
MIJN RUIMTEVAART VERZAMELING VAN 07 MEI 2OO2

TOT 20 MEI 2002. REGISTER VAN A TOT Z.

DEEL 90.

A: Amerikaanse ruimtevaart:
blz 19776, 19784, 1 9831 , 19832, 19854, 1 9855, 1 9866.

Ariane-4: blz 19815.

Ariane-S: blz 19781, 19829.

ATLAS-3B'. blz 19870.

ATLAS-S: blz 19817 , 198'18, 1981 9, 1982A, 19823,
19900Um 19904,19941.

B: Barbara Morgan vliegt eindelijk met Space Shuttle: blz 19832.

Beagle 2: Britten landen op Mars: blz 19938, 19939, 19940.

C: Cassini: blz 19863.

Challenger: blz 19783.

Chandra. blz 19828.

Columbia (STS-109): blz 19871L|m 19895

D: De Aarde op drift: blz 19937.

De Maan op afstand . blz 19933.

De toegift van de zon. blz 19862.

De Stier werd Ram maar bleef Stier: blz 19930, 19931.

Delta-4. blz 19785, 19806, 19807, 19820, 19823, 19943.

Discovery (STS-105): blz 19896, 19942.

E. Een zon in het kwadraat: blz 19821.

Endeavour (STS-108): blz 19749 Um 19764.

ESA gaat ruimtevaartuig
naar Mercurius zenden: blz 19774, 19775, 19776, 19777.



(VERVOLG E):

EUVE: blz 19804, 19807,19808, 19809, 19823.

G: Galileo: blz 19786, 19787 , 19788, 19798.

Gigant onder de sterren'. blz 19805.

Glenn, John: blz 19855.

H: Hubble Space Telescope: blz 19746, 19748, 1981 1 .

l: ISS: blz 19768, 19792t/m 19799, 19816, 19852,19853,
'19855, 19898, 19899, 19904, 1991 1 Am 19927 ,

19932,19941.

J: Jorritsma: ESA moet efficiënter werken: blz 19803.

K: Kalk groeit ook in de droogte: blz 19826, 19827.

Kennedy Space Center doet de grote beurt shuttle: blz 19822.

Komeet lkeya-Zhang: blz 19932, 19934, 19935, 19936.

L: Laserpulsen meten afstand naar maan'. blz 19810.

M: Maan. blz 19899.

Mars:
o" 

)i{{i; 
jiiii; 1333i; 13333; 1333?; 1333í; 13333 133?3

t9928,19932.

Meeliften op treeplank Ariane-raket: blz 19824, 19825.

Mensen in de ruimte / Ruimtevaart 20A2: blz 19833 t/m 19852.

Mercurius'. blz 19940.

Miljoenen voor ruimtevaart: blz 19803.

N: N-1 maanraket: blz 19897,

NASA: blz 19812.

NASA houd lanceertijden voort-
aan geheim tot dag van te voren: blz 19897.

NGST: blz 19817.



O: Orion in steen: blz 19830.

P: Pioneer-1O: blz 19908, 19910, 19929.

Pluto: blz 19788, 19856, 19868, 19869.

R: Raketten: blz 19944.

S: Saturnus: blz 19799.

SIRTF: blz 19789, 19790, 19791, 19801.

Skylab: blz 19769, 19770.

Space Shuttle :

blz 19745, 19746, 19747 , 19748, 19772, 19773, 19778, 19804, 19813,

19814,19815, 19816.

Sojoez raketten in Kourou: blz 19815.

Spelen met sterlicht: blz 19867.

Speuren naar een tweede aarde: blz 19864, 19865.

Stardust: blz 19810.

Sterren kijken in 2002'. blz 19802.

Sterrenkunde:
blz 19765, 1 9766, 19767 , 19771 , 19779, 1 9780, 19782,

19783, 19860, 19910, 19929, 19941.

T. TDRS-I: blz 19863.

X: X-37: blz 19861.

X-38: blz 19787, 19791, 19803.



Evèn wat t.ritC oVer -tuèsen STS:|1O en STS-111. Dus Tekker snel hog een èxtÈ
klapper. STS-11 zal een vlucht maken naar het internationale Ruimtestation Alpha en
daar Expedition Five afleveren en Expedition Four weer mee terugRemen. Leonardo
is ook aanboord. Deze zal voorraden, kleding en andere zaken afleveren bij lSS. Dus
even concreet. Deze klapper, Deel 90, een e4traetie tusseldoor en in Deel 91 STS-111 laSHqll
DaveBöskes
Venlo
11 mei 2402.
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Space Shuttle mission report

Endeavour carries fourth crew to Space Station

Complex 398 on the STS-108 mission at 5:'19:28.0043 on the evening of Wednesday 5 December

200't. The mission - also designated ISS's Utilization Flight One (UF-1) - carried the Multi-Purpose

Logistics Module (MPLM) "Raffaello", a number of experiments, and brought up the Expedition

Four astronauts. These relieved the Expedition Three crew members who had been aboard the ISS

since August of 2001. Security measures were at a signiÍicantly higher level than on previous

Space Shuttle missions and increased Department oÍ Defense support was provided in the KSC

area due to terrorism concerns. lt was the twelfth Shuttle mission to the ISS and the Íirst

utilisation mission. Previous Shuttle flights had primarily concentrated on the assembly sequence

and crew support.

STS-1 08 had been scheduled Íor launch on 29

November; however problems with docking a

.'ï['J,',ï::;:;[#.1í,-]-q)
Russian Progress cargo carrier to the I55 delayed N/ultiple Application Customized Hitchhiker-1

the launch until 4 December and a weather delay (MACH 1)which was mounted between the

caused a Íurther one-dav slip to 5 December\ Endeavour's airlock and the MPLM across sub-bay

2001. I 
') 

I S \ §\ 3, as weil as rhe Lishtweighr NTPESS carrier (LMC)

The tralian NaPLM haffaello is one of threJ-l which was mourted in the aft end of the oayload

pressurised cargo carriers designed to Íly in the bay in sub-bay 13. The MACH-1 r'ras a collection

Shuttle orbiter's payload bay. Upon reaching the oÍ experiments mounted on a cross-bay GAS

ISS they are then be docked to the Space Station Bridge assembly and included the STARSHINE-2

Sanzio, the Raffaello was making its second space Radiation Detector, two Space Experiment

where their cargo is accessible Írom inside the

l5S. Named for the 1 6th century aftist Raphaello

fliqht. lt Íirst Ílew, also an Endeavour mission, on

STS-100 in Aprll 2001. The 5150 million dollar

module carried a series oÍ Resupply Stowage

Racks and Resupply Stowage PlatÍorms. The

MPLM measures 6.4 metres in length and 4.6

metres in diameter and it can carry up to 9.1

While astÍonaut Dominic Gorie conducts the docking

approach of Endeavour to the Space Station, another

crewmember photographs the Androgynous

Peripheral AÍtachment System (APAS) docking area of

Pressurized Mating Adapter 2 (PMA2). NASA
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reflective mirror satellite, the Capillary Pumped

Loop Experiment - 3, the Prototype Synchrotron

Modules and a GAS canister containing seven

experiments. The LMC carried four GAS canisters

while two additional GAS canisters were

mounted on the starboard payload bay wall just

ahead of the IVACH-1.

The orbiter's middeck area carried the Avian

Development Facility (ADF) and the Commercial

Biomedical Testing Module-Animal Enclosure

Module (AEM). The ADF was flown to validate

subsystems and contained two experiments on

development in space oÍ Japanese quail eggs.

The AEM carried a commercial experiment that

utilized mice to study osteoporosis in humans.

Also aboard Endeavour were nearly 6000

American Ílags that were carried into orbit. The

"Flags Íor Heroes and Families" campaign

honours victims, survivors, and relieÍ workers

associated with the '1 1 September terrorist attacks

on the United States. The families of victims and

survivors will receive these flags and a memorial

certificate,

Flight crew
Endeavour's crew of Íour consisted of two

were making their first flight.

The mission was commanded by Dom Gorie,

44, Capl., USN who was making his third space

beoin the STS-1 08 mission to the Space Station. NASA

L-?35)+)

Smoke billows from Launch Pad 398 as the Space

Shuttle Endeavour Iifts off into an aÍternoon sky to

of space flight time serving as Pilot for the STS-91

and STS-99 Shuttle missions.

Endeavour's Pilot for ST5-108 was Mark E.

Kelly, 37, Lt. Cdr., USN who had been selected for

astronaut training in 1996 and was making his

first space flight,

Mission Specialist One was Linda M. Godwin,

49, PhD who had logged over 633 hours oÍ space

flight while flying on STS-37, 5TS-59, and STS-76.

During her ST5-76 mission she also logged seven

hours of EVA time.

Mission Specialist Two was first-time space

flyer Daníel M. Tani, 40, who was also selected

for astronaut training in 1 996.

The Expedition Four crew members riding up

to the Space Station consisted of three

experienced space Ílyers,

Expedition Four Commander is Yury lvanovich

0nufrienko, 40, a Colonel in his country's air

Íorce. He commanded the Mir 21 expedition in

1996 from 21 Februaryto 2 September 1996,

Flight Engineer was Carl E. Waltz, 46, Col.,

to STS-1 0B and acquired over 833 hours of space

flight time as a mission specialist aboard STS-51,

5T5-65, and STS-79

veteran space flyers and two new astronauts who USAF, who was a veteran of three missions prior

à'55\
flight. He had previously logped over 504 hd0Í-s****"- nlsqÍlying as Flight Engineer was Daniel W.

t') :: f-. \ -{ '\I 1-)) ) ))'**:_ - lgï §o



Bursch, 44, Capt., USN. He too, was a veteran oÍ

three missions, having logged overl46 hours on

STS-51, 5T5-68, and ST5-77.

[,^2 \
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Following Endeavour's flawless launch on5l
December 2001 and the arrival on-orbit, the crew

began the routine of unpacking equipment and

setting up their computers. Two and a half hours

into the mission the first of Endeavour's

experiments was activated. At the time of their

launch the lnternational Space Station (l5S) had

been 402 km above the lndian Ocean and a

series of firing Endeavour's manoeuvring and

thruster engines would be required to bring the

two spacecraÍt to a docking on mission day three.

The first of these firings, which was termed NC-.1,

occurred shortly before 9:00 pm. Endeavouís

0rbital Maneuvering System engines were fired

so as to refine the orbital parameters that would

bring the spacecraft to the lSS.

After completing their first mission supper, the

5TS-1 08 crew settled in Íor their first night of

sleep in space as they began their first sleep

period at 12:19 am on Thursday, 6 December. At

this point in the flight Endeavour was scheduled

to return to Earth on Sunday, 1 6 December. Later

in the flight this would be extended one day to

Monday,17 December.

Mission day two
AÍter being awakened at B: l 9 on the morning of

Thursday, 6 December, Endeavour's crew spent

their Íirst full day in space preparing Íor the

upcoming rendezvous with the ISS and for the

Extravehicular Activity (EVA) spacewalk scheduled

for later in the mission. During the day

Commander Dom Gorie and Pilot Mark Kelly fired

the orbiter's manoeuvring engines and thrusters

in two firings so as to adjust Endeavour's orbital

path as they continued to close with the lSS. The

crew checked out the rendezvous systems and the

navigational aids that they would use during

their final approach to the Space Station. pilot

Kelly and Mission Specialist-One Linda Godwin

powered up the Remote Manipulating System's

(RMS) robotic arm and checked its performance.

They then used the RMS television cameras to

perform a survey of the orbiter's payload bay, the

experiments, and the Raffaello MPLM cargo

carrier mounted in the bay.

EVA astronauts Godwin and Mission

Specialist-Two Dan Tani powered up and tested

the space suits they would be wearing for a

scheduled spacewalk set for later in the mission

on Monday, 'l 0 December. The Space Shuttle

crew had a few hours oÍ off-duty time during the

evening as they prepared for a busy week docked

View of the end effector of the Canadarm2/Space

Station Remote Manipulator System (5SRMS) taken by

a 5TS-1 08 crewmember through an aft flight deck

window during the docking approach oÍ the Space

to the lS5. Meanwhile, aboard the lSS, the

Expedition Three crew oÍ Commander Frank

Culbertson, Pilot Vladimir Dezhurov and Flight

Engineer Mikhail Tyurin spent their Íinal day

alone on the ISS unloading a Russian cargo

supply craft that had arrived the previous week

and packing for the trip home after more than

four months in space.

With the orbiter about 5633 km behind the

ISS and closing at a rate of 41 8 km per orbit,

Endeavour's crew began their second eight hour

sleep period in space at 1'l :19 pm - a schedr.rlp

they would follow íor the next week. \

Mission daythrel 
'l f <"i

Endeavour's crew began their day withté
orbiter'l 231 km behind the ISS and closing

rapidly with the Station. The crew continued with

preparations for the rendezvous and docking and

aÍ 12:44 pm they reached a point about 1 5 km

behind the lSS. At that point Mission Commander

Gorie and Pilot Kelly commanded the Endeavour's

thrusters in a final rendezvous manoeuvre firing

called the Terminal lnitiation burn. During the

next orbit of the Earth the on-board radar system

tracked the ISS and provided distance and closing

rate information. A series oÍ small mid-course

correction thruster firings brought Endeavour to a

point about 800 m below the lSS.

Gorie took over manual control and brought

Endeavour up to a point 'l 83 m below the lSS.

During the approach operation Mission Specialist

Linda Godwin operated a handheld laser ranging

device and Mission Specialist Dan Tani

coordinated checklists and procedures aboard the

Shuttle. Gorie then flew the orbiter in a quarter-

circle around and in front of the ISS along its

direction of travel. There Endeavour stopped

about 90 m in front ofthe docking port. From

that point, Endeavour approached the ISS at a

rate of about 1 60 m per hour. At a distance of

about nine metres the orbiter's approach was

halted for a scheduled check of the alignment

between the two spacecraft. The final approach

to the docking port on the Destiny laboratory

module was at a speed oÍ about 20 mm per

second. The docking occurred at 3:03 pm as the

orbiting complex of Shuttle and ISS were passing

southwest of CardifÍ, Wales.

lnitial indications were that the Shuttle's

docking ring and the ISS docking mechanism did

not align correctly; however, after allowing the

relative motion between the two spacecraft to

dampen out, a successful hard mate was

accomplished. Hatches between the two
spacecraft were opened at 5:42 pm and the i 0

spaceÍarers greeted one another as they began

eight days of joint operations. Briefings on their

respective spacecraft were begun as the two \
crews mersed inroone. 

? S 5 2 à
Mission day four -J
The fourth mission day of 5TS-108 was marked by

the removal of the Raffaello MPLM Írom

Endeavour's payload bay and the official end of

the Expedition Three crews' 1 l 7-day residency

aboard the ISS. Endeavour's Pilot, Mark Kelly and

Mission Specialist-One Linda Godwin used the

RMS robotic arm to remove the Raffaello from the

payload bay at 12:0'l pm. The transfer from the

orbiter to the ISS took just 54 minutes as the

robot arm grasped the module and removed it

from the payload bay and then attached the

module to the Unity Node's berthing mechanism.

The hatch to the MPLM was opened at 8:30 pm

on Saturday, 8 December and the supply transfer

operations were begun. Supplies and equipment

were also transÍerred from the Endeavour's mid

deck to the ISS during the day.

The formal exchange of Space Stations crews

took place as the Expedition Three crew of Frank

Culbertson, Vladimir Dezhurov, and Mikhail

Tyurin removed their customised seat liners from

the Russian Soyuz spacecraft and these were

replaced by the customised seat liners of the

Expedition Four crew oÍ Commander Yury

0nufrienko, and Flight Engineers Dan Bursch and

Carl Walz. As each Expedition Four crewmember's

seat liner was installed and checked out he

officially became a resident of the ISS and the

Expedition Three astronauts became members of

Endeavour's crew. The crew transfer was

completed at 5:11 pm. Handover briefings were

continued between the two crews though much

:
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of the time joint Shuttle-lSS operations were

taking place. f-*.- *_ __

\"r )c-.. -JMission day ffue"f 5 ) 2- 5 \
The crews'activities Íocused on continuing the ,/
transfer oÍ supplies and equipment between the

Raffaello MPLM and the lSS. Over 2700 kg oÍ new

Íood, supplies and equipment were transÍerred to

the ISS during the day as Expedition Three

astÍonauts continued with briefings and handover

operations to the Expedition Four ISS crew,

Endeavour's thruster jets were Íired to gradually

increase the altitude of the l5S by about 3,2 km

over a period oÍ an hour in the first of three

planned reboost eÍforts for the mission during the

week of docked operations,

The 1 0 ISS and Endeavour crewmembers took

time from their operations to pay tribute to the

heroes of the 1 1 September 2001 attacks on New

York and the Pentagon. Endeavour carried 6000

small United States flags that will be distributed

to heroes and families oÍ the victims of the attack

after the completion of STS-1 08, Also aboard

were a United States flag found at the World

Trade Center site after the attacks, a United

States flag flown above the Pennsylvania capitol,

a United States Marine Corps flag from the

Pentagon, a New York Fire Department flag, and

a poster that included photographs oÍ fireJighters

lost in the attacks. Shuttle Commander Dom Gorie

!

said that the Ílag from the World Trade Center

elicited especially poignant thoughts among the

crew. "This was found among the rubble and it

has a few tears in it. You can still smell the ashes.

It is a tremendous symbol oÍ our country, Just like

our country it was a little battered and bruised

and torn, but with a little bit of repair it is going

to fly as high and as beautiÍul as it ever did. And

that is just what our country is doing."

The hatches between the Shuttle and the l5S

were closed at about 7:43 pm on Sunday, 9

December with the Expedition Four crewmembers

remaining aboard the lSS. This hatch closure was

done in preparation for the EVA operation

planned Íor the following day. Closing the

hatches allowed the pressure in the Endeavour's

cabin to be reduced in order to protect the space

walkers from decompression sickness when they

went to the low-pressure pure oxygen '\
environment of their space suits. I "\.

-+ ) ,.-._ [') i
Mission day six " ..i
The day's activities centred on an EVA space.wal.l«l

by astronauts Linda Godwin and Dan Tani to

install thermal insulation blankets on two Beta

Gimbal Assemblies (BGA) that control the rotation

of the ISS solar arrays as they track the Sun. The

thermal blankets will protect the BGAs Írom

variations in temperature that have been causing

1

I
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Godwin, designated EVA-1, and ïani, designated

EVA-2, left the Shuttle's airlock at 1 2:52 pm on

10 December. Mission Commander Dom Gorie

coordinated activities Írom inside the Shuttle's

cabin and Pilot Mark Kelly operated the RM5

robotic arm in support of the EVA. ïhe two

spacewalkers were transferred part of the way up

the ISS truss by the robot arm as they held on to

tethers securing them to the arm. ïhis was as Íar

as the arm could reach in transÍerring them. They

then manoeuvred hand-over-hand to their work

site 24.4 m above the payload bay atop the P6

truss. They installed the blankets on the port

arrav BGA Íirst and then mpved to the starboarda'r' { -)È t:r\unit \ , --, \\-._r \
After accomplishing the'blanliet installat:on,.- I )

the EVA duo attempted to secure a brace on the

starboard array wing. The wing has Íour braces

and one did not latch properly when installed

during the STS-97 mission in 2000. They were

unable to get the brace to latch properly,

however engineers Íeel that the three braces that

are latched correctly are suÍficient to hold the

array. 0n their way back down Írom the top oÍ

the Station they retrieved a cover which had been

removed Írom a Station S-band antenna during a

previous flight, The cover, used to protect the

antenna prior to its installation, was returned to

Earth and may be reused. They also perÍormed

several "get ahead" tasks that will help the STS-

I I0 mission in 2002, Thaï mission wlll install a

central truss section on the Station and Godwin

and Tani positioned two Circuit lnterrupt Devices

on the 155 exterior 21 truss. They will be installed

during the ST5-1 1 0 mission. They also retrieved

several tools Írom exterior storage and the tools

were placed inside ISS so as to save time

retrieving them during the STS-1 1 0 EVA

operation. ïhe EVA was completed at 5:04 pm Íor

a four hour and I 2 minute spacewalk. The EVA

operation completed a record year of 1 8

Linda Godwin works in the Rafaello IVlulti-Purpose

Logistics Module (MPLM) on the Space Station, NASA

Astronaut Daniel Tani traverses along the Pressurized Mating Adapter 2 (PN1A-2) on the Space Station

oackdropped against the blue and w'ite Earth during the Íour-hour extravehiculà( activity (EVA). l3n. was joined

0n rhe spa(e watk by Linda Godwin. li 5.^ >_ _+D 
NA5A
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current spikes Írom motors inside the BGAs
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spacewalks; 1 2 originating Írom the Space

Shuttles and six from the lSS. ln 2002 there are

22 spacewalks currently planned.

Just before 7:00 pm the hatches between

Raffaello and the ISS were reopened and transfer

operations resumed. At this point in the mission

over'l 590 kg of material had been transferred

Írom the MPLM and over 300 kg had been

transferred Írom the Endeavour's cabin.

Mission day seven
The STS-1 08 astronauts began their seventh day

oÍ the mission on the morning of Tuesday, 1 1

December 2001. Three months had passed since

the 11 September attacks and in remembrance

the national anthems ofthe United States and

Russia were played in the lSS, Endeavour, and

the ISS and Shuttle control rooms at Mission

Control. The event took place at 8:46 am - the

exact moment oÍ the attack three months

previously. STS-108 Lead Flight Director Wayne

Hale told the Mission Control crews that "More

than 3000 people perished this day three months

ago, including more than 200 citizens from

countries that are Íamily members oÍ the

lnternational Space Station prograrnme - Canada,

Italy, France, Germany, Japan and Russia."

The crew of Endeavour learned that they

would be spending an extra day in space as

l\4ission Control advised them that their landing

was rescheduled Írom Sunday to Monday, 1 7

December, The extra day would give them time to

assist in additional maintenance work on the lSS,

These tasks included work on a treadmill and an

air conditioner.

The second of three reboost operations was

performed as Endeavour's thrusters were fired in

a series of pulses over an hour to raise the 155\
orbit by almost five km, í r C) \\{*) 2*)\
Mission day eigfrt "' 't -/Logistics operations continued during the daf,
Crew activity was now including repacking

unwanted ISS equipment aboard the Raffaello

MPLM. Over 81 6 kg of equipment had now been

loaded aboard Raffaello Íor transshipment to

Earth.

Endeavour's crew also assisted the Expedition

Four crew in replacing most of the components of

a treadmill today, The Expedition Four crew will

use the treadmill almost daily during their Íive

and a half month stay aboard the lSS. The old

parts from the treadmill, after replacement, were

loaded aboard the Raffaello for shipment back to

Earth. There they will be refurbished and,

ultimately, reused.

A third reboost of the Station by Endeavour

was performed. This was the final reboost of a

set oÍ three that raised the Station's orbit by

The Expedition Four (green shirts), STS-1 08 (blue shirts) and Expedition Three (white shirts) crews assemble in

the Destiny laboratory on the Space Station. The Expedition Four crew members are (Írom front to back)

cosmonautYuri 0nufrienko, mission commander; astÍonauts Daniel Bursch and Carl Walz, flight engineers. STS-

108 crew members are (back row) astronauts Linda Godwin, mission specialist; Mark Kelly, pilot; Dominic Gorie,

commander; Daniel Tani, missions specialist. Expedition Three crew members are (from írontto back) astronaut
Frank Culbertson, mission commander; cosmoanuts Vladimir Dezhurov and Mikhail Tyuín, Ílights engirleers.

Onufrienko, Dezhurov and Tyurin represent Rosaviakosmos. , ? ? \ 3 q: \ frfnSA

.._*j_:1-_______r
about 14.5 km. The Station's average altitude now stowed in the MPLfV-',.-
was now about 387.85 km. =.-=:--.-- Shortly after 4:00 pm on Thursday, 13t\ 'T tr \ I December a ceremony to officially transfer

Mission day ninel 25 S ) .orrandorrherssrrom Frankcurbertsonto

0vernight the crew and Mission Control noted a Yury 0nuÍrienko was held in the Destiny module

transient problem with one of the three tnertià-às the Expedition Four and STS-108 crews looked

Measurement Units (lMU) aboard Endeavour. The on.

IMU in question, IMU-2, was one of two units

then on line, the third being oÍf line to conserve

electricity. IMU-2 was immediately taken off line

and the third was brought on line to replace it.

The lMUs are the primary navigation units Íor the

Shuttle, however the loss oÍ one IMU has no

impact on the mission and Endeavour could

operate well with only one IMU if needed. After

being taken off line IMU-2 operated satisfactorily

but controllers considered the unit as failed.

With a light schedule of activities for this day

the ST5-1 0B crew were allowed an extra hour of

sleep. Logistic transfer operations continued

during the day and over 70 percent of the trash

and gear, including the Expedition Three Soyuz

seat liners, to be loaded aboard RaÍfaello was

Mark Kelly (left) and Daniel Tani, hold a bag of

several American flags on the aft flight deck of the

Space Shuttle Endeavour. NASI
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As seen though a window on Endeavour's aft Ílight deck, the Space Station now staffed with its fourth three-

I

I
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moving away from the lSS, the astronauts aboard

had a chance Íor several hours of off duty time

beÍore turning in Íor the night.

Mission day twelve
The Endeavour's crew members were awakened for

their final full day in space at 4:1 3 am. The last few

days had seen their sleep cycle gradually moved

earlier so as to support a mid-day landing at the

Kennedy Space Center on Monday, I 7 December.

Activities through the day centred on routine

prelanding checks and stowage operations. The

Endeavour's flight controls were checked and the

systems to be used in the reentry and landing the

next day were tested.

About 10:00 am a small satellite was released

from the payload bay. The satellite, named

STARSHINE 2 was released from a canister in the

payload bay. The satellite has over 845 mirrors

and over 30,000 students from 660 schools in 26

countries will optically track the satellite as it

orbits the Earth for eight months. The students,

many of whom helped polish the mirrors, will use

the inÍormation they collect to calculate the

density of the Earth's upper atmosphere.

Mission day thirteen
The STS-108 cÍew was awakened at 4:19 am on

'1 7 December for their final day in space. There

were two landing opportunities at the Kennedy

Space Center on this day. One was at about

1 2:55 pm and the second was at 2:32 pm.

Weather was predicted as being good and t[e---\
alternate landing site in California was not 1 \
activated 'JS 53 b)

Deorbit preparations aboarU Endeavour brWnJ
just beÍore B:00 am. The payload bay doors were

closed at 9:10 am and the crew began climbing

into their seats at 10:50 am. Mission Commander

Dom Gorie, Pilot Mark Kelly, Mission Specialist

Linda Godwin and Mission Specialist Dan Tani

were seated on the flight deck. Below them in

special recumbent chairs to reduce the effects of

gravity was the Expedition Three crew of Frank

Culbertson, Vladimir Dezhurov and Mikhail

Tyurin. About 1 1:35 they were given the "go" for

reentry and landing on the first opportunity. The

reentry burn began at about 1 1:52 and

Endeavour commenced it's return to Earth after a

voyage of over 7.7 million km. Endeavour's main

landing gear touched down on Runway 1 5 at

1 2:55.1 1 pm on the afternoon of I 7 December

2001 after a Ílight oÍ 1 1 days, 1 t hours, 35

minutes, and 43 seconds. The nose landing gear

touched down 1 3 seconds later and Endeavour

rolled to a Íull stop one minute and six seconds

aÍter initial touchdown. This had been the 57th

landing at the Kennedy Space Center. STS-1 08

was the last Ílight of year 2001.

continued, as they bad durinq docked ^ ,

operations ('+35 3t)
About 1 1:00 am the Raffaello hatche3-WëTE-

During the morning Yury 0nufrienko and

Vladimir Dezhurov worked to replace a faulty

compressor in the Zvezda module as the crews

completed cargo transfer operations. Over 2700

kg of material had been transferred to the ISS

and over 900 kg oÍ unneeded trash, gear, and

equipment had been moved into the Raffaello

MPLM. Handover briefings between the

Expedition Three and Expedition Four crews,

The Expedition Four and STS-1 0B crews said their

final farewells as the hatches between the two

spacecraft were closed at 8:1 6 am on the

morning of Saturday, 1 5 December, At 9:55 the

orbiter's thruster jets were fired in a series oÍ

pulses to increase the ISS orbit about 1,200

meters so as to remaiD-!vell clear of a spent-]\
Russianrocket'-\3 q 3 5r)

When the time came for the sëf,aratioryoiÍhe

two spacecraft, Mission Specialist Linda Godwin

sent a command to the docking system that

releases the docking mechanism and powerÍul

springs pushed the Endeavour away from the I55.

Endeavour's steering jets were shut ofÍ during

this period to preclude any inadvertent firing

during the initial separation. Endeavour undocked

from the ISS at 1 2:28 pm as the two spacecraft

flew 386 km above the lndian 0cean off the coast

of Australia. Pilot Mark Keily reactivated the

thrusters after Endeavour had moved about 0.6 m

away from the Station. Working from the control

station on the aft flight deck Kelly brought the

Endeavour out about 1 37 m from the lSS. From

that point he flew a one and a quarter circular

path over, behind, under, in front, and again over

the lSS. The complete fly-around lasted about 90

minutes. At the completion point, above the lSS,

Kelly Íired the Endeavour's thrusters to separate

the orbiter from the vicinity of the Station.

With Endeavour successÍully undocked and

closed and about 2:20 pm Pilot Mark Kelly and

Mission Specialist Linda Godwin began the

process oÍ bringing the module back into

Endeavour's payload bay. Kelly used the robot

arm to detach the MPLM from the ISS and place it

back inside the Endeavour's payload bay.

RafÍaello was latched back in the bay at 5:44 pm

on 14 December.

At Mission Control the flight controllers were

modifying the next day's planned departure oÍ

Endeavour írom the lSS. Mission Control was

notified early on the 1 4th that a spent Russian

rocket upper stage that had been launched in the

1970s could pass within five km of the ISS on 16

December. Mission controllers replanned the

departure to allow an additional reboost effort

that would result in the debris passing about 65

km from the Station.
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Final Space Shuttle mission of 2001

The Space Shuttle Endeavour (leÍt) was iaunched- /
Íror., the Kennedy Space Center, Florida, on 5

D:r:-ber en route to the lnternational Space

:..: :- :nd ï'= asl rnanned fliqht oÍ 2001.
--: r'-:'. :::. : 

j::e 
STS-108 mission

_. r-.. F,-:_ _ -ít EOU, CreW _
L P!v'r v

l:-ranoer Yuri OnuÍrienko, and F ight

Enc neers Carl Walz and Dan Bursch - and

return ïhe Eipec t cr Three crew home to

Earth. t',',as the 12th Shuttle m ss on to visit

the Scace Stat on,

The Ixpeditron Three creiry - Frank Culbertson,

Vladim r Dezhurov and Mikhail Tyurin-had been

aboard the Station since August. Dominic Gorie

commanded Endeavour with Mark Kelly as pilot,

Astronauts Linda Godwin and Daniel Tan were

mission specialists.

NASA used the flight to honoui'victims of the

September 1 1 terrorist attacks by sending nearly

6000 Ílags into orbit as part of the 'Flags for

Heroes and Families' campaign.

AÍter the mission the Ílags were due to be

mounted on specially designed memorial

certificates and presented to the survivors and

Íamilies of the victims oÍ the attacks.
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STS-108: vierde bemanning afgeleverd^ reparatie A<

Space shuttle missie STS-108 stond in het teken rmle35 3 ï
aanslagen op het World Trade Genter en het Pentagon. Alle
waren er de vele bijzondere spullen aan boord, zoals de vlag die
op een van de twee WTC-torens had gewapperd en vrijwel onge-
schonden was teruggevonden en 6000 vlaggetjes voor de familie
van de slachtoffers. Daarnaast was er de bemanning van het
ruimtestation, die zou terugkeren naar een 'veranderde aarde'.
Maar het meest opvallende waren de uitgebreide veiligheidsmaat-
regelen. Even was er zelfs sprake dat de lancering net zo geheim
zouzijn als in het verleden de militaire missies. ln het geval van
een vlucht naar het ISS heeft dat echter weinig zin, omdat
iedereen kan uitrekenen hoe laat een Shuttle moet vertrekken om
in de juiste baan te komen. Het bleef daarom bij luchtdoelraketten
bij het lanceerplatform en strenge regels voor pers en publiek'

Door ERIK VAN DER HOORN

\
Lancerine-+,. -) í. \Lq,,ver,,,_t 5>qO)
ln septemberuag íet er'eve/
naar uit dat Frank Culbertson,
Vladimir Dezhurov en Mikhail
Tyurin tot januari 2002 in de
ruimte moesten blijven, omdat
er een defect werd vermoed
aan de bevestigingspunten van
de Orbital Maneuvering System
(OMS)-gondels van alle vier de
Shuttles. Op 6 oktober besloot
NASA echter dat de lancering
van Endeavour kon doorgaan.

Terwijl gevechtsvliegtuigen bo-
ven Cape Canaveral cirkelden,
werd de Shuttle op 31 oktober
naar lanceerplaats 39B gerold
voor een lancering op 29
november. Maar een dag voor
die datum ontstonden pro-
blemen aan boord van het lSS.
De koppeling van het bevoor-
radingsschip Progress-6, dat
een paar dagen eerder was
gelanceerd, verliep niet zoals
gepland"

Er bleek een stuk van een
rubberen afdichtingsring tussen
het koppelsysteem te zijn ge-
komen. Op maandag 3 decem-
ber moesten Dezhurov en
Tyurin daarom eerst een ruim-
tewandeling maken. Met een in
elkaar geknutselde haak slaag-
den ze erin om het stuk rubber
te verwijderen, waarna de Pro-
gress en ISS stevig aan elkaar
gekoppeld konden worden.

De lancering van Endeavour
werd daarna nog een dag uit-
gesteld vanwege het slechte

weer in Florida. Op woensdag-
avond 5 december vertrok
Endeavour met een kleine week
vertraging naar het ruim\e-
station. \
Kopperins t3 S 

tl D
Ook de koppeling van Endea-
vour en het station verliep niet
vlekkeloos. Toen beide ruimte-
schepen op vrijdagavond 7

december contact met elkaar
maakten, lukte het aanvankelijk
niet om een vaste verbinding tot
stand te brengen. Maar nadat
de astronauten een half uur de
tijd hadden genomen om alle
bewegingen van de Shuttle en
ISS helemaal te laten weg-
ebben, lukte het wel. Het was
de 12' keer dat een Shuttle
afmeerde bij het station en het
eerste bezoek dat Culbertson,
Dezhurov en Tyurin ontvingen
in 119 dagen.

Raffaello

Het eerste punt op de agenda
was het vastmaken van de
Italiaanse Raffaello-module aan
de Unity-module van het sta-

tion. Raffaello werd op zaterdag
de 8" door Linda Godwin met
de robotarm uit het ruim van
Endeavour getild. De module
was gevuld met bijna 3000 kilo
materiaal, waaronder voedsel.

Daarna was het tijd om de
Expeditie-3 bemanning af te
lossen. Nadat de Sojoez-
zittingen van Culbertson, De-
zhurov en Tyurin waren ver-
vangen door die van Yuri Onu-
frienko, Dan Bursch en Carl
Walz, was de wisseling een íeii\

Ruimtewandelinsls tV 
,

Op maandag 10 decem gr/
maakten Linda Godwin en
Daniel Tani een ruimtewan-
deling. Die was bedoeld om een
probleem met een van de twee
grote zonnepanelen van het ISS
te verhelpen.
Aanvankelijk zou het een
ingewikkelde klus worden,
waarbij een onderdeel van de
motor waarmee het paneel de
zon kan blijven volgen, moest
worden vervangen. Uiteindelijk
kwamen de technici met een
simpelere oplossing. Godwin en

)v 15(

nepaneel

Vlucht
Ruimteveer
Doel/lading
Lancering
Lanceerplaats
Omloopbaan
Vluchtduur
Landing
Plaats

Vluchtgegevens

STS-'1 08 (1 07" Shuttle-missie)
Endeavour (17" vlucht)
ISS-UF'1; 1 EVA; MPLM Raffaello; Starshine-3
5 december 2001,23'.19.28 uur Ned. Tijd
Kennedy Space Center, platform 398
385 kilometer, 5'1.6 graden t.o.v. evenaar
1'1 dagen, 19 uur,35 minuten,42 seconden
17 december 2001, 18:55.10 uur Ned. Tijd
Kennedy Space Center, baan 15



35q \,

_-_,....-.Wà

Vluchtleider Wayne Hale (midden) staat stil bij de gebeurtenissen op 11 september. Geheel rechts staat
astronaute Shannon Lucid, die tijdens deze vlucht een van de verbindingsmensen was in Mission Control.

*

Tani hoefden nu alleen maar
een isolerende deken aan te
brengen, die de temperaturen in
de motor omlaag moesten
brengen. De wandeling, de 31"
bij het ruimtestation, duurde
vier uur 

7n 
twaalf minuten. \

Heraenfung)3 5Y5)
/

Op zondag had de bemanníng
al even stilgestaan bij de ge-
beurtenissen op 11 september.

Frank Culbertson, die de piloot
van het vliegtuig dat op het
Pentagon stortte persoonlijk
had gekend, voerde toen het
woord. Dinsdag de '11", pre-
cies drie maanden na de aan-
slagen in Amerika, was het tijd
voor een grotere herdenkings-
dienst. Het Amerikaanse en
Russische volkslied werden ten
gehore gebracht en iedereen in

Mission Control in

stond op f%, .Jg_,"'

Vluchtleider Wayne Hale hield
een toespraak en ook Cul-
bertson, Onufrienko en Shuttle-
commandant Dom Gorie zeiden
nog de nodige woorden. \ \
Das verlensing f( 5 t-íl\(-- -t l.ï /
De bemanning van STS-1 08 -/
was erg zuinig met z'n energie
omgesprongen, waardoor de
vluchtleiding dinsdagochtend
goed nieuws had. de vlucht
werd met een dag verlengd. Die
dag konden ze mooi gebruiken
om de inmiddels leeggepakte
Raffaello helemaal vol te laden
met afual en om de lopende
band aan boord van het station
- gebruikt voor fitness-oefe-
ningen - te repareren.

Op woensdag ontstond er een
mankement aan een van de
drie lnertial Measurement Units
(lMU's) van Endeavour, instru-
menten die worden gebruikt
voor de navigatie. Vroeger had
dit tot een noodlanding geleid
(STS-44), maar inmiddels is het
vertrouwen in de systemen van
het ruimteveer zodanig ge-
groeid, dat twee IMU's genoeg
zi1n.

Bemanning STS-108

MS-1/EV1/RMS:

Dom Gorie (44),3" vlucht
Mark Kelly (37), 1" vlucht
Linda Godwin (49), 4" vlucht
Daniel Tani (40), 1" vlucht

Yuri Onufrienko (40), 2" vlucht,
Daniel Bursch (44), 4" vlucht
Carl Walz (46), 4'vlucht

Frank Culbertson (52), 3" vlucht
Vladimir Dezhurov (39), 2" vlucht
MikhailTyurin (41), '1" vlucht

CDR = Commandant, PLT = Piloot, EV = Ruimtewandelaar,
RMS = bediening robotarm, ISS = Expeditielid

)3?51
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@ruimtestation'Helemaalrechtsziejedegroterondebussenwaardepanelen
draàien om in de zon te btijven. Linda Godwin en Daniel Tani (rechts in het midden op de foto) deden daar
h et n od ige o n de rh ou dswe rk.

Donderdag plaatste de beman-
ning de Rafaello weer aan
boord van Endeavour. De
robotarm werd ditmaal bediend
door Shuttle-giloot Mark KellV.l

Ruimteschrt,'+3 5t)9
De ontkoppelin'g op vrijdag liep
wat vertraging op cioor een stuk
ruimteschroot, een Russische
rakettrap uit de jaren zeventig.
Deze kwam zo dicht in de buurt
van het station (nog altijd zestig
kilometer), dat de baan van ISS
moest worden verhoogd. De
stuurraketten van de Shuttle
werden hiervoor 20 minuten
lang ontstoken.
Aan het eind van de missie
Ianceerden de astronauten nog
een klein satellietje, de Star-
shine-3. Die wordt de komende
tijd vanaf aarde gevolgd door
studenten.

Landing

Na een vlucht van bijna 12

dagen ('129 voor de Expedition-
bemanning) landde Endeavour
op maandag de 17u op het
Kennedy Space Center.

Lanceerschema Space Sh uttle
Missie: STS-109 Lancering: 2l lebruari 2002 Shuttle: Columbia
Doel: Onderhoud Hubble Space Telescope (SM3B), 5 ruimte-
wandelingen. Bemanning: Altman, Carey, Grunsfeld, Currie,
Linnehan, Newman, Massimino.

Missie: STS-110 Lancering: 4 april 2002 Shuttle: Atlantis Doel: ISS

BA (SO-frame, mobiele basis Canadarm-2) Bemanning: Bloomfield,
Frick, Jerry Ross (7" vlucht!), Smith, Ochoa, Morin, Walheim.

Missie: STS-1í I Lancering: 2 mei 2002 Shuttle: Endeavour
Doel: Space Station Utility Flight (UF)-2; ISS-4 bemanning terug
Bemanning: Cockrell, Lockhart, Chang-Diaz (7" vlucht!), Perrin
(Frankrijk), Valeri Kozun (lSS-5), Peggy Whitson (lSS-5), Sergei
Treschev (lSS-5)

Missie: STS-107 Lancering:27 luni 2002 Shuttle: Columbia
Doel: Spacehab & Freestar-brug in laadruim Bemanning: Husband.
McCool, Anderson, Chawla, Dave Brown, Clark, llan Ramon (lsrael).

Missie: STS-112 Lancering: 1 augustus2002 Shuttle: Atlantis
Doel: Space Station 9A (S1-frame, CETA-A karretje voor
ruimtewandelaars) Bemanning: Ashby, Melroy, Sellers, Magnus,
Wolf, Yurchikhin (Rusland).

Missie: STS-1'13 Lancering: 6 september 2002 Shuttle: Endeavour
Doel: Space Station 11A (P1-frame, CETA-B karretje voor
ruimtewandelaars, ISS-5 bemanning terug) Bemanning: Wetherbee,
Loria, Lopez-Alegria, Herrington, Ken Bowersox (l55-6), Don Thomas
(lSS-6), Nicolai Budarin (l55-6).

Missie: STS-114 Lancering: 16 januari 2003 Shuttle: Atlantis
Doel: Space Station 12A(P3lP4-frame, I55-6 bemanning terug)
Bemanning: Collins, Jim Kelly, Noguchi (Japan), Robinson, Ed Lu

(lSS-7), Jury Malenchenko (lSS-7), Sergei Moschenko (lSS-7).

\ I 15t
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IN A FIRST, OBJECT NEAR ÀSTAR C_AUGHT ON CAMERA.
-§rcnomers have raken o,sical imges of a gianl planalilie body ortriting near a sunlike sar. making it the closest ever oESerl-EI arountlà-stài
through dirÉq imagng The digance barveen the subgellar object known as brown dwarfaad its parent star is less thm that bdween the pland
Uranus ad the srm. The obserr-aion is the latest in a Íhnry of sar systern discoveries, made using new ground-based technologv- that in some cass
gaerate sharper pictures thm spac:e teles!-opes. "This discoral' irylies that brown dwarf coryanions to averagg sunlike stars eris a. a sepa.atioít
corparable to the di$ance bdrreen the s:n and the otser pleas in our solar systenr," said Lhiversi§ of Hawaii astronomer \Íichael Liu- rrho with
colleagrres announced the fiodiogs \ímda1'. Brown drrarB. mrddling objects between planas md stars, are considerably more massive than the
largest pland.s brÍ do ncÉ har-e enougfu nrass to igrite thethemmuclar readions necessary to become stars. This one, located 58 ligfot-r-ears awar- in
the constellation Sagitta, comains mqelhan 12 timesthe oass ofallóe plands in our solar s1-$em- asronomers estimate. Its parem sar is rougfol-s 2:
billion years old- slighrlv J'ormgerthan our srn. "This compqioa is probabll* too massive to harc formed the wa-v we believe tld planas do" namely
from a circrrm$ellar. disk of gas and ór* shen the star was l'ormg." Liu said in a statemeít "This fmding suggests that a diversity- of pro,Jesses ad to
populate the ouer regions of eher systef,s"' In recent years. dozers of dis.mt planets have been fom( but only throug! indirec means- sudt as
otrs<ring tle grarira.imal tug on their parent gars. That technique has failed to tum up brown dwarB. only working rvithin rhe frrg 4 asronomical
rqitr r -\L-l of a *m +-stem- G four times the disaooe of the Earth and sm. In our solar syste.rn- the giam planes reside in the planaarl' outskiÍts.
S,nrm orbits the sm from a di*ac-e of atrorÍ l0 ^{L s. Lranus flods around at 19. The newly discovered brorra drrarf is 14 -{Us from irs parert star-
hrxn as l-rSge. Liu ad his partners madethe discor-er_r'usingthe Gemioi Nordr and twin Kecktelesctpes- rrhi,à stqd zc.op Hawaii's \[auna Kea-
rtrg-e obsenaq-ies rake advmrage ofóe volcaric mountain's rhin. clean and dry air. Even so, atmosphericturbulenc.e usral\-bhrrs images taken b1
obserri*.ries on ttre grotmd Brr nerr 1ec*miques coÍpensate for the efect and can in some cases generate iruges with higler rescilu.io 'ha the
Hutble Spaoe Telescope. "Onl.v by using adapive o,ptics to proórce very drarp images could we have found this coryanian. f is too fain ad toq

.{n §-nry irnirgr." Utkcn 11

IIte (Ï:rndm ( hqrn'efitt1'
slxrnr a r€Í! hright Írlirit
§drrE\*c in s spirut iÉtn ol'
thc grrlarl *lcrri+v lll.
rhrnÍt 6 thr 1t{h'u hrr
on thir oÍfi*-El Lrrkr
rGry§,

,tn ogrtical img$B talrtr
ritfr ttlÉ llr**ils $ax
.ï*:L-*rr4re rhrr*t a hlu*
*lsr;rl the kreati*rn $f lfu'
rs:í: àrisht §-n+ t*drll§.
Thir is th* urnyxnfuut
sl*rsÍtritins *tc hk*k
hrle-
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Task force damns NASAs ISS management 
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",:Sl ,', :e unable to cc-9iete assembly of a

', ;'-':::.a Internationai Soace Station (lSS)

:, - - -: ,', :h a remaining budget of $8.3

: 3i. i has also been impossible to assess

the actual cost oÍ the programme so Íar due to

the agency's poor and misleading accounting

skills, says the ISS lndependent lManagement

and Cost Evaluation task force, estabiished by

former l'.lASÀ adm n strator Dan Gold n thls

:: : -,-----::: - : : :--:l :fd-200'
resignation in 0«ober, ,'*' e 'lcSA s associate

administrator Íor space Ílight, Joseph Rothenberg

is retiring in December, The ISS has gone S 1 3

billion over-budget in a Íour year period, the iask

force said. The total cost oÍ the station could

reach $95 billion by the time assembly has been

completed.

NASA's sheer mis-management of the ISS and

its budget has been heavily critícised and there

has tc !. : :aj tal improvement, says the task

ic.ce, 'e:::: :', Thomas Young. NASA's

ïanager-e-r i;s been sloppy, its accounting

faulty anc the project over manned,

ïhe main reason Íor the problems has been

NASA managing the budget on a year-by-year,

annual budget basis rather than on managing the

entire programme.

Another reason were questionable contractor

costs which remained unchecked. The task Íorce

.§i

NASA

indicated that, despite other assembly options, it

is highly likely that the ISS wili continue to

operate as a three-crew, rather than six-crew

base and the scientific potential oÍ the station -

ts original main justification - has somehow to

be maintained.

However, this will be difficult since the six-

crew Habitation Module has been cancelled and

science equipment delayed, including a centrifuge

module which will not be Ílown to the station

until 2008. $6.7 billion cost savings over the next

flve years could be made by reduc ng the number

oÍ Space Shuttle flights to the 155 from srx per

year to Íour.

Six crew could operate o: :re 55 for a month

iÍ the Soyuz TM crew retuf. ,:n c e swap-over

system was extended l'o* '., --' =-'. ,=..:- ..,
peri od

The Space Shuttle couid remain;ra:r''ei ic

the ISS for a month, with the use oÍ an enhanced

Extended Duration Orbiter fuel cell system.

Young also proposed staffing cuts of up to

1,000, including some at NASA Houston and

Huntsville-based control centres, as the ISS is also

managed Írom a mission control in Russia, He

also recommended the appointment oÍ an ISS

,. ;; k*ïl J i1; j:ïï ;iiïïï'^:: "' 
o "' 5p a .r{$1h4'

c'edibility has been demonstrated". 
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AstionautJrank Culbertson (bottom), Expedition Three commander, and ósmbnàut VIàdimir Dezhurov pertorfr 1
routine tasks in the Destiny laboratory 0n the Station. Y
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ESA gaat ruimtevaartuig naar Mercurius zenden

?3(o

Tijdens een vergadering in

oktober vorig jaar van alle
lidstaten werden nieuwe toe-
komstige projecten bestu-
deerd. Welke zijn interessant
genoeg om uit te voeren? Na-
tuurlijk moesten ze financieel
ook haalbaar zijn. Regelmatig
komen wetenschappers wel
met nieuwe plannen, die in de
meeste gevallen alleszins de
moeite waard zijn te bestude-
ren. De vraag is dan telkens of
daarvoor voldoende belang-
stelling is van de lidstaten.

Een van de nieuw ingediende
voorstellen was het in kaart
brengen van Mercurius. Het is

inmiddels al weer heel wat
jaren geleden dat het Ameri-
kaanse ruimtevaartuig Mariner
10 de eerste opnames van het
oppervlak overseinde. Uitein-
delijk werd de halve planeet in

kaart gebracht. Andere instru-
menten zorgden voor de eer-
ste onderzoeken. Daar bteeÍ

(1 3 bos \

het verder bij.
En nu willen ESA-wetenschap-
pers veel betere en uitvoerige-
re studies van deze binnen-
planeet uitvoeren. Vanaf de
aarde is dat nauwelijks moge-
lijk; de planeet staat te dicht bij
de zon. ln het gunstigste geval
staat Mercurius 28 gr. van de
zon, hetgeen betekent dat hij

als een klein Iichtpuntje zo'n
twee uur vóór zonsopkomst oÍ
na zonsondergang te zien is.

Vanuit de ruimte is het een
riskante zaak om de Hubble
ruimtetelescoop op de planeet
te richten. Mocht het zonlicht
in de telescoop vallen, dan
zullen de gevoelige instrumen-
ten zeker het loodje leggen.
Daarentegen is het wel moge-
lijk een ruimtevaartuig in een
baan om Mercurius te schie-
ten. En dat is wat ESA-weten-
schappers nu juist willen. Op
die manier kan deze planeet
goed bestudeerd worden.

Zo stelt ESA zich
voor dat EpiColombo
over enige tijd om
planeet Mercurius zal
draaien.

BepiColombo gekregen. Het
bestaat uit twee orbiters die
om de planeet gaan draaien
en een lander die zacht op het
oppervlak moet neerdalen.

* Orbiter A, de Mercury Plane-
tary Orbiter (MPO) zal vanuit
een lage omloopbaan het op-
pervlak in kaart brengen en
bestuderen.
* Orbiter B, de Mercury Mag-
netospheric Orbiter (MMO)

moet in een sterk ellipsvormige
baan om de planeet terecht
komen om dit gebied te onder-
zoeken, de magnetosfeer dus.
* De lander heeft tot taak de
wetenschappers meer te ver-

teJlt4
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De lancerinq

Hoe de lancering in zijn werk
zal gaan, is nog niet bekend.
Er zijn twee mogelijkheden.
1. Alle drie voertuigen worden
in één keer gelanceerd. Hier-
voor is een grote raket nodig
en daarbij moet men denken
aan een Ariane 5.
2. Het naar Mercurius schieten
van drie vaartuigen geschiedt
met twee kleinere raketten. ln
dit geval de Sojoez-Fregat.

De bestudering van de pla-
neet

* Het in kaart brengen van de
gehele planeet.
Nog niet eens de helÍt van
Mercurius is tot dusver gefoto-
grafeerd. En dat gebeurde
door de Amerikaanse Mariner
10 in de zestiger jaren. Die
opnames zijn te vergelijken
met de foto's die door aardse
telescopen van de maan wer-
den genomen in diezelÍde tijd.
Die zijn intussen vele malen
krachtiger geworden, vooral
die instrumenten in de ruimte.
Het wordt dan ook hoog tijd
Mercurius met de beste appa-
ratuur opnieuw in kaart te bren
gen. Bovendien zijn er maar
van één zijde van deze planeet
beelden overgeseind. Van de
andere zijde is dus geen enke-
le opname. We weten dat de
voor- en achterkant van onze

ffimaan heel sterk met elkaar
verschillen. Misschien is dat bij
Mercurius ook wel het geval.
Wie weet krijgen we wel met
(hele) grote verrassingen te
maken!
* Hoe ziet het oppervlak eruit?
Net als bij onze maan is het
óppervlak bezaaid met kraters.

ant van de maan is veel meer
op zijn plaats.
Tot zo'n vier miljard jaar van
zijn bestaan bepaalden vulka-
nen het uiterlijk van de planeet
De vijfhonderd miljoen jaren

erna, waren het de stenen uit
de ruimte die het huidige pok-

dadige gezicht vormden.

"'.- t ,^ Q vtatrere §ebieden, op enkele
( b\-l ) kleine na, komen er niet voor.\ J " Een vergelijking met de achter-

Figure 9a. Split-spacecraft
cruise conÍiguration: MMO
and MSE

Figure 9b. Split-spacecraft
configuration: MPO

Planetary Orbiter (MPO)

Mercury Magnetospheric Orbiter (MMO)

)e 1'+5



Door zijn sterk ellipsvormige
baan om de zon ontstond en
ontstaat grote spanning onder
het oppervlak. Het kan niet
anders oÍ de planeet is tecto-
nisch actief. Vandaar de vele
breuklijnen die duidelijk zicht-
baar zijn.
Mascons moeten er zeker
voorkomen en dus ook ver-
schillen in aantrekkingskracht.
Nieuwe missies zijn nodig om
hierover uilsluitsel te, verscha(

l"ïr"",,( rAí $",),PJ
vlak?
Wat de samenstelling van het
oppervlak van Mercurius be-
treft, weten we nauwelijks iets.
Welke elementen en mineralen
komen er voor? Vaststaat dat
veel zonlicht door de planeet
wordt gereflecteerd. Rijst on-
middellijk de vraag wat hier-
voor verantwoordelijk is.

Ook weten we dat de dichtheid
van Mercurius heel groot is.

Zou dat te maken kunnen heb-
ben met de aanwezigheid van
(heel) veel ijzer? De zon bakt
er verschrikkelijk op los, maar
wat voor invloed heeÍt die hitte
in het begin gehad op de stol-
lingsÍase? Heeft dat geleid tot
het (grotendeels) verdwijnen
van bepaalde elementen?
* Bezit de planeet een vloeiba-
re kern?
De grote dichtheid suggereert
een ijzeren kern, welke 707o
tot B0% van de Ínassa behelst.

Tussen die kern en het opper-
vlak is het mogelijk vloeibaar.
Dat is weer een verklaring voor
de aanwezigheid van zwavel
(1 tot 5%).
* Het ontstaan van het magne-
tisch veld.
Mariner 10 ontdekte destijds
een magnetisch veld rond Mer-
curius. Zij het wel erg zwak
(éénhonderdste van die bij de
aardse evenaar) en daarom
des te verrassender. Dat zou
dus wijzen op bewegingen van
tectonische platen. Mogelijk ligt
onder de 500 kilometer dikke
korst vloeibaar gesteentqi
Wekken die lqt mag4etische\
veldop? J ?( ) r )* Een atmosÍedí. '-) u ' ) /
ln de volksmond heet hevd 4.
er op Mercurius een dampkring
ontbreekt oÍtewel het is er
luchtledig. ln wetenschapster-
men is dat niet zo. De zonne-
wind heeft grote invloed op
deze planeet omdat de aÍstand
tot de zon zo klein is. Vele
elektrisch geladen deeltjes,
atomen enz. bombarderen het
oppervlak. Het is dus beter te
spreken over 'bijna luchtledig'.
" Waterijs op de polen?

