUSTS COURSE OF MARS-BOUND ROVER.

NASA said Monday it successfully adjusted the course of a rover that is scheduled to land on Mars this
weekend as part of a mission to search for evidence of life on the Red Planet. Engineers altered the
course by firing the t_hmstefs of the Spirit spacecraft for 3.5 seconds Friday, shifting the scheduled landing
spot by about 34 mI!BS, mission manager Mark Adler said. It was the fourth and possibly last time the
course has begn adquted for the six-wheeled robot. Such adjustmenis become necessary as the craft
gets c!gsetj to its destination. Spirit is being sent to Gusev Crater, a depression the size of Connecticut
that SG]BI'I“{IS?S believe once held a lake. it is set {o land Saturday. Spirit is one half of a $820 million
dou‘ble mission to Mars. lis identical twin, Opportunity, is scheduled to land Jan. 24. Both rovers were
designed to prospect for minerals that could iTicate whether the planet was once a wetter place

hospitable to life. 5225

URLANDO SENTINEL - 29 ﬁe’céms’ea_z'o'ﬁi___
NASA PINS HOPES ON MARS WITH SPIRIT. % 29 25

CAPE CANAVERAL - The first of fwo HASA robot geologists will make o death-defying plunge fo the surface of Mars on Safurday To begin one of The mast ambiious stenc
missions ever aftempled. Dubbed Spirit, the Mars Exploration Raver has traveled more than 300 million miles on o looping six-month journey sinee its launch from Cape
tanaveral Air Force Station on June 10. But the final 21 minutes of that trip — the fime it tokes fo separate from o spocecraft chove the Red Planet ond land in Mars' Gusev
Croter helow — likely will determine the mission's success o failure. To gel there, Spirit will make o fiery 80-mile dive through Mars' atmosphere, drop from the height of o
fout-story huilding surrounded by air hags ond hounte a mile or more through potentially {ethof houlders and rocks. & wind gust ot the wrong moment couid spell doom. The
possible rewards o scientists, however, are warth fhe risks. The goal is 1o learn from Mariion geology whether water was on the planet's surface long enough to suppart
post life. All the ather ingredients ore known 1o have heen present. "I you lok ot the surfoce of Mars loday, it is o desolate place,” said Steve Squyres, a Comell University
professar ond prindpal scientist for the mission. "it's cold. It's dry. It's borren. It's not an inviting envirenment for life. And yet we see these tantalizing dues: dry river bheds
and loke beds and the kinds of minerals that you see formed by liquid water." History indicates the odds ore ngains! Spirit und an identical sister rover named Opportunity,
which launched July 7 and is scheduled to land on the ather side of the planet shortly after midnight Jan. 25. Two-thirds of humankind's previous 32 missions to Mars since
1960 have ended in failure, prompting some o starf referring 1o the Red Planet os the Death Plonet. The harsh reality was diiven home enrlier this menth. On Dec. 9, Jopon
abandoned plans fo put its Hozomi probe in Mortion erbit. The spacecaft, dasigned to study the planet's atmosphere and magnetic field, was off course and low on fuel. Lust
Wednesday, Europe’s Mars Express probe successfully went into orhit around the planet ofter deploying o small londer named Beagle 2. The londer hosn't been heard from
since. Mars Express, which will look for traces of woter near the planet's surface, so for appears to be working fine. The Natienal Aeronoutics ond Space Administration hos
defined minimum success for its $800 million rover projed s having af least ane of the 384-poun rohots land safely ond carry ouf its 90-day mission. Besides being a
scientific coup, success would provide o badiy needed lift for o space sgency still feeling the loss of shuttle Columbia on Feb. | and two eorlier Mars probes jn 1999, Even so,
NASA officials insist there is no odded pressure because of post failures. “Every fime we lounch something,” soid Ed Weiler, NASA's associate odministrator for spoce science,
“I'm concerned ahout it."
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Mars: Location, location, location
NASA scientists are searching for safe landing sites for two  in spots that are not too windy, rocky or steep. The landers

new Mars rovers. The rovers must land near the equator, will bounce down in ellipses that are 50 miles by 12 miles,
where there is enough sunlight to power solar arrays, and  slightly smaller than Cape Cod.
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o This flat map (above) of the middle latitudes of Mars was generated by the Mars Orbiter Laser Altimeter aboard NASA's
Mars Global Surveyor. The colorized map represents 27 million elevation measurements gathered in 1998 and 1999.
Closeup-images of the landing sites are available online at marsoweb.nas.nasa.gowdataViz/index.html.
& Meridiani O Isidis © Elysium O Gusev Crater
Pros: Major hematite deposits Pros: Fiat plain may contain Pros: Extremely flat, and so calm Pros: Layered rocks and possible
imply water was once present. - interesting rocks that tumbled i it has become known as the i stream channel indicate water
Flat with low winds. down from the mountains. : "wind-safe” site. | may have been present.
Cons: None. . Cons: Volcanic plain of little Cons: With little variation, some | Cons: Winds and turbulence may
: geological interest and very windy. @ call the area boring. i make landing hazardous.

Bouncing onto Mars

After a seven-month, 286-million-mile trip from Earth, the landers will smack onto the Martian surface in a ballistic landing in January 2004.
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parachute slows each landing
package to 200 mph.

© After a radar measurement
determines the ground is close
enough. rockets fire at about
65 feet, slowing the craft to
nearly zero.

landing package as it hits the
surface and bounces, perhaps
more than a dozen times.

© The lander unfolds, aliowing the rover to
open its solar panels and drive off.

LESLIE CARLEON Los Angeles Times
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38C. 3] DECEMBER 2003
Q&A : WHAT CAN SPIRIT EXPECT?

twin, Opporfunity. Their missien is to examine their londing sites for post environmental condifions that may have been conducive to life. Dr Steve
Squyres, of Cornell University, is principal investigator for the suite of science tools on each rover.

What is the mission status?
§8: We've just completed o final frajectory carrection manoeuvre with Spirit - o little nudge of the spacecraft to put us on course to our final landing site
in Gusev Crater. Both spacecraft are healthy ond we're ready.

Does the silence from Beagle add to your nerves?

| wouldn't soy that it adds to our nerves. We're certainly interested ond concerned with Beagle. We've been staying in touch with our colleagues in the
UK, wishing the best for them. Mars is o hord place to do business for anybody and it is going to be no exception for us. We'll see how all these
missions come out. We're sfill rooting for Beagle 7 fo call home.

Is there anything you can learn from the Beagle experience?
The two vehicles are very different and sa I'm nat sure thers is much we can learn from their experience. It is hard fo t2ll what hos happened fo Beagle
and it will be until Colin Pillinger and his team heer from their spocecraft.

How do Spirit and Opportunity differ from the first Mars rover?

They are much larger and much more capable. The rover that flew to Mars in 1996-7 on the Mars Pothfinder mission was really just an engineering
demansiration vehide; it didn't have much of o sience paylood on it or the capability to go very far from its londer. It never got more than about 10 or
20 metres away from its londer. This fime we ore fiying o much, much lurger vehicle. It's more than 180 kg in weight. It's able o fravel tens of metres
in o day across the Martion surfoce and it carries on eatire suite of scientific instruments with it. It's o real robofic explorer.

What are Spirit and Opportunity going to be looking for?
The purpose of the mission is 1o fry fo find out whether or nof Mars was once the kind of place that could have supported life. Mers is o really cold, dry,

miserable pluce today. If is not en environment af its surface that is very well suited to life. And yet when we look down from orbit with comeras and
spectrometers we see tonfolising clues thet if used fo be different. We see dried up river beds, we see dried up lake beds, we see the kinds of minerals
that ane might find in a hot-spring envircament.

We're trying fo go to two places where we think it might have been warmer and wetter and more Earth-like in the post and to try to read the geologic
dues there and see if these really were places that would have been suitable for life.

And to look if there is still life there?
No. We're not actually losking specfically for life. Whot we are doing is lesking for evidence thaf life could have been supported. This is not o life
search or life defection mission.

Why do probes to Mars have such a high failure rate?

It's an incredibly long distance away. Landing in particular is very, very hord becouse you are going info o very poorly known environment. We don't
yet have the fechnology to do o contralled landing ot a pinpoint location on the Marfion surfoce. 5o of the momeni you just plummet towards the surfoce
into what could be a rock field or some other type of terrain. You have got to design a vehicle that con withstand anything it might hit, any environment
it might run in to. It's not surprising that there have been a significant number of failures.

What size area will you come down in?
In the case of our vehicles we will land in an orea thot is moybe 60 kilometres long ond 10 or 15 km wide.

And there is no opportunity to look for Beagle 2?
No. We're going fo twa very different places. The landing sites we've picked are quite far from the Isidis Planitia site where Beagle londed.

Presumably you are still learning so whatever happens

with Spirit you can still modify Opportunity to help it?

Yes. We hope so. If we sow some unexpecled evenis during the finol descent of Spirit towords the surface, we could do some lost-minute
reprogramming of some aspects of the way Opportunity would lond. % g 2 2 2
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SPACE.COM - 02 JANUARI 2003.

FASADENA - Hundreds of scientists and engineers ore gathering here ot the Jet Fropulsion Laboratory {IPL) to take part in the touch down of Spirit —he first of two look-
alike mohile landers. The six-wheeled, golf-cart sized robot is to readh the sorface of Mars on Saturday, Jonuery 3, of about 8:35 p.m., Padific Standard Time. The
spacecraft’s teajectory is so predse that ground controllers opted not 1o perform o correcion maneuver colled TCM A5, and may forgo a final edjustment to Spiri's
1argeting info Gusev Crater. Spirit's twin, Opportunity, is also on course and will reach Mars three weeks later. Akin o making o "hole in ene™ ofter Spirit has flown
over millions of miles, ground confrol team members ot JPL want to make g bulls-eye landing within Gusev Crater, a 90-mile (145-kilometer) wide featurs likely formed
three to four hillion years ago as o result of an impaciing asteroid. Gusev is considered a dry and andient lakebed, complete with o chonnel system that mest probably —
carried liquid water, or water and ice, into the oter. The Gusev londscope has been eyed for years by Natholie Cobrol, o plonetary sdentist of NASA's Ames Reseorch
Center. She wos a key udvocate for having o Mars Exploration Rever touch down at Gusev, and eagerly awaits the first "ground fevel” panorama from Spirit's comera,
"Yes, this is getting very dose now,” Cabrol told SPACE.com _ At the present time. . .interestingly enough, | am not nervous af all. | guess, ther is nething we can do
except pray!™ "l find myself often thinking how big Mars should be by now in Spirit's ‘eyes’ and it is o wonderful thing to be thinking about,” Cobrol said. T would like -
“1o be there, and just see Gusev becoming bigger ond hinger in the lost moments before landing," she said. As Spirit dives through the Marfion stmesphere, o complex
set of actions must ocur in rapid-fire order, such as: Unfurling o itical parachute, heotshield seporation, radar scans of the approaching terruin, retre-racke! firings,
and the inflation of o huge set of airhags to cwshion the lander from repeat bevnces before coming to full-stop on Mars. To a person standing on the surface of Mars, that .
aerial show would he an eye-catcher for sure. ™| wish I could be sitting on Gasev flaor and see Spirit landing, bouncing and finally come to rest on this place | bave been b
thinking shout so much in the past 13 years,” Cabrol said. "With God's help, in fow days from now, we will see the first images of Guse and | feel exiremely privileged.
For a planetary geologist, and for the time being, this is as dose as ane can g=t 4o being in the field on Mars." As Spirit hurdles toward Gusev Crater, the specearaft will
initially communicate with Eorth through o series of simple tones, leifing contrallers on Earth know the aaft hos completed various phases of its estry, descent, ond
londing. The Deep Spuce Network (DSN) antennos on Earth could hear from Sgirit Saturday night, but may not receive the first signal from o healthy spacecraft until
' Sunday evening. Within the first 24 hours, Spirit will have several chances te commenicate with Earth both directly 1o the DSN ond through NASA's Mors Glebel Serveyor
orhiter and NASA's Odyssey orbiter. Both orhiters are now drding Mars, callecting scence obout the planet. They will each fly aver Spirii's londing site within Gusey
Crater, throughout the mission. Meanwhile, the enigmatic world appesrs 1e have daimed yei another robotic explorer. Mum's the word from the British-boilt Seagie 7. 1t -
dropped onto Mars surface more than o week ago. Repeated attempts o contect fhe lamder have not been successful. Beagle 2 wus forgeted fo lond on fsidis Plasitia, =
lorge flat region that overlies the houndary between the andent highlaads and the parthern plains. While the Brifish stiff-upper-lip is dearly in full bloom, the chences
that the impressive scence package is olive and well seem to be fading oway, duy by doy. 17 lost 1o Mars, the Beogle is one more piece of hardware hesped mep 2
growing planetary junkyard of earlier fuiled U.S. and Russion Mars missions Ml def the planet. "Mors has been o most dounting destination. Some, induding myse%, —~
call it the “Death Planet’," noted Edward Weiler, ossodate administrator for NAS's spece sdence programs during o recent press briefing. "Just getting fo Mars &
hard. . .but landing is even more so,” he added. NASA's Desp Space Netwark hos alributed search time for the missing lander. But now the DSN is increasingly busier
handling the links for both Spirit, as well os the NASA Sturdust missien that & i o0 Comet Wild-2 for o Jonuary 2 flyby. The next opportunity for refrieval of o
signal from Beagle 2 will be with the Eurapean Space Agency's (ESA) Mars Express in Year. ESA's Mars Express is the orbiter that deployed the Beagle 2 and is =
now drding the planet. ESA ground teoms recently nudged the Mars Express from on equeterial orbit into o polar orbit around Mars. That change of orbit will allow
increasingly doser looks ot the Beagle 2 londing site. [f Beogle 2 did successfully make it 1o e surface of the red planet intod, the reduced distonce, the ideal angle of
overflight and the pre-tested communications link batween the ‘mather” croft and its heby” Bsagle 2 will increase the prabability of catching signals from the lander. -
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FLORIDA TODAY : 02 JANUARI 2004.

6 MINUTES TO DECIDE OUTCOME OF MISSION. [ > 55 57

PASADENA - NASA's Spirit rover has trekked more than 300 million miles through space en route to Mars. The trip 5=
lmksixmmﬂls,bu:tonjghtitmes@awntﬁ.-whatthcmvermisml&ng*sixnﬁmcfhaB.'Spilil,the:fist-of
automated Mars buggies set to land on the red planet this month, makes its supersonic plunge to the surface late this ~

evening. And NASA scientists and engineers admit the number of things that could go wrong is large. More often than
mmmmmmmmmmmdommﬂnamwmtm-m -
example came last month. Britain's Beagle 2 screamed through the atmosphere Christmas Eve. Its fate is still unknown

because ground controllers can't pick up its signal, meaning it's lost somewhere on the surface. "Clearly, Mars is not a

- Sunday drive," said Firouz Naderi, manager of NASA's Mars Exploration program office. "It's quite an adventure every

time you go." Nothing about tonight's entry and landing sounds like & leisure trip. The shell contaming the rover will zip

into the thin Martian atmosphere at about 12,000 mph. For the next four minutes, a heat shield shaped like a saucer sled

will slow the lander down to about 960 mph. The building friction will increase the temperature outside to 2.600 -
degrees. A monstrous parachute will pop out two minutes before Spirit hits the ground. further slowing the ship. The top

and bottom halves of the lander's shell will be cast aside and, six seconds and 49 feet above the surface, the airbags will

inflate to protect the rover from its impact. The ship, looking like a cluster of giant beach balls, will bounce off the

ground more than 40 feet and roll to a stop perhaps more than a half mile away from initial impact. It's during that six

minutes that so many things can go wrong — some of them under NASA's control. but many of them impossible to

predict or prevent. If the parachute or airbags don't work, the ship will slam into the surface too fast and be smashed to
bi!&Hmﬁhﬁ:g‘ismmg.m-&emﬁgaﬁmm,_mmemhﬁgnbmmasamddm_hnstofwjndthhz_ o’
causes the ship to land off course. it could end up in a hole. That's what the Europeans say might have happened to the

Beagle 2 that is presumed lost on the Martian surface. The most feared bit of bad luck Spirit could encounter is a rock,
esp_e_ciallyasharpmKmmyofthe&:ﬂ:&ﬂhmmes,_thewva’sinﬂaiahiemhim_apoﬁuyrwkmpepsthe-

airbag, then the mission is almost certainly over. While scientists and engineers took greal care to aim the rovers to a ==
safe place, Earthlings' mapping of Mars is still too crude and knowledge of the atmosphere and weather so limited, that

it is impossible to predict for certain that Spirit was aimed at a safe spot. "We know a lot more about Mars today than

we've known in the past, but there is still a lot we don't know." said Tom Young, an outside consultant who leoked over

the rover technical plans before launch. "There are a lot of hazards. "You're somewhat at the mercy of the unknowns of

Mars. They've taken all of that into consideration with the selection of the landing sites, to minimize that. but even the s
better of the landine sites has some hazards.”
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AP NEWS : 02 JANUARI 2004.

NEW NASA MARS ROVER TO TOUCHDOWN ON 03 JAN.\h
33229
PASADENA - After a journey of seven months and 303 million miles, a six-wheeled NASA rover will speed likea—
bullet Saturday night toward the surface of Mars and, if all goes as planned, stop with a bounce. The plunge
through the Martian atmosphere at 12,300 mph will mark the start of the riskiest portion of the voyage thus far. As
the unmanned spacecraft Spirit plummets to the rocky surface 80 miles below, it will rely on the precisely
choreographed use of heatshields, parachutes and rockets to slow its descent. Just eight seconds before hitting
the ground, the golf cart-size Spirit should inflate a set of airbags to cushion its impact. The entire harrowing trip.
down should take just six minutes. A single sharp boulder could doom the entire enterprise. "It's not the fall that
kills you. It's what you hit at the end," said Pete Theisinger, project manager of the $820 million project, which
also includes a twin rover, Opportunity, set to arrive on Mars on January 24. The camera- and instrument-laden
rovers are designed to spend 90 days analyzing Martian rocks and soil for clues that could reveal whether the
Red Planet was ever a warmer, wetter place capable of sustaining life. If successful, the six-wheeled, 384-pound
Spirit and its twin would become the fourth and fifth U.S. spacecraft to survive landing on Mars. If neither survives,
they will join the wretched ranks of some 20 other spacecraft from various nations that failed to successfully reach
the planet. The latest, apparently, were Japan's Nozomi satellite and Britain's Beagle 2 lander. Nozomi was
unable to enter Mars orbit last month; Beagle 2 has been silent since it was to have landed on Christmas Day.
"Some, including myself, call it the “death planet" said Ed Weiler, NASA's associate administrator for space
science. NASA hopes to learn almost immediately whether the twin rovers have landed safely. In 1999, NASA's:
last atternpt at landing on Mars failed when a software giitch sent the Polar Lander crashing to the ground. Its
descent took place in a communications btackout, and the lack of data later stymied the investigation into the
failure. Spirit, in contrast, is designed to transmit a series of tones to Earth throughout its descent to signal
engineers each time onboard computers order a critical action, such as the deployment of the parachute. Even if
Spirit crashes, engineers on Earth will be able to reconstruct its last minutes. "Entering into Mars is always very
tricky, as everyone knows, and we can fail. But we want to learn from those failures, so next time — of course, we
have another rover coming three weeks later, so we do have our own next time — we can learn from the
experience so we can correct any problems," said Polly Estabrook, who is in charge of telecommunications for the

landing. 2 ) 9%



'HOUSTON CHRONCILE : 02 JANUARI 2004.
'MARS ROVER READIED FOR SATURDAY LANDING.

MNA After a joumney of seven months and 303 million miles, a six- -wheeled NASA rover will speed like a bullet
M night toward the surface of Mars and, if oll goes as planned, stop with a bounce. The plunge through the
“ﬂu‘bm atmosphere at 12,300 mph will mark the start of the riskiest porfion of the voyage thus far. As the unmanned
" spacecaft Spirit plummets to the rocky surface 80 miles below, it will rely on the precisely choreographed use of

satshields, parachutes and rockets fo slow ifs descent. Just eight seconds before hiting the ground, the golf cart-size
Spirit should inflate a set of airbags to cushion its impact. The entire harrowing frip down should take just six minutes. A
| single sharp boulder could doom the entire enterprise. Ifs not the foll that kills you. If's what you hit at the end,” said Pete
Theisinger, project manager of the $820 million project, which dlso indudes a twin rover, Opportunity, set fo arrive on
| Mars on lon. 24, The camera- and instrument-loden rovers are designed to spend 90 days analyzing Marfian rocks and
 soil for dues that could reveal whether the Red Planet was ever o warmer, wetter place capable of sustaining life. If
successful, the six-wheeled, 384-pound Spirit and its twin would become the fourth and fifth U.S. spacecroft o survive
londing on Mors. If neither survives, they will join the wreiched ronks of some 20 other spacecraft from voricus nations
thet failed fo successfully reach the planet. The latest, apparently, were Japan's Nozomi satellite ond Britoin's Beagle 2
lander. Nozomi was uncble to enter Mars orbit last month; Beagle 2 has been silent since it was 1o have londed on
Cheistmas Day. "Seme, including myself, call it the “death planet,” said Ed Weiler, NASA's associate administrator for
space science. NASA hopes fo learn almost immediately whether the twin rovers have landed safely. In 1999, NASAS lost
afiempt af landing on Mars failed when a software glitch sent the Polar Lander crashing to the ground. Tts descent took
Mmammhmmmmwm&mmmﬁ&mmmmmmeﬁﬂm Spirit, in confrast, is
WtomtaMﬁmwMWm@mmmmmmmmmma
critical action. such as the deployment of the parachute. Even if Spirit crashes, engineers on Earth will be able to reconstruct
its last minutes. "Entering into Mars is always very tricky, as everyone knows, and we can fail. But we want to leam from
those failures, so next time — of course, we have another rover coming three weeks later, so we do have our own next time -
I"we can leam from the experience so we can correct anv problems” said Polly Estabrook. who is in charge of

telecommunications for the landing. f %’% 22 9 !
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CNN : 04 JANUARI 2004. : _
NASA ROVER LANDS SAFELY ON RED PLANET. \

PASADENA - A NASA robotic explorer touched down on Mars, sending a sig ome that it survived the risky
descent through the Martian atmosphere and bouncing landing. The $400 million rover Spirit, designed to
conduct unprecedented geologic and photographic surveys on the Martian surface, transmitted a simple helio to
Earth minutes after landing, which took place just after 11:30 p.m. ET Saturday. The goif cart-sized Spirit went
through what NASA assistant administrator Ed Weiler characterized as "six minutes from hell” — the time it took to
- enter the Martian atmosphere, descend and land in Gusev Crater. During the descent, Spirit deployed parachutes
and fired retrorockets to decelerate. Seconds before impact, it inflated a protective cocoon of airbags. A series of
bounces and rolls may have sent the robot up to four stories high and more than a mile from its landing spot,
according to mission control scientists at NASA's Jet Propulsion Laboratory in Pasadena. "It sounds like a crazy
way to land on Mars, but it's actually tried and tested," said Steven Squyres, a Comell University geologist in
charge of the scientific instrumentsonSpiritanditsidenﬁcaan,Oppmmnly, which will complete the 300
miion-mile trip to Mars in the next three weeks. Spirit launched June 10 and Opportunity took off July 7. The
airbag bounce method worked well with Pathfinder, NASA's last success on Martian soil. The 1997 mission
included a lander, which beamed back thousands of images, and Sojourner, a toy-sized test rover that scurried
around the rocks and boulders littering the ianding site. Packed with a slew of geology instruments and cameras,
- SpuimﬂOppodumtyhav&mchmemobﬁuyandcapabmyﬁEnwmsaons Each of the nearly 400-
pound machines is built to explore nearly as much territory in one day as Sojourner covered in three months,
' about 100 yards. Their eight cameras should provide stunning panoramas of the Martian surface, with resolutions
so sharp they retain crisp detail when blown up to the size of a movie screen, according to NASA And their
= microscopes, spectrometers and drilis could unlock secrets from Mars billions of years ago. "lt's a cold, dry
miserable place today. But we have got these tantalizing clues that, in the past, it used to be warmer and wetter,"
said Squyres, who exudes a passion for planets like his one-time teacher at Cornell, the late astronomer Carl
- Sagan "You can think of these vehicles as being robot field geologists. A field geologist is like a detective at the
scene of a crime. They go fo a place where something happened long age and they try to read the clues,” he told
CNN. Spirit's landing generated enthusiastic cheers, hugs and applause at NASA's mission control. Team
members had waited nervously for confirmation, knowing too well that Mars has often proven a deadly place to
- visit. Two-thirds of the more than 30 spacecraft that have attempted to reach or orbit Mars have met with disaster,
including two NASA attempts in 1999. The most recent casualties include Japan's Nozomi, a satellite zapped by
lethal solar radiation during its four-year odyssey to Mars. Mission engineers abandoned their attempts to steer
- the ailing craft as it neared the red planet last month. Another possible victim is the Beagle 2, an ambitious life-
searching lander from Britain, which has remained silent since its presumed touchdown December 25.
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P102 CNNTEXT ¥ Sun 04 Jan 08:57: &1
NEWS
NASA rover lands safely on
red planet

A NASA robotic explorer touched down
on Mars, sending a signal home that it
survived the risky descent through the
Martian atmosphere and bounced to a
halt.

The $400 million rover Spirit,
designed to conduct unprecedented
geologic and photographic surveys on
the Martian surface, tranamitted a
simple hello to Earth minutes after
landing.
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SPACE.COM : 04 JANUARI 2004
THAT’S THE SPIRIT!
MARS ROVER LANDS SAFELY ON MARS.

PASADENA - After some seven months of interplanetary travel, NASA’s Mars rover, Spirit, has rolled to a full stop on the
surface of the Red Planet. "Sit back and enjoy the landing." said one controller as Spirit slashed through Mars' atmosphere.
Ground controllers received a series of tones that showed the entry, descent and landing went by the book. Bursts of
gpﬂaembmkenutofmissionmias_ﬁ»spacecmﬁhegmﬁnfeelﬁlﬂmtﬁmahnospbaicmﬁy. Follow-on signals from
Spirit told Earth operations that the parachute was fully deployed, with radar locking onto the Martian surface as the craft
raced toward the surface. Signals received from Spirit indicated that the spacecraft was alive on the ground and bouncing.
perhapsbomdingatrmsmem:kymnzm.-fw-sevaglnﬁks.AﬁaahzgmywmfacmﬁrmaﬁmMSpﬂhadMﬁs
plunge onto Mars came the word: "We got it" came the word from Spirit's mission control Center. "We have a very strong
sienal from the rover." said Robert Manning, Entry. Landing and Descent Manager. Initial word was that the Spirit had
landed in the most favorable position for later unfolding of the Rover and its eventual first traverse onto the planet's surface.
That lander position makes retracting the airbags. and the opening of lander pedals a fairly simple operation. Initial thoughts
are that a first image from the rover may well be available later tonight. NASA’s $820 million dual Mars Exploration Rover
plbjeet—Spirilands_ﬁllmmommhynmdedgnadmbuimmalegmyofmﬁerdimmﬁesmm.The
two specially-equipped robots were hurled toward Mars to gain new insights regarding the history of environments on the
plm—pahapsh(@ﬂabletoﬁfeinﬁmpaﬁorpomih!ywy.Foﬂnwingtmﬁhdt)wmhdms,eachmmhﬁheeubuﬂlto
carry out three months of exploration at their respective landing spots. Both Spirit and Opportunity are geared to wheel across
Mars, inspecting their surroundings with a stereo, color camera and with an infrared instrument that can classify rock types
from a distance. Rocks that are deemed by scientists to be the most interesting can be subjected to a handful of tools atiached
to a rover’s robotic arm. The second rover, Opportunity, is zeroing in on its atiempted Mars landing on January 24 at
approximately 9:05 pm Pacific Standard Time. This robot crafi is heading for Meridiani Planum. a region on Mars that
mmmmdamnwm-wmmmmmﬁm Scientists speculate
that the hematite might have resulted from environmental conditions indicative of a past lake or active hot springs. perhaps
hospitablbtoﬁfc_Theﬁmnﬁdemhnalmu}dbethemﬂLm,ofhotlava-asimatimnotcmﬂncimthﬁng
life. Two out of three missions to the red planet have failed. One reason there have been so many losses is that there have
been so many attempts. "Mars is a favorite target.” says Dr. Firouz Naderi. manager of the Mars Program Office at the Jet
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15325 7~ Morgens aufm Mars
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Der Mars —unbekannte Weiten. Genauerge-  ma-Aufnahme zusammengesetzt. Ein 3-D-  Spirit sollen keine Steine im Weg liegen, des- &

halb werten seine Betreuer jede Unebenheit
aus - 1997 schaffte die Sonde ,Sojourner*
mju Richtungsanderungen 52 Meter.

I\‘\Sz_\q,\’)gg": % Ob— D)

Bild, ein Blick rund um den Besucher von der
Erde. Sonnenaufgang. Mindestens flnf
Tage verharrt der Roboter noch in seiner Po-
sition, dann startet die Fahrt auf dem Mars.

sagt der Kusev-Krater, dort spaht die US-
Sonde , Spirit” inre Umgebung aus. Was we-
nig aufregend aussieht, begeistert die Nasa-
Techniker, sie haben die Fotos zur Panora-

' chute en afremraketten. Acht
% 22 5 \’\ seconden voor de landing blie-
. en bovendien een aantal reu-

PASADENA
AP

De Amerikaanse ruimtesonde
Spirit is in de nacht van zater-
dag op zondag geland op Mars.
Al kort na de landing stuurde
het vaartuig tot grote opluch-
ting van de ruimtevaartdienst
NASA de eerste foto’s door, De
Spirit gaat onderzoeken of er
ooit leven mogelijk is geweest
op Mars.

JDit is een geweldige nacht
wvoor de NASA”, jubelde de lei-
der van de ruimtevaartdienst,
Sean O'Keefe. ,We zijn er
weer!” De NASA kan een succes
goed gebruiken, bijna een jaar
na het verongelukken van het
ruimteveer Columbia. .De navi-
gatie verliep perfect”, zei pro-
jectleider Louis D’Amario. ,We
hadden het niet beter kunnen
doen.” In het viuchtcentrum in
Pasadena heerste een feest-
stemming. -

Het 173 kilo wegende robot-

vaartuig landde in de Gusev-

krater, een op het zuidelijk half-
rond van Mars gelegen laag-
viakte. De Spirit werd bij de lan-
ding beschermd en afgeremd
door een hitteschild, een para-

Op een van de eerste foto’s die de op Mars gelande sonde
Spirit nam, zijn een deel van het voertuig en de horizon van
de planeet te zien. foto AFP/NASA

drie Marslandingen mislukt. De
laatste poging van de NASA, in
1999, liep op een groot fiasco
uit. De Polar Lander stortte toen

De missie van de Spirit en zijn
tweelingsonde = Opportunity.
die later deze maand op Mars
moet landen, kost 820 miljoen

als gevolg van een softwarefout euro. Beide Marslanders gaan

te pletter op het opperviak van negentig dagen lang het ge-
zenairbags zich op rond de Spi- de planeet. Een recente poging steente op de koude en droge
rit, die na enkele malen stuite- van de Europese ruimtevaart- planeet onderzoeken op sporen
ren tot stilstand kwam. dienst ESA om de Beagle 2 een van een warmer en vochtiger
De eerste negen dagen blijft de zachte landing op Mars te laten  verleden.