Uit waarnemingen met radar in

1992 meenden wetenschap-
pers waterijs op de polen te
ontdekken. Niet uitgesloten,
want ook op het oppervlak van
Mercurius zijn heel wat kome-
ten terecht gekomen. Het
meeste ijs verdampte meteen

Wie was Giuseppe
Colombo?

Dit hele ESA project is ver-
noemd naar de ltaliaanse we-
tenschapper Giuseppe (Bepi)

Colombo. Hij was werkzaam
aan de universiteit van Padua
en leeÍde van 1920 - 1984.
Deze ltaliaanse wetenschapper
(wiskundige en ingenieur) was
enorm geinteresseerd in pla-
neet Mercurius. Hij adviseerde
NASA destijds in welke baan
de Mariner 10 geplaatst moest
worden om het toestel drie-
maal er langs te laten
in de periode tussen
1 975.

74 en

;i

en verdween in het heelal. Het
zou best kunnen zijn dat een
klein deel op de polen is neer-
geslagen en in kraters terecht
kwam, waarin geen zonlicht
kan doordringen. De tempera-
tuur in de nachtzijde bedraagt
zeker 175 graden Celsius on-
der nul. Gebieden die in het
volle zonlicht baden, kunnen te
maken krijgen met een hitte
van 425 gr. C.

De ruimtevaartuiqen

Het hele BepiColombo project
zal uit drie ruimtevaartuigen
bestaan: twee orbiters om de
planeet en één die op het op-
pervlak zacht moet terecht
komen.

De Meroury Planetary Orbiter
MPO
Op een hoogte van 400 tot
1500 kilometer zal het iedere
2,3 uur een baan om Mercuri-

beschrijven. ln die tijd zal

is6 i
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het o.a. de pTanéèt-n kaart
brengen. onderzoek van het
oppervlak uitvoeren en op
zoek gaan naar de aanwezig-
heid van waterijs. De orbiter
zal waarschijnlijk ook uitgerust
zijn met een 20-cm telescoop.
Het gewicht zal 360 kg bedra-
gen.
Mercury Magnetospheric Orbi-
ter MMO
De MMO zal in een nog veel
sterkere ellipsvormige baan
om de planeet gaan draaien:
400 tot 12.000 km. De bestu-
Cer rE van de magnetosÍeer en
Í,at er mee te maken heeft,
behoort tot zijn taken.
Gewicht: 160 kg.
Beide orbiters hebben een
geschatte levensduur van een
jaar. Ze zijn 5,1 meter hoog en
hebben een spanwijdte van
32,8 meter.
De lander
Er zijn twee mogelijkheden:
eentje voor een hardere lan-
ding en een voor een zachte.
Een keuze is nog niet ge-
maakt.
De lander voor de hardere uit-
voering zal uitgerust zijn met
een penetrator die meteen zo
diep mogelijk de grond in
^ioet. Dit toestei zal beschik-
Ken over een motor werkend
op vast brandstoÍ. Zonder
stuwstof zal het geheel 50 tot
70 kg wegen. ln gewicht ver-
schilt het toestel niet met die
dat een zachte landing dient
uit te voeren. Na het neerko-
men zal een penetrator (moge-
lijk een soort boor) langzaam
de grond in boren.
Naar verwachting zal de lander
een week in bedrijf blijven.

De lancerina

Gevuld met stuwstoÍ zullen de
drie vaartuigen 2500 tot 2800
kg wegen op het moment dat
ze gelanceerd worden. Daar-
voor is een grote raket nodig
van het type Ariane 5. Een
tweetal Starsem-Sojoez raket-
ten zijn ook in staat die klus te
klaren.
Wat de vliegroute betreft daar-
cver zijn de wetenschappers
het nog niet eens. Gebruik

De lander voor
zacht neerkomen
de planeet

het
op

maken van de aantrekkings-
krachten van de maan en Ve-
nus behoort tot de mogelijkhe-
den. Dal zal zeker gebeuren
wanneer de Starsem - Sojoez
raketten ingezet worden.
Het jaar 2009 staat als lan-
ceerjaar gepland.
Met de komst van deze ESA-
bezoekers zal Mercurius aardig
wat geheimen prijs moeten ge-
ven.
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UI.rÍVERSITY OF MICI-1IGAN NEWS RELEASE : 11 IANUARi 2002.
ASTRONOMERS
BLACK HOLES.

FIND EVIDENCE OF "MISSING LINK" ÏN

:^ ::le last dqcade or so/ supermassrVe bia:. .cies at the cer]ters of galaxies have become an accepted part of the
àsironomicai landscape, as have the smair, s:= ar'-mass blac^ holes found farther from the center, Missing has been
any solid evidence of an intermediate ..ass l::< io{e, an en:irely new astronomical object that would be, according
to University of Michigan àstronomer.ic€i :':;1an, "the mrssing link in the black hole chain." lntermediate mass
black holes may produce the brilliant.x:-Í.! t^: seen from s:,lrces in the disks of galaxies and finding their optica:
counrerparts is a crucial step. Bregma. 4.. - s::,ieagues, Jifeng Liu and Patrick Seitzer, also at the U-M. have founo
such optlcal counterparts and they p!'esen:ë. :.ei!- report this,/veek to the American Astronomical Society meeting rn

Washington, D.C, Like many other astronofiicat bcdies, black aoles can only be studied indirectly, through the force
they exert on nearby objects and from the jrght given off 3y materiai before it falls inic the hole. X-rays are
DaÍ-i:! aÍi'/ rrseful in locating binàry systems suah as black hores with con-lpanion stars so clcse that they are slowly
t: -. €a:.1 bv ine black hole. As the two objects orbit around each ctheí:re black hole pu:is gas off the su!'face of
-.--='=.-=. s:a'anC ihrs material spins around the black hole, sriraling ir::;',arC the cente!- a.d Emitting X-rays. The
--. i --* r-: ^ir1€sS cf ihe X-ray light is proporticral to the black ho:e -ess The l'lichiga: -e searchers' Ciscovery
.='re's :- :-= ='tigmatic Ultraluminous X-ray sources (ULX), lvhich hà.: :::^ 3àusroc g':ai :x:trement in ihe high
:-:-li' ,-:---- :y for several years. Various 1:.e::,Ës have bee: :a. ::: :-' expia n :i'=se rbjects, which have
-* .:s::r -: :,mes greatei- than the brighlës: r:-:ay point sources - :-: !iilky lvay. The nigh X-ray lu.r nosit'.
:-;;€s:s : D:a.k nole mass at least 30 to L,oCO !!mes the mass of :^: s-i. ïhis would make them 10-iCa times
2':2:.;à' sieiiar black holes, but a miilion tirnes smaller than the sJ3Ë-*i ,assive black holes found at the ceater of

gaiix;es. "Fcr- years, these mysteno!s X-i'ay sources had no optical cc-..teipart, so we were not postrive tha: iaey
were br:ary star systems," said Biegr:an, "but by combining the pol.,,e:- cr the Chandra X-Ray Observatory anc thë
Hubble Space Telescope/ we tno,Jghl: itat yre could find the star th3t is be rg eaten." The resear-chers devised a
method for overlaying the high-r'esciriion X-ray irnages from the Chanira .v,-i?: ,:.s.rvatory on top cf rne opllcai
imagery from the Hubble Space Teiescope (HST). "Overlaying these i\.r. imaië-< i. ','Ë-:, nigh precision vras a technical
challenEe," said. Liu. This problem was overcome by aligning the tivc,--i;:s r: ::J=:ts common to both, such as
background Active Galactic Nuclei. Bregman notes that selecting the :;-: :e.J::s ;:: atso be tricky, but evenrueily
the team came up with five good ones, two in M51 and one each :. i:31. l,tcc-<g,:í. and NGC4559. "=a.li .r:re
targets appears to be close to spirai arms, rvhich Ís already an exai: -q íësJl:, :i :-.;;n::s that they ar€ :ss:: -::;
r;rth 'rou nq h;gh- mass stars, " he s: i I (tr

,.J L

SPAGEFLTOHT NO-W : íTJANUAR| 2OO2:
NEvu DISCOVERIES RAISE HOPES.
CIUESTIONS ABOUT LIFE ON MARS. , i ^--,l-)
Two separate studies published Thursday both prowided new èvrdenée thàt life i"'j-.]io i., af.,.pÍanet Mars vvhile raising questions about the validity of sorne of the ewidence prësentèd forMartian life- One paper, published in the tatest issue of ihe journal Nature, discussed the discoveryof a rnicrobe liwing deep rruithin the Earth in conditions that resemble those belonr the surface ofMars- The rnicrobe, found 2oO meters belorru the surface in the rnountains of ldaho, are completelycut off from the Earth's ècosystem, thriving ín conditions like those on the earty Earth, and perhapswithin Mars or other vvorlds- 'The microbiàl community *r" to"ÀJli la"i"-i='unlike any prewiouslydescribed on Earth,' said Derek Lovley, head of the microbiology departrnent at the University ofMassachusetts. Amherst, and one of the authors of the Nature paper. 'This is as close as we haveGome to finding tife. on Earth under geologicat condítions rnost like those expected below thesurface of Mars-" unlike other subterraneàn life, vvhích survives on organic material carriedunderground by groundwater seepage, the rnicrobes discowered in ld-atro instead exist bycombining hydrogen and carbon dioxide gasses dissolved in water to produce nrethane, releasingenergy needed to sustain life. The microbes dont require organic .ribor., or sunlight to survíwelSuch 'Archaean" microbes were likely commonplacre on the Earth early in its history, vyhenhydrogen vvas commonplace but other organic compounds were not. The existence of the microbesalso raises the possibility that such life foims could exist on other rarorlds. in similar conditions. ,On
Mars and other planets or moons in our sotar system on which life might exist, liquid water is onlyavaiÍable belovv the suÉace where there is no sunlight," 

".ia Lovley.-',So, if irrere is life, it mustsustain itsëlf hrith alternative energy sources. This study dernonstrates, for the, first time, thatGertain microorganisms can thrive in the absence of sunlight by using hydrogen gas released fromdeep in the Earth's surface as their energy source." Mars isthe most likely world in the solar system,other than the Earth, where life could have taken root and might still exist today. one controversiatpiece of evidence for past life on Mars were carbonates Íound in Martian meteorite ALHa4ool,first reported ower five years ago. However, a separatè paper published in Nature suggests thatthose carbonates may not have an organic origin. studies by Elropean astronomers, using ESA,slnfrared Space observatory, have turned ,p 
"rrid".r"e of carbonaies in hryo nebulae formed bydying stars- Those carbonates, astronomers say, could not be formed by vvaten, as scientistspreviously beliewed raras the only way to create them. "The amount of carb.,Íïates v,e find isequivalent to at least 3o Earth .r.a=.e", far too large tcr be the relic of a hypothetical planetarysystem present before the star became a planetary Àebula," said Císka Kemper'of the University oiArnsterdam. "on the other hand, the age of the dust shell in the nebula is about ten thousand years,which is too short for a ner / planetàry system to form." This implies that the carbonates wereformed by another method, although scientists havent determíned what that coutd be- lt doesmean that the existence of carbonates is alone not ewidence of water, so the discovery oicarbonates in a meteorite does not mean that it has been exposed to \n ater, as vvas assumed forALHa4OOI - lt may also mean that earlier beliefs that liquid \ /ater was awailable within 2O millionyears of the solar system,s formation, hased on the discovery of carbonates in other meteorites_may hawe to be reexamined.
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wASHINGTON - Dust in space often hides in cold, dark regions, but astronomers said they found cosmrc

dust forming in a hot spot around a big bright siar that will someday explode into a supemova' The scientists

saw space dust fonning and then being blorvn away in a system oÍ two big bnght stars about 4 500 light'

years Írom Earth in thé constellation Óygnus. n tigrrt yeai is about 6 trillion miles i10 tnllion kms) the

distance light travels in a year. One of the stars wàs dèstined to explode as a supemova. scientists saio

Monday aia briefing at the annual meeting of the Astronomica! Society in Washington' Astronomers are

used to Íinding cosmic dust in cold, dark m-olecular clouds, but not near a hot star' As the iwo stars swirl

around each other, they produce winds, much as our sun produces a solar wind, Because the two stars are

so close together, the winds they produce collide, and dust accumulates and then is spat out at the place of

the collision, astronomers said. The two-star system ejects enough dust to make up the mass oÍ the Earth's

moon every eight years or so, the scientistó said. 
-scientists 

from the Harvard-smithsonian center for

Astrophysiis a,r-d NASA's Goddard space Fliqht center nearLVashington presented the findings
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SPAcEcolW,-13-ANUARt2oot
WATER BLAMED IN JULY ARIANE 5 FAILURE.

PARIS - The presence of urater in the upper-stage engine has been icfèntTfièE as tne
probable cause of an Ariane 5 heavy-lift rocket failure in July,.investigators havè
concluded. The.faílure caused the loss of one satellite, degraded the operational li€
of a second and forced a shutdornrn of Ariane 5 operations. The exact cause of thel
failure had engineers stumped for months. But recent tests of the engine in
Lampoldshausen, Germany, shorrued that it exhibits the same defects wheÀ small
alTlounts of water are added as it did in the July failure, said Jean-Yves Le Gall,
chieJ operatíng officer of Aríanespace, the European consortiuum that operates the
vehicle. 'The characteristics of the engine ignition when \A/ater is introduced are
very, very similar to rnrhat \A/e sa\ / during the July launch,' Le Gall said Jan. 8- He
said the apparent disevery of such a simple cause for the failure has bolstered
Arianespace's confidence that it ean retum the rocket to flight in late February. The
Ariane 5's upper-stage engine is routinely filled with water during hydraulic tests
before it is delivered for final integration into the vehicle. Le Gall saíO tfre engine
YSd jn the July launch apparently was not dried out thoroughly. "What rrue liave,found in the past fe\ru weeks is that this engine is extrernety sensitive to the
presence of water," Le Gall said. 'So in addition to smoothing out the igniignition
sequence as part of the modificatircns rrue are adopting, \ /e will that the
engines are fully dried after the hydraulic tests." i r-,i/.r'í..J<L-,/t_)u
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Solar-Electric Power To Enable
Double Planetoid Mission
FRANK MORRING, JR./WASHINGTON

\ /z enon-fi-reled solar-electric thrusters

X will give a newly selecred NASA
-/ \spacecraft enough maneuverabil-
iry to explore two large protoplanets in
the Asteroid Belt. The probe could answer
questions about the processes that formed
Eanh and the other inner planets and per-
haps supply data that can be used in the
search for planets around other stars.

One of rwo Discovery missions chosen
from26 proposals last month, the Dawn
spacecraft will survey Ceres, the

inAugust 2014.Its nominal mission is to
end there in Juiy 20 1 5.

"The neat thing about ion propulsion
now that NASA feels confident in it is that
it uses the on-board fuel a factor of 10
more efiiciendy than chemical," said Rus-
sell, who unsuccessfully proposed using
solar-electric propulsion to explore the
Moon and a comet in the first round of
Discovery biddin g (AWóSTDec. 5, 1994,
p. 40). "That enables us to do a lot of ma-

the spacecrafts twin 7.5-lcw. end-oFiifè gal-
lium arsenide solar arrays to send xenon ions
through a charged exhaust grid, will be de-
veloped and tested atJPL. DLR and kalyt
Institute forAsuophysics in Spacewill build
the framing camera and mapping spec-
trometer, rvhile Los Alamos National Lab-
oratory will suppiy the gamma ray and neu-
tron spefirometer. NASAs Goddard Space
Flight Center r*'ill deliver a laser altimeter,
and UCLA ri,ill supply a magnetometer.

largest asteroid, and Vesta, the rhird
largest and second most massive of
rhe bodies that lie benveen Mars
and Jupiter. Astronomers believe
Jupiter's powerfirl grar-iw disrupt-
ed the planet-forming process in the
region after about 10 rnillion years
as the solar system formed some 4.6
billion years ago, leaving Ceres and
Vesta in a state ofarrested develop-
rnent while the Earth kept growing
by accretion from smaller bodies
crashing together.

"If we say that the Earth formed
in the beginning of the solar sys-
tem, then these objects formed in
about one-fifth of the time of the
Earth," said Christopher T. Russell,
a professor of geophysics at the Uni-
versiry of California in Los Angeles
and the principal investigator on
the Dawn project. "And we believe
rhey all staned at the same time, so

rlis object stopped evolving a good
+0 million years before the Earth
stopped growing."

RU§SELI'S TEIÍll, which includes *re Jet
Propulsion Laboratory $PL), the German
Aerospace Center (DLR) and Orbital Sci-
ences Corp., rvill take advantage of the ion
propulsion techniques pioneered on NASA3
Deep Space 1 technologv mission to reach
the nvo targets. Follorving a Dela II launch
in ivÍay 2006, the spacecraft rvill spend
about four years using the gende thrust-
about,{, lb.----of irs ion engine to nudge its
orbir out ro a renden ous with Vesta. Us-
ing small hvdrazine thmsters, itwiil go into
orbit around tie 320-mi.-dia. object and
spend almosr a vear srudying it.

In ]uly 20 1 1, the probe wi-ll kick itself
out ofVesta orbit and use ion propulsion
to mo\-e fanher From the sun for a rtn-
dezvous and orbitai insertion rwir}r Ceres

neuvering in space where we couldnt be- Down spocecroft is depicted with osteroids
fore. '§í'e're going to a body, orbiting it, Vesrq (left) ond Ceres, positioned ogoinst
then we're leaving that body and going to on ortisís conception oÍ the primordiol
another body and orbiting it. '§í'e could solor nebulo thot spowned them.
not have done that chemically."

Russeil said the Dawn mission will con- The instrumenrs are designed to gen-
sume all of the $299 million maximum erate full-surface imagery of both bod-
allowed for Discovery projects, plus about ies, along with three bands of mapping
$ 1 mi-llion more NASA has authorized for specrromerry, ropographic profiles and
additional reviews. The team picked Or- maps of the rwo bodies' graviry and mag-
bital Sciences for an $SO-million contract netic fields. The results should be quite
to develop the spacecraft because it has ex- different at each object, since Vesta is a
perience in both longJived spacecraft (in "dry" asteroid with a basaltic surface
communications satellites) and in the formed by lava flows while Ceres is prob-
pointing technology needed for remote ably "wet," rvith a high water content that
sensing witl its Orbview satellites. may be the result of its greater distance

The three redundant solar-electric from the sun uàen it was formed.
tfrusters, wfic\use electrons g6n3rared by Planeran'scientists believe many frag-

j b a t-)/ 
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:^;::. oi\ iiLà tà\'e reachsd Ea:.:. .. l.-
:rt,:irir. but r.one are kro\\n Io :::\e Jr-
;ited trom Ce res. Its primitir-e :uriace
ma1'be a clar'. :rd there is a chance it has

an atmosphe:. rhat Russell said s'oul;.
most likelr- b. '.. :te r vapor. The spacecraj.

should be a'l-. :o s:::1e rhe issue, he sai:
Scientjsrs s:.. . ,i -': :rle to use its E.:'. -

iry and othe: ::.:r-i j:-nents to deter::- :-.
the size ani ::-.:::.i history of the ::-

jects' co:e ;. -.'. :-::: s;roulcl answer ques-
tions abou: io-.. such cores develop.
Knor,,'ledge sainec Èom the mission could
be applicable. nor just to the early histo-
n'of Earth's solar sysrem. but to the search

::a",n.. 
solar s',istems as rvell, Russell

"AH0IHER lItlP0RIAtlï reason for doing
::,:s nission, especially at this time, is our
:::-.i'ing interest outside the solar sysrem

uLir. r, r're Laking a -,.os ar rlrc [orm. :io:
of .olar .) \tems around oih(r sràrq. hc
said. Thi. ri ill heip us ger à lirrle 5ir ,1:

ground rrurh For those other obren.a:ion .

If we can learn about the firsr 10 nr_-io:
year. in ourownsolarsyrrem, rir.n n-.a.. -.
when we'rc looking., ih. firr, l0 mii. , ..

ry:: l]" 
anotfer solar sysrem, it rvill he,p

us underr:;:J rvhat we're seeine in rho:e
telescooe... a, -\ L A.1 o

r -t J bJ§\
3 (, Jre-

dFo .Ë

È:
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Planet-Hunting
MICHAEL MEC-ÀM /SAN FRANCISCO

NASA Goes

-\S-\ 1". --.rnded a mid-decaCe
E:rth-::lirng sateilite that r'''--1

carn'a u:ique telescoPe to iFr-
piov "transit siqna:ure" photographr-i:- .
s.arch for planets rapable of susraining IL-è'

Named for Johannes KePler, the Ger-
man astronomer who described the mo-
tion of the planets in our solar system, t}re

$299-million studv is part of NASAs Dis-

covery mission series ànd is scheduled for
launch on board a Delta II in 2006' Scon

Hubbard, depun'direcror for research at

rhe Àmes Rasearclr Center at \Íoffem Field'

CaliL. calls àe =:siion 
'a corner)tone in

o::r effort to s.a:ch ior evidence oi lilè in
:l; univelse' thar "r'.-iii pave :he 1'"-3r' lor
:.r:rue . n-lore ;o;:plex ;pace g:o't;:'.

The 903-kg. i i.98r-1b. i spacecraft r'i1l
be developed bv Ball Àerospace & Tech-

nologies Corp. of Boulder, Colo., u'ith a

singlè instrumenr in mind. a phoromer-
ric-telescope with a 1.4-meter-(4.6-ft.-t
dia. primary mirror designed by Principal
Investigator \Tilliam Borucki at Ames.

THE §EARCH for other planetary sYste.ms

is one of astronomyt great quests. and in
recent years, astronomers have identit-ied

about 80 planers ourside the solar qvstem.

Nl are laige gaseous planets. mo'r likelr
co-posed of-hydrogen and heliur,.r, that
are similar to Jupiter. They are 30-600
times the size of Earth and lack soliJ sur-
'faces and/or rvateÍ, so they are uniikelv to
sustain life.

Until now. detection methods har-e not
been available to spot smaller. Earrh-iiire
planets that mieht leni àemsel'es t9 slP-
port litè. Thar i, ih- coa. c: ::. Kcpler
\Íission.

Borucki has been s'orkins tbr about a

decade on an approach using a transit-sig-

nature method for spotting such plarets.
A transit occurs whenever a planet cross-

es the li:- o: .ig,ht berween :-' :::(n1 star

anci :irc obsen-er. That c:,..i:l': causes a

bare,-.' :erceptible dimn:::-: :: the light
fron::t.: ...:. \\tril. on. = .. Parts per

100,0 - ,: :he star's li:::: --:tput, it's

enough :o slg:al the p:e;.:;t o: a Planet
orbirine nJ star. BorucH's cietection
method-i. io use a set ..:;ha;ged coupled
devices to iook lb: :r:. c: these so-called

tra-nsit signa:rre,s. O:::e -'-onomers know
,.,lle:e :o looi. rhei- ;:r-r lse repeated ob-
se:-.::io::' rc r-e:ii.- ::r.t_ a planet is. pres-
.:: :11: :O ::-.-àiufe i:: .lza and Olbit.

-Tl. K::-.: \Ír.;,::- rvill, for the first
time. e::::r; :l-lma-a,! l,: ..arch our gala-rY

ibr Ea:::--s;le or et.n smailer planets,"
Borucii .:-d.

The sr;.:.crai: *'ili rrail the Earth br

oar. a.r,.r....:.i.i;r:: .:.: distance lrom
the Eanh ro ::-e S:ln, l:.l . leliocentric or-

Lri !"1--l.
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and NASÀ Stenr.s Space Center (Mississippi)

started in 1998 and mid-2001 the test

pÍogramme was concluded after approximately

1 50 test firings, lasting total 1 3,000 secs; on

a max burn time of seven mins.

ln 2000 the 120,000 m2 large new Delta lV

production facility in Decatur (Alabama) had

The Íirst stage oíthe Boeing Delta lV is on its way to

Cape Canaveral Air Force Station, Florida, in

preparation for its first launch. Joel Powell/Boeing

lasting 1 5 sec, but the one on 29 April lasted Íor

the nominal duration of five mins as did the final

testfire on 6 May, thus qualifying the CBC.

As the upper stage uses the well-known RL-

Delta lV basic design was now ready for further

testing at the launch site in Florida.

Space Launch Complex 378
Boeing chose a historic launch pad Íor its Delta lV

launch operations. Cape Canaveral's pad 37B,

located between the former Apollo and Titan

pads 34 and 40, was already used in the sixties

to launch a total oÍ eight Saturn 1 or 1 Bs,

including the first Saturn 1 into Earth orbit on 29

January 1964, the first Apollo boilerplate launch

on 28 May 1 964 and the Íirst launch of the Lunar

Module (Apollo-5/LM-1) on 22 January 1968,

Closed for operations in 1972, Boeing started

rebuilding the site on 1 1 September 2000 Íor an

I

I

I
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In the meantime Boeing had developed a

special vessel, called the Delta l\4ariner, to

tÍansport up to three Delta lV core stages over

water Írom Alabama to Florida or the Vandenberg

launch site in California. The Delta Mariner was

delivered on 1 6 DecembeÍ 1 999, set sail on 1 9

October 2000 to pick up the CBC at Decatur and

bring it to Stennis; after the CBC test series in

Stennis, the vessel brought the CBC to Florida

where it arrived on 29 May. The CBC was Íirst

taken to the Horizontal lntegration Facility (HlF)

at pad 378. The HIF is a 2100 m'? building which

can process two Delta IV's at the same time; from

the HIF the completed booster is driven

horizontally to the neaÍby launch tower where

the rocket is erected and the payload can be put

on top in a matter oÍ days before launch. The CBC

proved the soundness oÍ this procedure when it

was erected for the Íirst time on 22 August.

Configurations
Delta lV will come in several versions. The basic

conÍiguration has only one Íirst stage core, but

small strap-on boosters can be added to increase

the payload capacity; by combining three core

stages the capacity is maximised (see Table

beiow). The Decatur factory has the capability to

produce up to ten Delta lVs a year, so a possible

total of 30 booster cores annually.

The Delta launcher family

Delta lV Delta lll Delta ll

Length m 61-72 39 38

Thrust mln kg 0.3-1 0.5 0.4

Payload (LEO) t 8.1-23 8.3 2.7-6

Payload (GTO) t 4.2-13.1 3.8 0.9-2.'l-\

i .,- '' t --\Prannins [? 3f q Z1
After the first flight-rated RS-68 was tested at --'l
Stennis, it was brought to Decatur and attached

to the first flight core booster; this first Delta lV

was shipped by the Delta Mariner to Florida and

arrived on 4 October. The planning ïoresees

erection at pad 378 for a Flight Readiness Firing

early 2002. As the launch date of 30 April nears,

the fiÍst Delta lV payload, a Eutelsat

telecommunications satellite, will be transported

Írom Astrotech, where the satellite's final

servicing has taken place in its new 5000 m'?

building, to the pad. By late 2001 Boeing had

signed 1 8 firm launch orders and 42 options for

its new rocket.

Ariane 5

Europe

21 t
6.2-121

Titan lV

US

23t
6t

Proton

Russia

19.8 t
4.91

a. ti'r, i

.ï:,!31:,,,t,

-*:

e:=

ln 1 995 the US Government started the initiative for a new generation of unmanned launchers,

called Expendable Evolved Launch Vehicle (EELV), to cope with the Íuture user needs both military

and commercial. Based on its Atlas family of launchers, Lockheed-Martin began development of

the Atlas 5, and Boeing started developing the comparable Delta lV as the next step in the Delta

launcher series. Both are now racing to perform the first test launch in spring 2002, with Delta lV

now planned a week before Atll,s. This article r1!a1.ed on a visit to the Delta lV production and

launchfacilities / r )'-t'\
Developing the Dehf íÈSt> ' 

p,rlurrorhe íirst stase resr articre, cared

The Delta lV philosophy is based on a \ Common Booster Core (CBC), which was shipped

revolutionary ner,,, rnain engine, the RS-6g, and a to Stennis and arrived on 29 0ctober for a series

modu{ar design of lrs arge new Íirst stage, 
==-.----öf 

testfires; the Íirst firing oÍthis 41 m long first

Engine tes:ing at both Rocketdyne (California) stage precursor was performed on 1 5 March 2001

,t::"j:a:::.::,t:.. r,a::.

several tests the engine thrust was 1 05 percent at 1 0, already used on Atlas 2 and Delta lll, the

Produced in

Payload (LEO), max.

Payload (GTO), max.

Delta lV

US

23t
13 t

Atlas 5

US

ca, 20 t
8.7 t

5t9+e.



Peerirg at Io, Galileo Finds
No Magnetic Field
\4lCHAEtA D3q\HEl,., :., r..

upirer's noon Io ioes not have its o..,r
:naEne :ic field despite the presence oi
: nollen iron core, according to rhe

..:e sr n.i.:s *rements by the Jet Propulsion
aboraton-s Gaiileo spacecraft.

Galileo made a close flvbv of io's south
pole on Oct. 16, which, cómbined wirh an
earlier flvbv of rhe north pole. prouided rhe
data needed lror scientisrs to conclude rhere
is no intrinsic ÈeldGW&STAue. 13,2001,
p. 20). Tre :ecent 114-mi. ili.bv also re-
iurneo:o.j .: ;J a,nd inÍ-rared imaqs.61t
rhs moà:.. :-.; :--(à.- r;mirt:
- t :l: . .'ld ;rcrease in
:-::iiic :l::-iies ln tts vlclnln-.

- :-'...::.':. or rhe Earrh s

::-- :.; ^:,::: :rferiOr generates
::s ::asneir. :leld, bur lo's in-
rerior apparenrlv doesn't move
the same n-av. The accepted
theory is rhai rhe Earrh ii in-
ternally heated at the bound-
ary between the solid core and
the fluid shell by the latent heat

Tupon Potero volconic depres-
sion on lo is obout 47 mi.
ocross, surrounded by clifÍs
obour 3,00O Ít. toll. The do*
moteriol is lwo, ond colors ore
Íorms oÍ sulfur. Sunlight illumino-
fion is from upper right.

of condensation as the :: -,::n shell con-
denses to a solid. savs,\1.-..:er G. Kivel-
son, the orincipal invc'- - j,r 

Galileos
magnetorneair.

But ]o s inte rior is ::;::;; .,--.:laiir- bv
tidal Ílerrng from,l':;:::.:. .:.o.E g.ruiri,
and ic-.:::ists \,.ara lo:.*:e g'hether this
g,ouli ::rduce . naq::.:-: i-leld. The lack
oi a ::c,; !ho\'. f :ut: , , ::at source does
nOi ;...: : :ll-1::.::-: :'. .--1O and thereby
.i=..- - : :.1' ..-. -- --..rproducein-
:a::1 :-.:: -:.- :-.-:.. -'r-..1SOn SayS.

Hou.er-er. local measurements shorv
eiectrical currenrs flowing along magne r-
ic field lines ne ar rwo 

"..r-, 
oir'ài.*i. ,.-

tivinr "if rhis is the mechanism that's pro-
ducing the curre nts. it mar- help us in the
search t-or acrir-e plumes. ' Kiveison says.

Pictures taken durins rhe Ocr. 16 fly-
by include the Tupan Pa-rera.'olcanic area,
rvhich is seer: l: qooo detaii :c: ,re ilrst
time at ++0-È. rircl :;.olu:io:-. .:.. r'ol-
canic depression:. :r-c=:1. .,'..::- :=-. r'el-
Iot*r. green' anc -'.,:,. ..'.i. . : . -.ir..-d

:o be n:,r:*::. - -.-,'. and
.:rms oi s;.:-:: ,:-.=--::- .:..]

. : .:-hc. or.a.: àr.- : -. -. - .

:a. aru:ad tY \\'aj::: -1r : . :.: -

-' l:l--:lg:1\'ai" th= -u.-'-.
T-.: ,-:"..,-rafts camera hao

. been erratrc and missing some' 
cictures, probably due ó radi-
arion damage, but a sofrware
ix made before the October
encounter appears to have
solved the problem-all of the
rictures rvorked, says Gaiiieo
pro;ect manager Eileen Theilig.

Galileo is set to make its fi-
nal Í)i.by of Io on Jan, 17 and
rhen encounter the tiny moon
\malthea in Nover bcr. rbl-
iou-ed b,.'crashing rrro lupit::
in Seprember 1003.

.{IION WEIK & SPACE TICHNOLOG\' I5.\'1"{IY 7. 2OO2

NA5A PRESS RELEASE : I 5 JANUARI ZAAZ,
FAREWELL, tE / ËALtLEtr PAYTNE
LAST VISIT TI] A RESTLESS MEE]N
NASA'= GaLlLEo EREITER wlLL DART pAsr J!=r=e's vooN l= 3N THUREDA, \ -:a vETERAN spatrEtrRAFTs LAsr
AND trLEsEsr FLYeY or aNY EF THE G,aNT F!ÀNETs FEUR MÀ-=R MEENs, ltrs vEÈcaNEEs HAVE pREsENTED MANy
SURPRIEES slNiE THEY !\'ERE FlRgr sEEN lN 1g'7g ey NASA= VEyaGER EpatrEERAFT aND EspEElaLLy DURTNE ÍHE
slx YEARS THAT GAL !E= tAs ÉEEN ÉRErrrNG J!FtrER. scrENT!srs HEFE THrs wEEKs ENtrsuNTER wrLL REVEAL HEw'
SEVERAL REEIoNE == l= -avE ÈHAhuËED ovER rHE veles."Eartreo's oavs ARE NUMBERED NEw, sc tt's EspEEIALLY
EXtrlrl NG To v sl= i= =N= LA§T TtME. satD DR, ETLENE THETLtE, EiALtLEE FRÉJEcr MANAGER ar NAsArs JET
PREPULSION LAtsE=i-=i.. IJFLJ' PA=ÀDENA. EAT]F..AN oneITnL MIss|EN LIKE EALILEc] GIVES YEU THE ADVANTAEE
EF EETTINE TE EX;!' '.= 'NTEÉrsr NË pLAtrEs REpEATEDLv EVER A pERIED oF TIME, Txal's BÉEN GREAT FER
ET!DYl!È lE, =lN== 'l 'i=:=g Ë-uatlciN= sE MUtrH. THE E;aLILEE FLTGHT TEAM AT JPL atMED THE ERETTER TE EK M
J!sr 'l Eo KIL=va-=R3 i62 vtLEs) aEEVE lo's MULTTtrELERED suRFAtrE AT 9:tr9 a.M. EsT trN JaN. 1.7, ':|NE REAStrN
wE ÈE GoINE E= 

'LES= 
:= TE FUT Gé.LiLEE EN a EALLIsrrtr TRAJETTERY FER tMpÀET INTE JlptTER tN EiEPTEMEER

2trtrs,' THEILIG sÀtD' GalrLEE HAs EFERATËD rN ERBir MËRE THAN THREE TrMEE LENEER THAN rrs ER,ETNALL'
PLANNED MlsslEN. ïHE REsILtENT =FACEtrRAFT HAS suRVrvED aBEUT TíREE aND a HALF TrMES as MUEH EXFESURE
To RADlarlEN FREM .JUFITER 5 RAorartEN EELTE As IT was DS5TENED TE wtrHsraNp, lN trs 38 LEEps aREUND
'JuPlrER' lr HAs FLE)WN NEAR lc srx rtMEE FREVTEUSLy aND NEAR TH= ETHER THREE trF Juettee's pLANET-stzED
iI=!N5' E ]FCPA. GANYL':=: :\] CALLI§TE . A TETAL CF 2'7 ÍIMZ=. f <A,,i.t\t .) t -r"[ I_L_'_:j____,/

I : 'r ,-r 3\
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HOUSTON CHRCiJICLE : I c ..I.Ii Jj_: ::::
NASA AWAITS LAST PHOTOGRAPHS FROM JIJPITER PROBE'S LOi.IG TR|P.

-:t :'-3:-ES - Since 193o, the comero oi i!:l::.s Gclilec spocecroÍt hos coptured o comeïslomming inio Jup:is.. 'olconoes erupting on one
r- ': --::-:;.c:.e {;r:1 !no',-.n -::. c'ci'irc c- rs-.': j. Or Tl"ursdoy, ihe ccmero rvrii sncp iis icst pioures. ,3: ec rriil mcke íis Íinol Ílyb,;
:: :-= :t -,c''e.s moior moons .hen it s,.veeos ...'" - :2 miias o{ lo. The mission bucoel ios no1 cc"e. .', :.,--et oiciurs. Golileo 

"ri: r : -: :..e. SC.=--tC :::e":-,ln: --: .lga-e-:p. ;,,.-r j, ..,ïeh tne _: .- a --- :acagarlr S ar3e:-:: .: .. 1- --: -_a+?. - --

::e:::- =':.':',e. But ihe 70 phc;ogrophs to be1rcr:-'-e: tc Eorth over the rexi'-.€€ -r-'-s ,.. i :e --e ::- -:i :, 3€ : c-er,...e:'
=--=.':::-.issionthotwossupcosedloprovidescie"'s-:--:rithe,.\,orid--....,ii^rc-tr-c'clire-:ei-c3.-:::--:'e-:.-f,--:-^.csoïe.:
:-e:: -:: :i ::^rputer glitches ond other problems, Cc'ie: -:,=' Cid oroduce lh= rc.'e-:,cliir '^-::es. :-- - 3- c.c.,'se! s'--rinc orc
s.:--r:: -:uoblepiclures.DurÍrg32orbiisof Juplie..3: ecsr-oiecj ;nepionei-size*::':Cc:ir,eoe. l: :-:. l-i:p::-: :. ltrrongirs
1r-- . =: :: :. cience 6{ l;quii c::cns beneorh lhe:- j:--e: :' :-'coc oao Co js-: r-:';:-: -orbor.'ie. --=:rccec,c: : i3 {eoï ïobs on
"-- -: "- ^^-^-^ ^Í L-' -Jiue 'o.onos on Jo. ln c , G; eo hos relurned oboui 4,CCl ^-::s to Eorth. ri rriil be soo r,ier \re oei lo lheru UU9UI

='. : -- :''-: :ine time, looking b:ck oï its historu. ,c, ::i be c-:;e oroud oí the missio-. :: c Eiiene Theiiig. Go rleo proleci monoger ot
'.-:-: ,:-:-:c-tsion Lotrorotory. ihe spocecrofi'wcs :--..€d in 1939 from the spcce sl--= :-:rtis onci crriveC ,- crc:t cround jupiiersix
rer: :-:' - -;'"olly, Golileo..ros 'c .ore used íts r:--:r " oni€.': rc zip doto bock io Ec-- :- 34 kiicbiis oe. secc.c -- more thon iwice
". ='= --i : -.:lcol home dio -up -j odem. Scieniisis -::3tr -o cccÍ!'É -undreds of thousonds cí -cg* oí;uci-e.s .--osohe.e, stitching them
':::'-:--::-:r-:cloborote-:.=. -:-e:d,'neo--=--: =.--===-.-?-3ocploymen'in-cJ-.j:':-::::--:.:-:.= -----::.:beslc...
..-:-'.--: cnditspokeyro+e3író0ciÍsperse.c^:. -g3-.-r.::ccmpoundedbyrodio.ic^:c:cce'c-^e.o*eccrcc.herspocecrol
::-::-:--:S+;ll.Íhec^--'-:=:-c-l-eimog*.-':::3::::1.---ec'reosïeroiCld::-::::=-::.::...^:sie--3_1 -cf,scovertl:-
--: ::,::: ':ck hod o Íir', -::- trj '+s olyn. vvhich ther -c-a: l::-. - .ar loter, Golileo *:-:-+: :: :-=:-e-': oi ihe cc-e- S-ceroker-Levy
1:---*== nloJr,ae.:-::,::-:-'nlt.f,,rosa.e.e .--.-2---=::.: j,ty,Go'ileoviill -:.::::i--:::sle-+c:-.:j_-:-=,s*oons.

c:-e'cshouldbeoo:-::::--'e {eotureonlossulcc=::5-: ::S3feetocross. te. :-:::-:'.---=;sipeekc---e-::-sJuoifcr.
-: remisphere since --= . :.::.- nissíon ín 1979.
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DOOMED JUPIIERPFOBE GOES BLIND EAR.LI

lvloking iis closei opprmch 'c cre o{ Jupíte/s moons, the oging Golileo spocecroft experiencad o gl'-<È cno c-ould noÍ -op one iirolÍlur+, ci
phoiogrophs. .{s the crcfi skirrec yriiàin ó2 miles i100 km) of lo on Thusdoy, perílously close io ihe dcngerous rodioiion belis of ..lupiier, :^e
NASÀ robot ship íor unknown rssons vrenï ínïo soÍe mode, vihich outomoticolly shui down onboord insiruments. 'Vy'ere not iotolly surpnss.
becouse Goiileo hos olrcdy cutli"ed expectolions ond'.^re [ne.g ihct ii might encounier odditionol difíicultis Írom the high-rodic+;cn
environment on thís ílyby, soid Eilene Theílig, leod Golileo scieniisi oi NASÀs Jet Propulsion Loborotory in Posodeno, Colíifornio. An inhobiïoni
of the Jupíier system íor six yeos, Gclileo hos olreody survived four yeors ionger ïhon expected ond endured more thon Íhree lims the rodíoiíon
it wos deígnd to x.íthstond. Flight engíneere hope to restore nomoi opeoiions on the crofi so it con rsume scientiíic observotions during the
remoinder oí ihe lo encounler, expecied io lost uniil Sundoy. The comeE, hovrerer, rvhich hos .seothered rodioiion probÍems in the post, will
likeiy ïoke no more photogrophs. The lo photo shooi wos to be iïs losi. The Sl.4 billion orbiter did monoge to keep lo its íntended cource over
lo. Using ihe grovity o{ ihe moon, the ílyby wos plonned to brcsi Goliirc into on orbiiol poth ihoi u,ill evenÍuolly leod to ils desfruction- The
Eoson.íeregoingsocloseisiopuÍGolilmonobollistictroieciory{orimpcctíntoJupiier,'Theiligsoid.Lounchedinl9B9,therobotshiphos
spotled on osteroid'siÍh o moon, o comet striking Jupiter ond dozens ci molien couldrons on lo, the most volconic body in the solor system.
Golileo hos token more thon 10,000 ímogos, mony documeniinc puzling ond siunning {eoiures on lo ond the other moior jovion moons,
Gonymede, Collisto, Europo. Among íts ochievements, Golileos obseruoliom offered evidence thot Europo possëses o deep soltwoïer oceon
under its frozen exterior. One yeor ogo, ihe uesel took pori in on unprecedenïed collcborciion when ii, ond the Soïurn-bound Cossini probe.
conducted ioínl obseruotions during the ioiers brief siopover in ire Jupiter sysïem. hs ccmero shuttered, its {uel cncj míssion budget neorly
exhousted, Golileo will noneïheless keep .s<:rg other scienti{ic reciings. ln Norember, r: ivill moke the Íiist cÍose iiyb" oÍ Amoliheo, o smoll,
inner moon of Jupiter. The Íinole is expec* r: September 2003, *hen Golíleo .*ili ciunoe inio the crushíng otmoscre:e o{ Jupiier. The suicide
run is to ensrre the probe does nol strike :-: ::riominoie Euror. .:hich scienïisis SD{; c-3 could horbor microb': :=
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:SFAGE-CONI : A7 JI{I\IUAïI 2(X}í.
CAMERA ON GALILEO TO TÀKE LAST PICs.

'iLlos ANGELES ' Since 1989, ttre camera on NASAs Galileo spacecraft hEé cEpturèafà 6rner
islarnrnirrg into Jupiter, volcanoes erupting on one of its moons. and ttre first known moon orbiting
ian asteroid- On Thursday, the Garmera will snap its last pactures- Galileo vvill make its final nvbv oi
one of Jupite/s rnajor rrroons wlren it srnreeps within 62 miles of lo- The rnission budget does not
cover any fuÉher pictures. Galileo will continue rnaking other scientific observations until
September 2OO3, when the $1 .4 billion spacecraft is expected to slarn into Jupiter in a spectacular
finale. But the 7O photographs to be transrnil:ted to EaÉh over the next three rnonths will be the
la-st- They rarill be a bitterslveet reminder of a mission that \rvas supposed to provide scientists _ and
tfie vyorld _ \,vith motion picture-like images of Jupiter's wibrant atmosphere. Elecause of comptÉer
Srlitche-s and other problems, Galileo never did produce the tnovis-quality in,age-s, but it still
prowided stunning and scientifically valuable pictures- During 32 orbits of Jupiter, Galileo studaed
,the planet-size moons Ganyrnede, Gallisto, Europa and lo. Among its discoveries was enidence ofiliquid oceans beneath the surfaces of Europa and Callisto that could harbor life- The qtacecraft also
ikept tabs on somG! of the dozens of hot, active wolcanoes on lo. ln all, Galileo has r€íturned about
:14,OOO images to Earth- --lt vnill be sad wtren we get to the end, but at the sarrre tin-, tooking b€ck
at its history, you can be quite proud of the rrrission,' Eilene Theilig, Galileo prolct nrnager at
NASA's Jet Propulsion l-aboratory. The spacecratt was launched in 1989 from rÉre space stxrtde
Adarrtis and arriwed in orbit around JLpit€í six ye*s later- Originally, Galileo yyasr to trare ,.sed its
higtt-.gain antenna to zip data back to Eat*r at í 34 kilobits per second _ rncrre than ttrrice tfie rarl of
a typical Frorrre dial-up rrrodeÍn. Scierytists hop€d to capture hundreds of thousands of irragres of
Jupitefs atnÉsphere, stitching tfiern togt€rtfier b create etaborate movie-s- lnstead, t*re arrterrra
i.ilrrrned during its deployrnerrt in 199í, forcirrg scierrtists to rely on the probe's lorr-gain aÍrteÍ5ja
aÍrd its pokey rate of 160 bits per second- The glitch uvas crornpounded by radiation danrage to f11e
caÍrl.èna and other spacecraft soÍnpollerrts- Still. tfie carnera piled up the irreges- tn 1g93, Galileo
:captured the asteroid lda at close range, allowing scientists to discower that fà€ spac.e rock had a
.tiny rnoon of its own, Ethich ttrry rrarned Dact!/l- A year later, Galileo lryatcrted as fragrrrents of the
.cornet Shoerrraker-LeW 9 slarnrned into Jupiter and exploded in its atrnosphere. During Thursday's
!ffiy, Galileo will make its closest pass yet to any of Jupiter's rÍroons- tts carnera should be able to
oapture features on lo's surface as small as 3:i Íeet across. lt will also snatch the first peék at the
rrroon's Jupiter-facing hemisphere since the Voyqger mission in 1979- I i
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Complex Telescope
To Piobe IR L]niverse
WILLIAM B. SCON/BOUIDER, COLO.

An innovotive design ond Eorth'troiling orbit brought
the SIRTF spoce-bosed infrored observotory to life

fter waiting more than nto
decades, astronomers will mot'e
anorher step closer to exploring
the infrared region of the uni-

serse when two major elements of the Space

Infrared Telescope
Faciliry (SIRIF) are
joined this month.

NÀSAs J.t
Propulsion Labo-
ratorv officially
rook deliver,v of
rhe Cn'ogenicTële-
scope Àssembl,v
CT,\i from Bali

-1e:0ipace and
T"cl:c.ogies Corp.
lasr aro:lrh. Con-
tai-ning an intiared
telercope ani three
sctenca rnstru-
menrs. the CTÀ is
scheriuled to arrive
arour'f lan. 25 at
Lockheed Martin
Space Systems'
Sunnlr-ale, Caiif.,
plant, rvhere it rvill
be mated with a

Lockheed Martin-built spacecraft bus.

Launch from Cape Canareral on a Boe-
ing Delta II 7920 booster u'iIl probably oc-
cur "late this year," said David B. Gallagher,

JPk SIRfF project manager. A firm date
is being negotiated witi NASA headquar-
ters. Originally planned for iaunch in July
2002, SIRTF was plagued by difficulties in
CIA development, slips in spacecraft hard-
ware delir.eries and "considerable delays in
geming our flight softrvare," he said.

A cryogenic obsenatory dedicated to
space-based infiared astronomy, SIRTF is

the last in NASAs four "Great Observa-
tories Program," which inciudes the Hub-
ble, Chandra X-Ray and Compton Gam-
ma-Ray observatories. Together, the
plarforms wilJ give scientists an unprece-
dented pi*ure ofthe solar system and deep

space, thanls to data from multiple bands
of the electromagnetic spectrum.

In 1983, the InfraredAstronomical Satel-

lire (IRAS) demonstrated the r-alue of a
cn'ogenically cooled lR telescope in space.

t'èUà*ay From the thermal polludon of
Earth. During 10 months, the spacecraft

The Spoce lnfrored Telescope Focility will
explore lhe neqr- ond for-infrored universe,

complemenling the Hubble, Chondro ond

Com plon observolories.

surveyed the entire s§ and documented
the universe in the 8-120-micron range.

SIRTF differs from IRAS in that the
new spaceciaft is a "pointed observatory''
fitted with an 85-cm. Ritchey-Chretien
telescope, and will have a much ionger
mission lifetime-2.5 years for sure, and
possibly five or more years. IRAS used
àbout 60 discrete IR detectors, each with
its own amplifier and cryogen supply.
SIRIF wiil carrv IR detector arrays hav-
ing tens of thousands of pixels, enabling
both imaging and spectroscopy.

The effort to develop and fly a space

infrared observatory has undergone seis-

mic shifts since it was first conceived in

r 6 s\

the 1c?0s. Originailv it rvas to be a Sl-
billicn-ciass mission, with a teiescope

lauached by the space shumle or a Ïtan
roctet. For a variery ofreasons, ttre pro-
grirn was scaled down substantiallr'-- NASA's "faster-bet-

nvo-pur the tele-
scope outside the

cn'ostat. That allowed r.ti to use a much
rÉil.r cryostat, and Ëom a systems point
of view, allowed a lot of other good things
to happen."

Driven by size and cost constraints, r}re

SIRTF mission evolved ro its present surus:

o A compact spaceborne system-detel-
oped for àbout $630 million to fly on a
$60-million Delta II launch vehicle' Op-
erations will run about $70 million per
year, with approximately $40 million of
rhat going to the science commu.niry..
o Uè ofàn innovative Earth-trailing, he-

iiocentric orbit. SIRIF will circle the Sun,

following in Eartlis wake.
o LaunÀing'warm' and using the co-ld

of space to óol the IR telescope to 40K.
"The trailins orbir is very innovarive

because it fiargïlyl solves thermal prob-
lems," said Tim Kelly, SIRTF Program
n)naseÍ for Ball Aerosoace. The obser-manager for Ball Aerospace. The

Oir*:EE ÍtEB
For m,rc iaÍormaÍion

onSIEIT, go to
tttttt -riatiott\o u. con /srtf

ter-cheapef' mantra
also contributed to
a rescoping of the
program.

"Fifteen years
ago, we weÍe golng
to bury the tele-
scope in the crvo-
gen tank, as we did
on IRAS," Galla-
gher said. "This
time, we knew we
couldnt do that on
a low-cost program.
\7e had to get the
size down to fit on
a smaller launch ve-

hicle. The science
team, in the earl1'

1990s, decided we
should separate the
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lhe heort of SIRTF is o Cryogenic Telescope fusembly, shown in o
Boll Aerospoce & Technologies lrest chomber. Low<onductivity
struts fhermolly isolote the CïA Írom the spocecrdt.

will help determine
the structure and
composition ofdust
and gas disirs.

By putting
SIRfF in space, sci-
entists will achieve
"orders - of-mag-
nitude 

. 
gain in

sensltlYrty over
what's possible from
[Earth]," said
I{ichael §7. \7ern-
er JPLs project sci-
entist for SIRTF.
'This observatory
has 'great discovery'
potential, [thanks
ro *rat] sensitiviry.
The history of as-
troexploration tells
us there's going to
be some goodies
out there. Our most
exciting discoveries
rvill be things I cant
yet describe."

On Earth, the
night slcy is as ther-
mally "bright" rela-
tive to the cold of
space as "the sk- at
high noon" in the
visible light spec-
trum, he said. Àn
Eanh-trailing orbit
would distance
SIRTF from the
planet's heat-and

allorv designers to take advantage ofspacet
thermal-radiative characteristics. Solar parr-
els and a shield will shade the CTA from
the Sun, while "keeping the panels pow-
er-positive at all times," Gallagher said.

I{alf of the CTAs outside surface rs

pairted black and will face away Ëom the
Sur, radiating to the cold ofspace. The
otier side is reflective, yet protected most
of me time by soiar panels.

The Ball-built CIA is a highly complex
system that comprises an 85-cm. telescope,
outer shells arld baffles, a dust cover, and
a Muitiple Instrument Chamber contain-
ing three science intruments-rhe lnËared
Array Camera, Infrared Specuograph a:i
Multi-Imaging Photometer fbr SIRTÏ The
instrument chamber sits on top oia 160-
liter (95-gal.) helium tank tlermailv iso-
Iated from the rest of *re spacecrair. The
entire system is dominated bv therrnal iso-

lation shields arri si:poru to keep the tel-
escope and ilsrru:l;;rls cold.

P0Slil0lllll6 Iï 0lrT§lDI rhe cn'ostat did
not eliminate a n.C r.- ;ool rireiei*--ope,
though. Designers came up with a or€-
matic approach-iet :he telescope raàa:.
heat to the cold oi space. That aiio*'s
SIRTF to be launched 

.rvarm,' 
ancÍ re-

quires about 30 dar-s tbr rhe telescope ro
passively cool to a remperatlue below 40K
Liquid helium will bring the telescope
dorvn to 5.5K. The tlree instruments will
be cooled almost to absolute zero-L.4K.
Not having to use helium to decrease tel-
escope temperature more than 400K saves

a uemendous amount of the cryogen, en-
abling at least a 2.5-year mission life.

"ISIRIF s] life is pretty much dictat-
ed by the exhaustion of helium," Gallagher
said. "But even after the cryogen is gone
and the telescopet temperature increases,
there're still some detectors that can op-
erate effectively, just with radiative cooi-
ing." After that, the orbitt geometry be-
comes a life-limiting factor. Still, scientists
think they can squeeze t\Mo more years
of work from SIRTF's "post-cryogen
phase,'1 \Terner said'

Liquid helium cools science inshuments in
the CTA, but the ielescope will be noturolly
chilled to ombient spoce lemperotures,
reducing lhe omount oÍ cryogen needed.

But a "warm launch" approach, whiie
saving weight and reducing SIRIF costs,
makes it much harder to ensure alignment
of the observatory's optics train. -ff4ren 

a-ll

the critical components are cold at launch
and change temperature uniformly, "you
can lock the thing down lbefore liftoffl and
know what the alignment will be on-or-
bit," Ballt Kelly said. "But here, we had ro
build and align 'warm,' then launch and
go down to 5.5K and remain aligned. §í'e

understood that, but we didnt appreciate
the complexiry it wouid cause.'We have diË
ferent materials [at] joints and junctions."

A network of"flexures" and structural

vatory is constructed in a way that keeps

solar paneis pointed toward the Sun, while
also shielding much of the spacecraft,
keeping the telescope cool as it looks into
space. By not orbiting Earth, SIRIF also

avoids blocked fields-of-view (FOD and
going in and out of the planet's shadow.

'A given object can be within SIRTFT
[FOV] for at least 40 days. Over the course

of six months, we can observe every point
in the sky," Gallagher said. That greatly
simplifies scheduling for scientists, and
improves the observatory's efficiency-
time of usefi.rl operation-to about 900/0.

Hubble's efficienry is roughly a third of
rhat, because it orbits the Earth.

The in-space SIRTF observatory will
cover a 3-1SO-micron wavelength band,
enabling the studv ofcold objects in the
outer solar system, as well as reaching the
most disrant objects in the universe. For
example, it will be able to detect brown
dwarfs, objects that don't have enough
mass to ignite the fusion reactions of true
stars, vet are larger and warmer than plan-
ets found i;: our solar system. SIRTF also
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meà6ers iras used to controlErqrÍxent
with temperarure changes.'Vhere :easibie,

the same material was used in cridcal ar-
eas--such as beryllium for t}re mirron and
relescope-to minimize weight arrd ensure

homogeneous changes with temperarure.
-ÍHE CïÀ 13 0tlE of the most comple< me-

chanical items [Bal]l has ever fdeveioped].
due to a1l the consrrainr5-àn inn61'21i1'g

orbit, allowing remperarurer to passiveiv
drop to 40K, and puning rhe three main
systems rogether," Kellv saici. "The over-
all strucrure has to be aliqned, rhen tle rel-

escope and cryostat ha'e io t 'o.U together.
CTÀ srrrems engineering *'as a iong-pole
in itsell. It was a tough iob.''

JPLs Gallagher cont-irmed that vierv.
"Ball rook on a rremenious .challenge]
wirh rhe CTÀ. it's a bie dea.l. This is an

extremeiy difficult tasi<. anci ir hasn t been

done before."
Buried in the SIRTF cn'ostat and op-

crating ar 1..iK are rhree science instru-
ments-rwo built bv Ball anci the rhird
bv NÀSAs Goddard Space Fliqhr Center.
Other organizations involr-eci in instru-
menr design and development inciucie *re
S mithsonian Astrophysical O bser-t'atorv'

Cornell Universiry and Universie'- of fui-
zona. -\ nerv SIRTF Science Center/In-
frared Processing and Analvsis C:nrel rs

:esponsibie à: science operat:cr.s.

AEROJET NEWS RELEASF : 26 JA-NUARI ZOM.
AEROJET DELIVERS X.38 DEO]IB]IT
PROPULSION STAGE TO NASA.

\-§-{ GoddàrltEared -1;rav Cam-
era *'iii cover rhe shonesr IR wa. eiengths
ofabour 3-10 microns. using four arrays.
It is devoted primarilv to imaging and
napping 6§5srv21ien5-good for "look-
ing at stars in t}re distanr, earlv universe,"
\ierner said. \Mhen imaging, ràe camera
carr cover a j X 5-arc-min. parch of s§.

TllE BAtL.BUlLI Multiband Imaging
Phoromerer is a far-inliared or lóng-
tu'avelength instrumenr co..erinq the
l+- 160-micron band tvirn ::rre: de-
tecroi arravs. Wirh a i X -<-a:c-min.
FO\. :: rr ill look àr ciusr arouri -: :ear-
bv srar. shich could incijc;re :ia;:e:.rr.-
svsrem àrmation.

The Infrared Specrrorracir. aiso iabri-
cateci bv Ball, provides lorv ani noderare
specrrai-resolution spectroscopr-. Four se>-
arare optics modules span a 'r'ai'gi61g-ii)
range of Í-i0 microns, ot-erlapping soÀe-
what with the orher rwo instruménts. Its
forre is studving rhe composition of dust
and ice near a star.

Kev to rhese instrumenrs sensiriviries
is rheir advanced detecror arrays. "One
thing rhar cnabied SIRTF rion: ;he starr
was rhe qua.lin' and capabilin' or'dremat-
icallv bene r dÉrecro, frbri.rrio.r' Às .om-
pared wirh those avaiiable in rhe 1980s.
'SIRTF has benefited Èorn substanrial na-
rional invesrment by the cierènse com-
nuniry in inirared detecrors.'' G.llagher
ieclared. ,)

]lÀvj
After three years of design, engineering and assembly, Aerojet on Friday deliverèd the oeorbit piópu-tsiórï STage
iDPS) Íor the X-38, NASA's full-scale protoiype for the International Space Station emergency Crew Return Vehicle.
The DPS was scheduled to make its "first flight' Friday to Johnson Space Center (JSC) in Houston aboard NASA's
oversized Super Guppy plane. NASA officials loaded the crated DPS onto the Super Guppy -- via the plane,s hingedno* -- at Mather Airport near Aerojet's Sacramento facility. At a ceremony at Aerojet, Matt Drutt, Aero;et X-3g
program manager, commended the team's "dedication, patience and perseverance" in achieving this major
milstone for Aerojet. He presented plaques to nearly 1OO people who worked on the program. 'The kéy to succéss
was a fundamentally sounnd program plan," said Drutt. "This delivery is the latest additión to Aerojet's heritage of
support to NASA, following programs such as the Space Shuttle oMS engines, which have had tob percent fright
success, and the NEAR propulsion system. Soon, we will add the MESSENGER program to the long historical linJof
successful products we have provÍded to NASA for space transportation," After tÉe DpS is mated to the X-3g at
JSC, NASA will conduct acceptance testing, followed by system integration, combined structural testing and other
testing leadíng up to a ftight test possibly in late 2004 or early 20o5. For the flight test, a Space Shuttie will carry
the X-38 into space. Part of the DPS structure is an inteface to lock the vehicle in place'in the Shutle's cargo bay.At an altitude near the Space Station, the Shuttle's robotic arm will lift the X-3ti out of the bay and relàase it.
Except for a crash dummy named Edgar, the X-38 will be unmanned. (It's designed for seven passengers). once
the two spacecrafts are at a safe distance, the DPS will fire in a calculated OeoiOit burn to bring the Í-ed out or
orbit. ïhe DPS will fire its eig.ht tlllsters for approximately 30-45 minutes during descent. WheÀ the X-38 beginsto reenter the atrrmsphere, the DPS will jettison and bum up. The X-38, with Edgar at the helm, will glide ó a
remote-controlled parachute landing, possibly in Australia. Aerojet developed the DpS under a g23 millioÀ contract
with NASA. The X-38 completed its highest, fastest and longest flight on Dec. 13, 2001, at NASA's Dryden Flight
Research Center, Edwards, calif. In the eighth large-scale flight test for the program, the X-3g was released from a
NASA B-52 aircraft at an altitude of 45,000 feet and landed successfully. nerojèt, a GenCorp company, is a world-
recognized aerospace and defense leader principally serving the missile and space propulsion, and'defense and
arÍnaments markets.
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SPACE.COM : 05 JANUARi 2Cf.2

STATION CREW GEARS UP FOR TWO JANUARf SPACEWALKS.
CAPE CANAVERAL - Ïhe U.S.-Russian crelv aboard the lnternational Space Station v,,ill step up rvork outside the orbital outpost tiis
monil- :=.,^! :-: :: 1.-.:, spacewalks a r::' at carrying c,: l.-.., assemli;.;c:,:: :. :i::, 1:_SiL)ry ci:^ii=x. Station c+nmar:iei yUri
Onufi"ien<c and flight engineer Carl Walz are scheduled to venture outside the outpcst at 3:S p.m, EST (2050 GMï) Jan. 14 on the first
oí t^e :",: 

=xculsions. The job at hand: Moving a Russian Sirela cargo boom from a stowage:point outsrde a conical U.S. docking port
to :-e e{elorof the station's Russian Zarya space tug, which doubles as an orbitai \,varehouse at the outpost. James Harrsíield, a
:,--,::--- r'i.-..i.-,sJonnsonSp:.]=CenierinHouston,s::'^:iCearci.iidi+!pl=:.t-=ci-anereiliji,rea,:i::,i=iir:ia, 1-:it lni:i
;,zs s'ected outside the station's Russian Pirs airlock late last year. Hefty cargoes as weil as suiied asironàuts and cosmonauts then
;,' re able to be moved Írom one crane to another during futi-e construction and maintenance work outside the butpost. he satd. The
scacer,,aik is expected to take about six hours to öompiete arc represents the first of two sorties the station erew plans ïc ce*oÍm
:,:::=:'=..iipostthi*c'r,'nih.OnuÍrienkc=ndílightengine='l:^::l Burschwill headoutsi+eiiresiationJ3:. 15ics:: -?'=- .-
a'rci Russian television antennas on the outer hull of the outpcs:s ?ussian-built Zvezda crew quarters. OnuÍrienko and Bursch a s: ,', :

carry out several other chores during that excursion. Meial deiiecl::s r:rill be mounted next to Zvezda steering thrusteis :c c.eïer: icxlc
rocket exhaust from damaging the exterior of the bus-sized n ::, s and contamination monitors aiso will be set up ,^ :^= s:.::e area ln
acC:l;on i'.: pair v.ril'.:i.ii:i,e a mate.::l:l.-:ence expa;ine-' -, ,-- :=. ..,. ,i,i.,Ce the stal.:,r :,. i-* 3, ;;-1.; j_:.: j: --=: j
spacewalks will be the first of as many as eight such excurs3*s that are tentatively planned at the station durinc t-e tentrre of the
Expedition Four crew. A visiting shuttle crew is slated to De-::- four spacewalks during an April mission to de ,er and instafÍ.the
central segment of a huge station truss that will eventually si:etch 356 feet (1O8 meters) from end to end. Once $e shuitte crew
jeparts, 3usch anJ "Nalz are ier';t=ii,..-.ii' schedul+C ic carry :-: :s ïan, as iivo more spac=....,,aiks io ínisi: cutÍtti-; ' = '--:s "=- -^i
Launched Dec. 5 aboard shuttle Endeavour, the Expedition Fs.r crew boarded the station two days later. setting cJ: or a .-,.e=^:-a-
halËmonth tour of duty. Much of their first month in orbit has ieen spent unloading a Russian Progress cargo ce*e, and s:a1-; !p
scrne of the ffi U.S. and Russian research experiments the., san to carry out onboard the outpost. The Progress c"-ga.?-.- ;;.

^-. r.--L^^À . ., :L_ -- - +..,- _ -ri- I _.. - -^-{ a.-è E,.. -i^r'.- t^::: ::--=r1':. JSIlldrr{.ri_i ri,q.C).1,-.', -_..fSaÉ_=,.:-::-:-al 
_,fTit-bio._ _:- _ : -.= !=. j-:-:: :_:. .:

oac( through Earth's atmosphere. A new Progress space frsgste'ihen is scheduled to arrive at the station three days a:e. -3, --: -:::ci 
";ater.clothingandstationequipmenttothecrerr.Thec:e;.'sfirsti'isitorsarescheduledtolaunchApril 4abcafÍsh:.,::eÀ:a*:s

-aesevenU.S.astronautsaretoarriveatthestatÍonhrodays arerwiththecenkal trusssegment.ARussianSoy-uziaxi crei'rtherls
::-:::': :---'^ ip:l il;.r an eígh:-ca- :'-i:rd-i:.F:: :"= s::: :- -:a:: j by tet=rar :,-s-:^:-i'-'-' -:::ei=: ,.^2..:-=..,, "^:'---3
Ei.iropea" Scace Agency astronaut Roberto Vittori and Mark S"uttiesworth, an lnternet entrepreneurvrho is destined ro become the first

tsEzuCHT L]T DE RUIMTE

H;l inteniation3l Space Station \\ordr nu beuoond door dc Rus 1-ud Onufnenlio (conlrnarldant) en de Ameiikanen

--;. ,',;!, .ii l*ii-iÈi Burscii. i;-f U;1.;.;; isilleil !i- \1e1,lc si;iiiJuii.iiliiiiir iir,i .'iii liJi,u,ii vri z'd-iiJii iol ;iicl luti2 ttt
l; ruimte biilen. De eerste neek vJn het nieune jaar .,rerd \oonlamehik besteed aal1 ilet voorbereiden van de

nurtrte§andelurg die op 1-l janmri zal plaatsr-inden Ook \\'erd eeir e\perj.r1lent uitseYoerd \\'aarin de groei Yan

.. : '' , .,r:tle,i!tÍ'ilir\ iri g.,ri,ltrsi.- .'',li.i ', ,,,ii ..r:íi,ti. i.,,ll, i:d1 r5?\
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FtC t Jt{ TC ta\ , D JI\L{QI 2oot.

AtpI-A CRETíTC MCVE RUSSIAN CRANE

Cl[ E C{\1\ EÈ,{L - 5p"." ,lolion Alpk, .n.',-.1.. '.ill ,r. .n. E rrri.n Àn. l. L.lF ;... .n.lh., l.Jog Jrnin3 ll,. ."r*ll,
.po.r*rl[ lr.* ll,. .rlporl. Tl,. pr;, of lfr..ion .-n.r. .rli.J .Sln.l" o, '"nr.*.t i. .e.1""1 lc m:inlcining lLe Rr..ion L"lf "f ih"
Alpl,, ..-pl.*. I C"n"Ji.n ,ttoli. or- p"nfo.-. th. t ,,n ,.1. .n ll,. Am.ri."n .iJn .f 1i,. ,1"1i.n. Th" lronJ por{ for. l-.]rr.i"n Yu"i
Cnrfri.nL. .nJ ,.1*norl C"nl W"l, *ill t. ..nnrrerinj cne "f i[.," .r"n.. inlc p1... usinq ils lwin, soiJ Dongl S.l ut. I"oJ
.po.."'r11 "ffi.., Í., llie missicn. Cffi.;o|. .*p".1 ll-,. l*'. 1. .,*r.g. fno,, Alph.'. lrrl.L .l 3,56 p.-. Th" .ron. 11,"9 "ill nrc\€ \1.rs

lo1.L.J onlo on Amer'icon ."nn".ling lunn.l in .or. of "-.r.g.n.i"r. T[," .r.onJ .r-rn. .... lrrn.f*-] lr.1 .r--., *,ll-, lL. E r.r;r,, t i,.
Jo.lr;n ."mpc.1-.n1. Cnrfri.nLo, -o[irg [,;, ..*nll, .po."*,"11 , *ill lolr" 1l'. ..ntrol. .f il,. 1..- on tL. Di.. ,noJuln onJ r]Íe*pí 1.

"*l"nJ 
ii -or. ll,.n 45 f..Í rlon,q.iJ" llr" ,loiion *iïLouÍ trmp;,rg iÍ, flin,rg ..1., p"n.lr. T[,. t..,, .niii tr r"iÍhi, o fooÍ of " ..1r. prn.l

on iL" È.r..i.n Z"ng, ,.n!r.l -oJrl". Tl," tno- pro.fi.nJ il,n lo.li. Íon ..rli-,. in r l:r9. ,."lor. lrnt in llussic tnf.n, 1".'.linq 1.

AloL. 1".+ -.nÍh. Cr.unJ ..nl"oll"n, n.o" h4o..o* rnnJ ,p.lo"ifi.oÍion* t {.r* .r.1, .p.."ruoil . tri -og ,.ol t".rq"r.}o -o1." ong
.hong.. Í.,'1.J"g'.,...[. nTl,.1'. 

o foinlg .o*plnx mon€uv€r thol n..J. 1o t, ...i.rri.rt.j 
"nJ "*..u1"J p.op"nlg ouJ I J.n'Í 

"nli.;poÍ"f[,"9'll .L.n9. rngll'ing *;11', ll,oi," ,5.[rrk ,oiJ. lío1., *olking olong Alpl,o'. .iJ. lil. : mcunlcin .lt-t"n *o"g oí hir,3"ip, *;il oÍio.[
iL" .r.."nJ ..rn, 1o ll," .nJ .f ll," fir.l. T[,"n §íol, *ill g"1 o gooJ ,i* of t[r. t.rih ),CC -i1", trlo* o. l* [,olJ. onlo tlrn nnJ of 5lr.l,
*hii. C'nrÍni"nk" ,-.tno.1. tl-,. [oo- onJ swing. i[.,r *.onJ .r-.n. t.rn"r-J. its nerr Lcm*. t-"1...1ing ïh" .ron" iu r*p".ÍeJ 1o 1oL. ,p -.rl
"Í Í[r. 5 1/2 lrurr r.l,nJul.J fo" ]1. .po."*oll. TL"g ol.o *'ill .fi..l, o HA\ -l ,Ji. .n1*,rn, Jrring 1[,. *onk ,".rion. Ti," .po.r*,olL
will t€ lh€ fir.l 1;-t il,. l*. "ill l"ou" ll'" l7o-fool-lonq .9linJ", thol *ok"..up {lpL. .i,,.," lL"q onJ o.lronorl Don Br"r.L -ou"J i,, o

..nil, rg.. 05.-"1i,n"s 
1L€rJ lc lel ,. go ou1.iJ"," Burr.h l.ll n.p"rt"r. Tl,ur.Jrq. E,rnr.l,,"ill ,ooi.l-, fro- ir.iJ" Alpl.,o, moneurering

lhn ,-.[.i rnn, 
""-oÍnlg 1o [".p ][r" .po.*oll.rn. in view x'ill-r 1l-,., ."-'. com€rtr!. TLrl ,.ill qir. q"ou,rJ ..ni"ollnr. ll-,"in besÍ lo.I ol lL.

*o.[,. Eur'..!. ,rill -r[" o .po..'.rli *ilh CnrÍninnko Jon. 25.
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ruEsDAy, JANUARv 1s, 2oo2 í_l_ < +. r-. < \
Conrmancier \ un Onurrienko and Flighr Engin€er Cart \\'alz Ítoatcd or,l,o. h*-t,!*Y,#, L*.. sratlon
\Iondal on the hrst space*alk of their erpedition and finished irrstaliing a second Russian cargo boom. p?rt of
n ha;ii iud jxclt delivered to tire station ttr.o and a lialf l ears ago. \ïitir coordiiiaiion lielp frorrr ilside the staiio. b1
Flight Engineer Dan Bursch the two space *alkers also rnstalled an arnateur radio antema on the Zvezda Sen,ice
Moduie. The first space *.alk Expedrtion Four creu's fir-e-month tour of dus began at 3:59 p.m. EST and ended at
l;liiilp.iri.EST.iastingatouloísirhours.tlrecminutes \íond;ii'sspaceu.alkuasihethini.-secoldi:rsiipp:;;is1.
space statlon assemblr'. the seventh such excursion conducted from the station itself. and the siXh based out of the
station's Russian segment. The total amount of time spent on space station-based spaceu'alks notv stalds at 29 ho,rs."l Ïiarites. and the totai spacenllkurg time ii}el1t o11 st:tiou cor:slmction ai 196 ltoi]rs. l9 rrili;ies, AÍïcr esitiiig the
sution from the Russian Pin docking compartment. Onufrienko and Waiz assenrbled an er-tension for a Russian
cargo boom tlut had been preriouslv installed on Pirs. Thel: sssd the operational cargo crane. called Strela I (Strela
is the R-ussian ':'ord for arroll',1. ïo get into position to detach and relocate a sjmilar c.ane te*rc.11!.. 51nr^.r n1 tf.-
outside of the Unitr--Ío-Za4-a connecÍingtunnel. Knoln as Strela 2. this second crane rras mored back alo,gside
Firs and attached to a base point on the opposite side of the docking compaÍment and airlock at 7 l i p.m E ST- The
firstpieceof Streia2hadbeendelireredandinstalledinMar 1999 andthesecondpiecein\Iar l(yxl Onf,rrure
spacervalks, the t§'o cralles mav be used to maneuver equipment and spacervatteri. Onufrienko and \\,alz also
installed a11 amateur radio antenna on a handrail at the end of the Zr.ezda sen-ice module. The antenna is one of four
that eventuall-v u'ill allorv space station cret members to malie "ham" radio contacts fiom the conrfort of their liring
quarters inside Zvezda. Currentlv. the auuteur radio station is insi,Je tiie Zary.a rnoduie. The next qracewatk of thé
expedition - to be conducted bv Onufrienko and Bursch - is targeted for Jan. 25. The plan for this spacewalk
currentl'r- includes installation of the remaimns three amateur radio antenrue a1d thruster deflector shields on the
eud ofZ.,;::;.

CIIN : l5 .llÉfiAffil 2OO2.

etPtD cREw w Rwu P sP&{w au{ .
l{€ul residents d tÍp irÍer\atiord sr|€rce $ariontoct<their tirsí- sÍrotl q.Éside ítetr qOittne M tö raq
de a Rsssl'an ca'Éo cratp dl lrr§iÍall a ÍHn rdlo dxerrw C6ittp't?fl.rt Ycrl Oilrtrbile drt a§rorlfl.rÍ Cïl
Walz, wea'ins Íltssl'ao Oríar spresuÍÍs, completed tÍe six-i7g-r ttÉ óout d I O pm. EST ott Motta,.Th
e sprcaudkw;es qp d tour plantle,d duingtlp creutsÍive-fircrÍhtq.r,wfich beeil, in December.Theitr
st order of firsr'rpss was to ff otte a 45-td ( I 3-6-meteil Russian crae trotn a tempqtrv sÍorage p6,Ítio
n outstde a U.S- mdde to tÍp dxkitÉ, cocnpaÍnpnt d tfu Rt]sslan corÍrol mdule, wÍwe il) idefiÍcd cra
ne dredv is trgdld-The detdrÉ con parÍrnent eir tu{ serves sttp doqttay fq spr,aualls cotÈtste
d trom ttp Rt]ssia,', §de d tfu sp.ar,e stdiq} ln ttp ft ture,tÍp two creyP/s wtll be used tgeeilpr to nsJe e
q)ipnpfi al sptr'auall<ers outstd€ the l7-stqy qbiting, complex. àfter tM ió, OrutrÍed<o aN Wdz pl
*ed an anÉe(Ë rdio d*erxÈ on a Mrail d tfu etÈ d tÍe Ru*slan set'vlce mdule- AMfur sprceuta[k
is st Íq lder tfis morÍÍL OntÍp Jant*y 25 exct§ott,ttp otfur Alpha residenÍ,U,S- astror,€]t Dan Eilrs
ch,will &qrp€rty Oilrtrbrl@.ArruÍrled<o,Walz at &trsh a'etÍptourthcrewtolive inà[eha,which ha
s been cofiitxjg.§tv &cupid sínce llqtenber aOOO.TÍp udiristsl stdion, a proiecÍ d ttp Unitd State
s, frnssr'a, Ecox, Carda and Jaeut cotild cc;t uanta'd d Sl OO bi{lion iÍ buift as elsnd. But nruftibillion
ddla' co§,Í ouerrurs and sÍr'iÍ*lne tederal budeets cotld fqce lïéSé, tip prln *y *sdlzq,to sde be
Rtfffiw cor§trt/r,tior,- Motd,ays spr;eutalkw§ tÍp 52íËto Hp a§s€;nÉile ttp spee sf afiqr,tÍp sarenÍh
trdnttu stillot Ítsett-
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tronaut Cad 
.Walz 

installed a second Rr:ss-
ian transfer crane and a ham radio anten-
na on the Internarional Space Station
during a Gfu- stravehicular activity on
Jan. 14, &e Ërsr tbr fie Expedition 4 crew
and the sesen& Ëom ISS without a space

shuttle present. Another EVA is set for
Jan.25, when OnuËi,venko and Astronaut
Dar Bursch are scheduled to install three
more ham antemas and thruster deflec-
tor shields ot the ZveÀamodule. Astro-
nauts and cosmonauts often communi-
cate with ham radio operarors. O

-zööe
EORIDÀ TODÀY : 24 IANUARI 2oa1.

BURSCH TO MAKE FIRST S-PÀCETflK

CAPE CANAVERAL - The fourth cre,vv of space station AlpEa rnill malie its second sp-cèwalk fn less than
trvo weeks todav to install thrust deilectors and a ham ladio antenna on a Russian segment. It \ /ill be the
first spacennlk for astronaut Dan Bursch. Bursch has twice helped fellou' station resÍdent Carl WaIz suit
up to go outside the shuttle and then the outpost. Russian commander Yuri OnuJrienko will lead the 6-

hour jaunt around the Russian Zvezda seerl,ice module. It will be his eighth spacewalk and second on

Aipha. The main task for the two is to lock simpie aluminum grates to six sets of steering iets around
Zvezda's hull. The jets give off a black residue rràen they are fired that collects arcund the nozzles and
could get on space\ ralkers' suits. Researchers do not l{ant spacerl'alkers to accidentally brush against the
material and bring it inside the station, where it cor-rld affect crewuembers' eyes or noses, Expedition Four
manager Susan Brand said Thursday. "The substance lr.ill be more irritating than anlthing else," she said.
"We do not see it as a toxic substance." Researchers har.e nied to recreate the material, but are not certain
lvhat it is except a blproduct of the chemical reaction that fires the thrusters. Spacewalk officer Dary1

Schuck said Russian space officials called for the spacertalk after seeing similar residual buildup on the
Ir.Iir space station. OnuÍrlenko and Bursch r.r.ili float out of Alpha's hatch at 10:35 FrÍday morning to begin
the r+,ork. They r,r.ill scale the sides of Zvezda, stopping occasionally to attach the deflectors. "Once you're
at the u,ork site, it's prcth, fast," Schuk said. "The big task is getting out to the site and getting (the
deflectors) separated from the others." It takes about ten minutes to plug each deflector into the nozzles.
They are designed to conJile any residue to the grates, leaving spaceu'aikers to mill around Zvezda wilh
Iittie concern in the future. The Russian and American 'r,uill set up a piate of materials near the exhaust
ports to see if the grates make a difference. À second ham radio antenna will complete the in.stallation
urork for the two. Onufrienlio and Alpha crennate Carl Walz installed the first during their previous

spacewalk.
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SPACE STATION CREW STEPJ OUT TO CATCH COSMIC RAYS.

Tr.+'o creutmembers oJ rfre internationa{ syae sration stesyted outsiíe tfreir orbiting frome on Fri{ay- to ittsra[ï afuam ràlio
antenfiít, tfiruster í{{e*ors anl a fian{u{ oJ coo{ wyerimmts. Cosmonaut Yuri OnuJrienfr.o aní astronaut Dan Burscfr

hegan tfre six-frourfoatJrom tfie Russian-hui{t Pirs docfring co?tgtnrtment sfiort{y 6{ore 70:30 a.w. EST. Astronaut Car{
Wal2, wfro took yart in a sltaca.ua{§ *tfr OnuJrienfr.o fast weeÉ, remaineí inside to assist fris crewmates Ay oyerating tfre
sltace station's rohotic arm. "Tfre sunrise is 6eaut!fu{," oLseruer{ station s§i1ryer OnuJtim*.o, minutes gt'ter wnturing into
sltace. Worfr.ing on tfie ktssiar sewice molu[e, OnuJrienko andBurscfr wi$yosition tfre secon{ oJJour ar4te?,ne$, wfiic{t wlÍ
alïow them to mafr,e contnct witfr smatzur rafro oyeraors ftiore tfiafl 20o mi{es (SZ2 frm) 6efow on Eartfr; aníy{ace six

tfrrustery{ume @ectors, wfricfr sfroufdyrotecï tfre exrerior;from frmnJutfue{ exfraust. Tfie í{ectors are designedto 6{ock

Alyfia controf tfrrusters;t'rom A{*sting onto yítrts oJ tfre station wfrere yacaua{Éers must worÉ.. Stationfigfrt managers frave

exyresseí concern tfrat resiíue migfrt huiir{ uy and cfing to tfre suits oJyassing sltacaua{fr,ers, yosing a minor freskfr risfr.

when tfrey return inside. Tfre retirelRassian syace stíntion LÍir aryerianced a simi{ar re§{ueyro6fem, wfric{t cosrnonauts

reso{vec{ by insta$ing @e*ors. TfreJíoating co?rstruction wor*.ers, 6oth wearing Russian syacesuits, wi$ a{so instaff a

íwice t{taff co$e*s tfrruster contaminatttsjorJuture stuly are{ ayfrysics exyeriment íesigneí to íetect cosmic raysJrom tfre

sun aní 6eyoní. ffie tneasuremeflts coul'rt' frely iryrote yroczduíes to Jríotect Afyfra and its frarfioareJrow intense s?ocÍ

radimion. Tfre syaca,ta{*. is rfre seconí { tfie crat,, wfricfr 6egan tfieir;fite-montfr tour in Decanher. Tfie crew is tfieJourtfr
to resit{e on Aftfra. Wa{z ane{ Burscfr will- cnníuo anotfrer aíe naít morrt toyrryareJor an Ayrit' yace sfiutt{e vifi. ffie
syacoualÉ is tfre 3jrd in suJleort oÍ ty* stt tion assonh{y aní tfre eight{r coníucte[Jram Alyfra, a mufti-Aiffion doilnr
yartrersfriy { tfre Uniteí Stírtes, Frussia, Eurolte. Canaía aní lcyan. tfie syacewaffr. was Onujrienfr.o's eightfi anrt fris

seconr{from Alyfr" He condu*er{tfre otfrrs irom the retireíRus§an q)flrr stntion Mir. Tfie ilom wqs ífie first for Bursch.
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The Go li-leolputetrsJt missid takin[ im-
ages on its final pass of Jupiter's moon Io
on Jan. 17 \AWóST )an. 7, p. 6l ). The
spacecraft detected a computer_reset and
zutomatically went into a standby mode
that froze the scientific instruments' a

process that is similar to prior events and
is probably caused b,v radiation. Galileo
in its extended mission has been exposed

to 3.5 times the design arnount of radia-

tion. Controllers hoped last week to re-

activate the systems before the Io en-
counter ended onJan. 20. O
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HoUSToru cnnoNrc-tFffi.
NASA'S MARS ODYSSEY COMPLETES
PUTTING IT CLOSER ÏO FINAL ORBIT.

AEHOBRAKING.

PASADENA - NASA's 2OO1 Mars Odyssey spacecraft finished an aerobraking process
Friday used to tighten its orbit around the Red Planet in preparation for mapping
surface minerals and chemicals. The technique involved Odyssey dipping into the
planet's atmosphere to get a drag effect on the spacecraft. By using Mars'
atmosphere, scientists saved the expense of launching additional heavy fuel for
rocket firings. Odyssey's thrusters will finish putting the spacecraft into its final,
circular mapping orbit at an altitude of 249 miles later this month. Science
observations will begin two or three rrueeks Iater. "The spacecraft has performed
remarkably rnrell," said Roger Gibbs, the mission's deputy project manager at NASAs
Jet Propulsion Laboratory. Odyssey rruas launched on its $297 million mission April 7.
It carries three science instruments. One of them, a radiation environment
experiment, malfunctioned and \A/as shut dorrun in August. Troubleshooting to
determine if it can be fixed will resume nefi month. i À , \11 a\**u \

\_t;uu

Het Zorurestelsel in / Nummer9 - 12.0I.2042
Op 28 ciecemitr 2001 i:cioiici cie Nlars Odrss* zrcliil Cèiitàan uGcii y,, eu j,5i i,iloiiieter bore, irer
Marsoppen'lak. De hoek lan de baan met de x,{artiaanse equator bedroeg 9-3 graden. zodat de baan nageloeg o\-er
de polen liep. Elke omloop. a1s de Odysse.v de planeet het diclrtst naderde (het zogenaarrrde periapsis). 11erd zii door
;; ;t.;i'rsierisciic ri serstaiid i*ts algerer,iC zodat iret ', e isic pulrt \ an rje barrr i Jpojpsls ; st;:.1s diciiter i;i1 l,íars i*r atr
te liggen. Op 1l januari lag dat verste punt op nog rnaar 500 kilomerer bor en het oppenlak. De Odyssey ontstak
iJeiue raketten »aardoor het periapsis boven de atrnosfeer l§r.am te liggen. \a deze 111arloeuvre bevond de OdS,ssey
,i;1i rr:::i: j-..:rirt tuss,:ii jil: ci] -500 kr1,:rrrrter- ieriiiji de iroek ui.'l ii;.\illiiJr di g;h:lc rljii ei.:zelilie,-,m ga.,iaaui.
Door het luchtrenu.nen heeft de sonde tneer dan 200 kilogram brandstof bespaard. De kolrende rnaandei zal de
Od1'ssel haar stuurrakctten nog enkele malen ontst€ken our in april haar defit.utier e obsen.atiebaan op 400 kilometer

?3(8

SPACE.CöM:ï-JANUARf2002. r 3( t
MARS ODYSSEY BRAKJN-G COINPTETE, ARRIVES It.I

ri
!L

na-Àppinrc ónerr.
NASA's Mars Odyssey reached a major milestone Friday - the end of repeatedly dipping into the Martian
atmosphere to slcmr down. The probe is now ready to begin its science mapping mission in late February.
Odyi?ey completd uteks of dellcate "aerobraking" rnaneLn ers - skimming through the upper reache of
the Martian atmosphere - 332 times since its arrival at Mars. The craft was launched on April 7, 2OA1,
crossing interplanetary space to reach Mars on October 23, 2001. The closest point in Odyssey's orbit,
called the periapsis, is nour 125 miles (201 kilometers) above the surface of the Red Planet. The farthest
point in the orbit, Iabeled the apoapsis, is at an altitude of 311 miles (500 kilometers). Over the next few
urceks, Odyssey's operators will reÍine the spacecraft's orbit until it reaches its final mapping altitude - a 249-
mile (400-kilometer) circular orbit. During that time, the prob will be reconfigured to start the science
mapping mission. "The successful completion of the aerobraking phase is a major milestone Íor the project.
Aerobraking is the most complex phase of the entire mission and the team came through it without a hitch,"
ïid David A. Spencer, Odyssey's mission manager at the Jet Propulsion Laboratog (JPL) in Pasadena,
Calífomia. JPL manages the 2001 Mars Odyssey mission for NASA's Office of Space Science in
Washington, D.C. The mission's major goal is to map the amount and distribution of chemical elements and
minerals thd make up the Martian surfae. Odyssey will espeidly look for hydrogen, most likely in the fonn
of water ice, in the shallow subsurface of Mars
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MARS oDyssEy À/ANEUVEFSDONT;SCIENFE W-oRKDEIAED 
13 E il

]fn" ZOOt Mors Odyssey spocecroft flnlshed o tric§ phose o{ ils mission lost week, but sciene mffing prídtIy
I won't begin for onother month. Mopping originolly wos supposed to begin in lote Jonuory or eorly Februory.

,"They're iust being very coutious ond core{ul," soid Mory Hordin, spokeswomon ot NASAs Jei Propulsion

, Loborotory, where the spocecroft is conÍrolled. '\Me're still on lrock." Lost Fridoy, NASA's Odyssey concluded its

oerobroking phose, where the probe drogs ocross the upper reoches of the Moriion otmosphere in ovol orbits. This

is done io slow down Odyssey so monogers don't hove to use extro fuel. The probe mode 332 oerobroking orbits

since orriving oi Mors in October. Novigotors mode o Íew moneuvers this week ond will keep refining the

spocecroffs orbii until it gets into o more circulor poth 249 miles off the plonet's suíoce. Odyssey lounched from

1 
Cope Conoverol Air Force Stotion lost April on o $297-million mission. The probe will mop chemicol elements ond

i minerols on the surÍoce, huni íor woter in Íhe subsurfoce ond meosure the rodiotion. NASA's lost two missions to

' Moo, the Mors Polor Londer ond Mors Climote Orbiter, foiled in 
.|999. 

Much hos been soid obout the need for
this mission to succeed. NASA will check out some of Odyssey's lorger scienti{ic inslruments eorly next month.
Monogers will deploy rhe dish-like high-goin ontenno the iírst week in Februory. Lote lost month scienlists got on

eorly glimpse of whot might be coming. When the neutron spectrometer instrumeni wos turned on for one orbit, it
sow whot could be signs of hydrogen, one o{ the iwo elements in woter. 'We hove o {ew g[impses ot best thot ore

,exlremely exciting," Mors proqrom scientist Jim Gorvin soid eorlier. "Whether lhot's woter or not depends on more

teBa I

'1in{ormotion.' 
.
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Sex''; i - ö'Ë1![l!f9enen voor
Jordtsmar ESA moet
efficiënter werken
NOORDWIJK - Het Europe-
se Ruimtevaartagentschap
ESA za1 efficiënter moeten
w,elken. Dat is een gevolg van
de gekrompen budgetten die de
Ianden van cle Europese Unie
voor ruimtevaart over hebben.

Dat zei minister Jorritsma
van Economische Zaken giste-
ren bij de opening van drie
rieurve gebouwen van het tech-
nisch centrum Estec in Noord-
wijk. ,.Het maken van pijnlijke
keuzes zal soms onvermijdelijk
zijn", aldus Jorritsma. De indu-
strie doet er goed aan sociale
toepassingen van vindingen die
met de ruimtevaart zijn verbon-
den. duidelijk naar voren te
brengen(a\
)oils : )1-<5) -2o"L

ruimtevàaË
ESTEC in Noordwfik
is fors uitgebreid
NOORDWIJK Met de inge-
bruikname vaa drie nieuwe geboir-
wen van in totaal bijna 6000 vier-
kante metel krijgt het technische
centrum ESTEC in \oordwijk nog
meer ruimte om bij te dragen aan de
internationaie r'uimtevaartontrïik.
keling. De uitbreiding. clie € i0.i
miljoen (/23.5 rniijoer:r heei: g+
kost. wordt o\-errcolgr: ::.3.'.';:-.i
door minister Jorritsma en -{::icr::
Rodotó (directeur Generaal r-::-
ESA) en Caele \\-inters (directeur
ESTEC).

De belangri,ikste nieurvbouw be-
treft de uitbreiding r.an het testcen-
trum voor satellieten in Noordwijk,
dat al jaren behoort tot de grootste
en meest geavanceerde testcentra
voor de ruimtevaart. Het gebouw
voegt aan het complex een extra
clean room en grote voorberei
dingskamers toe. In de 19 meter ho-
ge clean room worden satellieten op
de verschillende testen voorbereid.

Satellieten weerstaan tijdens de
lancering extreme belastingen.
Met zware triltafels worden deze
omstandigheden in de nieuwe tesi-
ruimten nagebootst om zeker te
stellen dat de satelliet deze belas-
tingen kan doorstaan. Tijdens hun
jarenlang verblijf in de ruimte on-
dergaan satellieten grote tempera-
tuurschommelingen. In de Large
Space Simulator worden ze hierop
getest. Omdat satellieten in de
ruimte in principe niet gerepareerd
kunnen worden, is grondig testen
voor de vlucht van groot belang.

Dankzij de nieuwe integratiehal
kunnen in het testcentrum nu drie
grote satellieten tegelijk voor tes-
ten worden gereedgemaakt.

Elders in het testcentrum zijn de
Automated Tlansport Vehicie, de
transportmodule voor het interna-
tionale ruimtestation, en de gam-
mastralingstelescoop integral in
ontwikkeling. Het nieuwe gebouw
biedt ook onderdak aan de inge-
nieursteams van Europese ruimte-
vaartbedrijven die vaak maanden-
lang aan de testreeksen in Noovri-
wijk werken.
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Boffi:28JAÀIUAR|2002
ROCKETDYNE RSó8 ENGINE CE-RTIFIED FOR BOEING DELTA 4.

The certifrcdion cf the Rocketdyne RS€8 engine that will power Boeing's nenr Delta 4 laurrcfr vefiicle brings to a dce a iemarkablé
, de\Elqment path íor the first large liqui*fueled engine in the United States in nearly three decades. 'What we have accomplishd with
the RS68 is nothing less than the emergence cf a new generation of American rockd engine designers and builders," said Byron
Wood, vte president and general slaÍIag€r €t tE Rocketdyne Prryulsion & Pcxrer business cf The Boeing Co. ''fhe nen ard wsnen
who took this engine from a blank sheet cf paper to this certification and the beginning cf full production cf the RS€8 in record time
have made their own mark in space hjstory. A torch has been passed from the team that powered us to the moon and built the Space
Shuttle Main Engine (SSME) to a nar generation using neur toob and techniques." The RS$8 is a liquirl hydrogenJiquid oxygen

: bocter engine thaÉ generates 650,000 lbs. of thrust. lt wa developed in less than five years in a program thd was required to consider
jcct and cycle time variables in the design and manufacture d the ergine. This RS$8 milestone b also the culmination of a
;development and cstificdion test program that saw 183 hot-fire tests fs a total of 18,645 seconds d test time. All verification
objectives were achieved and the róushess d the engine was fully dernonstrated. 'We are very pleased with the exceptional job the

. entire RS-68 Ergire tean has dryte ad tfe gred irÉstrial pstrErshp thd he kn established betr,reen Boeir€, Raketdyne, ard
the U.S. Air Fqca' said Col. Bob Sa<er, tre U.S. Air Force EELV S§ern program director. "The certification of the RS€8 engines
marks the corndetion d a major Ddta 4 prograrn milestone and places us squarely on course for our first EELV Delta 4 launch in
2002.' The Bodrg tan at RocketdyÍte h6 sd a nw standard in rakd engine design for the world," Wood said. "ln the derelopnrent
cf Ble RS€, they ehie\red technbd geb and Índ cct and clcbtiÍne demands that have nerer been accomplished befse. Tïrey
ha€ rdsed ttp ba in a way that Is fifiiÍE fq te strccessors cf the gensation of engineers that dercloped the F-1 and J-2 engines fa
Apdic and the SSME." This hm been a year d achievement for the Boeing RS$8 team. In addition to the completion of certification,
Bo*B csnd€ted a series cf hct-fire tests cf the RS68 irït€rated with the Deha 4 Common Boqster Core. Five tets for a total of 555
s€coÍËs *ere cqr#ed d tIASA's JotlÍt C. Stennb Space Center in Mississippli, Boeirg also coíÍpkted acceËance testing and
ddiwed the fiÍ§ flbhi RS{8 for Detta 4. Thd eÍBine b scheduled to pofler the first launch of Delta 4 frorn Cape Canaveral Air Force
§dion dunlg 20@. *ïhe prograrn did fee a numbeí of technical challenges on the road to development and certification, but very few
cqÍpaed to prwiorrs nxior rocket engine dardopment prograns," said Rick Baily, Rocketdyne chid engineer and former program

tmanager fa the RS{8 engine. "But each cfrdeíEe w6 met and resdved and the solutions were tested to the satisfaction of the Air
iForce and exading erpe<Íations of,,gur tean.' Bcrdng Rocketdyne b a global leader in lk1uid{uded propulsion. ln addition to
:devdopirB afld rnill"Éacà$irg the SSME, U]e Boe.tg tean at Rocke{dfre abo produces the R$27A erqginefff Ddta 2 and Delta 3.

EtÍA IV DELAY

13lcóïi:it launch of the Bóeing Delta IV
ved Expendable Launch Vehicle

EELU rvill be delayed from Apr. 30 un-

til mid-July at the Íequest of Eutelsat'

whlch Ras purchased ihe mission to launch a Eutelsat'§í'com-

munications satellite. Although Eutelsat requested the delay, first

flight of the Delta IV already was on the verge of being post-

poned to allow Boeing to complete checkout of its new Launch

Complex 37 atCape Canaveral

At,'*51-: I iJ --: [- Lcóz,
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SPACËFLIGHÏ NOW: 28 JÀhiUARi 2002,

DELTA 4 ROCKET ASSEMBLED / NEXT STOP IS THE LAUNCH PAD.
ïhe two stages of Boeing's inaugural Delta 4 rccKet have been .loineC iogether inside a massive hanqar at Caoe Ca:avera s newly refurbished Cornpler
3TaspreparationscontinueforatargetediuylSblastofïcarryi-gacommunrcationssateilitetbrEutelsat wrtntr3^erooiaprecisionlaseralignmeni
system derived from Boeing's commercia aircraft production t.e tÈ.hnicians mated the upper stage to the Comrr^ Booster Core first stage at il'e
Horizontal lntegrationFacilitylastwe€kend.Afteracoupiecf.rrae(scielectrical tests, therocketwill b€rolledtotheiaurcnpadofiasD€.ial transpone-
and erected upright by a hydraulic lifter The milestone re Í-m:le *.!e rc the Dad is exoected in mid-Februarv sa d Da\€ l"1e'st Boeing's dlrector of De:a -
iaunch sites. once at the pad, the tne wtn straÈon sc o 33csr3:s *. oe atiacned to rhe rocket as a thre+.montn se.res of rests Krck o,ï rc reaoy ror :-=
madenflightof Delta4.Activitieswlll includecountdowls--ai3.s fueingexercises.testswithadummysateliitecarEcandanengineírng Ates:"1
rocket, not built to fly, was usecj in pathÍinder exeicrses ai Cc.aoex 37 iast summer. allowrng engineers to ensure toos. handling equioÍrent and oi.e'
rardwareworkedwiththeDelta4'sCommonBoosierCo'eF:sts:ags All í!€versonsoftheDelta4launchvehrcleLrsethecommoncore . aieAuousl
,as erected on the pad to verify the tower ano ser!.cÉ si.lcirre arr iii iogetner properiy. But tne test Dooster wasn t oestgned to De hooKeo up io i:'le iaur:-
cad's fuel lines and other umbilicals. That's whe,e 'hé ;.st flight rocket comes in. ln the coming months technicrans will mate the tail seMce ríraSt a':
sy/tng arm umbilicals tc the rocket and conduct rnultiole Èeling tests The pÍocess will begin with pa(ial loading oÍ sup€Ëcold liquid orygen and lio!:
hvdrogen into the Ílrst and second stages Ultlma:eiv a com0 eie countdown dress rehearsal with the rocket fullv fueled will be oerformec to s mL.r a'i
iaunch day actrvtres untrl JUst prror to engtne req,i o: ners: exprarneo rn a recent ntervew A secono countdown rehearsai, now slated lor rale May *
see the rocket fueled again. but this time the ccJnidc#,. . ock wiil contlnue into the flnai seconds. The R5-68 main engine, the Rocketdyn+deveiope:
650.00Gpound lhrlrst hydrogen/oxygen poweroiari w' :oar to life for a "Flight Readiness Flring," similar to tests performed on space shuttles before ther'
maiden a""cres After taking a few seconds ic c! c !. irirust. the engine will flre at full thrust for one second before shutting down. ïhe rocket will be
tirmlygo:e,i:tilerauncnpadforthedramartciesi inepurposeoftheengineÍinngrslomeasuretheacoustrcsandpressurelevelsatthenewiaunchpad
that w i oe ercerrenced at liftofÍ. That s cruoai to ensdfe engineers' predictions for such conditions are conect before bringing the Eutelsat payload to the
pad for laurcn Complex 37 has b€en intended as a 'd:y oed" with no water deluge Ílooding the flame trench to suppress the sound proceeded at launch
like orrer cads The olumbing is in olace hcwever tc irjfr ihe water on if needed to ddampen the acoustics The engine test wiil occur about six weeks
prror tc iauncn ariowrng trme to Íeiurbrsfl the pad reresl systerns and mount the Íeai Eutelsat spacecraft atop tne rocket. Over tne past couple of months
the pa)load fairing - rocket's nose cone -- and payioad adapter for the first launch have been put through a pathfinder exercise with a dummy satellite at a
í. ra.vÍacil tyattheCape.Thepretendpayloadwasaiiachedtotheadapterandthenenclosedwithinthetwo-halvesofthefairing. ltisnowreadytogoto''....'." matno with the Delta 4. givinq techni.r6:s a calioad to practice lifting into the tower and attaching to the rocket before handling the real
:.i--.2-. -a se:eil te simulator wiii remain arcg :-: -::'et through the engine lríng test Deïbre berng removed. The encapsuiatlon work has been
:€-:'-3,::r:::,3i.mentsitewhereanAirFci:es::3 rewill beprocessedforlauncf aboardthesecondD.:a4flghtthisfall."Thegovernmentwants
': -:': :-': r.-?- ,!a do that first payload e{i.z.s- a'-.- n the government facility sre are ready," Herst sa. 3rce the pad exeÍcises with the dumn ,;

::':::':::-::'::-afewmonths.rtwil a,e:4.:-:::recommercial AstroTechfacirtvinnearbyTrtus\':':--arnoval ofthefairinganddel3:'-a-'*a- '.-. :..r:-.. :::::s. tnus iesting out oo:e :.,:as :' c.ocessing sites, Herst e&iarneci. The launch oare ici :ia irsr Deita 4 nas been pusnec :a:. j
::a-:a:':-:::,::,€spmentdelays.Mosti'ece::,,:^e,iftoffhadbeentargetedíorAprll30.However.Eii:esarrequestedpostponingthemss.'--:
-a-i.., --:-:.:': ,erforJuly'l5wasthereqijesi'amourfirstcommeÍcial custorner."Herstsaid."Horreva: obviouslythatgivesusaddtiona:-e::
cc acd,i cra ::: :-a:{out as well as vehicle checkorr !!e did have some imoacts from the base here oi-è io al additional lecurity that redircel :';
ertrciency o'c-' :.:-s:-Jctron contractor testing syBtems r ne exact rdentrty of the Euteisar oayoao nas nc: ::en announced, but is rumored to o€ i.:e
repaireCWlse:a:aiiatwasdamagedafewyearsagoinafactoryaccident.TheDeta4famlryhasfr€.'e'eltconfigurations,capableof iaunchlng
between 9 -?00 io 23 

"100 
pounds of cargo to geosynchronols transfer orbit. Thefirst launch will use a Delia 4 l$€J !n+ 4.2 - which means lt will have one

Common Bccs:e'C:.e and upper stage a fouÈmeter payioad fa rng and two strao-on sollcj roc<a' -::a's :^3 s3acnd Delta 4 launch with the Defense
Sate,:eCommur,ca:ronsSystemspacecraftfortheAirForceusingaplainDelta4MedíumrccíÉ'.,\'.-.'a-'--a:a"3rngandnosoiidstrap-onmotors,is
nc?i :a'!ai.d Ícr a:cund October 15. Boeing plans to spend about three months analyzing data '':- '.-. '2:.' ; l': .eFore launching the second Delta 4.
T.€:--: a-: Ífal Delta 4 of 2002 ls targeted for November 20 when the Brazilian Estrela c: 3- ::---- -::-s saielite is launched for Loral The
-:,:,.:::-'l-'a:.^;3rthislaunchwll bethesameastheinauqura' ilrght. ) -Í .a --\ \

_./l.J'1

NASA PRESS RELEASË : 29 JANUART nA2.
AGING NASA SPACECRAFT TO REENTER EARTH'S ATIIOSPHERE. r,:

tJ

Ergineers at NASA Goddard Space Flight Center in Greenbelt, Md., predíct a 7,000-pound spaceciaft
could re- enter the Earth's atmosphere as early as 10 p.m. EST on Jan. 30 or as late as 7 a.m. EST on
Jan- 31. l{ÀSAs EÉrwte Uttrariolet Exfrorer (EUVE) is curen$y 200 kilometers (124 miles) abve the
Earth with a descent rate of 25 kilometers (15.5 miles) a day. The estimated debris fïeld is expected to be
800 to 1,000 kilometers (500€25 miles). 'The probabilíty of the feur EUVE surviving pieces falling into a
populated area and hurtíng somcone is very small. lt is more likely that the small pieces will fall into the
ocean or fall harmlessly to the ground," said Ronald E. Mahmot, Projed Manager for Space Science
Mission Operations at Goddard. Unlike the Comfion Gamrna Ray Obseruatory, which was safely de-
orbited June 4, 2000, EUVE does not have an on-boad propulsion s§cm to allar enginers to control
its re+ntry. Much of EUVE will burn up in the atmosphere before ever reaching the ground. However.
dirnates show that up to nine objects ranging from approximately four to 100 pounds may survive re
erdry. Much of this debris is made of titanium and stainless steel. EUVE will start to break up when it falls
to within 80 kilometers (50 miles) of the Earth. At this point, EUVE will have only four or fwe 9O-minute
orbits lefr before re- entering the Earth's atmosphere. Engineers will not know the re-entry point until
approximdely 12 hours prior to impacl EUVE is in a 28.5degree oÉit and could re-enter in any location
within this orbit range. This ranges includes àreas as far north as Orlando, Fla., and as far south as
Brisbane, Au$ralia. EUVE was launched on June 7, 1992. Science operations ended for the spacecraft in
December 2001. During its carly years, EUVE was operated frsn Goddard. ln 1997, control of EUVE was
transitioned from Goddard to the University of California, Berkdey and remained there until the program's
termination in 2001. Slated for onlythree'years, EUVE was operational for eight. NASA twice extended its
scientific mission. During its eight years in orbit, ELME sr-ccessfully opened a new window on the cosrrros
and helped to bridge the gap in our understanding of the extreme ultraviolet spectrum. Rdher than seeing
abrul24 nearby objects as many predicted, EWE observed more than 1,000 nearby sources, íncluding
more than three dozen obiects outside our galary.
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ORLA]N]C SENTINEL : 30 JANUA" 2OO2.

NASA: 3.5-TON SATELLITE TO FALL TO EARTH SOON.
*ó,'ASHiNGTON - A 7,Ooo-pound science satellite urill fall from the sky this uzeek, and the NatIónal
Aeronautics and Space Administration says a few pieces of metal could hit the Eafth, although probably
not in a populated area. The space agency announced Tuesday that the Extreme Ultraviolet Explorer rs
falling at the rate of 15 miles a day from an orbit of about 124 miles and should make a final plunge to
Earth bewveen lO p.m. EST Wednesday and 7 a.m. on Thursday. Officials said the satellite will start
breaking apart when it hits the upper edge of the atmosphere, about 50 miles high. lt rs expected to
complete four or five more gO-minute orbíts before its final descent. NMost of the spacecrait is expected to
come apart and burn up in the atmosphere during its high-speed fall. NASA engineers, however, said it
was possible that up to nine stainless steel and titanium pieces, ureighing up to 1OO pounds, will reach
the Earth's surface. The satellite pieces, íf they survive the fall, are expected to land in a debris field
stretching some 625 miles under the orbital path. The re-entry point is expected to be determined about 12
hours before the final fall, NASA said. 'The probabiliry of the ferar ... survivíng pieces falling into a populated
area and hurting someone is very small," said Ronald E. Mahmot, project manager for Space Science
Missions at the Goddard Space Flight Center in Greenbelt, Md. "lt is more likely that the small pieces will
fall ínto the ocean or fall harmlessly to the ground." ln 2OOO, N,A,S,A, engineers successfully directed a safe
de-orbit of the 17-ton Compton Gamma Ray Observatory. using rockets aboard the satellite to bring it
down in a remote part of the Pacific Ocean. The Extreme Ultraviolet Explorer, however, does not have the
cn-board rockets needed to direct the re-entry. As a result, it will fall uncontrolled within a belt around the
l.-r Cdie of the Earth stretching as far nonh as Orlando, Fla., and as far south as Brisbane, Australia. This
:e: rncludes such highly populated areas as Mexico City, Bangkok and Miami. The largest uncontrolled re-
ertry by a NASA spacecraft was Skylab, a 78-ton abandoned space station that fell from orbit in 1979. lts
ceoi'is dropped harmlessly into the lndian Ocean and across a remote section of western Australia.
Launched in 1992, the Extreme Ultraviolet Explorer collected images of more than 1,OOO celestial objects
detected in the extreme ultraviolet part of the spectrum. The craft was designed to r,york for three years,
but it was operarionat for eiqht. The observation prograïr ended last year. 
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M2glarruAn'Tooz
7,AOA-POUND SATELLTTE FALLTNG TO EARTH. 

m
WASHINGTON - A 7,000-pound satellite is falling from the s§ this week. NASA said a few
pieces of metal could hit the Earth, although probably not in a populated area. No one knows
exactly where it will fall. The Extreme Ultraviolet Explorer is falling at the rate of 15 miles a
day from an orbit of about 124 miles up in the s§. It's expected to come down Wedlesdayi
night or Thursday morning. It's going to start breaking apart when it hits the upper edge of
the atrnosphere, absut 50 miles high. Most of the spacecraft is expected to burn up in the
atmosphere. But NASA engineers said it's possible that $p to nine stainless steel and titanium
piec€s -- weighing'up to 100 pounds -- will reach the Earth's surfàce.