Spirit op de plek waar hij is
neergekomen. Daarna gaat hij
op z'n zes wieltjes op verken-
ning uit. De eerste foto’s laten
de horizon van de planeet zien
en delen van de Spirit zelf.

Tot nu toe waren fwee van de

A\ §

~maken, is vermoedelijk ook

mislukt. Sinds het moment van
de geplande landing, eind vorig
jaar, zijn er geen signalen meer
opgevangen van de sonde, al
blijft de ESA wel proberen het
contact te herstellen. :

OF -8 | ~ 200\,

De ruimtevaartdiensten profi-
teren met hun missies naar
Mars van het feit dat de planeet
in 60.000 jaar niet zo dicht bij
de aarde heeft gestaan. De af-
stand bedraagt momenteel zo'n
170,5 miljoen kilometer.
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internetpagina’s

j 332 5/ NASA erg in trek
PASADENA - De Marsverken-

ner Spirit was zondag enkele
uren na zijn geslaagde lan-
ding op de Rode Planeet al
hard op weg de groofste trek-
ker van bezoekers van de
webpagina's van de NASA fe
worden.

De Amerikaanse ruimte-
vaaridienst registreerde in het
etmaal waarin de landing
plaatshad meer dan 109 mil-
joen hits op zijn homepage er
aanverwante pagina’s. Dif
aantal was binnen zeventien
uur na de landing al meer
dan verdubbeld.
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P122 122 ARD-Text 0&4.01.04 09:07:61

tagesschau
NASA-Roboter auf dem Mars gelandet

Der amerikanlsche Mars-Roboter
»Spirit” hat am frihen Morgen sein Ziel
erreicht und ist erfolgreich gelandet.

Im Kontrollzentrum der US-Raumfahrtbe-
hérde NASA brach Jubel aus, als das S5i-
gnal kam, dass der Roboter geschitzt
durch seine Prallsiicke im Krater Gusev
aufgeschlagen ist. Anschliefend huptte
wenirit” wie ein Ball auf dem Marsboden
umher.

Die NASA hofft nun, dass sle wieder
Kontakt herstellen kann, wenn "Spirit”
zur Ruhe kommt. Dann wird der Roboter
sich langsam entfalten und seine Kame-
ras ausfahren. Auf dem Mars soll er
nmach Spuren von Leben suchen.

3l 1 2064
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#
Geslaagde afdaling Marslander NASA

PASADENA De Amerikaanse robotwagen

3

rit is vanaochtend am &. 35 uur ge
Mars. Na een korte radiostilte vi
nu communicatie tussen de robotw
de aarde plaats.Dat is gemeld
ruimtevaartorganisatie NASA.

ic de tweede keer in kaorte
yn ruimtevaaruig op de Rode
i1, Rond de kerst kwam de Bea
. De ruimt ard ni
P 255
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BBC : 04 TANUART 2004.
US MISSION TOUCHES |

A US space probe has landed on Mars to seek signs that the planet was once capable of supporting life. The
six-wheeled rover Spirit parachuted on to the planet's surface at about 0435 GMT on Sunday. The rover
senfbackamdbsigndshmﬂyaffer?omhdomwiﬁchmnﬁmdﬂuﬂfhndmthepimgefhnmgh
the Martian atmosphere. The six-minute descent was the final and most daunting leg of the seven-month
voyage from Earth. In the past, two out of three attempts to land spacecraft on the Red Planet have failed.
The European Space Agency is still searching for the missing British-built Beagle 2. The probe was
supposed to land on Mars on Christmas Day but has not yet sent back a signal to confirm it has arrived
safely. Smhmfileﬁsks-ofhndingmMmMNEahadim‘lulledasystemanﬂvero\grﬁamdbock
information about the descent. The landing sequence took the spacecraft from 19,000 km/h (12,000 mph)
to a complete stop in six minutes. A series of tones picked up by telescopes on Earth signalled that the
vehicle's parachute and landing airbags had deployed properly. Mission controllers at Nasa's Jet Propulsion
Laboratory (JPL) in Pasadena, California, smiled and cheered as the news came in. Affer a nervous wait of
about 20 minutes they received a radio signal from the rover confirming it was functioning after bouncing
to a halt. Nasa chief Sean O'Keefe rtulated mission officials while scientists jumped up-and-down in
Jubilation. "This is a big night for Nasa - we are back!" he said. "I'm very, very proud of this team and we're
on Mars. It's an absolutely incredible accomplishment." Spirit is one of a pair of rovers that will seek
eﬁdenmfwmfa—mm.ItsNh,Opporhﬂw,uﬁllfoud\dounonfheoﬂsersideofhsithz
January. The £545m rovers will roam the planet and examine rocks in a three-month mission o map out the
history of water on Mars. Mission scientist Dr Steve Squyers, from Cornell University in New York said
Spirit and Opportunity will act as robotic field geologists. “They look around with a stereo, colour camera
and with an infrared instrument that can classify rock types from a distance," he said. "They go to the
rocks that seem most interesting. When they get to one, they reach out with a robotic arm that has a
handful of tools, a microscope, two instruments for identifying what the rock is made of, and a grinder for
getting to a fresh, unweathered surface inside the rock.” Spirit will explore the Gusev Crater, just south of
fhemmm,wﬁdamymmheﬂahiw.hh?gafﬁddsmdon&twdayfhﬁfhemvermson
course to land within a target zone 62 kilometres long by 3 kilometres wide. "The navigation status is truly
excellent," said Dr Lou D' Amario, the mission's navigation team chief. The first picture of the landing site
could be available within 24 hours of landing. "We could get part of a panorama this evening. There's
nothing better," said Matthew Golombek of JPL. Spirit will spend a week or more scanning its surroundings
and carrying out engineering checks. Then it will roll off its lander and start exploring the surface of Mars. -




hynf § U add

ﬁ v
sy 8]

ngt

ST Yoou . 4 0y

“Iny

FIORDATODAY - 04 JANUARI20048 531 bl
WE’RE ON MARS / NASA REJOICES IN ROVER'S LANDING.

PASADENA - Jubilant scientists greeted signals from the Spirit rover with cheers, claps and embraces Safurdey right ofier

the lander rolled to o stop on Mars. The signals indicated Spirit survived o fiery, bouncy landing on Mars, where if's
designed to spend three months journeying from rock fo rock in what might be an andent lakebed. "We're all ecsiatic,
absolutely ecstatic," said Matt Golombek, Mars landing-site scientisi. "We have . . . signs of bouncing on the surfoce,”
descent manager Rob Manning said shorily affer fouchdown, prompfing a round of applause and cheers. Then fhe
signol dropped out for several minufes as the airbag-protected craft confinued its roll, prompfing a quiet fension in the
Jet Propulsion Loboratory control room. Soon, however, sirong signals were recsived by trocking stations on Earth,

| confirming the rover's survival. “We've done the hardest pari,” Golombek said. “The hardest port is londing safely, and we

now have confirmafion we've landed safely.” Tones from the lander indicated it londed bose-petal down, the ideal
configuration for it fo unfold ifs pefals and solar arroys so if can roll off the londer offer several days of checkups. *The
solar-array deployment is crifical. Assuming that goes well . . . we'll deploy the pan-com maost assembly and stort icking
pictures of our landing site," said Chris Jones, direcior of planetary flight projects. Just offer 12:30 a.m. fodoy, NASA
Administrator Sean O'Keefe poured champagne for the giddy mission feam. "We're on Mors,” O'Xesle soid. The Mars
team ot the Jet Propulsion Laboratory ate Milky Way bars for good luck and waiched anxicusly as the rover went fhrough
the sieps leading up to the aufomated landing. "It was preity funny when they said 'We're go for londing,” ‘couse fere
wasn't anything else you could do,” Golombek said. The first communication from the lander was just the first sten ofter
its plunge info the Marfian afterncon. After it performs ifs first crifical fasks, it will undergo several days of chedaps
before exploring the landscape for evidence water once existed there. Spirif's landing ellipse was just 2 miles by almost
40 miles - about the distance between Cocoa and the Orlando airport. It was to bounce on its girbags over as much os
o mile inside Mars' 100-mile-wide Gusev Crater, which moy have once held o lgke. The next rover, Opporiunity, lands

three weeks on the other side of the plonet. l % 32 6 3
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WOUSTON CHRONICLE - 04 JANUAR 2004
SPIRIT ROVER LANDS ON MARS.

PASADENA - After a near seven-month journey from Earth, NASA's Spirit robotic raver bounded onfo he rodky Sufice of Mars lote Saturday, informing anxious space
agency officals and scentists in early communications the spacecraft was down on torget and preparing to widen the search for life on the Red Planet. The first signals
confirming a successful descent reached the Jet Propulsion Laboratory, whera NASA Administrator Sean 0'Keefe and other tap space agency officials where gathered for
an all-night vigil, ot 10:35 p.m., CST. I1 took the good news nearly 10 minutes fo fraverse the 106 million miles separating the Earth and Mars. "We see it; there it is,"
whoaped one relieved member of the NASA flight control feam. Slowed by parachute and its impact with the ground cushioned by two dozen inflatable gir bags, the golf
cort-sized spocecraft bounced info Gusev Croter, o 100-mile-wide bowl-shaped depression on the planet's southern equatorial belt. More than 3 hillion years old ond:
gouged from the terrain by an impact with o comet or on asteraid, the aater may once have been the site of o luke. If Spirit's studies of the basin's rock ond soil
‘mineralogy are confirmed, Mars may once have had o dimate warm and wet enough for some form of life. With news the $410 million mission was safely down, Spirit's
flight control team embruced and cheered wildly. "It's a very excing fime,” said Steve Squyres, the Comell University astronomer wha serves as the Spirit mission's
chief scentist. "To have finally gotten to the planet is o wonderful feefing.” A global netwerk of redio telescopes along with a pair of NASA spucecrafi already orbiting
Mars were funed 1o listen for o distincive sequence of fones os well os more informative signals that would reveal success or foilure. Experts were hopeful the eorfiest
srgm]ls of the landing would be followed overnight by transmissions of post cord imeges. “All of our team is mmusly anticipating whot our new home on Mars looks
like," said NASA's Jennifer Trospher, who leads the team of engineers that will toke aver supervision of Spirit's surface adivities. Scientists plan to use the rover's high
powered cameras to carefully survey Spirit's surroundings in the coming days. Engineers will carefully activate the six-wheeled raver hefore commanding it to rol
acess the dusty alien landscape for the first time, a milestone that is prohably af least eight ta nine days away. Spirit is only the fourth spacecraft to safely reach the
Martian surface in 13 attempis over three decudes. Greaf Britain’s diminutive Beagle 2 lander hus not been heard from since its attempted landing lote on Chrisimas
Eve. On the eve of Spirit's arrival, the British feam wished their American counterparis good fortune. Early this week, they plan o new round of attempts to make contact
with Beagle 2 through the European Space Agency's recently arrived Mors Express orbifer. But the long silence could mean the English spocecraft has joined the long list
of cosualties. A twin NASA robotic rover, Opportunity, trails dosely behind Spirit. Even subitle troubles successfully overcome by Spirit's flight control computer with the
porachute and air bags dissent system could spell trouble for Opportunity, which is on course to reach Mars late on Jan. 24. In order to deal with the prosped, o team of
NASA experts called the “reconstruction team” was poised fa sift through Spirit's earliest communications with Earth for signs of patential trouble for the second
mission. "One of NASA's prime goals is to search for life,"” said NASA's £d Weiler, the ngency's associate administrator for space science. "The (Spirit and Opportunity)
missions ore not seorching for life per se, hut they take a large step in that direction. This mission is not ahout geology. s partially to show us whether life coeld hove
persisted on Mors because water persisted on the surface for long periods of time." Though Beagle 2's mission induded efforts to look for chemical signatures of
‘bialogical activity in the soil and air of Mars, NASA's strategy is to leave that to future missions after experts have ide the mast promising landing sites to search
for evidence of current or past biological adtivity and developed the technology required for pinpeint landings.

ORLANDO SENTINEL : 04 JANUARI 2004.
SPIRIT FINALLY SITS ON MARS!

PASADENA - A NASA robot geologist named Spirit landed safely on Mars late Saturday to begin a landmark
mission that could reveal whether conditions favorable for life once existed there. To get there. the golf cart-sized rover
survived what one official at the National Aeronautics and Space Administration dubbed "six minutes of hell" — a fiery
plunge through the planet's atmosphere. a parachute descent to 40 feet above the Martian surface, then a bouncing landing
surrounded by two dozen impact-cushioning air bags. Two-thirds of humankind's previous missions to Mars had failed, and
before landing, NASA officials were worried that an ill-timed gust of wind or a sharp rock could spell doom for Spirit as
,well. The tension heightened moments after Spirit's 11:35p.m. touchdown. when contact with the rover was lost. But afler 15
or so minutes of gut-wrenching silence. cheering scientists at the Jet Propulsion Laboratory in Pasadena locked on signals
from the probe at 11:52p.m., indicating Spirit was alive and well after landing in a crater just south of the Martian equator.
“Finally!" an unidentified flight controller shouted as bedlam erupted in Mission Control. "We got it! Look at the data!"
NASA Administrator Sean O'Keefe was among the celebrants. "This is a big night for NASA." he said before pouring
champagne for program managers at a news conference. "We're back. I'm very, very proud of this team — and we're on
Mars." The successful landing wasn't the only good news: Initial indications were that Spirit had landed on its base,
simplifving the process of lowering its air-bag-covered protective panels and beginning operations on the surface of Mars.
Two hours after landing. Spirit already had begun taking panoramic photos of its landing site and transmitting them to Earth.
The rover is scheduled to leave its base and begin roaming the Martian surface in a week or so after completing a series of
engineering and science tasks. Spirit landed in the Gusev Crater. just south of the Martian equator. Scientists think an ancient
asteroid or comet impact dug the depression, which appears to have once held a lake. Rocks and sediments deposited on the
floor of the crater could contain evidence of whether liquid water persisted there. The other prerequisites for life as it exists
on Earth already are known to be present on Mars. Scientists don't anticipate that Spirit will discover direct evidence of past
Martian life. "There is nothing we expect to find that will be in any way a trace of life." said Steve Squyres, a Comell
University professor and principal researcher for the mission's science instruments. "This is not a fossil hunt. What we are
really doing is trying to find the places where evidence of life might be preserved, so that when we can send much more
sophisticated vehicles to retum samples and bring them back to laboratories, we have the maximum chance of finding what
we might be after." To do that, the six-wheeled Spirit rover will act as a field geologist. traveling up to 65 feet in a day to
examine interesting-looking rocks seen in photos taken with onboard panoramic cameras. The 384-pound rover has
navigation software and hazard-identification cameras that will allow it to autonomously make its way toward destinations
identified by researchers on Earth. Spirit is equipped with an extendable arm that has spectrometers to determine the chemical
composition of surface objects, a microscope and more. Data gleaned by those instruments could revolutionize knowledge of
Mars. "With a vehicle like this, we are going to really be able to move around on the surface of another world in a significant
way for the first time," Squyres said. "We can look off into the distance, see a hill, wonder what the view looks like from the
top of that hill, then go there and find out... We can really explore in the sense that you and 1 would use that word."
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it zendt

scherpe foto’s van
Marsoppervlak

FReuters, AP
PASADENA

De Amerikaanse ruimtesonde
Spirit is in de nacht van zaterdag
op zondag geland op Mars. Al
kort na de landing stuurde het
vaartuig tot grote opluchting van
de ruimtevaartorganisatie NASA
de eerste foto’s door. De Spirit
moet onderzoeken of er ooit le-
ven mogelijk is geweest op de
planeet.

——Dit is een geweldige nacht voor

53237

NASA’ riep de leider van de ruim-
tevaaridienst, Sean O’Keefe, uit.
‘We zijn er weer!" De veelgeplaag-
de NASA kan een succes goed
gebruiken, bijna een jaar na het
verongelukken van het ruimte-
veer Columbia. ‘De navigatie ver-
liecp perfect’. zei projectleider
Louis D'Amario. “We hadden het
niet beter kunnen doen.' In het
viuchtcentrum in Pasadena (Cali-
forni€) heerste een feeststemming.
Het 173 kilo wegende robot-
voertuig landde in de Gusev-kra-
ter, een op het zuidelijk halfrond
van Mars gelegen laagvlakte. De
Spirit werd bij de landing be-
schermd en afgeremd door een
parachute en remraketten. Acht
seconden voor de landing bliezen

een aantal airbags zich op rond de
Spirit, die na enkele malen stuite-
ren tot stilstand kwam.

De eerste negen dagen blijft de
Spirit op de plek waar hij is neer-
gekomen. Daarna gaat hij op z'n
zes wieltjes op verkenning uit. De
eerste foto’s laten de horizon van
de planeet zien en delen van de
Spirit zelf.

Tot nu toe waren twee van de
drie Marslandingen mislukt. De
laatste poging van de NASA, in
1999, liep op een fiasco uit. De
Polar Lander stortte als gevolg
van een softwarefout te pletter op
het oppervlak van de planeet. Een
recente poging van de Europese
ruimtevaariorganisatie ESA om
de Beagle 2 een zachte landing op
Mars te laten maken, is vermoede-
lijk ook mislukt. Sinds het mo-
‘ment van- de geplande landing,
eind vorig jaar, zijn er geen signa-
fen meer opgevangen van de son-
de.

De missie van de Marslander en
zijn tweelingsonde Opportunity,
die later deze maand op Mars
moet landen, kost 820 miljoen
euro. Beide Marslanders gaan ne-
gentig dagen lang het gesteente op
de koude en droge planeet onder-
zoeken op sporen van een warmer
en vochtiger verleden.
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Spirit finds the Sun from Mars

Pancam Solar Filter L&; Jan. 4, 2004
Mars Exploration Rover Mission

CBS NEWS SPACE PLACE 705 JANUARI 2004
SPIRIT’S HIGH-GAIN ANTENNA DUCCE

In another major milestone, the Spirit Mars rover's high-gain antenna was successfully deployed Sunday fight and
aimed at Earth. A few minutes before 12:30 a.m. EST today, the first direci-to-Earth communications session over
the high-data-rate antenna began, prompting a now-familiar round of cheers and applause in mission control at the
Jet Propulsion Laboratory in Pasadena, Calif The X-band antenna is critical for Spirit's mission. Flight controllers
plan to beam commands directly to the high-gain antenna every moming fo tell the rover what to do. Science data
from the rover can be beamed back through the high-gain or through NASA's Mars Global Surveyor and Mars
Odyssey orbiters. During the first communications session early today, engineers successfully established a two-way
m@mmmmmmamimmmmpimmammmm rover's
computer. A so-called "postcard” from Mars, a seven-frame color mosaic taken by Spirit's panoramic camera was
‘expected to be downlinked later in the evening. If all goes well, the picture will be released during a news briefing at
noon. In the meantime, more low-resolution black-and-white Navcam images were downlinked. a series of pictures
that will be stitched together into a panorama to help engineers judge how Spirit's mostly collapsed landing airbags
change shape as daily heating and cooling affects trapped gases. Engineers are trying to determine what, if anything,
nwdsmbedonemﬁmhwreuadsecﬁmsafparﬁaﬂyhrﬂmwwbagslhainﬂgmmock one or more of Spirits
possible exit routes off the lander.
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RUIMTEJEEP SPIRIT IS MET SUCCES GELAND
e ————————————————————————————

rmerikazsnse ruimtejesp Spirit is
jagmorgen met sSucces geland op Mars.
pirit is de eerste van twee

ntieke Marslanders van de Nasa, ie
s maand op de rode planeet aankomen

In de eerste plaats mosten ze de bodem

onderzoekan,




'Zmﬁﬁa%swmﬁ%mmmm 100-mile-wide Gesex Crater. What they're finding i a sife

thesis: The crater, which strongly resembles an andent lakebed, mghlhwwm"hmdﬁ‘ﬁnuhpudhrw
msﬂe'sﬁdwtﬁdlﬂamenhstwm‘ h-&cmkrmmmmmummm """
fdnldammﬁﬂmﬁm\mmmw*'dhnmmﬁmmﬁrﬂﬁﬁm'ﬂgﬂmmmmlm
that point " she suid. She and ofher scientists are looking closely af fhe frst pictures Spirit took. They ciready know a few fhings:

o Small, round depressions, possibly craters, are nearby.
o The landscape is criss-crossed by dust-devil tracks that, helpfully, have stripped dust away from the surface.
@ The rocks are perfect for study and not big enough fo stop the rover from driving through them.

"We heve the rocks we wanled .. nwmmms,'mm “and very tempting hills just far away enough, so that we know
we ton go there, ma’suw

oW ver ipal investigator Steve Squyres said. "That sort of fooks like what you would expect a lake bed fo look like.
> mmmﬁwmm . 'm infrigued by those holes in the ground ond how they might provide us
ath » JMmmmmﬂImlhmMWWs-&lhmﬂMnm
g into the soil and rocks, probably in o week. Spirit londed chout & miles oway from the bull's-
eye in ifs land ...w,,ngmﬁ_ sxactly the orea where the science feam wanted to go, Squyres soid. The spocecraft shat thres
dmwuhnhﬁﬁymﬁ%dmhmm in this case, a distinctive duster of craters -- and fired
smltmdmhmk-iiﬂmﬂyﬁ-&.mmmmmnumbmw when compared with more
expansive photos token of the region by the orbiting Mars Global Surveyor, give them some geo ol context for the landing sife. For instance, the
Sorveyor image shows the area is streuked with dust-devil frocks. Dust devils on Mars strip away dus? from the surface, leaving exposed ares that
nmm-hmmm@uu@mwm t actually see ofternoon dust devils os it
“These things could do terrific atmospheric science as well,” Squyres said of the rovers. "The dust devils have done us a favor by deaning off our
rocks for o5, ond I'd like to cotch one in the act.” One area where dust — or af least o fine moterial — menﬂhlmmm&om
ﬂnhﬁlﬁmmiﬁmmnﬂm'liu%m&rma'smwmm, ‘Squyres said. "And we're
ng 72 have 12 be o little bit coutious.” The depression's lip suggests it might be an impadt crater. (raters are appealing targets for the rovers,
: ﬁt%mw’mth-ﬁ,mhmaummmmmww
rident m'!fMﬁ .winﬁw, Cobrol ssid, "becouse it's on old place, und it might be o lokebed .. . but the lokebed
: : our feet and covered by something else.” Many of the rocks visible in the images couid be material sjecied from
mpacts, Cabr mmhmsmmmnﬁlhmm«wmwm,mﬂ'ﬁ
i thﬁﬁmﬂ‘&mﬂ'}hmﬁmﬂ”ﬁ.sm}_ﬂﬂﬂﬂt basin,” she said. “And fhe
mharmmmdmmmmmﬁmmmm i Eﬂ % 9\23[4
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CNN : 05 JANUARI 2004. , k: B, i
NASA ROVER WAKES UP ON MARS. —

PASADENA - The robotic explorer Spirit woke up to its first full day on Mars on Sunday, hours after making a

perilous landing, sending postcards to Earth and taking a much deserved snooze. The $400 million NASA craft, the -
first to land without disaster on the red planet since 1997, probably woke up around 5:30 p.m. ET Sunday. That was

a few hours after Martian dawn, when the sun's rays juiced up its solar panels enough for it to wake itself up,
 according to the space agency. Just to make sure, mission controllers sent a transmission of the Beatles' tune "Good —
Morning, Good Morning" te perk up the rover, which probably will not speak for a few hours while it warms up,

- NASA said. The six-wheeled robot ship, crammed with high-tech cameras and geology instruments, is expected to

begin roaming the surface in a week or so, after it has a chance to stretch, stand up and settle into its new —
environment. In the meantime, mission engineers pored over data Sunday to check Spirit's operational health. The

rover by all accounts made a nearly flawless landing late Saturday, far surpassing even the most optimistic
predictions of precision to hit its landing target in Gusev Crater. "Even some of the things that we were not sure -
about are working really well," said Brian Portock, a member of the navigation team at NASA's Jet Propulsion
Laboratory in Pasadena. Earlier in the day, soon after confirmation of the late Saturday landing, NASA chief Sean

O'Keefe poured champagne and toasted Spirit's handlers. "This is a big night for NASA. We're back," said O'Keefe, o
whose agency lost a Martian lander in [999. Within hours of touchdown, Spirit beamed back images from its new

home, stunning black and white snapshots that elicited excited shouts from mission controllers. Its mobile geologic

studies are expected to last at least 90 days. It may send its first color images back Sunday night. The golf cart-size -
+ Spirit went through what NASA assistant administrator Ed Weiler characterized as "six minutes from hell” — the

time it took to enter the Martian atmosphere, descend and land in Gusev Crater. During the descent, Spirit

" deployed parachutes and fired retrorockets to decelerate. Seconds before impact, it inflated a protective cocoon of -
airbags. Everything went as planned. "It went to perfection. | can't tell the difference between what was predicted

and what actually happened," said Rob Manning, descent and landing manager at |PL. A series of bounces and rolls

may have sent the robot up to four stories high and more than a mile from its landing spot, according to mission —
control scientists at JPL. The final stopping spot has elated mission researchers. "The rocks, to a great extent, look

swept dean. It's 2 much deaner surface than what we had a right to hope for," said Steven Squyres, a Cornell
University geologist in charge of the sdientific instruments on Spirit and its identical twin, Opportunity, which will —
- complete the 300 million-mile trip to Mars in three weeks. "It's a very good surface for driving. It couldn't be better

for what this vehicle is designed for," he said. Spirit launched June 10 and Opportunity took off July 7. Spirit and

- Opportunity have much more mobility and capability than the most recent successful visitor to Mars. The 1957 et
 Pathfinder mission indluded a lander, which beamed back thousands of images, and Sojourner, a toy-sized test rover

that scurried around the rocks and boulders littering the landing site. Each of the new rover twins, however, is built

to explore nearly as much territory in one day as Sojourner covered in three months, about 100 yards. And each

comes equipped with eight cameras that should provide stunning panoramas of the Martian surface, with
resolutions so sharp they retain crisp detail when blown up to the size of a movie screen, according to NASA. Their
microscopes, spectrometers and drills could unlock geologic secrets from billions of years ago, when sdientists think

the cold and dry planet may have been warm and wet enough to host life. 1%32% 6\
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PASADENA - The Mars rover will wait a coupfgdfskﬁﬁ days to roll off its lander while the mission fe
‘works through airbag and ontenna glitches. Further fests on the hlgh—gnm anfenna showed no more
current spikes like one that occurred when it was deployed, mission manager Arthur Amador said

Wednesday at NASA's Jet Prc Laboratory. "Everything came back clean as a whistle,” he said.
_Meuﬂvd\ﬂe téhginee?s were duvly wlwdmg:.; rbags still sticking out from under the lander, said Art
' s tactical ferihé mr eﬂ! Spirit can’ roll straight off the front of the

fil W maﬁywahfnoﬁﬁrvgmmmge%hs
scnd The sclanh% a_ }ed'téfﬂg that thought as they see more high-

resolution photos Eihen l@fpitﬂﬂh‘é first of two rovers fo land on Mars. Scienfists palaaﬁcﬂ targets for
Spirit will multiply when it completes its full-circle, high-resolution photo of the landing sife in Gusev
Crater, which cﬂuid lwm]s&h ‘an andent lake. "Ifs a pretly complex Sli&;' ﬁﬂﬁ Arvidson, a gealoglsi
and deputy principal investigator for the mission. "Ifs not a simple lakek He proposed an ancient
lakebed may bmbem_mméwﬁa lava, cratered by impacts from space ﬁ!dfﬁtmmaul‘ rocks, then at
least parfially covered -hﬂh clbsi Anidson also suggested a paich of soil “crumpled” when the

ged across it p!’bbdiﬁlf isn't that exofic and might be explained by similar

spacectaffs airbags dr :
processes on Earth. "We need our engineer buddi’es ta t us off this lander and onio the surface,"
1t fact home, if's the new three-dimensional

Anvidson said At least we'rs on Mars. If anything brir
L -d Wednesday, taken by Spirits h.gh-msﬁlu‘hon, two-eyed panoramic camera. "We are
- i afﬁm beftf ariaurfd e a?‘vefv igh resolufion," pan-cam chief Jim Bell said.
sk q "", Ioumuﬁiﬂsmd sc:enl(sis cﬂiﬁejet Pmpulslon
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PHOTOS REVEAL STUNNING MARTIAN FEATURES |
LANDING SITE NAMED IN HONOR OF COLUMBIA 7.

PASADENA - The highest-quality picture ever taken of the Martion surface reveals fuddy rocks sandblasted by the dusts of fime and "alien fextures” that are
ﬁﬁlings:imﬁstsmm'smmmm';‘lhﬁeism&eﬁrd‘-:ﬁnmﬁdﬁﬁ-mﬂxﬁmdwpiﬂml&nhthhxm
Spirif’smmﬁ:m.‘lﬁshﬂ,‘sddﬂm!aﬂ.*‘:ihgafﬂummnnedi!stwneyesswlhmahaaﬂ&mh
'wmmirms."mis_isﬂ.pduym'nm'nﬁmh.‘nimmm&mmmrm,mmmmmmtm
Memoriol Station to honor the fallen shuttle crew. One of the most intriguing features of the pan-com picture is mext fo Spirit's lander, where the lander's
nitbagsdmggeﬂwesslh‘esuii.TheswfuemMMUMWWd:ie{kcﬂm!lsﬁdi&n!memdpﬁm?pdinmigﬂwﬁwe
Squyres calls "bizarre.” "This stuff is very cohesive,” Squyres said. "It breaks away in pieces. And it's not like anything that | have ever seen before. t's
very weird-looking stuff.” The view extends to the distant horizon, where o hazy mesa-like feature tantalizes scienfists. It's of least 12 miles away and
uareachable, they think, since the rover fravels just fens of yords o day. The rocks’ distribution is quite differant from what other Mars fanders have seen,
Squyres said. Some rocks have debris tails behind them, indicative of strong winds. There are small rocks and big ones. ™| saw one out there that looked to
me fikz it wos dose o the size of u Volkswagen," he said. Some rocks in the image, which reveals its frue detail ond beouty in dese-up views of its
indinidual features, show signs of years of weathering by Mors' potent dust storms. Their smooth surface could save fhe rover same time. 1t hos o Rock
mrﬂddesigned'mdrillimum&:nheﬂmeﬂdﬂhﬁmMﬂ underneath the surfoce. "1t looks to me like the windblown
stuff that's been whacking up against these rocks for millions of years has acted like mother nature's Rotk Abrasion Tool,” Squyres smid There's still no way
fo determine the rocks' composition. Once the rover scons the rocks with an instrument that can see infrared radistion, saenfists will get their first dues.
Then they can drive closer to get intimate looks at the rocks, which may reveal evidence that water once existed in the londing site, Gusev (rater. The
mdum,uﬁ:hlanﬂsin}essﬂm!hreeM‘s,'ﬂsonﬂIoﬂﬁrﬁpimntﬁaoﬂmﬂhdlﬁaﬁm&ﬁﬂh’tmﬂhﬁusﬂﬂs
lnﬁrnﬁeﬂymvteelr..mekupingmd-huﬂu!wﬂhgmﬁﬁhunmmmﬂm:nuwmhﬁﬁﬂmuimm
abost @ curreat spike seen briefly when the antenna was elevated. It's also giving Spirit an afternoon siesta and reducing its communication sessions,
because the rover is running a liftle hm.MlmmMuﬂu*ﬂr&mhmgﬂm,mﬁuwmiwersuid.
Spirit's ability to send information was sided when the dato fransmission rafe wes increased on Mars Odyssey, she said. ' one of twa satellites that
deliver data from Spirit to Earth, supplementing the rover's direct-to-Earth communications. The team also was giving orders to Spirit fo further refract an
airbag that is sticking out from under the lander. Pulling it back will give the raver = disar path 10 roll down 10 the surface. Alsa Tuesday, President Bush
telephaned the Jet Propulsion Laboratory team and NASA Administrator Sean 0'Ceefe 1o offer congratulations. During the talk with the team at JPL, mission
managers invited the president fo visit the Colifornia center and "drive” fhe rover. White House spokesman Taylor Gross said the president did not take JPL
up oniits offer - yet. "The president shares in the excitement of o Americans o5 we see the dromatic images from Spirit's new home and we knaw it is anly

a glimpse of the things 1o com as Spirt begins its historic trek." Gross sid K32 2G
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FLOFIDA TODAY - 07 JANUARI 2004, m -
PHOTOS REVEAL STUNNING MARTIAN FEATURES.