SPACE.COM : 30 JÀNUARI2oa2,

NASA SPACECRAFT EXPECTEDTOFALL ÏO EARTH. F?ïiiCAPE CANAVERAL - Heads up, another orbiting satellite is about to fall from the sky. fnis limèÏ's -ru;\Sn5Èrirelné
Ultraviolet Explorer (EUVE) spacecraft that prompted the space agency Tuesday to issue a ''Chicken Litfle" alert as the
7,000-pound (3. lTSkilogram) telescope is expected to re-€nter Earth's atmosphere between 10 p.m ESTWednesday
and 7 a.m. EST Thursday (0300 and'1200 GMT ïhursdayi, Launched atop a Boeing Delta 2 rocket Írom Capà
Canaveral in 1992, the satellite's orbit on Tuesday was said to be 124 miles (200 kilometers) high and decaying about
15.5 miles (25 kilometers) each day. By Thursday night it is expected to be broken up into small pieces and likely laying
at the bottom of an ocean. "The probabili§ oÍ the few EUVE suMving pieces falling into a populated area anO-frurting
someone is very small. lt is more likely that the small pieces will fall into the ocean or fall harmlessly to the ground," saià
Ronald Mahmot, a NASA prolect manager Goddard Spae Flight Center in Greenbelt, Md. Engineerj predict that
whatever does survive the flery plunge through the atmosphere will be $attered along a debris field that is between 500
to 625 miles (800 to 1,000 kilometers) long. Estimates show that up to nine objects made of titanium and stainless steel -
- ranging in weight from about four to 100 pounds (1.8 to 45 kilograms) - rnay survive re-entry. Satellite re-entries are
fairly common and despite the "sky is falling" reaction such events trigger in some people, the fact is that no human has
gver bgen harmed by space debris, but part of the U.S. space station Skylab reportedly killed a cow in Australia when it
fell to Earth in '1979 Masslve spacecraft such as the Mir space station and the Comptón Gamma Ray Observatory have
been steered durlng theirÍinal orbrts to help avoid striking civilization, but the much smaller EUVE does not have an on-
board propulsion system to allow engineers to control its re-entry. According to a NASA statement, EUVE will start to
break up when it falls to within 50 miles (80 kilometers) of Earth. At this point, EUVE will have only four or five go-minute
orbits left beÍore re-entering the Earth's atmosphere. Engineers will not know the re-entry point until approximately 12
houts prior to impact. EUVE is in an orbit that could re-enter over any location between 28.5 degrees north latitude and
28.5 degrees south latitude. This ranges rncludes areas as far north as Orlando, Fla., and aJfar south as Brisbane,
Australia. Designed to last about three years, the spacecraft remained operational for eight years, prompting NASA to
twice extend EUVE's scientiÍic misslon, which was to observe nearby sources of extreme ultraviolet radatión. Rather
than seeing abottt24 nearby objects as many scientists predicted, EUVE observed more than 1,000 nearby sources,
including more than three dozen obiects outside the MilkyWay galaxy
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tsBC :30 /AÀ'LrlRl -'JÍU.
" MINIMAL" RISK FROM DEORBITING SPACECRÀTT.

Tfte Ama'icsn ynce agency's Ë^xtrone Ulir,:oi,ti-tt Lrplorer (lUW.) sftlccttilÍ is due to rÈ-rlttr1' rlii Ë,rtilt's atmosllthere anrl
hrea*.-tt-y.som*ime during tfre nefi 24 litturs. Enqinea's at tfie Gofutartl'Syace Ffigh Cenw itr ]Ittryfaní, iS, say rlit
3.lA)-kiloqram (f ,OOO-yound) spaceo'glt toriií'crrmt rlaen as eariy ,u 0400 Gí|T on 31 lanutrry or as lare as 1300 GiIl
iiiLlr LldlJ. LU\G is curently 2O0 [.ilotnm-* (UO ntit.;s) ahove tfie Eat-t{t uitfr a íescent rott oJ 2S km (15 mil'es) n it,ty.
Biirltt-ri Ëtn? is in a Z8.S-r{egree orbit. ir coulil rc-,trtct'in any {ocation tfiat muc{t nofifi or south of tfte rqufifor. I\'frn ir
hrcatt' ur-. {re estimatec{ ,{e6risJie[A is etyecteí n Í,r 500 ro 1.000 frm (sOO-Azo miles). Seya-al' lar je chunks wifi' reoc{t tfre
q.1-tiioii Í;ur scientists sny t{1! íanga' is ninimal-. "f fu_yro6a6;{ity oJ tfreJau EL\E sutviringyiecesJnlling inro nyoyutnrccl
ílri,t tt,tíl'liuffing someone is very xnal|." snys Ronalil' tÍafrmot, Projet iíonaga'_for Syace Science &tission Oya.itions at
Ct,iiltrrd'. "{t is tnore lifeelg tfiat the nnall'1-tirces xil{-tnll inro tfre ocean or-inlt'fiarmless{y n {te grounrd." LlncsÍnin inrytaa
zone 'Uníi{<t tlii Comyton Gamwfi Ray Oísattatory. u,fiic{t was safe{y íe-rrrhitt,{ in Junt 2000, ErJ\rE t{acs not finye trir orr-
hoar,l_ytolrui-ittn systew so cnginco's cafifiof confrol its re-enfry. Bosri oÍt?asr e4ta'ience, mucfi oJtUl.e x,i$ hum uL, in
,t6, ,rsa,.s7tÍiat 6{ore ever reacfrinq t{re qrouní. However, estimafes s[tort, thaf uy to nine of,jects ranginS _'lrom
'1t!)tf1oimarely_iour to 450 Ég 0OO_youn'ls) mny survive re-entry. htucfr $ tfiis íe6is is made oJ titanium aní stainless
:steel. ELI\T. t*ll'staft to tirco{i uy rt,hen it-icíls ro wit{tin 80 É.m (SO miti) oJ rfre Eatt{r. At tftisyoint, EUVE witl fiate or{y
,four or-fit,e 9T-winute ort'its t'y byt'ore rc-nra'ing tfie Eanfr's atmosyfiere.inginea's wi| not íno* t{r, re-entrgyoint untíl
just a_iot'fiours [,{ore imyact. Scienilsrs *ill'I't safto see Í|rJ\G destroyeí. Since it was fauncfreíin lune tbbZ untlf lts
s;i.1i;i 11L1.'r-t7fi0t1s u,ere eníeí in Decemhn' 2A01, ir {tos oyenet{ a nao t,,tníow in t{te extre?ne uftravio{x region oJ tfie
s,-1,J!'1ttti. R,;tlr,t' tfran seeinq a6out 24 near§4 ol,jerts ns tnflnq astrofiomers fraí predicter{, ftllry. o\serve,!' tiore t{ran a
ïi:,,:tsini r:,',tt'Il:! soírrces, as weff as fitott íhdtl {rrri dozcn o{rietts outsi{e out gnlnr1. 1:t \Z
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EUVE SATELLTTE PLUMMETSTT{TUPERSTAN GULF: $ 1 ) IL
\\'.{SHI\-GTON - NASA scientiscs believe the debris from a 7,000.pound science satellite smacked into the Earth's atmosphere and rained dou'n

olerthe Persian Gulf - a few thousand miles from rrhere they first predicted it would plummd. As late as 10 p.m. Wednesdal'. the satellile reÍrnanls
were erpeded to fall to Earth near the town of Belem, Brazil. Scistists changed óeir prediction jus't after 11 p.m. The satellíe- the EÍreme
Ultrariola E:plorer, fe11 into lorrer and lorver oóits through the da1" Wednedal said NA§A spokeswoman Dolores Beasle,v. She said the inpact
was predicted for "{re northeast side of the Persian Gulf ' somdime arourd midniglt. EST. but she did not kaow whether it would be in intemarional
waters or if any- of the expected inpact area e$ended onto land. The impad region is nearthe coasts of Iraq, Iran and Kuwait. Rorald E. \lahmct-
project maager for Space Science Missisrs at the Goddard Space Flight Certs in Greenbelt, Md., said earlier that the chances of an1'one being hun
from falling debris from the satellite are "very small." He put the odds at about I in t 1.000. The falling satellíe was beingtracked b-v radar by- the

North American Aerospace Defense Command, the Air Force command knorrn as \ORAD that monitom space satellíes. Beasley said NORAD
would not confirm that the satellite had fa11en until at least eight hours follorving irnpact. "They need at least three orbits to confirmtiat it is down,"

she said. It was expeded thatthe satellite would stalt breaking apaÍt as it entered the atmosphere, about 50 miles higlr. Most of the craft was expeded

to come apart and bum up in the atmosphere during its high-speed fall. \AS,{ eogineers- however, said that up to nine stainless steel and tilanium
pieces, weigfring up to 100 pounds, would readr the EaÍh's srrrface- The sarellite pieoes, ifthey survive the fall, were erpeded to land in a debris

field strdching some 625 miles under the orbital path, Beasley said she did not knox ifthis anticipated debris field eÍended onto land in the Persian

Guli In 2000, NASA engineers successfully directed a safe de-oóit of the 17-ton Compton Gamma Ral Observalory, using rockds aboard the

satellíe to bring it down in a remote part ofthe Pacific Ocean. The Ertreme Uftral'iola Explorer, however- does not have the onboard rockets needed

to direc the re-erfu -y. As a result, it was expected to fall somerrhere in a beh around lhe middle of the Earth straching as far north as Orlando, Fla.,

and as far south as Brishane. -{ustralia. The bell included such highlv populated areas as Mexico Cír. Bagkok and Miami. The largest unconlrolied

re-entry by a NASA gae-€r-raft rvas Skylab, à 78-Íon abandoned ryace statim óat fell from orbit 1Ít 1979.lts debris dropped harnrlessly into the
Indian Ocean and across a remode sedion of westem Australia- Launched ifi 1992. the EÉreme f-ltrar-iola Erplorer collected images of more than
1,000 celestial objeds díesed in the e:,treme uhraviold. part ofrtre speÉrum- The craft was desisned to rror-ri forthree vears. but it rras operational

ffilJAMARÍ2OOZ

for eight. The obserr-ation program ended last year
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[oierpulsen ménen
ofstond noor moon

De maan bestoken met laserstra-
Ien, het lijkt op een computerspel-
letje, maar Tom lvlurphy van de
Universiteit van Washington gaat
het echt doen. Op die manier
hoopt hij de afstand tot de maan te
bepalen met een nauwkeurigheid
van een millimeter.

De maan staat gemiddeld op
584.400 kilometer van de aarde,
gemeten van middelpunt tot mid-
delpunt. Maar de maanbaan is ex-
cenEisch en verandert bovendien
voortdurend een bee§e van vorrn
De werkelijke afstand schommelt
zodoende tussen de 556.000 en
407.000 kilometer.

Door de reistijd van een laser-
puls te meten- kan de afstand tot
de maan bepaald worden tot op
een centimeter of twee. Murphl.
nil die precisie vert*intigvoudi-
gen door e:rkeem kone laserpul-
sen van een tienmiljardste secon-
de op de maan af te vuren.

De laserpulsen q'orden gericht
op spiegels die dertig jaar geleden
onder anderen door de Apollo-
as[onauten op de maan zijn ach-
tergelaten. Van elke afgemurde
laserpuls hoopt Murphy een paar
seconden later tien gereflecteerde
fotonen op te vangen met een ge-
voelige detector.

Het laserproject, dat wordt gefi-
nancierd door NASA, moet o\'€Í
een jaar van start gaan. Murphy en
ziin collega's maken gebruik van

Aarde, vanaf de maan. rotoNrsr

de 5,S-metertelescoop op Apache ? 3 q I
Point in New Mexico. De metin-
gen moeten bovendien leiden tot
een extreem nauwkeurige test van
Einsteins relativiteitstheorie en
een betet begrip van de zwaarte-
kracht.

)§- ö\- 2sö2
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HST Spectra
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iShows Planet
FRANK MORRING, JR./WASH I NGTO N

zíl lever use of the spectrograph on

I th. Hubble Spr.! T.lesïoie l'r.
Vpaved the rvay for studv of rht:r-
mospheres around extra-solar planets r-ar

earlier than anticipated, possibly advanc-
ing the search for signs oflife eiservhere
in the galaxt.

Scientists rvho used the Space Glescope
Imaging Spectrograph (STIS) to detecr
sodium in the atmosphere of the planet
HD 2094i8b. about 150 light years fiom
Earth, predict rÀe discovery and study of
similar "hot _Tupiter"-qpe planets with the
Hubble in rhe next fewyears. But begin-
::::rS .,,.ià rhe \exr Generation Space Gle-
scrr:r \GSTi. now set for launch in
l0[i:r. x:ronomers may be able to look
tbr plarer. more like Earth.

-\GSï has rhe advantage of being in
rhe intiare ci. and a lot of the most inter-
e-srins -spectrographic] lines are in the in-
iiarei.- said -\nne Kinney, director of

Artisís conception
of exko-solor "hoF
Jupir,eí'fype plon-
el detected by
Hubble Telescope
spectrogroph.

\ÀSÀsAstronomy
and Physics Div.

Hubble made
rhe first direct de-
tecrion ofan extra-
solar planetary atmosphere by measur-
ing the added influence ofsodium in the
planet's atmosphere as it passed between
Eanh and the star HD 209458, which is

also rich in sodium.
The obsen.ation was made possible be-

cause rhe planet makes a transit of its srar
that can be seen fiom Eanh er.ery 3.5 days.

fu it passes in front ofthe star, light pass-

ing through irs atmosphere is absorbed bv

eoi

atomic sodium to the extent that it can be
detected by STIS. In fi.rture observations,
the research team hopes to detect orher
chemicals the same way.

David Charbonneau of the Caiilb::-:.
Institute of Tèchnology, lead investiEa;t :

on the observation, said statistics suggëst

about one in 10 of the hotJupiters-gas
giants heated to 1,000C by their prorim-
iry to their stars-will have a transit that
can be seen fiom Earth. To date, about i 5
of the stars have been identified among the
70 or so extra-solar planets found, and
Charbonneau said it should be relatively
easy to find more by watching large num-
bers ofstars for planet-induced wobbles.

The lorver than expected Ievel ofsodi-
um in the planett spectrograph suggests

clouds high in the atmosphere ma.' be

blocking some of the light Èom rie star

behind it. Future observadons of rhe plan-
et as it passes behind and emerges troro
behind the star may test that theon'.

"AS II PÀ§SES BtHlllD the star, then it
rvould appear as a fi;ll moon," Charbon-
neau said. "It would then go behind the
star and be out of view, and then it wouid
appear as a full moon again. By measur-
ing that on-off-on signal, we could learn
about the brightness and therefore the re-

flectiviry and therefore the chemical com-
position of that atmosphere."

NASA has planned a series of space ob-
servatories designed to look for ozone, car-

bon dioxide, water and methane that may
suggest the presence oflife on an extra-so-
lar planet ifthey are present in unusual ler-
els. But with the transit technique demon-
strated on the Hubble, instruments like
NGST that were not specifically designed
for the job may be able to join in the search.

"The same technique can be used to find
hundreds of Earth-like planets," said Alan
P Boss of the Carnegie Institution. e
c, \ " t(*T-'/ ,i \''$-r t .Jï-oi-arc2

? 31 2 \\

t31z_z

\9t tt



Miliaryr/NASA Links
:RANK MORRING, JR./WASHINGTON

O'Keefe Seeks Closer

ASA Administrator Sean O'Keefe
wants to initiare much closer co-
operation b<no'een his agency and

. :he Pentagon,'rvit}r a posible resumption
rf classified space..hultle rlights on__miii-
rarv mlsslons anc :e r:aps a nerv \7hite
House space po-,;. :har orders joint
\-\S-\/Penraso:: eiàn-. across rhe board.

\l-hile ne tiil .l*, .ome to grips with
:. S-.>-bi1lion-tunding shortfall on the In-
:.:;::.rional Space Srarion (ISS), O'Keefe

-.; \-\S.{ spendir:g on aeronautics-re-
,lend=si.' cur uncer predecessor Daniel S.

.Goldin-*ill increase in Fiscal 2003. That
move, roo. s'ould push r}re sort of "leap-
ahead" technolo$-O'Keefe said he be-
lieves NAS-\ sho.rlci do'elop fbr all users-
commercial as rreli as cir-il and militaryr

"I don't à:rj< r.'e :lave a choice." he said

. regardr:g :,:.::.:arion rvith the military
"l thin-\ i: ' :=reraite that rve haye more
,ria dire; a-isciarion for the purpose of
.i:a;ine reci;roiogl'. sharing rhe capaciry
ard àe :apabilin-ro do some things that
:ouidnr otÀenvise be done.''

SPEIÍlllG ï0 REPORIERS jan. 9 O'Keefe
, said it was his "hope" that President Bush

.will adopt a nerv national space policy
growing from "an inreragencv process

'that is not limited ro iaunch vehicles, as

. was the Clinton-era documenr. Coming
fro- , stint as No. I ar rhe'§íhite HousË

'Office of Management and Budget,
O'Keefe presented himself as a "public ad-
ministrator" in the vein of his Apollo-era
predecessor James Vebb. .r'ho had been
Vhite House budget dire«or. He termed
the problems àcing NÀS-{ as "manage-

' 
ab1e" *rough coordinated effora like those
that would be addressed in a new presi-
denrial policy, and with rigorous inter-
nal prioritizing.

"'§í.e've got finite resources, finite ca-
pabiliry, finite capacin'[or doing a ranqe

' o[ rhings, so we need ro be more selective
, about how we utilize that capaciry" he
'said. "Artd to the exte nt that there are
things that we know how to do. . . that
appropriately belong in other venues

[NASA should] be selective."
O'Keefe said he would buiid on work

started under Goldin to replace NASAs
financial management system with one
that can give an accurate reading on the
true cost of programs, starring wirh the
ISS. He said he would also continue the

Strategic Resources Review (SRR, rhat
aims to ider:ih'duplication of effon *ith-
in NASA, a ,rocess that has raised tèars
on Capitol Hiii oifield-center closings
and job cuts. To iamiliarize himself u'ith
rÀe agenc.-O'Keerè rvill visit a1l the ,''ield

cenrers, and he plans to view his first shut-
rle launch at the end of Februan' s-hen
Columbia lifts offon a mission io ,..r'-
ice the Hubble Space Tèlescope.

That fligli rvill npifr the kind of non-
ISS mission àat O'Keefe said rvould a.l-

low NASÀ to boost the shuule flight rate
above the fbur per veàr recommended by
the independenr panel headed by former
tockheed líerun e'recucive Thomas Young
(AW6ST\o'. i. 1001. p. 38). tu part of
the SRR, \-§-\ is ai'o ii'orking on what
O'Keefe termed 'optioru. to privatize t}re
shuttle (lWó-5f Dec. l-+/31, 200i,
p. 36). The thrust of that etïorc, O'Keefe
said, would be to boost competitive sourc-
ing in shuttle support as outlined in
President Bush's "Management Agenda'
(see wwwrvhitehouse. gov/omb/budget/
fr2002/mgmt.pdf).

O'Keefe, who helped write the docu-
menr when he was at the \7hite House,
said the payoffs in comperitive sourcing
are "the technolory advances or the process

changes that get you multiples in terms of
productiviry changes" when private con-
tractors are allowed to deliver an end re-
sult without being told exactly how to get
there. But he concedes that the approach
was "less than satisfactorv" when he tried

Fixing ISS overruns is the Íirst order of
business Íor O'KeeÍe, who is moking o
iop-to-bottom review oÍ the ogency io him
inefficiency.

to appli, it to s.arship refitting as secretary
of the Nan'in the early 1990s.

"It's such a closed industry, and boy,
the1.al1 do the same damn things the same
rval', ald they've been doing it that rvar'
since the Vikings started in the ship-
buiiding business," he said.

0'KEEÍE tllDlCAïED the Young panelt rec-
ommendations would largely guide his ap
proach to meeting the ISS shorrfalls at tle
"strategii' level, although'tacdcal" detaiis
remain to be worked out. He was carefi.rl
to stress that he believes the space station
should be completed in a way that meer
agreements with NASAs international
partners, who are worried that Young s rec-
ommendation to trim the station crew to
three would leave them ou (A\YóST
Nov. 12, 2001, p.28).

"Our objective we set for ourselves is

to try to iook at a configuration that weïe
agreed to with all the partners through the
year 2006," he said. ".W'e've got time."

'§7hile the ISS is already up and op-
erating, NASAs Space Launch Initiative
is more in keeping with the rype of work
O'Keefe believes NASA should be do-
ing in advancing technology beyond the
"incremental" improvements typical of
private industry. The $4.8-billion effort
aims at creating technology that indus-
try can apply to repiacing the shuttle.
"§7hat I want to fight against is the
propensity to say 'let's do some deriva-
tion of what it is we already know how
to do,"'he said.

I LL){VIAIION §rEEK E SPACE TECHNOLOGY/IANUARY 14,2002
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Raises Safery Issues
CRAIG COVAULT/KENNEDY SPACE C E NTER

CIA ond Energy Depf. models offer guidonce on course
toword privotizing humon spoceflight, Íirst with shutt{e ond then with ISS

Endeorour reàrns to Kennedywith the ISS Expeditkm 3
<rw drer hmching Exdition 4. Shuttle privotizotiur
wuíd ford.de ostronout corps.

:- ;=:-r- ' l. \-\SA plans to lay the foundation tbr priva-
dts -.he .:ace shurde b:,2004-06, a complex management,
cost anci sarèn'challenge for the agency and its contractors.

-\Íanr' \-iS-\ .::-:lrle maaagers believe safery s,ould be
threarened b','.:.::','c--.:.'.-i:: prir.adzation. because the experienced
N-{S-{ ciril-'e:-..;. s:l-::le i*-orkiorce 1s nearing retirement. Odr-
ers. in;-uci;:g :o::a riiionaui:. '. i;ri privatization as a poten-
:;i :i.i:o .a--.r-. and o.eralj troE:an capability. This is more
out of a con.i::l :hat anv shiÈ'sho-'ld maintain éxtremelr. tight,
independenr :r; eÈècti.le satèn' oversight-although th"i r"o'uld
be t}re intenr oiarv privatization. -\nd some managers and as-

tronaurs are ..'orried that prir-adzarion might inherently squeeze

the flighr raie. shorr-change national marned space capàbility
or srymie inrernarional teamu'ork.

The Johnson Space Center ha. compieted an initial privati-
zation assessment involving a large team from the NASA field
centers, Unired Space Aliiance and other shuttle contÍactors.
The 60-page report says some of rhe shuttle privatization mod-
els being examined include concep$ pioneered by the CIA and
Energy Dept. The reportt vierv is *rat tleret greater risk to shut-
tIe safery by maintaining the starus quo with heary NASA civ-
i1-service involvement, than b1' privatizing.

"COXTIIIUED COtIIRÀCT consolidarion utilizing the existing ap-
proach will result in a serious threat to safery and mission suc-
cess," according to the Johnson team assessment.

"It is critical to take advantage ofthe existing shurtle program
expertise before fumher erosion afi-ects the ability to plan and safe-

ly implemenr privatization," the repon said. This is because "*re
continuing [contract consolidation] combined with continuing
loss of NASA skills and experience will result in the serious ero-
sion of checks and balances critical to safen. and mission success."

Over the last five years, United Space Alliance, the current
shuttle prime contractor, has (in connection with NASA) con-
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Shuffle Privatlzation

t
solidared numerous maior shurtle operations contracts except
for the main engine. solid motor and external tank arvards. Al-
thous: rhe repor: ;ires broad concerns about the aging NASA
rvori<ib:ce. Unire c ,i:ace Àlliance rviti thousands of employees
hr. rinrained a .oir sÍèn'reccrd and saved more thars 1 bi1-

lioi oler rle co..:.e oiihe nearly 30 flights under il. stervardship.
\obodr' l: -, =. er privatized a winged hrpersonic sD:.. irans-

porr s'ith S: I riilio:: :n annual operating cosrs. Sl[' ::-..o:r .--

reusable t1;..-, ;:;;iri'.::. .:.::c 56 billion in ground tes: -i ::,'
cessing tàc:--:-:s-:: :r-; cr: 5600-900 million in refurbishmen:
over t}te ner-: - 0 r-;:;s.

ilUlrlru mYmZlÍlOX ocrions are being examined, according
to Ron Di::enore. sirurrie DrograÍn manager. But he deciined
to be an.- =!a:i sr-.ii'ic. \-hatever is done is more likely to be

the larges: ..'.. .-,orpr.. merger benveen the government and
commercii .e--:o:. rather rhan a purchase arrangement. "Any-

thing less ri:a: a rLrll merger . . . results in a continued threat to
safery" the :eoon said.

The winning companrts expected leading role in privatization
of the U.S. share oirhe Internationa-l Space Station is part of the
broader equarion. as rvould be its exploitation of NASAs ex-
pansive new coÍilnercial space policy (A\Y&STSepr.24, p. 64).

In addition to a prir-atization challenge,2002 will also be a
major shurtle operations challenge.

A1&ough do*rrsueam space station cost cuts could reduce an-
nual shutle flights to four, the NASA changes to curtail ISS cost

overruns rvill not affect r}re shumle schedule next year.

During 2002, NASÀplans to launch six flights to add 50 tons
of nex, strucnrre to rhe International Space Station and install im-
poÍtant nerv instruments in the Hubble Space Tèiescope. Four
of those sir missions are squeezed into the first seven months of
2002.

Six t'liehrs were also florvn this year, the last completed on
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Dec. l- uià rhe landing oFEndeavo'; rerurning the Expedi- rstronaut candidares a5our to be brought into the progra:n.
rion -1 c:es' Èom the ISS. Although part of a nr. ;orporate structure, the Astronaut OË

STS- 1 0S commalder Nary Capt. Dom Gorie and copilot fice would continue ro na-intain a lead role in shuttie safery as-
Nar-,'Lt. Cdr. \Íark Kelly landed Endeasour on Kennedy Run- sessments, as would independent safery reviews outside of what-
rvar- I i a--'-':i1 p.m. EST. The reentn- \\-a-s approved after t}re ever corporate strucrure might be selected. Johnson -\Íission
John'on Spacet'lighr ir'Ieteorolog'r'Group. \Íission Control and Controi Center staffrvould also become corporare emplor-e- :n-
Chief ^{..:onaut Charlie Precourt. fliing a Gulfstream Shumle der the changes envisioned. About 700-900 \-{S \ empio.'.:.
Tiaining -l.ircraft here. derermined *rat a dl,namic cloud sirua- would be shifted to anv nev/ commercial shurde companr-.
tion at 6,í00 ft. rvould not hamper Gorie and Kelly's visuai ac- THE AGEIICY PLAII§ to request proposals from indusrn' in ea:-
quisition oi*1s runs'ar-on the 2i-deg. glideslope. lv 2002 (AW&STDec. 10,p. 35). But it is likelv a "reques; à:

Kelly piloted Endea'r'our's undocking arrd a half-circuit flr- information" will be issued first, foilorved br- a formal rec:i=s:
.rornd óf the strtion *'hen t}re shudàdeparted the ISS orcr for proposals around the end of the first quafier.
-r:--;rralia Dec. 15. Johnson controllers made a complex recal- United Space Alliance cou.ld be a bidder, but not nec*s:;j'..
cu-arion of Endear-our-s reaction control system propellant mar- That's because it is halËowned by Boeing and lockheec -\í:r-
s.n-. :o enable rhe +0-min. i1'r'around, even though the cres'had tin. Individual bids from the nvo indusrn'giants, as s'ell as rrcr:
:o ;ur into Endeasour propellant margins for an unplanned Orbital Sciences, are a.lso a possibi-lin'depending upon horr co:--
r.rcsr of rhe ISS orbit rhe morning of undocking. cepts evolve between norr'and trÍarch.

lf,E UIEIPECïED l{1. BOOSI mareuver was done 'sàen Space But before any options are valid, NÀSA needs to know ho,*-
Ccnmand tracking determined that an old Soviet rocket upper much the shutde program irui'r'coss pervear-a figure tlat might
:-r:ge in orbit for nearlv 30 years could intersect the ISS u-ith as be different from t}te prosrams annual NASA budget line item.
Iinle as 3-naut.-mi. clearance. The avoidance maneuver. s'hich The Johnson tearn set a goal of understanding that cost figure
also delayed undockins bv about 90 min., increased rhe sepa- byJanuary along with detinins sereral other key elements of the
ration to a comforuble 40 naut. mi. early privatization equarion. Those include:

Station Lrped::on 3 commander astronaur Frank Culben- o Cost breakdorvn. \Íanaeers are qving to determine the specifics
son and cosrro--:-s \ladimir Dezhurov and Mikhail Tirrril. of recurring and nonrecurring costs.
returning atie: ^19 ar= aion. are readapting rvell to Eanh's grav- o Contracting oprions. The Johnson team, including the con-
in, under rls:: s::;E-ision oiU.S. and Russian flight surgeons. tractors, are tn-ing ro de-'eiop strategies and options for long-
Ther boo.r=j ISS --ience operations, which are being contin- term shutde business aira;rqemenrs. inciuding fixed-price ver-
ued t't- t}:.e ::a- E:roedirio., 4 ...* in connection withl\Íarshali sus cost-plus conuacr t--ràr. oprions.
Space Fl,=: Ct:::er controllers. The Johnson repon aiso noted rhat a separate shuttle priva-

,{.nr- er-e::;-=.- rrivatization also would involve the astronaut tization studv done bv John Logsdon at George -Washington

corps. s'hici could possibly be reduced in size downstrearn to Universiry indicated thrr "the Jlor.rt analog'ito a poteitial
sa\-e costs.There are currendy 131 U.S.,astronauts and 17 nerv privatized shutrie Drogram is the formation of the U.S. En-
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richmenr Corp. by thc Energ;r Dept. to
transition its uranium enrichment firnc-
rions to thc privare scctor.

TheJohnson rcpon dso nored similar-
itics bcrween whet NASA wants ro do

1e)
with privaté càmpany "asser accounrabil-
iry and management."
o Partid govemment owÍrership with sim-
ilar accountabiliry.
o Complete transfer Ëom government ro

rhc private sccror.
Thc rcpon says asset "rrensfer mechanisms that could be uscd

inclrrJc a Ëciliqv contracr, govemmcnt-orrnad cofitretor-opcratcd
arrantemcnt. lcase, sale, license---or'gift.'" Congress is likely to
Ëorvn on the 

*gifr" option for turning over shu«le assets, while
potcntial corpor:rrc bidders might cringe at theJohnson repont
.sscssmcnt of commercid principles. ".Shunlc privatization im-
plcmcntarion needs to redirecr rhe prolit Ínotive, allowing it to
be a factor, but not thc decisive influencing criteria,' the re-
grn said.

"Exisingconrraca are strucrurd such thatcontract length and
terms significandy influcnce the contractor ro makc short-term
profit-motiwared decisions. An ovcremphasis on profit can result
in program wcakness with a reduction of critical skills," the re-
pon said. 'Shon-term cqsr reducdon at the o(pcnse oflong-term
hcaldl vrill not bc acceptable."

Astronauts strapped into any privatized shuttle would cer-
rainly asrec wió that. o

end how thc CIA created the In-Q-Tel nonprofit ycnrunr
capitalist 6rm in 1999. InQ-Tel invests in, ccatcs 

""d 
h.lpo

companies enter markets, which can help the CIA tap inro nc
tcónologics.

Ttr team found privadzed shunle operations would herr ooc
of thrcr likclv company srructures:
o A modification of the currenr NASA Space Flight Opcmlons
Conract arrangemcnr that would urilize a single conrroct and
contractor, but with increased conrract consolidarion .rnd rh.-
merter of civil-scrvice functions and employees.
t A govemmcnr coqporation.
o Expandcd corponlre comperirion bevond rhe currcnt Unir-
ed Space Alliancc arangeÍnenr that rvr»rld leverage compctirion
while cpanding the number of participants in thc proccss.

Shurde assct managemcnr and ownership transfer is y« to be
defincd in any arrangemenr. According ro the lohnson rcport.
three options are bcing srudied:
o Continucd govenunenr ownership of the shumlc assers, bur
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§cjus-Ralreten
in Hourou?

Auch wenn die F,,
noch den gröBten Streitpunkt dar-
stellt, scheint doch festzustehen.
dass in absehbarer ZeiÍ auÍ dem
europàischen Raumfahrtstartplatz
Kourou in Französisch-Guvana
.'ine Startlampe iiir Sojris-Raketen
errichtet u,ird.

können die Nutzlastpa-
Aliane-Familie nach un-

ten abrunden. Iedoch sind die Rus-
sen derzeit nicht bereit. sich an
den Kosten zu beteiligen, wàhrend
.\rianespace das Proiekt nicht
allein finanzieren will.

,*

lette der

ai

lf fuionespoce meets ils besl-cose lounch scenqrio this yer, il

:ould use up the lost oÍ its Arione 4 medium-liÍt rockets. Seven f'o

rine Arione 4 ond five Arione 5 missions ore scheduled.

V^y R.n-l\^R

)Crl\t(c\È^ 
2-ooL'

NASA NEws RELEA.E:., ,ANUA Rtzw2 Ï-?311q
SHUTTLE PROGRAM LOOKS TOFECORDSXI CHALLENGES-IN 2002.
On fre heeb d making space history in 2001 by ccrpleting the first phee of the lnterndxrral Spae §ation (lSS) assembly in orbl
tire Space Shuttle will continue a string of space firsts durirB six missions planned íq MZ'ln the past '12 months, we've completed
ssne cf the mct challenging space flights in history," sail Space Shutue Program lhnager Ron Ditternore "ln the next year those
ödleÍEÉs wtl conthue with missiorn just a cornplex The tean corÉinues to excd sdeay a'd successfully, and 2OO2 pronbes to be
just 6 rryídng 6 the past year." The coming year will be marked by the shdtle fleet rn#iacà Colundria's return to space on the first
nor.'lSS Sr;:e i€hi in more than two years. ln addltion, flights by Alalis anc Endea'rour writ haul moíe than 50 tons of additional
cqnpoeírts to the ISS and more than three dozen nel eperimerÍs and tlo new lóordry rafs- Discorrery will remain on the ground
in fr@. fa siardard maintenance and ins@tions. ln frUz }IASA pEls to bre* a record sd only last year for the mct spc wallG
ever conduded in a sirgle year. Frorn Space Shuttles alone, 15 spc walls ae planned cotpl€d with seven space walks thd ae

, planned by crana frorn the lntemational Space Station. ln 2001, 18 total sprce walks were conducted - 12 ftcí]l the snl* aíÉ sr
from the station. "Space walks will nercr become routine, but we have ente{ed ar ra cf spe eploration now vfiere they *rl crytne
to becsne rntre comÍnon," saiJ Milt Fldlin, Chid Fl§ht DirecÍor. "BtJt no mdter irry mÍmy or hry cfien cÍs lear/e thei sp@d,
each EVA remains just as exciting to prepare and conduct and just as reurardirg to canplde." Cdumbia wil begin the nel yea with a
flight to the Hubble Space Telescope on mission STS-109, the fourth mission to service the sprce telescope since its launch in 1990.
Five space walks will be conducted during the flight to install an adnarrced netr canera systern, dteínÉ to redirate an existing
inÍrared instrument system, install new solar anays and install a nfl pflver cofltroller. The mission will etrend the lifetime and
capabilities d the now-famous orbiting telescope. When Columtia launches rt also rvill becoíne the second Shuftle ever to fly with a
new"glass crckpit," installed as part oÍ maintenance and modificdims cornpieted in 2001. The new cockpit has 11 full-color, flat-panel
displap that replrce 32 gauges and electromechanical instrurnents and fqrr cehode-ray tube monitors in the old cockpit. The new
cockpit is l§hter, uses less po,r€r and sds the stage fo a Íuture "snat caE f thd will feerture n*, more intuitive displays to reduce
pilots' \,vorkloads during critical periods.

ln addition, the following flights are planned in 2002:

STS-1 1 0, miO spring: Atlantis will delirier to the ISS the first of three giant truss segments to be launched in 2002.

STS-1 11, tae spring: Erdeavour will earry to the ISS the fifth resident cr*, the Leonardo logbtks moduh filled with e&sirÍHrts
and supplies. and a mobile base system - the second part of the mobile platform for the station's innovative Canadarm2 robotic arm.

STS-í07, mid-summer Cdumbia will fly an intemational mission dedicated to microgravity science that will carry a double
Spacehab module filled with 32 experimerïts involving 59 separate invstigdions

STS-1 í 2, leÉe sumns: A*larÉis will make its second vbit cf the year to the lSS caryirg the first staöoard side truss segrnent.

STS-í 13, early fall: Endeavour will deliver the siÉh resilent crew and a poít side truss segment to the station, cornpleting almost
half the length of the final truss.
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STITJTTLE RARELY USED TO CAPTURE, FIX SATELLITES. 1r)-L(
CAPE C.d\-{\TR{L - The space shuttle fleet m longer may be -- and almost never was - a viable oprion lo fetctr and repàir strandà ,pu""".Jff
NASA anci Lie gor ernmenÍ's reluctance 1o use Èe 'iruttle in such missions i5 rel'ealed when considerin-e onll lir e oi I 08 missions §.ere committed to
retrieval and repair. It's not hard to understand eiïen the $500 million cosí to launch a $2 billion shuttle. But for several reasons, NASA officials notr.
are less inclined: Satellites are far cheaper than a shuttle. and less expensire in general. The shuttle is umble to reach altitudes where spacecraft oÍïen
fly. The goYernmetrt places tough restrictioos on rvhen a shuttle ma1' be used. The statistical risli of a shutde catastrophe, which is one in 450
launches. The need to eonduct its core misston ofsupponrng the Internanonal Space Station. The inherent ísks to astronauts exposed to the harsh
environment of space. "As a mainline operation. I óink it is obsolae." said John Logsdon, director ol the Space policy Institute at George
WashinSon Universir;- in Washingtoq D.C. This could nrean fewer shuttle flights &om the Space Coast Ho*eyer. the rise of space$ased missiie
defense could revive interest in the shuttle's one-ota{iind capabiliry'. Originally designed to sJrvice space stations- the shuttle also offered the added
benefit of being able to capture spacecraft in orbit for ;cpaÍ or retÍle\ ai. But during the 1 970s, s hen rle sen'icing oi srarions bee-ame more remote,
NASA sold the shuttle's crew as on-call space repairmen. It didnt turn out that way. Crews retrieved sir satellites during fir'e ofthe l0g shuttle
missions' not counting three repair flights to the Hubble Space Telescope and experimental satellites that *ere released from the shuttle and retumed
during tlre same mission. The four orbiters remain capable of snagsing satellites out oforbit, but there are no cusomers for the unique ser'ice. ,,It,s

uselirl in principle, should 1ou ever l\'ant to go reEieve a satellite that nas somehon stranded in a lorv orbit-" Logsdon said. Guidelines set out after
the Challenger disaster limited shuttle missions hearily. allowing flights that only an orbiter and astronau6 can perform. "NASA 1ooks at
opportunities on a case-b1-case basis." agency spokesr*oman Kirsten l-arsen said. fuchard Blomberg, a member of Nase's Aerospace Safeq.
Advisory Panel. said the shuttle can resurrect its retrieral duties if Congress and the White House liift restrictions on missions. Sateliites for dri
b::iJing missile shield President Bush has proposed mal be an oppomlnitl li:r the shuttle as the machines are built and tested. -\srÍonaus coul§
rngall experimental components on test satellites alreadv in orbit, for erample. Later in the prograrn" the shuttle could refuel the satellites. ,'It suÍe
stuld tre nice to serïice some ofthor satellites since thel' will be high-value assets in orbits the shuttle can reach," Blomberg said. Retrieval flights
ea-{r axl =fel1'could bulli up the number of shuttle flights- r*'hich is sac*ed onl,t.. rvith space sEtion missions and occasional Hubble repair fligis.
' 
. : ::: s:::.:le is privarizoJ- then that's the kind of thing thel should look al " he said. The last satellite retrier al qas in Janua+ I 996. ri.henEndeai,our

glbed tle Japanese Space Fller Unit that had been launched 10 months earlier on a Japnese rockel Three spacesalliers performed the moí
drerrIatrc rerielal misskrn in 1992- wlen they manhandled the Intelsat ó satellite into the cargo bay after the satellire r*as stranded t*.o years earlier
b a Titan rocket. A ne* rockeÍ stage \Àas bolted onto the satellfte. ald n sas launched out oi Endeavour The satellite lacked the rod aíd baseplate
icr :;e the shumle arm grabi :so spacetralkers had to risli rh;r iir es io grab ri ith their gloved hands rn an rmpror.ised technique. Commercial space
amh'srs said businesses rarelv consider shuttle rescues oftlrcir satellrtes and nerer add the grapple firrure tó their spacecraft so the shuttle's Íobot
am could capture it in an ernergency. "It just doesn't make busiss sense.'said Phil McAlister, director of the Space and Teleommunications
Indusfy Analysis Divi§on for Var,vlad-based Futron Corp. 'The (los Earth orbit) satellites are sma1l and thereis a question of why send an
expensive, high-r'alue slacer:rai iile the shuttle to get a los-ra.]ue srr;llrte." Neither the Pentagon nor \.\S.-\ are keen abour such attachments.
either. The Nexl Generation Spce Telescope, designed to replace the Hubble Space Telescope 1aunched in 1990. g.ill not ha'e . k";t i";ii;
shuttle's robot arm to g!-ab The ner* observatory, slated for launclr eround 2010, will orbit far out of reach of the shuttle. Modern spy satellites are
complex and expensive eoougà to justif a rescue mission, but thel are mt built \,yith Íhat in mind- Logsdofl said. OnIr the Hubble S'jace Telescope
has been repaired b1 --:-. i::;e since 1992. A team of astrornurs rii.. malie \-\SA's fourth visii ; t :.;.;r;1-',"1. n"rt month Íbr a serr,.ice
mission' "If Hubble h'd be- a perfect instument from the staÍL tbe sàuttle-sen'iceable orbit nould have been a det-nnem." Logsdon said. ',It turns
out that shuttle *as its:Ir:rion.'The space telescope was ro,^*hed in 1990 u,ith an imperfect mirror tler reàrnEd bluneJimages to anxious
atronomers. Endeavq.u ses launched three years later to install a de§ice that corrected the probl€E- tlad tbe 32 bill bn re|e:cope beei launched any
hróer. the reËir *'cdd oo tave been oossible.

ISS
Dave Böskes

Het verblijÍ van Frank Culbert-
son, Vladimir Dezhurov en
Mikhail Tyurin, de derde stam-

maakt van het ruimtestation
om diezelÍde dag nog te ver-
branden in de atmosfeer boven
de Grote Oceaan. Vier dagen
later werd Progress M1-7 ge-
lanceerd met voorraden be-
doeld voor de vierde expeditie
die in december zijn intrek
nam in het ruimtestation.
Op 26 november koppelde de
Progress M1-7 aan het achter-
ste koppelpoort van de Zvezda
module, maar men slaagde er
niet in een hechte verbinding
tussen het vrachtschip en de
ISS tot stand te brengen. Ver-
moedelijk werd dit veroorzaakt
door een vreemd voorwerp dat
in het koppelingsmechanisme
was terecht gekomen. Beelden
opgenomen door de naderen-
de Progress toonden inder-
daad een stuk kabel aan met

een lengte van ongeveer een
halve meter voor de achterste
koppelingspoort van de Zvezda
module. Hierdoor besloten de
vluchtleiders de lancering van
shuttle Endeavour uit te stellen
tot 30 november.
Tijdens een ruimtewandeling
op 3 december van Dezhurov
en Tyurin werd het vreemde
voorwerp verwijderd en kon de
Progress goed aan de ISS
vastmaken.
ln 1987 was er een soortgelijk
probleem toen de wetenschap-
pelijke module Kvant-1 aan de
Mir werd gekoppeld. Ook toen
kon er geen hechte binding tot
stand komen. Twee kosmo-
nauten voerden vervolgens
een ruimtewandeling uit en
ontdekten een stuk isolatiema-
teriaal dat in het koppelings-
mechanisme terecht was geko-
men. Nadat deze verwijderd
was, kon de koppeling alsnog
tot stand worden gebracht.
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Teams bid for Next Generation Space Telescope

Lockheed Marlin and TR\!-Ba ierospace, the

industryteams bidding to b.:ilo NASA's Next

Generation Space Telescope INGST), have

:,ibmitted their proposals to the space agency's

3cddard SpaceÍlight Centre, Maryland.

The S500 million contract for the 5400 kg

',GST compares with the $2 billion-plus cost oÍ

:re Hubble Space Telescope (HST), reflecting not

only the austere times Íor NASA but also the

technological improvements that have been made

in lightweight, advanced technologies.

These include the cryogenic mirrors which are

a vital component oÍ the primarily inÍrared space

telescope. 0ther technologies include cryoqenic

acuators and detectors.

The original maximum size oÍ any single

mirror system v,as 8 m but this was reduced to

6 m Íor cost reasons by \ASA,

Lockheed has opted for the conservative

approach oÍ a rnonlithic 6 m diameter deployable

mirror, vrr e t'e rr',', Ball team propose a

deployabi: .ri"c' ::-s sting oí six hexagonal

petals thai cep c, - crbit.

The c'-ar r "'àred observations will enable

:-:',3S-:: ::-:, :i,?cts 400 timesfainterthan
'-::::=:- a, -'-j'a: soacecfaftand Eafth-

::--: :: :::::::,',- i atthe same timg

-:::- -: :-=.:- ;--::'sing the image sharpness

CRAIG COVAULT/CAPE CANAVERAT

T ockheed -Varrin faces rhe chalienge

I of'carrying rhe momenrum gained

-LJrhrough its Russian RD-180 pow-
ered Atlas ]iI to the new more cost-ef-
€ective Atlas V Evolved Expendable
Launch Vehicle.

The Àtlas V EELV is set for its first
tlight in }Íay with a European Eutelsar
Hot Bird pavload.

Lockheed Martin and International
Launch Services (ILS) must also take care
to sustain an already strong global launch
market position, while dealing with the
higher risks inlerent in a new boosrer.

Lockheed Manin's several hundred mii-
lion dollars' worth of new Atlas V facili-
ties here are far more focused on customeÍ
comfort and support than earlier vintage
Atlas infrastructure. Managers at Lock-
heed Martin and ILS say thev specificai-

Telescc o: Ball Aerospace

Àsironcmers think that they have a qood idea

oÍ r,,'rat the universe is like today by looking 10

to 12 c: lion light years into the past. In addition

cosmic cackground radiation measurements

indicate ihe early development to an age oí on:

million years.

The unseen void between these distances is

unexplorec and astronomers hope that the NGST

will fill this gap, observing stars and possibly

galaxies being Íormed, helping to answer

fundamental questions about the evolution of

galaxies, stars and planetary systems and life

cycles oÍ matter in the universe, and the nature o'

dark matter.

ly want to improve upon the sa-me n'pe
customer comfort and support sen'ices
that Arianespace pioneered years ago at irs
Kourou, French Guiana, launch site.

Lockheed Martin's momentum from
Adas III to Atlas V must be reinforced bv
a second Adas IIIiRD-180 mission set for
1iftoffhere in Januarv. That tlight, carry-
ing EchoStar 7, wili be the second for the
Energomash RD- 1 80 oxygen/kerosene en-

gine and rhe first for the new stretched
Lockheed,\ Íartin/Pratt & lVhitney Cen-
taur upper stage. These first- and second-
stage propuision sysrems wiil be the main-
stays of rhe new Àtlas V

If successnr.l, Lockheed Mardn will have
flight tested 85% ofthe critical propul-
sion anc eiecrronics hardware to be used
on its EELV. said Adrian Laffiue, director
of Àrir' launch operations. After the At-

ïhe l'.GST is a NASA O.rigins programme and

will invclle the European Space Agency,

Canadian Space Agency and the Space Telescope

5cience lnstitute.

The telescope will be launched in December

2008June 2009 after the HST has been retired

and is likely to be preceded by a 0.5 m to 2 m

diameter mirror technology demonstration orbital

mission.

However, as Iong as HST is working v'e

which it is likely to continue to do íor many

years, NASA will not want to spend too much

money too early, so the scheduled launch dates

should be reqarded with caution,
0ne oí :he designs for the Next Generation Space

,

>r^{"-t-
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LockMan Bets Launch
Future on Atlas V 3?35
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las III F-noSrar mission, the only maio:
eleme:rs of the new Atlas V that will nor
have 'ceen flown are its 106 X 12.5-*.
rigid-bodv common-core structure, nelr'
European Contraves composite pavloaci
fairings and GenCorp Aerojet solid rock-
et boosrers for later flights. The first Àtlas
V is on schedule for liftoffon May 9 tiom
its Launch Complex 41 facilities, but cie-
Iays witi such a nelr'r'ehicle rvould not be
unexpected.

ïHE l9l.ÍT..ïAt[ EEIY rvil] be an Atlas V
401 r.ehicle. The 6,600-lb. Hot Bird is
light enough that the first mission needs
ro SRBs. although the 'ersion can use

^-.' :0:o> ibr geosrn::::onous ranstèr paF
.oac.s up to 16.8+3 ib. \\'ith no solids, it
::: launch 1 0,9 1 3 1b. into transfer orbits.

fhe Atlas \' 500 series with up to fir'e
solids can launch up to abour 19,000 1b.

into transfer orbit.
ILS so far has booked 10 commerciai

and seven Defense Depr. oatloads on the
Atlas V said Greg Cilracie. ILS regional
director for the Àmerica.. i: iso has fund-
ing for perhaps an eisl::jr :.ar-term mil-
itary payload.

Two Àdas Vs arr ,=: ::: -aunch in2002
along wi*r three -.:-- -11s. Up to six At-
-:-. \i and three -r.:-.. ills are scheduled
rc: 1003. Lockheec -''l:rtin will also con-
:-:.:e :o iaunch &e ; -:.;. smaller Àdas IIA

=. iir--i rehicle her: until 2003, u'ith At-
-,- ll^' ;r:::-:..ine irrough about 2007.

The Iij -:::::..: àÍrangement rvi*r the
Russian K:::--:::- :re.' Proton, in place since
the mid- I :ri , '. 

riill provide backup sched-
ule assura::;. :r connection with Atlas V.

In addido:: :o :he 5500 million provid-
ed by the U.S. -{: Force to each EELV con-
tractor, Lockheeci \Íartin has spent about
$ 1 billion of its own money on the Atlas \'
developmenr and facilities. The vehicle de-

sign, with hundreds of ferver pans and nerv

manuàcruring eff)ciencies, are kev to the
program GVÓSTDec. 13. 1999. p. 5+t,

\e.t Cale .::::;s:ricture is also an i:-
herent ra.: ::::::;,rr:-saving and ri:r-
kering ec ",:-: ::, à; ;o;i,àeedl\ Íani:. :--.:
ILS. -{:-.:.-. ',- l:::arions will urilizc --:--'.
three n:.. =: '-*5 here. compareo u:'--. - 

-
governn-:r: a,.rC conrractor faci.i:::. ::-
quired io rro:ess -{das ItAs. The red:,-*c:
evenrul,', ..r':.i aiios' íor a25oa cui ::. -:.:-
Ias/Tiran pe:sonnel here, s'ho ;;::::.:.'.'
number 300-3;0. That move sho:-c. :-::-
rher save ;os:.. The nerv àciliries r;:
o Àrlas \-::.:.:.:c:r Operario.., C=.-.:::
(ASOCt. Tl:s ^- r:-jrory, 30.0r --, --
building con;o.i;":.. r'ehicle ch::i- ::.
the Launch Cont:oi Center iLCC .ni
customer suppofi rooms linkeci ro a aom-
mon database. The -l,SOC is + mi. tiom
Pad 41. Its launch control cenrer alone
replaces 13 older Atlas facilities.

Up to six Atlas Ys can be parallel-
processed in the ÀSOC. -\Íuch of the same
work with the old Atlas had to be done se-

rially on the pad, rvhere mission bomleneck

:orjrc o.--i:. The ÀSOC is specificail.', :.-
signei :o aror-ide customers more schec-
'.Ie ;ssr=:-.;:. a facror jusr as impomaar as

ri:e ,.::::.::. ::ice in winning a conrracr.
§.-:::: =-c;: c:-reckour now dóne at Lock-
:-e:c l.1=::-::-. Denver plant, as little as one

'::.' :: '.'.'-.:i'.'.'iil be needed in the ASOC.
. -,;=;: 

I:::egration Facility (VIF). This
l-':l-n.-ral. or.Jdi.rg 1,800 fr. from.Com-
pior + 1 is sàere rhe Arlas V is sracked ver-
i-:aliv on irs mobile launcher platform
nine dars before rollout to the pad. Atlas
core vehicles are towed horizontally from
rhe ASOC ro the VIF.

The mobile launcher platform on which
the booster is stacked weighs 1.3 million
lb. with a184-ft. umbiiical mast. Lockheed
\Íanin believes the VIF will save processing
dme, and therefore costs, by allorving mosi
of the veriical launch.r'r..'ork to be done ::--
doors out oithe r*earher tse. ïc:.: . . .::
o Pad 41 . Unlike :l:e older -\tia-.. ..'.:.:;::

spends s'eek on rh.. -lad. rhe -{ri:. \- rs':il
be tos.ed tiom the \-lF on irs n"ic:iie
launcher ro Pad 4 i :.rsr il hr betb:e L:oi
The companr- belietes this ri.ill 'oe ar ad-
vantage over Boeing's Delta I\. n'hic:r
must spend at least eighr da1.s on the pad.
where lightning and orler weather factors
can limit technician access.

Like the Ariane 5 pad at Kourou, the
Atlas V uses a "clean pad" concept in
which there is minimal expensive infra-
structure to be destroyed in the event of
an accident. AII of Pad 41t original Titan
31.4 tnfrastrtcture excepr its 340-ft. 1ig1-rt-

ning protection towers were removed to
make way for Atlas V operations.

Atlos V lounch Conhol Center hos omphi-
theoler type seoting for rockel ond sotellite
cuslomer monogement obove Íiring room.
Note lorge screens Íor doto disploy.

Lockheed lrlortin Atlos v EEIV first stoge undergoes finol processing in Cope Consverol's
Atlos SpocefQht Operotions Cenfer. Russion Rll80 engine hos twin nozzles.
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The Delta fV Heary version with three
CBCs and three RS-68s can place 50,800
lb. irro low-Earrh orbit and up to 28,950

,lb. ir,,o GTO. The 235-ft.-rall Heavy is

ro be flight tested on a USAF demon-
strarion mission here in early 2003.

The Delta IVs RL10B-2 upper stage

engine has been flight tested on tie Delta
III, as have the EELV's avionics.

Delta Wprices run from S80-160 mil-
Iion, but neither Boeing nor Lockheed
Martin will be able to recoup their total
development and facilitv investment for
many years. As with Lockheed lvlartin,
the Àr Force provided S500 million in
initial funding and Boeing has spent up-
wards of $ 1 billion of its own money on
the program.

Three Cape Delta IV missions are set for

id motor aÀd upper stage Cóífi-guia6m

l,-,- l. aiiie at ieasr àur or five Cape mis- Delta fV launch director and overall di- Cace s .ii .nci pac- ThoS :o= =.=- -:---

s;or,-. :nciuciing óe Heary demonstradon rector of EELV launch sites. gust ro October ran rveil a:i :::--::::
f,.ight, are set fór 1003. But there are a to- For example, *re older Dela II, a much erecror demons-.nrions.
cal-of slx Deita I!' launch sloa possible at smaller vehiile, nee ds to spend 3-4 weeks THE f UGII? f lttÍ Ífë arrive<i rroro fe-
the Cape in 2003, and Boeing is poised in the Capes Delta \Íission Checkout Fa- catur on rhe 311-È.-long Boeing Delta
,o *"Ë. new conuact announàemènrs in ciliry. \7ità the Delta rV. however, much lvÍariner uansPorr ship in§eptember, fol-

J*.t"ry that will likely boost tiat total. of rhat DMCO rvpe work wi-[l be done at lowed later b_v the road shipment of the- 
As for ground infrastructure, tiere are the Decatur plantf and onlr'nvo weeks of u?per stage. Later.upper stage shiPments

major di#erences berween Boeing's and hands-on processing rvill be required in also arrive.on the boat.