PASADENA - The highest-quality picture ever faken of the Martion surfece reveals ruddy rocks sandbicste mé “shen textures” that ore baffiing T
sum-lm’s.Ialﬁmkhnﬁﬂm‘“hﬁh“‘quwm*ﬁﬁhmSpi’sm
camera. “This is i, soid Jim Bell, who's in cherge of the ponorumic comere. One of ifs Tws eyes shet Se view in front of the rover in shest 20 minutes. “This is the doy

we've been waiting for.” uamhmmmwmmmmwt&.ﬁam Station to honor the fullen shuttle. -
aew. One of the mos intriguing features of the pan-cam picture s next 1o Spurir’s lnnder. where the lander's sirhogs drag  the soil. The surface almast looks
cumpled or fokded, what camera chief Bell cais on e fexture sfigater Steve Sguyres calls “bizarre.” very cohesive,” Squyres said. "It
breaks away in pieces. And it's not like anything that | have ever seen befare. It's wery weind Josking siuff.” The view extends 1o the distant horizon, where a hazy

mmmmmmumu*mdﬂr ﬁtﬁ-hn-m-kﬁnmfmhtq The rocks" distribution is N

o : 2en, Squyres soid. Some redk __._'iﬁiiiﬂilh.mdmﬂ.matﬁﬂmdsm

5 'hﬂhmhmmiﬁimﬁsmmhﬁim@




Eerste kleurenfoto
Mars door Spirit

PASADENA, 7 JAN. De Amerikaanse robotverkenner
Spirit heeft gisteren voor het eerst een kleurenfoto
van Mars gestuurd naar NASA’s et Propulsion Labo-

- ratory in Pasadena, vanwaaruit de robot wordt be-

stuurd. Nooiteerder werd een foto metzo'n hogere-
solutie yvanafeen planeet naar de aarde gezonden. De
Spirit is de eerste van twee verkenners die de NASA

naar Mars stuurt l g 33{‘_') ‘
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Deutsche Wertarbeit auf dem Méré

| )
DUSSELDORF. Es gibt sie also doch,
die deutsche Spitzentechnologie.
Nachdem das Land der Dichter und
Denker bei der Autobahn-Maut tech-
nisch bisher klaglich gescheitert ist,
nachdem der Transrapid in China
statt bei uns zum Einsatz gekommen
ist und die europdische Mars-Sonde
,Beagle 2“ verschollen scheint, rettet
pun ausgerechnet die amerikanische
Mars-Erkundungsmission den Ruf
der deutschen Wissenschaft: An Bord
des NASA-Rovers ,Spirit" befinden
sich namlich mit dem MoBbauer-
Spektrometer MIMOS II und dem
Rontgen-Spektrometer APXS zwei
handgroBe, sensationell hochsensible
Instrumente aus deutschen Laboren,

entwickelt und gebaut von den For-
schern am Max-Planck-Institut und
der Mainzer Johannes-Gutenberg-
Universitét. Sie sollen als Schniiffler
fungieren, also Steine und Boden an
der Oberfliche des Roten Planeten
analysieren. ,Wissenschaftlich be-
trachtet, senden sie dabei radioaktive
Strahlung aus, die von der untersuch-
ten Probe zuriickgestreut werden®,
erklart Lutz Richter, der als Mitar-
beiter am Deutschen Zentrum fiir
Luft- und Raumfahrt an der Auswer-
tun% des Projekts beteiligt ist. ,Mit
Halbleiterdetektoren koénnen dann
chemische Elemente identifiziert
werden.

Etwas Vergleichbares haben die
Amerikaner offenbar nicht zu bieten.
_In der Offentlichkeit ist das zwar

%nisdh& pos’(_;
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nicht so bekannt®, Zs%t Lutz Richter,
.aber in der Planetenforschung gehd-
ren die Deutschen international zur
Spitzenklasse”. Das zeigt auch die
Besetzung des Gremiums, das die Ex-
pedition der NASA auf dem Mars
wissenschaftlich begleitet: Zehn der
fiinfzig Forscher kommen aus der
Bundesrepublik.

Vorerst miissen sich die deutschen
Wissenschaftler allerdings mit Er-
folgsmeldungen gedulden: Denn die
Bewﬁhruug&mbe steht ihren High-
Tech-Schniifflern noch bevor. Bevor
sie zum Einsatz kommen, muss der
amerikanische Rover sicher die Lan-
deplatte verlassen haben. , Vor néchs-
ter Woche werden wir wohl nicht mit
der Arbeit anfangen®, sagt Lutz Rich-
ter, Danach geht es iedoch schnell.
Morgens senden die Wissenschaftler
erste Auftrige an den Rover, wenige
Stunden spater liefert er die ge-
wiinschten Daten. Richtig spannend
wird es dann bei der Auswertung.
Heute ist die Marsoberfliche kno-
chentrocken.

Die Wissenschaftler hoffen den-
noch, Belege dafiir zu finden, dass es
vor Millionen von Jahren Wasser aqi
dem Mars gegeben hat — ,die geologi-

sche Struktur an den Landeplétzen'

legt das nahe”, sagt Richter. Doch si-
cher ist nichts.

Nicht mal Spirit. Denn der_soll
gestern leichte Probleme beim Uber-
tragen von Fotos gehabt haben -
deutsche Bauteile haben daran aber
dem Vernehmen nach keine Schuld.

(H33)1)
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PASADENA, Calif. —NASA's Spitit rover mission on Mars faces  fitie rebotic cosmefic surgery today, o "lift dgﬂ?ﬁs‘swrr—mwwi\»m
rolling onto the surfoce of Gusey Crater. Enginesrs here of the Jef Prapaision Loborotory (JPL) are amxious 1o get the golf cart-sized rover offits londing platform. Thot
event is now expected 1o take place in obout ¢ week, ccording s At Thompson, Taciical Uplink Lead for the Mars Exploration (HER) Rover projed. & step toword
readying the six-wheeled robot — standing it up otop the londer pletferm — was put off from yesterday. Other priorities took precedence: Dealing with o high-gain
MMWNMGMMMMN&M‘& health of a key science instrument, the Mini-Thermal fmission Specrometer {Mini-TESS).
Both are in excellent working srder. "We want fo et this puppy off he lender,” said Thompsan today during @ msraing press briefing. "Right now we're a lander-entric
mission.” "Our whole world is the lander we are sitfing on,” Thompsen nated. Engineers for Spirit are dealing with a nagging uirbag issue. One of the proledive:
halloan-like bags that mshioned the lander os it bounded ocross the marfien surfoce might snog the solor arays of Spirit s ifs egresses onto Mars. Spirit spediafists.
plan on airbog odjustment foday — a lfting of o fonder petal, then Tucking in the slightly-inflated cirbog under the platform. "We're not stuck....but that's our first
plan," Thompson said. *We're being wutious about this." If still o werry, eagineers have other pathways fo drive Spiril off s lander. Another slice of Mars was,
unveiled fodoy. taken by Spirit’s powerful Paneramic Camere (Pan Com). Scientists are ecstatic about what they see. Gaziag off into the distance. the Pan Cam hes
imaged a set of hills on the herizon, a ftle over a mile (2-Kilometers) away. That's driving distance for Spiri, said Jim Bell, Paylood Hlement Lead for the Pan Com from
Cornell University. s each day of images reaches scientists, where fo drive Spirit becomes more  heated dehate. "We'll keep our minds open,” Bell said, hout where
1o steer Spirit for the best sdence. “We're ready fo go,” said Ray Arvidson, Deputy Principal Investigator from Woshington University in St. Louis, Missouri. "We need
our engineer buddies 1o gef us off this lander and onfo the surface.” Arvidson said thot Gusey Crater remains an enigmo. The scene hat scenfisis see af Gusev "is
~ Tamilior....but o little bir alien,” Arvidson soid, compored to eorfier Viking and Mars Pathfinder Janding sites. He described it us 0 dassic “desert pavement,” but
determining the layering of dust, rock, lakebed materials, and lovu ot the landing site is wrk still o do."I1's o prefty complex sife. I's not o simple lokebed” Arvidson
said. While the dock is Ticking in getring Spirit off its stationary pedestal, another countdown is on — the arrival of Opportunily. 1t is sweaming foward Mars, and
headed for o londing sit on the ather side of the plane from Gusey Crater. Opportuniy is now sef for Touchdown an January 24 of about %05 .. Padfic Sondrd
Time. "Mars hos deolt us o complicated hand,” said Joy Crisp, Projed Scentist for the MER mission here of IPL. Airborne portides kicked up by @ roging, but now
diminishing dust storm on Mars, hos dealt spaceaft engineers some issues. Spii'’ enry, descent, and fonding showed that he upper-simosphere and high lttud
winds of Mars can be troublesome. Engineers ore now deboting such items as angle of eatry, parachute deployment fimes, and other variables for Dpportunity’s plunge
toward the red plane, Crisp fld SPACE.com. Opportuniy s tasgeted to lond et Meridiani Planum, o region containing exposed deposits of o minerel — hemalite — thal
usually forms under wotery conditions. NASA's Mars Global Surveyor (MGS) is profiling the atmosphere over the Meridiani Planum landing zone. WGS is one of three
orbiters — two U.S. and the newly arrived European Space Agency's Mars Express — now cirding the red planet. MGS atmospheric data is heing pipelined into decision-
moking and debate this week ahout Opportunity’s upcoming dive 1o Mors. Density and fempersture structure of the aimosphere hus been made ol the more tomplex by
the recent dust storm, Joy said. "As this peint, I'm absolutely ecstatic sbout the performance of Spirit,” said Dovid Lavery, NASA's Program Executive for Selar System
Exploration, charged with full-ime responsibilify for working fhe Mars Exploration Rever projed, *The antidpation of what's 1o come is the only thing gnawing of me o
lttle bit.I'm excited about geting six wheels dirty and that's whet I'm after,” Lavery said. Missions of the past, Lovery said, Viking, the Mars Pathfinder/Sojourner, and
now the dual robots -- Spirit and Oppertunity — each hus aeated o foundation for things te come. "A 100 years from now, | think the most thrilling thing will be peaple
;Lmﬁg on Mors who (on go 1o these sites and Jook o them es truly historicol sites of infesest. ._the stepping stones for the exploration of Mars,” Lovery fold
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SPACETODM - 09 JANUARI 2004 . . ”
SPIRIT LANDING DATA EVALUATED FOR OPPORTUNITY.

PASADENA - Teams of engineers are reconstructing the entry. descent, and landing of Spinit on Mars, piecing (ogether hiow
well the spacecrafi behaved as it plummeted through the mastian atmosphere onto the surface of the red planet. Early
assessmenits suesest that Spirit plowed through strons gusts of winds. so much so, that special onboard gear was tniggered 1o
assure the spscecrafl safely survived the ordeal Despile the harrowing plunge through turbulent air, SpiriC’s airbeg
touchdown was Jess severe than that experienced by the Mars Pathfinder/Sojourner rover in 1997, That mission also made
use of an airbae landmg system. Smmmtmmmoimmsﬁtﬂmumnmmﬂnmmmﬁﬁ(ﬁ
meters), followed by some two dozen bounces and skips before coming to rest on the martian surface Here at the Jet
Propuision Laboratorv (IPL). a major reconstruction effort is underway to stifch together enemesring data about Spirit’s
successtul touchdown. Lessons learned are being filtered mto decisions regarding the upcomene lending attempt by Spirit’s
twin crafi, Opportunity. Opportunity is now speeding toward Mars, headed for 2 January 24 toschdown at roughly 9:05 p.m.
Pacific Standard Time. "We are going fo do a full-up reconstruction.” said Pefe Theisneer. Prosect Manaser for the Mars
Exploraiion Rover (MER) project. A team of engineers. as well as independent reviewers are part of the effort. Putting aside
years of lesting pre-launch. the only real "end-to-end” appraisal of the technology came during Spint’s sctual entry, descent,’
and landme on Mars "We will be basically comparing our expeciations for what we thooeht masht hapren  and all these
observables to what reafly happened.” Theisinger told SPACE .com . Now being assessed are computer software changes that
alter parachute deplovment time and other paramelers to maximize Opportumity’s chimces of success But there is also
trepidation of altenne too many thigs that conld snowhall into a had dav. The Mars Exploraton Rover (MER) desien has
new tools, absent on the Mars Pathfinder/Sojourner that landed on the red planet m 1997. Addme ihis eqmipment was hotiy
debated in engmeening circles as to its need. The hardware was specially designed to avoid excessive honzonial speed caused
by strong winds as the spacecraft raced toward ground impact. Innovations camed by Spint and Opportumty include a set of
three small transverse rockets mounted on the spacecrafi’s backshell that can be fired in any combination. Doing so reduces
Mdﬂomymwmmwseﬁmofmm&mdmelﬁngmgnmmmm
carried for the first time was the Descent Imager Motion Estimation System (DIMES) - a downward-looking camem
mounted on the lander &mmbmdrmhmmemunsmdﬁmnvmﬂnemd&emm
four seconds apart It then rapidly analyzes them lo estimale the spacecraft’s horizontal velocity. Looks al Spinit data has
confirmed that DIMES worked like a champ, triggering rockets to dampen wind effects that were unexpectedly strong. A
point of discussion 1s whether or not Spirit survived thanks to use of the DIMES/rocket activation or despite the system.
"There is an enire story just on the reconstruction alone. ..a lot of fascinating stufl.” said Gentry Lee. Chief Engineer for the
Mars program at JPL. Meetings about the entry. descem,mdlandmgtﬁamhddmyﬁvﬁrhﬂs,mﬁmsand
managers argung zbout what the data means "There are some unexplamed occurrences We're mane to exiract the
‘information and see how it applies to Opportunity.” Lee told SPACE.com - "We have loads of quaiity data This is a job of
mﬁmngmﬂamhmgmmmddaﬁmammmjm'mﬂ ;
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AP NEWS : 09 JANUARI 2004 1 _ _
NEW EXIT ROUTE PLANNED FOR SPIRIT ROVER.

PASADENA - The Spinit rover's path to the surface of Mars remains blocked by airbags and it will have fo tum and use®
secondary ramp. but while still parked it has revealed the presence of minerals that may have formed in a lake believed ©
| have once filled the landing site. NASA said Fridav. The first indications of the geologic makeup of Spirit's surroundines
could support theories that liqud water persisied on the surface of the planet dunng its ancient past, providing an
environment conducive to life. Scientists stressed that finding the minerals, called carbonates. does not immediately prove the
Iake theory. Instead. the carbonate dust could have formed through interactions with the tiny amounts of water vapor found m
the martian atmosphere. Scientists continue lo debate the vanious working hypotheses. "We've got a bunch of ideas and we
don't know which one is right vet." said Sieven Squyres, of Comell University. and the mission’s main scientist. Another
MASA spacecraft previously has spotted carbonates from orbit as well.  Spirit remained parked on its [ander. nearly a week
afier safely arriving on Mars. Engineers said the six-wheeled robot won't roll ofT the lander and onto Mars until lale Jan, 15 or
ezrty Jan_ 16 at the earliest. A last-ditch effort failed to draw in two sections of the air bags that cushioned Spirit's landing.
The sections of tough fabric sull block the safest path the rover could follow to the surface. Enpmeers will now command
Spint to tum in place 120 degrees to its right and roll off’ a secondary, umobstructed ramp, said Matt Wallace, mission
manager While immobile, Spirit has continued to carry out science work, ncluding snapping a sweeping panorama of ifs
surroundings with ifs color camera. NASA has received 73 percent of that 360-degree view as the rest trickles in. said Albert
Haldemann, deputy project scientisl. Spiril also has begun measuring the lemperature and makeup of the rocks and soil
around it with ifs mini-thermal emission spectrometer. The instrument sees infrared radiation _ heat _ emitted by objects.
mcluding rocks and soil. It can measure that radiaton in 167 different "colors” information that scientists use to deduce the
nnnualngu]wmpmmnnofwhalsinnlmDamnmgudatﬂlemcbandsmlmmhofopcmupﬂ:emm
zeologlcalhmtnwbﬂokdmcoﬂammﬂaﬂmsmmnﬁsmbeg:nmmﬂnpbofmchmtmgetsmﬂwam“spmlm
examine up close, once it rolls off its lander. On Friday. scientists displaved the first of that data, showing off psychedelically
colored views of the surface of Mars. Themalsoomnpletalﬂnﬁtsls!@mmndmgwwmﬁﬂlhmghmmfaldmgns
two front wheels and locking them inio place The 3820 million Mars Exploration Rover project includes a second, identical
rover named Opportunity, which is expected 1o land on the Red Planct on Jan. 24 NASAsenlﬂrelmrobohcgeclogts!sla
prospect for evidence that Mars may have been a wet world conducive to life in its ancient past. %33
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FLORIDA TODAY : 70 JANUARI 2004.
ANALYSIS : ROVER BOUNCED 24 TIMES,

PASADENA - That's the woy the Mors rover bossces. Essly mmabysis of Spirit's londing reveals it hovnced 74 simes e s s oirbogs and rolled fo o siop on 1S side,
not its bose petal as first thought, descent mensges feé Memsing said. s filt was one reason there was s wacemisertable silence from the rover ofter it stopped
an the surface. First it tried te send o signa! frses &% Bwegen antenna, which was ps:inted oway from Earth. Thea it sent a signal eut the hase patal, and that's
| whal made the team rejoice. "Those were fhe stsesg mes thai we heard offer we londed,” Manaing said. Analysis of the londing in Gusev Crater will help fhe Jet
Propulsion uhrmgqmmmga!hm‘“wmwylﬂm'uh ﬁaaﬁﬂhﬁﬁedhﬁwﬂhﬂwﬂm'&
biggest surprise was just how unusual the stmesphere wes ot Gosev,” Monning sd.m#lh-qhn transported there from o dust stosm on the
othes side of the plonet, made the lower port of the smmespbers cold and the upper pari warm and less Sease. That's the worst combination, Monving said. f fhe
atmosphere s fess dense higher up, it may nel be os effective ot slowing down fhie fonder Befween s eatry info the alnmsplme ond the opening of its
porachute. Meanwhile, the aimosphere was so dense neas the surface, it slowed the landers dzscent mate than expedied. “It doesn't do you much | t's
down near the ground,” Manning said. "You want 'Inihiﬁuup,plensd‘ﬂssimnngﬂshdﬁemhﬂo{m, less-dense uir that was over
Gaser would affed Meridioni Planum, Monning soid, betouse they had o dust storm tos, 8a eves werse dust sform.” To-tet Opportunity use more of 1he
simusphere, "we tome very dose to making on unscheduled rajectory correction manesver this Setwrdsy i order fo shaflow the entry flight angle,” he said. Bul
the teom deduced that the upper amosphere ¢ enough for the heat shield asd parachuts 1o work os expeced. The femperature dafo Spirit
gamhered duting s descent matches up well with pradidions af the raver feam, srojert scisntist by Criss sewd. On Earth, profiles of the ntmasphars ora i
Fraguently with waather baflanns. But on Mars, only successful ionders have gothered such dafe o5 fhey Rursied fhrough the simosphere. "This is our fourth | fime
shat we've ever fuken such meosurements,” Crisp said. Thot information is supplemented by readings 1akea by spacecraft orbiting Mors. Because predidiions 7ot
 the Gusev Crater landing were so accurate, Crisp soid, “that gives us confidence that we can wse the same medel for predicting whot the atmosphere will be like
af Msridiani, for the next rmrslmdhtg NASA's $820 millian rovers have an slaherats zatry, descent mnd landing system, and it worked very well, #amning
said. For one thing, it compensated for sireng woss-winds. The lander tokes thres quick pictures oa fhe way down sad mpares high-contrast features, suih vs
" craters, to determine its windblown drift acrass the plonat's surface. Strong winds alse mﬁhmﬂﬂllﬂ.lﬂ rotket fired to compensate for the
horizontal movement end may have prevented disaster, Manning soid. "The litle rocke? saved the day,” he said. Anslysis of the descent also showed that whes
the londer lowered itself from the cetedynamichadkshell an fts bridle, the precess foek lenge: than sxpected. The ream is still frying to understond why. Afies &
was lowered, the londer apened its. whugs fived setro-rackets ond il the ahoul B yards ehove Ihe groond. it bounced 24 times, Monning soid, bul the
distances between bounces still weren't knawn. It bounced and rolled for mingte, ond 1he team beiefly saw o signal from the londer. The roll took less
time than expected — and then came the silence. Once the rover rolled to a sfop, "imhdgauﬁu. he soid, ond the base petal antenna was pointing
| toward Eorth, “The beach hallis stil inflated. s titted off to one side.” 1t wasn't tilted much, 50 the rover's softwore conduded & londed base-petel dewn. That

| vios what it told Earth through the fones it ' ltmsntIonghafetaﬂnwm,lbd.mﬁ;-thsemusmumr ond retraced
 its airbags, "it just cosuolly rolls onto ifs hase netal* Manning said. "t all worked out, ond there we go,” he seid [%)3 3 2.
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‘LORIDA TODAY : 13 JANUARI 2004.

PANORAMIC IMAGE GUIDES MARS TEAM.

PASADENA - The first full-crde panorama Iekes by e Spit Mais rover is puffing fhe team of the Jei Propulsion Laberstary in ils place. "1 hiegins pﬁy__u
develop 0 sense of direction,” suid Michoel Mofin of Melis Spece Sdence Systems. A medium-resalotion imoge was relensed Monday because the Tighest-
resolution pidiie is 50 w,imﬁgshﬂim‘hmkw#ﬂw mhﬁwhus. sgid Jim Bell, whe's in dmgesftt_l:
panerumic tosvern That ook The immge. "I's going o slewly. IS se meny bits to desi wih. Secawse the file will bi so big, probebly the only way most members.
of the public will gt to see the full imoge is through o futers IAX mevie 5= seid. O is 2 e wavks thot will feoturs the Mars images. "if you had o modem, it
wauld toke o year to MuﬂhMM'Wﬁh“mﬁﬂmM pot @ panorama inside @ spheie gﬂi_lwn_si:ﬁ tbwhaud
= it 1o experience the 360-degree view. He'd like fo do the same with Spirit’s pansrama. " gives you o very, very infense sewss of being there,” he smd The
$320 milfion twin revers, Sgirit and the soon-o-lond Opportunity, won't beve the luxury of foking many ponoramas. This oz wes teken in pisces over thiee days.
snd ossembled inte one picture. “This is a really remarkible piece of photegraghy,” Malin seid. The benefit 1o such o high-resehulion image is that sdeatisis can
2o0m in fo shards of rock o millimeter wide, Bell said. Even the medium-size picture — which siretched ocross a back wall in on ouditorium of NASA's Jet
Propulsion Loboratory — offers staggering detail. For one thing, hounce marks made by the lander's nirbags show vp deml; o dark spols. The spos strefch i!adt
into Sleepy Hollow, the possible impudt aater nearby. The dosest hounce mark has fine ridges in it. "We showed E@m'w_lh engineers, ond they went, ‘Oh,
yeah, those are girbag ridgas!’ " Bell said. "They'd seen them o thousand times. They knew exodly whot they were. Tha Hﬁ#lrhuges ]akem by the color
pan-cam — which con foke stereo images with two lenses — ollow the teom fo reconsirudt parts of the surfuce in ﬁwu_dinn:hs. le\'er dl_r?ers use such 3D
renderings, hut o do sdientists. They looked dosely of o patch of soil siroped by ﬂl‘c_irdﬂ_'s sithags that was colled 'ofien” of fissl. The su_it which they cafl
“magic carpet,” maves in o fluid way but probably isn't sticky, sdemist John Grotzinger said. Though the sfﬂ-m}_f have looked ks mud in The early, low-
vesolution pictures, in these, "you cn deorly see in thers it does not have the mechanical behavios of a.mud, h: sm. The n w;m one drogged rock.
that s "very spedacelar," Grotzinger said. "h's fike & bow wave of dirt as the rodk meves toward the londer. "Very, very fine-grained materials behave in
unusual ways,” Malia ssid, noting the risp foofprints the Apollo ssfronauts Tofi-on the mosa. Spiris wil gat ﬁsfful otk mm;ﬂ amlr_mis ofter it volls off
its lander, probably early Thurstay morning. Dvernight, the mission team was. cufting Ihe kast cabie connecting fhe (over to the landeg_ Spirit was to complete
part of the rioht hand turm that will nut it in position 1o drive off the northwest side of the loader. ':bg 2 2\'"1

 SPACE.COM - 13 JANUARI 2004, N . sl L -
NASA PICKS 2 LOCATIONS TO EXPLORE ON MARS FOR SPIRIT.

PASADENA - NASA said today it has picked two locations on Mars for its Spirit rover to visit: a nearby crater and,
jater. a distant ciuster of hills the explorer will reach — or die frying. "We know where we are now and we aiso know
where we're going,” Steven Squyres. the mission's main scientist, sax during a news conference al NASA's Jet
Propuision Laboratory. Spirit remained on track to roll onto the Martian soil late Wednesday or early Thursday. The
rover cut the last cabie attaching it to its lander and began a three-part furn fo line i up with the exit ramp it should
use to reach the ground, fiight direcior Chris Lewicki said. The rover also rofied for the first time, moving backward on
the lander about 10 inches, he said “Spirit is a rover,” Lewicki said of the robot, which had been largely immobile on
' the landing vehicle since ianding Jan 3 Pinpointing the rover’s location. members of the mission determined Spirit
Janded about 990 feet to the southeast of where & first bounced down, swaddled in air bags, on Mars, said Tim
" Parker, the landing site mapping scientist Revised data suggest it bounced 28 times before coming to a rest about
825 feet to the southwest of a low-slung crater. said Rob Manning. manager of the entry. descent and landing portion
of the mission. Once off the ramp, Spiri will park for a day or two fo give scientists a chance to study the chemistry
and mineralogy of the area before it roams any farther. One of the first things Spirit will do is extend its robotic arm to
touch and capture soil samples. It also will make measurements of any rock that happen to be in range. The first
target after that is the crater, a destination i will take days if not weeks to reach. NASA plans to then send the rover
|-to the southeast of the crater, toward a cluster of hilis nearly two miles away. The distance is about five times Spirit's
maximum driving range, meaning the rover could die on the way unless it far outlives its expected 90-day lifetime.
| "We are going to head for those hills,” Squyres said, adding later, "We are going fo get as ciose to them as we can.”
NASA on Monday released the first 360-degree, color panorama of the terrain around Spint. A team scientists and
- engineers assembied the sweeping panorama from 225 separate images. "The whole panorama is there before us.
it's a great opening for the next stage in our mission, which is gefling off the lander and out into this field,” said
. Michael Malin of Malin Space Science Systems, a member of the mission science team. Spirit still needs to tum 70
more degrees to its right. in two steps, before it can roll off its now inert lander. “The analogy being we're about to
kick the baby bird from the nesl,” said Kevin Burke, lead mechanical engineer for the roll-off process. The new
panorama shows a landscape thai is pancake flat in some directions and rolling in others. The topography appears
dominated by mounds of material cast off when asteroids or comels pummeled the martian surface in the distant
past, punching out craters. Spirit is working in chilly temperatures thal, at their highest, would be famiiar to anyone
 shivering through the coid snap that hit the United States in recent weeks. The daytime high is a relatively baimy 15
degrees Fahrenheit, project scientist Joy Crisp said. "I checked, this comesponds to Minneapobs’ low tonight,” Crisp
toid reporters Monday. The mariian nighttime low is minus 100 FahrenheR, or about the coldest it gets at the South
Pole, Crisp added. The $820 million Mars Exploration Rover project includes a second, identical rover named
Opporiunity that is scheduled to land on the opposite side of the Red Planet on Jan. 24.

S
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SPIRIT GETS READY FOR MARATHON TREK.

PASADENA - NASA prepared the Mars Spirit rover for a marathon rather than a sprint on Tuesday. selecting a distant hill for
the robotic geologist's ultimate destination. The low-slung hill is almost two miles east of Spirit's landing site, nearly five times
the distance the six-wheeled rover was origimally expected lo raverse. Bul eager lo get the most ffom the $410 million mission,
Spiril's science team has decided to head for the one- to two-mile-long, 300-feet range with an intermediate stop at a 60- to 90-
feet-deep crater. By characterizing the soils and rocks of the crater and hills. scientists believe they have the best chance of
determining whether Spirit's largely flat and rocky fanding site is an ancient Martian lake bed Standing 5 feet, 2 inches, Spint is

equipped with eagle-eved stereo cameras that will witness the journey from an almost human perspective and frequently transmit
mmages from its travelogue back to Earsth "That is our long-range plan, and I think 1t i1z very rich in scientific potential," said
Steve Squvres. the Cormnell University astronomer who leads Spirit's science team. "It also offers a shared adventure that I think is
unprecedented in our history.” Spirit has been perched alop the lander aboul 16 inches above Lhe landscape since its Jan. 3
descent onto Gusev Crater Once on the terram. Spirit will spend several days analyzing the mineralogy and chemical makeup of
{the swrrounding soil and rocks. Then #t will steer toward a secondary crater mside Gusev about 800 feet to the northeast. As it
|closes in on the crater. Spinit will use the mstruments [ixed to the end of its robot amm lo analyze the rocks and dirl to determine
|what kind of material. lake sediments or volcanic lava, resides below the floor of Gusev. Then it wall attemipt to scale a crater lip
{of about 15 feet to peer m. "Once we have done that, we will have seen as deep into Mars as we can ever hope to see on this
imission.” said Squyres. Then Spinit will steer toward the hill for similar studies. If Gusev was mn ancient gater lake, the hilltop
{might have towered above the waves. Eventually. though. the surroundings would have been eroded awav by flowing water or
winds as some sort of uwxplmnalhnm@utchdngemuhmatetmnal!ﬁarsdn and cold. "It's a vexry bcamxfulplwcol SCEneTy.
one we will get to know very well in the weeks ahead" said Squyres of t's ulumate destmation. "li's going to be an
adventure, and [ don't know how it will firn out.” sr“ 32 g
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Sonde daalt af naar Marsopperviak

PASADENA — De Amerikaan-

se sonde Spirit is gisterochtend
aan zijn eerste expeditie op de

planeet Mars begonnen. De

ruimtesonde landde tien dagen
geleden op de Rode Planeet en
gaat onder meer zoeken naar
sporen van water.