Loékheed Marcin's ground àcilities. Lock- the Cape HIF. The combined efficiencies The flight vehicle core and second stage

heed Martin is plac'ing more emphasis on of the 
-Cape's 

HIF and Decatur plant lave !_een urdergoing final checkout in
cusromer.o-fo. anddedicated cr,,sto-et equare to J54olo reducdon in off-pad pro- the HIF, where their _avionics are per-

iacilities in its launch control center. In ceising time from Delta II and a 58o/o re- forming wel1. The flight vehicle is to be

conrrasr. Boeing Iaunch conuol facilities duction in overall pad labor required. erected.on Pad37 by.mid-January..Tests

are more runctióna.l in scope and appear- o Launch Complex 37. Originally a Sat- will include seParate, 
^then 

combined oxr'
ance. Boeing also believei it useimore urn 1B pad forApoilo, the site was tou.l- gen and hydrogen fueling checks anci

cost-effecri"Jhorizontal processing. ly stripped and róuilt by Rartheon. The demonstration countdowns leadingto *re

Utc TOCXHEED NIanin, Èoei.,g hri great- Floridi Space Àuthoriw and Boeing are FRF with a simu1t:d Pf/oad and shroud

ly reduced'Àe number oiirs iaJlitiesiom- negoriari;g a possible S300-mil1ion deal atop the vehicle. The FRF with the firsr

iared with earlie r operations. The pro- in íhich Florida witl pro' rde financing and second stages firlly fueled will involve

àessi.rg of Delta II or IIl vehicles Lere for the pad and lease it bacii. to B.oeing l !1] h"":! countdown leading to the

requités operations in 43 separare sites. so the cómpany can remove th_e fu1l cost RS-68 ignition sequence at T -5.5 sec.

Thàt has been reduced ,o o.riy three pri- of the pad from its books. The state This will be followed by 1 p"d abort.cut-fh'at has Éeen redu.ed ,o o.riy three pri- of the pad from its books. The state This will be followed by 1 p"d abort.cut'

mary facilities for Delta IV. They are: worked^out a similar $3O0-million deal ofï after the engine has developed abou'

o Delta Operations Center (DOC). Only with Lockheed Manin for àe -\das V pad. ^ 1 sej. of full thrust.

,§.IAIIoNvEEKe.SPACETECINoL0GY/DECEMBERI0,200I / -J 5 + ) 1 \

I., ni. nóm the pad, fié DOC has the
l-au-qch Control Center rvirh l T consoles

on its rlird floor and a Mission Directors
Ce nrer rvirh customer suppom areas on its
tbur,h floor. Àdjacent to the firing room
is a somewhat similar Engineering Sup-
porr Area with consoles used to monitor
horizontal vehicle checkout. The DOC
a.lso contains Boeing offices and is used

for Cenraur engine nozzle preparation.
o Horizontal Integration Faciliry (HIF).
The sk-story, 350 X 250-tr. building is

where vimrally all post-facton''.'ehicle test-

ing is done. Up to six lvÍediun or three
Heaw Deita IVs can be processsd in rhe

HiF simultaneously. Mosr oi De:ra IV
processing will be done wirh :l: .'e:ricie

horizonral, either at rhe lacror.- l: ::: --i:.

HIF. a rà«or that should redrce ;c.=. -,-
sonlel and schedule risk, said Dar.c :-l:=

§-niie ::: ::e HIF, a large Launóh Nlate
Unit Èxiue :s anached to rhe Delta IY
ailowing it ro acrach to the launch table at

the pad À Pladbrm Tiansporter lorv-sluns
truck then erries the vehide Èom rhe Hl:
to tÏe pad's 26X95-ft. erecror. This J:-
table hvdraulically eievares tie entire r-:-
hicle into rhe padt 330-ft.-ull, 9-miilio:-
lb. mobile service tower (see Èonr cot'e: .

Tivo i-S-È.-ull lighming rod rowers pro-
tec: :he sire. -\ crane will then raise rhe
solii 'ooosrers and the payload, encapsu-
lareri h its siuoud ar Astrotech. Three largp

swing-arms rvill provide oxygen and hy-
drogen propellants and payload cooling.

The ne*'r'ehicle wili be only 8-10 days

on *re pad. compared with *re older Delta
II's 22-dav ininimum. The efficiencies
rnean thai rhe Delta IV should be able
lo fiy nearlv 50o'o more missions from the
Cape using one pad with reduced per-
sonnel, said fuch Murphy, Delta fV mis-
sion director and division direcor for Cape

-rd Vandenberg launch operations.
Even though the vehicle will normally

-.e on the pad just 8-10 days, for the first

Delt'o ÍV slolic lest sloge wos moved io
Pod 37 to check Íocilities. The Ílight vehi-
cle will be on the pod by Jonuory Íor o
flight,reodiness Íiring in Moy.

launch :t rvill spend 4.5 months rcr
prooeiiar:t :ests and dre flighr-reaii:::':
::iag.

I:: :onr:as: :o Lockheed \Ía::::. 3"--<-

-ng --c à i;:a:5t corTuTron f,oo:-:=-::::
-.i:ai :ac )e:: :ireo nve urnes ai =3 ::3::-
li S:a;: C:rrer in \Íissitsi::i :c --::-i
oui'r.:-.ois =eóanic-ai =,.*.= ,.. ----:
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Another key faciliry ofl site fiom rhe
Cape but r.ita1 to both EELV competitors.
is futrotecht new $3O-million, 50,000-
sq.-ft. faciliry built specificallv ro check
out Atlas V and Delta IV payloads and
encapsulate them into launch shrouds up
to 50 ft. tali.

The ASOC is t}re command center for
a1l Atlas Y operations. Its rwo-story high-
bay launch control center with 12 system
consoles supporting abost 25 personnel
has iarge u'al1 screens with multimedia dis-
plav capabilin'-a major change from old
Cape s-srems. instead of firing room per-
sonnel beinq sruck in a blockhouse miles
liom manaqement and engineers, theywill
norv all be rogether in the business-like
atmosphere oir}reASOC.

The tàcilin'is unlike anv orher built for
L'.S. launch operarions. Ke,' management

and engineering )-upport rooms are tn arn-
phirieater searing behind glass on rhe sec-
ond and rhird iloors looking into the LCC
and its big screens.

ïHE ÀtPHITHEIïER sections include an
Engineerine Operarions Center with 20
sea6. compurer displars and a line of sight
to the big screens in rhe LCC. Similarlr',
there are severa1 other management/engi-
neer compurer positions looking dorvn
into the LCC a]olrs rvirh a separate lÍis-
sion Operatio:; Ce nrer section rvhere
launch manasir:.::i ri-ill be positioned.

Also on rhe =;ori tloor of the ASOC
are five missio;: i:tJon rooms, each *'ith
its own iarse-*-:-n <iisplay and six per-
sonal compui-: s.ieens. Àt all of *re po-
sitions is a -.r:arr card" system pro-
grammed u'.1.-- i.[2i each individual is

aiiowed ro :;.3i: :]om the Atlas V data-

base. Boeing's faciliry hos'ei'er, has no sim-
iiar accommodations.

The smart card approach has allowed
-{tlas V ro advance torvard a paperless sys-
tem. It also aids enforcement of Interna-
rional Tranic and Àrrns Tiansfer (ITÀR)
regulations rbr Russian RD-180 person-
nel and non-U.S. pa.,-load sponsors.

Unlike Boeinq. Lockheed \'Íartin has
used its first Àtlr. \' :.ieht vehicle. desig-
nated AV-001. r. a :::hinder. The .'ehi-
cle rvas fi-rllv stackec ::: i:e \lF sifl 2 a;'.-
load simularor in \ove='o<r anJ he. : .,.

been moved bacx :c :he -LSOC à: .:-
stallation oiavioni;. and ordnance. I: .--
be resracked ;n rire \lF in Tanuar,'. =-::
rolled our and back to Pad +1 in Fer=-
an-. \Íarch and April for three =.-edcountdos-n rehearsals leading to ::e
planned lÍar'launch. O

p. i+'. The overall production time.i:.;
compard *irh Delta II has been redu;i
br'-*too and mi-sion integation dme lFo.

Boeing ha-. .*'on 22 IJ.S. Air Force
EELY missions. three times t}re Lockheed
\lartin total. -{nd only Boeing is in_itiat-
ing operadons ar YanclenbergAFB-Calif ,

with at least one mission set thÉre in2003.
Overall, Boeing has more rlian 50 firm or-
ders for Delta fVs out to 2007.

The Delta fV s first payload will be a

Eutelsat'lí' teiecommunications satellite
using the Delta IV "Medium Plus 4,2"
configuration. That means the common
booster core (CBC) with a 650,0001b.-
thrust RS-68 will fly with two solid rock-

Boeing's Sea Launch affiliate under -.le
new Boeing l-aunch Services markering
organization *ill be a ready backup ro àe
Delta IY for commercial missions 'see

p. 68). And Sea Launch-like the -{das.
Proton and Ariane-is already rveli posi-
tioned in the hearw-satcom market. But
Delta is less esablished
because of t}re smaller
capabiliw of the oid
Delta II and the failure
of two of three new
heavier Delta IIIs.

Compared with pre-
vious Deitas, Boeing's
EELV is a far more
powerful and modern
launcher powered by
the Boeingi Rocket-
dyne orygen/hydrogen

Deho IV Ílighr vehicle
with irs R5-ó8 oxy-
gen/hydrogen engine
is reodied in Boeing
HorizonÍol lnbgrolion
Focility, where check-
oul is cenlered.

Delta IV-K.y Element
In Boeing's Strategy
CRAIG COVAUL]' CAPE CANAVERAL

oeing Delra IV Evolved Expend-
able Launch Vehicle managers be-
lieve their strong early manifest will

provide an immediate chance to demon-
strate the reliabiliry and long-term mar-
ketabiliry of the Delta IV.

Thatt important, because the Delta fV
has fewer major flight tested systems-
but perhaps more early flights-rhan its
Lockheed Martin competitor.'ff{hatt not
yet known, however, is how long the first
flight of the 2O0-ft.-tall vehicle will be de-
laved b-v the checkout and verification of
Boeing's massive Launch Complex 37.
The rnission is scheduled for Apr. 30, but
Boei:rg krori-s ir will be slipped until iater
rn ne sorhq. said Gale Schluter, vice pres-
idenr and qeneral manager ofexpendable
launch r-ehicles.

UlltlXE ïllE AïLAS Y, the first Delta IV
musr undergo a flight-readiness fuing (FRF)
on the pad. Thar counrdown sofnvare and
engine test is norv planned for no later than
May, with rhe first flight to follorv about
six weel<s iarer in the June time period.

"We. like lockheed Martin, are seeing
some reluctance in the commercial market
to flyan unproven vehicle," Schluter said.
"I think once we get rhree or four of these
under our belt and demonsuate commer- RS-68. Schluter believes the RS-68 will be et boosters along with a 4-meter (13-ft.)
ciaistabilirythemarketwillbemorere- cheapertobuildthanfururePram&IVhit- long RLi0B-2-powered upper stage
sponsive." Both companies agree the glob- neyproduction of the Russian RD-180 for and 4-meter-long shroud. Different
aloudookwillremainflatatabout35heary theAtlasVBoeinga.lsobelievesadvanced Medium versionJ can launch 9,285-
georynrchronous satcoms peryear, with per- processes used in its Decatur, A1a.. plant 14,475-\b. payloads into geosynchronous
haps some growth in military par4oads. i..i11 save moley t)W6STDec. 13. i999, transfer o.6it (CtO), depending on sol-

) 1 3 ? 3 » 
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NEWS RELEASE : 05 FEBRUARI 2002.

KENNEDY SPACE CENTER TO
PERFORM SHUTTLE MODIFTCATIONS.

After contpl.-trng detailed- indcpcn.lcnt cost and risl, assessnrcnts. tlie agellc\' has dr-ctdc'd to 1;crforur Space Sltuttle

Orbiter\lator\iodihcationstOrtrtr,u\ASA'sKcnncdr SpaceCenter(KS(rrnFlorrdasrnccthcinceptiotlof the

Space Shuitlc prograrll. the pahn,lelc ),Ílnufacturin-c Frr;iirir rn Calilontn ltts s.-ncd as th-'nutrtufucturing site for

all orbitcrs. rn addition to the pnnun lo,-i.ttion for;.-ri.--r-nring ;triodic nt;lini..l1;tncc lnd sllitr upgradcs Ho1YeYer.

beginning rntnrcdiatelr rrith tl^te Spacc Shuttle Discc', -' ' ',r tri:h is scheduled for its p-riodtc stntctural insl^-ction

urà nr.,,i.-,.,,6;e lrnod in earlr rpnng the s.ork ui,l '-r: ::ta'rcci to KSC \ASA Hcadqruncrs'OÍhcc ol Sllrr'.,c

Fliglir]l:tci:lh..dccisionfollo$ingan.'.rtensir-ercrrr".i 
"1. 

ltil.-lt\\itsdetennirlcdthatcitherKSCorPalltt.hii;cciri.l
,.,i",,,':i,. :urr.ur Splce Shuttle iaunch schedule. k:;pr:',- 1... nrodihcation lacrlities acti\c to sr'tppon lottr tlrl'tt-:-
. l- .,,.-, Èrsibl.- in toda)'s fiscal environrlrcnt Pa,-:,:iii nlrltrgers belierc signil-t;:rrlt tttirustnt;tttra §l\ i: --'
.r.,-,; \-;:rlrz.-d p:rlonningthe rnajor modificarrtrns ::', i,,.'nJ.r Shifting sork to KS( uould llso ttttnittttzr- n<!

-This j;-r....11 rcllL.ats \{SÀ's priman goal of ltliunulr.Lirlj !itat\ as its pnrttun oL'.tc'-ttr; and tltcn L-\Jltl.lliil: :-'::

sa\rngs;:ri:rsks lssocrlrc.l riitir that deiision." \\S\ Àö!ulustrutor Sean O'KccÈ s-ird "lt ts obrious thlt lt', ir:
turr!-rii Ils;,rl ;-.rrronr.r.,l. rt ,rakes rnore sense to pcrïoml thrs riork at thc hurt:1, ltlJ irlr tlt.'tor.-sccablc tuiur.

lltC ,1-;rSrr-:t \\rrs r!-3Jh.d.rlier erllualing sitc sclL-r-llon int-o.l ;stablished t'r tl.' (Jl-lr;: .'i Spa"-r- Flisilt- $i:l:i:

ru.-lu,jrd.-raSt,li.tJ nsk. tuinrlist ilnpacts. ihuttle flislir s:h:ilrl; ;ltlnagcment JIid il.-1.'1o::. rkrlls and crpcrlcn;:.

rrie.lor r:r,r1lrJ.li!on Ir.-r-,.-rrlnitn!-e in the prsr and prCSr'rlt. i;,:,iir titrltzation and:rlttritt.'.tl;.:: .'i-!rF\-rltlolls \\Ïrl:
flofh KSt ..rnd Rrlrrr.ir:: ,'r.ul,J support the O\1\Í. tll:r]:ig;:: J.Jl.nllillcd keeplrl-r Lt'th r;t" - ' :..:l:lln lour orttrt:rs
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SHUTTLE OVERHAUL WORK HEADED
ro FLoRIDA FROM cALIFORNIA. \ : . I Lj 

)

f_
l'.I ----..1 \\/,lr

cApECANA\,ERAl-- nàbidtosa.,ercneírnthefaceofdl.,lndi ngcudgets NASAofírcialssa:--"sca.":hatíutuiesPaceshuttleoverhaul workwill

be moved to Fto.oa .rom the factory r,tere the agencys fow oro,tÉrs rËre burlt rn californra cc- "g a cay afLil President Bush unveiled a budget

that will cut l'.JASA ..ran space flight programs rn each of thg ^srl rcur -,ea's the transfer ct *'^ t''r 'eaC tc the loss of some 240 iobs at a shuttle

assemblvora^: -ra+date calif.-nttt"l"-"tr.ne.the,.,ort<folcerlruÀsas(en:edySoacece-:e"'iheagenc/'sshuttlehomeport-'isexpected
togrowb.,ar.::35r*pf...iÀ"estimatedcostsavings: 530i'ionpershuttieo;erhàul =arke'Cc'rts NISA:1tii-Y.'ssociateadminiskatorfor

the space s.J:e 3rcgram. sard the decision - rnrch had been anbcipated srnce last fall - came doffi :o s mple economics in an era of serious budget

limitations -.e icrk forces in california and Fiorida both /,ere deemed capable of dorng the /,or( safeii counts told reporters in a late afternoon

teleconfe.erc€ Bu.t"6lthbudgetconstraints. hesaid."welustneededtocentralizeouracti!rtesrnouÍ'lorkforces'" FloridaGov'JebBushlauded

the mo:e sarrng that it ,,symbolizes the conie uino o",tn",.n,f 
-uut^een 

Flcrrda and the space industry " 'The strategic relocation of the shuttle

modiÍicahons tc Flonda ts a testament to ouÍ econo-1c strengin," Bush sard -1JVe are,pÍoud':l.al'iASA has chosen to expand its presence in the

sunshine stare , There,^€s little praise, holtever ccmLng out àr óaliforn,a u s Rep. Hor,aÍd 'Erck- McKeon. a california Republican whose district

includesthepalmdalearea.saidthemovemarked-asaeaay':foihiscomnunrtybuiaddedthat'ernderstoodNASA'Sneedtosavemoney 
Noting

that,,a savrngs of S3o rniilron vras simply too much to prr" lo" during difí.-lt financial times. Mc(ecn aoded that he still opposed the decision' "l

believe the decision to be shortsighted and possibly harmful to the piogram rr the lo-ng-term 
- McKeon sard' adding that NASA stood to "lose the

institutional memory of an experieiced work force tha: cannot t"'r"pfi"-.",;0 b;r training." 
;'l fear that the damage done by this one step will be penny-

wise but pound-foolish.,, NASA periodically side "es one of its four orbiters fór structural inspectrons and modrfications, leaving rts three other shiPs to

carry out shutle missions in the meantimé. W,:- i:e e'ception of one shuttle overhaul done at KSC rn 1992 that work alu'ays has been done at a

Boeing co plant in palmciale and typicallytar(es ;*ree" 12 and 18 months. NASA officials. howerer announced last year that ihe shuttle or3!'2''

rrasfac-3a.anticipatedbudgetshortfallorsEoc- "n"u"ith"nextÍiveyears 
ThatsituationPromPtedmanagerstoconsldermotingt'es--::

. ..-.- ....<:c Florida to sa,/e money and t*el as: A-gust, NASA gave iL shuttle prime contractoÍ - United Space Alliance -'a gc-ar'ea: :: - ':

-: :'.e'sa:(SC.Theidea\4astotÍarnsddrto'a ic'kersincase-adecisionultimately''1'?smadetomoveiheh'orktoFlorrCa 
\'ÀSÀaSca-:':e:

:: ': -:-'s€ :"e ccmpany for money sPeni f the'rc't 'emained in California, so the move came as no huge surprise The locat'c' cl:re r'c''

-.e-.,- s -as been a longstanding polihcal footbair l,lASA contemplated transferring the !",ori to Florida around 1992. But members oÍ the ^a ícr'ra

congress 3-a delegation threatened to vote agarnst ,.t e agencys space station projecl,-ano the Àcrk Íemained in California' T*o years làter l'JASA s

M lnsc€icr General conducted an investigatron *rt.nou*íÀ"'rg"n"y"ortà.àr" S3o mrli c' oer shuttle overhaul by moving the mrk to Florida'

Buttheagerc;cnceagaindecidedtocontin-ueconductngl""p"Ji*É*ómodificationsinParroae Atthetime,NASAwasflyrngsixtoeightshuttle

missions 9et Èat.andofficialssaidthattheagenc,r'didnt*anttotieuponeof onlythreea'a're3eshuttlehangarsatKSCsthorbitermodiÍication
rarork. The Drc:ure now, however, has changeo cramatically With a projected cost overrun of 35 b'!iron. NASA's lnternational Space Station program

essentially has been put on probation by the Bush Admintstration, 
"nó "" " 

result, the annual sirutle flight rate is expected to droP to four or five

missions from 2003 through 2006. NASA officiats 
""n""qr"niiy, 

JirËirinlatt"ttf," Flori'{. nork fcr:e cóuld handle routine launch preparations as

well as orbiter modification work, counts said. Also a malor factor: A new cost assessment that once again showed that NASA could save $30 million

per shutile overhaul by doing the modification v\,ork at (Sc. óànducted at Johnson Space cente' ;n Éoustcn the new study indicated NASA could

save money on lower labor, energy and other operational costs in Florida. ln addition, ii typically costs NAsA about $2 million to ferry a shuttle orbiter

to california and back to rtoriaa àiop a modifieà 747 jumbo jet. The cost of NASA',s last overhaul -- one carried out on shuttle columbia -' vvas about

s70 million. Some 400 workeÍs w€re involved in that work 
"i 

ih" P"tra"t" plant. Next up: sistership Dtscovery, which last flew on a mission to the

space station last August. The overhaul will involve thorough inspectrons of öiscovery'".airfr"me and electÍical wiring as well as modifications to the

slcs ,.aíous systems. The big-ticket item: lnstalling 
"n "au"nlJ"o"kpit, 

work that NASA had considered scÍapping due to its projected shuttle

:-:jget sno,tfall. NASA,S fleet ieËaer wittr 30 flights to-date,_Discovery is expected to return to the fleet in early 2004 The future of the Palmdale facility'

meanrn4.rile might not be as bleak as it appears. rne worr rorJe àiilË pr""ï - ntrch is the only shuttle manufacturing facility in the world -- is expected

to drop to 1 1O írom the current payroll of 350, but Boeing officials said the company will tÍy to place affected workers within otheÍ corporate divisions'

Furthermore, the company said it has no plans to shut aor- ii'"iJory. space shuftle components still are being manufactured at the plant, a shuttle

parts warehouse still will be maintained and technicians there also work cn ground support equipment for the company's Delta 4 rocket program'

what,s more, company offlcials think that there's siill a ctrancelhai either futurè shuttle work - or work on any spaceship the agency builds to replace

the shuttle - could end u, uuinq Jon" in palmoale.'The facility is not going to close lt's too impoÍtant for the long'term woÍk on the shuttle -' not just

orbiter major modmcatron but í!i!r.stic upgrades. We want io'h"ag"-ort-uets and Keep ii oPen " sad Boeing spokesman Glenn Golightly' "l can't

predict the future very *el1 but ./,,e rrnk pàtmdale is an importani p]ace for us, and rt still has a r-:''e role to play in the shuttle program," he added'

, ,--r f" ,\
) 'i ) -1-

;We think its stitl the best place to do anlr kind of orbiter work."



Atlas and Delta test
programmes completed
Testing oÍ the engines íor the new Delta lV and

Atlas V engines has been completed,

Boeing's Rocketdyne division has .finished the

testing oÍ the 2.9 N4N thrust RS-68 engine which

will boost the Delta lV Íleet oÍ satellite launchers,

with a first Ílight scheduled .for May 2002.

The now ceftified engine has been test Íired

1 83 times Íor a total oÍ 1 8,645 seconds.

Boeing has als: ::npleted five hot fire tests

oÍ the engine. -:.:'::ed ivith the Delta lV

Commor C:-= l::::=' :rage at NASA's Stennis

Space C:-:': '.' :: -.: opi, lasting 55 seconds,

Lockn=:: '.':: - 'as announced that the Íinal

test Íir :: :':-: .: -: US-Russian RD Al\{ROSS,

:':: i ,', - :-=, -',:' !nergomash RD-1 B0 engine
-:s .::- ::-: .::. r.'ith a 350 s burn at 47

:.'::-: :-: ' 
- - :.r-cent power levels at Khimky,

:-:: : .-::-. =-gine is nowfully qualiíied Íor
.1::: , :--:-.s ,,.hich will start in Ma) 2002, as

:-: ::,,,:':re1: oí the Common Core Booster.

The engine also powers the Atlas lllA and B

series. The íive year development oÍ the RD-1 80

started in November 1 996 and involved 1 35 tests

lasting 25,450 secs. The engine has also been

(EUVE) ended almost a decade in orbit
Jan. 30, when it reentered the atmosphere
over Eg,vpt and apparently burned up'
l-auaclred on July 7, 1992, the 7,000Jb.
spacecraft examined more than 1,000 ob-
jeca for the first time in extreme Wwave-
iengths before its instruments were shut
down in December 2000. The reentrywas
uncontrolled, but there were no early re-

ports of surviving debris striking the
surface.

\i rí,-- \.'s----) -T_

Mars Odyssey Reaches
Final Mrpping Orbit
BRUCE A. SMITH/IOS ANGEIES

1 TASAs Odvssev spacecraft has

i\ in::'*ïf *iiiilï ït'Ài:
ly configured to begin its science mission
by Feb. 20, according to project officials
at ]et Propulsion Laboratory.

The spacecraft completed aerobraking

Jan. 11, during which its initial elliptical
orbit around the planet rvas reduced by
making 332 passes throush the upper
fringes of the Martian atmosphere. -\ a

result, the space-
craft's propellant re- _.

i,i'.,1..1 *l' a. ( ( §(/e charted
;reased by 440 lb.

Since that date,
controllers have
been bringing the
spacecraft closer to
irs mapping orbit
and preparing for
Ceployment of its
high-gain antenna
on Feb. 4. It is con-
sidered a critical maneuver since failure
to deploy the antenna would require turn-
ing the spacecraÍt to position the anten-
na toward Earth every few orbits in order
to return data.

David A. Spencer, Odyssey mission
manager at Jet Propulsion Laboratory
íJPL), said deployment of the 6-meter
gamma ray specrometer instrument boom
is another critica.l move.

(0llïR0l,tERS 011 JÀ11. I I raised the pe-
riapsis, the closest point in Odysseys or-
bit to the surface of Mars, out of the at-
mosphere to about 200 km., stopping the
aerobraking process. On Jan. 15, anoth-
er maneuver was conducted to raise pe-
riapsis close to the mapping altitude of
about 387 km., and to make a small
adjustment in orbit inclination, which is

93.1 deg.
Two days later, a maneuYer was com-

pleted to lower apoapsis, the farthest point
of the orbit, to 450 km.

Spencer said the aerobraking process,

t}re third time it has been tried by NASA,
went smoothly. The initial aerobraking
procedures were conducted by the Mag-
ellan spacecraft as an end-of-mission ex-

periment at Venus, and then by the Mars
Global Surveyor spacecraft. MGS expe-
rienced a structural problem with its solar

a region of
Mars' atmosphere
which hadnt been

explored before ) )

period of time to complete aerobraking'
"I think the aerobraking phase is the

biggest technical chalienge for rhe mis-
sion," Spencer said. "§fith iirs] comple-
tion, we have retired a grear deal of óe
mission risk." In fact, the aerobraking
process on the Odyssey mission was com-
pleted a few days ahead ofschedule.

Spencer said aerobraking data received
from the MGS mission, as well as

MGS operational techniques, were im-

a region of the Mars atmosphere rvhich
realll' hadn't been explored beiore,"
Spencer sa-id. "That will be .'en .'aluable

tó the .r.r,t mission." He added that the
àct Odpseywas able to maintain its flight
plan during the aerobraking phase lrill in-
irease confidence that aerobraking can be

accomplished on time and on budger.
Mari Reconnaissance Orbiter, planned

for launch in 2005, rvill use aerobrakiag
down to a final mapping orbit about 200
km. above the surface of the planet.

Odyssey controllers initially were rela-
tively conservative in their operations be-
cause of the predicted atmospheric vari-
ations in the north polar region, where
densiry could double from one pass to the
nert. They became more aggressive, how-
ever, during aerobraking in areas where
there was increased atmospheric unifor-
miry driving deeper into the atmosphere
during each pass.

The Odyssey mission initially was go-
ing to use a technique called aerocapture,
in which the spacecraft plunges deep into
the atmosphere upon arrival at the plan-
et to take out a large amount of energy
at one dme, and then maneuvers into an
operational orbit. The mission was to be

tlie first to use aerocapture, but project of-
ficials later decided to use tle proven aero-

braking technique instead. 0

portant to Odyssey
project planners.
Odyssey, however,
flew through an
unknown arca of
the Martian at-
mosphere-a re-
gion near the nonh
pole with signifi-
cant variations in
atmospheric densi-

ry
"\ï/e charted out

array system and required an extended
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LEIDEN - In oosterse landen is het een bekend tafe'
reel: als de deuren van tram of trein zich hebben gesloten
lift een aantal waaghalzen gratis mee op de treeplanken.
In ons land gebeurt dat niet maar Nederlanders willen
wel altijd graag voor een dubbeltje op de eerste rang zit-
ten. Niet verwonderlijk dus dat juist het l{ederlandse
bedrijf Folker Space (t,eiden) een revolutionair meelift-
idee presenteert: benut de lanceercapaciteit van de Eu-

l;_:
\9-

ropese erianept"ïiï,ifr vrijwel gratis een extra

Die kunstmaan is in feite een
aangepaste versie van ds afgeknot-
te kegel die tussen de Ariane-raket
en de mee te voeren satelliet(en)
zil. Zo'n kegel heet in het Engels
'cone' en dus heet het project 'Co-
neExpress'.

Satellieten lanceren is duur, ze-
ker als ze naar de typische baan
voor communicatiekunstmanen
moeten, op 36.000 kilometerboven
de aarde. Een lancering kost wel
€ 100 miljoen. Gewoonlijk brengt
de .A.riane-5 twee satellieten tege-
lijk naar een overgangsbaan. Daar
worden de kunstmanen losgelaten
en met een eigen forse raketmotor
vliegen ze naar de geostationaire
baan boven de 'aardse evenaa.r.
Daar hebben ze een omlooptijd
van 24uur en draaien zegelijk mee
met de roterende aarde: zè blijven
dus steeds boven hetzelfde punt
hangen - een belangrijk vereiste
voor communicatiekunstmanen.

Twee
Typische Ariane-satellieten we-

gen drie tot vier ton en de Ariane
kan er zonder probleem twee mee-
nemen. ConeExpress zal hooguit
een ton wegen en kan makkelijk
mee, omdat de konische adapter
lussen satellieten en raket er toch
al zit. Maar er moet natuurlijk wel
wat voor betpald worden, daardoor
wordt de concurrentiepositie van
Ariane beter.

I13? q5 \

1\i
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Resteert het probleem van de ei-
gen motor van de kunstmaan, die
nogal duur is. Fokker stelt daarom
voor geen zware chemische motor
te gebruiken, maar een ionenmo-
tor die elektrisch geladen deeltjes
uitstoot. ,,Zo'n motor heeft u-ei-nig
stuwkracht en daardoor duurt het
wel drie tot zes maanden voor de
ConeExpress in zijn defrnitieve
hoge baan is. Maar dat hoeft geen
bezwaartezijn. Het Franse bedrijf
SEP levert dergeiijke motoren. ge-
baseerd op Russische technolo-
gie", aldus dr. Jaap de Kam, pro-
jectleider bij Fokker Space.

..We hebben ai heel wat missie-
voorstel-len uitgewerl<t, bijvoor-
beeld een wereldomspannend da-
ta-relay sysleemgebaseerd op drie
ConeExpress satellieten, gelijke'
Iijk verdeeld over de geostationai-
re baan. Maar ook puur weten-
schappelijke satellieten zijn moge-
Iijk."

ConeExpress zal behalve een io-
nenmotor ook grote zonnepanelen
nodig hebben. Maar dat is voor
Fokker geen probleem: daarin is
het bedrij f gespecialiseerd.

Bij ESA, de Europese ruimte-
vaartorganisatie, en Arianespace,
die de Ariane-raketten verkoopt, is
men zeer enthousiast over dit ty-
pisch Nederlandse idee, dat extra in-
komsten belooft: een spierinkje uit-
gooien om een kabeliauw te van-
genl

\eB1q
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Lancering
van de
Ariane-5
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adapter

I

@ DE TFLTGRAAF itjustralie: I!4AntUS STFFNBTRGEN

De Ariane'5 raket (linkd heeft.on.derin de neuskegel een kegetvorige structuur, waarop de grote kunstmanen rustenlmidden). Die kegel (rechtsonder) zou omgebouwT kunnenívordeí tut een extra *rnt:t.,iíiiÀr'Àíiià,r"rl, de coneExpress.tFokker Space).
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Katk groeit
ook in

Overal waar kalk zich
rorïnt, is vloeibaar
\r-ater geweest, §'as tot
dusver een onu-rikbaar
uitgangspunt. Maar een

-{msterdamse
sterrenkundige zag kalli
in de ruirnte op
plaatsen waar geen
\Yater was.

OMS MOET je een beetje op
je tenen durven lopen, ook als
promovenda. Ciska Kemper
heeft er kennelijk weinig
moeite mee. Donderdag 17

januari publiceerde ze een artikel in
Nature over de vorming van kalk in het
heeial. Volgens Kemper heb je daar nier
per se vloeibaar water voor nodig. zoak
tot nu toe altijd werd aangenomen. Dr
standaardideeën over de rol van \\atel
in het zonnestelsel moeten misschier
op de schop.

Geochemici zullen de wenkbrautver
u-el fronsen, verwacht Kemper. De cal
ciumcarbonaten op aarde - denk aar
druipsteengrotten en ketelsteen - ont
staan allen-raal onder invlced van water
']e ziet het voor je ogen gebeuren', aldur
Kemper.'Andere vormingsmechanis
men ligSlen gee(oon niet zo voor de
hand. dus wetenschappers hebben zich
hier een beetje op blind gestaard.'

De ontdekking van calciumcarbona-
ten in meteorieten - onder andere in de
bc'roemde Marsmeteoriet -{IH84001 -
is dan ook altijd beschouu.d als een
sterke aanwijzing voor de aanrvezig-
heid r-an vloeibaar water op het objecl
vàn herkomst. Zo zijn meteorietdes-
kun<iigen tot de conclusie gekornen dal
niintig nrilioen jaar na de vorming van
het zonnestelsel al grote hemellicha-
men \\'aren samengeklonterd rvaarop
vloeibaar water voorkwam. Kemper:
'Er moet nu eeÍst maar eens goed beke-
ken worden of die conclusies gerecht-
raardigd ziin.'

kundige aan de Universiteit van Am-
sterdam. Komend najaar hoopt ze te
promoveren op een onderzoek aan de
vorming en er olurie '. "r srofdeeltjes in
l-ret heelal- Kosmis:t s:: : kan het best
bestudeerd r\'c:i.: : .::rarode golf-
lengten. Dar n, :i t:.. ;-Èl vanuii de
ruimte gebeure:. -.:1i:'. :e meeste in-
frarode stralirg u:t i:e: .::elal u'ordt te-
gengehouden door cie aardse damp-
kring.

Kemper maakt vooral gebruik van
riaarnemingen r-an ISO. het Europese
Intrared Space Obsen-atory. ISO deed
r-an c.ind 1995 tor voorjaar 1998 onder-
zoek aan de infrarode straling uit het
heelal. De infraroodspectra bevatten de
unieke iingerafdruklien' r'an de mine-
ralen u'aaruit het stof is opgebourvd. en
door de ISO-metingen te vergelijken
met laboratoriumspectra van bekende
mineralen, kan de samensteliing van
het ruimtestof worden achterhaald

''r'oor miin promotie-onds126gI u'as

ik op bezoek bij het astrofusisch lab van
de universiteit \.an ]ena in Duitsland ,

vertelt Kemper. Toevallig had ik de

ISo-waamemingen van twee nevels in
handen gekregen. en in die spectra zat
een ongeïdentificeerde bult, waar rve

aanvankelijk niets van konden maken.
De laboratoriummetingen wezen ech-
ter uit dat het om carbonaten ging.'

De nevels in kg'estie worden door
astronomen aangeduid als de Vlinder-
nevel en de Rode Spin-nevel, vanrvege
hun opmerkelijke vorm. Het ziin gas-

rvolken die uitgestoten zijn door oude,
stenende steÍTen. In de verre toekomst
zal ook onze eigen zon op die manier
aan haar eind komen.

In de binnendelen van de nevels zijn
stofdeel§es gecondenseerd, en daal
werden de carbonaten aangetroffen,
Over de aanwezigheid van calciumcar-
bonaat (calciet, CaCO,) bestaat eigen-
lijk geen twijfel: de identificatie van cal-
ciummagnesiumcarbonaat ldolomiet,
CaN,lg(CO,).) is iets minder zeker.

'Deze ISO-waamemingen zijn al
nr.ee jaar lang publiek', zeg Kemper.
'-\ndere onderzoekers hebben er ook
naar gekeken. maar niemand heeft de
nriste lconclusie getrokken. \Ien nist

'-? ? 'J r' I

-L-:--D)-)

gewoon niet u at het was.' Geen wonder
als je ervan u;r gaat dat die carbonaten
alleen in plar:.erenstelsels kunnen ont-
staan onder ir:i-loed van vloeibaar wa-
ter. Blijkbaar moer je de onbevangen
houding van een promovendus hebben
om onvenvachrc rrntdekkingen te doen.

Zouden de .'arbonaten niet ontstaan
kunnen zijn oo 5rotere hemellichamen
die in de srohtolken rond de stervende
sterren ziin samengeklonterd? Onmo-
gelijk, aldus Kemper. De nevels zijn
hooguit een paar duizend iaar oud, en
in zo'n kone periode kunnen zich geen
grote objecten. zoals planeten, vormen,
waarop vloeibaar water kan voorko-
men. Ook kunnen de carbonaten niet-
aÍkomstig zijn van planeten die moge- -1 -.' f a:À
lijk ooit rond de ster hebben gedraaid: ) \-7 \ 2 I
de totale hoeveelheid kalk "bedraagr t ! { 

:l
minstens dertig aardmassa's - veel te--
veel om uit een planetenstelsel aÍkom-
stig te kunnen zijn.

De conclusie is onvermijdelijk: ken-
nelijk bestaan er ook 'droge' manieren
om kalk te maken. Hoe dat dan precies
in zijn werk gaat, is echter niet bekenc
In het Nature-artikel beschrijven Kem-
per en haar collega's uit Nederland.
Duitsland. België, de Verenigde Staten
en Groot-Brittannië drie mogelijke ont-
staans*.ijzen. maar alledrie hebben ze
zo hun haken en ogen.

De eerste mogelijkheid is dat de kalk-
verbindingen onLsraan aan het opper-
vlak van stofdeehies die met een heel
dun laagje ijs ziin bedekt \\/aterijs- en
koolzuurijsmolecu.ler: zouden mis-
schien verbindingen i;unnen aangaan
met calcium- en magnesiumionen in de
stofdeeltjes. Het probleem is echter dat
koolzuuriis bii een temperanrur van 120
graden onder nul al verdampt, en
waterijsmoleculen bij zo'n lage tempe-
ratuur onvoldoende mobiliteit verto-
nen.

De trreede theorie is dar er chemische
reacties plaatsvinden mc.r \\'ater en
koolzuur in de gasfa-se Dan zouden er
echter eerst gehl,dreero. :ili.-aten moe-
ten ont-slaan. en daan a:: rlijkt r:iea in
de ISO-spectra. Bovendien ;s nier be-
kend of dir pr<r;es uel kan optreden
onder de omstanCrsheder: Cie in deze
nevels heencn.

De derde optie is dat de carbonaten
direct condenseren uit een gaswolk die
grote hoeleelheden koolzuur en mag-
nesium- of calciumoxide bevat. 'Dat is
in een laboratorium nog nooit onder-
zocht'. zegt Kemper. Maar als er ook
silicaten en metalen condenseren, zre rk
niet in rvaarom er niet ook direct carbo-
naten gevormd kunnen worden.'

Hoe het ook zij, uit de ISO-rvaarne-
mingen blijkt zonneklaar dat ie voor de
vorming r-an carbonaten niet per se--_
vloeibaar \\'ater nodig hebr. 'Natuurliik 

- \
gaat nu niet opeens uït.r op de helling',- I ?a q ï \
aldusKemper.'Del<alkverbindingenop 7 J L t - \
aarde zijn wijwel allemaal onder i.- '
vloed van water ontstaan: daar zijn
vaak directe bewijzen voor. Maar of dat
ook geldt voor cdlciumcarbonaten in
meteorieten. moet nog maar blijken.' 

-

\u er in tu'ee nevels kalk is sevon ^..-- .:Í
den. zal er ongeruijfeld ook in índere r], i J q \, I
ob.;r.r.n naar u'orden gezocht. 'Het is , - I 'J 1 I
zekrr intsressant om deze sto-ffen ooï-
in andere fasen te bekijken', zegt Kem-
per. \Íaar het gaat om een relatief zwak
signaal. en modelberekeningen van jon-
gere sterren, die nog massa aan het.
verliezen ztjn,wijzen uit dat de spectra-
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le sisnatuur van de carbonaten daar
ge\\'oon niet te zien is.' a6

/ïsísc\
Drs. Ciska Kerftper (26) is sterren:
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Drs. ciska Kemoer. Boven: de Rode spin-nevel, waarin kalk is aangetoond.
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times during the lifetime of the cluster, and the arnount of mag-
netic energy that they diffi.rse in the intracluster medium would
be just about enough to explain the large magnedc field strengths
that we see in the cenrers of clusters," he said, "This is very im-
portant in these clusters because it is-one ofthe few environ-
ments in the universe where the forces due to magnetism com-
pete with the forces that are due to gravity. We think now that

FRANK MORRING, JR./WASHINGTON m ism has a lot to do with the structure that we see in thismagneusm nas a lot to oo \Mrtn tne structu
100-miiiionC gas that Chandra observes."

A srronomers are using NASÀs Chandra X-Ray Observa- THE ERUPïIOI|S ïtllT PRODUCE the giant bubbles rising from *re

A tory to invesdgate some of rie mosr violent events in tÀe centers of galactic clusters carry energy equivalent to about 1

I \ cosmos, rangrng from rhe qlosive death of stars to erup million supernovae, or exploding stars. Chandra has also been

tions at the center of galactic clusters óat send out "bubbles" able to shed new light on what happens when a star expioda.
the size of the Milkv W'av galary rhat Chandrat instruments can producing the first images of different elements being cast oÉ
resolve. as a star's core rips apart and biasts its outer layers deep into

Since its launch on board the space shumle Columbia in July d-re surrounding space irt a flare tlat sometimes can be seen sió
1999, Chandra has given scientists their best view yet of the the unaided eye on Earth.
X-ray universe, which pinpoints the high-temperature events Chandrat strengtl is d-rat it is able to analyze the X-ra1s nom
that radiate in the X-ray portion of the electromagnetic spec- those enormously hot remnants spectroscopically, allowing as-

trum. Papers presented ar the recent American Astronomical So- tronomers to determine just what elements are producing rhe
ciery (AAS) meeting here gave an X-ray emissions. In an AAS lecn:re,
overviewofsomeofdreresultscom- 

- -Í 

Y,", I{*,r"g of the Universir.r'of
ingin. 

--i 

Marylandpresentedviewsofthe*r'
onefindingrelatestothestruc.E-ipernovaCassiopeiaAshowingim.

ture orgaiacdc crusers' *:*,:: E E; ilffi:::1Ëïi.':[lïï#*J:":the largest objecs irr de r

Measuringsomel0millign|ighgEE§rvel1asanoverallX.rayimageofthe
Fearsacrossaadcomposedofhun- 

- 

EI blasr.

dreds orgalaxi*' d"**ï;ï: I 

- 

r";-Ï i[ï"0:i]::,"":ï:iffi:,are exuemely sable over
scientists arent certain why that is 

- 

: Hwang said.

so' usingchana'l T ""l;"BÍ E 

- 

.."ï.ï,';]ïïot,'*:ï1o;';j:l:an McNamara of Ohio I-an McNamaraorohio "ilï:x I I iË.H,'r'5:Í::;:jïsi's:has found evidence that
magnetismmayrivalgravityinE-tomakeinferencesaboutóeex-
shaping the structure of the clus- 

- 

E plosion that caused them. For ex-
ters. 

-- 

ampl.e,óeshapeoftheimagefor
Clusters were among Chandrat 

- - 

iron-the heaviest element meas-

first targets, and in rh-e 100-mil- 

- - 

ured-suggeststhatthestellarlay-

fiolp.SÀ that Chandra "se3," huge 

- - 

.ts ,.re.e.órenurned by the expio-
bubbles were visible mcving away sron or tle events leading up to it.
from the supermassive blacli holes X-rqf spectroscopy ollovs the Chondro rlescope to pin- Chandra carries four sets of mir-
at the clusteis' centers. In most cas- ptfnt elements in the ejecto from the Cossiopeh A sup* rors carefully shaped so the high-
es, those holes conrained radio emis- novs. The brmdbond imoge ot top lefi is brpken dovm energy X-rays entering them rvill
sions that were probably created by inÍo silicon (iop rightl, colcium {bottom leh) ond iron. ricochet toward the focal point as

an explosion ofhigh-energy parti- they strike them at a grazing ao-
cles. But in the galaxy Cluiter designated ltbell 2597 , about I gle, rather than go srreight óro"gh as they would a convenciona.l

billion light years from Eamh, MNamara found only faint ra- light-collecdng mirror. At the focai plane, a high-resolution cam-
dio emisiions emanating from the bubbles as rhey rose through era provides images of the X-ray sources, while the Advanced
the cluster like carbon &oxide in a can of soda. CCD Imaging Spectrometer (ACIS) gives a medium-resolution

"WE IIAYE I GOOD lDlA that these radio sources last for a few reading of the energy from each X-ray. Hwang and her colleagues
million years, and we were able to compure . . . that it would used ACIS to produce the element images from Cassiopeia À.
take about 100 million years for them to rise out here, to the Behind the mirrors are two different spectrometers able to
outer part of the galary clusler," McNamara said, indicating the produce high-resolution spectroscopy with hundreds of gold
"ghost cavity" on an image ofAbell 2597. "5o we inferred that transmission gratings that diffract the X-rays before sending
they were probably created by a radio event that occurred about them on to the focal-plane instruments. One of the high-reso-
100 million years ago, and that they rose ourward like bubbles lution spectrometers handles high-energy X-rays, while the oth-
rising inside a Coke botde." er diffracts relatively low-energy X-rays. tVhen in use, the high-

Those bubbles are created continuously as more mamer falls resolution spectrometers are flipped into the path of the X-rays

Chandra Probes
Stellar Violence

into the black hole and is sprayed back out with enormous ex- as they leave the mirrors.
plosive force, McNamara said. The magnetic energy contained Chandra is controlled from an operadons center in Cambridge,
in the bubbles may account for the magnetic structure associ- Mass., where preplanned observation sequences are assembled

ated with galactic clusters, which has been known but not un- based on peer-reviewed proposals &om asronomers and
derstood for some 20 years. to the telescope. Data collected are stored on board and

based on peer-reviewed proposals &om asronomers and uplinked
to the telescope. Data collected are stored on board and dumped

100 every 8 hr. through NASAS Deep Space Network. C
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Sirnple Fixes Put r
fuiane 5 Back on Pad

monomerh.'i-hvdrazine (IÍNIH) flow-
rares, pressuri and other parameters. Tèst
conditions included excursions to the edge
oithe fliehr envelope.

The resr campaign, combined with-ex-
tensive dieiral modeling and other analy-
ses. led to rhe following conclusions,
.{rianespace Erecutive Vice President Jean-
Yr.es Le Gali said here last week:
o Under nominal operating conditions,
the Àestus e ngine is stable in both steady-
state and transienr regimes.
o Backflou' in the -\Í\ÍH or nitrogen
tetroíde (N2O_- orr.iizer lines ahead oi
the injector can leaci io io... pre ssure arld
temperature transienrs don'nsrream.
o Under rransient conditions. the engine
is sensitive to abnormal, i.e.. up ro 40oo
above nominal, MMH flosruie,.
o The presence ofwater in rhe \ÍIÍH fuel
lines feeding the combustion 6[26§6y-
perhaps Ieft over from hydraulic accept-
ance tests-can cause high-frequeno. in-
stabilin during the ignirion rrànsient. or
the first few milliseconds thereafter.

It was determined that the mosr iikelv
scenario for rhe Flight 142 failure was "rhe
presence of water in MMH iines, trigger-
ing HF insiabilin on ignition, exaceiEat-
ed by a lorv-pressurc drop in the injector."

Le Gall acknosledged that replication
was nor perfect because it was impos-
sible to simulate the engine degradation
that had occurred as a result of the mal-
function. However. he said it r.',rs "of the

period benveen opening or =:-:- 
-. , . -. -i

helium line already existi to :---: ::.; .:nes
betbrc ignirion. so on[y so=.,. i:: i::rges
sill be involved, accordine:: _: r:: 1.

These modifications r.-.e:. .^::llr- ap-
pro.'ed byArianespace, ES-\ -c Frenèh
space agency CNES early rhis :::onth.

The engine for the next ilisri. due to
orbir ES-{i Enr.isat Earth-obsà'ing satel-
Iite. r,.as installed on the bench in-Lam-
poiosirausen on Jan. 7. It will be subject-
ed io 10 simulared altitude resr firings
unde r both nominal and degradeci coi-
ditions. based on paramerers identified in
the .\rra enqrne rcsr campaign.

The engine is to be deiir.èred to Àstri-
um's Bremen, Germanr-. facilin, for mount-
ing in rhe upper sraqc :: rhe cnd ot'rhis
rveek. The srage is ro be .1:::xd ro Kourou
for final inrcàr.rrion Ia:.::: :he mo:.::.

In parallel. nlo resr ;.:.::::aigns r,, _. :.
run on a pair ol -{rra -- ..a -,1 í e ::a...,,
to qualiÈ rl-,.::oiitlt::. :. :..*as.. :=;:.
campaign u iil -ompri,= .i .::,uia:=: al-
titude firings. Final q-:a.:::;;:ion. ::sed
on tesr results. modelins a:; o::e: ":.;lr.-
sis. is erpecrcd in mid-Feo:..,r- ..

same nature," and, in any case. sufficient
ro base suitable modifications on.

The remedies devised are simple and
involve no modifications to flight hard-
u'are, he indicated. One involvès adopt-
in^g.cr1'ogenic drying techn iques. in,ràad
of the vacuum oven drying merhod. ..::-
rentlv used. Introductión oïthe ne.,.. ,r..-
niques, already used for the H-\1-: ::-
per-stage LOVH2 engine on rhe -r:._::-.: =.
requires only a procedural chanse. and
will n6, appreciàbly affect launcÈprepa-
ration rime. he said.

IHE 0IHER tlX Wltt entail introducins a
helium f'lush in the MNIH lines le:d:-:E
to the combustion chamber r,io::,r -.. :.--
gnning oifue] florv. and m.rc-,.. .. -_.- -- i

.,-'#-%4--!

,::- A. TAVEi\,j. PARIS

:. -:_iqhrÈ:....:; changes to iqnirion
!.::rlare =: cleaning procedures are
e..-:=:rec :.,, .i.-o*'rhe Ariane 5. side-

lined '::::e a -:-:-;h iailure last summer
lo reru: :o o:..rt:iona] sen'ice on Feb. 28.

The FLshr l--l tàlure. s.hrch led to the
loss of Japan's BS {T-lb :e..:o:rmunica-
tions satellire and co:r::c::--..: :he Eu-
ropean Space Àgenois -{::e n:i. te;hnoloe1-
mission, s'as attribureci ro a ::-raiiunction
in the. uppe r-stage -{estus enqine that
caused ir to shut dot'n premarurelv
(AVóSTIuly 23. 2001, p. 38).

A report issued in earlr-.Lugust traced
the malturcrion ro a high-frequency in-
stabilirr' ;o:rcition during ignition, and
recom=.:.iei rhat engineers undertake
more c.:r--.:. .lieital modeling and ex-
tensir'.:..:-..: io ensure "softer" ignition
/ lÏc' . ' -. - .]. loo i. p. 32).

- :: ':: :=:rCaign ..':s perfOrmed in
- .-l ' .-.:..: a,nd mid-December byAs-
-- -,-- :---: --.,::]s prime contlactof, at a
Ge:::-=--. .:.::- )::ce center DLR vacuum
:est ià:-:. .: -.:poldshausen, Germany.
Jire re.: ::g :-:: :à be extensivelv modi-
lled fbr ii.J :-.:ose because the'existing
tàciiini tbr sa,èn reasons, was nor repre-
sentatil'e of aitirude conditions. This was
the primary reason rhe anomaly had
heretofo re gone undetected.

RIG RE(0HSIRU(ïI0]l and validation,
- :' - .:.:: .:. i_lcrober, pushed back the
.-.:-.;:. I : :::*::t io serviCe frOm NOvem-.oer. 

a. .-.=: :.-.::ilr- been planned, to ear-
ly this -,'--: -.; .-SINov. 5, p. 63, 2001;
Jan. i=. :. -- -

A po.,,..::-"::r incident that knocked
our rhe::-:.:. .rcuum pump slowed bur
drd not i.i:.*i.\' impede rhe efforr, com-
pany extr'-:.rc. .aid, because a priming
pump, suÈ}ci.nr to ensure vacuum con-
ditions durirs iqnirion, remained avail-
ahle.

. Eighn-r.ii e altirude test fi-rings and 151
lgnltion sequences ri'ere performed on the
modifieo :iq. using an Arta 3 powerplant
rhat servc.-ESÀs-Àrta rechnologl:-im-
provemenr-and-verifi cation program.

Another 66 test firings lveri calried our
on an Arta 3 engine under simulated al-
titude conditions bur using a nonrepre-
)enrJrive tue I [ine configurarion. A iur-
rhcr 66 resr fiyi6g, *.r. iun on an Arta 2
powerplant under ground conditions,
measuring the effect of differing

,'\, , /-- --
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New com,pany Màikers services
For Delta, Sea Launch Programs
BRUCE A. SMrÍ]-Iltos ANGEI.Es

oeing has taken a page from Lock-
heed Manint book with the estab-
lishment of Boeing launch Services

(BLS), a wholly owned iubsidiary which
appears to mirror the operations of com-
petitor International launch Services (II-S).

Both ILS and BLS offer a new familv
of U.S. expendable Iaunch vehicles as rueÍl
as boosters with origins in rhe former So-
viet Union. Bur while BLS focuses onlv
on sales and marketing. ILS responsibiJí-
ties include rhe man[e-ent of launch
services as well as sales functions.
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BOEltlG IXD SEA lAUllCfl announced for-
mation of BLS in September, with !7ill
Trafron. former pr.iid.nr and general
man_ager of Sea l^aunch, named pÀident.
See Lurrch oDerares a Zenk4§L booster
ror a:-oaiins pianbrm posirioned ar the
eqirf,ror tbr iaurrch.