Na een tocht van de afrit van

het landingsplatform raakte de
robot het oppervlak van Mars.
De zes wielen van de Spirit rol-
den drie meter over de planeet
voor de sonde tot stilstand
kwam om zijn antennes in posi-
tie te brengen. Kort na 11.00 uur
zond desonde de eerste opnamen
van zijn eigen lege platform en
de eerste sporen die hij met zijn
wielen op het Marsoppervlak
had gemaakt.

De NASA laat de sonde twee
tot drie dagen op deze plek
staan. In die periode moet de ro-

bot de bodem testen en voorbe-

' 5\9’3\15 )L ~0o)- 2089

reidingen treffen voor verdere
expedities. In het vluchtlei-
dingscentrum in Pasadena is er
dan tijd om met de robotarm van
de Spirit te oefenen en de instru-
menten te controleren.

Voor ten minste de komende
78 dagen onderzoekt de sonde
zijn omgeving in de Gusev-Kra-
ter. Wetenschappers zijn ervan
overtuigd dat er in deze krater
eens een meer moet zijn geweest.

‘Met: spannm,gwacht de NASA

ook op het moment dat morgen

de Europese sonde Mars Ex-
press op 300 kilometer hoogte
over de Spirit vliegt. De Spirit
'kijkt’” dan naar boven en de
Mars Express 'kijkt’ dan naar
beneden. Deze waarneming zal
de onderzoekers veel gegevens
verschaffen over de dynamiek
van de atmosfeer ter plaatse, al-
dus een verklaring van NASA

(ANP/DPA/RTR)
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Robot rijdt op Mars

PasaDenA

AP

De Amerikaanse Marssonde
Spirit is gisteren het oppervlak
van de rode planeet op gere-
den. De robot landde bijna
twee weken geleden. De drie
meter die hij moest afleggen
van zijn landingsvaartuig naar
de grond waren de riskantste
fase uit de Mars-missie, die
drie maanden gaat duren.

De wetenschappers in het con-
trolecentrum van de NASA rea-
geerden uitgelaten op het suc-
ces. ,Mars is vanaf nu onze
zandbak”, zei missieleider

ol v ol

Charles Elachi. ,We kunnen
nu spelen en leren.” De Spirit
landde op 3 januari en had al
eerder uit het vaartuig moeten
komen, maar de airbags die
voor een veilige landing heb-
ben gezorgd lagen in de weg.

De Spirit maakt op Mars foto’s
en doet bodemonderzoek. De
NASA hoopt bewijs te kunnen
vinden dat Mars ooit "natter’
was en dat er een omgeving
heeft bestaan waarin leven
mogelijk was. Op 24 januari
moet Spirits tweelingbroertje
Opportunity landen, die aan
de andere kant van Mars het-
zelfde onderzoek gaat doen.
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Spirited Exploration

The Mars rover Spirit is returning tantalizing data about
the history of potentially life-giving water at its landing site

CRAIG COVAULT/PASADENA, CALIF.

long-held U.S. space program
dream is moving toward reality
this week with mobile science
operations on Mars by a highly
capable rover to search for life
clues. while also scouting what eventu-
ally could be a manned landing site un-
der new long-term U.S. space goals.
The Spirit rover in the Gusev Crater
100 million mi. from Earth is discover-
ing increased evidehce, like carbonates,
of potential life-sustaining water.
Jet Propulsion Laboratory controllers
were set to command Spirit to drive nine

ft. off the right side of its lander early
Jan. 15 at 3 em./sec. to begin a multi-
month search for Martian rock and soil
“with a story to tell” about the area as a
potential habitat for life.

The JPL-commanded Spirit’s stand
up and reconfiguration of its six-wheel
rocker-boggie-linkage-suspension sys-
tem followed by a planned drive off the

High resolution imagery of the 300-ft. Eastern
Hills shows rover’s second planned destina-
tion about a mile from landing site. The hills
could've been islands in ancient lake Gusev.

93330

lander is “one of the most complex se-
quences of robotic operations ever done
on a spacecraft,” said Chris Voorhees.
JPL mechanical systems engineer (seec
following story).

Using precise Spirit imaging and oth-
er positioning data, along with overhead
reconnaissance by the Mars Odyssey and
Mars Global Surveyor (MGS) space-
craft, JPL has mapped out the first over-
land exploration of Mars. said Steve
Squyres, the rover mission principal in-
vestigator from Cornell University.

Spirit is first being sent about 800 ft

"E .

-
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northeast to a 600-ft.-wide, 60-90-ft.-deep
crater. En route there, it will sample the
crater’s ejecta blanket for rock blasted
from deep underground for a “bottoms
up” analysis of suspected lakebed de-
posits at Gusev. Barely visible to Spir-

it’s cameras at ground level. the nearby
crater was located by MGS overhead re-
connaissance.

“It is an extremely attractive target
that will provide a window into the sub-
surface of Mars,” Squyres said. “As we
go further and further into the ejecta
blanket, we will see stuff excavated from
30-60 ft. below the surface.”

Large, perhaps insurmountable,
rocks surround the 15-ft. sloping rim of
the crater, but the overhead imagery
also shows what could be “a door.” an
area free of large debris for a view into
the crater on the side facing Spirit’s ap-
proach path. The crater now is viewed
as a much better target than the Sleepy
Hollow small crater that first drew in-

“Magic Carpet” soil feature that curled as if
it were mud when rubbed by airbag is shown
in 3D. Chemical or electrostatic properties,
or salt brine, are postulated as the cause.

terest (AW&ST Jan. 12, pp. 26-28).

After several weeks working around
the crater, Spirit will begain a 1-2-mi.
traverse east toward 300-ft.-high hills
where the spectra and mineralogy of the
rock will give the science team a “top
down” view of Gusev’s geology, which
at the hills could be 3 billion years old,
said David J. Des Marias, an Ames sen-
ior research scientist with the mission.

This should provide additional evi-
dence as to whether or not the site was
a life-sustaining lake. Spirit’s design was
for only about 2,000 ft. of travel and the
hills are five times that distance away.
The performance of the rover so far

AVIATION WEEK & SPACE TECHNOLOGY/JANUARY 19, 2004

and overall trafficability of the site gives
hope Spirit can reach the hills and the
rockfalls below them. Up to 5-6 months
of surface life are now being predicted
by JPL beyond the three-month spec-
ification.

Rover Mini-TES infrared spectrometer image
overlaid on surface targets shows red
(warmer) powdery material rover will avoid
and blue (cooler) rocks rover aims to sample.

But even if Spirit can’t get the full dis-
tance, every foot closer will give the
Mini-TES infrared spectrometer and
Pancam high resolution imaging systems
evidence about whether the hills were
perhaps islands in a once 3,000-ft.-deep
lake at the site.

Along the way, Spirit will try to dis-
cover why some rocks at Gusev appear
blue and why some of the soil at the site
rolls up like mud, a feature the science
team has dubbed “The Magic Carpet.”

Like millions of people across the

U.S. this week, Spirit faces the daily
grind of waking up and setting out in
frigid temperatures. Nights in Gusev
Crater are dropping to minus 100F but
at midday warming to 15E.
Meanwhile, back in space, things are
heating up on the Opportunity rover,

B2 which is set for touchdown about 9:05

p.m. PST, Jan. 24, at the Meridiani
landing site 6,000 mi. west of Spirit on
the other side of Mars.

Mission planners expect Meridiani,
with its water-related gray hematite sur-
face, to look alien even to Mars, with a
dark gray rolling plain void of dust, said
Matt Golombek, JPL science team man-
ager. With the rover drive-off delayed
2-3 days, JPL science teams were get-
ting such good data from the stationary
position they decided to shift early from
a pre-set strategy to the more highly co-
ordinated “tactical” process, said John
Callas, JPLs overall science manager.

This involves structured meetings and
decision points between the four science
theme groups and an overriding Science
Operations Working Group (SOWG).
The objective is to review science data
from the previous dav’s downlink with-
in a daily 17-hr. period. formulate hy-
potheses for the next day’s investiga-
tions, then turn those into commands
for the following dav’s operations on
Mars. “It is a really complex and ardu-
ous process,” Callas said.

The primary objectives of the various
science groups going imto the start of
rovering operations involve:
® Geology and long-term planning
groups: “They have both been very
much focused on coming up with a
strategy on what are the first few rocks
that we go visit,” Squyres said.

28185



First Baby

Steps

Good thermal and power performance raise prospect
that Spirit could last for a year, instead of 90 days

MICHAEL A. DORNHEIM/PASADENA, CALIF.

he Mars Exploration Rover Spir-
it made its first moves last week
and was set to roll off the lander
deck and onto Martian soil for the
first time on Jan. [5.

Rover health remained excellent, and
officials at NASA's Jet Propulsion Lab-
oratory (JPL) here believe warmer-than-
expected temperatures mean that op-
erations could last much longer than the
90-Martian-day (90 Sol; 92 Earth days)
primary mission.

An initial long-term exploration plan
has been set, first going to a crater 260
meters (850 ft.) away. and then toward
hills an ambitious 3 km. (1.9 mi.) toward
the horizon, stopping at interesting ob-
jects along the way.

The panoramic camera achieved for-
mal mission success around Jan. 12 when
final octants of a fyll 360-deg. image in
stereo and color at high resolution were

[3334))

This will entail using the arm for
about three days of soil and rock tests
near the lander immediately after drive-
off to calibrate the arm-mounted in-
struments and obtain basic starting data
on the surface.

The geology at the Spirit site is total-
ly different with much greater diversity
than that seen at the two 1976 Viking
landing sites and at the 1997 Pathfind-
er site. And the rover is returning six
times more science data per day com-
pared with Pathfinder.

Geologists believe they see at least two
types of rocks at the site, including those
with a bluish tint. There are also frac-
tured rocks that could be evidence of
freeze/thaw cycles involving water, said
Mike Malin, a science team member who
has also led key MGS operations.

A vital early science operation was
the completion of the 360-deg. “big
panorama” involving 75 frames each of
red-, green- and blue-filtered imagery.
“It is a truly remarkable photograph,”
Malin said. It has been overlaid with
Mini-TES infrared data. The image data
were calibrated at Cornell, then trans-
mitted back to Pasadena where the JPL
Multimission Imaging Processing Lab-
oratory assembled it. “The panorama is

transmitted to Earth. The miniature
thermal emission spectrometer also
achieved mission success with a full
panorama. These achievements were
aided by continuing high-rate commu-
nications with Earth.

CONTROLLERS DECIDED on Jan. 9 to
abandon the primary forward route off
the lander deck because an incompletely
retracted airbag might snag the left so-
lar wing (AW&ST Jan. 12, p. 24). In-
stead. they chose the egress ramp in the
4 o’clock direction. To realign the rover
on the lander deck, they toed in the for-
ward and aft drive wheels to tarn it on
its own axis 115 deg. to the right in a se-
ries of three moves.

The first move took place on Jan. 12.
After cutting the cable from the rover
to the lander—permancntly disabling
the lander’s petal deflection and airbag
retraction mechanisms—the rover

moved back 10 in. and a 45-deg. right
turn was made. This allowed pictures to
be taken of parts of the lander deck that
had not been seen before, to ensure they
were clear. Maneuvering room is tight,
and controllers were worried about
hangups on lander parts or debris. The
moves were rehearsed with lander and
rover engineering models at JPL.

On Jan. 13 two more moves were
made, 1o 95 deg. and the final 115 deg.
More checks were made between the
moves. All appeared 1o go well. Late last
week in the first few hours of Jan. 15 here.
the rover was scheduled to roll 10 ft. off
the deck and onto the Martian soil. That
date would be three days behind the orig-
inal schedule, with the delay caused by
trying to retract the offending airbag. It
is the 12th Sol of the mission.

Given the difficulty with airbags ob-
structing the primary egress path on
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“Spirit is returning

six times more
science data per
day than Pathfinder”

a great opening to the next stage of our
mission as we start moving out into this
field,” Malin said.

® Rock and soil physical properties

group: “They are very excited to obtain

images of wheel tracks that will give data

on soil compressibility,” Squyres said.
An early objective will be to do a
“scratch and turn™ to scuff up the sur-
face. The microscopic imager will also
be used to look at the Magic Carpet ma-
terial which could be caused by elec-
trostatic charges in the soil, or the more
exciting prospect of chemical precipi-
tate between minerals touching on the
surface, said John Grotzinger from MIT.

@ Atmospheric science group: “The at-
mospheric science team has been very

much focused on analysis of the first

Mini-TES infrared spectrometer obser-

vations looking upward through the at-

mosphere. We have some lovely tem-
perature profiles through the lower Mar-
tian atmosphere.” Squyres said.

® Mineralogy and geochemistry group:
They are eagerly awaiting the first data
from the Alpha Particle X-ray Spec-
trometer and Mossbauer spectrometer
mineralogy and composition instruments
mounted on the arm.

“They continue to pour over Mini-TES
data to pick drive directions that will max-
imize our ability to learn about the min-
eralogy and the rocks,” Squyres said.

The initial Mini-TES data show that
fine-grain materials are comparatively
warm and more coarse-grain material
cooler at the site. In addition to miner-
alogy science, the infrared imagery will
be used to help the rover stay out of
fine-grained material where it could get
stuck.

The initial Mini-TES temperature
and spectral signatures also showed the
presence of carbonate material on the
surface, a possible key indicator of wa-
{er processes.

That early carbonate findings alone
will be a key area of investigation
through the next several weeks because
of its implications for potential life-giv-
ing water at the Gusev site. @
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Spirit, also known as MER-A., changes
are planned for MER-B “Opportunity.”
set for a Jan. 24 landing, The airbag re-
traction winches can turn a maximum
of 40 revolutions, each one pulling in
about 6.5 in. of retraction cord. More
retraction gets the airbags out of the
way. but puts them under the lander and
raises the deck height for rover rolloff.
The automatic retraction sequence on

Spirit reeled the base petal airbag in by
30 turns, and the side petal airbags by
37 turns, as a tradeoff between bag ob-
struction and deck height. The base
petal winch was commanded to turn an-
other 7-9 turns over the first week but
the airbag moved less than expected,
perhaps due to broken cords.

The deck height in the forward di-
rection is 32 cm. (12.6 in.) above ground,
and the edge of that fabric egress ramp
is 7-8 em. high. In the actual rolloff di-
rection the deck height is 42 cm. and the
egress ramp is 10 cm. above ground, said
Jennifer Trosper, the surface develop-
ment manager.

. Opportunity will add more base petal
retraction to the automatic sequence,
probably another five turns, she said.

Egress will be followed by three days
of testing and using the instrument de-
ployment device (IDD) arm and its four
instruments. [t will be unstowed and hov-
er over the ground. On the first day. the
rock abrasion tool will be positioned
where it can be seen with a camera and
tested, and the microscopic imager will
hover over the soil but avoid contact with
dust. During the next two days, the alpha
particle X-ray spectrometer and Moss-
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bauer spectrometer will be placed on the
soil to take measurements. Their observa-
tions take 10-12 hr. each for accurate data.

Initially the rover will be kept at least
1.5 ft. away from the lander. Controllers
may try to get pictures of the airbags
to see why they didn't retract more. They
may also send the rover to curious near-
by marks in the soil made by the airbags.

After measuring rock and soil targets

Rover Spirit's first move on Mars is captured
by front hazard camera. Frame at left shows
Spirit at its original heading after moving
back 10 in. and toeing-in the front wheels
for a turn-in-place maneuver. Frame at right
is after turning 45 deg. to right. Shiny object
at lower center is actuator for lander petal.
Airbag is visible at petal fringe.

of opportunity after rolloff. the plan is to
drive northeast about 260 meters for ob-
servations near the 3-5-meter-high rim
of a 200-meter-dia. crater. and then head
southeast toward hills that are about 3
km. away and about 100 meters high.
The rover can move at 3 cm./sec. top
speed, or 100 meters/hr. Automatic haz-
ard avoidance may slow this by half, and
power and temperatures can be limiting.
Trosper said the rover is designed to
move 20-40 meters/day. She thinks Spir-
it could be at the crater by Sol 30-35,
which would be 17-25 meters/day if the
drive were to start at Sol 20. The design
range of the rover is 600 meters but with
the good power situation “those hills
don’t look impossible,” said Peter C.
Theisinger, MER project manager.
Rover waypoints will at first be de-
termined manually until contjollers be-

come comfortable with automatic nav-
igation and hazard avoidance. This sys-
tem will run in the background and
transmit its strategy maps to Earth for
scrutiny by navigators.

Under manual control, the rover can
move no more than 15 meters at a time,
because that is the maximum distance
at which the navigation stereo cameras
can safely detect hazards. The first

moves will be under 10 meters for safe-
ty, then 15 meters, then several drives
per day with rapid decision cycles en-
abled by the frequent communications
opportunities. If automatic navigation
is activated, it should give the longest
drives with the least oversight.

Position on the surface has been re-
solved with UHF Doppler measure-
ments by the Mars Global Surveyor
(MGS) and Mars Odyssey satellites to
430 meters in latitude and £0.5 meter
in longitude. The position is 14.5718 deg.
S. Lat. and 175.4785 deg. E. Long. The
resolution is more accurate than the po-
sitions of features on maps, which can
be off by 300-400 meters, said naviga-
tion team member Joseph R. Guinn.
Optical technigues are being examined
for better map registration. he said.

There are signs that the rover could
last much longer than expected. It was
designed to survive 90 Sols, eventually
to die of cold as Martian winter arrives.
but updated thermal models are offer-
ing hope that it could remain active
through the coldest day of winter, then
regain strength as spring and summer
return. This is offset by dust buildup re-
ducing solar array output,
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‘Tover was using

“The mission lifetime is muchlonger said. The ability to have frequent com- km. was warmer and less dense than pre-

than predicted.” Trosper said. Based on
power and temperature limits, she said
lifetime now appears three times longer,
or about 270 Sels, which is the number
of cycles in the gualification tests. And
the bottom of winter arrives sooner than
that. in about 240 Sels. It is now in the
latter half of southern summer.

. Last week the solar arrays were gen-
erating about 900
watt-hr. of energy
per day and the

700-750 watt-hr.,
providing good
margin, said Ar-
thur Amador, the
Sol 9 mission man-
ager. If the rover
doesn’t die from
low power by 270
Sols, it’s not clear
what might cause
failure. “That de-
sign spadework
has not been done
yet,” Theisinger
said.

A long life is by
NO means proven.
The thermal mod-
el was updated
with the rover on
the lander, but en-
gineers are not sure whether the changes
stem from the hardware, or from the site
temperature being warmer—there are
no direct measurements of ground or air
temperature. Sitting over terrain should
make it 9F cooler, but that is not certain.
Scientists believe the current location is
one of the cooler spots in the roving area.

At the moment, the minimum daily
air temperature near the ground, based
on a physics model and not direct ob-
servation, is —=75C at 6 a.m. Mars local
time (MLT). At Sol 100 of the mission
this is predicted to drop to —86C. The
daily maximums are around 2 p.m. MLT
and are estimated at—10C and -30C for
Sol 1 and 100, respectively.

If electronics do get too cold during
winter and the rover expires. it could re-
vive when the seasons get warmer. “We
sure will listen for it,” Trosper said.

The MER team is working arduous
shifts that get 40 min. later every day to
remain in sync with Mars sunlight. To
reduce exhaustion, after MER-B lands
on Jan. 24 and proves its health, espe-
cially regarding communications, a team
will start devising how to get most peo-
ple back to normal days by the end of
the primary mission on Sol 90, Trosper

(5334w

munications is key to getting new in-
structions to the rovers as soon as pos-
sible. vet work normal hours.

So far, the Spirit experience has been
excellent—it has been typically con-
ducting three UHF sessions per day as
well as three direct-to-Earth high-gain
antenna sessions. The three UHF ses-
sions involve one with MGS in the Mar-

The plan is to drive 260 meters from the lan-
der to a nearby crater, then head for hills 3
km. away. Overall site is in Gusev Crater.

tian morning and two with Mars
Odyssey. An afternoon MGS session is
available but usually skipped to avoid

‘overheating the UHF transmitter.

THESE SESSIONS return 200-250
megabits per day of engineering and sci-
ence data. This unexpectedly large
amount is on the verge of overwhelming
both the science and engineering teams—
science from the volume of data, and en-
gineering from the frequency at which it
arrives. “It’s hard to keep up with,” Tros-
per said. Mars Pathfinder in 1997 had no
UHF communications and only 1-2 di-
rect-to-Earth sessions per day. she said.

The high-gain direct-to-Earth anten-
na is continuing to move without any re-
currence of the high current spikes seen
in the elevation motor the first time it
was used on Sol 2. The stow position has
been modified so if a motor froze it
would be usable as the Earth drifted
across for 0.5-1 hr. per day.

Reconstruction of Spirit’s entry, de-
scent and landing (EDL) is largely com-
plete. The upper atmosphere above 20

dicted, but this was partly compensated
by a denser lower atmosphere. There was
less braking in the upper atmosphere.
then either a gust or a pocket of dense
air created more dynamic pressure, which
delayed deployment of the parachute to
24,500 ft. at 920 mph., versus a nominal
altitude of about 30,000 ft., said Robert
Manning, the EDL development man-
- ager.

: E The parachute
4w = descent rate was
slower than ex-
pected at 152
mph., perhaps due
to updrafts or a
high-density air
pocket, he said. At
342 ft. above the
ground, braking
rockets on the
backshell fired, re-
ducing downward
velocity to 8 fps.
when the lander
was cut free of its
bridle 28 ft. above
ground. The de-
sired is 0 fps. Man-
ning noted the bri-
dle-cut altitude
was only 1.5 airbag
diameters; the
nominal is 40 ft.

The lower altitude and 8 fps. sink was
likely due to a low-altitude gust and the
lander swinging the backshell attitude
to off-vertical. Uncorrected, this would
have added 10 meters/sec. to the touch-
down drift when the braking rockets
fired, but an attitude adjustment rock-
et fired to correct backshell angle, re-
sulting in actual touchdown drift of
10 meters/sec.

Manning thinks when the rockets fired
there still was residual lateral velocity
from entry—the parachute didn’t have
enough time to stabilize to vertical flight
owing to the thin atmosphere. Also, he
was surprised at the wind dynamics.

The touchdown was 7-9 km. down-
range of the target point, which can be
largely ascribed to the weaker upper at-
mosphere deceleration and the several-
second late parachute opening. The
airbags bounced 28 times over about 1
min. with little rolling. The lander is lo-
cated 250-300 meters from first impact.

Engineers might deploy Opportuni-
ty’s parachute a little earlier depending
upon atmospheric temperature obser-
vations by MGS. A previous idea to
change entry angle fo cater for a warmer
atmosphere has become unnecessary. ®
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SPACE.COM : 21 JANUARI 2004,

_PA_SADENA - A communique released late afiernoon Wednesday from the Jet Propuision Laboratory (JPL) has
indicated an unresolved issue with the status of the Spirit Mars rover. According to a JPL statement. ground
controllers were able 1o send commands to the Mars Exploration Rover Spirit carly Wednesday and received a
simple signal acknowledging that the rover heard them. However, ground controliers here did not receive expected
scwnnﬁcl and engineering data from Spirit during scheduled communication passes during the rest of that martian
day. Project managers have not yet determined the cause. but similar events occurred several times during the Mars
Pathfinder mission, stated a JPL press release. The team is examining a number of different scenarios. some of
which would be resolved when the rover wakes up after powering down at the end of the martian da\ (around
midday Pacific ime Wednesday). The next chance to hear from the vehicle is when the rover may éuempi to
oommuu?calf: with NASA’s Mars Global Surveyor orbiter at about 8:30 p.m. Pacific time tonighlf A second
communication opportunity may occur about two hours later during a relay pass via the Mars Odyssev orbiter,
another NASA spacecraft now circling Mars. If necessary. the flight team will take additional recovery sféps early
Thursday nmnﬁng - the morning of the 19th day on Mars that Spirit has been operating. — when the rover wakes ui)
and can communicate directly with Earth through its high gain antenna. Earlier today. Spirit ground controllers had
reported that an uplink of commands from JPL’s Deep Space Network station in Canberra. Australia had been
thwarted duc to heavy thunderstorms at that antenna site. That communication session included commands to Spirit
to begin using for the first time its Rock Abrasion Tool, a grinder to begin work on a select rock within reach of the

robot in Gusev Crater. | %33 \_\ 2}

. having trouble
transmissions, the Mars rover
sent data Friday morning to

flight team in a Commiun cations

session lasting 20 minutes, sald

agency’'s Jet Propulsion Laboratc‘:*'.v! %)3 3\"\8

'The spacecraft sent limited data in a
proper response to a ground command,
and we're plannin? for commanding
fFurther communicatlion sesslons later
today, ' said Mars Exploration Rover
Pro ject Manager Pete Thelsinger,

CNN : 23 JANUARI 2004.

NASA FIGHTS TO REVIVE SPIRIT ON MARS. % 33 S > }
Attempting to diagnose a nearly mute and temporarily delirious spacecraft more than 100 millio miic:s- away, NASA mission

controllers said Friday that they suspect a hardware problem on the six-wheeled Mars rover may have caused a severe
malfunction. The craft, Spirit, has sent back litile more than beeps and sporadic data bursts since Wednesday, forcing NASA
engineers to scramble for answers at an inopportune time: an identical robot ship is poised to land on the other side of Mars on
Saturday night or Sunday moming. Cautioning that they will need more time to understand what went wrong, project engineers
said they have determined that Spirit has rebooted or tried to reboot itself more than 60 times a day since the failure. The
preliminary health checkup includes both bad news and good news for the $400 million mission, designed to search for evidence
of water on the red planet in the ancient past. First the bad. "We will not be restoring functionality fo Spirit for some time, for
days or weeks, even m the best of circumstances," Pete Thiesinger, Mars rover project manager, lold reporters at NASA's Jet
Propulsion Laboratory in Pasadena, California. Now the good. NASA engineers think they can maintain the spacecraft's current
health for some time. communicating simple commands and receiving simple replies. but nothing comparable to the flood of
geological and photographic data from the first 18 davs of the mission in Gusev Crater, a roughly 100-mile-wide pockmark
thought to have once been filled with water. "I expect we will get functionality back from this rover,” Thiesinger added. The
chances that it will be perfect again are not good. But the chances that will not regain functionality are low, too, he said The
culprit remains a mystery, but engineers have pinpomted the time when the glitch began. Spirit was using an onboard motor to
move its thermal spectrometer for a test when the motor unexpectedly conked out. After that, its messages to Earth became
sporadic, feeble and in some cases garbled. More detective work determined that its processor repeatedly wakes up, attempts o
load software data. finds a problem and then presses its own reset button. JPL engineers have coaxed Spirit back into regular and
coherent contact with Earth, albeit in very simple conversations. They think one possible cause is that a hardware system has
broken and affected the software somehow. "We're a long, long way from being done here, but we have serious problems and our
ability to work around them is unknown," Thiesinger said. If performing long-distance therapy on Spirit were not enough. NASA
must guide an identical twin rover to a landing in Meridiani Planum, a high-elevation plain loaded with a mineral that often forms
in the presence of water. The Martian atmosphere is much thinner there than it is where Spint landed. and a recent dust storm in
the region thinned it even further. The conditions mean that Opportunity's parachute will have a harder time slowing the craft as it
prepares to land. To compensate, the craft will deploy its parachute much sooner before touchdown, which is scheduled for 12:05
am. ET. "This will be challenging because it's the highest-altitude landing that NASA has ever attempted." said Wayne Lee, the
engineer in charee of Opportunity's entrv. descent and landing. ,?\ 3 \ 5 C}



FLORIDATODAY : 23 JANUARI 2004
MARS MYSTERIES RIDE ON ROVERS.
SPIRIT’S TROUBLE PUT PRESSURE ON OPPORTUNITY FOR WATER CLUES.

PASADENA - NASA's next rover is due to lond on Mars early Sunday, but its twin remains in writical condifion on the planet's surfacs, aising The stakes for the upcoming
touchdewn. Cocooned in protective airbags, the Mars Oppartunily spaceaafi is scheduled fo bounce onto a flat basin near the planet's equator at 12:05 a.m. EST
Senday, copping a six-month journey from Cape Canaveral. Bt fieldwork being done by the Spirit rover, which londed on the opposite side of Mars on Jon. 3, has been
Wmﬂaﬁnwyﬂﬂemmmsmmmlmmmmmm %‘wwthqmuwbmmﬂmpmmmmunnn
core,” NASA project manager Peter Theisinger said Friday. "We do have serious problems, and our ability to eventually work oround them is essentiolly unknown.™
rhsixnbeedepurﬁmmmmhgmmMﬂuwmmummummmmmm:mmusﬁ
Gusey Crater, a rock-sirewn region the size of Connedticut. Sensing some sart of enbeard problem, the rover's computer stopped exewting commands. Then it began =
trying o reboot itself over and aver again — about 60 times over the course of twa days. Theisinger likened the rover's behavior to trying to restart o deskiop
computer on Earth. "For you at home, this is just like pushing the reset butten. This is in fart very dose to pulling @ wall socket out," he said. But the rover's attempts
to fix ifself so far hove been unsuccessful, leading engineers to befieve that the aaft might be experiendng both hardware and software problems. The whole ordeal is.
perplexing engineers. The rover early Friday respended to commands from Earih for the first fime in two days, but sent bock only o limited omount of engineering —
doto. That, however, was wmnsidered progress since Spirit was heaming back snly extransous radio noise and simple beeps that told ground controllers it still was
alive. Despile its semi-comatose stute, the rover's power and thermal cantrel systesss — which are udal to surviving the hestile Martion environment - appenr to be
working properfy. Sohmndm&ucﬁnnuﬁudwﬂﬂhmﬁn.ﬂmﬁmlosoﬂmthamm Siill, the rover's condition likely will
remain the same “for many days, perhaps & couple of weeks, even under the bess crsmsiances,” Theisinger soid. That means Spirit isn't likely o be beaming bock -
scientific date, of photes of Mers, mmﬂhuﬂwmmm'ﬁammumhnﬁd“lﬂm are not good. The
chances that it will not work ai all, | think, ore slse lew. | think we're somewbere ® that broad middle,” Theisinger soid. "We're slogging fhrough this one day of o
time, ond we'll see where we end up,” he ndded. "We cerfainly have nst shet e fsst arrow in our quiver by quite o siretch of the imagination.” Spirit and its twin
represent a combined investment of $820 millien. The former londed i Gesew Crster, an expanse not unlike dry lokebeds in Californis's Majove Desert. NASA's
Opportunity rover is headed for Meridiani Plonum, o seemingly less inirigsing 2éain sa the other side of the plunet. One of the flattest and smoothest regions on Mors,
mm&m&NMGﬁMMﬂIMMhIﬁh&;msnﬂﬁhmhmi
muWMmﬁmMWﬂ foems on Earth neor of within bodies of water. “And life 05 we know it requires liguid o
woter," said NASA projed scientist Joy Crisp. "So we want 1o go ta fend) study the rocks fo determine whether liquid water wes arsund in the past whes
these rocks formed, and whether that past enviroament wes favorabls for Se." NASA's Mars Global Surveyor, an orhiter circing 260 miles sbeve the plonet, st
fetedted the presence of hematite ot Meridiani - and thus the poteatial for of water on Mors — pﬂmpmqu.'hmt*m said
Ray Arvidson, o deputy prindpal investigator from Washinglen University i St Louis, Mo. "It kind of colled o us o go fo it.” Dufa sent back from the NASA arbites —
shows what oppears 1o be o patch of hematite the size of Oklshoms The Ope rover is largeled ot an ellipse within that patch, which is obest 45 miles loag.
Scientists think the presence of hematite indicates that the site sacs mighe byve beea the bottom of on andent oean. Or the hematite coulé have evelved in o vos! pils
of volcanic rubble, in which case, Meridioni might yield evidence of bat sarings — sither past or present — beneath the plonet’s surfsce. "4 this peint we don't know,”
Arvidson soid. What is certain is this: The Meridiani site is expecied % be siikingly niike these visited by NASA's Viking, Pothfinder ond Spiri landers — oimost alien
in comparison. "We're all over the table on what this is geing e ke *ﬂhWﬂﬂhu‘ due 10 the widespread presence of iren oxide in
Martion terrain -- wﬁMﬂhmhmﬁﬂ“uh 13 beam back photos of windswep! deaes and perhaps oven o fine
surfuce layer that sporkles fike earthly hematite, ﬂkﬂw “Expeci the snerpecisd.” The sageing iroubles with NASA's Spirit -
rover, meanwhile, ratchef up the import of the Cppertusity ﬂ“h“mn-h*lhnnummﬁuk

unfnmnfhrsfwﬂnemﬂmmmﬁhd‘n,- same_ “Troly every mission is gritical te us Becouse we've invested o lot,”
said Crisp. "So that pressure con't realiy ge up much morz thes ¥ shesdy "
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Robot Spirit heeft pech
onderweg op Mars

WASHINGTON - De Ameri-
kaanse robot Spirit op Mars heeft
pech gekregen. De robot heeft als
gevolg van het euvel al 24 uur
geen bruikbare signalen meer
naar de aarde gestuurd, zo heeft
het Amerikaanse lucht- en ruimte-
vaartagenischap NASA donder-
dag in Washington laten weten.
Wat er kapot ging, is mede door -
het uitvallen van het contact nog

niet duidelijk.
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SPACE.COM : 23 JANUARI 2004. - i
SPIRIT ROVER REMAINS IN CRITICAL CONDITION.

PASADENA - Engineers here at the |et Propulsion Laboratory (JPL) face a confusing high-tecri
together fragments of data as to what has crippled the Spirit Mars Exploration Rover. Woﬁaﬁgdmastatemntmls
moring they had received a signal at the agency’s Deep Space Network antenna complex near Madrid, Spain at 7:34 am. ET.
Spirit communicated for |0 minutes initially and then later for 20 minutes more, for a total of a half-hour of data transmission.
The transmissions arrived during 90-minute window of opportunity as the rover entered the martian morning. That's the good
news. It means the robotic field geologist is keeping itself healthy enough to transmit information. But in a fit of robotic outrage,
Spirit is rebooting itself over and over again, dozens and dozens of times in a futile attempt to restore itself to normalcy. One
thing is obvious. The rover has seen better days, and may not be on active science duty for an extended pericd of time. "We do
have a serious problem” in our ability to eventually work around issues, said Peter Theisinger, |PL Project manager for the Mars
Exploration Rover program. "The chances that it'll be perfect again are not good," he said at an early morning press briefing here
at |PL. Spirit's flight software is not behaving normally, Theisinger explained. The rover has been rebooting itself since
Wednesday. Its onboard processor wakes up, loads flight software, then uncovers a condition that, in turn, causes the rover's
brain to reset itself after a period of time. It then repeats that cycle. "Whatever causes the reset is not always perceived to be the
same,” Theisinger added, making the root cause of the problem all the more elusive. There are indications that Spirit is restless,
Theisinger reported, not going to sleep at night. Theisinger said engineering and software teams do not know what started the
chain of events that have upset Spirit operations. "l think, personally, that it's a sequence of events and we don't know, therefore,
the consequences. | think it's difficult at this very preliminary stage to assume that we did not have some type of hardware event
that caused this to start." To what extent operators can beam up a software patch to ignore that hardware issue - if that tums
out to be the trouble spot -- is not know. "We've got a long way to go here with the patient," Theisinger said. Theisinger told
SPACE.com that the problem now being wrestied with appears to be relegated solely to Spirit and not be a problem lurking
within the look-alike Opportunity rover set to land Saturday night, around 9:05 p.m. Pacific Standard Time. One technical tidbit
surfaced today about what was taking place onboard Spirit before it began to throw its temper tantrum. Engineers were testing a
motor in Spirit's Mini-Thermal Emission Spectrometer (Mini-TES). The motor drives the elevation mirror within the Panoramic
Mast Assembly — a long tube-shaped structure at the front of the rover. Experiments were being done on Mars to compare
temperature ranges and electrical currents needed to drive the mirror motor with those measured pre-launch in a vacuum
chamber here at JPL. These tests were in process when Spirit seems to have started to experience problems. A special anomaly
team at |PL has been formed, tasked to troubleshoot a myriad of possible scenarios that led to Spirit's bewildering condition. "|
expect for this to go on in this mode for several days, talking to the spacecraft, gathering more data, winnowing out theories, and
testing those theories,” Theisinger explained. "l think we should expect that we will not be restoring functionality to Spirit for a
significant period of time," he added, lasting "many days, perhaps a couple of weeks, even in the best of circumstances." "We're
slogging through this one day at a time," Theisinger concluded. 2 2 \ l) )




Spirit Itches To Move

Rover landing goes well—but rolloff is delayed by bulky airbags—
and its lessons are being applied to following ‘Opportunity’

MICHAEL A. DORNHEIM/PASADENA, CALIF.

ars Exploration Rover
“Spirit” has had a re-
markably good week.
but engineers at the Jet
Propulsion Laboratory
here are already using
Spirit data to improve
the chances of the other rover, “Op-
portunity,” slated to land on the oppo-
site side of the planet on Jan. 24. These
activities are part of a formal entry, de-
scent and landing reconstruction team
that started work immediately after Spir-
it’s Jan. 3 landing.

Program officials were going to de-
cide late last week whether to add an
unplanned trajectory correction ma-
neuver (TCM) on Jan. 10 to alter Op-
portunity’s approach path. This and oth-
er tactics based on Spirit data and
analysis are being considered because
of a December Martian dust storm that
has changed the atmosphere from the
predicted assumptions. One day before
Spirit’s landing, commands were sent 1o
deploy its parachute 4 sec. earlier be-
cause of the same dust storm.

Spirit, also called MER-A, appears in
overall excellent health and should drive
off the lander platform this week. Sci-
ence instruments indicate they are in
good shape. The electronics are running
warmer than expected, which can result
in longer idle “siesta” periods in the mid-
dle of the day to prevent overheating,
but the problem does not appear seri-
ous. [t might even extend rover life,
which is limited by cold temperatures as
the Mars season turns to fall.

The main hangup late last week was
getting the landing airbags away from
the rover path off the lander. The de-
sired path is to drive off forward, but the
airbag on the left side might snag the so-
lar array wing. The airbags are auto-
matically partially retracted by tendon
cables after they are deflated, and can
be further retracted by command.

But several retraction attempts last
week produced only marginal results,
and engineers were wondering if some
tendons might have broken. They are
also looking at turning the rover on the

pad 1o exit in a different direction, such
as 120 deg. to the right. but prefer the
forward direction. Turning on the pad
could cause its own snags. Another re-
traction attempt combined with lifting
the lander petal 20 deg. was to be made
Jan. 9. Engineers are simulating the
problem at JPL with a full-size airbag
and lander. The reconstruction team is
studying whether it should change the
automatic retraction scheme for Op-
portunity (MER-B).

Officials plan to start the process of
jacking up the rover onto its own legs
on Jan_ 11, and think it might roll off on

Jan. 14, which is three days later than
the ideal schedule. The biggest nearby
rocks are about 20 cm. (8 in.), which the
rover can drive over. “We’ll be able to
drive a lot faster than anticipated,” said
Jennifer Trosper, the surface develop-
ment manager.

A last-minute discovery of a potential
flaw in the entry, descent and landing
(EDL) software resulted in changes be-
ing transmitted to Spirit about 5 hr. be-
fore landing. There was not enough time
to test the software thoroughly before it
was uploaded in mid-December, and test-
ing will continue through the Opportu-

Novel top view of lander was created from a navigation camera panorama. The central mast
supporting Nawcam was removed from the picture, and the pole at lower left is the direct-
to-£ar low-gain X-band antenna. Checkerboard areas are flexible egress ramps, with three
trianguiar lander petals between them. Rover nose is aimed at 1 o’clock, but a drive in that
&uﬁcﬁaghhﬂsﬁwﬁ;uﬂewﬁﬁeaﬂuﬂo&uﬁuﬁmﬂummp. Rover
might aiso turn on the lander and exit in the 5 o’dock direction.
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nity landipg. One JPL manager-said it
needed about five months more scrutiny
when it was uploaded, mainly to check
robustness of off-nominal paths. The
MER program was reasonably well-fund-
ed, but the time available for develop-
ment was less than half the historical
norm for success, according to one study
(AW&ST May 26, 2003, p. 56).

Ongoing tests revealed on Dec. 29 a
hardware design flaw where computer
resets and other
events could inter-
fere with pyro en-
abling. The last-
minute change
enabled pyrotech-
nic devices imme-
diately, exposing
the craft to an ex-
tra 40 min. of pos-
sible inadvertent
firing. Several all-
night sessions of
testing and analy-
sis took place be-
fore deciding to
make the change.

The end of the
approach to Mars
started with TCM-
A4 on Dec. 26. A
minuscule firing
changed velocity
by 1 in./sec. and
that was the last
TCM. Two subsequent ones were sched-
uled but not needed.

The lander’s location appears to be
about 7-9 km. (4.4-5.6 mi.) downrange
from the target point in Gusev Crater.
This may have been caused by a gust
or high density pocket that delayed
parachute deployment, said Robert
Manning, the EDL development man-
ager. The 90% probability error ellipse
was about 60 X 3 km. so navigation
proved to be superb. The MER mission
is one of the first to use the “delta dif-
ferential one-way ranging” technique,
which gives precise lateral position in
the sky. Traditional methods mainly
measure range from Earth.

Around 7 p.m. PST on Jan. 3 the spin-
ning spacecraft turned 20 deg. to point
its heat shield at Mars, At 7:48 p.m. the
craft vented Freon from its cruise heat
rejection system that cools the rover
electronics nestled deep inside the en-
try capsule. Times given are when sig-
nals were received on the Earth; the ac-
tual event occurred 9.5 min. earlier. The
venting caused a wobble a little differ-
ent than expected that was eliminated
by thrusters over about 20 min. At this

www.AviationNow.com/awst

b2 9o

point, telemetry showed the airbag gas
generator temperature was rising more
than expected from its heater and could
reach its limit of about 32F, but the real
limit turned out to be 68F and this
proved not to be a problem.

Telemetry was now transmitting easy-

Closeup of landing site rocks demonstrates
high-resolution capability of Cornell/JPL
Panoramic Camera.

to-receive X-band tones indicating t
progress of EDL events. At 8:14 p.m.
the entry capsule jettisoned the disc-like
cruise stage and the signal was lost for
2 sec. as expected but quickly reacquired
with a healthy tone.

At 8:29 p.m, the atmospheric entry
phase started with the spacecraft at 73
mi. altitude and 12,192 mph. Two min-

utes later the tone changed, indicating

that deceleration was being measured.
Within a minute the tones changed sev-
eral times, indicating increasing decel-
eration, and a peak of about 6.2g was
reached. The heat shield reached about
1,600C (2.912F). At 8:33 p.m. a new tone
confirmed that the parachute had de-
ployed, but a few seconds later than ex-
pected. The nominal deployment alti-
tude is 25,000 ft.

The heat shield was dropped at 8:34
p.m., according to the tone. After that,
the lander descended on a 65-ft. bridle
from the backshell and began a second
transmission at UHF frequency with 8
kilobits/sec. telemetry to the Mars Glob-
al Surveyor (MGS) satellite passing
overhead.

The radar altimeter started searching
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for the ground, the airbags inflated, the
Descent Image Motion Estimation Sub-
system (Dimes) started taking pictures
to calculate wind drift, and at the ap-
propriate time three braking rockets on
the backshell fired while parachute-de-
scending at 240 fps., to slow the descent
to zero at 40 ft. above the ground. There
the bridle was chopped and the airbag-
covered lander bounced for about a
minute across the Martian terrain.

At the same
time the braking
rockets were fired,
one of three small-
er solid rockets
fired to adjust the
backshell attitude.
That  vectored
braking thrust to
reduce lateral
velocity caused
by winds and by
swinging on the
bridle. This is the
Transverse Im-
pulse Rocket Sub-
system (TIRS).
The lander was
swinging about +/-
15 deg. under the
backshell. Had
TIRS not operat-
ed, the touchdown
drift would have
been about 22 me-

l m
e—ters/sec. (50 mph.), but TIRS reduced

this to 10 meters/sec., Manning said.

Touchdown was at 8:35 p.m. There
were signs of bouncing on the surface in
the X-band signal and the control room
erupted in cheers. But the signal became
intermittent and disappeared at 8:36 p.m.
Minutes passed as receivers searched for
the tone. “It was nerve-wracking,” Man-
ning said.

At 8:44 p.m. Michael Malin of MGS
reported that the satellite had received
more than 240 kilobytes of UHF data—
so much data that most of it must have
come from the surface. But from the
anxious looks on controllers’ faces it ap-
peared no one heard him. Malin made
more increasingly positive reports over
the next several minutes that also
seemed to fall on deaf ears. As testimony
to the strength of the UHF signal, the
150-ft. dish at Stanford University re-
ported at 8:50 p.m. that it received the
signal for up to 12 min.—well after land-
ing. Still no reaction.

Finally, at 8:51 p.m. the Deep Space
Network (DSN) reported a very strong
X-band signal and the control room
erupted in jubilation once again. “I had
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put on my magnifying glasses to look for

the signal among the noise at the bot-
tom of the display, and didn’t notice that
the signal had returned so strongly that
it was at the top of the screen,” Man-
ning said. The signal came back on
strongly when it switched to the bottom
lander petal antenna, which apparently
was pointed at the setting Earth. And at
8:54 p.m. DSN detected a tone saying
the airbags were still inflated and the
base petal was down—the ideal attitude.
Airbag retraction started at 8:56 p.m.
and ran to about 9:30 p.m. After that,
the lander petals opened and the rover
solar arrays unfolded. Around 11:11
p.m. controllers received confirmation
that critical deployments—through the
solar arrays—had been completed. Spir-
it reported it had no faults. “I've never
seen that before,” Trosper said.
Things were going very well. At 11:30
p.m. the Mars Odyssey satellite started
sending 24 megabits of data it had re-
ceived from Spirit’s UHF transmitter—
50% more than expected. This includ-
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ed the first pictures as well as engi-
neering data. The UHF link was also
used in the other direction, to send com-
mands to Spirit via Odyssey on the first
day. The camera mast had deployed,
Pancam pictures were taken, and the
lander was only tilted two deg. Solar ar-
ray output was 83% of predicted, due to
dust obscuring the atmosphere.

Subsequent communications sessions
have gone well, and by increasing the
UHF data rate from 32 kbps. to 128
kbps. they can now pass more than 50
megabits per session. This provided data
sooner than expected. “On the third day
I'm getting data I didn’t expect to see
for three weeks,” Manning said.

But the most critical electronics tem-
perature is in the UHF transmitter and
that has cut into its usage. When the
rover rolls off the lander it should run
9F cooler, and a longer-term solution is
being devised, Trosper said.

“We had a big scare coming in on ap-
proach,” Manning said. “It was sneaky,
a dust storm away from Gusev.”

A Spirited Dialogue

As Bush administration debates which direction to send the space
program, rover managers debate which direction to send Spirit

CRAIG COVAULT/PASADENA, CALIF.

he electrifying success of the Spir-

it Mars rover landing and Stardust

comet intercept will form a pow-

erful backdrop to the White
House new space goal initiative.

While Stardust is beginning a two-year

trip back to Earth carrying 4-billion-year-

old comet material, on Mars, Spirit’s
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cameras are returning superb imagery
from the surface of that planet.

The rover’s six-instrument Athena sci-
ence package has been fully checked and
robotic systems are getting a final shake-
down before Spirit “completes its land-
ing on Mars” and rolls off its descent
system. That move, now set for late this

The team didn’t think much of it, but
infrared measurements from Mars
Global Surveyor showed upper atmos-
pheric temperatures were high along the
entry path because the distant dust
storm was having a global effect. That
meant less density, and calculations
showed that the critical time from para-
chute deployment to firing of the land-
ing retrorockets had dropped about
20%, from 110 sec. to 90 sec. Important
events must be completed in this peri-
od, such as calculation of drift from de-
scent imagery, and engineers like to have
100 sec. “It looked tight in the worst-
case conditions,” Manning said.

Margin was gained by deploying the
parachute 3-4 sec. earlier at a higher air-
speed, based on sensing deceleration.
The dynamic pressure for deployment
was increased from 700 to 725 Pascals,
or, in airplane terms, from 65.7 kt. equiv-
alent airspeed to 66.9 KEAS. Data show
this switch was useful—in fact the chute
opened later anyway, making the change
that much more important. ®

week, depends upon which direction it
rolls off, pending resolution of an airbag
interference issue on the forward, pre-
ferred ramp. There are, however, sev-
eral off-ramp options.

In the meantime, the rover’s mast-
mounted Cornell University/Jet Propul-
sion Laboratory Panoramic Camera sys-

High-resolution Pancam imaged “Sleepy
Hollow” crater feature behind rover, to the
left. Note Spirit airbag bounce marks in
sand. The flat horizon appears tilted only
because rover was at an angle.




tem and Mini-TES thermal emission in-
frared spectrometer have been inten-
sively characterizing the landing site for
science and drive-route planning.

The location in the 93-mi.-wide Gu-
sev Crater has been named “Columbia
Memorial Station” in honor of the shut-
tle crew lost Feb. 1, 2003.

The rich scientific potential of the site
has aroused vigorous debate among the
rover science team about the type of
landform they are actually on.

SPIRIT IS WITHIN 6 ML. of its original
target. And, fortuitously, was blown by
40-mph. crosswinds during parachute
descent into an even more favorable
dust-free area devoid of large rock rov-
ing hazards, said Steve
Squyres, overall rover science
principal investigator (PI)
from Cornell. Squyres said
the site looks dramatically
different from either the
Viking 1, 2 or Pathfinder
landing sites.

Although imagery from or-
bit showed this should be a
lakebed with geologic evi-
dence of potential life-giving
water, “We are debating in-
tensely what type of landform
we are actually on,” said Ray
Arvidson, the project’s deputy
PI from St. Louis-based
Washington University.

“It’s all being debated,” he
said. “We have an excellent
science team but, ‘it’s like
herding cats’; they are all
trained to be totally inde-
pendent and vocal.”

The rover landed pointing south, by
luck, toward large tantalizing hills only
a mile or so away, where the geology
might indicate water-erosion features.

But Pancam imagery looking north
180 deg. shows what seems to be a small
nearby impact crater that could have ex-
cavated potential sedimentary rock—
another indication of past water.

The spot has been dubbed “Sleepy
Hollow” because the area appears hol-
lowed out and the 125-member science
team is going without sleep.

Intensive mineral and composition
science operations near the lander plat-
form will be the first order of business
after roll-off. But then some members
of the team want the rover to “head for
the hills” straight ahead, while others
want it to back off the lander or make a
U-turn and return to Sleepy Hollow.

The Spirit rover and the Bush ad-
ministration both face the same major
question—“which direction d(Lwe 20?”

www.AviationNow, omf%si :‘_‘?, g

With about 15 billic i internet hits on
Mars rover web sites sirice the Jan. 3 land-
ing, the public has clearly begun rooting
for Mars and its potential to jump-start
interest in math and science.

That has not been lost on Bush who
last week phoned the Mars Exploration
Rover (MER) science and control teams
here telling them the Rover operations
on Mars mark an “inspirational mo-
ment, especially for the next generation
of explorers—the young students in
schools today.”

Goals that could reinvigorate the U.S.
space infrastructure are important to
watch for in the new Bush strategy. And
again ironically, a totally new infra-

The low-resolution hazard camera, Tear-
wheels, imaged a scene framed by rover
solar array on top, and lander platform and
wiring at bottom.

structure is already taking shape—but
on Mars—where the Mars Surveyor and
Odyssey orbiters are relaying data be-
tween Earth and Spirit. “We have now
accomplished a communications satel-
lite system on another planet,” said Ed
Weiler, NASA associate administrator
for space science.

At the same time U.S. operations are
underway, potent new science instru-
ments are being activated above the
planet on board Mars Express, Europe’s
first Mars orbiter (see p. 28).

Hope for locating the British Beagle
lander that was carried on Mars Express
continues to fade with each gigabyte of
new information from the four spacecraft
that are working at Mars. But the new
U.S: Mars program faces its own second
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trial-by-fire Jan. 24 when Spirit’s twin
rover, Opportunity, will arrive on the op-
posite side of the planet from Spirit.

The missions are not about rocks, they
are about the potential for life on an-
other planet, Weiler said.

The objective for both rovers is the
same: to trace the persistence of water
billions of years ago at each area in or-
der to evaluate Martian habitability for
ancient life forms. But the reasons for us-
ing two sites are totally different.

The choice of the second rover’s
Meridiani site is based on chemistry.
Mars Global Surveyor data shows the
strong presence of gray hematite, a min-
eral on Earth closely associated with wa-
ter processes.

Spirit’s Gusev Crater land-
ing site is based on the shape
of geologic landforms. Specif-
ically, imagery from orbit that
indicates a large river flowed
into and filled the crater with
water, possibly 3,000-ft. deep,
and perhaps more than once.

But what looked like a
lakebed in the initial low-res-
olution navigation camera
images, is shown to be other-
wise in the 64-times-higher-
resolution Pancam imagery.

“A lakebed is typically flat
with fine-grained sediments.
But that is not what we are
seeing here,” Arvidson said.

“We are looking at a sur-
face that is rock-strewn, a sur-
face that has a number of sec-

face [such as| in the dry lakebeds between
Los Angeles to Las Vegas,” he said.

“If there are lakebed sediments, they
have been chewed up and the rocks
brought in either from the bottom, or
laterally, from some set of different
processes. One hypothesis is that a large
volcano to the north filled the crater with
ash after or during its water epic. An-
other is that liquid or icy carbon diox-
ide could have played a sculpting role.

“OUR JOB WILL BE to use the rover’s
integrated science payload to find the
evidence, among everything else, that
there have been lake environments here
in the past,” he said. “I suspect we will
find it [confirmation of water’s role], but
it will take a while.”

“And I personally think the rover’s mi-
croscopic imager will be critically im-
portant because it might be the very fine-
grained textures, combined with the
mineralogy and chemistry that say some-
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ondary craters and excavated
rocks. LR 3
“It is not a primary depositational sur-
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material,” Arvidson said.

Before the rover moves an inch, ba-
sic science characterization of the sur-
rounding terrain for a mile or two in
every direction remains a priority. The

Spirit landing site (arrow) in this Mars Global
Surveyor image shows small craters amid
streaks on the surface caused by dust devils.

downlink of high-resolution stereo Pan-
cam and Mini-TES infrared imagery 360
deg. around the rover was to be com-
pleted early this week.

When the first images of the large hills
arrived there was a wave of “whoaaaa™
across the team members in the JPL
Mission Support Area where the flight
is being controlled. “That is the fun of
exploration and discovery,” said James
Bell, lead Cornell manager for Pancam
development and operations.

The Pancam 360-deg. panorama
carries a huge amount of data, espe-
cially useful for zooming in on indi-
vidual features. The Pancam has 20/20
vision. Its images could be—and will
be—blown up to IMAX size without
losing detail.

The images were being taken and

S b 2 232
thing aBout the variou‘sqori;ams of the

each covering 45 deg. of the scene
around Spirit. Each frame contains 1
million pixels. The full panorama con-
tains 75 frames with about 50 megabytes
of data. A single UHF downlink pass
through Odyssey can move nearly 50
megabits of data, basically an octant, so
downlink of the imagery was going well.
The Mini-TES infrared system involves
equal amounts of data.

The infrared mineralogy data was be-
ing overlaid on top of Pancam data last

b= -
ing used to visualize Eé’ril ':-rj})u d the
lander from different aspects.

All of this will go into the initial rov-
ing plots for use after the rover takes
initial data around the landing site to
determine the homogeneity or hetero-
geneity of basic rocks and soils.

The initial deployment tests of the
rover’s 3-ft. Instrument Deployment De-
vice arm, equipped with sensors and a rock
abrasion tool to bore into rocks, was an-
other key milestone set by early this week.

MANY ROCKS AT THE SITE show sand-
blast-type weathering and are absent of
the “rind” on rocks seen at the Viking
and Pathfinder sites. Although yet to be
determined, this could mean less need of
the abrasion tool to reach pristine min-
eralogy, thus saving time on the surface.

With few large rocks posing hazards,
managers were confident Spirit would be
going farther over the next three months
than the original plan to travel perhaps
only 600 meters during the entire mis-
sion, stopping often for science data.

By early spring, if the vehicle’s basic
science mission is complete, managers
will be more inclined to choose a direc-
tion and go as far as they can for as long
as they can. for perhaps more than three
months, to explore whatever is beyond

transmitted by the rover in “octants,”

Still Astray

week. Computer graphics were also be-

the next horizon. @

As hope fades for recovering Beagle 2 lander,
European mission team turns to orbiter

MICHAEL A. TAVERNA/PARIS and DOUGLAS BARRIE/LON%S 2 q

ngineers have not given up hope of establishing a com-
munications link with Europe’s Beagle 2 lander, but
are already shifting most of their attention to the ac-
companying Mars Express orbiter, which was inserted
into Martian orbit last Dec. 19 without a hitch.

Using NASA's Mars Odyssey and radio telescopes on Earth,
mission controllers had tried to pick up a signal from Bea-
gle 2 following touchdown on the Martian surface on Dec. 25
(AW&ST Jan. 5, p. 22). They had placed considerable hope
in a new attempt on Jan. 7 using Mars Express, whose com-
munications system, unlike that on Odyssey, underwent end-
to-end tests with Beagle 2.

But this attempt, performed after a series of orbit-lower-
ing and inclination-trim maneuvers on Jan. 4-6 that brought
the orbiter to within 315 km. of the lander’s planned landing
site in the Isidis Planitia basin, also came up short.

Renewed overflights of the Beagle 2 landing site by Mars
Express were planned for Jan. 8-10 and Jan. 12, the day con-
sidered the most propitious. Further attempts will be made
if needed, said the European Space Agency's science direc-
tor, David Southwood. “[Jan. 7] was the first good opportu-
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nity, but there will be others. It'll be quite a few more weeks
before we cease trying.” However, he acknowledged that “the
odds took a dive” after Jan. 7.

If, as seems increasingly likely, this proves unsuccessful,
then scientists may face having to wait until perhaps early Feb-
ruary to see if Beagle 2 uses its last back-up mode, auto-trans-
mit, to determine if the lander has actually survived atmos-
pheric entry and descent. Were nothing to be heard within
5-10 days, the assumption would be that Beagle has been lost.

While emphasis will now shift to mission science using
orbiter instruments, in parallel, the Mars Express team will
continue to analyze data and attempt to come up with addi-
tional recovery modes to find Beagle 2 if those already pro-
grammed prove inadequate, Southwood said.

In the absence of telemetry that could determine what hap-
pened, it is impossible to say to what extent the lander has
survived reentry and retains a sufficient battery charge. Al-
though Beagle 2 is too small to be seen, mission controllers
hope to locate its airbags or parachutes using the orbiter’s
high-resolution stereo camera, which is scheduled to send
first images this week. o
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thing about the various origins of the
material,” Arvidson said.

Before the rover moves an inch, ba-
sic science characterization of the sur-
rounding terrain for a mile or two in
every direction remains a priority. The

Spirit landing site (arrow) in this Mars Global
Surveyor image shows small craters amid
streaks on the surface caused by dust devils.

downlink of high-resolution stereo Pan-
cam and Mini-TES infrared imagery 360
deg. around the rover was to be com-
pleted early this week.

When the first images of the large hills
arrived there was a wave of “whoaaaa”™
across the team members in the JPL
Mission Support Area where the flight
is being controlled. “That is the fun of
exploration and discovery,” said James
Bell, lead Cornell manager for Pancam
development and operations.

The Pancam 360-deg. panorama
carries a huge amount of data. espe-
cially useful [or zooming in on indi-
vidual features. The Pancam has 20/20
vision. Its images could be—and will
be—blown up to IMAX size without
losing detail.

The images were being taken and
transmitted by the rover in “octants,”

each covering 45 deg. of the scene
around Spirit. Each frame contains |
million pixels. The full panorama con-
tains 75 frames with about 50 megabvtes
of data. A single UHF downlink pass
through Odyssey can move nearly 50
megabits of data, basically an octant, so
downlink of the imagery was going well.
The Mini-TES infrared system involves
equal amounts of data.

The infrared mineralogy data was be-
ing overlaid on top of Pancam data last
week. Computer graphics were also be-
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lander from different aspects.

All of this will go into the initial rov-
ing plots for use after the rover takes
initial data around the landing site to
determine the homogeneity or hetero-
geneity of basic rocks and soils.

The initial deployment tests of the
rover’s 3-ft. Instrument Deployment De-
vice arm, equipped with sensors and a rock
abrasion tool to bore into rocks, was an-
other key milestone set by early this week.

MANY ROCKS AT THE SITE show sand-
blast-type weathering and are absent of
the “rind” on rocks seen at the Viking
and Pathfinder sites. Although yet to be
determined. this could mean less need of
the abrasion tool to reach pristine min-
eralogy, thus saving time on the surface.

With few large rocks posing hazards.
managers were confident Spirit would be
going farther over the next three months
than the onginal plan to travel perhaps
only 600 meters during the entire mis-
sion, stopping often for science data.

By early spring. if the vehicle's basic
science mission is complete, managers
will be more inclined to choose a direc-
tion and go as far as they can for as long
as they can, for perhaps more than three
months, to explore whatever is beyond
the next horizon. L




SPACE.COM : 23 JANUARI 2004,
SPIRIT ROVER SENDING DATA AGAIN, STATUS UNCLEAR.