§Iile rhe Bl5 sales ream now markets The seo Lounch Zenir-351 boosier ond the Delto Íomily oÍ lounchers hove been combinedthe Delta tamily of boosters and sea Íor soles purposes *;* À" "tr.llith;";;;iilË í.;;.h s"rri."r.Launch, *re Delta and Sea Launch pro-

ïT:-::it-"' to oPerate as separaté or- Khrunichev and RSC-Energia established six commercial sarellite launch attempts.ganrzailons' in 1995-following the mèrge. of Lock- "The bottom 1i"., 
"f 

;;;;;,];';ili ,,.."we ha'e markerins and sa.les people heed and Manin Mlriettr-tí -".t..iÀ. * ni§ r* g.lng ro go a-fter increasins o;ras well as cuÍomÉr ,.l.io.rr, *o-.. è.- las ald proton boosters. market share,,, Tiafton said. ,,\l,e *e1-..r-gl::ry8 Pd a business side," Ti"afton said LockÀeed had been offe ring the pro- .;ffi;;;;. can do rhat. The sea Launóof BLS' ''but once it comes dme ro exe- ton boosrer rhrough its Lockheed z.nit-a§r rrra Dela 111 complemenr eachcute a contract' *-e hand off the contract Khrunichev,Ene-rgia Ïnternarional joini ;À.; ;; ;.ely, and -* rr".:.1 rj.r., rvto eirier Sea Launch or Delta, and rhey venrure, while Maïtin M"ri.ii, *", *rr- Heavy *i,ich our comperition doe_. noroïrr:. There. are no programs in BLS-'' keting Atras after irs p"r.h; oiö;;;;- À;;.t 
" "'"

Boerng is a 40oo p"m.iin sea launch, al Dr'ïamics _spr.. syr*-, óiv. and its A]l BLS sales personnel will represenrrvhile RSC-Enetsia h's a 25o/o sharc' Commercial l-à.,r.rch Seruices subsidiarf oao íïs"à" Lauach. and there ivill beKvaelel !1 a.20oï share, *aioo-i-i- N"t"'u",r, within the ILS rii,r.t,r.e, the coordination benveen Delta and seanoye/PO Yuzhmash has a 15%o stake. - organizarions serve as the contracting Launch regarding fu;; d;i;p-.i, 
".-Jim Àlbaugh' president and cEo of .nïiti., for executing Proton and AtlaS ririri.r. Èï, no.i.rg officials said pricingBoeing Space and Communications, said launch contracrs. and key rechnical d.ata fiom one àrsani_Boeing has conrracrs with the other sea rHE EsïABUsHtEtír of Bl^S followed con- zadon will b.ïË.ïrï.àY'ii.'-'ril'Í,n

liïilt".lrers ro provide Iaunch serv- solidation of the Delta rr. IIi ,"a wp.o- ;;. 
- :- "

rces' lf you look at those conrractual re- grams by- Boeing inro a single org^Àir - The esrablishment of Boeine Launchlationships rve have, I think we've taken iio,r l"rtJ*r,"ryi*lri.t;,ï; foïlowed S.."i.;;Í';ïö;"ï4jil'ffi:ïh
the joint marketing and sales about ,. far consoldírion .ip;;;;;i;;lïii'i,;., ro. cient business.development planning foras 1ve can and srill preserve the founda- the three.p_rograrns jn àcilities at Decatur, the nvo lr,rrr.f, programs, they added.tion documents thar were put together Ala., and puËblo, Colo. ILS ac.quires.laóch 

"rr.,í ,ti.oug|6'7,yearc ago' A top prioriry ar Érs is to increase its its supplieri" LïJÀï.J" M"r,iï"ïra"I wanted to create BLS for the last cou- l"unchie*ices -arkerchrr. Èf p.oridir,g Kh;iÀ;; ;d resells the services to cus-ple years because I felt loinily marketing porenrial cusromers wirh a bróade. f"g; ;;;;;-ïÏ;'"rganizarion has integratedrhe nvo' rather than haue.tfre r*o coml àf proau.,r-rrr. Zrii-:Si"*ï *. o.tï, accounr ,."-r, ïhi.h handle mark?ting,

:j.:.:':'I-:ïn :^tl.^:l:l'^,:-,,I. lï,1 lï launch vehicles-thr""gr, , 
'1"gr. 

p"i"i .à"ià..r"Ë-ission management, raunch.terests of both SeaLaunch and Delta,"Al- of conrac,. rf,. 
".r" orfr"L"',r,r",-, ríJr; ;;;t""r"#'iö;#f;:ïïitijïïr-

baugh said. "It iust to-ok awhile to get i",;;il;; ';;;;B.h;;;?;.Jo* br.t rp .J-.;.;I.,her they are signed up for At-everybodycomfortable''with the idea,"he arrangemenr bËr*een ,'h. ,r-y., u.r- las or proron missions.radded' huncfied D.l,,.It fr-ily.;i,h il all-new "w. *... nri .rJïh.r, fBoeing] came

,, }f:ll:.::::tltïy.-d,tpr1s1{ent.of first stage, and the.s."'Í-""".r, sy-stem, o,r, *ith Èo.ing Launch services,,, ac-ILS, a jointu.',t.ri. of LockhèedMarrin, .uhi.h À?r'rul;;ri;Í;.f;;Ëdhr;;í i".ai"6à1,-ïË:ffiï,liï::'J;.
AlrArroNwEEK&SPACErECHNoLoGY/DECEMBERr0,200l la I ) Í. o \(' L -) I v )
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ident for business dergl6pn -.1. 'A lot of
it was drag'n ro emuiate il iiar rr'e have
done at ILS.''

Rymarcsuk said iLS has crarred a busi-
ness proposition o1-er rime thar the orga-
nization's customers appreciate. "Vt have
been doing it for slx years, and thev hai'e

ATI ÀS

Zen-:--rSL :s in ràe 4,000-6,000-kg. (8.800-
l3.lt. . -.r. q.osynchronous transfèr or-
bit rGTO' market. The ioint rcnture has

plar:s in piace to increase GTO capability
ofthe svsrem to rhe 6,000-kg. levei by the
end of l00l throueh u,eight reduction and
othe r svstem ref1nements. "Our plan is to

be errremely competitive in the 4,500-
6.000-kg. market," Maser said.

\Íaser said Sea Launch has had only
nvo launches this year due to slips in satel-
lite deliven dates, although the lull is ex-
pected,to end next year with an initial mis-
sion in the spring and four possible
additional launches during the remainder
of the year. Sea Launch anticipares 5-7
launches during 2003.

BOElllG llAl primarilv been a niche plar-
er in the launch sen'ices business r..'::: i:s
Delta II booster. V/irh introducrio:: oi n.
Delta IV the companv erpecrs ro .is:-i:i-
cantly increase its market shar3. el::..'jgi:
ir faces the challense oia relarjvt.: :-=: =--
ket and srifflaunch sen'ice co::..:.::::::.

The compani'conrinues ro \,.o:i ::. --:.:

lower end of irs marker. s'ith rei:.:=.:nrs
ro the Delta iI, due in par: lo i<'.:.op-
ment work conducted tbr rhe D..:a III
program.

Dan Collins, Boeing prograrn man€-
er for Delra launch vehicles, said rhe com-
pany plans to introduce a new Delta II
variant, *re Deita II Healy, next year. The
new model is essentially a Delta II with
larger Delta III solid rocket motors for a

1 0- 1 jqo improvement in performance.
Inirial launch for the derivative will

be the Space Infrared Telescope Facili-
ty (SIRTFT :nission for NASA, Collins

)?ï14
il probably get a flight as-

Atà3m À$aVUE4fttu €r/A ÀtÈr V
s1

iiÈt
o6843i

AtL. V Àtl* V$1/U $l/58

rsà Eà': ;
GTSA) ng.rill . ',

ta

PROTON

Prcao. X

. {§--i os-
GïOPerrol'rBe

-ï 3.719 ..s0 {35g(fl il,:o) (93:O) O0,913)

:, :,.._i ---i

450(ÈrS

bonner. AAflos ond Proton lounchers teom under the lnternofionol lounch Services
plonned Angoro booster series could ochieve GTO copobility by 2005.

been doing it for a couple of monrhs-
heading in the same direction, bur our
goal is to sray ahead of them," he added.

ILS has a firm order backlog ofjust un-
der 40 launches with a va.lue óf abour 53
billion in both commercial and U.S. gor-
ernment launches. About three-fourtls ol
those iaunches are for commercial cus-
tomers, and the commercial launches are
roughiy evenly split berween Atias and
Proton boosters. The figure does not in-
clude seven designated Atlas V govern-
ment launches.

Boeing U.S. government launches are
handled through a separare organizarion
within the company, also undèr Thafton,
rather than through BLS.

ILS has conducted four Atlas and rwo
Proron launches rhis year. a figure which
rvould have been higÉer wirhör sarellire
manufacturing delays. Bur even in a rel-
atively slow year for ILS, Proton had an
additional five Russian federal launches
this year. Last year, Proton flew 14 times,
including six missions for ILS.

ILS believes such a high flight rate is an
important factor in preserving the op-
portunity to back up missicns berween
the rwo programs.

James G. Maser, president and general
maÍraqer of Sea l,aunch, sard rhe niche for

CITIZENS IN SPACE
Educator-in-space Barbara Morgan ..
signment before the end of the year. according to NASA Ad-
ministrator Sean O'Keefe, who sas'his -t'ision' for the agency

overshadowed by his announcement that rhe late Christa McAu-

liÍfe's backup was finally going into orbit. \Íorgan will be fol-
Iowed by other citizen-astronauts, O'Keefe says, but they'll have

to contribute something to the mission and not just be tourists.

For her part, Morgan says her first priority is just that, with
her lesson plan growing out of the objectives for the mission to

which she is assigned. It isn't clear whether O'Keefe intends to

reactivate the journalist-in-space progÍam that was shut down

after the Challenger disaster. "For journalists, I have a very

special program," O'Keefe joked. "The flight out i.s on me.

rnd we'll negotiate the return."

AVIATON WEEK & SPACE TECHNOLOGYiAPRIL 22, 2OO)
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Dennis Tito zweeft de Tviezda module van het lS5 binnen, geassisteerd door
commandant Joeri Oesatsiov (links) en Talgal Moesabaiev. (Foto lnternet)

"lt was paradise!" aldus Tito, "de vlucht van miin leven!". De drie kos-
monauten werden verwelkomd door Narsoeltan Nazarbajev, de presi-
dent van Kazachstan. Al eerder had Tito vanuit het ISS laten weten dat
een ruimtevlucht "een Íluitje van een cent- is. Hil spoorde iedereen aan
ziln vooöeeld le volgen.
Tito ging zich na zijn vlucht bezighouden met het promoten van
vakantiereisjes naaÍ de ruimte voor mensen die de vooralsnog hoge
pri.is kunnen opbrengen.
Aan het eind van dit verslagjaar vertrok op 20 mei de Progress-M1 6

naar het lnternational Space Station, ter verdere bevoorrading. ln de
vroege ochtend van 23 r'nei koppelde de Progress zonder problemen

aan de achlerkant van de Zviezda module. Deze Progress werd als
eerste gelanceerd met een verbeterde versie van de Sojoez raket, de
Sojoez-FG. Deze raket is uitqerust met nieuwe boosters en een ver-
beterde tweede trap.

+§r 6

A Soyuz vehicle docked to the Space Station. A portion oÍ Endeavour is visible in the background.

\9à5?



Record spacewalks pTànned for 2002
\ASA plans to conduct 1 5 EVr+s 

:rom the Space

Shuttle and seven Írom the li-:e.r:ational Space

Station (lSS) during 2002, corcared with the 18

conducted in 2001.

Five EVAs will be made b', :he 6ps,.y 61 th.
Íirst Space Shuttle to be IauncheC in 2002, not to

the I55 but on the fourth Hubble 5pace Telescope

servicing mission scheduled Íor launch ln late

Februa ry,

The Columbia STS-109 crew will attempÍ to

reactivate an infrared instrument, install an

advanced camera, new solar arrays, a power

controller and reaction control system gyro to

replace one oí the íour aliitude control system

units on the :e'is.c:e .'. hich failed in November.

STS-1 1 0 A:lar: s .', - ch is scheduled for an

April launch to thi ;) 13.rying three truss

segments was dela,:: '':m March to 4 April after

a decision to remove a: :.si one of the 0rbital

ilanoeuvring Systems ::ls to verify stress

integrity of an attach :c -i after bore scope

checks ndicated the c r:r! ons ofthe attach

ooint's Íitirncs ma\ ^oi meet íliqht requirements,

5TS-1 1 1 Endea. our r,,,ill deliver the Expedition

Crelr 5 and reïurn i1e Íourth crew now aboard

:"e lSS, on a loo srics mission which will also add

'-1.:, componenis to the Canadian Space

!::: :- rerote','anipulator System.
--: ::nch s scheduled for May and ,,',,ill be

': :,',.: c, : ic umbia misslon, STS-107 in July,

on a scio science mission equipped r, it1 32

e,c.r r!e''rts in a Spacehab do,: =--::- .
The Íirst starboard side ï:-s: s::-:-: ,'. r.

attached to the ISS during i.: S-S-' 'l .: a^: s

mission in late August arc .. cË 'c,,0,'reo :,
the delivery of the Expedition 5ix Crer,,i and ri^e

return of the Íifth crew in laïe September on trt
5T5-1 13 Endeavour mission, which rrill also acc ;
port side truss segment, completing almost ra '
the length of the Íinal truss structure.
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TISAE NASA Ey. Cooperation
On Next Reusable Launcher
ROBERT WALL/WASHINGTON

Ff-r n. Pentagon's growing interest in
I conducting milirary operations

I rlrough rpíe is prorípting the Air
Force and \ÀSA to try to form a com-
mon development program for the next
generation of reusable launch vehicles.

But finding a v/ay to combine the civ-
il space and military requirements won't
be eaw. Alreadr'. analysts assessing the two
consdruencies' needs are finding that they
don't coalesce in several areas.

The aoivin'ro bring NASA and the Air
Force together is being led by a group, called
the One Tèam, that is undertaking a four-
month RLV assessment. The goal is to
devise a program that would build on fund-
ing from both government depart-
:rents and could see first flight ofa
ororon-pe system around 2007.

-{rhough there is overlap in
manv mission areas, or at least not
outrighr conflict, there are also ar-
:as ofdiversence that could be dif-
ilcult to accommodate in a single
design. For instance, the Air Force
rvants a highly responsive vehicle
that could be launched rvithin
12-48 hr.-a capability mili tary of-
ficials believe is important to en-
sure the spaceplane would be avail-
able as a global strike system or for
space control. Horvever, NASAs opera-
tional demands are not as strenuous, since
civil space missions would be planned and
have long iead times.

SlllltARtY, IHE AIR Í0RCE expects to re-
quire high sortie rates for a future sysrem,
while NASA doesnt. USA-F objectives call
for up to 20 missions in a two-week time
period on a sustained basis. The need for
a responsive system also drives rhe Air
Force to require a system capable ofbeing
launched in strong winds, precipiration
and wider tempeÍature ranges *ran NÀSA
would demand.

"We've got to be honest about ir. our
needs don't totally line up rvith the Àir
Force needs. §7eïe got human space flight,
and they don't," said Dan Dumbacher.
who leads NASAs portion of the srudy.
Nevertheless, "there is a lot of common-
aliry" he added.

The team is looking at a broad spec-
rum of RLV technology options. Among
the near-term alternatives are cwo-stage-
co-orbit RLV systems, an air-launched

reusable system and a hybrid ofexpend-
able boosters with a rei:sable upper srage.
Single-stage-to-orbit technologies. *,hich
suffered a setback with NASÀ} and Lock-
heed Mardnt X-33, are only' being con-
sidered for far-rerm application.

NASA is far ahead of the Àir Force in
its planning for a future Rl\. mainlv
through its space launch iniriatire iSLI).

'{4rether a joint NASA/USÀI program
would be managed through SLI or lead to
a new structure hasnt been resolr-ed. The

ï-1-4-,,lt1 1 a )t)
À norional program plan s'ould have--.--,/

the Air Force and NASA developmenrs
combine in the near terms, rvirh rhe nvo
organizations likely to parr war's again af-
ter 2007 to build their tailored svsrems.
NASA would pursue a cres vehicle. s hie
the Air Force would continue s'orij:lg on
an unmanned spaceplane capabie oi-car-

rying cargo. Earlv assumptioru beir-e nade
for the Air Force system is beine a5le to
lift 15,000-25,000 ib. into a 100-naur.-
mi. circular orbit. The NÀS-\ vehicle

EAE,IYG

One Tèam study was supposed to look at
SLI and determine if there are ways to field
a capabiliry earlier than called for in *re
NASA-only assessment. Similarly, it is sup
posed to attempt to harmonize technolo-
gywork and particularly focus on mi,liran'
spaceplane needs.

Dumbacher noted that SLI was set up
to be adjustable, in pan with the Àr Force
in mind. However, senior NASA and Àir
Force officials will have to decide horv to
proceed. That decision needs to be made
soon since NASA has key SLI milesrones
on the horizon, including a system re-
quirements review later this vear.

Getting a flying pÍotorype by 2007
would require the government to start
funding a project this year and involve
"significant technical [and] programmadc
risk," government officiais told porenrial
contractors. However, it could pror-ide
t}re Pentagon with a residuai operarional
capabiliry and represent a limited opera-
tional system for NASA even before the
f-ina1 design is available.

One notionol RIV crcepf Boeing hos put
Íorword to lrelp defire the bchnologies thot
need to be pursued in lllA5A's spoce lounch
iniriotive is this twestoge-to-orbit design.

rvould carn'4i.000 lb. or more inro a sim-
ilar orbit inclined 28 deg. to the equator.

NÀSA and the Defense Dept.t last at-
tempt to meld their RLV requiremenm pro-
duced less-than-sadsfacorv results on both
sides. During development o[rhe partial-
ly reusable space shumle. rhe rwo organi-
zations repeatedly bumed heads. Further-
more, an expensive launch complex was
built at Vandenberg A-FB, Caii1., to satisfr
the military. Yet the shucrle never flew from
it, as the Pentagon all but abandoned the
vehicle after the Challenger accident.

Officials involved in the process are well
aware ofthe checkered past. As pan ofthe
study, the lwo bureaucracies are looking
at what problems were encountered in the
past and where things worked. Moreover,
Dumbacher hopes by resolving USAF re-
quirements issues early, problems down

I9t5ut
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joint studv should help foster a relation-
ship that could smooth cooperation later.

"Fiscal constraints are our there, and it
behooves the nvo agencies to work to-
gether as much as possible to continue
,down the path of solving the access to
jspace issue from a reliabiliry. safery and

'cost standpoint," Dumbacher added.
A conceptual operational architecture

for a fleet of militarl' spaceplanes calls for
I I 0 vehicles to be based at four different io-
cadons in the continenml U.S. Two of rhose

would be launch-read,v ar anv moment.
À DRAIï WHIÍE PAPTR on the operadonal

utiliry ofsuch a spacecraft developed by
the One Team outlines a militarv space-
plane's usefulness beyond 2010. For in-
stance, the team argues thar nerv and
emerging iong-range air defenses could
prevent airbomg inl6lligence gathering air-
craft, such as RC-135 RivetJoint, E-8C
Joint-SThRS or unmanned aircraft Ëom
flr-ing close to *re fiont li,nes and being ef-
fectir-e. \Íoreorer advances in bi-static and
nillimeter rvave radar could undermine
che riabilin ofstealth aircraft designs.

Those problems could po,..r,Ëlly b.
otter br an RL\l ",\ militarv spaceplane
armed srirÀ a r-arien. of u'eaponi pafoads
will be óle ro preciselv anaik *nà do,roy
a coruiderable number of urge$ rvhíe sat-
isfring the requirement for precise rveapons
(i.e., circular error probably [CEP] of less

than or equal to 3 meters)."
US$sAir Combat Command appears

to be embracing the spaceplane concept.
The commaldt advanced programt divi-
sion said last month that 'we see r}le po-
tendal combat capabilityfor lan RLV] with
Iintelligence, surveillance and reconnais-
sancel and precision engagement" fearures.

The s*rite paper also uies to outiine tle
applicarion of such a s)'stem using an

scenario. Itwould take 35 min.
from launch in rhe U.S. for the system to
be able to deliver munitions in Afghanistan.
"Potential strikes include the use ofhyper-
sonic deep-Earth penetrators to take out
A1 Qaeda forces hiding in caves; t}re use
of small-diameter bombs to take out fràl-
iban troop concentradons, or even the use

of low-cost autonomous atackqscems [,o-
caas] to take out an A1 Qaeda leader driv-
ing between cities," the study hypotàesized.

The military spaceplane would use large-
ly the same munitions employed by strike
aircraft. They wouid be deiivered using a

system called the Common Aero Vehicle
(CA$, essentially a guided shroud that pro-
tects the ordnance during hypersonic reen-

try and dispenses it over a target area. One
advantage of this approach would be that
the Air Force doesnt have to seek overflight
rights over other countries since the CAV
could reenter directly over a target. O
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PRqPULSION RESEARCH TO OTTSTT
OTHER CUTS IN SPACE SCIENCE.

CAqE C.i\'.-ilEP-i.L -.1 nission to Plfio died again, bat netr errlttlston »)stefis got a boosi in,Ul§l'sfsca/ year 2003 budget, nnieiled

Mondal. \.-iS,i czr its Oilter Planets program, which inclutles tlie Ëri,opa Orbiter and );e'r Hori:ons Pluto-Kuiper Belt. Both missions vere

under da,elopntent and slated ro.flf in 2A08 and 2006, respectiveit. -\.-i,rL-i nied to ktll the P,dt,t nission last year only to see Congress revive the

pro.iecr under cr ne\) ndme. O'Keefe sard he will .fight efforts by, Congress ío restore.fitnding '., íhe elort again. "My fondest hope is that the logic

tr;l! ,.;: terstrcsite as well as the anab,sis we put into this," O'Keefe said. Plttto is the onli t ,uner rn the solar system that has never been fisited bi

-. ::-:e.rd.i. i aíe last 1,s617. Congress breathed new lfe into the Pluto progt'am. iiot eve,. i- .171gress only provided $30 million u'rile ,\llS-i sairi
...;. S.!t.t.t nrliion ntore tas needed to-finish the ntission. NASA axed the orhir;ns D;r\ion to Jupiter's icy moon EuropeL citing ballooning cost..

.'nsre.zd. -\.-iS.,l's ne\t ad»iinistrator Sean O'Keefe said NASA shouldfocrts oti ,; ,tto/; ef;cienr rat to 4et to these distant places be.fore spenàng

monE to deyelop the missions. "II'e are limiíed strictly by our cap to get.n.',,: t1..2 i., íhere in a span oftime that is considered reasonable."

O'Keefe told NASA emplo1,sss.1.f-\.js4 sent a probe today, O'Keefe said. tt trotti,i ;aíe l i \'ears to get to tiny Plato. Even then. the spacecro.ti

would not orbit; it would.iustl'ly by and provide afev weeks worth of picfi$es and infonnation. In response, the Department of Ener.qi and-\.-iS!
announced the Nuclear S),stems Initiative in this budget request- As a part of this, lt.1S.1 requested $46.5 million for nu.clear electric proptiistot
and S-9 ntillionfor nilclear elecrrical pox,er-generatiofi systems. "To me, this is NASA at its best, we're pioneering thefuture," sad Ed ll'etie,.
'..:.5,:- assocrate administratorfor space science. Saíety will be a top concern.for the nuclear effort, but Weiler emphasized NAS{ has alreaci;
,:-:ueci poty,er modules that wiÍhstand aily disaster. NASA has tlown about 20 missions, including Viking and Voyager, using nuclecr
:,:;:,:o;,tLt'. The Casini mission to Sahtrn drew substantial protests for its use of a radioactive power plant. BrtL many of the current missirxts
a.---elerate lor only a short time after gding into space. The spacecraff. usualll' readres its destination by coastingthe rest of the way using thar
:nhr:l t':..q :nd occasionalll srvinging around planets to gain momenturn "That's erploringthe west by going in covered wagons," Weiler said.

He *ld \-\S-\ needs the equivalent of seam engines to ga to their destinarions faíer. "It is u,elcome and positive news that despite the sdbacÍi
rr. rhe PIuc and Europa missions, the proposed budga is suppoíise olplanaar-r' erploration." Planetary Society Presidort Wesley T. Huntress
sid -\\'ith all the pressures on the NAS-{ budga. especialll in rhe troubled spaot írtion progran'L rve take heart with the commitment to the
:*ablished pJanaary erploration programs." -{ Íec€nt sun'e1' conduoed b1' rhe noprrlh Plana-ery Socidy shou'ed people mosl waqt to see

\-\S-\ send riissiqrs to \Íars. Earth's-mocrr. Eurcpa. Pluto ani Jrrpiter's 
'olcanic 

m,r«t l.r. rn that orier. 
\ 1 3 ? S ; \
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FouR srrEs CONSTDERED FoR LANDERS. l$-Eu
CAPE C.tu\A\ER-{L - \\.hqr tu o litrle robots fl-v to Níars in 2003. t}rey wurt ju* plop d.rrm on any$dpiói of red dirt. NASA takes years to
plan the landing sires for its rover missions. A committee has whialed down the number olpotential landing sites for rhe pair of rovers from 200

to four. In late \Íarch- NASA's landing site Saering commiuee will make its recommendaioo for two sites, and in May, NASA headquarters will
put its stan4l ofapproval on the sites. The 5700 million \Íars Erploration Rovers rrill larmó fiom Cape Canaveral Air StatioÍl in N{ay and June

2003. NASA's laí successfully landed on \Iars in 1997 §irh the Pathfrrder lander and Sojcrurner rover- Forthat missior the space agorcy asked

the science and engineering commun§ their opinions on \f,here to land. The Mars Expla-ai.m Rovers are taking even more community input.

"\\Ie drrrt \§ant h to be in a srnoke-Íïlled room," said À{att GolombeL \,íars exploratiur pr€ram landing site scientist at NASA's Jd. Propulsion

taborato4 in Pasadena- Calif NASA's plan calls forthe rovers to find er-idence ofpas rraer becausethat could show whetherthe area was ever

suitable t-rv litè. "lf rve see a huge fossil, we'Il take a piÉure of that. but the likelihood of rha is prdy small," said Joy Crisp. project scientist for
the rovers. In 1999. the \Íars Global Surveyor spotted shat ma1' be gullel's along a slope. The gulleys may have beetr caused by recent water

tlors. This rrould seern like an ideal spot to study, but the ror-ers u ill never see it. Firs of all it is too dangerous. Second, the rovers will only
move I kilometeÍ (sis-tenths of a mile) in their lifetime, so ifthel land far as'a1' from the gullel. there's a chance they could never see thern. ln
no paÍticular order, here's a peek at what the next pair ofrovers miglrt fea* their mechanical e\'Ès on:

Hematite in Terra Meridiani:
Mars Global Surveyoq now orbiting Mars, has indicated that this southem highlands region might tre populated with coarse-grained hematíte
material. Hematile typically forms after being deposited by waler in a sedimentan'process

Gusev crater:
Scienti*s have studied this crater for vears. A single channel, perhaps formed bl uateÍ. enters into the crater. Another channel goes out. The
crater floor appears to be smorÍh from materials deposited, by u,hat might be rrater.

Melas Chasma:
This chasma sits inside one of \Íars'mos distindive features, the Valles \íarineris canyon system. Walls ofthe canyon are about six miles high.
The \,Iars landers cant land cn a dime. Planners map out ovals 60 miles lcng b1' 12 miles rvide that the spacecraft will land on. "The ellipse fits
nicel-v inside there so there's no s om' about hiningthe (can,von) rvalls-" Golombek said.

Isidis Planetia:
'Ihe landing ellipse sits on the edge of an ancient impact basin, so it's smooth and flat. Nearbl mountains strddr up for miles. If there was water.
it would have drained offthe mounlains and d4osited material in this region. However, this area tends io be rockier than the ottrers. which could
be a problan for the bouncy landing.
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Meteorieten von
Mors gevonden
Wetenschoppers hebben op dc
zuidpool en in woestiingebie.
den viiÍ meteorielen geYon-
den die dkomstig ziin von
tors. De slenen spreken lol
de verbcclding omdot hun
rheri:rhe sonenstelling iets
kan rcrlhren oYer de ge-
srhiedcrir von de Rode Plo-
neet. Ool kunnen deskundi.
gen de rnogeliikheid onder-
zoeken oÍ er in een ver verle.
den woler en leven woren op
tors.

Het gaat eigenlijk om zes ste-
nen, maar aangenomen wordt
dat twee daarvan van dezelfde
meteoriet afkomstig zijn. Een
daarvan weegt 13,7 kilo en is
daarmee de op een na zwaarste
Marsmeteoriet die ooit is ge-
vonden. De stenen lagen op
Antarctica en in de woesdjnen
van de Sahara en Oman. Hun
donkere kleur is in sneeuw en

zandvlaktes makkelij ker te
zien.
De stenen zijn vermoedelijk
van Mars afgeraakt toen daar
lang geleden een komeet te
pletter sloeg, zo denken weten-
schappers. Na hun reis door de
ruimte kwamen ze op aarde te'
recht. Onderzoekers maken uit
de structuur en massa valr de
stenen op dat ze van Mars moe-
ten komen. De stenen zijn ver-
moedelijk anderhalf miljard
jaar oud. Dat is betrekkelijk
jong in vergelijking met andere
meteorieten, die voor het me-
rendeel rond de 4,5 miljard jaar
oud zijn.

Jaarlijks kmisen 20.000 meteo'
rieten de baan van de aarde en
veel daarvan verbranden in de
dampkring. Het aantal nu be
kende meteorieten dat van
Mars afkomstig is, is nu 24.
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NASA'S MARS ODYSSETSACECMFT
DEPLOYS MAIN ANTENNA.

Ll3-"H,1PASADENA -The Mars Odyssey spacecraft successfUtly exfënd
communications antenna it will use to send science data to Earth, NASA
officials said Wednesday. Engineers received confirmation late Tuesday that
the boom holding the 4.3-foot wide dish had deployed. The spacecraft will
use the parabolic antenna to transmit the scientific data it gathers, including
images, back to Earth at 110,000 bits per second. ïn later years, the
satellite will use the antenna to relay to Eafth data gathered by other probes
both in orbit around Mars and operating on its surface. Odyssey, which
started its $297 million journey on April 7, will map the mineral and
chemical makeup of the surface of Mars and hunt for large deposits of water
when its science work begins later this month,
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NASA Dodges Bullet
In Fiscal '03 Budget
:RANK MORRING, JR./WASH INGTON

One ecrly ouscdlre of NASAT p.por"d spoce nrrbor p6t cr
resorch prcgrqm coold be o 'Mors Smorl londer'oble to ryr*
over much bflger dis*orces scouting Íor future sorpblefurn sils
tàon is possiHe wirh solor por-r. Plons cEll frr o hunch in 2fl)e.

ASÀs S15-billion Fiscal 2003
budget request marks a second
chance from V4rite House man-

agers for an agency that still can't say for
cenain just how much it will cost ro com-
:-.':e eten a truncated version of the In-
:.::::::onal Space Station.

-:--:::ough ihe Bush Àdministration
;J.;:i g:i'e \-\,i-{ a nmding increase, it did-
.--:'.,.::.i.i\\a\ àr ir rirher, as some had
;:.:-;:;j ..'irh rhe \\'ar on rerrorism driv-
ins ri:; :èderal budget deeper into the red.

'THEY UíERE lU(lfi, given the environ-
ment or-erall nationally," said one con-
gressional staffer rvho tracks space issues.

Instead, NASA received a five-year,
$95O-million down payment on a space
nuclear power research program that could
enable much more ambitious planetary
science missions tharr are possible with to-
davs chemical rockets. Ànd its faltering
program to study the outer planers was re-
placed with a "New Frontiers" program-
based on the faster-better-cheaper Dis-
covery ald Explorer missions-riat caps
lurure planetary probes at a relacivelv gen-
erous $650 million each.

That is more tÀan the $500-million cap
imposed on the "New Horizons" mission
to Pluto and the Kuiper Belt. The'White
House does not support that mission, but
it has won some funding on Capitol Hill.
NASA officials said last rveek that if Con-

gress pull' rhe plug the mission could be
resurrecred as a "New Frontiers" effort, or
restructured ro utilize nuclear power de-
velopment. l:rer in rhe decade.

The firs: :eJ Bush budget request for
civil space re:l.cts rhe -{.dministrationk fo-
cus on manaqemenr and commercializa-
tion. The ISS must meer as-yer-unspeci-
fied metrics ro grow beyond 2004, and
the space shutde fleet is sdll down for pri-
vatization, alrhough details ofhorv that
will happen a.lso are unspecified. Bevond
that, the Bush space poliry so far doesnt
seem all that differenr from Clinton's.

"ln a $15-billion portfoiio our task is
to explore and discover, based on a science
and technology agenda that reflects a se-
ries of targeted priorities," said Àdminis-
trator Sèan O'Keefe in his first public
NASA budget briefing. Those priorities
include getting rhe ISS to a three-person
"core complete" configuration in a fash-
ion that will ailow expansion to a larger
crew later; identifring and tackling'iech-
nological limitations" on what NASA can
do rvith programs like the space nuclear
power effort, and meeting President Bush's
mànagemenr reform objectives.

O'Keefe, who has taught public ad-
ministration when nor serving in Repub-
lican governments, likes to point out that
Bush is the first president with an ad-
vanced business degree. fu aWhite House

Office of Management and Budget
(OMB) official, the new NASA admin-
isuator helped draft the managemenr
agenda Bush is enforcing across the fed-
eral government, and the Fiscal Year 2003
NASA budger suggests how that agenda
u,ill be applied in the civil space program.

Taking a "scorecard" approach tó fed-
eral programs, the Bush \Yhite House rat-
ed oniy one NAS-{ iniriative as "effec-
tive"-the comperirivelt a*'arded. cosr-
capped Discor-en' planeran' exoiorarion
and Explorer asrronomv a-srrophr'.ic-. ::is-
sions. Èut rhe agenojs outer piarrers eÈbn
r.as rared "ineffecrire" 

because oicost or.er-
runs and schedule sl.ips. The New Fro4-
tiers proqram s'ill follow rhe DisruveryT
Explorer model for pianetary'itrissions,
ii'ith the S650-million cost cap. The out-
er planets eÈbrt was killed.

ALSO RATED IIIIEÍFECTIVEZ were the ISS
program, u-hich is suffering from a fi.rnd-
ing shortàil of at least $4.8 billion. and
the program to develop safen, upgrades
for the space shuttle fleet, which has a.lso

suffered overruns and delays. fu expect-
ed, O'Keefe will adopt many recommen-
dations ofthe independent panel headed
bv former Lockheed Martin executive A.
Thomas Young to straighten out the sta-
tion program. including an overhaul of
NASÀs accounring srrucrure ro ger an ac-
curate undersranding of iuir *hat it.rvilla".rraaffi
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"This is an integrated acrivity for even-
thing rve do, and it has implications for
lots of rvhat we pursue," O'Keefe said.
"'§íe have an obligation to make sure we

ger it right, and to make sure the baseline

is weli established."
O'Keefe has also adopted the Young-

panel recommendation that the number
of shuttle flights be cut to four a year to
support ISS. Other flights may'be possi-
blè io meet the agenry's scientific require-
menrs, like the upcoming mission to serv-

ice the Hubble Space Tèlescope. Despite

the poor performance rating for the effort,
budget dócuments stated shurcle safery up-
grades workwould be accelerated. But con-

[ressional Democrats cautioned the bud-

eers details may not supporr that efforr.- 
À quick-reaction study by the Demo-

cratic staff of the House Science Com-
minee reported funding for shuttle safe-

n and supponabiliry cut by about $500
million in rhe next five years, with $300
million shifted from orbiter upgrades to
upgrading and maintaining ground facil-
ities. An expected $1-billion fi.mding shon-
fall in shuttle accounts in the next five
vears was not addressed directly, with the
shurrie privatization initiative held out as

a possible bailout, according to the De-
mocrats.

The budget left congressional staffèrs
on both sides of the aisle scrambling for
understanding, since it shifts some ac-

counts from r}re programs rvhere they have
rraditionally resided and incorporares in-
stitutional support costs that previousll,
were listed separatelr'. However, iast weelis
budget briefings gave plenry ofdetail on
the new nuclear power effort, which is de-

signed to develop nuclear power sources
for operations and propulsion in space.

tN tlSCAl 2003 IHE AGEIICY, working
with the Energy Dept. would spend $46.5
million for nuclear electric propulsion and
$7q million for nuc]ear electric-power gen-

eration. According to Ed\7eiler, associate

administrator for space science, that mon-
ey will be a down payment on a lO-year
effort that will consume some $950 mii-
lion over the five-year extended budget.
The goal is to reactivate production ofra-
dioisotope thermoelectric generators
(RTGs), which convert heat from the ra-
dioactive decay of plutonium 238 into
electriciry, and to start rvorking on fission
reactors for use in space.

There is one fueled RfG leÍi irr the U.S.
inventory a spare built for the Cassini mis-
sion to Saturn. One unfrreled RTG also
remains, and the parts for a third. Under
the nerv program. the Energv Dept. rvould
buy Pu-238 from Russia to fuel new
RTGs, x'hich have long been used for
space probes that operate where solar en-
ergy is too rveak for useful exploitation.
The Fiscal Year 2003 budget calls for rheir
use on a "NÍars Smart Lander" to be

launched in 2009 as a scout for furure sam-
ple rerum missions, possibly operating for
lears instead of the months afforded by
solar cells that eventually are obscured by
dusr from *re planet's atmosphere.

The RTG research, to be managed at
the Cleveland-based Glenn Research Cen-
ter, will also examine Stirling o'cle gen-
erators, which produce more po's'er bu:
have moving parts that may impact r;-:-
abiliry in the long haul even tlough a >::-
ling generator has operated for eighr --s::s

on the ground. Fission reacror rese::;h
will be aimed at producing "tens of r-o-
watts" of power for a high specfic Lra::-.e
ion drive that would speed deep i:::r
probes to their targets much quicker àa::
existing chemical systems. Use of such *:-
tems would allow orbital missions at rhe
outer planets as well as faster trips to them,
a factor that may influence the pending
New Horizons Pluto mission.

Presentlv operating on an unrequested
$30-million appropriation, the mission to
fly by Pluto, Charon and a few Kuiper Belt
objects could be resurrected as a New
Frontiers mission if Congress drops the
funding fbr it. \\rithout nuclear power it
must be launched in2006 to take advan-
tage ofa graviw assist from Jupiter, and
the timing rvill be ciose. 'Weiler said rhe
first Nerv Fronriers conrracr s'qn 1 ...
arvarded until next vear, while rhe a:::,:-
priared funds rbr §erv Horizons .*:..'=;
out before dris tlscal vear ends Sepc -1t|.

0yERl[l, lllt H§ll BUDGTI request *ould
tund NÀS-\ at Sl i billion in Fiscal \-ear
2002, plus anorher Sl l7 million in fed-
eral retirees cosrs. Human space flight, in-
cluding ISS, the shumle and expendable
launch vehicles, would drop to $6.131 bil-
lion from the Fiscal Year 2002 level of
56.830 billion. Science, aeronautics and
rechnoiogy would go up to $8.844 bil-
lion, from $8.047 billion, wirh most of
rhe growth in the Space Launch Initiative
(SLI) effort to develop technology for an
eventuai shuttle replacement.

In a possible White House policy shitr.
the budget calls for cooperarion berween
the X-38 program to develop a crew res-
cue vehicle (CRU for ISS, and *re SLI et-
fort to build a new Crew Transfer Vehicle
(CTV) that would take humans to and
fiom orbit. Vtren the srarion shorrfall was
detected the tfi4rite House ordered NASA
to fix it within the human spaceflight ac-
count, and specifica.lly direcred that the
CRV effort be killed when funding ran
out. Allowing the remaining CRV funds
'to be used in conjunction with previous-
ly oËlimits SLI firnding could lead ro con-
tinued work on the CRY which would be
necessary to expand the station beyond
the three-person crew now on board. O
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Te e§co0p iikt dóor

kosmische stoÍdeelties
Britse oslronomen hebben op-
Eomsn vriigegeven Yon een
telescoop die spetiool is onl-
wolpen om dooÍ kosmisrhe
stoÍdeelties heen te kiiken. De
lelesroop Gemini §outh stoot
op een berg in Chili op 2715
meter hoogte.

De telescoop kan tot in detail
sterren waarnemen die zich
achter kosmische wolken
schuilhouden. Hij kan infra-
rood licht opsporen, net als de
Gemeni North, die op Hawaii is
gebouwd. De telescopen staan
aan weerszijden van de evenaar
en kunnen samen een soofi Pa-
noramabeeld geven van de he-
mel in het noordeliik en zuide-
lijk halfrond.
De Gemini's hebben spiegels

1

kunnen lichtsignalen opvangen
van melkwegen die miljarden
lichtjaren van ons verwijderd
zijn. De spiegels van de telesco-
pen zijn ruim drie keer zo
gïoot als die van de Hubbletele-
scoop, die zich in de ruimte be-
vindt en niet wordt gehinderd
door het weer hier op aarde.

Een Britse onderzoeker noem-
de de eerste beelden van de Ge-

mini South niet teleurstellend.
Het ging onder meer om opna-
mes vaD de melkweg SeYfert en
van de regio Scorpius, waar
sterren in onrwikkeling zijn.
Nog nooit is dat deel van het
heelai zo gedetailleerd in beeld
gebracht. De Britten hebben
toegang tot de telescooP in Chi
Ii omdat ze medefinancier ziin.
zo meldt The Independent.
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PROBE SEES HYDROGEN II\TPEEK AT MAR-

CAPE CANAVERAL - NASA took the Mars Odyssey spacecraft for a test run Mon-clay for flve o-rOité' wortn ot ècience

measurements. So Íar, results indicate hydrogen in the surÍace of the Martian southem hemisphere. "lts beautiíul," said

Wlliam Feldman, a scientist with Los Alamos National Laboratory who operates the neutron spectrometer instrument on

Odyssey. "Everything is very preliminary because we don't have enough to make a map yet." A Íull map of Mars' surface

elements will take abóut a wéek. Hydrogen is important because it is a key element in water, which is crucial Íor life. As long as

everything went smoothly, NASA planned to start its official mapping phase Monday evening, Feldman said. Odyssey aims to

get tieyoÀA the red dirt and figure out the chemical makeup of the Martian surface during 91 7 days oÍ science mapping.

écientists expect there are vast, hidden stores oí water below the dry, dusty surface. Odyssey left Earth on a S30 million

mission from Cape Canaveral Air Force Station in Apí|. lt anived at Mars in late October. The spacecraft has spent the past

several months braking into the proper circular orbit and getting ready Íor the science operations to begin. On Thursday, the

instrument took a peei at the planet for an orbit. Feldman found the area from abod 60 degrees south latitude to the sodh
pole appears to have hydrogen on or near the suíace. 'lt looks like it's pretty loaded with hydrogen," he said. The instrument

measures hydrogen only within three feet oÍ the surface. LaS Íall, when the instrument w6 turned on for a single orbit,

researchersihougm tney spotted hydrogen near the nortr pole. Now, the area around the north pole and down to 6O degrees

north latitgde appears to be covered luith a carbon dioxide, or dry ice, Írost. "Hydrogen can exÉt in many ways, but the most

abundant on the Earth, anyway, is just plain old water,' Feldman said. "lt's not water, its ice on Mars." Feldman said he will
need data from other instruments on the spacecraft to confirm the early resuhs. Scientists already know there is water on Mars

- in ice that caps the north pole, Íro§1 seen at high latitudes and wispy clouds crowding the planets highest peaks. NASA's

Mars píogÍam includes plans Íor advanced robotic rovers that will land and dig into the suíee. Maps produced by Odyssey

wrll guide those rovers to spots that appear rich in water today - or that were soaked in the past. Odysge/s Thermal Emission

tmaging Slstem will turn on today and check its inskuments. One of the imaging s§em's tasks during the next two to four

weeks u[ be to collect data on Íour potential landing sites for NASA's 206 Mars Exploration Rovers. NASA plans to pick two

landrB sites in May. ïhe infrared instrument sniffs out minerals on the Mars surface. "The minerab leave a fingerprint of what's
nappeneO on the surface the first couple billion years," said Phil Christensen, who runs the instrument Írom Arizona State
University. "lÍ there were ever hot springs oí lakes on Mars, the water is long gone, but they would have left behind telltale
minerals oÍ what was there." NASA planned to open the door for the probe's Gamma Ray Spectrometer instrument late
MorÉay. lf everything went well, the team would have to wait a few days Íor the instrument to cool down enough so it could be

tumed on, said William Boynton of Arizona State University. NASA plans to announce Odysse/s early findings duíng a March
'l news conference.

13tl )a
Huygens communications test clears Titan mission

The vital "Doppler shift" communications test between the European Space Agency's Huygens

Írtan hnder and NASA's Cassini Saturn orbiter has been successful, ensuring that data from the

Saturnian-moon lander will be received by Cassini during its descent into Titan's atmosphere

and Íor at leaí 't 5 minutes on the surface in early 2005. Earlier, it had been discovered that

due to a design enor, data from Huygens would have been lost due to the effect on the

Doppler shift by the relative speeds of the two craft.

The Cassini-Huygens mission plan involved new communications paramaters being

established Íor the two spacecraft. Last year, it was discovered that due to a serious oversight

by the design team, there could have been a disastruous loss oí communications between

Huygens and its US Saturn-orbiter mothership, Cassini which will deploy Huygens to land on

the moon, Titan. lt was discovered that wrongly-estimated paramate6, communications

between the two craft would break down due to the Doppler shift caused by the dÍfferent

speeds ol the craft relative to each other. ESA-NASA teams at NASA's Goldstone station in

California, the European Space Operations Centre in Darmstadt, Germany, and the Cassini

mission operations centre at the Jet Propulsion Laboratory, California, will perform a

communications dress rehearsal of the unique Huygens probe's mission.

Signals will be transmitted to the Huygens receiver on Cassiní using a specially-developed

programme. The probe's computers should format the decoded data and send it in packets to

compulers on Cassini for transmission to Earth. This will simulate the very small shift in

frequency of the probe's signals that will be caused by the continuously changing positions of

the two space«aft and their relative speed - the Doppler shift'
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LONDEN - Een peperir:. r::
ultramoderne satelliet dreig:t in
de ruimte verloren te gaan. Er
zijn problemen met een van de
motoren van de kunstmaan,
waardoor hij niet in de gewen-
ste positie kan komen. Technici
beraden zich nu op een oplos-
sing. Het wordt niet uitgesloten
dat de Space Shuttle er op af
wordt gestuurd, zo meldt de
BBC.

Het gaat om de satelliet
TDRS-I. die de communicatie
moet verzorgen tussen de Space
Shuttle, het internationale
ruimtestation ISS, de Hubble-
telescoop en andere satellieten.
De TDRS (TYacking and Data
Relay Satellite) werd twee we-
ken geleden in een Atlas-raket
gelanceerd vanaf Cape Canave-
ral in Florida. Het gevaarte
kostte 82ó miljoen dollar.(ANP)
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Eet zoètrn na?r íGuwe-warÈldèir ii; een
industrie op zich. Momenteel lopen we-
reldwijd een stuk of dertig projecten, ge'
richt op het opsporen van planeten rond
andere sterren. En niet zonder succes.
Werd in 1995 het eerste exemplaar gevon-
den. ruim zes jaar later staat de teller al
op 75. Zeven steren worden zelfs door
nr'ee of drie planeten vergezeld. Toch is
nog geen enkele planeet buiten het zon-
nestelsel rechtstreeks waargenomen.

terrenkundigen leiden hun
bestaan af uit minieme schommelingen in
de beweging van de moederster. ,{.ls de
zwaartekracht van een onzichtbare bege'
leider de ster een klein beetje heen en
weer trekt, veroorzaakt dat minuscule
kleurveranderingen in het sterlicht. Astro
nomen kunnen daaruit opmaken op wel-
ke afstand de planeet rond zijn'zon'
draait, hoe zwaar hij is en hoe lang een
omloop duurt. Deze techniek is het gevoe.
ligst voor reuzenplaneten. Zij trekken na-
melijk harder aan de ster dan lichtgewich-
ten zoals de aarde, waardoor de schomme-
lingen van de ster gemakkelijker meet-
baar zijn. Geen wonder dat alle tot dusver-
re ontdelde 'exoplaleten' tot de gewichts-
categorie vanJupiter behoren, de grootste
planeet van ons zonnestelsel. Vreemd ge-
noeg blijkt een groot deel van deze plane-
ten in zeer nauwe banen rond zijn ster te
cirkelen. Deze 'hete Jupiters' kunnen daar
niet zijn ontstaan. Alleen op grote afstand
van een ster is het koud genoeg om de
lichte gassen waaruit Jupiterachtige objec-
ten bestaan, tot planeten te laten samen-
klonteren. Vermoedelijk zijn de planeten
in deze kille buitenregionen geboren
maar naderhand langzaam naar binnen
gespiraliseerd. Andere exoplaneten be-
schrijven geen mooie cirkels zoals hun
soortgenoten in het zonnestelsel, maar
langgerekte ellipsbanen. In beide gevallen
is er voor planeten zoals de aarde die op
comfortabele afstand van de ster hun cir-

lmpressie van Danrin, op zoek naar
sporen van leven op verre planeten.
foto Ncatel Space Industries

13\r s

Het is hoogseizoen voor
planetenjagers. Aan de

lopende band ontdekkeÍr
ze plÍrneten rond andere
sterren dan de zon. MaÍrr
lw6slingen van de aarde

zitten er nog niet bij.
Wanneer kunnen we de
eerste kie§es van een
planeet zoals de onze

verwachten?

kelbanen trekken, geen plaats. Vroeg of
laat komen ze met hun uitzwenkeíde gro-
tere broers in botsing.

Toch worden de laatste tijd ook steeds
meer planeten in 'normale' banen ont-
dekt. Neem bijvoorbeeld het stelsel van 47
Ursae Majoris. Twee planeten vergezellen
deze ster. Eén begeleider is rweeëneenhalf
keer zo zwaar als Jupiter en cirkelt in drie
jaar rond de ster. De tweede planeet heeft
driekwart van het gewicht van Jupiter en
doet iers meer dan zevenjaar over een
omloop. In ons eigen zonnestelsel zouden
beide planeten ergens tussen \Íars en Ju-
piter hun baantjes trekken. De overeen-
komst met het koppel Jupiter-Sarurnus is
treffend.
In twee stelsels, met ieder n\-ee planeten,
heeft de ene begeleider precies nsee keer
zoveel tijd'nodig om zijn baae te doorlo

pen
nanties kennen we ook ui.t ons eigen zon-
nestelsel. Ze vormen een extra bewijs dat
de exoplaneten daadwerkelijk bestaan,
ook al hebben we ze nog nooit gezien.
Rond de ster HD 28185 draait zelfs een be-
geleider op precies dezelfde afstand als de
aarde tot de zon. Ook de planeet rond HD
174783 bevindt zich in de zogeheten be-
woonbare zone. Daar, op de juiste afstand
van de moederster, kan water in vloeibare
vorm en dus leven voorkomen. Ofde be-
geleiders, beide van het Jupiterqpe. lei-e:r
herbergen is nvijfelachtig. Maar op groie
manen rond de planeten zouden heel
goed omstandigheden zoals op aade klr
nen heersen.

Veel meer rl:n ds [lassa eD de omlooptijd
van de nieuw ontdekte werelden weten
we niet, ma:r s1 i5 één uizondering. De
begeleider ran de ster HD 209458 blijkt
een atmosfeer te hebben. Omdat wij tegen
de rand van het systeem aankijken,
schuift de planeet tijdens zijn omloop
eens in de drieëneenhalve dag voor de
ster langs. Er treedt dan een bedekking
op. Vorig jaar november maakte een tealI]
sterrenkundigen onder leiding van Darid
Charbonneau van het California Institute
ofTechnology bekend dat zij bij een der-
gelijke overgang sporen van een atïno
sfeer hadden ontdelit. Waarnemingen
met de Hubbe ruimtetelescoop lieten zien
dat tijdens de overgang een klein beerje
sterlicht werd weggefilterd door natrium-
atomen. Die moeten zich in de damplaing
rond de planeet bevinden. De hoeveelheid
natrium bleek.minder dan verwacht, wat
zou kunnen wijzen op de aanwezigheid
van wolken.

Voorlopig is dit soort onderzoek nog af-
hankelijk van toevalstreffers. Ook liggen
lichte, aardachtige planeten nog buiten
het bereik van de detectiemethoden, maar
de techniek staat niet stil. De modernste
detectoren kunnen planeten opsporen die
nog lichter zijn dan Saturnus. Naar ver-
wachtiag komen over niet al te lange tijd
obiecten uit de Uranus en Neptunus-cate-

roB6q



sorie in zicht. Uiteindelijk hopen de ster-

íenkundigen de exoplaneten tetterlijk in
het vizierle krijgen. Gemakkelijk is-dat
niet. gezien hef éxtreme verschil in hel-
derhe"id tussen de ster en een begeleiden-
de planeet. Alsofje van een afstand van
duiiend kiiometer vlak naast een vuurto-
ren een kaars moet zien te onderscheiden'
Besin ianuari presenteerde Michael Liu

""í dó uttiu.riiteit van Hawaii op de 199e

bijeenkomst van de American Astronomi-
cai Society' opnames van een bruine dwerg
dicht bij àe ionachtige ster 15 Sge. Bruine
dwerseí ziin uiterst zwakke objecten' te

hcht óm aló voiwaardige ster door het le-

ven te saan. Liu maaktè gebruik van de

8.1 meíer Gemini-North telescoop en de

1ó meter Keck telescoop op Maua Kea in

I

I o.n rutt"n de astronomen het
uiteindelijk hogerop moeten zoeken. Zo-
wel in Europa als Amerika bestaan er
plannen om aan elkaar gekoppelde tele-
scopen die samen een gigantisch instm-
ment vorïnen, in een baan rond de zon te
brengen. Dergelijke interferometers zou-
den binnen twintig jaar de eerste kiekjes
van aardachtige planeten moeten maken.
Bovendien speuren ze in hun atmosferen
naar zuurstofen andere tekenen van le-
ven. Danvin is zo'n ambitieus project, een
eskader \ran zes telescopen die in formatie
door de ruimte vliegen. Of het peperdure
insrrument inderdaad rond 2015 de ruim-
te ingaat, zal nog moeten biijken.

DD L-

?l ?, rr
Hawaii. Beide instrumenten zijn uitgerust
Àet'adaptieve optiek', eenflexibele spie-

gel in de tichtweg van de telescoop waar-

íree ie kunt compenseren voor storende
rriilineen in de aardse atmosfeer. Met

àaaoti"eve optiek ziet een telescoop bijna
net zo scherp als een kijker in de ruimte'
\\rar nu tukt bij een bruine dwerg moet
binnenkort ook mogelijk zijn met pas ge-

vormde reuzenplaneten rond nabije ster-

ren. aldus Liu en zijn collega Ray Jry?. -
i.lardhana van de universiteit van Califor-
nie

o5-()-L--L>i>2-
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lmpressie van de planeet rond de ster HD209458. ln 200Í ontdekte de Hubble ruimtetelescoop bij deze planeet
sporen van een damPkring'
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Shuttle \7oik Shifted
As Pegasus Launched
CRAIG COVAULT/TTTgTTOV SPACE CENTER

^^, rbital Sciences Corp. and the

Í I NÀSÀ space science program
\-/ scored a significant Pegasus mis-
sion success here last week, while the
Kennedy center itself was given a major
new role for long-term modification and
maintenance of space shurrle orbiters.

Both the $S5-million Pegasus mission
and orbiter modification decisions were
rine-ciirical, coming after substantial
ce:ai-s.

\-1.S-1.'s decision to move Orbiter
\Íaior -\ÍodiÍication work Èom Boe-
ine': Paimdaje, Caiif., faciliry to
Ke"r-:.ed.,'rvill result in transièrring the
ec,':',-àe:1r of 23í jobs ro *re Flórida
lau::ci site. It also should rrim about
S30 :ei.iion fiom each ONÍVI cycle
ce-br:neci on each of the four orbiters
i: secuence on a continuing basis.

Iniriaring upgrades on Discovery,
^..^L --:---^rl-,i^- -1 .....---l-5U-. i;5 Il5Èuadu,i Jr d rri\! Slè Luir\-

pit, has been stalled for six months as

NASA debated whether to pul1 the
shuaie modification work out of Palm-
dale, where it has been done rcr l0
years by a mix of Boeing anci Ur.itei
Space Alliance emplovees.

NASA and contractor oe:son;rer
have been pressing for a ciecision ;o
begin that work. Discoverv's tearcionrr
and modificarion will not be able to scart

here until midsummer, and it will keep
Discoverv &om flight operarions und1 late
1004. The new Kennedv jobs to perform
rhe Discoverv rvork-followed by a sim-
i.[ar ode on Endeavour, *ren again on At-
lands and Columbia-rvill now all involve
Unireci Space Àlliance personnel. The
companv will hire as many Palmdale em-
plor-ees as possible.

O\Í\Í periods are not trivial. They re-
quire the complete teardown of orbiters
ior inspecrion and modifications that keep

rhem out of service for at least 18 months.
Both Boeing and California ofificials gen-
era.lly opposed the shift to keep the jobs
in that stare. But NÀSA opted for rhe
change to save costs and reduce the risk
involved in rransporting the orbiters be-
tween Palmciaie and Kennedy on Boeing
747 shunle carrier aircraft.

Politics aiso was a factor. New NASÀ
Administrator Sean O'Keefe flew to Tal-
lahassee, F1a., to personally and publicly
inform Gov ]eb Bush about the decision.

The change follows an earlier Boéing
decision to pull about 1,000 unrelated
space jobs out of other Caiifornia facili-
ries and also shift them to Kennedy and
FIouston.