NASA's Spirit rover communicated with ground controllers early this moming, sending back some data
and giving hope that normal operations might resume. The rover had gone mostly silent Wednesday,
returning only beeps to acknowledge it was alive. For unknown reasons, Spirit could not transmit data.
NASA officials said in a statement this morning they had received a signal at the agency's Deep Space
Network antenna complex near Madrid, Spain at 7:34 a.m. ET. Spirit communicated for 10 minutes
initially and then later for 20 minutes more, for a total of a half-hour of data transmission. The
transmissions arrived during 90-minute window of opportunity after the rover woke in the Martian
morning. Data was transmitted at a rate of either 10 bits per second or 120 -- two separate NASA
statements give differing numbers. Officials did not indicate whether the rate was normal or how
optimistic they are based on the transmissions. "The spacecraft sent limted data in a proper response
to a ground command, and we're planning for commanding further communication sessions later
today,” said Mars Exploration Rover Project Manager Pete Theisinger at NASA's Jet Propulsion
Laboratory, Pasadena, Calif. Engineers worked late into Thursday night trying unsuccessfully to
establish normal communications with Spirit. Efforts to relay signals using NASA’s Mars Global
Surveyor (MGS) at 10:10 p.m. ET resulted in no data being sent back. Spirit did send a radio signal
via MGS, but that transmission did not carry any data. After a signal had been sent to the rover
Thursday moming, Spirit replied with a simple tone but would not send data. Officials yesterday
expressed serious concern for the health of the rover but remained optimistic. If the problem involved
hardware, they said, the situation would be grave. A software problem, they said, might be fixable --
fresh commands and even new software patches can be possibly uploaded to Spirit if it is in listening
mode. Indications Thursday were that the craft's batteries were in good shape, that its temperature
was being properly maintained, and that it was indeed listening. Scientists said Spirit's flight software
or computer memory might have become corrupted. Either glitch could leave the robot's power supply
heaithy and aliow adequate time for recovering control of the rover. No single explanation considered
so far fits all of the events observed, Theisinger said. Engineers tried to replicate the situation in a test
facility at JPL, and the testbed rover did not have any trouble communicating. "We have a very
serious situation," Theisinger said Iate Thursday. Spirit landed on Jan. 3 and is slated to scour the
Gusev crater, near Mars' equator, for three months. Its twin, Opportunity, is due to land Saturday.
The combined mission cost is $820 million. Earlier Thursday, JPL Director, Charles Elachi, advised that
everyone "stay calm, thoughtful and careful” and avoid making hasty decisions. "Sometimes you can
do more harm than good by reacting too quickly,” Elachi said. Spirit can communicate with Earth
directly via an onboard "X-band system,” or it can beam signals up to either of NASA's two orbiting
spacecraft using a UHF antenna. There are four chances each day to reach the orbiters. NASA receives
signals from spacecraft through its Deep Space Network (DSN) of tracking stations in Australia, Spain
and California. Direct Mars-to-Earth communications are reserved for critical Spirit mission data, such
as rover health and engineering. It takes about 10 minutes for a radio message, moving at the speed
of light, to travel between planets. Signals transmitted to NASA's two Mars orbiters -- MGS and Mars
Odyssey -- can be delayed as little as 90 minutes to as as 24 hours because of the way each
orbiter works and communicates with Earth. ] ({) 3 ‘g g %
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NASA gewinnt "Spirit”-Kontrolle zuriick

Kurz vor der erfolgreichen Landung des
US-Marsroboters "Opportunity” haben
NASA-Ingenlieure dlie Kontrolle uber den
angeschlagenen Zwlillingsrobaoter “"Spi-
rit” wieder erlangt.

Wie die NASA mittellte, gelang es, den
Grund fiur die technischen Probleme von
"Spirit®” zu diagnostizieren. Ursache
fur die Funktionsstirungen waren ver-
mutlich die Spelcherchips des Roboters.
Er habe nun seine Neustart-Versuche be-
endet und sel in den energlesparenden
Ruhe-Modus Ubergewechselt.

In spitestens drel Wochen sei "Spirit”
wieder einsatzfihig, so die NASA.
531 Fax-Abruf >2 108




SPA " NOW - 25 JANUERI 2004.
BOGGED DOWN SOFTWARE
COULD EXPLAIN SPIRIT'S AILMENT.

The group warking fo unravel the glitch with Spirit and return the rover fo action has narrewed the possible cause of ifs frouble to three pofentials,
officials said Sunday affernoon. ihrm:smlmmbmmummwmﬂgwﬁsduuﬁﬁmmw, rover project manager Pete Theisinger sid.
"I think we got o patient well on the way to recovery." The rover experienced o problem last Wednesday, disrupting communications with Earth and
‘halting all science activities. The breckdown hoppened while Spirit was performing a calibration of motors on the Mini-TES instrument. “The leading
mummﬁlemmﬂmmmmmhmmwamwmm — that it was not robust
enough for the operations we were engaged in when we had the flaw on Wednesday,” Theisinger said. On Saturday, engineers began focusing on the
nmxsﬂusllmamnrymd%hnmﬂnnﬁmm@smmmumhwthmmﬂm&uwmm
flash memory for naw. On Sunday, the team was sble to reset Spirit's computer to the non-flash ufilization mode, Theisinger said. Also Sunday, the
mémﬂmdﬁmﬂ&uﬁﬂmmwhmhhm "There are two other theories thet are not as well in
compefition but cannot be discounted, and they are being worked by anomaly subteams," Theisinger added. "One is there was some kind of error or
hardware issue on the motor control board. That's the circuit board with the elecironics that control the motors. Thut's being examined. "Also...there
was a solor event Wednesday and the fiming of that is being looked ot with respedt fo correlation fo the onset of our problems. The flash memories are
._ sﬂlu?nhgkvenuwlmnﬂm*hqnhhndﬁmﬁmhnﬁﬁmmﬂywémllﬂﬁﬁﬂnwﬁm'
day." Theisinger hopeful that Spirit will resume its exploration cdventure of Gusev Crater by mid-February. "I think we've got a pafient well
ﬂwmro , and | think we have o very good chence now we will have o very good rover when we are done getfing this thing back up.
: gh, once wlmma“mmﬁmmmmdmmwmmmmumwunct
&m‘mﬁﬂnmw-quhhm-?mm’tmnummmm.fm , maybe three.”
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SPACEFLIGHT NOW : 26 JANUARI 2004.
RECONSTRUCTING SPIRIT'S HOPEFUL ROAD TO RECOVERY.

NASA's Mars Exploration Rover Spirit appeared to be teetering on the brink of fuilure lnst week when ground controllers lost contact with the craft sitting in Gusev Crater, its
arm extended 1o 0 rock os the sdentific advenfure was beginning. Now, engineers are coutiously hopeful that Spirit will soon be restored to full working order. "Spirit is
doing beffer. It is kind of like we o patient in re-hah here, and we ore nursing her back to health," Jennifer Trosper, raver mission monager, said Monday. "You have fo keep
in mind that the problem we've had actually is assodated with our ability to collect and maintain recorded data {on the rover). So the flash memory where we store this dofa
that would tell us what had happened over the past days actually is part of the problem we ore seeing. So we don't hove a lot of information,” she told reporters af the daily
spacecrofl status brigfing. i is believed the problem fies with the rover's flosh memory nnd the software management system. Flosh memory is used in eledronics, such os
digital cameras, because it refains stored information even when the power is furned off. The raver also has random access memory, which doesn't keep stored dato when
the rover goes 1o sleep each night. Some Iriggering event, not yef pinpoinfed, coused the rover's computer brain o hegin a continuous series of resets unfil engineers on
Earth were able o regain control of the aaft. “Let me go back to Sol 18 and tell you a liftle bit about what we think hapgensd —ia iry and reconstrud if. As we gef more data,
| guoraniee you that some of these things will change, but let me fell you what we think today,” Trosper said, lounching into o defailed explanation that hegins last
Wednesday. "Sol 18 we had some weather problems ot the {Farth communications) station, and about 10 minutes early for the morning anteana pass we lost the signal. It
wasa't deor whether thot was the result of o spacacrofi problem or o station problem. "We've dane some tracking of that, it's siill not completely dear, but it's entirely
possible that was a spacecraft problem ot that time. We believe that was possibly @ reset on the spacecraft that would've caused our signal fo be lost when...the software
would reset and come up and power off all of the loads and put itself into a safe state. "Due to the reset, we have adually confirmed that the morning adtivities that we were
frying to do thot morning did not complete. So if you recall, we were moving the 100 (sdence arm), getting ready fo (use the Rock Abrasion Tool). The 10D, the arm, position is
aciually in the some position it was on Sol 18 before we attempted fo do that move. "Some fime the morning, early afternoon of Sol 18 [Wednesdoy) we encountered the
problem. That problem, initiolly, was most likely o reset. We don't understand exadly where that reset came from but we have some ideas. It coused us fo get into this helief
that the flash system was mrrupted in o way that we gat into continueus reset loops. “Then in the ofternoon, we adually sent o command sequence to the vehidle with  lifile
hleep in it fo tell us that the sequence got there. We sent that sequence and got the bleep with no problems. "Twenty minutes affer that we expeded fo see g session from
the vehidle on the high-gain antenna communicating with us. We hod been on the high-gain ontenna since Sol 2. We didn't see that communications session. That, in addition
ta the 10 minute drop out early in the morning, that was ene of the early indications thet there was something wrong. "In the afternoon Odyssey pass we did not see any
dota from the vehide. The early Sol 19 {Thursday) morning MGS (Mars Global Surveyor} pass, we anly saw two minutes of dafa from vehide and it wosn't really dota from the
vehide — it was 'the UHF radio was on ond nobedy was home' kind of data. And then the morning Odyssey pass we received no doto. "On Sol 20 (Friday} in the morning we
attempted 1o command the rover at the nominal uplink rate where it should be if everything is fine, ond we received no data. We have pre-loaded communications windows
when the rover should attempt fo communicote with us and those windows did not execute on the morning of Sol 20. "One of the things tht the vehide will do if it encounters
o system-level fault is change the rate at it will accept commands, and that is for fhe vehide's protection as well os for our knowledge. And so in the afternoon we senf o
command of g different rate for the vehide to send us o beep, ond we acually got thot beep hadk. The rale we senf it of wos @ rofe thet the seftware would hove
autonomously put us in if it had some sort of system-level foult. So we knew af that poinf that there were about four scenarios that would put us ol that rate and we storfed
to go down that path of those four scenarios. "Then we didn't receive data in the overnight UKF passes that night. "On Sol 21 (Saturday) we were actually frying fo establish
the same ommandobility we had the previous doy — we now knew that there was o system-level foult, we didn't know if it wos o power issus, if It was a thermal issus, if it
was an X-band communications issue. So we sent, essentially, the same command to get a beep on the morning of Sol 21 and we didn't get the beep. "Then, as we were
getfing ready fo send the next beep command, the vehicle decided to communicate with us in one of its nominal communicotions windows ot which point we got o little bit of
dota that had very liftle information in it. In fod, originally we started o decode it ond it was from the year 2052 and we thought 'this is not geod!’ Eventually we found sut
the duto was corrupted, and we were oll cheering ot that point becouse there weren't a lol of scenarios that would put us in 2053 on Mars.

“That signal adually dropped out nine minutes or 10 minutes after we got it. And that was of 10 bits per second, so there was very littie dota and the dato we got was
corrupted. "We sent another command fo the spacecrafl fo give us o 30-minute ommuniaitions session a1 120 bils per second. And that command was received ond we gol
the signal on the ground — we got one frame of data, which told us that it was seading us dato. Then it sfopped. And that session then ended about 10 minutes early. "We
tried the some thing again and we modified some of the parameters in the command 1o Iry and get o different set of dota and that different set of data actually gave us o
very limited state of the current state of the vehide — some channelized telemetry_ 11 told us how many flight software resets hoppened over the course of those two nights
and that's where the big 77 numbers came from, and we realized we hod o reset problem, thot certain tosks were failing and it wos keeping vs from doing the
communications that we intended to do. "As a result of thot knowledge, we also reslized the vehicle may not have shut down because the reset could be ossociated with the
shutdown of the vehidle. So we attempted to shut the vehide down, ond then we send o beep after shutdown 1o make sure it hos shut down. [The rover would not reply with o
heep if it was osleep.] "It's sort of like feast or famine — we didn't hear from it for a day-ond-o-half and then we shut it down and we send a beep and we get the beep, then
we shut it down again and send o beep ond we get the beep, and then we shut it down again ond send o beep and we gef the beep. The vehide was dearly not able fo shui
itself down and the reset was cousing o problem with the shutdown. "We knew that the power system wos struggling, the battery wosn't charged os much os we expedied it
to be or wanted it to be. So we deleted our overnight UHF passes in case the vehicle decided to do them -- or attempted to. In the same way the reset cyde hod coused those
commands not fo get in ond so we got the first Ddyssey UHF poss when we hod hoped net to hear from the vehide because we did want it to be asleep ond charge the
batteries. "We asked Odyssey and MGS to turn off their radic beacons so (Spirit) didn't use that energy during the night to fronsmit becouse we were getting dose to entering
our low-power mode. Low-power mode is the mode that will safe the vehide, take the batteries off-line and sit there, bsically, and bask in the sun until the voltage gets
high enough for the vehice to wake up. "So we woke up the morning of Sol 21 (Seturday) on solar array wake up and saw that we had indeed entered low-power mode and
the fault protection hod worked exadly as designed. In the low-power mode we don't ge! our meming communications session until ahout 11 a.m. because that is when the
sun is nice ond high, the Eorth is nice and high (in the sky) ond you can get good data rates and transmit. “And in that we realized that we hod this resetf problem. Bused on
just kind of the hunch of our lend software archited!, he believed thot the problem was probably assedated with the mounting of flash ond initinlization. There is o hardware
command that we can send that bypasses the sofiware where we can actually tell the hardware 1o not aflow us to mount flash on initiolization. When we the next day acually
sent the command to do that, software initiolized normally and was behaving like the software that we hod olways known. It wos a fontastic mement. "Once we gof info the
mode where we could command the vehide to get info o software state that we understood, then we were able to cwlled dato. That is the path that we are on right now.
"Right now, eur most likely condidate for the issue hos been norrowed down o little bit. It is really on issue with the file system in flash. Essenfially, the cmount of space
required in RAM 1o manage all of the files we have in flash is apparently more thon we initially ontidpated. “We have been colleding duto ond colleciing duta thanks to {the
scence team) and we have lots and lots of files on the spocecraft. Thot's good — we intended to hove lots and lots of files on the spacecrafi. This is a new problem that we
encountered bosed on having many files. "We are currently in & much more spedfic debugging adtivity. Today (Monday), we sterled fo dump out some of flash. We ore
actually loading o script that we get kind of the task trace on the software ond identify exactly where the problem was in the code so we can make sure that our hunch is
correct. "Tomorrow, we are might fry fo access flash and do a little hit of a health chedk on it. The next day we might try fo delete some files fo see if aur hundh is correct that
it's really due 1o the number of files that we are trying fo manage on the flash file system. "And in parallel we are trying to wark a less likely scenoric that something
happened with the high-gain antenna and the motor control board when we were doing this engineering checkout of the Mini-TES elevation nctuator (Wednesday morning). We
are still working that as well to moke sure that we can get back on the high-goin anfenna in o very coutious woy. "In summary, | would like to say that - as it has always
been — it's humbling to work with o teom of such excellent psople. | just wani to telf you the folks who ore working on the details of this probiem are the best of the best in
the world that we have. Everyday when | come info work, their innovation, their persistence, their talent and their hord work has almost overwhelmed me and certainly
humhles me. But that is what has got us where today and that's what is gninj to get us 1o hoving a healthy rover on the surface shortly.” But is still isn't ossured thot the

rover will recever 100 pescent, Trosper coutioned. ”
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Rover Crunch Time

Controllers lose contact with Spirit rover.
Landing of Opportunity adds to stress.

MICHAEL A. DORNHEIM/PASADENA, CALIF.

he Mars Exploration Rover Spir-

it suffered its first major setback

last week when it lost all commu-

nications with Earth for half a day,

and reappeared with a signal in-
dicating it was in a fault mode. Engi-
neers were particularly anxious because
the observed behavior did not quickly
fit a simple pattern.

The problem couldn’t have come ata
worse time—three days before Spirit’s
twin spacecraft Opportunity was to land
on the opposite side of Mars. Mars Ex-
ploration Rover (MER) staff at NASA's
Jet Propulsion Laboratory (JPL) were
already stretched thin to handle the land-
ing along with benign surface operation
of Spirit. Now Spirit may need critical
life support to keep it alive while the
complex landing and egress must also be
attended to. Managers faced triage-type
decisions late last week in assigning per-
sonnel to the two crucial tasks.

Before Spirit (also known as MER-
A) dropped off the air, the plan was to
put it in a three-day stand-down mode
starting Jan. 24 to free up people to work
on the Opportunity (MER-B) landing
the same day. Engineers were trying to
decipher late last week whether MER-
A needed immediate days of critical at-
tention to prevent fatal events such as
its batteries dying, or whether it was
healthy enough to have an intense di-
agnosis put off for a few days.

Given experience with the Mars
Pathfinder rover in 1997, officials ex-
pected to lose about one day out of three
due to some sort of glitch, said Jennifer
Trosper, the MER surface development
manager. They were excited that MER-
A had gone for 17 Martian days (“Sols™)
without a major problem. A Sol is 34 min.
35 sec. longer than an Earth day.

On Sol 17 the rover was taking meas-
urements at a rock called “Adirondack,”
and left the Mossbauer spectrometer
(MB) on the rock for an overnight ob-
servation. The rover computer itself
went to sleep for the night while the MB
electronics collected.data, which is stan-
dard practice. d% 22 3_;

On Sol 18 (Jan. 21-22) the rover woke
up around the usual 8:45 a.m. Mars Lo-
cal Time (MLT), transmitted apparent-

www. AviationNow.com/awst

Polar view above is centered on Spirit rover,
which has just rolled off the lander. Ahead
are features of early interest, but scientists
decided to go to “Adirondack” rock instead.
Frames at right show start of driving
sequence to Adirondack from Hazcam view.

ly healthy spacecraft status back to Earth
and awaited the day’s instructions. They
were transmitted from the Deep Space
Network antenna in Canberra, Australia,
around 9 a.m. MLT but the rover re-
sponded that the files had not been cor-
rectly received and they were not be-
ing executed, said Richard Cook, the
MER deputy project manager. The first
impression was that thunderstorms and
perhaps a mispointing antenna at Can-
berra had weakened the uplink.

At 1 p.m. MLT commands were sent
to MER-A via the direct X-band link at
a low 31.25 bits/sec. rate to confirm it
was receiving Earth. Two 5-min. beacon
signals starting at roughly 1:30 p.m. MLT
from MER-A said these commands had
been received and were being executed.

At 2 p.m. MLT nothing was heard
from Spirit during the scheduled high-
gain antenna direct-to-Earth session.
Similarly, at 4 p.m. MLT the Mars
Odyssey satellite did not hear any of the

On Sol 19 dt roughly 2 a.m. MLT the
Mars Global Surveyor satellite flew over-
head and received an empty UHF sig-
nal—RF carrier but no data. That is a
hopeful sign, because it means that
enough of the computer was working to
transmit at the scheduled time, as well as
the power systen, radio, antenna and oth-
er systems, but something was wrong be-
cause there were
no data, Cook said.
Also, the transmis-
sion only lasted
2.5 min. whereas it
should last 12-13
min.

After that at 4
a.m. MLT Odyssey
again received no
UHF signal, and
when the space-
craft should have
woken up again at
8:45 am, MLT
and transmitted
X-band direct-to-
Earth, no signal
was heard. If the
spacecraft thought
it was in a fault
state it should
have transmitted
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at 1‘11 m. &_T%bul no;&aq heard

then either.

However, an encouraging sign hap-
pened around 3 p.m. MLT on Sol 19,
which was about 9 a.m. PST on Jan. 22.
A direct X-band command was sent at
7.8 bps. telling Spirit to phone home now.
The rover responded with a 7.8-bps. sig-
nal, which indicated it was in a fault
mode—but at least it was responding. It
did not respond to a 31.25-bps. signal
sent shortly before.

The enigma is that if Spirit is in a fault
state, why didn’t it send a signal earlier
at the 11 a.m. window reserved for this
case, said Firouz Naderi, the Mars Ex-
ploration Program chief at JPL. Engi-
neers planned to send commands early
on Jan. 23 (Sol 20) asking Spirit to send
engineering data direct to Earth at 40
bps. for further diagnosis.

The nominal Sol 18 commands were
run in the rover testbed at JPL and
showed no anomalies. Cook said. The
engineering team stayed up through the
Jan. 21 night but could not find a single
fault that fit all the observed behavior.
They were sent home to sleep and re-
turn for more work in the early evening
of Jan. 22. At that point there were to be
more MGS and Odyssey UHF passes in
the early morning MLT on Sol 20.

Managers planned to decide on the
morning of Jan. 23 whether to stand
down MER-A until MER-B had finished
egressing, or concentrate on MER-A or
some other path. High on the list of pos-
sible culprits is a software bug or a mem-
ory error that upset the software. The
anomalous transmission to MGS says
that key components of the hardware are
working. If the problem is software or
memory corruption and not a serious
power fault, then MER-A probably “can
go for quite a long time, and we can pick

3338 SB
Top two frames show
final approach to
rock and placement
of instrument arm,
which is the position
of Spirit when anom-
alies started. The
lower small frame is
a rear view from the
end of the drive,
showing tracks from
40-deg. turn and 60-
deg. turn-in-place; tip
of lander is at right.
Bottom photo is of
empty lander, taken
by the Pancam at
Adirondack.
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up the pieces again later,” said Peter C.
Theisinger, MER project manager.

The problem stands in contrast to the
prior success. Spirit rolled off its lander
on Jan. 15 in Sol 12, three days later than
the nominal Sol 9 because tips of the
airbags posed a hazard to the primary
forward rolloff direction. Instead the
rover turned 115 deg. to the right on the
lander to exit in a clearer direction
(AW&ST Jan. 19, p. 397).

The next morning the instrument de-
ployment device (IDD) robot arm had
its first use. The IDD tip has four in-
struments on a turret—the rock abrasion
tool (RAT), the microscopic imager (MI),
the MB and the alpha particle X-ray spec-
trometer (APXS). The RAT was checked
for proper operation, then the micro-
scopic imager was hovered over the soil
to take pictures.

On Sol 14 (Jan. 16-17) the MB and
APXS made their first measurements
on the soil. On Sol 15 the MI took a pic-
ture of the spot where the MB had rest-
ed with 4-oz. force, and found essentially
no impression, suggesting a thin cohe-
sive crust on top of the soil.

The arm was stowed on Sol 15, and
the rover made a 2.85-meter (9.3-ft.)
curving drive to a rock named “Adiron-
dack.” This was the first move since the
rover rolled off the lander three Sols
earlier. The drive took 30 min., includ-
ing frequent imagery, said Eddie Tun-
stel, the rover mobility engincer The
actual rolling time was just 2 min., or an
average of 0.93 in./sec. ?3

Scientists and engineers spen S
(Jan. 18-19) figuring how to place the
arm on Adirondack, and took a Pancam
portrait of the lander. On Sol 17 the MI
took pictures and the APXS examined
the rock for 6 hr., then the MB was
placed on it for an overnight integration.

The plan was to
grind a fresh spot
on Sol 18 and re-
peat the measure-
ments to compare
-surface and inter-
nal characteristics,
but the rover trou-
bles intervened.

Controllers gave
what was proba-
bly the final course
correction to MER-
B Opportunity on
Jan. 16, ensuring
it was properly
aimed at the sur-
face target in the
Meridiani Planum
region. ®
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NASA ANNOUNCEMENT : 27 JANUARI 2004. Ciad
MARTIAN LANDMARKS DEDICATED TO APOLLO 1 CREW.

NASA memorialized the Apollo 1 crew — Gus Grissom, Ed White and Roger Chaffee — by dedicating the hills surroundifig the
MarsEproraﬁonRoverSpmfslandmgsﬂetoﬂlemﬂuB.Mcrewoproﬂnlpenﬂwdmﬂashﬁ:edlmngalmchpadtest
of their Apollo spacecrafi 37 years ago today. "Through recorded history explorers have had both the honor and responsibility of
naming significant landmarks.” said NASA administrator Sean O'Keefe. "Gus, Ed and Roger's contributions, as much as their
sacrifice. helped make our giant leap for mankind possible. Today, as America strides towards our next giant leap, NASA and the
MmE)@mmRn\mecmamﬂaﬁmﬂngemmeEhweesplmmdﬂmﬂegmy Newly christened "Grissom Hill"
mlocﬂted?Skﬂmntezs(i?mﬂes)tothesomhMofSpmfspomnm "White Hill" is 11.2 kilometers (7 miles) northwest of its
position and "Chaffee Hill" is 14.3 kilometers (8.9 miles) south-southwest of rover's position. Lt. Celonel Virgil L "Gus"
Grissom wasa US. Anmepilolwhmbcmsei«:tedmI959asmequASA‘s0ngmalSevaaunyAm0n
July 21, 1961, Grissom became the second American and third human in space when he piloted Liberty Bell 7 on a 15 minute
sub—orbﬁaiﬂ:ght()nhhthﬁ 1965 he became the first human to make the vovage to space twice when he commanded the first
manned flight of the Gemini space program, Gemim 3. Selected as commander of the first manned Apollo mission, Grissom
perished along with White and Chaffce in the Apollo 1 fire. He is buried at Arlington National Cemetery, Va. Captain Edward
WthewasaUSAlrFmtestwlotwhmselectedml%zasanmbgrafthéwmwm NASA's second astronaut selection.
. White became the first American to walk in space during the of Gemini 4. Selected as senior pilot for the
ion, White perished along with Grissom and Chaffee in the Apollo 1 fire. He is buried at his alma mater,

Military Academy, West Point. N.Y. Selected in 1963 as a member of NASA's third astronaut class, U.S. Navy
mmmmmuaﬁmwm He also researched fhight control
- ications systems, instrumentation systems, and attitude and translation control systems for the Apollo Branch of the
Astronaut office. On March 21, 1966, he was selected as pilot for the first 3-man Apollo flight. He is buried at Arlington National
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BBC : 28 JANUARI 2004.

SPIRIT SEEKS EARLY RETURN TO WORK. m

Nasa engineers believe they may have the Spirit rover back exploring the surface é—ﬁm—%{m
had a flash memory glitch that has stopped it working properly on the planet since Thursday. But the Nasa team is now
preparing to use the vehide's high-gain antenna again which should significantly improve probe-to-Earth communications.
"So you can imagine the additional data we'll get to debug the problems,” said mission manager Dr jennifer Trosper. Spirit
was poised in front of a football-sized rock in Gusev Crater ready to run a series of tests when it broke down. Initially. it
was thought the high-grain antenna was at the root of the failure and all waffic was sent through the buggy's low-gain
antenna instead. The difference in data flow is huge - 11,000 bits per second (bps) compared with just 40-120 bps. The
slow information transfer has hampered engineers as they have grappled with the real problem, which affects the software
that controls file management in Spirit’s flash memory system. The US space agency’s Dr Trosper said the team was now
making good progress, and explained the eventual fix could involve the deletion of a great many unnecessary files currently
sitting in the memory. "If we're on the right track we would hope to be back doing science early next week," she added.
Spirit's twin rover, Opportunity. is on the far side of the planet at Meridiani Planum. It is being prepared for its roll on to
the Martian surface, probably on Sunday. Engineers are going through the process of making the vehicle "stand up” on its
lander pad so its wheels can be unpacked ready for the drive. In between the commissioning work, Opportunity is sending
back colour images of its surroundings, including high-definition pictures of the rock outcrop just eight metres away that has
so excited geologists. These layered rocks measure 10 centimetres {4 inches) in height and are thought to be either
volcanic ash deposits or sediments carried by water or wind. "At this resolution, without compressing the data, you can
start to see the small grains, pebbles and cobbles ...many of the layers lock as though they may be composed of these
pebbles and granular material,” said image scientist Dr Jim Bell. Opportunity has now acquired its "mission success
panorama” - a full, colour sweep of its landing area - with 75% of the data returned to Earth. Nasa has also announced that
three hills visible from Spirit's Gusev Crater landing site will be named after the Apolio | crew - Gus Grissom, Ed White
and Roger Chaffee - who died in a launch pad fire at the Kennedy Space Center 37 years ago. "Through recorded history
explorers have had both the honour and responsibility of naming significant landmarks." said Nasa administrator Sean
O'Keefe. "Gus, Ed and Roger's contributions, as much as their sacrifice, helped make our giant leap for mankind possible.
Today, as America strides towards our next giant leap, Nasa and the Mars Exploration Rover team created a fitting tribute
to these brave explorers and their legacy." The Spirit landing zone has already been named in memory of the Columbia
shuttle crew which was killed on re-entry into the Earth's atmosphere last February.
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SPACEFLIGHT NOW : 28 JANUARI 2004.
PHOTO RECEIVED FROM RECOVERING SPIRIT ROVER.

Working as space-age surgeons 100 million miles away, ground controliers are trying to precisely
pinpoint the software glitch that halted the Mars rover Spirit's mission to expiore Gusev Crater last
Wednesday. If successful, officials say the robot geologist could be out of recovery and back at work
early next week. In a promising development late today, Mission Control released the first photograph
taken by Spirit since the rover's computer problems began. It shows the rover's science arm reaching
out to examine a pyramid-shaped rock nicknamed Adirondack. As seen by the rover's front-facing
hazard-avoidance camera, the arm remains where it was on the morning of Sol 18 when things began
to go awry. The German Mossbauer Spectrometer instrument is seated over the rock in a search for
iron-bearing minerals. After finishing the Mossbauer investigations, the arm was supposed to use the
Rock Abrasion Tool to scratch away part of Adirondack’s exterior to create a window inside. But that
never occurred. Spirit's computer system, its flash memory bogged down by too many data files,
began a continuous series of resets. Contact with Earth was lost for a time. Now, controllers have
managed to get a better handle on their $400 million spacecraft to find the exact source of the
problem and delete old files that aren't needed. "We are attempting to get a trace from the flight
software of the problem and compare that to what we believe it to be, what we have seen in the
testbed, make sure we are correct and then move forward in deleting some of the files from our flash
file system as a result of understanding the problem,” mission manager Jennifer Trosper said
Wednesday. "We are extremely careful because we want to make sure that we don't make an error in
deleting files. The we have done file deletes on the spacecraft before, so we've shown that does work.
The file directories have all different names and you can convince yourself that you are actually
deleting the right thing." Controliers are trying to run a computer script in the rover to track down the
bug. But as of mid-day Wednesday, Trosper said things had not gone according to plan. "Over the
past two days we have had some difficulty getting the script to run on the vehicle. So we are
continuing to work that problem. "The method we are using right now in running this script - it's kind
of a back door into the flight software — is a fairly surgical technique to identify the exact problem and
deal with that little problem. "If we are not able to successfully complete our surgical technique, we
have larger hammers, we like to say, that we can use in order to soive this problem.” By strategically
going after the bug, officials hope to preserve useful data still stored in the flash memory for later
playback to Earth. "The intent of the last few days has been to maintain the state of the flash
memory. We actually think that the fiash is not corrupt. We would like keep the data that's in the flash
memory. If we can't do that based on the technique we're trying to use then the next step we have is
to actually delete the data that is in the flash memory. We've talked to the science team. Aimost all of
the data is replaceable.” Science information waiting in the flash memory includes the Aipha Particle
X-Ray Spectrometer and Mossbauer Spectrometer data collected during studies of the Adirondack and
earlier collaborative observations between Spirit and the European Mars Express orbiter. The preview-
like thumbnail images of the joint rover/orbiter research have already been received from Spirit, giving
scientists some data to use if the rest can't be recovered. "Most of the science that was desired to be
done can be done from the thumbnail images. The science team has agreed that is adequate for the
focus of the experiment we had with Mars Express. Clearly, they would like to get the rest of it down.
But in order to get all the data down it would take many sols and we have make a risk trade here and
a time trade,” Trospher said. "We will attempt the surgical technique about one more day. If that
doesn't work, we will move forward to the less-surgical techniques. And hopefuily if we are on the
right track we would hope at the earliest be back doing science early next week. If we're not on the
right track, it could take longer than that." A specialized group of engineers were brought together to
revive Spirit last week and coax the rover back into action. The control team wili be returning to its
full size in the coming days, if ali goes well. "The anomaly team right now is probabily 15 to 20 peopie
because it is a focused effort on solving this flight software problem. Last night, we went to adding
probably another 10 people to move towards doing our nominal timefine. And in a few nights, we will
go to the full overnight timeline of staffing with the science and engineering teams in preparation for
getting Spirit back on its feet for the science mission."
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SPIRIT ON THE MEN‘D—BUT DESPITE DELICATE SURGERY,
FAR FROM FIXED.