The Feb. i launch here ofa Pegasus )o-
booster carn'ing a long-delayed NASA
Goddard"'Uni.'ersiry of California-Berke-
ley solar spacec:att marks another time-

Oóiiol Sciences L-l0ll "storgozey'' oircroÍt corrfng o Pegosus XL lounch vehicle

mounted with the Hessi spocecroÍt is reodied ot Cope Conaverol's "Skid Ship" oirÍield.
The Feb. 5 mission morked o moior success for OSC.

critical event. The flight was also the first
major O§C success after Pegasus andTàu-
rus booster failures last year.

Launch of th,e 645-lb. High-Energv
Solar Spectroscopic Imager (Hessi) satei-

lite from a Lockheed L-101 t had been de-

layed for 19 months owing to botÀ boost-
er and spacecraft issues.

The spacecraft is to take unique high-
resolution images of solar flares in X-rav
and gamma-ray wavelengths. While oth-
er spacecraft can capture solar flares aÍier
thev have happened, Hessi will image the
speciÀc particle and plasma mechanisms
rhai nake up these individuai garganruax
expiosions on the Sun. But it's necessarv

to-:er rhe spacecraft aloft as soon as f,os-

sioie so that it can image flares .iurine ie
soiar maximum, or high point rn soia::.c-
rivin', which occurs oniy even- ^ i ;=;s.
E'''e:'* day of additional delav r.'ouli ::''e

lar activiry is decreasing.
Hessi was originally set for iaunch in

ju.ly 2000 to take advantage of the peak
flare activity. But it missed that oppoml-
niqy when it was seriously damaged at the

Jet Propuision Laboratory by a malfunc-
tioning shaker table that imparted double
the pianned vibration test loads. Pegasus

issues firnher delayed launch. As a result,
Hessi has missed about 1,000 of d-re 2,000
flare events it otherwise wou.ld have im-
aged. Its planned rwo-vear life, however.
should still allow it ro image at least 1,000
flares, Hessi managers said.

The Orbiral Sciences iaunch team ar

Kennedy and rhe seven-member L- 1 0 1 1

aircraft crew were able to smoothlv recv-

cle from an initial launch abon I min. be-

fore drop, when a radio communicarions
problem developed on the aircraft. The
problem rvas cleared as the aircraft was

maneuvered on a racetrack course back to
the planneci launch point at 39,000 ft.
abou75 mi. offSatel[te Beach, F1a., south
of Cape Canaveral. The Pegasus was

dropped on the second attempt at

3:58 p.m. EST. anci r}re three-stage vehi-
cle fired to piace Hessi in its planned
373-mt orbir inclined 38 deg. »

f+3hlel
cut into Hessi's science return because so-
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New Budger Leaves
Room for Pluto Probe
FRANK MORRING, JR./WASHINGTON

ong-suffering planetary scientists
rvho want Pluto to be NASAs next
deep-space destination still may get

their u-ish under the space agencyt Fiscal
2003 budget requesr, even though the
Bush -\dminisrration has left Pluto fund-

ff""r::":t*t 
budget for the second vear

A competirive "New Frontiers" plane-
tary exploration program tiat wou-ld be
set up under tie Fiscal 2003 budget would
be more than adequate ro pay for the
"New Horizons" mission ro Pluto and the
Kuiper Belt. New Horizons was planned
to fit under a $50O-million cost cap, while
rhe New Frontiers progam carries a cost
cap of $650 miliion.

And even if New Horizons loses out in
the ongoing outer planets funding strug-
g1e, the $950-million space nuclear po*-
er research program requested in t}re new
NASÀ budget could develop technology
t}rat rvould enable a delayed, but more dè-
tailed reconnaissance of the outermost
reaches of rhe solar qTsrem. A nuclear mis-
sion might also return the data as soon
as or sooner rhan New Horizons even if
it rvere launched later.

IEW HORlZ0tl§ must be launched in
2006 so it can use Jupitert massive grav-
iry to slingshor our ro tfre edge of the so-
lar system in a l0-year flight. But with the
sort of nuclear-electric propulsion envi-
sioned under the new budget, a Pluto mis-
sion using ion thrusters like those that
powered the Deep Space-1 technology-
validation mission might be able to fly
to its target in about 10 years without a

The New Horizons spocecroft would
explore the Kuiper Belt os well os fly by
Pluto ond Choron, but it isn't directly Íund-
ed in the Fiscql 2003 NASA budger.

Jupiter assist. That would free plaaners
from the constraints imposed byJupitert
orbit (AV&SIFeb. 11, p. 34).

The picrure should become clearer dris

spring, when a comminee of the Nation-
al Academy of Sciences is due ro issue irs
priority list for outer planet exploration.
For the presenr decade, the strongest con-
tenders are New Horizons Plutó and an
orbital mission aroundJupitert moon Eu-
ropa, which might have a life-sustaining
liquid-water ocean beneath its frozen sur-
face. The academy's priorities, in turn, will
have a,strong impact on what NASApicls
for its first New Frontiers mission nexryear.

"My ovrn personal belief is those prior-
ities are going to probably be centered

\qt It
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aróundEuropà, possibly l']luto, possitily
aroundïtan," said Ed'§í'eiler, associate ad-
ministrator for space science. "But I think
thatt probably the limit of the three top
priorities we would expect to see from the
academy. Maybe the1li surprise us; maybe
they won't, but none of those three wotlrd
be riings we couldnt consider within the
lrealm of the New Frontiers program.?'
i Because ofthe distance Ëom the Sun,
iall three of'§í'eilert guesses would require
nuclear-electric power to operate at their
:targets, even without nuclear-electric
propulsion. New Horizons would use the
sole remaining radioisotope thermoelectric
generator (RIG) in the U.S. inventory for
which fuel exists, a spaíe from the Cassini
Saturn probe, although one early goal of
NASAs ne\M space nuclear power program
is to restart RTG produoion using pluto-
ruw-238 fuel purchased from Russia.

llEW HORlZ0tlS WAS PlCt(ED late last year
to proceed under a congressionally man-
dated program firaded at only $30 million
for preliminaq, design studies in the cur-
rent fiscai year. An earlier NASA effort to
probe Pluto and t}re Kuiper Belt was ki-lled

when its cost crept fiom $350 million to
$550 million (AV&STJune 4, 2001, p. 40;
Nov'. 12, 200i, p. 30; Dec. 10, 2001,
p. 27). Backers of a prompt mission to PIu-
io haue long argued that *re planers 248-
year elliprical orbit will soon take it so far
from the Sun that its amrosphere will freeze

and be unavai-lable for study.
Colleen Hartman, who manages solar

wstem exploradon at NASA headquarters,
nores theÍe is still scientific debate on the
issue of what will happen to Pluto's at-
mosphere, and when it will happen. But
Alan Srern ofthe Southwest Research In-
scirute. principal investigator on New Hori-
zons, argues that *re planet is also grow-
ing darker and more difficult to study with
optical instruments as it moves away from
the Sun, and so should be visited soon.

f§ CUIRIXTIY PlÀtlllED, New Horizons
would srudy not just Pluto and its large
moon Charon, but the icy bodies of the
Kuiper Belt as well. It would also take an-
orher look at the Jupiter system as it pass-

es through in2007 for its gravity assist, and
if possible it will study a centaur-an iry
body, possibly knocked out ofthe Kuiper
Belt, that usually is found inside the orbit
of Neptune. Because of the vast distances

involved-Pluto is almost 3 billion mi.
from the Sun-scientists need a much clos-

er look to answer tantalizing questions
raised bywhat can be observed from Eanh.

Many of those quesdons center aroufld
the nature of the early solar system. Since

they are so cold, Pluto, Charon and the
Kuiper Belt objects may preserve charac-
teristics long boiled away on objects that

pass closèr to the Sun. tsy studying thè
planet and surÍounding primitive objects
with imagers and spectroscopy, researchers

hope to be able to gain new insights into
the solar systemt overall evolution as well
as what happened in its most remote re-

gions as it evolved. New Horizons could
also settle the question of what is hap-
pening to Piutot atmosphere as it cools,
a possibiliry that has mission designers
working to ensure they can take meas-
urements of nightside Pluto using;he
moonlight fiom Charon.

"There's a large number of icy bodies in
the outer solar q,stem," saidAndrew Cheng
of the Applied Physics Laboratory (A?L) at

Johns Hopkhs Universicy, who is project
scientist on New Horizons. "The technol-
ogy ofour telescopes has only recendy got-
ten to the point where we're able to find
these guys with any kind of efficienry, so

thatt whats happening.'§í'e're rapidly dis-
covering more of these Kuiper Belt objects

and related objects, so it's a tremendous op-
pomrnity tÀat we have a spacecraft mission
tÀat can acrualiy go out and get a close look
at some of these objects."

To hold down costs, the New Horizons
team is basing its spacecrafi on t-he Con-

tour comèt probe in final teiting at APL
for launch later thisyear. A?I-will manage
mission development and operations,'irhiie
Southwest Research Institute will head the
science team and manage payload devel-
opment. Ball Aerospace, Goddard Space

Flight Center and Stanford Universitywill
also play major roles in getting the mission
ready for a launch inJamtary 2006.

TIIAT PROCESS WtL[ be complicated by
the funding unceftainty, as NASA awaits
the NationalAcademy priorities and Con-
gress debates whether to condnue fundrng
the mission in the absence of an Admin-
istration request. The Fiscal 2003 NÀSÀ
budget request also clouds the issue br'
adding the competitive New Fronders pro-
gram and the nuclear research effon to rhe
mix. Briefing reporters on the new space
nuclear power program, NASAT'§í'eiler
suggested it might be better to wait undl
a new generation of power systems is de-
veloped to enable probes that can orbit the
distant bodies instead of simplv hurtle past

them taking "a few snapshots" as thev go.
"By necessiry we have to take it a step at

a time, but our intent is to proceed r*ith a

presumption that the program is going to
be ÍLlly funded next yeÍu and rhe ye:Í af'
ter, and we would launch," said Stamatios
(Tom) Krimigis, head of the Space Dept.
at A?L. "There is no other way to make ef-

ficient use of the funds that have been ap-
propria'red" 

\qss 1, o

FAsrER, BErrER, cHEryEl. ll S &r|"{nr|",
Navigators on the planned New HoÍzons missi

Ch"Àn and the Kuipet Belt have trimmed a year offthe 3-bil-

lion-mi. cruise to th. orrt.r-ort planet by optimizing their launch

window. That would bring the probe to Pluto for aÍlybyín2015

rather than 2016, asoriginally estimated' Mission advocates say

arriving a year earlier *Ldd gi". New Horizons. more light for

its phoiogrrphy ofthe planett surface, a better shot at studying

th. ,t-oiph.re should Pluto's movement away from the Sun

cause it to {:reezr, and more fuel for exploration in its target re-

gion. The mission still would need a graviry boost from Jupiter

Ioflowing its launch ri.2006, but the revised timeline may give

it a little-added thrust on Capitol Hill, which has funded the

mission against the wishes of the Bush Administratíon (AWdtST

Feb. 18, l. aa;. C"pp.d at $500 millioÀ, New Horizons is ai-

ready chèaper than the $650-million New Frontiers missions

Bush has funded starting in Fiscal 2003, ar,d the shorter cruise

time would save a year's wages for mission oPerations'

AL+Sl-:
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Atlas IIIB Builds
Momentum for EELV
CRAIG COVAULT/CAPE CANAVERAL

iFr{h. first launch of the Lockheedt I Martin Atlas IIIB has enabled the
I company ro flight test 85ozo of the

. same cricical propulsion and avionics hard-
'ware 

that will make up the more advanced
' Adas V evolved expendable iaunch vehicle.

The 246-tonAdas IIIB, standing I 76-
ft. tall,lifted offfrom Pad 368 at7:43 a.m.
EST Feb. 21 catrying the Echostar VII

. spacecraft. The overall cost ofthe Inter-
narional Launch Services 0IS) mission and

I saellirc combinedwas about $250 million.

I ffr. successful flight of the IIIB-
i equipped with a new twin-engine "stretched
,Centaur" along with a Khrunichev
RD-180 first stage engine-gives Lock-
heed Martin increased momennrm toward
the first Atlas V flight planned in May.
The Atlas V will use the RD-180 and
suetched Cenaur to compete against the
Boeing Delta IV EELV and the upgraded
Ariane 5. TheAriane 5 faces a critical test

i of its future in the market with the planned
' lau.r.h by next week of the $2.2-billion
Envisat mission following an earlier up-
per stage failure.

The 8,8761b. payload launched on the
Atlas IIIB last week was also nearly 1,900
lb. heavier than that carried on the first A
version mission nearly two years ago.
Echostar VII was placed into a 35,627 X
115-mi, transfer orbit. The satellite uses

a Lockheed Martin A2100-AX bus. The
spacecraft will be parked at 119 deg. \7.
Long. over the eastern Pacific where it will
support Echostar's DISH Network pro-
viding direct broadcast services to all 50
states.

WITH SOLAR ARRAY§ spanning 80 ft.,
Echostar VII cades 32 Kr-band transpon-
ders that can be operated together at
1 20 watts or as a group of 1 6 operated at
240 watts. The spacecraft can also provide
up to 15 spot beams.

The new IIIB with an overall 9,2001b.
uansfer orbit payload capability also brings
the Atlas capability into pariry with the
Russian Proton. This gives ILS the abili
ty to offer payload sponsors a more equal
tradeoffwhen marketing the ILS Adas and
Proton vehicles.

The mission also provided a second flight
test of the orygen/kerosene twin-nozzle
RD- 1 80 engine *rat will be used with high-
er drrorde seaings on the Atlas V

For the IIIB mission, the vehicle lifted
offon 616,000 lb. of thrust at a74o/o
thromle setting to limit launch pad dam-
age. The RD-180 uses an oxygen-rich
mixture that at fi-rll power could damage
the pad with acoustic overpressures. At
about 5 sec. into the flight, when the ve-
hicle cleared the umbilical tower, it
throttied tà 92o/o and about 791,380 lb.
ofthrust. To illustrate how oxygen-rich
the engine burns, this setting consumed
liquid oxygen at about 2,000 lb.isec.

The 92o/o setting was tapered to 9lo/o
until 24 sec. into the flight when the en-
gine was chrottled down to 670/o to slow
the vehiclet rate ofacceleration and re-
duce aerodynamic loads as it went super-
sonic at "Mo-Q."

The vehicle was then throttled back up
to 87o/o to generate about 812,000 lb. of
vacuum thrust, until gradually throttled
down to hold a maximum of 5g until first
stage curoff3 min. into rhe flight.

The performance of the Russian RD-
180 is so great that the IIIB-many tons
heavier than the older Atlas Il-reached
its first stage cutoff speed and velocity

AVIATïON WEEK & SPACE TECHNOI,OGY/FEBRUARY 25, 2OO2

tockheed Mortin Atlos lllB with q fwin-
engine slreÍched Cenhur upper stoge liÍts
offwith óló,000-lb. $ruslfrom its Russinn

RD-180 engine.

targets 2 min. faster than the older Atlas.
First stage separation was followed by an

initial firing of the stretched Centaur for
just over 5 min. This placed the vehicle in
an initial i 19 X i 14-mi. parking orbit as

the stage crossed the Atlantic. The Centaur
was ignited for a second time about 23 min.
into the flight as the vehicle crossed the
equator offthe west coast of Africa. This
about-2 min. firing achieved the planned
transfer orbit, and Echostar \4I was sepa-

rated from the booster overAngola 28 min.
after liftofffrom rhe Cape. O

IHE ltllTIAl, Russian-powered Adas IIIA
flew in May 2000, but that flight used a
much less powerfirl single-engine Centaur
with standard oxygen and hyd-rogen ranl§.

The IIIB version upper stage, however,
like that to be used on the coming Adas
EELV uses a never-before-flown suetched
Centaur that is 5.5 ft. longer to carry more
oxFgen and hydrogen propellant for two
Pratt &'Whimey RL1 0A-4-1B engines.
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FLORIDA TOD{Y : 20 DECE\IBER loor,

COLT }IBI.{ IN FIIiAL STAGE_OF OVERITALL

PROBLENIS.THAT WAS SLOWED BY \ryIRII{G

C.\PE C-|\.{1ERAL - Shtmle C.rlunbia is inthehome qrddr of an overhaul. buthas hean rrrircd iridJtè.tiveuiringtbr mondts. \.\S-{and
Boane officials said. Columbia. rhe oldest ol\.{S.\'s slrrmle ïlea. is due back at Kenned} Space Carter in February. The orbirer is slatedto flr
agah .\ug. 2 on a research missi,rn. The shuul.' hrs been at Boeing's Palmdale, Calili plant since Sept. 25, 1999. urldeTgoing eÍEnsi\-€
moditlcations. The work included 3 thorcugh inspe.tion of Columbia's miles of wiring. .l,lmost all of Colurrbia's rviring has bear inspe,red.
Some have beer repaired and oths secíions replau=d. The *iring beame susped in Julr' 1999 rrirar Columbia suffsed a shc.n ;ir,uir 11 l3un.h.
The problem forced a backup compr.rter to control one olthe orbiter's thlee rnain engines during lilioÍï The rrther tlrree trL.ners Jl\i \rr.
grounded afta Columbia's rdurn shan u'irilg problerns- sr.rch as scul]-nrarl,*s and abrasions. uere discovered on the spae.e.:ali. Ct-luntt,rt s:.
sentto Califomia. x,here it rras buih. aspart of a regularmaintarance rcgtntell. .{bout 3,s0 Boeing*orkersrvereto install a conlpmerizÈl .!r.lf lt
and inspee almo« all of the orbits's parts and svstelns ovo dre cÈurse of i0 months. The ri iring irspesaions showed sigrificant damas.e in p3í:

the fr:t time. "\\'e'r e :r srl:.ted r-irtualll' all the u irine .n C olurrh je. " Hansfeld said. . \ fer lookilg or-er the problerns and mapping uhere rirer
s*e.NASAmoditledrrs'.1orkíandsatKSC.Lipsucre:.lii:ri: plarl-onnsardoihErchangesgeremadetokeepshoesandtooisarvar lrontthe
'- 

'ri1e rvires. The nes c.t{pir also took longer than eiFr'-'tr'ri :.' .:id. The advanced coe-kpi1. alreadv insralled on ..\tlanli\. r.pleccs lgrir'i-c'rl

':.:.-itolaunch\Iarchl-2001 andaganin.\pni.i:i,,ilriiiihetnpt.rPllnrdllener1sulnntertorrinrilarrrork Tle\\irinqinspesiL\n(§1ll

Ron Dillml.-.re rlid recattl] it mrr t,e r:le t.. lern suppli!'s 1.. lhr. .i-rl: r: .urd leave thc h.r.- - :::-'È to shultles -\tlantis all(l L.r.:-.
Columbiaal:,r.-rrrrldfhmoreres*rrchnli-.!t:.sudraslherrnettt\r-l-,::.-,i:.ntakein \ucr..:

\ 3 b-:
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SERVICING LIMITS
NAS,A, astronauts hope to leare the

more powerfirl instrumeht for discovery at the end of their shur-

de STS-109 mission to service the orbiting observatory but ttreret

a dorvnside to on-orbit upgrades. Anne Kiríney, director of tie as-

tronomy and physics division at NASA
headquarrers, notes that the Hubble
uldmately is limited by thè size of its
lighr-gatÀering mirror, and there is no

í't , t < -.-ï*.wa)/ to increase it on the existing tele-

H \' '! ---, ,/ scope. The Next Generation Space

Tèlescope (NGST) will use a deplol-
óle mirror almost-t ree dmes *re dia-

í1 \ . _ í-\ ) , merer of rhe glass mirror on Hubble.v "- v-J :r'en rl there were away to semce the

f ^-. ö ,2 NGST in is orbit around rhe 12 poinr<\ J 
r million miles from Ear*r, which there

isnr. economics would mitigate against

it. accordinq to Ed \feiler, associate

adminisrraror for space science and

says, including a zupply of increasinglv oumroded spere parcs ano

the costly training astronaur need ro do tleir iobs :,{[-CSf
Feb.25, p..79). "Servicing is grear. but it costs a lot oimoney,"
'§í'eiler told a§7omen in Aerospace srrnposium.

)1 I óJ 6l
Hubble SpaceTëlescbpe a muó
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HUBBLE GOES BACK TO-WORK.
-,:.:-a-:s an ocaro the scal: s--:: e columbia ria,e '2..:.. 1-.'?''' ret - 't: ' !:aceJelescope (HST) back into C'::

.-a- = 
.a.:.a.l.e2k r'tg ' ,= ca,s :' spacewalks Fittec ,'.:- ::a:e-:'-:-e-aÍ s: '" =z-' 'vings' a new power unit and a :eill

-'-. .=: aa-a.a *.,1bb e a '?)-ai:c resume lts vJcr' 'e'ee 'e:-3 se :'3:s :' :-e -irverse The shuttle crane oce'aicr

.. la ní --3.3 as:-e two spacecraft .--?. *: . .-.=.: 36] - es) above the At|antic on Sa:-,:a';,
: -, -- = =-<vvr'.:-'a-.:as:.,eoavs:r,r:earrsofastronautssper:35'at'::z':.:l---::s:ar'ryingoutpainstakingr"z''"'

-::::...; .: : :'te ner', ::-conenis passed the iÀiï'ai tes:s cui 
"2Sà 

"' '':' '-:"' Íor at least a monti "''-'''' ài

<:.r-er- SUcCeSSfUlly revitallseC :ne ^"e''à'- 'aÍe'z -3 )r€2'' '''a'red Ca:'nera e^C 
"'': 

-::'::
:.a+'-='-Z --- El :-r:'= :uuverJruirl. "',* --- .:-^ ^r^- -.s^è^-;. -e ',:-aa aa*a'a
:a+::.:-e:e. /^i,,,^ es \. 3mos, stopped working ;' :99? a'1e' :'ar. cu: l- 

"i-:-r'd'iL - c^!ce'su ''

slarclusters,explodrngStarsa.C.e^e:a-'aimosc-'eresMoretna-.:4,i:'21....:.'c..-^2,:.::i!j'a: -:=- .' : ---,Y _i -- 'ó

- s: :- -_3: e .as a:.eacy taken amazing pictuÀ a! aaa= s:a:e and give- astronomers :-e Í 3es: 3s: --="=- t2..'-' ra'?

ag= :' :-e -- ,erse Otner'equipment ÍitÈd.th s "'e€/ 
-: -:ec ::e very powerful Advanced ?are'a':' S--':-': - s

...2:.::-. =a -! oolect-camera-the last oil-'::e-';'3 ?-:ï'-'J:Xtt^-lL1Ï1,'^lï::f::i^'- .:'::..1'.t.-', t'
;.=,,., -:. =.':;'3",:;ïï";ï;51,nË ià,ïàrï,-...,..'s-. :ï,_,J:Xt'^^lL1ï1,'^:ï:?f:f 

rv.-c':'e 1': ë'- -' '
-::..-...aa-r:cpickoutobiectsatgrs2..ra--,== --.1-a"EesshouldenableHubbletosee'-::s-ss3- "-:-

-:-:: .-: - joto The.Columbia crei', oÍ se.'e. s ."*ttt t' iinc back "' ;;;;;ià rt'r'Lr' 
t -]3lJ 5 
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STS-í 09 Grunsfeld RepoÉ #5
The Gool EVA
$c u* nrrÈ 5 ]Bd Rir( aÍrd my€df goirE outsi(b td u lhld tp E rns.al fie IGaOS d*ng slstsn. N|CMOS is tirè inÍrarèd cmn Hubblé. dbsévàliore in

i*raGO :grf &v astuoÍÍpE to l@k'through dust, aÍd abo b bol \f,íy faÍ bd hb lrt aty mi\Éíse. Oít spc rvak-2, Jim and Mike had ictalled the elElronic 6Èd
nroa,f. È tc 

"oofng 
systeín, and on sprc mlk§ Rir( íd I irlstrl:d tlr raóailor dd cÍFgrírÉ @leí. Gdng orn d the hatch it drct smed as if re rere ddÍrg .

dÍÍrd di\rily. ln rea-lity-re rerc steppiàg out into the v-len d spo, irufad t oí*y a l* blcc d coaEd ddl and or helmets. The spac6uib re rear aÍè rÉly
,emrr<aUcsórcnip§'EacisuithasÈm pressurercd,uygsrserr atonffisÈös, mlur*:-o st§En, computer,oling/hating s!€Em, and ffi a

E|eiËbn mE on the hdmetand lights. The suitd$t6.drinahgllI.Ël§abgàËórngöercu*. Oíre ditÍeÉnce betwn ourspac6uit and the shutb
sthettreÍeÈrctoilet-ucwr"màimumabsoÍbanegamteí*í(Oiapcrs),ir:fmcec R(t'ltlopen€dthcítClBdd@rtogetmesstoNICMOS. lfeltlikerereE

"per,ió 
Oe Oooo to a ecÍed shrine, going inside the arà rrteÍB tha $iríiÈ iÉurË ql }l& hë ln dÍ t'airÍírg trB rere taught tro tEve the utnct r6pect íoÍ thè

a*taóadt"instumnts,andtotreàtthémwithkdglorc,gMngsdÍr.arppoítbtri,idnr.iiredHubblrGashÍiË. lnsidecfthGattshrcudltiedbmre-
àÀiÍystcoufO.mnthoughl%inthebulkyanddrmsyspegtfnci*ixdthcEEg.èGdenandÈislimas*wEwhenlaurched,mybeÍnoí3eafter
yeas oí out gassing in the wcum cÍ space. Aftei enoving i serpentlne,,ent te tHÉ qiíi*f lÉad ÍU \ènliÍ€ gas fiom the old elid nitsogEn c@ler tr NlCllOiS' sÍe

i"<jno t= àFgG;r oder itsetÍ. fnié Uox, RtteO *iUr ac<rrmis, Émt Ítg arld a lr' trt Í!, Èt síaÉ at .15O,(m Í!m urent in m@thly. t l@lcd . tit odd b take thc
prisrire, afmj #Ítan, intsioÍ c, Hubble and add a bq covered niö €H6 arÉ tE rtd \dtÉ. t.H E got the +íoot by 12-fooa Bdiator cl d a €ds h tfi. d Gnd cÍ

i:otmtias paróO tay ana Uca b inÉtall it on thè HubàL. n Ejldrt go o. Vfb Frr.d .írd Frdtd hJt Ey as E dl4 it didnt sc€ín to lin€ up. Rid( .Írd I bot a d cÍ

:lubble and ÉlÉned i Uy ming te tarhes a bit. This tiE t'lo aigmHt bed !ed, blt d F cq&rt p./sh it d. W'lth ffie si,líient €ffoít Ri* gEa tÉ ,ad.il o'

"nOrrtriEp.*."a--UeóOaica-mofColumbialtookqÉbdraàtrc(atrc),tdFEadirblhGfaasPe6hardaslcouH.Att!íadC.dÈi6intmm.fort f "q.i*.a Ue 6fti, ttB GaíÉ tatch on the handBk d |h$àlo A rB{ E Rt fy I d . csÉtt .í!d rcaated it dM to Edq pdE d ud..ndi rh. Jt€coo.
AfEÍ Uiai Namy bok me iIb the rtshroud again o\/er a hob in Éhe boEn cí !l.8 .Éec lhCE e.n d up bylrre vent line rem(ld. I put. cdrpl3 d ËËs qËns aod

tEdtos.ídd;IÍËörqrghthèhoaeforRicÍtocabh. lfsÈÉ,lB3ëEàqtilulilcordddr.lysr.Rir(thDughtheholi.Hcc.ugrn$clr!'-rt!atoa
Èn! sa d eucs ena ofó f nes, ana I pulled it through the tÉ,è q,t it rra-Or *ire irssu.nÈ h,r. lt ms like a giant boa coír3fabí, .íd dt' írdr 

- 
tlE €

haà'en in t'anÍp- Rij( ir-nod me and 
're 

began thà prcess cí fi*ig ,+ t'! re.*- cqrt cbís and t p mrnonia rcoling line b lha dlEgEírb @*- Ë c, lre
mter b thc nan èolrp iystrn Orim Uy tre àdl trtire. na atr co&a rtr i lrd b @l ttÉ ffiÍs m NICMOS to near 70 degrees doro eJbs. Rtdy
reclcedthed@íarddeaneaupthepayt@dbaydCdurtÈfut!lrtltÈ eÍítdt,r.tdivitylgdbÍilemtheroboticarm, justhol(Íogoïil|.,rïlEd.rih-o.
u,e payfàO Uy. Wfrat avbwthaà, CoÍuóUia Oetor, tp birht blr-t! à.. -Of: XuUOU qo Ïelescope m my side. li'seemed Gi_lincYrë tàn tít9 d l[ D
touJhiíg a m;Ëntfor me. My l*i aaiviryrc b rdn,lc I paar cttun Ii.nbom on the b<itbm d the telescope. At the eM cf fir sPae {dl(3b ilt.q.lrr
teleofe, l garrc Hub6e a finàl small tap liodbye, an rírà.à td st - FÍr.t ca d§'€ry. tt b fikely l.will nwer se€ the-Hubble Space Ttlg.cop€ again, hi I lm às!
touched by Ë magic and changed forarei. Todàyrve acpbycO fr lh".r.. Ë b éÍth ottat and while elated that re finishEd oUr mrk, Yth all thë plamed ,ETG,
cmpleed.ldidÍeélatwingeofiadn6S'ThesamekjnoiÉaruo:*r!^9ytmeodbyetoaclcefriendyourcn:tSeèforalonno,"ëbH\

SPAC-EFUGHT NOW: 09 MAARTAM2

HUBBLE TO BE SET FREE.
Tïre Columtia asfonauts are gearing up to releasetiè
vrrapping up a surprisingly successful five-spacewalk flight to upgrade the $2 billion observato4/s electrical system and scientific
rnsiruments. Astronaut Nancy Currie, operating the shutte's S0fooflong robot arm, plans to lock onto a grapple Íixture on the side
of the telescope around 1:52 a.m. ESï. An electrical umbilical providing shuttle power will then be withdrawn an hour later. A few
minutes afterthat, the 24,00Gpound telescope will be hoisted above Columtia's cargo bay and oriented for redeployment. At 3:52
a.m. EST, commands will be sent to power open Hubble's main aperture door. once again exposing its 94.Ainch primary mirror to
starlight. Then, at 5:04 a.m. ESï (10O4 GMT). the space telecope wlI finally be releas€d back into open space to resume its trail-
Hazing astronomical observations. "One of the days that'll be the mo€t e)<citing witr be actually deploy day," said astronomer-
dronaut John Grunsfeld, who has now caÍried out five Hubble serviing spacewalls in two mieeions. "That's because we've
finished all the hard work, out doing the EVAs, and now we have the hard work of getting Hubble ready to go, making sure that the
aperture door opens, that the high-gain antennas are deployed, the solar aÍrays are ready to go, arÉ then Íinally opening up the
(service platÍorm) latches. "Nancy will take the telescope up, Brt it oyer the payload bay and then very gently open up the arm
snares and back away. At which point (commander) Sc<Ét Altman will fire the shunle's jets to back out from under Hubble. "The
reason ifs so interesting is that the parti:ular approach ... takes the Hubble right over our heads," GrunsÍeld said. "lt goes right over
those overhead windows. You know, the/re big windons. And its a 24.lD.pound telescope. lts big." During his previous Hubble
visÍt in í @, the view of Hubble slowly preing overhead just a few Íeet away was so startling that "even though we expected it, sort
of instinctively everybody ducked as the telescope went over," "Once its gone, our job is basically done," GrunsÍeld reflected. "We
get to watch this great observatory that we've now made much beter recede oÍf into the distance. And l'm expëcting l'll have some
mixed feelings at that point as I did last time. you l«row, here's my friend the Hubble telescope and we're leaving it again. But ít's just
a beautiful sight to see the limb of planet Earth and this jewel in the s§ going back out to do astronomy." ïhe astronauts will
conduct their first round of media interviews §nce completing the Hubble overhaul starting at 7:57 a.m.
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STS - í Og6ru ns-tEl tfRepoÉ ffi
Star Gazing
After deplolment cÍ the Hubble Spae Telescope it MS time b mtch t p Htttble sTfry drift-óaf-àííffiy fm mé=pace-=humEaftffazmElE E€L.FI TE- E)oe cffie
tetee-pe hë ben Íqryer changed. Stout and strong l@king paEb haw reÈac€d thE biíèfke $laÍ aray wings. Íhe nw $laÍ aÍÍayg haw de€p blw Gdlim Ars€ilde slar
elb. repbcmg tie Sili@n cdls. On the other side of the arays aÍe wtrrÈ refledE paneb. and e the bl6cope will no longer emit the golden glm e draEctssta d the fiEt
12 yeaE oÍ Hrit e's liÍe on orbit On the aft bulkh€d of Hubue È a 6Ëurt l€drng to a hrge white radiator mounted b handrails on the side ca the tel€§@F. Atqlg handrarts
all arcund lrE telepe ac hung nry@ble harness totransís poreÍand sgnals to lwsysitems on the tel6cope. As HST mryed off intothe distarc l@ld otyEtch rn
are (and take an ere nEÈer c, photogEphs). What an ming tel&pe thet * had rcrked o over the prryious 5 days. More remarkablé b the tedn thí d@loped
ttÉ lw iGflrHE. Ïhc A<Àarced CareE for Suveys will pÍwirc 6 sucà mÍkablc vÈs frm its thr@ €meES that I cant ryèn imagine the spe cí ttË lw
diweri6 that it $,il mk€ Fmly as HST became another star in tie dq. * st hd( b Et dofling the spae suits and spa@ Mlking tools. The act d mking CduntÈ
a space ship agen s a tough m. ,ter spending five days using h€í nd-d€ct s a spa kkrng staging are?. Fortunately, without a payload in the bay of Columbia re @td
als take time to lok q.t lhe wndofl at the beautiful blue €rth I ÉiEt cut rh. ríÉoi G re tEsed o/er HMii sBarching for the domes cf the Kecks, UKIRT, and the
cöer telescop6 atop Mam KÉ. with no luck. As re p6sed ffi lrla tuÉÉ I (tpf,atdy sEhod Íor Cero Tellolo, but again to no avail. My tool ÍoÍ th6a srches is a tBrrí Zies 2O<60 statilzed UreulaE. While my sEÍch for obsÍ\ratoíy ddrË E írca EÍy $eessíul, lhe good nffi is that as we orbit the eaÍth re së a night and day reíy
S minut6 with aöout 35 mnutes d darkness. What a joy it is b be abae b daÍkà tt€ ebin and with naked eyes se the broad expanse d the Milky Way. From our Entag€
srnt abrye the atEpherc the staE arc steady and don\ tur*lè Íïuy gn ps a m kighter and the coloE of the staE aÍe more vibrant. As re pas southwaÍd the Larg€
Magèllaic Cloud È Bsyto dÈ@m. t,sing the bimulaE JupíÈí 6 €ry rEdrd y.$ light banding. The Great Nebula in Orion is a fryorite brget, as v€ll s the mny oFEr
cl6teÉ. The cr§ent d the mm is visible 6 paÍt cÍ a cqnda qà llffiald by lhé bnsht eaÍth, just around the horizon. The biggest poblem wifi trying to find ÍrÍl1
ob.lEGbthatrearel]wingsofastapundtheaÍth AsaÍÉrEoÍytrafaminuEs!ofindanob.iectbeforeitsetsor906outof theviilof awindffi.AsthesàE
red dwn tmrds what looks like the vÈiue tsizo at rilrrt tttst fr9 gD frrurgà ,E -Í91il b,€r, staÍtjng at about 95 kilometeE. This greenish layer results fm *iEd
atom releasing energy in the fom of lighL During the èy tha ahoÉíàÉ! € dËàÍËy aEoÍtiÍrg enlight and only in the night pas can re sèe the dull glffi frm the abÍa
d*xcitation. When a bright obrect sets it l@ks lib it shoÍd d3F' D.trr! É. aÍth, hJt nsead re w tho staB a bit longer 6 the go thrcugh the fog oa the éadn's
atmcphere. ln this thin region the staE do twinkle and He b.ít?nEly ffi! qf as t Ey go bitind tlE earth. Tomoffiwe start turning the space shutue into a cst,
vehble. I hope that beÍore we head back hmè that I he m cà-Ë b rd q, the windd and slar gae. There will be a tire, and soon I belirye, that mny psple sa È
abl€ to viw the 6taÉ as wè heè on this misis. I rculd Íiaa ba rrFtEt b 

- 
an oEGrvatoÍy s the t]En setire in this @ntury. After all, it has atraF bc $a

adventurous astronomeE who brave cold nights, high attihrde a,rurr;c ,! ffi thc ngrc cí sp-€ flight to get a better viil and undeEtanding of our unrc r
convinced that as re push out of low earth orbit, and on to ttE ÍÍEr d àe!ÍÉ- -tqm E. b. tfEe. Vviether in ouÍ @n backyards, oll a cold and rercte |eF:-.-Èc

]()'

\rrmmer 12 - 09.03.20021 ÈpnrcH-T UITDE-RIIIMTE
Op I maan s'erd de oudse sh'nle Col"mbra gelane'eerd ma ze\:en as.ronalÍeÍ! aan boord: commandanl Scou Altman, piloot Duane Care-v. an
missie sper-ialisen John Gnmsfeld \sru1 ClrÍrie- fudrard Linne*ran, James \errman en Michael \,Iassimino. Dit was de eerste shufi.le vluclrt in
trree -iaer dte nias met hd ISS prosr:rÍma le malien had. DÈ astronaute.n zaen namelijk koers naar de Hubble ruimtetelescoop om deze aan een
grote onderhoudsbeurtte ondsrrerp<r. De Hubble rrad ir': april i990 in een baan om de aarde gebrac*rt door de space shutrle Discoverl'. In 1993,
1997 sr 1999 r'oerden shuftle bem.inmmga onderhoud en repararies uit. Kort nadar de Columbia in haar basr om de aarde rras gekomen werd er
e«r prohleem ontdekl in hd. koelsrce--m van de Srnle. \\'r:nàiinli-ik \\,as eÍ €l verstopping ontíaan ergens in een tan de radiatoren aan de
binnenkat l'an de rrachtdeuren- Die radiatoren grala. è l.ror appÍratuur sr§r'ikkelde u'armle uh <r voorkomen zo oververhitting. De
r-ers.oppine had tot gevolg dat minder freon door de raór.w lroomde en dat er dus minder rvarnÍ.e rrerd uitgestraald. Na een dag de situatie
aangelidi<n te hebben en hd probloern nid erger 9e1§6À- § es. besloot NASA dat de vluót todr dory kcrr gaan. Tw,ee dagen na de lancering
vond de rmtmoeting md de Hubble plaats. De ColumhÈ ri.rog naast de ruirmdelescoop tersiil aíÍmauten met de robotarm de Hubble
vastpakÉÍI. \'err-olgens werd de telescoop op een spanaie r.rtèl achter in he rrachtruim van de sh,nle geplaat$ en verankerd. De eerste
rurÍÍ.6r'andeling. er zouden er nog lier volgen, r'ond plaar-. .rp -l maart. Ruimtervandelaars Gnrnsfeld en Linnehan maakÍe een ruimtelijk uitstapje
van 7 uur en 1 nrinuut. Gedurende deze wandeling rerr-irsàr ze hd zonnepaneel aan de stuuóoirdsdjde r-an de Hubble. HA originele paneel
rvas oprblbaar- tem iji het nieurve uit §vee panelen beE.md dre opengeklapt moesten s orden. Ha nians e paneel is stijver e1 msr venvacht dat dit
minder spanningeÍI geeft als de Hubble in of uit de aardschadurv beweegt. Ook leveren de nians e panelíl meer energie ook a1 zijn ze een derde
kleiner. Hd verwijderen van het oude paneel en de in*allatie van het nieuwe paneel verliep zonder problem«r. Een dag later gingen astronauten
Newman en Massimino naar buiten. Tlidens hm 7 uur qr 16 minuten durende ruinÍ.errandeting vervingen ze hd. zonaepaneel aan de
bakboordszijde van de Hubble en een vaÍr de gyroscopen. Ook werden nog ankele thermisdte dekens verwijderd zodat mqr tijdans latere
ruin:teuandelingen bd.er bij de apparatuur kun. Op 6 maart vond de meest ingervikkelde ruimtewandeling gedurorde deze shuu.leviucht plaats.
Grunsfeld an Linnehan vwingor de Porrer Control Linit (PCU) van de Hubble. De PCU distribueert alle electriciteit aftoms.ig van de
zltm+anelen naar de verschillende insnrmenten. Toen in de jaren zeventig de Hubble ontlrorpen rverd. lag ha nia in de bedoeling de pCL'
rlidens ean ruinr.ervandeling uit te uisselen. \Iaar in 1993 identifeerden technisi ean potentieel problean in de PCL dat kon resuhJen in ha
.'omplea falen r-an het eledrische sisteerlI. zodat de ingallatie van een nieuwe PCU noodzakelijk rverd. \-oor hé uit§.isselen r.an de pCL moest
de Hubble voor hd. eerst in twaalfjaar helemaal uitgeschakeld rvorden. Vervolgens begonnor de ruimtes'andelaars met hd. esr r.oor een
lossóroelen tan 36 eledrische conne{toreÍr: een taak die nid makkelijker gemaakt werd door de dikke handschoenen van de ruirntepaklian en de
zeer geringe werkruinfr.e om de PCL; heen. De oude PCU kon zonder problemen verwijderd worden, waama de nieuwe PCU in de plaats van de
oude kwam. De 36 connectoren werdqt §e€tr een voor een vastgeschroefd. Eor spannord moment brak aan toen de Hubble weer aangezd werd,
maar een eerstetest liet zien dat de nieuri'e PCL'naar bdtorst rverkte. Na een ruirnlewandeling van 6 uur en 48 minuten zat ha kani.ei erop ot
konden Grunsfeld en Linnehan weer naar binnen gaan. De volgende dag was hd weer de beurt aan Newman en Massimino die eeÍr
ruinrtewandeling van 7 uur en 30 rninr.rten maaken. Gedurende dit uitstapje plaatste hd tlveetal de Advanced Camera for Sun.eys in de
ruimtdelescoop. De nieuwe camera is rijf maal gevoeliger en levert ea1 tlïee maal zo hoge resolutie als eerdere instrumenten in de telescoop. De
laatste ruimtewandeling vond plaats op 8 maart efi s'erd uitgevoerd door Grunsfeld an Linnehan. Nu installeerden ze eqr nieuw koelsr.íeem voor
de infraroodcamera van de Hubble. Hd. originele koelsvíeem was defect ga-aalc in 1995 w.aardoor rvaarnemingen in hd infrarode geLied van ha
spcdrum onmogelijk werden. Ook deze ruimterrandeling werd zonder noemenswaardige probleman afgeslotat. De vludrt van de Columbia zat
er nu bijna q. Op zaÍerdag 9 maaÍ rverd om 10:04 uur GMT de Hubble seer uitgezd in zijn baan. De Columbia vloog vervolgors een
'inspedierondje'orn de ruinrtetelescoop en ver*ijderde zich vervolgens tot op een veilige afstand. De landing van de ColuÀbia staat op ha
momeÍrt van sdrrijven gepland voor dinsdae 12 maart om 9:30 uur GlvÍT.
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Il3r32-DeHubble
.{Ígelopen *."k ir'., r'oor de r-ier- enolrn tot de verbeelding. Het

L

-{Ígelopen week i§er voor de r-ier- enorrn to! de verbeelclmg. Het
de maal groot onderhoud T'erricht Hubble Heritage Team (herita-
aan de Hubble Space Telescope ge.stsci.edu) presenteert elke
(hubble.nasa.gov). De riimtete- maand een nieuw hemels iuweel,
lescocp is voórzien van nieu*'e en natuurlijk ziin de Hubble-foto's
zonnepanelen en nieus'e *-elen- ook als u'allpaper te downloaden
schappelijke inír.:.menten (wws.screenthemes.com/-

Het idee voor e€r teler-ocp in packsr Speciaal voor onderwijs-
ieen baan om de aarde dateen al doeleinCen is op de Spacelink-site

luit 19-16 íwww.sciencepneris€.qc- r'an \-L5A (spacelink.nasa.gov)
l.ca,'clafleurr. maer pas in 1990 r'eel Hubble-materiaal te vinden'
herd Hubble lgenoemd naar de Ook amateur-astronomen heb-

lAmerikaanse kosnoloog Eduin ben in het verleden incidenteel ge-

lguUUte. §T-n'-groups.dcs.st-and- bruik kunnen maken van de Hub-
l.ac.ukr gelanceerd rrr.r.ksc.na- ble Space Telescope (georgenet-
jsagov. zoek missie s'-r-i i t De te- .netihubble.html). Momenteel
llescoop is een samenu erkinp.pro- wordt zelfs gewerkt aan een tele-
ject van de Amerikaanse \-{SA scoop aan boord van het Interna-
(www.nasagov) en de Europese tional Space Station (spaceflight'
ESA ír*'w.esaintT .nasa.gov/station), die uitsluiteni

De eerste onderhoudsvlucht bestemd is voor amateurgebruih
tsr*s.ksc.nasa.gov. missie sts-611 (www.issat.org).
...oid al in 1993 plaats. om een In 2004 moet de viifde en laatsrt
r:,:5leem met de telescoopspiegel onderhoudsvlucht naar de Hub
:e '.'erhelpen. Sindsdien levert ble-telescoop worden uitgevoerd
Hubble een continue stroom
specuculàire foto's (www.seds-
.orglhst) en wetenschappelijke
resultaten. Vrijwel elk deelgebied
van de astronomie heeft geprofi-
reerd r.an het oog in de ruimte.

Tijdens de onderhoudsvlucht
van afgelopen week
(sm5b.gsfc.nasa.gov) hebben
shutde-astronauten een nieuwe,
gevoeLge camera geplaatst, de
-{dvanced Camera for Surveys
r-\CS. acs.pha.ihu.edu), en is de
in-fraroodcamera NICMOS (nic- Daarna hoopt men de telescoop
mos.as.arizona.edu) voorzien in bedrijf te kunnen houden tot
van een nieuw koelsysteem. Beide 2009, wanneer de opvoiger gelan-
instmmenten zijn gebouwd door ceerd wordt, de Ne.n Generation
Ball Aerospace (r*rrw.ball.com). Space Telescope (ngsLgíc.nasa'
,DeACSheefteengroterbeeldveld .gov). Hubble moet tegen die tijd
dan de oude Wide Field and Pla- teruggebracht worden naar de
'hetary Camera 2 (wfpc2.ipl.nasa- aardil waar hij geërposeerd zal
.gov), en is bovendien veel gevoe- worden in het National Air and
liger. Space Museum in Washington

De verrichtingen van de shuttle- (www.nasm.si.edu )

asuonauten zijn uitgebreid op vi- De toekomst van grote ruimtete-
deo te volgen op verschillende lescopen is niet helemaal duide-
ruimtenieuwssites (spaceflight- liik.Nieuwetechnischeontwikke-
now.com. www.space,com). De lingen, met name adaptieve optiek
eerste resultaten van de nieuwe (cfao.ucolick.org), maken het
instrumenten worden binnen en- mogelijk dat grote telescopen op
kele weken verwacht via het Spa- aarde, zoals de Keck-telescopen
ce Telescope Science Institute en de Europese Very Large Teles-
(nrwrv,stsci.edu) en de Europese cope (www.eso.orglprolects/vlt),
tegenhanger, de Space Telescope even scherp zien als een telescoop
European Coordinating Facili§ in de nrimte
(www.steef.org).

De foto's van de Hubble-tele-
scoop (hubble.stsci.edu) spreken 3
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A Power PlaY
3r5 Miles Éigh

FR-ANK MORRING, JR./JOHNSON SPACE CENTER

Columbio ostronouts fix Hubble telexope, upgrode

instruments in difficult servicing mission

bservations with the Hubble
Space Telescope are set to re-
sume in about three weeks after

astronauts on board the space

shuttle Columbia repaired and upgraded
the orbiting instrument wirh arr ambitious
set of extrJvehicular activities (EVfu) that
.hould keep it producins breakthrough
iiscor-eries into t}re n.r: d.ecade.

-L eamble bv Hubt-. nanagers on a

:isis' pos'er thuld6s'n tor the first time
since ihe telescope rvas Iaunched in -\pril
1990 parc olt rvhen the cres'u'as able to

repiace irs tàiling porver control uni:
fpCLl. -\rronauts John M. GrunsËld :u:c

Richard \Í. Linnehan overcame a rin:.-
consuming cooLing-system malfunction in
Grunsfeld s space suit to do the job, rvhich
required special tools and exhaustive train-
ing becausc rhe unit was never meant to
be changed our in orbit.

''Er-enrhing lool<s terrific," said Preston
Burch. Hubble program manager at

N-\S{s Goddard Space Flight Center, as

engineers in the Space Telescope Opera-
tions Control Center at Goddard restart-

ed Hubble after leaving it without power
for 4hr.25 min. rvhile Grunsfeld and Lin-

no to install the newAdvanced Camera for
Surveys (ACS) in place of the old Faint OL
ject Camera. Grunsfeld and Linnehan were

scheduled to retuÍn to the payload bay eat'
11'Friday to restore the telescopet infrared
camera by installing a mechanical cryo-
cooler (AWy'rST Feb. 25, p. 7 9).

The crew also installed two new solar ar-

rays that wi[ generate more power while
reàucing atmo"spheric drag. and replaced a

reactioíconrrol wheel that suffered a wor-
rying telemetry drop-out last November.

Th.-fir. EVfu vzere some of the most chal-

lenging ever atlempled. and unexpected
p.o-bl.rnt in orbir added to rhe difficulry.^ The crucial third EVA of the mission

staned ' l^,: --i:. on \lar. 6 because a wa-

ter leali in -:-. ;ooinq sstem ol Grunsfeld's

spacesuit àrl:d :he astronaii lo ntaP out
his soaked s:;i: :orro rl'irh :he one used

by Newman to r:pia-: c:. ,ri:he solar ar-

rays the da1'betbre.
"The back of the suii i-. cre=. tleil sat-

urated," radioed Armv Lt. Co.. \ano'J'
Currie, the robot arm oPeraior. Dana
Weieel, head EVA conrroller tbr rhe mis-
,i.,n] lrt.. said as much as 9 lb. oi*arer
.r.jhr.'. lea-ked when a suspected surge in
Coiumbias airlock power supplr' opened a

;6,l6n6id vaive in the suit. The damaged suit
'.,. - set r.iie lor the remainder oithe mis-

.--.::. .::i !\ -\ astronauts useci po..'er Ëom
:e$ .er:ts-iuration baneries in their suits

u'hile i:--j.. airlock insread of connecting

,o $16 ;lrpect airlock porver suppli'.

For a rime. x Columbiat crerv used torv-

els to mop up the rvater in t}re suit torso,

shurtle and telescope managers contem-
plared del:'. rnq the tedious PCL' chanee-

àr, h, ,, *. *ï insrailing fieACS insràd.
or .i in r:;king off entirely and trying to
carch up i*ith à contingency EVA dai'on
\Íar. q. L'ltimately. they decided to eo

ahead with the original task, and to slip the

crew's sleep period.
-Vhile the cres'

helped Grunsfeld re-

size and change into
Newmans suit, tele-
scope controllers at

Goddard commalded heaters to warm the

telescope in preparation for unpowered
operarions. Once they emerged into the

pavload bay after the EVA srarted at 3:28
à.m. ESI the astronauts covered star track-

ers and other delicate components with
temporary thermal covers for additional
protection as the telescope cooled toward
an icy death.

Program manager Bwch said rhe risk as-

sociatà wirh rurning offthe relescope was

ourweighed by rhe risk of leaving the old
PCU i; place. Variable electricJ imped-
ance caused by a bolt too shorr-by mis-

taken specificati6n-16 mrL. a secrie con-

nection raised the possibilin'that the unit

fukonout John Grunsfeld is cought by

Richord Linnehon's helmet comero os he

nrcves loword Boy 4 oÍ the Hubble Spoce

Telescope to chonge the power confol unit.

might not be able to deliver enough pow-
er to operate instruments in parallel or run
rhe new mechanical cooler tbr the tele-
scope's inliared camera. In the s'orst case,

defined bv onlv a quaner turn ofthe loose

bolt. none o[the instruments rvould have

sn6',gh po\\'er to operate. and the relescope

.uorld so inro a safehold. Thar in turn

."odd àse the possibiliry that rwo of the

barteries might overheat arrd rupture.
"The re. :o ..'at to predict the future on

sonerh^::E iike rhis," Burch said. "It's sort

or :re Drm Harn'question-'do you feel

Iuck,':'-;nd.r'e don't like to trust to luck
r,. iiir .on-iething as imporrant as HST."

The actual r.'ork of remor-ing the old
PCU anci installing the ne.r' one went
smoo*rlr'. Linnehan used a special *-rench

to disconnect 30 ofthe 34 cables leadine
into the left side of the unit. standing at

rhe *'orkstation on the end oithe robot
arm as Currie raised him uP and down
and pitched him in and out ofthe con-
fin.d spa... After a lirtle more than half
an houi Grunsfeld replaced Linnehan on
the end of the arm, disconnected the re-

maining four side cables and clvo on the
bottom-of the box to get the feel of the
special tool in micrograviry. He used his

po*., tool to finish'unbolting the unit
and pulled ir out with a clamp designed

ro giïe him a handhold as Currie wirh-
drew him from the PCU baY.

\While Linnehan stowed the old unit,
Grunsfeld rode the arm back up the tele-

scope bod.'and began the tedious Process
of bolting in rhe Èplacemenr PCU and
..,n.,ecriÀs rhe .16 cables to ir. The new

nehan worked.
The PCU swap-

out cleared the wav
for astronauts James
H. Nervman and
Michael J. Massimi-

For more on Hubble
and shurrie nissions, visit

w.AvistionNow.com/hubble
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unit-acnralli'the sround spare oirle old
one-\\'as modit'ied ro canr slightlv our-
ward on t}re cable-anachmcnt side. girins
Grunstèld a iirJe more room ro o ori. tti
used mirrors on rhe paims of his gloves
and on a foldiry B'and ro inspect his s'ork.
makrnq sure the conneiror pins *'ere
srra-ishr and Èee of fbreien ob jecr debris.
Once rhe replacement PCU r*'as installed.
Cr.rnsfèld replaced fuses and reconnecr-
ed banen'cabies. -.-nd rhe Goddard con-
trollers starred raroring pou,er and check-
inq out spacecralt $'srems.

Grunsield and Linnehan also took rhe
first E\-{ early on \Íar. +. replacing the
starboard solar arra\- and a related diode
box asse mblr'. The procedure went
smoorhlv ar firsr. rl'irh Linnehan riding
the robotic a-rm ro remove the oid array
and replace the neu, one rvhile Grunsfeld
handled rhe electrical attachments. Lin-
nehan had rrouble with one of four larch-
es designed ro hold the old array in the
Rigid,{rray Carrier for the ride back to
Eartl-r, but as Columbia passed overTexas,
he rvas able to close it by loosening one of
tle other latches first.

Vith Grunsfeld guiding him from a
movable foot restraint on the relescope
bodr', Linnehan opened r}re new array like
a book. Its two panels, fashioned from so-
lar arrays manufactured for the Iridium
lou-Eardr orbit constellation, use gallium
arsenide solar celis to deliver 2Oo/o more
power than the old arrays eyen though
at 24.75 ft. X 8 ft. they are only about
rwo-thirds as large. The smaller arrays will
produce less drag on the telescope, whiie
allowing scientists to use all of the science
instruments on board simultaneously.