PASADENA - The glitch-struck Spirit Mars Exploration Rover is on the mend as computer experts consider delicate electronic surgery on
the robot’s software smarts. The hope is fixing the rover and returning it to science-gathering tasks at Gusev Crater by early next week. There
remain nagging worries, however, that what ails Spirit can’t be fully understood. If that’s the case. engineers here at the Jet Propulsion
Laboratory (JPL) are taking slow steps in certifying that Spirit’s twin — Opportunity that now rests halfway around Mars ~ won’t run into the
same problems. Engineers have found a way to halt Spirit's computer from resetting itself by putting the spacecrafi into a mode that avoids
use of flash memory. Flash memory is a type common in many electronic products, such as digital cameras. for storing information even
when the power is off. The Mars Exploration Rovers have random-access memory. But the robots cannot hold onto information during
overnight sleep sessions. One of the next steps planned for Spirit is to erase from flash memory the files stored there from the spacecraft's
cruise to Mars from Earth. That is intended to lessen the task of managing the flash memory files. This requires care in abstracting the
correct files, said JPL's Jennifer Trosper, Mission Manager for the Mars Exploration Rover (MER) project. "If we are not able 1o successlully
complete our surgical technique...we have larger hammers that we can use in order to solve this problem.” Trosper said yesterday at a
morning press briefing here at JPL. Trosper said that the intent of the last few days has been to maintain the state of the flash memory. "We
actually think that the flash is not corrupted. We would like to keep the data that’s in the flash memory." she said. But if that proves
unsuccessful, the next step is to actually delete the data that’s in the flash memory. This heavy hammer approach would wipe out science
data collected by Spirit before it ran into trouble on the 18th day of Mars operations. Trosper said that, in talks with science teams. almost all
of the onboard science data is replaceable. OF the scientific information that would be lost, however, a coordinated, data-gathering session
with Europe’s Mars Express is the most unique. she said This activity imvolved Spirit’s instruments looking up while Mars Express science
equipment peered down at Gusev Crater. Trosper said that Spirit did relay thumbnail images from that coordinated look-up/look-down
session with Mars Express. "So most of the science that was desired 1o be done can be done from the thumbnail images,” she said. The
science team has agreed that smaller, thumbnail images should prove adequate to glean data that was the focus of the coordinated
experiment. "Clearly they would like to get the rest of it down. But in order 1o get all of the data down it will take many sols [martian days]
We have to make a risk trade and time trade. The science team. | believe, would prefer to have more sols to do new things." Trosper told
SPACE.com . Teams of troubleshooting software and hardware experts remain perplexed in trying to find "the scene of the crime” that led to
Spirit’s predicament. If surgical removal of files in flash memory doesa™t solve the problem, reformatting that memory is the next phase. in
order to move forward and get back to the science of the mussion. "We can muck around with this thing for a while, clearly. There's
something that we don’t understanding about the problem * Trosper said It's also entirely possible thal the "heavy hammer” approach of
reformatting won't do exactly what is expected. By gome down the pathway of reformatting the flash memory. all evidence of what
happened onboard Spirit would be destroyed. On the ofher hand, all that evidence may have alrcady been destroyed afier the initial resel.
Trosper said. "We just need to weigh the risks against the time it would tske to do some of these things and gef back on frack." Trosper said
that there is a suspicion as to where Spirit’s self-thinking problems occur. “We believe that the flash memory is fine. But it might be that the
only way we can get bevond this is just to wipe that flash memory clean.” she said. The good news, Trosper said. is that Spirit’s mission can
be done in the state the robot is in right now. The rover could bhe hardwired in a "don’t go there” mode of thinking. The cutcome of this
approach would be that Spirit carries out a more restrictive start-stop type of mission, but still yield a wealth of science during long-distance
roving. "We’re still very mindful of the fact that Spirit is out there and many of us on the team want fo get back info that investization and try
and solve the puzzles of Gusev." said Jim Bell, Pavicad Element Lead for the Panoramic Camera from Comell lh:ivasilv\ % %-3 5 9
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CNN : 02 FEBRUARI 2004.
MARS MISSION SPIRIT ENTERS FULL SWING.

PASADENA - NASA's twin rovers reached out their robotic arms to touch the surface of Mars on Monday, marking
the first day of the joint $820 million mission that both spacecraft were in full swing. Opportunity and Spirit, 6,600
miles apart on opposite sides of the planet. began the work week gearing up for in-depth analyses of the soil and
rocks beneath their wheels. Opportunity rolled onto the martian ground on Saturday. a week after it landed. Spiril
arrived January 3 but broke off its science work nearly two weeks ago afier software problems crippled the vehicle,
On Monday. mmm&ﬁmmﬂmmmwmawmk,wenasmm
wmmhmmmmmﬁm“WemmWMrmsmm Trosper said at NASA's Jet
Propulsion Laboratory. Also. NASA unveiled the first 360-degree color panoramic image taken by Opportunity of
its landing site. The rover touched down in one of the flattest, smoothest regions on Mars but ultimately came (o rest
inside a crater 72 feet across. "It provides us with a real sense of 'vou are there,™ said scientist Jefl Johnson of the
U.S. Geological Survey office in Flagstaff. Arizona. Johnson likened the mosaic image to the overlapping snapshots
tourists often take of the Grand Canyon to capture its full sweep. Opportunity streiched out its robotic arm and
photographed in detail each of the four instruments it carries. The arm — formally known as an "instrument
deployment device" - is the most complex mechanism on each rover and was reported to be working well. Spirit
resumed use of its own arm. picking up where it lefi off. NASA planned for it to brush the dust off a volcanic rock
dubbed Adirondack. allowing the rover's to photograph it in extreme close-up. NASA launched the pair of vehicles
to find geological evidence of past water activity on Mars. That could show the planet was hospitable to life perhaps
billions of years ago. It appears Opportunity has not had (o venture far to find such evidence: It has already
discovered an iron-rich mineral called gray hematite, and preliminary measurements suggest it is of a variety that
forms in liquid water. Spirit. in contrast, may have to drive hundreds of yards. to a nearby crater called Bonneville,
mmmmmhrgabgwpmﬁ'ﬁpunmﬂnmmmWemMahemgmmdmemm

fast.” Trosper said %%Mb 1 I

‘ﬁca?uéu NOW : 07 FEBRUARI 2004.
‘THOUSANDS OF FILES DELETED ON SPIRIT TO FIX COMPUTER TROUBLE. % 2 \J[ o2

A week-and-a-half after folling ill to computer woes, NASA on Sunday declored its Mars Exploration Rever Spirit was healthy ogain."We have confirmed that
Spirit is booting up normally. Tomarrow we'll be doing some preventive maintenance," mission manager Mark Adler reported Sunday. Controllers worked to
fix the computer nilment offiicting Spirit by purging thousands of data files from its flash memory. The no-longer-needed files piled up on the rover and
prevented ifs computer system from successfully occessing the flash memory, friggering Spirit's computer to reset itself over and over again. The flash
memory sfores engineering and scientific dota even when the power is turned off, similar to electronic products like. Many of the tossed files were left over
from the spacecraft's cruise fo Mars. A scan of the flash memory was performed late lost week, providing engineers important diagnostic information, Adler
isgid. "We are naw able 1o tell that when we mount the flash memory, it does in fact take a lot of the system RAM in the process. In fact, more system RAM
than is availoble. So that's helping confirm the theory we hod that the resson the restorts were hanging up was becouse we were running out of memory
when we are frying fo Confact with Spirit was lost affer the frouble began on Wednesday, Jonuary 21. Wrestling to regain control of the craft, engineers
developsd o plun to put the rover into o “wripple” operating mode that didn't use the flash memory. With the file deletions completed, Spirit's computer has
‘been "stable" while working in the standard made with access to the flash memory. "To be safe, we want to reformat the flosh and start again with a cean
slate," Adler said Sunday. mount the flash memory," he explained during o news conference Friday. Monday's reformatting will erase everything stored in
the flash file sysiem and install a deon version of the flight soffware: In preparation for that reformatting, Spirit was expecied on Sunday to transmit
priority dofo remaining in the flosh memory. The information included dota from atmospheric observofions made in mid-Jonuary when the Europeon Space
‘Agency's Mars Express orbiter flew overhead. Engineers say the flash may need to be reformatied every one-to-iwo weeks to prevent further trouble.
Similor measures are liksly for sister-rover Opporfunity. In the upcoming days, Spirit will finish the study of its first rock, nicknomed Adirondack. The Rock
‘Abrasion Tool will be used to scrub off the rock's surfuce fo give the sdence instruments o window into Adirondack's interior. Spirit's Mosshauer
Spectrometer made readings of the pyramid-shaped, football-sized rock's composition and the microscopic imager snapped extremely clase-up views prior
to the computer problems. That data was finally transmitted to Earth late last week. "If you had a hammer ond whacked that rock, it would ring," said Ray
Arvidson, rover deputy principal investigator. Adirondack is o hord, crystalline rock that contains olivine, pyroxene and mognetite minerals. Reseorchers
say that composition is common in Eorth's volcanic basalt rocks. If isn't the proof of past water on Mars that the rovers were senf to find. “Adirondack
seems to be o good, hard volcanic rock,” Arvidson said. "That suggests to us that we may be looking of material either excavated from below by waters, or
‘broken out lava flows or transported in. It's not the kind of smoking gun evidence that we are looking for in terms of climatic history." Next, Spirit will drive
to a nearhy light-colored rock for study. Future plans call for the rover to head toward a crater, nicknamed Bonneville, about 820 feet away to study rocks
thrown outward by the crater-forming impact. "I suspect what we will do is foke a look of some of these so-called white rocks thot might be dusted hasaltic
rocks. If they don't ook interesting, os quickly os possible do o troverse up 1o Bonneville Crater,” Arvidson said. Nearing the ane-month mark of ifs planned
three-month mission on Mars, Spirit is just beginning its science work. Officials are quick to point out the rover's wheels won't fall off when the 90-day
primary mission period ends, giving hope that the craft will continue fo explore in an extended life. "We have gone through o third of our warranty, | guess,
on the mission. But we think we have quite o few more months to go. | expect once we get the vehicle back in operation we will make pretty ropid progress
in getting through the science objectives that we have in sight,” Adler fold reporfers.
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Spirited Revival

Rover may emerge unscarred from problems
that appear to be in memory file manager
MICHAEL A. DORNHEIM/PASADENA, CALIF.

ngineers working on the Mars
Exploration Rover Spirit are
planning to restart normal sci-
ence operations this week as they
close in on problems that have
crippled the spacecraft since Jan. 21.
The leading suspect is the file man-
agement system for one of the main types
of memory. It probably can be fixed in
the near term by limiting the number of
files stored. which may have little or no
operational impact. It may also be pos-
sible to later upload a permanent fix.
Controllers were planning late last
week to delete unnecessary files on Spir-
it—for example, hundreds of files that
had built up during the seven-month
cruise that are no lopger needed. They
took similar steps on Jan. 28 for Spirit’s
twin, Opportunity. deleting about 700
files connected with flight software that

had been replaced in early December.
The problems that started on the 18th
Martian day of the mission (Sol 18) at
9:17 a.m. Mars Local Time had officials
nervous (AW&ST Jan. 26, p. 27). They
were essentially completely out of con-
trol for a day, and were only slowly able
to regain command. The rover normal-
ly shuts down at night to conserve bat-
tery power, but stayed up two nightsin a
row while the computer constantly reset
itself every 15-60 min., draining its bat-
teries to zero. Fortunately it was able to
wake up on solar power alone after sun-
rise, and the lithium-ion batteries were
not damaged. It conducted at least 77
computer resets in a two-day period.
There are three types of memory on
Spirit:
® 256 megabytes of flash memory,
which is retained when the power is off.

AVIATION WEEK & SPACE TECHNOLOGY/FEBRUARY 2, 2004

3Ly
® |28 MB of random access memory
(DRAM), which is lost when the rover
goes to sleep.
® |1 MB of electrically erasable pro-
grammable read-only memory, also re-

“tained during power-off sleep.

The errors that caused the persistent
rebooting appear to be connected with
the flash memory—not from the memo-
ry itself, but from the memory file man-
ager, which actually operates in the
DRAM. The flash is split into two parts—
a “raw” part that’s directly accessed by
the computer, and a file system that goes
through the file manager, said Glenn E.
Reeves, the Mars Exploration Rover
flightsoftware architeet at the Jet Propul-
sion Laboratory (JPL). The file system
stores things like science data.

The leading theory is that the file man-
ager software uses too much DRAM,
halting further access to its flash files. The
flash memory itself seems intact: itis the
management system operating in DRAM
that appears to have a bug.

Two identical copies of the 8.1-MB

Spirit lander, parachute and heat shield are
visible in this Mars Global Surveyor image
of Gusev Crater site—the first unambiguous
orbital view of man-made objects off Earth.

o
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about 12-meter altitude. The lander ex-
perienced only about 3g at touchdown
and is designed for up to 40. The vehi-
cle bounced, all the while transmitting
data to Earth in the western sky.

It was during these bounces that the
lander plopped fortuitously into a shal-
low crater where it dribbled like a bas-
ketball, then rolled like a marble in a
soup bowl, coming to rest in the center
of the 20-ft. wide depression. That was
extremely good luck because the object
that created the crater had also exca-
vated the bedrock. The airbag’s bounc-
ing also proved to be an excellent first
science experiment, leaving such de-
tailed impressions that the airbag stitch-
es sewn into the bag by the staff at ILC
in Dover, Del., have now been sharp
imprinted on Mars. \_,‘ &5

The vehicle came to rest 24
downrange from its formal target area,
but in a more scientifically rich spot
than had it been on target. The lander
settled on a side petal, which also was
fortunate, because unlike with Spirit,
it allowed the airbags on the preferred
forward drive-off direction to be fully
reeled in before the rover was flipped
onto its base petal.

So far the crater in which the space-
craft landed shows signs of what geolo-

% _‘_,}
gists expected—that if hematite is there,
it is on top of a 200-300-meter stack of
sedimentary deposits, visible when ex-
cavated by erosion or meteorite impact.
The question is whether the hematite

ed processes.

will keep the rover almost as busy as
the bedrock. Soderblom noted that
when disturbed by the airbags it looks
as if it has become a nicely sculptured
“Japanese rock garden.” “The soil and

.. Everybody is having a wonderful

was formed by water or vﬁlg:anic-relat- physical properties group is going wild.
2\)eb

As expected, the site, with a r
flectance ratio of only 10-15%, has the
darkest material ever seen on Mars—
totally unlike the two Viking, Pathfind-
er or Spirit sites (see front cover).

A FIRST ORDER of business this week
is to use the instruments on the arm to
look for hematite in the soil. But Squyres
believes the rover will have to drive out
of the crater to more likely find it on the
slightly higher terrain. That will come
in a month or so when this second rover
in effect makes its second landing on
Mars by driving out of the crater and
looking around at what again will be a
whole new world not clearly visible from
inside the 3-ft.-deep depression.

At JPL I also visited their In Situ In-
strument Laboratory where an en-
gineering rover was climbing a dirt slope
similar to the crater where Opportuni-
ty landed as a technician carefully mon-
itored rover angles.

The soil, as first indicated by the
airbag impact, is an extra surprise that

time arguing about it,” Squyres said.
“When you look at this soil and you
try and interpret what the heck you are
looking at, there are two schools of
thought,” he said. "One, that we have
soil with two distinct components. That
there are coarse grayish grains and much
finer reddish stuff. And when the airbags
hit it and push the coarse gray grains into
the red stuff, then all you see is red stuff.
The other idea is that we have aggregates
of grains that appear grayish but when

impacted they somehow turn red.” & 34

But researchers are also beginning to
see pebbles with multiple colors. What
they may be, nobody has figured out yet.

And there are some innovative ideas
on what could cause such a unique pow-
dery soil that changes character when
compressed. One idea is a “flash water”
phenomenon where liquid water may
have existed briefly on the surface—per-
haps just a second or two in some wide
area event, which altered electrical

charges in the soil. h (]
) =y
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flight software are in the raw part of

flash and are directly loaded when the
computer boots up. This loading process
is not affected by file manager problems.

It was difficult to communicate with
the spacecraft due to the constant re-
setting, but on Sol 20 (Jan. 23) some
data were retrieved, including the large
number of resets. But other data re-
trieved that day said it was the year 2053,
which caused concern.

Reeves suspected that flash memory
was causing the problem, and on Sol 21
commands were sent to not mount flash
during computer bootup. Instead, a file
system with the same name was created
in DRAM. Because it was fresh and emp-
ty, it did not overtax the file manager. The
scheme worked, but it has to be com-
manded manually for every bootup. For
the first time in several days the software
was behaving normally again. “It was a
fantastic moment,” said Jennifer Trosper,
the surface development manager.

Since then, the flash memory is being
read out, chunk by chunk, but it could
take a few weeks to send it all to Earth—
way too long of a diversion. Engineers
were trying to upload and run a trace
program to discover where the problem
is, but last week were having difficulty
getting it to work. This “surgical” tech-
nique was preferred because it preserves
the flash memory, which has some sci-
ence data as well as engineering clues.

If the software trace did not produce
results by about Jan. 30, “we have larg-
er hammers to solve the problem,” Tros-
per said. The first hammer is to selec-
tively delete files in flash, and the bigger
hammer is to erase all of the flash file sys-
tem. Most of the science data can be re-
placed relatively easily, except for ob-
servations of the sky and ground made
simultaneously with the Mars Express or-
biter flying overhead. However, there are
already small “thumbnail” images down-
loaded from this session, and the science
team has agreed that these are adequate.

Key aspects of the problem were re-
produced on the avionics simulator at
JPL, but other details were not, proba-
bly because of weaknesses in the simu-
lation, Trosper said. The simulator flash
file system was loaded to the same lev-
el as on board the spacecraft, about
6,500 “products” compared with the full
capacity of 8,192 products. A product
may contain more than one file. There
were about 13,000 files on board last
week. The file manager has procedures
to prevent flash overloading by deleting
files based on priority.

The file manager asks for cache space
in DRAM to manage the number of

L3us o)
rewrites to flash, and has no limit on the

amount of DRAM it can request. The
amount of free DRAM is about 4 MB,
and developers did not anticipate it
would ever use this much, but appar-
ently it did. The mounting of flash dur-
ing bootup now apparently uses almost
all the free DRAM, then the first re-
quest to access the file system freezes it,
Reeves said. This request usually comes
from a routine that converts flash data
into packets for telemetry.

THE FILE MANAGER software, which was
configued by JPL from the Wind River
operating system used by the rovers, was
run to capacity in development tests with-
out trouble. However, even accelerated
tests do not reproduce all that happens
in seven months of cruise and 18 days
of surface operations. “We were caught
by surprise; we had left files onboard that
we’d intended to delete,” Reeves said.
“We expected in tests that they would be
deleted. We probably got close to ex-
posing the problem in the testbed.”

The high-gain antenna (HGA) was
moved for the first time since the prob-
lem on Sol 25 (Jan. 28) and successful-
ly communicated with Earth that day.
There was early speculation that the
problem might be connected with the
HGA, but that is largely discounted.

The simultaneous landing of Oppor-
tunity and problems with Spirit caused

Mars in 3D

b 39\
a staffing crunch. But'once Spirit was
able to keep its thermal and power con-
dition acceptable, its team was reduced
to 15-20 specialists working on the prob-
lem. Spirit staffing started growing Jan.
27 to resume active science operations.

The Mars Global Surveyor satellite
camera took remarkable pictures clear-
ly showing the Spirit lander, parachute
and backshell, and heat shield (see p.
37). “I've been in this business a long
time and this is absolutely amazing
stuff,” said Peter C. Theisinger, the Mars
Exploration Rover project manager.

The camera normally has about 1.5-
meter/pixel resolution with its push-
broom detector from the 400-km. orbit,
but by pitching it to look at the site
longer this was improved to about 0.7
meter/pixel, which was good enough to
put several pixels on the lander and
sense its orientation.

The rover is off the lander but lost
in its glare, said Michael Malin, head of
Malin Space Science Systems (MSSS)
and a rover science team member.
When the rover is farther away from the
lander it probably can be detected, he
said. High-resolution images are on the
MSSS website at www.msss.com.

MSSS plans to take several pictures
starting in February to look for the Bea-
gle lander, which hit the planet on
Dec. 25 but never sent a signal. ®

European scientists shrug off lander loss
as they tally exciting results from orbiter

MICHAEL A. TAVERNA/PARIS % 3 \.)5 | o

nitial results from Europe’s Mars Ex-
press orbiter are putting smiles back
on the faces of the European scien-
tific community, still smarting from
the apparent failure of the accom-
panying Beagle 2 lander in December.
Scientists began activating the seven
instruments on board Mars Express,
launched last June, on Jan. 4. With the
exception of the sounding radar, which
will not be deployed until Apr. 20, all in-
struments are functioning nominally, the
European Space Agency’s (ESA) sci-
ence director, David Southwood, said
at the presentation of the first results
here on Jan. 23. The initial operating
phase is to begin on Feb. 20, and rou-
tine operations, on May 8.
The successful start overshadowed the

AVIATION WEEK & SPACE TECHNOLOGY/FEBRUARY 2, 2004

likely Toss of the Beagle 2 and helped
spur enthusiasm, particularly in the
U.K., for a follow-on landing mission.
Much of the elation was centered on
a new set of images released by ESA on
Jan. 23, showing canyons, badlands, mesa
formations and other features in aston-
ishing detail. The images, like initial shots
made public a week earlier, were taken
by a high-resolution stereo camera
(HRSC)—the first to be employed on
a Mars mission (AW&ST Jan. 26, p. 25).
The HRSC contains nine CCD linear
detectors allowing it to take nine image
swaths at a time—three for stereo, two
for photometry and four for color bands.
The three stereo arrays look at nadir,
forward and aft, so a spot on the ground
is viewed from three positions. A super-
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flight software are in the raw part of
flash and are directly loaded when the
computer boots up. This loading process
is not affected by file manager problems,

It was difficult to communicate with
the spacecraft due to the constant re-
setting, but on Sol 20 (Jan. 23) some
data were retrieved, including the large
number of resets. But other data re-
trieved that dav said it was the year 2053,
which caused concern.

Reeves suspected that flash memory
was causing the problem. and on Sol 21
commands were sent to not mount flash
_during computer bootup. Instead, a file
system with the same name was created
in DRAM. Because it was fresh and emp-
ty, it did not overtax the file manager. The
scheme worked, but it has to be com-
manded manually for every bootup. For
the first time in several days the software
was behaving normally again. “It was a
fantastic moment,” said Jennifer Trosper,
the surface development manager.

Since then, the flash memory is being
read out, chunk by chunk, but it could
take a few weeks to send it all to Earth—
way too long of a diversion. Engineers
were trying to upload and run a trace
program Lo discover where the problem
is. but last week were having difficulty
getting it to work. This “surgical” tech-
nigue was preferred because it preserves
the flash memory, which has some sci-
ence data as well as engineering clues.

If the software trace did not produce

rewrites to flash, and has no limit on the
amount of DRAM it can request. The
amount of free DRAM is about 4 MB,
and developers did not anticipate it
would ever use this much, but appar-
ently it did. The mounting of flash dur-
ing bootup now apparently uses almost
all the free DRAM, then the first re-
quest to-aceess the file system freezes it,
Reeves said. This request usually comes
from a routine that converts flash data
into packets for telemetry,

THE FILE MANAGER software. which was
configued by JPL from the Wind River
operating system used by the rovers, was
run to capacity in development tests with-
out trouble. However, even accelerated
tests do not reproduce all that happens
in seven months of cruise and 18 days
of surface eperations. “We were caught
by surprise; we had left files onboard that
we'd intended to delete,” Reeves said.
“We expected in tests that they would be
deleted. We probably got close to ex-
posing the problem in the testbed.”

The high-gain antenna (HGA) was
moved for the first time since the prob-
lem on Sol 25 (Jan. 28) and successful-
ly communicated with Earth that day.
There was early speculation that the
problem might be connected with the
HGA. but that is largely discounted.

The simultaneous landing of Oppor-
tunity and problems with Spirit caused
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results by about Jan. 30, “we have larg=—

er hammers to solve the problem,” Tros-
per said. The first hammer is to selec-
tively delete files in flash, and the bigger
hammer is to erase all of the flash file sys-
tem. Most of the science data can be re-
placed relatively easily, except for ob-
servations of the sky and ground made
simultaneously with the Mars Express or-
biter flying overhead. However, there are
already small “thumbnail” images down-
loaded from this session, and the science
team has agreed that these are adequale.

Key aspects of the problem were re-
produced on the avionics simulator at
JPL, but other details were not, proba-
bly because of weaknesses in the simu-
lation, Trosper said. The simulator flash
file system was loaded to the same lev-
¢l as on board the spacecraft, about
6.500 “products”™ compared with the full
capacity of 8,192 products. A product
may contain more than one file. There
were about 13,000 files on board last
week. The file manager has procedures
to prevent flash overloading by deleting
files based on priority.

The file manager‘asks for cache space
in DRAM to manage the number of

a staffing crunch. But once Spirit was
able to keep its thermal and power con-
dition acceptable, its team was reduced
to 15-20 specialists working on the prob-
tem. Spirit staffing started growing Jan.
27 to resume active science operations.

The Mars Global Surveyor satellite
camera took remarkable pictures clear-
ly showing the Spirit lander, parachute
and backshell, and heat shield (see p.
37). “I've been in this business a long
time and this is absolutely amazing
stuff,” said Peter C. Theisinger. the Mars
Explotation Rover project manager.

The camera normally has about [.5-
meter/pixel resolution with its push-
breom detector from the 400-km. orbit,
but by pitching it to look at the site
longer this was improved to about 0.7
meter/pixel, which was good enough to
put several pixels on the lander and
sense its orientation.

The rover is off the lander but lost
in its glare, said Michael Malin, head of
Malin Space Science Systems (MSSS)
and a rover science team member.
When the rover is farther away from the
lander it probably can be detected, he
said. High-resolution images are on the
MSSS website at www.msss.com.

MSSS plans to take several pictures
starting in February to look for the Bea-
gle lander, which hit the planet on
Dec. 25 but never sent a signal. @

Mars-Rover ,Spirit":
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(j Storung behoben

Die durch einen Softwarefehler aus-
geloste mehrtigige Kommunikations-
storung beim Mars-Rover ,Spirit* ist
behoben. Gestern erklirte die US-
Weltraumbehorde Nasa, dass der
Computer des Roboters wieder funk-
tioniert. Noch in dieser Woche soll
,Spirit* seine vor anderthalb Wochen
unterbrochene Untersuchung eines
nahen Felsbrockens fortsetzen. Der-
weil beginnt der am Samstag von der
Landebasis auf den Mars-Boden ge-
rollte Zwillingsroboter ,Oppartuni-
ty* mit seinem wissenschaftlichen
Erkundungsprogramm. Der Rover
soll jetzt £e mineralogischen Be-
standteile des Bodenmaterials an der
Landestelle untersuchen. ddp
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HOUSTON CHRONICLE - 04 FEBRUARI 2003.
MARS ROVER’S WORK DELAYED OVER MEMORY GLITCH.

PASADENA - The Mars rover Spirit briefly resumed science operations before NASA once again halted the work to finish
orrecting a computer memory problem that has stymied the wheeled robot's mission. Mission officials had e
would brush off and examine a rock that it has faced since January 18, but ongoing software problems forced engineers to
delay gathering the data until Thursday, a day after they planned to reformat the rover's flash memory. "We decided it would
mmmmwmmmﬂwmﬂm"&&m‘m-mm-_WCmmmmm:
Press on Tuesday. Spirit landed on Mars on January 3, followed three weeks later by its twin, Opportunity, on the opposite
side of the Red Planet. In the meantime Spirit was suddenly crippled by a problem with its flash memory. "We're just trying
10 get Spirit back to nominal operations, so We can have two missions operating in parallel.” project manager Pete Theisinger
evidence the dry planet once was a wetter world capable of sustaining life. The pictures, released Tuesday, show a coin-sized
hnagﬁ,nmoffmmdsatﬁnmdqfﬂsmbdicmwwb@lammnfme-ﬁnypaﬂcﬁof

iron-bearing minerals. mmmmmmhmmMMorwsm
n&mmnﬂdﬂmyW&ﬂ&hﬁmgﬁ&HﬂnMWs&wﬁ&eMmdammm
of cither of two ofher iron-bearing minerals, goethite and magnetite. Finding one or the other should confirm or deny their
hypothesis. Finding goethite, named for the German poet Goethe, would point to a watery origin for both it and the
mymmmmnrwmmn&mmmwunum
carly Wednesday. It was not immediately clear when the space agency would release them to the public. "I'm waiting for it
100, because [ want to know it savs." Theisinger said of the Mosshauer results. | plans to continue hammering away at

Mars throughout the decade: f&gU{ ‘55

SPACE.COM: 06 FEBRUARI2004. e s
MARS ROVER SPIRIT UPDATE : OUR PATIENT IS HEALED. % 2 “ \ l)

The computer woes of the Spirit Mars Exploration Rover appear to be solved. The robot IS nOW Deing
readied for wheeling itself to a large-sized crater within the Gusev Crater landing site. All indications are that
the memory surgery on Spirit “worked extremely well," said Jennifer Trosper, JPL's Spirit Mission Manager.
She said that the patient is healed of a computer overload problem, fixed by carefully erasing and
reformatting Spirit’s flash file system. Spirit is in great health, Trosper said during an early moming press
briefing at the Jet Propulsion Laboratory (JPL) in Pasadena, Califomia. Trosper said that on Thursday a
demonstration link between Spirit and Europe’s Mars Express worked very well. "We have our international
interplanetary communications network established even more so out there at Mars." Science duties by
Spirit include giving the rock nicknamed Adirondack the brush off. Thanks to a brush on the robot’s Rock
Abrasion Tool (RAT) a surprise coating on Adirondack was whisked away, said Stephen Gorevan, Payload
Lead for the RAT and head of Honeybee Robotics in New York. "This was a big surprise...the greatest
interplanetary brushing of all time.” Today, Spirit will use the RAT to help scientists glean more information
about Adirondack’s internal composition. Spirit is expected to begin driving on Saturday about 270 yards
(250 meters), on a step-by-step jaunt toward a crater nicknamed Bonneville. "There’s going to be a lot of
driving on Spirit," Trosper said. Scientists are eager to study the walls of Bonneville for geological ciues
regarding the history of Gusev Crater. Bug in our court Glenn Reeves, JPL's Flight Software Architect for the
Mars Exploration Rover (MER) project said that sorting out what ailed Spint was a major effort, one that has
now led to stabilizing the problem and debugging the robot’s sofiware. The investigation into the computer
glitch is still on-going, Reeves said. "This is definitely a bug in our court that we have to fix." "The first
problem is that we ran out of memory. A subsequent problem after that is we managed to corrupt the file
system,” Reeves said. "In a sense, we're back to the beginning...and | think at this stage we're very
confident that we understand what the problem is. We have a procedure in piace...to work around this
problem indefinitely if we have to," he said. Reeves told SPACE.com that the computer issue on Spirit has
the same potential to crop up on Opportunity. Procedures have been put in place to prevent the software
glitches from reoccurring on Spirit and showing up on the Opportunity rover on the other side of Mars, he
said.
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Ready To Roll

Spirit poised for long traverse

after memory is fixed

MICHAEL A. DORNHEIM/PASADENA, CALIE.

he Mars Exploration Rover Spir-

it appears to have recovered from

its memory breakdown last week

and planned to celebrate by

brushing dust off a rock for bet-
ter measurements of its surface—the
first such cleaning on Mars.

If all went well with subsequent ob-
servations of the rock “Adirondack™ late
last week. the rover should be on its long
drive to the Bonneville Crater this week.
The 200-meter-dia. crater is about 300
meters (1,000 ft.) northeast of the rover,
and scientists want to find and inspect
deep-lving material that was ejected to
the surface when the crater was formed,
as well as possibly peer into its rim
(4AW&ST Feb. 2, p. 36). This long drive
will be another first.

DIAGNOSING AND FIXING the flash
memory problems took about 14 Mart-
ian days (Sols). A Sol is 39 min. 35 sec.
longer than an Earth day, and Sol 1 is the
day the spacecraft landed on Mars. The
problem started on Sol 18 (Jan. 21) and
the last major repair effort was on Sol 32
(Feb. 4), engineers hope. That means the
rover was largely out of commission for
449 of the first 32 Sols, compared with
an expected rate of 33%. However, it was

Méssbauer Spectrum of Adirondack Rock

(Sol 18, Gusev Crater, Mars)
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doing very well dur-
ing the first 18 Sols,
and if that experi-
ence continues the
rover should soon
be back to exceed- : -
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The rover has
256 megabytes of
non-volatile flash memory. Most of that
is a 224-MB file system that stores things
like science data. and this is where the
problem occurred. The software that
manages the file system operates in part
of the 128 MB of volatile random-access
memory (DRAM) and the leading the-
ory is that this flash file manager used
up too much DRAM, causing the com-
puter to reset itself repeatedly. Engi-
neers were not absolutely sure that was
the cause but were able to convince
themselves last week there wasn't a
hardware problem, though they still
aren’t certain why the software asks for
so much DRAM.

The remaining 32 MB of flash con-
tains both copies of the flight software.
This area of flash is directly accessed by
the computer and does not go through
the file management system, but engi-

= |

Spirit’s robot arm remained in the same posi-
tion on “Adirondack” rock for more than two
weeks while the flash file system was fixed.

Velocity (mm/s)

Moessbauer spectrometer detects the state
of iron (Fe) in samples, which may deter-
mine if they were formed in water. This first
Martian rock measured is likely volcanic.

neers wanted to be extra careful that re-
pairing the file system did not disrupt
the flight software.

On Jan. 30, Spirit followed commands
to delete roughly 1.000 leftover cruise
files from the file system. Over the
Jan. 31-Feb. 1 weekend. science and en-
gineering files were transmitted to Earth
from flash, helping to confirm the lead-
ing theory. said Jennifer Trosper, the
Spirit mission manager.

But things didn’t go so well on Feb. 2
(Sol 30). The plan was to resume science
operations by using the brush on the rock
abrasion tool (RAT) at the end of the ro-
bot arm to clean Adirondack. then view
it with the microscopic imager and ana-
lyze it with the alpha particle X-ray spec-
trometer (APXS). The arm had been at
the rock since Sol 17 and had not moved
during all the file system problems.

BEFORE THESE science observations,
however, Spirit tried to find the Sun with
its panoramic camera to orient itself,
and this operation failed to complete.
The solar orientation was successful lat-
er in the day, but the science session was
scratched. Demand on computer re-
sources from another rover operation
may have caused the Sun search to time
out. said Mark Adler, Spirit deputy mis-
sion manager.

There was concern that the file system
anomaly may have had side effects on the
flash memory itself. Engineers finally
were able to get a copy of Spirit memo-
ry showing that the problem was with file
system DRAM allocation. They found
corrupted files in flash and decided the
best course was to reformat the flash file

syvstem. This had been planned for Sol
HIUND



31, but was shifted to Sol 32 when they
realized how long it would take.

_ The desire was to start at 6 a.m. Mars
Local Time on Sol 32, which would re-
quire battery power before there was
significant sunlight, and was much ear-
lier than the normal 8:35 a.m. MLT so-
lar wakeup. A long day might overheat
the electronics as the day wore on. The
rover was prepped on Sol 31 for this long
day by going to bed early at 1:30 p.m.
MLT and deleting the usual wee-hours
satellite communications session to put
more charge in the battery. The warm
clectronics box was allowed to get cold-
er than normal so the computer could
run longer before getting too hot in the
daylight Sun.

On Sol 32, the 224-MB flash file sys-
tem was erased and the hardware was
checked to ensure it had no faults; then
it was formatted. Engineers had practiced
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“for four days on the ground testbed to

make sure the results were exactly as ex-
pected, there were no side effects, and
the flight software in the other 32 MB of
flash was not corrupted. Adler said. The
process appears to have gone as planned.

Controllers are now checking daily
the number of files in flash, how much
DRAM is being used and other data to
keep the file system out of trouble. “If
it gets beyond a certain number, we may
need o stop science operations and re-
format the flash again,” Trosper said.

On Sol 33 the science plan for Adiron-
dack was reinstituted, with the rock to
be brushed and examined. On Sol 34
(Feb. 5) the RAT was to grind into the
rock and comparative measurements
made of the interior. And on Sol 35 Spir-
it may be moved to the north side of the
lander, from where it can start a straight
shot to Bonneville Crater.

~ Before erasing the flash, controllers
downloaded observations made in con-
junction with the Mars Express satellite
on Sol 13, and Moessbauer spectrometer
data taken of Adirondack for more than
12 hr. on Sol 17-18. The Moessbauer de-
tects what form of iron is in a sample,
and this was the first such data taken of
a rock on another planet.

The overall result is that Adirondack
is probably an olivine-bearing basalt—
a volcanic rock that would be very com-
mon on Earth, said Richard V. Morris.
a science team member from Johnson
Space Center. Morris agreed the rock
composition is a “smoking gun” for no
water. “It’s a good hard rock, maybe ex-
cavated from a crater,” said Ray Arvid-
son, the project deputy principal inves-
tigator. Arvidson noted that on Eartha
basalt can be found right next to lime-
stone, formed by water. @
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Spirit boort gaatje
in Marsgesteente

WASHINGTON |
ter ,Spirit” hat a

boter habe ein rundes Loch von 4,55
Zentimeter Durchmesser und 2,65
Millimeter Tiefe gebohrt, teilte die
US-Raumfahrtbehorde NASA mit. Es
war das erste Mal, dass auf dem Mars
Gestein angebohrt wurde. Das ,Spi-
rit"-Gelindefahrzeug war Ende Ja-
nuar wegen emes(lorgg%erpm};lems
tagelang ausgefallen. erweile ar-
ﬁb‘et das Gerat wieder normal. Nach
ider insprobe soll es einen rund
1950 Meter entfernt liegenden Krater
‘untersuchen.
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gen en de grootte heeft van

een voetbal, is 2,7 millimeter
De Marssonde Spirit heeft af- | diep en heeft een doorsnee
gelopen weekeinde op derode | van 45 millimeter. Onderzoe-
planeet geschiedenis geschre- | kers hopen dat het binnenste
ven door een gaatje te boren deel van de steen meer duide-
in een blok basalt. ,,Wij heb- lijk maakt over de geologische
ben het eerste bewust geplan- | opbouw van de planeet. Het
de gat gemaakt op Mars”, ju- boren van het gat duurde drie
belde de NASA-onderzoeker uur, Na het analyseren van het
Stephen Gorevan. basaltblok maakt Spirit nog

enkele foto's van de steen, en
De Spirit bevindt zich al ruim | rijdt dan drie meter verder,

een maand op Mars. Vanwege
een computerstoring was de
sonde twee weken niet de be-
dienen. Sinds vrijdag is de Spi-
rit weer volledig inzetbaar.
»Onze patiént is genezen”, zei
projectleider Jennifer Trosper
in het vluchtcentrum in Pasa-
dena.

Het gaatje in de steen, die de
naam Adirondack heeft gekre-

T o

‘naar een andere rots.

Aan de andere kant van Mars
nadert de Opportunity, de
tweelingsonde van de Spirit,
intussen een bijzondere rots-
formatie, om die in detail te

‘onderzoeken.

Wetenschappers zijn geinte-
resseerd in de rotsformatie
omdat die door water lijkt te

zijn gevormd.
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Nummer 48 - 15 februari 2004

Het zonnestelsel in / Spirit. Q32 S

Op 4 januari om 04:35 uur GMT is de Amerikaanse rover Spirit succesvol op Mars geland in de
Gusev krater. De Spirit was direct vanuit haar interplanetaire baan met meer dan 19.000
kilometer per uur de atmosfeer binnengeviogen waarna een parachute en airbags voor een zachte
landing zorgden. Tijdens de afdaling werden de signalen van Spirit gerelayeerd door de Mars
Global Surveyor en Mars Odyssee kunstmanen in een baan rond de rode planeet, zodat
vluchtleiders het verloop van de afdaling konden volgen. Door de afstand tussen Mars en aarde
duurde het 9 minuten en 28 seconden voor het signaal bij de aarde aankwam.
Na de landing bleek dat Spirit was met de bodemplaat naar beneden tot stilstand gekomen, wat
het intrekken van de airbags en het openklappen van de zijpanelen alleen maar makkelijker
maakte. Binnen een uur was dit gebeurd en begon Spirit met het maken van de eerste foto's van
het landingsterrein. Op 15 januari rolde de Spirit van het landingsplatform op het oppervlak. Drie
dagen later begon de eerste tocht van bijna drie meter naar de eerste steen die vervolgens van
dichibij onderzocht werd. Vanaf 21 januari ontstonden er echter communicatieproblemen met de
Spirit. Na enkele dagen ontdekten vluchtleiders dat een software probleem ervoor zorgde dat de
boordcomputer bijna continu herstarite. Het bleek dat het geheugen te vol stond met
wetenschappelijke metingen, en nadat reeds verzonden gegevens werden verwijderd was het
probleem opgelost. Vanaf 29 januari kon Spirit weer enkele waarnemingen en nieuwe foto's
dwrﬂurmNadathﬁmdmekvmdeﬂemwas&fgemnivmlgdeSpmoprebmmhaar
weg. Het eerstvolgende doel is de Bonneville krater, ongeveer 340 meter van de landingsplaats.
Op 12 februari had de rover 58 meter afeelegd
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Hartelijke groeten van Mars

was Mars zo dichtbij. En de vakantie-
foto's zijn te zien op http://marsrovers.
jpl.nasa gov/gallery/all, De twee marslan-
dertjes van de NASA rijden rond en fotogra-
_zmumkmnﬁe&m-

alles op het
net.&mden mllmgu mee met

het rovertje Spiritals hij voorzichtig door de
marswoestiin rildt en verzeliik daarbij de re-

sultaten van zijn zes verschillende camera's.
Onderstaande foto is af zvande
rechter” navlgaﬂanamm mdaipml.op
de 39e dag van zijn missie (12 februari) om
14h06, plaatselijke tijd. Spirit brak toen
weer een record: 24,4 meter rijden op een
dag. Spirit heeft ‘s morgens wel een beetje
last van de koude bi] het opwarmen van zijn
motoren. maar verder gaat het “toppie’. HS
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R:} de Chileense Atacama-woes-
tijn in, maak een paar digitale
kiekjes van de omgeving, rommel
wat met de kleuren, en je hebt
Mars. Een rode steenwoestijn
met een zalmroze hemel. En zo
dood als een pier.

Houdt de Amerikaanse NASA

ons voor de gek? Zijn de foio’s
! % 3 L+3 } van de Marslanders Spirit en Op-
portunity stickem gewoon op

—aarde gemaakt? Die conclusie
gaat de meeste twijfelaars te ver,
maar één ding is zeker: er is iets
goed mis met de kleur van Mars.

Komen NASA’s
Marsheelden
niet uit Chili?

Het is niet voor het eerst dat de
NASA ervan wordt beschuldigd
de kleurverzadiging wel érg ver
op te schroeven als het om Mars
gaat. De Rode Planeet méet er
immers wel rood uitzien. Maar
als blauwe verf op een kleurenfo-
to opeens een vuurrode tint
krijgt, is er iets anders aan de
hand.

‘Half januari, nog geen twee
weken na de landing van Spirit,
deden de eerste samenzwerings-
theorieén op internet de ronde.
Op de lander is een soort ‘kleu-
renkaart’ aangebracht, maar wat
daarop donkerblauw hoort te
zijn, zag er op sommige Spirit-
foto’s knalrood uit. Blauwe kabe-
lisolatie en het eveneens blauwe
NASA-logo hadden op de foto’s
een bijna fluorescerende, hard-
roze kleur. Conclusie: NASA rot-
zooit met de kleuren. En dus is
ook de Marshemel niet roze
maar blauw, Mars lijkt veel meer
op de aarde dan de NASA ons wil
doen geloven. Blijkbaar zijn er
dingen ontdekt die niemand mag
weten.

Koren op de molen van pseu-
do-wetenschappers die al iaren

beweren dat er resten van oude
beschavingen op Mars zijn ge-
vonden, dat plantengroei wordt
weggeretoucheerd, en dat al die
zogenaamd mislukte ruimieson-
des in werkelijkheid door de CIA
gebruikt worden om te commu-
niceren metf Marsmannetjes.

Blijft natuurlijk de vraag hoe
die merkwaardige kleuromke-
ring verklaard kan worden. Wak-
kergeschud door alle commotie
heeft het camerateam van de
twee Marslanders daar nu einde-
lijk tekst en uitleg over gegeven.

De digitale camera’s van Spirit
en Opportunity kunnen alleen
zwartwit-foto’s maken, dus om
een kleurenbeeld te compone-
ren, worden drie opnamen ge-
maakt, door verschillende kleur-
filters: rood, groen en blauw. In
een beeldbewerkingsprogramma
- ook bij de NASA gebruiken ze
Photoshop - worden die drie op-
namen sam

Maar de Marslanders hebben
veel meer dan drie filters aan
boord. In totaal zijn het er wel
veertien, niet alleen voor zicht-
bare kleuren, maar ook voor ul-
traviolet en infrarood, vooral
voor geologen.

Volgens de NASA zijn die in-
fraroodbeelden soms ook ge-
bruikt om kleurenfoto's te gene-
reren. Wat helder is in het infra-
rood (zoals het pigment in blau-
we verf) gaat er op de foto dan
knalrood uitzien. Voor de damp-
kring van Mars geldt dat niet,
maar het zal duidelijk zijn dat de
resulterende kleuren van het
Marslandschap nooit kunnen
kloppen met wat je zou zien als je
er zelf rondliep.

Met al die kleurfilters aan
boord, en met tienduizenden ka-
libratie-opnamen op zak die op
aarde zijn gemaakt onder uiteen-
lopende omstandigheden, moet
het de Photoshoppers van de
NASA uiteindelijk een keer luk-
ken een realistische kleurenfoto
van de Rode Planeet te produce-
ren. De vraag is alleen wie er
tegen die tijd nog in gelooft.

V O/O\y&g/%&lam
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succesvolle landing van Amerikaanse Spirit op

Mars

In enkele dagen tijds behaalde
Amerika op ruimtevaartgebied
opnieuw een fraai sukses. Op
4 januari voerde de Spirit met
sukses een zachte landing uit
op Mars. Na de twee Vikings,
de Sojourner is dat het vierde
ruimtevaartuig dat foto’s vanaf
het Marsiaanse opperviak naar
de aarde stuurde. En ze moch-
ten er zin. Van geweldige
kwaliteit alsot we er zelf ston-
den en deor een raampje ke-
ken.

Natuurlijk was het die vierde
januari erg spannend. Want na
een tweetal mislukte Marsmis-
sies van de Amerikanen en de
mislukking van de Beagle 2
van ESA, rees opnieuw de
vraag "Zal het lukken?”

Op 3 januari 's avonds ont-
moette de lander in zijn baan
planeet Mars. Op een hoogte
van een kleine 130 kilometer
dook het de atmosfeer in met
een snelhed £,4 km per se-
conde. Een hitteschild zorgde
tijdens de afremming dat de
sonde niet verbrandde. Nadat
de snelheid behoorlijk was
teruggelopen ontvouwde zich
een parachute. Acht seconden
voor de landing bliezen de
airbags zich op en te 5.35 uur
(Ned. tijd) stuiterde de Spirit
omgeven door airbags op het
opperviak. En caarna werd het
stil. Een kleine twintig lang
durende minuten. Via Mars
Odyssey moest het signaal
binnen komen dat alles in orde
was. Mars Global Surveyor
ving als eerste signalen op, die
kort daarop heel sterk even-
eens door de Mars Odyssey
ontvangen werden. Yes, het
was gelukt. Om 5.55 uur wist
men het zeker. Het toestel was
goed terecht gekomen. Grote
vreugde in het viuchtleidings-
centrum. Het zou nog een dik
half uur duren, alvorens de
airbags waren verwijderd. Kort
daarop werd de eerste haar-
scherpte foto  overgeseind,
gevolgd de dagen erna door

{3N3S

vele tientallen zeer fraaie plaat
jes van de omgeving van de
Spirit. We hebben nu in een
aardig idee hoe de Gustev kra-
ter (15 graden ten zuiden van
de evenaar) eruit ziet, waar de
Spirit is geland. Een gebied
waar de wind de meeste stof
heeft weggeblazen. Een ideaal
gebied om op zoek te gaan
naar sporen van water en ev-
entueel leven. Er liggen de
nodige stenen, maar gelukkig
niet veel grote.

Zo'n drie tot vier miljard jaar
geleden moet deze krater door
een meteorietinslag ontstaan
zijn. Kanaalachtige lijnen doen
zeer sterk vermoeden dat hier
ooit water, met of zonder ijs,
gestroomd moet hebben. We-
tenschappers verwachten hier
toch een 1000 meter dik slib
aan te treffen, dat de laatste
twee miljard jaar geleden be-
dekt is geworden met stof en
zand. Maar ook lava, ijs en

wind hebben dit landschap een
bIVIT

Een van de eerste f o -
to’'s die de camera’s
aan boord van de Spi-
rit maakte. Zo stond
het dus op Mars

ander aanzien gegeven. Gedu-
rende drie maanden zal de
Spirit in deze krater gaan rond-
rijden en naar we hopen op
vele vragen een antwoord
geven. Het wagentje is uitge-
rust met zes wielen en weegt
in totaal zo'n 180 kg.

Zeker is dat wij aardbewoners
onze fotoalbums over Mars
met heel wat plaatjes kunnen
aanvullen.

Leuk is ook nog te weten dat
na de eerste nacht Spirit ‘ge-
wekt” werd met het liedje van
The Beatles "Good Morring,
Good Morning".

Op 25 januari moet de Opper-
tunity geland zijn. Meer hier-

over.in onze volgende Astruim.
b3y Y
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— FLORIDA TODAY : 24 maart 2004.
NASA DUSTS HISTORIC LAUNCH TOWER.

CAPE CANAVERAL - mmmmmdamwlmmmwtmy
aﬂaafaﬂﬁymbrdmmmwmawﬂmammummmmmﬁymm
federal environmental regulations, NASA has given the go-ahead to a contractor to proceed with a $2
million effort to dispose of segments of Launch Umbilical Tower-1. or LUT-1. The 380-foot gantry served
m&mmkmmaﬂmm@EMtMMMmmmmm

, mmmmmwhmlmmmmmmm and segments have been rusting
_ in a five-acre "bone yard” athnedySpaceme creating an environmental hazard. Heavy metals and
toxic substances within orange gantry paint are leeching into the soil at the open-air site as well as the water
in " table beneath it. The six-month demolition effort is aimed at bringing NASA into compliance with federal
© regulations. "We have evidence tha indicates that the structure is causing environmental contamination, and

we've got a responsibility to deal with that." said Burt Summerficld, chief of the safety. health and
mvmmnemalﬁvmatKSC “Wemedmmonvmhﬂwpnblmwlnvemlﬁnd A

the Space Restoration Society launched a "Save the LUT" campaign. The preservation group presented a
proposal to NASA but was unable to raise the estimated $40 million needed to re-erect the gantry. Several
e mwmeﬁm!smmﬁnM'__mSmmem@ chief operating officer of the society: "I
think we're losing a national _.:Ma'mmdﬂmmmRMammmen

mmmmmmamwhmeﬂmm be restored. "We think this is a
maior blow to our effort.” he said_ "But we're not giving up yet." ? % 3\’] Ll ] S
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Op een steenworp
b3y el

__van de ‘big bang’ |

ROTTERDAM, 10 MAART. Astro-
omen hebben dieper in het heel-
al gekeken dan ooit tevoren. Een
door de ruimtetelescoop Hubble
gemaakte compositiefoto die gis-
teren is vrijgegeven, toont enkele
nabije, maar ook zeer verre ster-
renstelsels, gevormd kort nadat
hetheelal is ontstaan.

»De beelden van de Hubble
brengen ons op steenworp af-
stand van de big bang”, aldus Mas-
simo Stiavelli, leider van hetinter-
nationale projectteam achter het
gisteren gepresenteerde ‘plaatje’.
.Dit beeld zal de komende jaren
in vele astronomiebocken ge-
bruikt worden”, verklaarde Ste-
ven Beckwith, directeur van het
Space Telescope Science Institute
aan de Johns Hopkins Universiteit
in Baltimore, waar het materiaal
gisteren is gepresenteerd.

De Hubble-opname (Hubble Ul-
tra Deep Field) toont naar schat-
ting tienduizend sterrenstelsels.
De jongste bestonden waarschijn-
lijk pas 400 miljoen jaar toen ze
het licht nitzonden dat nu is vast-
gelegd. Ze zijn dus jong in verge-
lijking met de totale leeftijd van
het heelal, momenteel geschat op
13,7 miljard jaar. - : - .

Het beeldmateriaal komt twee Den bislang tiefsten Einblick ins All gab das Teleskop ,Hubble". Bei die-

maanden nadat de Amerikaanse A 2 ; e . : -
faimtevaartorganisatic ' NASA sem Anblick fallt es nicht schwer, an gottliches Wirken zu glauben. Foto: afp

heeft aangekondigd dat zij de ! v }
Hubbl&telgescoop opgeeft, omdat I % 3 H 5 l
hetonderhoud ervan teduurente
omslachtig is. De veiligheidspro-
cedures van de NASA zijn aange- Hubbl e “ lbt ti e fS te
schetpt naar aanleiding van het » g n
Doctten, In AN e Einblick ins All
van de spaceshuttle Co
‘Hét is nu verder afwachten hoe
. - alwa Dem | US-Weltraumteleskop ,Hub-
de ruimtetelescoop nog zon- PR I e T 3R e
?;;gondﬂhwd blijfe ?unctione- %) S Lf LY 2 ble® ist ein einzigartiger Blick in die

isc) Kinderstube des Universums gelun-

Het Hubble-Ultra-Deep-Field- "gen. Die gestern in Baltimore verdf-
beeld is opgebouwd uit infrarood fentlichte Aufnahme stellt den tiefs-
‘en optisch beeldmateriaal dat is ten Blick ins All dar, der je gewagt
verzameld tusser 24 september wurde. Auf dem Bild sind Galaxien
2003 en 16 januari van dit jaar. De aus der Zeit vor 13 Milliarden Jahren
Hul‘;ble :}iliagdom ;tofidjzl om de z;lst sehesn, als nach dem Urknall die
aarde nodig om met zijn telescoop ersten Sterne zu leuchten begannen.
in totaal 21 minuten hetzelfde »Hubble hat uns zu 'einem'Pu%xkt ge-
kleine deel van het firmament te fiihrt, der nur einen Steinwurf vom

fotograferen. Het beeld heeft een Urknall entfernt ist“, sagte der Leiter

breedte zo groot als circa eentien- : : : g -
de van de diameter van de volle des Projekts, Massimo Stiavelli. Auf —

‘maan. De astronomen hebben ge- der Aufnahme sind annihernd

kozen voor een deel van de ster- 10000 Lralaxien zu erkennen. ‘

renhemel juist onder het sterren- - e { s i
beeld Orion. In dit gebiedje staan LA R <( w a0 e <
weinig sterren van de melkweg.

Het licht en andere straling van O — @ 5 ai= :)_OQL\ .

het sterrenstelsel, waarin ook de
zon en de aarde zich bevinden,
zou de straling van verafgelegen
stelsels verstoren.
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False Reprieve

Hubble reveals bizarre infant universe as expansion
of debate over telescope servicing accelerates

CRAIG COVAULT/CAPE CANAVERAL

** he National Academy of Sciences
will reassess a decision by NASA
Administrator Sean O’Keefe to
cancel a final servicing mission to
@  the Hubble Space Telescope and
also examine other non-shuttle related
Hubble life-extension moves. That re-
assessment is coming in the wake of a
Senate subcommittee request for a more
narrowly focused shuttle servicing study—
which O’Keefe rejected—and a judgment
by Columbia Accident Investigation
Board Chairman Harold Gehman, that
O’Keefe's earlier decision may not nec-
essarily be an open-and-shut case.
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After appearing before NASA's
Senate appropriations subcommittee,
O’Keefe said that even if the Academy
offers a positive assessment on shuttle
servicing, he is unlikely to change his
mind about the Hubble mission cancel-
lation because of shuttle risk.

Gehman has written the subcommit-
tee that “only a deep and rich study of
the entire gain/risk equation can answer
the question of whether an extension of
the life of the ‘wonderful’ Hubble tele-
scope is worth the risks involved.”

“That is his view,” O'Keefe said.

Gehman's view, by inference at least.

13345 Y\

Hubble Ultra Deep Field imaged 10,000 new
galaxies, many shown here. The image
pushed back 13.3 billion years to within 400
million years of the Big Bang.

raises the question as to whether
O’Keefe’s earlier decision was support-
ed by adequate data.

Gehman noted that a Hubble mission
would have “slightly” more risk than an
International Space Station mission,
since a Hubble visit would offer no ISS
safe haven option. And he said, “The
Board [itself] is split on the merits of fly-
ing this mission.”




O’Keefe told Sen. Barbara Mikulski
(D-Md.) he concurred with her request
for a National Academy of Sciences
study through the National Academy of
Engineering, but only if it avoided a nar-
row focus on servicing and included as-
sessments of non-shuttle servicing op-
tions to extend Hubble’s life.

O’Keefe said in January at the Jet
Propulsion Laboratory in Pasadena,
Calif., that given the decision process
which led to cancellation of the final
and fourth planned servicing mission,
“NASA did not understand the extent
of the risk™ in undertaking the three
previous servicing missions and “got
tucky” on those flights that no accident
sceurred.

And he pretty much stuck to that view

ast week after coming out of the sub-

Ultra Deep Field project. The telescope
has found a menagerie of extremely
young oddball galaxies, chronicling these
gigantic bodies as out-of-control tod-
dlers before order and structure
emerged in the firmament. This deep-
est portrait of the universe ever taken is
being hailed as one of the most impor-
tant space science results achieved by
the National Aeronautics and Space Ad-
ministration.

“The image you see is full of su-
perlatives,” said Steven Beckwith, di-
rector of the Space Telescope Science
Institute in Baltimore. “For the first
time, we re looking back at stars that are
forming out of the depths of the Big
Bang. . . . The image will be in astrono-
my textbooks for years,” he said.

Made by combining data from two of

Age of the universe (billions of years)

committee hearing, saying it was high-
ly doubtful NASA could comply with
Columbia Accident Board recommen-
dations and still mount a return shuttle
mission to Hubble (AW&ST Mar. 8,
p- 56).

The decision to abandon Hubble serv-
icing on shuttle safety grounds has also
been supported by astronomer John
Grunsfeld, NASA’s chief scientist.
Grunsfeld is the agency’s top advocate
for science and a shuttle astronaut who
has twice launched on shuttle missions
to service the telescope. He has char-
acterized a return visit to Hubble as “not
prudent.” Many other astronauts strong-
ly disagree, however.

The controversy has soared as Hub-
ble has just finished looking back in time
a record 13.3 billion years as part of its
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Hubble’s instruments, the Ultra Deep
Field image shows red infant galaxies
that astronomers believe could have
been formed only 400 million years af-
ter the Big Bang, just 5% into the exis-
tence of the visible universe (see chart
above).

To achieve the Ultra Deep Field Im-
age, Hubble made about 800 separate
images all focused on a tiny, seemingly
empty region of space. The imagery in-
volved about 1 million sec. of exposure
time during 400 orbits accumulated over
four months. Looking into this void,
Hubble discovered an estimated 10,000
new galaxies.

The patch of sky in which the galax-
ies reside is just one-tenth the diameter
of the full Moon. It is located in the con-
stellation Fornax, a region just below

the constellation Orion. Thousands ot
new galaxies in the image were all in ex-
istence and perhaps died billions of years
before the Sun, Earth and the rest of the
solar system were even formed.

Hubble in both 1995 and 1998 spent
several days looking repeatedly at a dif-
ferent portion of the sky in two original
Deep Field projects that caused a sen-
sation among astronomers when they
reached to within about 1 billion years
of the Big Bang.

But with the longer exposure time in-
volved with the Ultra Deep Field, Hub-
ble has reached back so far that it has
captured a much different universe—
one with galaxies shaped like toothpicks
and other bizarre forms often colliding.

That sharp distinction between the
state of the universe early in its forma-
tion and the one more visible now will
be a major topic of research spawned by
the Ultra Deep Field imagery.

This historic new view is actually two
separate images taken by Hubble’s Ad-
vanced Camera for Surveys (ACS) and
the Near Infrared Camera and Multi-

Diagram shows penetration of the Hubble
Ulira Deep Field toward the Big Bang com-
pared with earlier Deep Field projects. New
image found a much more chaotic universe.

object Spectrometer (Nicmos). Both im-
ages reveal galaxies that are too faint to
be seen by ground-based telescopes, or
Hubble’s previous Deep Fields.

Installed in 2002 during the last serv-
icing mission to the Hubble telescope,
the ACS has twice the field of view and
a higher sensitivity than an older work-
horse camera on Hubble, giving the tele-
scope the ability to look back to 800 mil-
lion years after the Big Bang.

On the other hand, Nicmos, with
greater sensitivity, extends Hubble's view
back to 400 million years after the Big
Bang, said Roger Thompson of the Uni-
versity of Arizona and the Nicmos
principal investigator. An important area
of research will be to bring the two light-
year estimates—the 800 million and 400
million figures—closer together to bet-
ter nail down events in the post-Big
Bang universe that were happening rel-
atively quickly on a cosmological scale.

The Ultra Deep Field observations
began on Sept. 24, 2003, and continued
through Jan. 16, 2004.

Only four astronomers looked at the
combined images and were sworn to se-
crecy before its release giving thousands
of astronomers around the world an
even start at assessing the data for even
more discoveries. @
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