On the second EVA, Newman and Mas-

able to begin changing the second solar ar-
ray quickly. Massimino also had trouble
latching the old array into its carrier, but
bv drawing on lessons learned the day be-
fore, he was able to stay ahead ofschedule
even with the glitch. The EVA2 team also
replaced one ofthe four 100-lb. reacrion
rvheeis used to point the telescope ar irs as-

tronomy targets. The task was added lare
in preparation for the mission after the
rvheel they replaced suffered a 7-mn.
relemerry drop-out on Nov. 10, 2001, that
blinded controilers to its rotation speed
and briefly disrurbed the telescope align-
ment nvice during the blackout.

lllll0ucll tlÀS§lfflllO had a liule trouble
removing the old reaction wheel assembly,
o.'erall the EVA went so rapidly that con-
trol.lers directed the asrronauts to install a
new insulation blanket panel outside the
reaction wheel bay, a low-priority task
scheduled only if time permined. They also
found time to test latch bolts on one of the
large aft shroud doors that prorecr r}te rele-
scope irutruments to see if óe latches need-
ed replacing. One latch rvas replaced. ex-
rending t}re E\'À time ro - hr. 16 min.

In contrast to rhe *'ork on the power
$'ÍeÍrs over t]re first three E\'fu. rhe main
er-enr on EVÀ 4 rr'enr reiatir.eiy smoothly.
The ACS rvas designed as an
Orbital Replaceme nr Unir
(ORLI). and so s-as rhe Faint
J'..:Camer.. - -:l:tir
:<;..:.d. \\'ifi Curr.: noving
him around on rhe robor arm

GrunsÍeld used this speciol
clomp fio grosp the Íoiling
po,ver unil, which wos nd de-
signed to be reploced in orbit.

and I'Íassimino a'sisring as the
&ee floate! Nesman pulled the
FOC from its benh inside rle
telescope's aft shroud, stowed
it in a temporan'holder on the
side of the bar'. pulled *re ACS
from its carrier and 'lid ir into

in the flow in one of two fieon loops used
to keep the orbiter and its electronics cool
in orbir. SLr seconds a.frer main engine cur-
offtie flori'dropped from 300 ib. per hour
ro 225, suggesting some kind of blockage
in an ah freon line. Fiight rules require
both loops to be working, and for more
rhan24 hr. aher the launch, mission man-
agers were r*'orried that Columbia would
have to rerun ro Earrh earIy. Ultimately,
t}rev decideC rhar the i"low was adequate
to pro'ide redl::óe::cv even with the
blockase. and rhe :ri..ion continued.

E;r:i on rhe mo=.::i oi \lar. 3 Nary
Cdr. S;..r:: D. -{lrn:-= .. -*:: mission com-
mander. ard copilo: L-S rJ Lr. Co[. Duane
C. Ca-r. maneuverei C..i,.n-rbia slorvlv up
to r},e :.,escope Ëo::: ire.c,.,.. ..r'irh rhe or-
biter's ;'r:::ol iers ::,:.:l:-::;i so rher'
ivouldn'r ;o:.:-:::-.::.=:= ---.a aa.-- r.- :,,: ::..-
Èna, -í =:::. 

':-::.< :tr:oà.-:. L--:: :---
sitio:i:C àe Carlaciia,r-'e:.r-: :o5o::.- -:::
airc*t rhe palled bav ;'"::rrs :n. :s:oà::.
s*Lich lett her in posiion ibr a >-rnoodr cap
rure and grapple at +:-31 a.m. ESï as Co-
lumbia flerv in darkness 3l i naut. mi. over
the Pacific sourhu'esr of -\íerico.

Improvements insralled bv the end of
tÀe servicing mission rvere expected to al-
Iorv rhe Hubble telescope ro conrinue

the vacant space. Once the EVA asuonaua pushing rhe enr-elope of human knorvl-
connected the ne*'instrument, controllers edge, anss-ering questions about the uni-
began the'aliveness" resrs rhar certified ir verse rhar in mànr. cases had been raised
ready for dury rvhile the astronauts srowed by its earlier discoveries.
the FOC for its rerurn to Earth. The EVA "This telescope is going to be more pow-
also included some cleanup from the PCU erfirl," said 

".t 
ono-..§7endy Freedman,

replacement, an_d get-ahead work for the leader of tàe ream that used r}re telescope
cryocooler installation on EVA 5. to calculare within 10olo rhe expansion rite

The servicing mission got underway at of the universe-known as ih. Hubble
6:22 a.m. EST Mar. 1, one day late after Constant. "Itt going ro have greater sen-
t_emperatures at Kennedy Space Center sitiviry. Itt going to see fainter óbjecrs, and
dipped into the 30s and left no margins for see rhem wirl much grearer clariry high-
cold-weather launch constraints set after er resoiution, eren .ólors that were not
the Challenger disaster in January 1986. possible with the Hubbie previously."

While the dawn launch dazzled spec- The 1l-day mission was scheduled to
tators in Florida, controllers at Mission end on Mar. 12wídta4:30 a.m. EST land-
Control CenterlHouston noticed a drop ing at Kennedy.
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simino were spared the payload bay set-
up chores of tlie day before, and so were
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SHUTTLE LANDS SAFELY,
LEAVING HUBBLE POISED TO PROBE THE COSMOS.

CAPE CANAVERAL - Columbia's astronauts dove through dark skies and returned to the surface of planet Eartn Tuèsday, leaving

an overhauled Hubble Space Telescope poised to peer tóward the furthest reaches ofthe universe. Swooping through th9 pleq1ry!

night here in central Floiida. Columbia commandei Scott "scootei' Altman piloted the winged spacship to a 4'.32 a.m- EST (@32

C[11ry landing at Kennedy Space Center. NASA's 19th nighttime shuttle landing capped a complex but highly successful mission to

outfit Hubble with an advanced planetary camera and revive its blind infrared eyes. Amid five challenging spacewalks, the Columbia

crew also performed riss transplant suigery on the electrical heart of Hubble and fitted the telescoPe vrith a fresh set of smaller but

more energetic solar wings. What's more. the askonauts replaced a faulty pointing control device, leaving the rejuvenated telescope

ready to answer cosmrc questions about the age, evoluiion and fate of the universe. 'Welcome back " feilo$' astronaut Mark
polanss told the Columtia crew from NASA's Mission Control center in Houston after the shtttle roiled tc a stop on a floodlit

runway. ,We'd like to congratulate you all on a very successful mission servicing the Hubble Space Telescope " "lt's great to be

back here at Kennedy Spaie Centei after this incred'ible experience at Hubble," Altman replied. Launched Mach 1. the lGday, 22-

hour flight got off to a ràcfy start. A clogged shuttle coolant line threatened to bring the crew home ear! Bd NASA uitimately

okayed a rèndezvous vrrth Éubble oespiiJa technical violation oÍ longstanding flight safe§ rules. Througnout the mission, one oÍ

two coolant lines that keep spacecraft electronics from overheating operated outside of establisheo safety limÍts- The second line,

however, worked as intended. and no problems lvere reported with the congested Freon cootant lmp dunn-o columbla's fiery plunge

back through the atmosphere Flying ihe shuttle tarl-Íirst and upside down, Altman rewecj up ColumÀa s tYiin oÍbítal maneuvering

engines at-3:22 a.m. EST (0822'CMf) as the ship and Íts six-man, one-woman crew crL,sed high above tle lndian Ocean east :f
Afàca. The four-minute, four-second firing slowed Columbia enough to send the gGton shuttle on an hour-long freefar' bac< :c

Earth. Trademark twin sonic booms signaÈd lhe imminent end to a mission that featured a recordJying Íve spacerï"iks in 6 many

days. Added up. two alternating two-man teams - John GrunsÍeld and Rick Linnehan, and James Newman and Mi:hael Massrmino -

- sient 35 houis and 55 minut& scaling up and down the four-story telescope, which was mounted on a cargo bay platform íd tne

irork. The nely benchmark eclipsed by 29 minutes one set by NASA's Íirst Hubble repair crevr during a 19S missim to fix a

debilitating flaw in the observatory's primary mirror. Both flights featured five spacewalks, ard the vrork carried out by Cotumua's

crew wasionsidered every bit as'demandiíg as the earlier restoration oÍ Hubble's view on the universe. Exhausted but exhilarated

by the end oí it all, even the astronauts were astonished that they were able to get all the work done during what was an

oversubscnbed mission. "l'm still riding high on the Íact that we did everything we came to do, and that we didn't break the

telescope," GrunsÍeld told reporters in Jspai+to-ground news conÍerence Monday. NASA'S Íourth Hubble servicing mission served

as a mid-liÍe makeover for tire 12-year-oid observatory, which was launched in 1@O and is widely regarded às one of the most

scientifically productive machines ever built by humans. The telescope's new $19 million solar wings will generate 2O percent more

power thaí t'heir predecessors, enabling asiionomers to operate as many as four Hubble instruments simultaneously. Combined

with a fresh polvei distribution box and à replacement Íor a problematic pointing device. the rigid blue anays will give the telescope

a new electrical and mechanical lease on life. A $21 million cooling system is expected to enable engineers to resuscitate the

observatoq/s comatose infrared instrument, which was installed in 1€7 but has been in a scientiflc stupor since í999. A recovery

vrould allow the observatory once again to peer through dark masses of gas and dust to study stellar nurseries and galactic

graveyards. And astronomers around the world already are lining up to use Hubble's $76 million Advanced Camera for Surveys. Ter
times'more porveíul than its forerunner, the sharp new eye on the universe will extend the observatory's reach to within a billion ot

so years of the Big Bang, the primordial and explosive birth of the universe. The camera is expected to come on line in early May

and NASA Hribble project officials already have been deluged with eight times as many observing proposals as they car
accommodate. NASA ptans a fifth and final Hubble servicing call in 2004, a flight during which the observatory will be fitted with its

last hïo scierce instruments - another advanced planetary camera and the most poweíul speckograph ever launched into orbit. lts

likely final reding place: The Smithsonian lnstitution's National Air & Space Museum in Washin$on. D.C. Next up Íor NASA's

shuttle fleet: The planned April 4launch of Atlantis on a mission to the lnternational Space Station. Spacewalking astronauts on thal
fllght will assemHe the hub of the station's central truss. vrhich eventually will stretch 366 feet (108 meters) Írom end to end.

Sistership Endeavour will follow, flying a station crew rotation mission in early May. Tight security. meanwhile. is expected when
Columbia reiums to orbit mid-July. Onboagd lhe shuttle for that í fuay science mission: llan Ramon, lsrael's fir$ asfonaut.

HuBBLEUPDATE \+ti Ji\
Operators and users of'the Hubble §p".t 

.líl.r.op.í,rt. dortd
the orbiting instrument largely "healthy and fit" as they wrap

up their initial checkout following last month's sen'icing mis-

sion by asrronauts from the space shuttle Columbia (AW&ST

Mar. 18, p. 34). New rigid solar arrays, rvorking *'ith a power

control unit thar was replaced even though it was never meant

to be, have upped power production on tlte telescopeby 27o/o

(see photo). Early imaging with the new Advanced Camera for

Surveys has been called "excellent." The experimental mechan-

ical cryocooler for the telescope's infrared camera gave its cre-

ators a bad moment early on when it shut down for no appar-

enr reason (AW&STMaÍ. 25, p. 24), and it has been cooling the

camera's detectors more slowly than plange{ since it waq,nestarol

ed. As a result, checkout and eventual use ofthe IR camera for

observations will slio.
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New HST Cryocooler
Mry Get Other Roles
FRANK MORRING, JR./WASHINGTO N

ubble Space Telescope engineers
are spending rhis week activaring
an advanced mechanical refriger-

adon wstem that they expect will resóre
dre telescope's infrared vision, but without
rhe vibration r}rat could blur images ofsome
of rhe most distant objects in the universe.

Ifit succeeds in chiliing IR derecrors on
the Near-lnfrared Carriera and Multi-
Object Spectrometer (Nicmos) to about
70K(-334F) without shaking the telescope,
the experimental cryocooler could be the
precursor to a new generation ofmechan-
ical cooling sysrems witl applications on
advanced scientific and military satellites.

The technologv was based on work
done for the U.S. Air Force over rhe past
eight vears. and NASÀ is already consid-
ering ir for fi-rture missions ro find Eartl-
like planers and srudy the regions near
superr'.rassive black holes. Provided rhe
mechanica.l cooling svsrems can be made
to operare quieilr'Ëom the standpoina of
vibration and electromagnetic interfer-
ence, drey are lighter and longer-lived than
cryogenic dervars built to hold consum-
abie coolanrs liJ<e frozen nitrogen.

"Ifyou have very precise pointing re-
quirements, which a lot of DOD fDept.
of Defense], NRO [National Reconnais-
sance Office] rype spacecraft do, as well
as any deep astronomy mission, you want
as srable a platform as you can get," said
Darrell Zimbelman, the NASA systems
engineer responsible for the cooling sys-
tem. "This rype of mechanical cooler is
going to allow you ro achieve those sub-
milli-arcsecond pointing requirements rhat
vou could nor ger before with other npes
ofcoolers."

Àstronauc fiom the space shunle Co-
lumbia installed the device on Mar. 8 on
the final errravehicular activiry (EVA) of
their mission ro service the telescope, rvhich
ended on Mar 12. Following tle success-
firl completion of the difficult rigging job,
engineers at Goddard Space Flight Cen-
ter, Md.-site of the SpaceTelescope Op-
erations Control Cenrer-were scheduled
to begin activating the cooling sysrem over
the weekend of Mar. 16-17. Afirst image
with the revitalized Nicmos insrrument
is due in mid-April.

Originally that instrument lasted only
for 22 of an expected 60 months because
a thermal short depleted the solid nitro-

gen coolant in its aluminum honeycomb
dewar premarurely. Without the cooling
nitrogen, r}re inËared detectors in Nicmos
warmed ro t}re point of blindness. As it
turns our. -,le rarget temperature for the
adjusrable cr,-ocooler of 70K is berer suit-
ed for optimum performance than the
60K Íired remperature generated by the
frozen nitrogen.

-\rronauts John M. Grunsfeld and

debris that might damage one of its deli-
cate sensors.

"Looks like a big suíboard, John," as-

tronaut James H. Newman radioed from
Columbia's aft flight deck as Grunsfeld-
riding the shude's robot arm--<arried the
radiator up from the payload bay floor to
the telescope. Astronaut Nancy J. Currie
operated the arm, whi-le Michael J. Mas-
simino helped Newman with EVA cho-
reography from the flight deck.

The key to the cryocooler is a turbine
about the radius of a dime that rotares on
gas bearings to move coolant through *re
system. Built by Creare Inc. of Hanover.
N.H., the machined-titanium rurbine
spins at 400,000 rpm. to minimize vi-
bration. "Itt a combination of the high
speed and the fact that they're a very low

fuchard M. Linnehan took 5 hr. 8 min.
of a7-hr.2O-min. EVA to wire and plumb
the cryocooler into the telescope. As they
had done nvo days earlier when they re-
placed the Hubble's power control unit
(AV&STMar. 11, p. 22), rhey accom-
plished a task that wasn't contemplated
rvhen the telescope was launched. Mov-
ing slowly bur deliberately, they bohed the
cooler compressor into the telescope aft
compartment, latched a 13-ft. radiator
onto handrails along the telescope body,
snaked a coolant line through a vent in
the telescopet aft bulkhead and worked
inside the telescope ro connect all the
plumbing and wiring rvithout generating

ÀlronoutJohn Grunsfuld posilions tÍre rqdi-
slor for o neu/ cryocooler on the oft shroud
oÍ the Hubble Spoce Telescope. ïny turbines
{insed in the mechqnicol system corry heot
or,'cy from lhe hlescope's infrored coÍnero.

mass," said Nicholas Jedrich, an engineer
on the projecr with Jackson & Till of
Seabrook, Md., which handled technical
managemenr, integration and test supporr
on the cryocooler. "You have very small
inertia, so itt high stability."

Moving surfaces in the turbomachin-
ery are coated with diamondlike carbon
to prevent wear and tear when they touch.
In space, the turbines float on the neon
coolant used ro draw heat away from the
Nicmos detectors and pass it along to a

separate ammonia system that takes the
heat out of the telescopet aft shroud and
into space via the radiaror. A similar am-
monia radiator is scheduled to be installed
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during the next servicing mission in 2004
to cool the entire aft shroud so all ofthe
telescopet instruments that will be in place
after that mission can be operated at once.

lN C0mBlilÀTl0ll with the new solar ar-
rays, Advanced Camera for Surveys and
power control unit Columbias crew in-
stalled, the revived Nicmos will dramati-
cal1y boost the Hubble telescope's abiliry
ro make discoveries by cutting through
the dust that obscures many regions of
scientific interest.

"tVhen you go to longer rvavelengths,
which the Nicmos carnera allows you to
do, the light coming from these objects
can actualh'pass through the dust, and
you can see them in a u'av that's not pos-

/rà.

For more on Hubble, visit

wttrv.AviotionNow.com/hubble

sible in ordinary visible light wavelengths,"
said -Wendy Freedman, an astronomer at
the Carnegie Observatories in Pasadena,
CaIf. ':Ir may be possible to see otier plan-
ets, failed stars, and to understand horv
galaxies interact."

Columbia retumed to Earth. on Mar- ll
rvith a 4:32 a.m. EST landing at rhe
Kennedr. Space Center in pristine weaóer
condidons. The STS 109 descent from 315
naut. mi. aldrude began witÀ a twin orbial
maneuvering system reenffy burn over the
Indian Ocean, followed by four hyperson-

ic roil reversals to bleed off energy-and to
break nonh our of its orbital ground track
to set up for an approach ro Runway 33.

To gain stick dme in preparation for fu-
rure landings as a shurrle commander, co-
pilot USAF Lt. Col. Duane G. Carey took
manual control of Columbia just coming
onto the computer-generated heading
alignment cirde (FIÀC) projeced on cock-
pit displair. Carev brought *re orbirer pan-
wav around óe 2i0-deg. right overhead
rum and then handed conuol to Nary Cdr.
Scott D. Àltman so rhe STS-109 com-
mander could complere óe landing. O

repiacereirïï-t theHirt gymscopes on flight 3A.

The HSI was launched on the Shuttle in 1990.

The first s€ívicing mission, in December 1993 had

to include $€ installation oí a purpose-built

instrumeíri to coÍTect the optics oí the main miíor
which was discovered to have been very slightly

distorted. A second seívicing mission was Ílown

in Febnrary 1997.

Field Gmera, a new aft rhroud cooling system

and a fiíË guidance sensor.

AÍdleí mission is planned in a ten-year tinr
franre to'secure'the teles<ope, whirà could

involve bosting it into a higher'safu'oóit
preventiÍE a potentially dangerous re-eotry and

break up in thr atmosphere.

Another more ÍavouÍed option is to retrieve

the HSÍ aod retuÍn it to Earth. There have been

discussions about the íamous satellite being

placed in the National Air and Space Museum in

Washington DC.

[ive more Space Shuttle missions aÍe planned

íor this year, Íour oí whió will rotate crews and

supply equipment to the lntemational Space

Station. One will be an independent 1 6-day

science research mission

tiLg

Saior Editor Craig Corault contribarcd :..

ilti: rEon.from the Kenudy Space Cer;:t,

Ipecacula r servici ng m ission
Íhe íourth Spai-shurttiíserviCing mislion to tàe

Hubble Space ïelescope was launched on 2

March to install a new camera that will improve

the craÍt's imaging apability by a factor oí ten.

Five spacewalk were planned Íor the seven-

crew SïS-'109 mission being flown by the orbiter

Columbia, fitted with a new glass cockpit and

entering its 20th year oÍ opentions. Columbia

made the first Space Shuttle mission in April l98l
and has flown 26 times.

Ihe STS-I 09 cÍew installed the Advanced

Camera íor Surveys. rcplacing the taint Oble<t

Camera on the telescop€, which will enable

astronomer to peer into the distant Univene,

Íurther than l2 million light yeaa away.

The Hubble's solar anays were replaced by a

ncrv, lighter pair but with 20 times more

electÍical poweÍ genection opability, and the

crew replaced a Íeaction wheel assembly, a

power control unit and other smaller pieces oÍ

equipment.

An existing but dormant instrument. the Near

lnírared Camera and Muhi Obiect Spectomaa

was fitted with a new, experimental cooling

system and retumed to active service. The total

cost oí the new equipment to be Íitted to the HsI

was Í172 million.

ïhe servicing mission was dubbed 38, nther

than 4 ar it comprised the second phase oí a third

mission, ílown in D«emhr 1999 which had to

be divided into two missions to allow emeíqency

A final rwicing mission will be flown within /t -- ;F-..1
five ycars to replace the coÍÍe«ive optic! system + J ó .i-) i
with a Cosrnic origins Spectrognph, a third Wide_> 

--
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Service miss"on to extend Hubble's lifetime
After nearly 1 2 years of incredible scientific

discoveries, the Hubble Space Telescope orbiting

Earth is about to have another service visit. ïhe

servicing mission planned for launch on 28

February will be the fourth since Hubble's launch

in 1990 and will install newer and more powedul

instruments that will increase Hubble's discovery

capabilities and extend the longevity of the

observatory.

As a unique collaboration between the

European Space Agency (ESA), and NASA, Hubble

has had a phenomenal scientific impact. The

unsurpassed sharp images from this space

bbservatory have penetrated into the hidden

ïepths of space and revealed breathtaking

phenomena.

But Hubble's impoÍtant contributions to

science have only been possible through a

careÍully planned stÍategy to service and upgrade

Hubble every two or three years. One of the

highlights of this servicing mission - which

:volves Íive extensive space walks - will be

rl,hen the ESA-built solar panels are replaced by

neu'e: anC ro'e gowerful ones. The new panels,

deve ooec - i"e ;5, are equipped with ESA

de,: cpeo c. i€ nechanisms and were tested at

the facilÍties at ESA's European Space Research

and ïechnology Centre (ESTEC) in the

Netherlands. This íacility is the only place in the

world where such tests can be performed.

"A pafticularly tense moment occurs when the

present solar panels have to be rolled up to fit
into the Shuttle's cargo bay. The hard

environment of space has taken its toll on the

panels and it will be a very delicate operation to

roll them up," said Ton Linssen, HST Project

Manager at ESA, who supervised all ESA

involvement in the new solar panels development

including the test campaign at ESTEC,

Piero Benvenuti, Hubble Project Scientist at

ESA, said: "New super-advanced instrumentation

will revitalise the observatory. For example,

Hubble's new digital camera - the new Advanced

Camera for Surveys, or ACS - can take images of

twice the area oÍ the sky and with five times the

senshivity oÍ Hubble's previous instruments,

therefore increasing by ten times Hubble's

discovery capability."

ACS is going to replace the Faint 0bject

Camera, or F0C, built by ESA. The F0C, which has

functioned perfectly since the beginning, has

been a key instrument to get the best out of the

unprecedented imaging capability of Hubble. The

FOC was a "state-of-the art" instrument in the

80s, but the Íield of digital imaging has

progressed so much in the past 20 years that,

havinq fulfilled its scientiÍic goals, this ESA

flagship on Hubble is chivalrously giving way to

newer technology.

However, the story oÍ F0C is not over yet as

experts will still Iearn Írom it when it is brought

back to Earth and inspected, to study the effects

on the hardware of the long duration exposure in

space. Hubble is expected to continue to explore

ttÍonauts ranès Newman rnd Michael Massimino participated in the firt science inrtrurnent upgrade oÍ the

(EVA).

work will be taken over by its successor, the

powerf ul ESI/NASIíCSA (Canadian Space Agency)

Next Generation Space Telescope.

NGST's main focus will be observations oÍ the

Íaint infrared Iight from the first stars and

galaxies in the Univer\e.
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Mission

HSM 1 / 5T5-61

HSM 2 / STS-82

HSM 3A / STS-103

von-bis

02.-13.12.1993

11.-21.02.1997

19.-27.12.1999

Bei filnfAusstiegen ersetzte die Crew der Endeavour Gyroskope und
die Solarzellenflàchen, installierte eine neue Kamera sowie ein
Korrektursystem fi.ir den optischen Strahlengang des Hauptspiegels.

Vier AuBenbordtàtigkeiten der Besatzung der Discovery waren nörig,
um ein Spektrometer und einen Spektrographen sowie Sensoren,
Speicher und Drallràder auszutauschen.

Die eigentlich erst fiir 2OO1 geplante Mission mussre in wesentlichen
Teilen vorgezogen werden, weil wegen des Ausfalls von vier
Gyroskopen die Srabilitàt des Satelliten nicht mehr gewàhrleistet war
und die wissenschaftliche Arbeit eingestellt werden musste. Die Crew
der Discovery installierte zudem neue Sensoren, einen verbesserten
Hauptcomputer sowie einen Datenspeicher und erneuerte Teile der
lsolationsschicht-

Bei fUnf Einsàtzen wurden eine neue Kamera, verbessefte Solarzellen-
flàchen und ein neues Ki.ihlsystem eingebaut. Der Thermalschutz
wurde erneuert und die Bahnhöhe des Satelliten angehoben.

Ein neuer lnfrarot-Spektrograph und eine verbesserte Hauptkamera
werden installiert.

20 Jahre nach dem Start soll Hubble zur Erde zuri.ickgeholt werden.

01.-12.03.2002

Juli 2003
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AP NEWS : 18 MAART 2002

NASA TO KEEP SHUTTLE LAUNCH TIMES
SECRET UNTIL DAY BEFORE LIFTOFF.

CAPE CANAVERAL - Beginning ivrth the next space shuttle flight in two 'r'veeks, NASA is keeping its launch times secret until 24

hours in advance to guard against possible teriorist attack. lt is the first time in more than a decade that the space agency is

refusing to give out à shuttlà launch time well in advance. 
.'NASA rs choosing to be extra careful," Kennedy Space Center

spokes-man-Bruce Buckingham sard Monday. Under the new policy, appoved late last week by top NASA omcials, the National

Aeronautics and Space Aàministration wril give out Íour-hour íaunch periods until about 24 hours beÍore lifioff, when the precise

time will be announced. Once NASA releases the exact launch time. everything about the flight - including the landing time--

will be made public. The neí launch, of Atlantis on April 4, will occur sometime between 2 p m and 6 p m. (1900 and 2300

GMT). Buckingham noted. lt is a space station assembly niission. Even though-the seven astronauts assigned to the Ílight were

at the launch site Monday, going through the customary practice countdown, NASA did not announce their arrival in advance for

security reasons. What wire t-rying tioo is protect the credibility oÍ this agency with the public and the press, and also with the

security measures that this natioh fràs put into place at the highest government level," NASA spokesman Kyle Herring said from

the agéncy's Washington headquarters. NASÀ, as a civilian agency, needs.and wants to put out as much information to the

publijas possible, Hining said "But we also want to proteót the national assets, that is the hardware. the crew and the

peÍsonnel that work for thij agency," he said. The launch times of the December and March space shuttle missions were widely

known beÍore Sept. 11, analo tÉere was no attempt to make them secret following the tenorist attacks, Hening said. Both

launches rvere conducted amid unprecedented security, which is expected to continue. Herring said the new policy took a while

to develop and will remain in efÍeci Íor subsequent missions, "with the caveat that it will be reviewed on a flight-by-flight basis."

Still to be decidedt whether and how NASA will confirm the start oÍ the launch countdown. The countdown clocks in public view

will not start ticking until 24 hours in advance, Herring said. Even tougher rules were in effect ÍoÍ the seven space shuttle flights

that canied classiÍ1ed Defense Department satellites from 1985 through 1990 tn those cases, the launch time was not,

announced untit nine minu,tes before liftoff and a news blackout was impoied on vrrtually the entire O,nn, 

i§)-9

BBC : 20 MAART 2002.

SOVIET MOON ROCKET SECRETS REVEALED.

Hitherto unseen prctures of the giant rocket that the Soviets hoped would help them beat the-United States to
land a man on the Moon have been revealed on a Russian website. The images appear on the website of the
Russian Strength Research Centre. They show new views of the mighty N1 rocket - the Soviet equivalent of
America's Saturn 5 booster. Experts say that new details about the booster can be seen jn what are rmaqes of
early test versions of the booster's first stage,.Nine or ten N1's were built at the Baikonur Cosmodrome rn rhe
late 1960s and early 1970s. The giant rocket was launched just Four times; each one was a orsaster endi.g in
abrupt and catastrophic failure. They are interestíng photographs because they reveal some oreviously unseen
structure and construction of N1's first stage, Soviet space expert Edwin N Cameron told BBC News Oniine.
DesÍgned to Iift the Soviet moon lander into space, the N1 was a titanic feat of engineering, Its First stage
involved a cluster of 30 high-powered rocket engines using kerosene and liquid oxygen as fuel. The largE
number of engines was the rocket's fatal flaw. Engineers could not find a way to etfectively balance the thrust.
of them all meaning that controlling the booster was impossible. Pumping fuel to each rocket motor also proved
to be a major problem. When the N1 project was cancelled in 1976 the Soviet space chief Valentjn Glushko
ordered all the remaining N1 hardware to be destroyed but. despite his orders, a lot survived, In 1997,94
leftover N1 engines were sold to the American company Kistler for refurbishment and incorporation into a Iewrocket 
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;e ISS Hardware Shows ScaleJ^p^ner
Of I.l.S. D^pan Cooperation
CRAIG COVAULT/KENNEDY SPACE CENTER

J ,prr,.r. International Space Srarion

I hardware that make up the single
f largest U.S.{apanese cooperative aero-

ípace effort are shown undergoing final
checkout near Tokyo.

Total Japanese investment in ISS hard-
ware and facilities exceeds 400 billion yen
(S3.1 billion) and involves nine major
Japanese aerospace companies and nu-
merous Japanese subcontractors. Japanese
officials are concerned that U.S. changes
to the station caused by NASA cost over-
runs could limit Japanese astronaut par-
ricipation-and Japanese research re-

.--ffi-

turn-by reducing the overall ISS crew
slze.

The magnitude of Japan's contribution
to the ISS is illustrated by module and ro-
botic hardware being completed in the
Space Station Integration and Test Build-
ing at theTsukuba Space Center. Final in-
tegration is underway on the 15-ton Kibo

Japanese Experiments Module [EM) (top
ohoto, p. 82) with its 32-ft. Japanese ro-

AVIAIION WEEK & SPACE TECHNOLOGY/FEBRUARY 25. 2OO2 139o

t9 t st)



bótic arm. Arached to the left side of Kibo
is theJEM expösure faciliry under a clean
room greenhouse. Japanese astronauts will
use the arm to move research hardrvare
back and forth berween the module and
the 4-ton porchJike exposure facilinr The

elements are to be shipped to the [S. late
this year for launch ro rhe ISS by the shut-
tle by about 2004.

Computer graphic (center image, p. 82)
shows how theJapanese hardware will ap-
pear as an H-IlAlaunched logistics mod-

ule (TITV) approaches. Japanese astro-
nauts are using a JEM internal mockup
(bottom photo, p. 82) for training, as well
as a mockup of the airlock (see photo be-
low) that will link the JEM to the expo-
sure àciliry.
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SPACEFLIGHT NOW : 11 MAART 2002.

INAUGURAL ATLAS 5 ROCKET MOV-ED TO THE LAUNCH PAD.

Lockheed Martin's first Atlas 5 rocket was rolled out to its Cape Canaveral launch pad Monday for fueling

tests and a crucial countdown dress rehearsal. Riding atop a mobile transporter, the 191-foot tall rocket

made the 1,800-foot rollfrom its verticalassembly building to the open-air pad at Complex 41. Lockheed

Martin has installed a dummy satellite simulator and full nose cone atop oÍ the Atlas 5 for the test, giving a

realistic view of what the rocket will look like when it launches on the inaugural Ílight. The schedule called

for the Alas first stage to be loaded with RP-'t propellant, a highly reflned kerosene on Monday' On

Tuesday, the launch team will assemble for a full countdown that will include loading the Íirst stage with

ruper-cóiO liquíd oxygen and the Centaur upper stage with its supply of liquid hydrogen and liquid

oxygen. lÍ the tests gó well, the rocket will be safed and then rolled back to its assembly building on

WéànesOay. This islhe first of three such dress rehearsals planned before launch. Lockheed Martin

delayed this initial countdown test by two weeks to deconflicÍ the busy work schedules for the Atlas team,

whic-h successfully launched the Íirst Atlas 38 rocket on February 21 and an Atlas 2A rocket last Friday.

Crews did rollthe rocket to the pad last Wednesday, however, for RP-1 loading exercises and tests with

the Air Force-controlled Eastem Range at the Cape. The vehicle was then returned to the hangar on_------:
Thursday.ThemaidenAtlas5launch,originallyscheduledforMay9,hasslippedintoJuneduetodelaySI llulJuqJ,. I rlv lllqrvvrr '-' '-'-, -, __--- t t

readying the rocket's paying cargo - Eutelsat'sHot Bird-6 direct-to-home TV broadcasting satellitel a : q'\- i-r:--J"
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Atlas V

De eerste vlucht van de zeer
krachtige Atlas V raket staat
nu gepland op 9 mei. Het moet
dan de Europese Hot Bird van
Eutelsat in een overgangsbaan
om de aarde brengen. Dat de
lancering alsnog naar een la-
tere datum verschoven wordt,
sluiten technici niet uit. Geen
enkel risico zal genomen wor-
den: de eerste lancering moet
meteen een geweldig succes
zijn. De te lancering... krn.t- : lmaan is een van het 'lichtge- -, ) Q \ >,
wicht' type voor deze raket. t> J I lDat houdt in dat er geen hulp-
raketten bij deze missie aan-
gebracht behoeven te worden.
Bij zwaardere vrachten in de
toekomst kunnen technici er
viif aanbrenoen.
Voor dit jaar staan twee Atlas
V lanceringen op het program-
ma en zes voor het volgende
jaar.
Lockheed Martin heeÍt honder-
den miljoenen euro's geïnves-
teerd in de ontwikkeling vanf-=-
deze raket, r"n.""ià"iiË"ii"n ! ? .t t e}i
en infrastructuur. De Amerika- r! J ')

raket de concurrentieslag rnet
de Ariane 5 te winnen

ïhe lirst U.§. Àir Iorre,/lockheed Mar-
rin Atlas V evolved expendable launch
vehicle has been rolled out to Pad41 at
Cape Canaveral for propellant loading
tests. The uansfu to the pad of the first
EELV flight vehicle after seven years of
planning and development marks the
beginning of a new era for U.S. un-
manned booster operations.

For the fust time since the inception
ofthe U.S. spac€ program, there is a larye

new unmann€d vàide on a pad at Cape

Canaveral thatwas developed as a mod-
ern cost-efFective launcher in its own
right, not derived from earlier intercon-
tinental ballisdc missiles as were the old-
er Atlas, Titan and Delta lar.rnchers. The
USAF/commercial EELV program also

involves the Boeing Deka fV vehicle.
Lockheed Martin has poured about

$ 1 billion of its own money into the At-

las V program, which USAF bqlan with
5500 million wonh of dwelopment @n-
tracts to each company.

The I 9 I -ft.-hig[ adas V is posidoned
on its 1.3-million-lb. mobile launcher
pladorm equippedwith a 184-ft. um-
bilical mast. Lightning protection tow-
ers that are 340 ft. tall surround the
vehicle. For scale, note the technicians
at bottom and tugs used to push the
olatform to th. pà from the vehicle's

Vertica.l Integration Faciliry. Additional
tesrs on the p"ad and in the VIF will con-
tinue until liunch, now planned forJune
or July, depending on Eutelsat schedul-
ing for the Hot Bird 6 payload.

Ïhe firrt Boeing Delta [V flight ve-

hicle will be placed on its Pad 37 facilí'
w later in thè sorine. Its first launch of
J Errt.lr"t W' ,ir..Ë."ft is planned for
no earlier thanJuly. O
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Atlas V raket, uitge-
rust met Russische
RD-l80 motoren. licrcl
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SPACEFLIGHTNOW: IZ MMRT ZOOE-

ATLAS 5 ROCKET PASSES CRUCIAL FTRST LAUNCH PAD TEST,

The Atias 5 rocket speni over 90 straight hours on the launch paci for its first countdown test last week. The Lockheed MartinAtlas 5 r'ocket is one step closer to its summertime inaugural launch following the successful countdown rehearsal ànd fuelingtests ccl.:.tec at Cape Canaveral's Complex 41 last week. Known as a Wet Dress Rehearsal, or WDR, three of thesé
countdc.','^ tesrs are planned over the next couple oÍ months as pathfinder exercises to practice transporting the rocket to theDad rcal rg o'cpellants and conducting simulated launch days for the control team. The tests give engineerslhe chance to findan; 3'3.'en:s early so they can be resolved before the real launch day arrivés. Other than-a Íewjechnical bugs that werer.i:..'e'ec 'nih ground equipment. officials said the Atlas 5 rocket performed "fiawlessly'' during the crucial tests. ,,The first oneir.§ a ': :ne first time out," John Karas, Lockheed Martin's vice president of Atlas Developme-nt, said of the successíul 4 1/2-:a;':Í 'it exceeded everyone's \'/ildest expectatíons." Riding atop its 1.S-million pound mobile iaunching platÍorm, the rocket
r,?s '? ec '':. the new Vertic.al lntegration Facility (VlF) to the open-air launch pad on Monday, March 1i. The í,ggg-foot trip:ares 2::-: il rirutes. The Atlas 5 rocket leaves the VIF forthe launch pad 1,800 feet way. Ph'oto: Lockheed Martin. For a realt?--'r:- 13., :'e l:ras 5 will be moved to the pad just 11 hours before blastoff to be fueled up and readied Íor the Íinat6-jr:co,'í: 'i i^ s!c. a short stay, a mobile service tower isn't needed at the pad. over the past ïwo years, Complex 41 has
been rarrsÍcr-e{ +3r its legacy of launching Titan 4 rockets to supporting the next-generation Aflas s. Adrian LafrÍtte,
Lockhe€o MaÍ's c'ras launch director, says all that remains oí the Titan 4 erJis the flamè ducts and Íour lightning protection
towers. Afrer rearF3 the pad Monday, the first stage vras.loaded with_RP-l propellant, a highly refined kerosene. Tuesday wasspent wo*ing I1-]'€h some technical issues wÍth ground systems. On Wednesday, tne tàurícn team -- stationed in the newAtlas 5 SpacelR -3r: operations Center at complex 41 - ovérsaw the loading of th! Centaur upper stage with its supplies ofsuper-cold tioun oxvgen and liquid hydrogen. The cryogenics were drained iater that day. Thuisday 

"ó tn" compleiion oÍ asimulatecj rar:lch oaY with the pumping of liquid orygen-into the Atlas 5's first stage. ïhe countoowí ctocf reached ï-minus 4minutes befcre lhe test Y,'as concluded and the liquió oxygen off-loaded. Technicians spent FriJay .àrn,ng draining the Rp-1
fuel from th9 Írst stage and readying the rocket íor its.return to the VIF building. The rollback wai finished by 1unchtime. "The
last piece oÍ the Atlas 5 launch system left to test was the integration of vehicle ànd launch pad, vrhich has now been verified ioperÍorm as designed and advertised," Karas said. "Once agàin the entire Atlas 5 team i"ras done a fabulous job achieving
another cntical program milestone," said Col. Bob Saxer, the Air Force's Evolved Expendable Launch Vehicle 

"yéte, 
prograri

director' Ïhe Atlas 5 and Boeing's Delta 4 rockets are being developed in conjunction with the EELV progràm to usher in a newgeneratÍon of U.S. launch vehicles. "The technical challenges associated witÉ bringing a brand n"* i"ricn vehicle and launchpad to liíe are not insignificant. John Karas and the entire Atlas 5 technical team are io be commended for the outstanding job
they've done; successfully tanking the entire vehicle, taking it to flight pressures, and counting down tó T-minus 4 minutes
during the first WDR is very impressive. I look forward with gieat antióipaiion to our first launch." In all, the rocket spent c;er 9c
hours standing on its launch pad, experiencing winds oÍ up io 31 knots. rainsho\r'ers and even some lightning jn the area S -:=:"ere is no protective service tower to enclose the rocket on the pad, the veircle is designed to safely *litÀiiàna over E! <^:= :,Í"^as Karas said the next rehearsal will occur in about a month. Engineers r,rrlt spend tÍe next rew íeeis reviewing al in€ caaganereo or:nng this first test. The next WDR will also see the rocket Íully Íueled and clocks ticking down to T{ seconos *6rethe launcJr team practices countdovrn aborts and simulated problems. This first Aflas 5 rocket, tàlnumoer AV4o1 n:,t fry inwhat Lockheed Martin calls the 40í-vehrcle configuration. ïhat means it will have a four-meter (lafoot) paytoad farnng nosecone, no straÈon solid rocket boosters and one Pratt & Whitney RL-10 engine on the Centaur uip", 

"t"g. 
As !,rith atl Alas sconfigurations. the first stage is made up of a "common core Bóostei' powéred by a Russian nolieo en!ÏÀe.stanolng .í 91 íeettall and capable of deiivering 10,90o pounds of satellíte cargo into geosynchronous transfer orbit, the 401-conflguration .,.nri beth.e larg-est and most poweíul version oÍ the Atlas rocket tà fly, suipasóing the records set just iast month with the inauguralAtlas 38. Launch oÍ the first Atlas 5 h-as been delayed from its'tong-st.nài,is Mrv g target aàt at tn" iàq|"j ;iH ;t§jnicustomer - Eutelsat. Ïhe Hot Bird 6 direct broadcasting satellité won't Èe ready foi taunih until latg June or eaíy Jutv-Lockheed Martin has tentativelv looked at Julv 8 as the new launch date. I 
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An Acrolet solid rockst booslcr (SRBt

for the Lockheed Martin Atlas 5 program
maifunctioned during a ground test near
Sacramento, Calif., Mar. 15. The 67 X
5-ft. solid performed normally for about
30 sec. ofits planned 95 sec. firing, but
then irs thrust and chamber pressure
dropped and there were changes in the
morors rocket plume. The motor did not
explode, enabling instruments tg obtain
good data which is being examined to de-

rermine rle cause of the malfunction. The
moror \§as the second Atlas V SRB tested
and rvas verifying a "cold ignition' 

^t 
40F

along with use of a propellant inhibitor
for a more gende thrust buildup. The first
Atlas V set for launch in June or July, will
íót use solids. Aerojet SRBs are not slated
for the flight program until 2003. O
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SPACE COM : 18 l,'lAART 2002.

INVESTIGATION BEGINS OF TROUBLED
ATLAS 5 SOLID ROCKET MOTOR TEST.

CAPECA\AVEF:- 72 -- C',.2< z-,,.'.stigalr) r,^, = ewAtlas 5solidrocketboosterdidn't
properly flre for 1,.,-:-:- r. s of i.r. : i upooset i:, .- lttring a ground test in California on

Friday.- intended to asi 95 se 'r: l' : .,:-' rct ., ' 30 secr-'lds oi- so when the

appeàrance of fire and smoke br 'É '- rl- 'r' ' ;li:i in'"rum.'llation showed

a drop in thrust and interna! pr':s,..., .kneedf,'-. -,:':: 'ail J( rl Utlilerwood Said

Coverage of the test by a Sacrarre"': 'j 5,. sion stattc, ) t'| liv thE rlctor firing for more

:nan tlvó minutes before it was clear i-: - -: .€t-hàd bume: : :. , ':'ellar I fuel, lt didrr't appear

in the aerial video footage that the ex"a-s: burned througl':': las ^ Tl,. 'xefcise wasthe first in a

series of tests intended to qualify the :.'3iet-built mctlr'.'-se c:' 'ckh-ed Martin's;'è'v Atlas 5

Evolved Expeni'able Launch Vehrc e ',',e ''.- 1 . r51§E6lag tl-' 'sl a failure." satd Aerojet

spokesman lr,, Finkle. "We were ab e:, :ac rrr€ xcel e'-' ai-l we were able to achieve

SeVerAl Of OUr i, , r_r1als. ThOSe lCa: --t u,t€l ling the r t )::r' at a tempefature Of 4C

degrees Fahrenheii \i degrees Celstus :eS::g a ' ,{ Of p[Opr .r ]Sed i: :nitrOn that witi " 't leSS

st,-óss on the Atlas 5 at lifloff ar: .ení.vinc e^J neei r models ,"al r-edi'-',: '.vhat the prop' I 'r'usi
;rd pressu,e should be -- at leasl ul'ri rre :' : em SL ced. Unae'' 'd sa ,l r! ''las too early I' sa,

,.,iat nappened to ruin the flnal tivo-tl'.ds.,: the test dild thí: engr, 'rs arÉ iill collecting dala

^sceciing the spent motor and exai-: ^'ig vlceclace anc í-Í,rs oí the test trirsl 'the new sol :
-.:(ei l ]osters on the Atlas 5 is planneo for s..-e l rY.}e -, 2 ;03 and at this pi .lï r,. ) dont thtn.

:-e:-:-: ed iest will delay the introduction of t'. '' :::,' -- I'r'wood Saicj Aer:'let "
':'10 millio:

te ,,w AtiaS l-. J,-:., ' . S whiC^

1re ,,lid motu useo on the
:i:ra:. r; r_ockheed Maíin rn 1999 to desto: :es: 3^: rJr-rcl the ,rw Atia<''-' fí''

a'e larg. ba:,-C on the company's design a'f exc'3i a 't
f.'linutema' ?'1,-r Peacekeeper ntercontinental balils: c mrssilr

on the
- ',: nf ihe atlas 5 rocket

rvhich wr,r 1:' use any of the ,,iercjet motors on its tnaugurai mission is,expc"'r'l thrs :uÍIffieI
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SPACE.COM : 01 MAART 2002.

FIRST EVER NTGHT IMAGES OF MARS RELEASED.

ïhe Ílrsi ever night image of Mars was released by NASA today during a press conference thet marl(ed a

cromising ne* èra oí discovery at the Red Planet. While also announcing fresh evidence of water ice

rearthelurface of Mars, scientists were surprised by the quality of Odyssey's new images and by what

lney're seeing on the surface oÍ Mars. 'We had no idea what to expect." said Phillip Christensen of

,rrizona §ate UnÍversity, "We're startled by the diversity." Several new images were released, all rnade in

the first 6 hours of Odyssey's first day of official science Observations, using the spacecraft's Thermal

Emission tmaging Sysiem OHEMIS). The camera also takes visible-light images. But it is the heat-

detecting infraied images that most captivated researchers. The night image, made with a camera that

uses teèhnoiogy .1ust iike night-vision goggles, reveals how different material on the planet's surface

retains or releases heat after the Sun goes down. Along with other thermal infrared images, the eaí'i
results promise a new look at the composition of Mars. lnfrared pictures -- during the day or ai night --

allowscientiststo see materialthatmight be buried just underthe surface. Unseen rock, forexample, can

retain heat betterthan the thin layer of dust that might cover it. Visible-light images. therefore, often see a

dusty surface and don't reveal the real composition below. Other new daytime pictures taken at infrared

wavelengths show how the Sun warms one crater wall while leaving the other dark and cold. Rocks

thrown from the craters long ago, but since buried, are now starkly revealed. Also. the first color infrared

images of Mars were returned. ln the future, these color images will help scíentists map differences in

composition and even detect minerals that might have formed in water, providing clues to where life might

once have existed. "Those will act as beacons for places we want to go" and study furlher, said

Chnstensen. the lead investiqator on THEMIS )1;r a: \
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ODYSSEY DISCOVERSÀBI'NDA-N-T WÀTER ICE ON MARS.

lrlars holds vast stores oÍ t'/ateÍ ice right near the surÍace and away from the permanently frozen south polar ice cap, scientists said

:cday in annourrcing fi!'st major science findings Írorn r'IASA's Mars Odyssey spacecraft. The discovery makes it all the more
possible that life may have once existed on Mars o. couid still be supported. -There's a lot of ice on Mars," said William Boynton, a

University of Anzona researcher yrho is the prirrcrpal investigator for the Gamma Ray Spectrometer suite of instruments, used to
oa{e ihe discc,;ei-y '11/e really have a whopptng large signal." That signal is oÍ hydrogen, one ccmponent oÍ water. Boynton and his

..iieagues ars ccnfident the new measureÍÍlents represents actual t'rater ice at the surÍace and down a íew Íeet. They said,
-o,.,.ever. tFa: edditional observations are neeoed to confirm the results. Scientists already knev/ there was water locked up in the
^:1hern {€ 3ar atong with carbon dioxide ice. BtÍ life is thought to require liquid water. So finding water ice nearer the equator

!.e3ily bocss:"e chances that it might melt seasonally or at least periodically, and could thereÍore potentially support life. The
írdings v;e-e :e:arled at a press conference at the Jet Propulsion Laboratory, which manages the Odyssey mission for NASA, and

i.ey bu;,o c. e'elmrnary data reported in December. Odyssefs science mission ofÍicially began Feb. 19, but some data and images
haíe been gai.ered since the craft Íirst went into orbit around Mars on Oct. 23. Boynton said the northern hernisphere might contain

similar a;.nounts oÍ water ice. but that won't be determined until it is summer there and the large polar cap recedes. The cap's
seascnal component is largely carbon dioxide ice and Ít masks what might be undemeath. Ïoday's flndings are just a glimpse of

what's tc conre. said Stephen Saunders, an Odyssey pÍoject scientist from JPL. "For the first time we're seeing elementary
chemicals on the surÍace of Mars." Saunders sah. "Our Odyssey has just begun." Other signs of water Scientists have long

suspècted tn3t water once flowed freely on a r.ranner Mars. Supporting evidence has mounted in recent years, thanks mostly to the
Maís Stcbat Surveyor, another NASA spacecraft oöiting the planet. As Mars cooled millions or billions of years ago and surface
wate. '.32e or evaporated into space through a thinning atmosphere, some may have remained frozen in the soil or trapped 'r
unde.li:.lnd reservoirs. Heat from within may íill keep some of that water in liquid form, some scientists speculate. e
ui:6e.g:'rund rvater ice might be periodrcalty melted by this geothermal activ§. Research has not shown conclusively whether Mals
is s:: r geothermally active. however. Surveyo/s most significant discovery was evidence of seasonal deposits that coulc ce
assccrated with suríace springs, firsl reported by SPACE.com in Jure of 2@O. Surveyor and Odyssey,will both continue to exDllre
iiars for more signs of tiquid water on and betowthe surface. 
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Sonde vindt

3ff\ iis oP Mors

-De 

NÍarsbodem bevat waterijs.
Wat al jarenlang *-ordt vermoed,
is nu eindelijk aangetoond door

ö3- ö3-'l.>2

metingen van de ruimtesonde met atoomkernen rvorden afge-
2001 Mars Odyssey, die in een remd. Waterstofatomen ziin zeer
baan om de Rode Planeet draait. efficiënte relnmers, omdat ze on-

Mars Odyssey is op 19 februari geveer even zwaar ziin als neutro-
met zijn wetenschappeliike meet- nen. De neutronen worden geab-
programma begonnen. De gam- sorbeerd door atoomkernen. on-
maspectrometer aan boord van de der uitzending van gammaslra-
ruimtesonde heeft de aanrvezig- Iing. s'aarvan de energie karakte-

V o LI,^ Arrq'..,t, 
"i:ru:,*lï;i:*::,-- 

::;

heid lan grore aantàllen
waterstotatonren in de Marsbo-
dern aangetoond.

Hoos:cnergetische kosmischa .
stralinE dic op het llaruoppervlak 1 -\ ö ^r ö, t
terecl-.ik,,mt...produce.l,:::1,: t 5 J § )neulronen. die door botsingen

\Íars heeft Mars Odyssel' cen
groot tekort aan snelle neutronen
geregistreerd (blauw op de foro)
Tevens w'erd uit dit gebied gam-
rnastraling opgevangen met een
energie dic kenmerkend is ..,oor

s,aterstof. Dat de metingen ver-
klaard worden door ijs in de
Marsbodem., wordt door vrilwel
niemand in twijtel getrokken./

Zuidpool van Mars.
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'New Eyes' Probe

he.Odysser- spacecraË.has begun its planned 30-month
priman' science mission, and rwo types of NASA in-
srurneno irr use for rhe first time at Mars are already pro-

riding some interesting observations.

J.ftq'J. Plaur. Odvssey depury project scientist at NASAs
Jet Propulsion l-aboraron,, said the gamma-ray spectrometer in-
§rument suite has derected hydrogen on the surface of the red
planett southern hemisphere.

The gamrna-ray specrometer, which includes a garnma sen-
sor arrd two nelitron derectors, should be capable of detecting
hydrogen up to about 1 meter beneath the surface of Mars, in-
sread of only surface frost or atmospheric vapor.

The finding, indicating water ice may be more widely dis-

tributed on t}re planet than préviously believed, was made by
the neutron detectors. The significance of the observation has
vet to be determined, Plaut said, but project scientists will mon-
itor the surface patrerns that have been detected and observe
how they evolve as seasons change.

"Itt pretry weli understood rhat if we detect hydrogen, it is
pointing you toward water-either present-day or pasr water in
the soil." The primary goal of the overall instrument package is
to measure the chemical elements of the Marrian surface, panic-
ularly hydrogen.

ON THE Í{EB
For morc inÍonnaÍian on

-lI an ery laratia n, aisit
tt tt t JrfuitianNo w. co m./mrs

approach to the planet. The Mars GtoUat Surveyor and Mars
Climate Orbiter spacecraft did not carry gamma-ray specrro-
meters.

Meanwhile, Odyssey's thermal emission imaging svsrem
(Themis), the first infrared imaging insrrument sent to lv{ars bv
NASA, has detected a significant arnounr of thermal detail as

it observes surface material cooling during cold Martian nights.
Scientists are seeing detailed contrasrs as different materials

on the surface cool ar varying rates, with dense materials such
as roci<s remaining relatively warmer at nighi compared with
loose materials such as soil and sand. Plaut said such observa-
tions can provide clues about the nature of suràce materials.
which could be useful in selecting landing sites for future space-
craft and operational areas for rover vehicles.

The Themis instrument is primarily an infrared clmera capa-
ble of imaging the planet with a resolution of 100 meters per plr-
el. The instrument, which also uses nine difFerent wavelength
bands in infrared, will be used to map the entire planet. It will
be the highest resolution global map of Mars ro date, Plaut said.

The instrument also has a visible light detector, with a reso-
lution of 18 meters per pixei and five bands in the visible por-
tion of the spectrum.

Mars Terrain
BRLJCE A. SMTTH/LOS ANGELEs

lTfiemis doftime inÍrore* imoge of Terro
'sirenum is shown in three segmenls
(right ond below). The 30O-km.-long
(18ó-mi.) imoged oreo in the southern
crolered highlonds hos brightness vorio-
tions due fio lemperofure differences on
Sun-focing ond shodowed feotures.

"'§í'e are just beginning to see what tle
;potential is for changing our views of
Mars," Plaut said. "Basically, we've got new
eyes to see the planet with." The gamma-
ray spectroineter was originally on the
Mars Obsener spacecraft thar failed on

Its primary use is mapping mineral distribution, although it
will also be used in night observations to search for theimai
anomalies coming from the Martian interior, such as possible
dormant volcanoes that may still have hot springs or other rypes
of thermal irregularides associated with thèm. 

-

A third insrrument, che Mars Radiation Environment Ex-
periment-(iUarie), has not been operational since iast August.
Project officials are again beginning to trouble-shoot the piob-
lem now that the spacecraft has setded into its primary science
maPpmg missron.

Odysse/s Thermol Emission lmoging
Syslem Fhemis) mode this nightside
infrored imoge oÍ on exhemely disrupl.
ed region neor lhe equolor d Irtors
colled Hydospis Choos (left). Steep
slopes of conyons ore littered with rock,
while ploteous qnd mesos oÍe co\reíed
with dusr.

Odyssey reached Mars last October,
aerobraked into its mapping orbit for about
3.5 months and then underwenr a series
of orbital adjustments and system check-
outs for 5-6 weeks before beginning its sci-
ence mission Feb. 19. O

WEEK 6. SPACETECHNOLOGY./MARCH 4, 2002
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NASA-AMES NEWS RELEASE : 04 MAART 2002

AN EARLY NASA PROBE STILL ON THE JOB IN DEEP SPACE.
+s3 3+3:

o pluc§ spoce probe thoi {irsi left Eorih's grovitotionol pu -c.e ron 30 yeors ogo. On Fridoy, scieniists ot the N,{SA Jet Propulsion

Lotorotor/s (JPL) Deep Spoce Neiwork in óoldstone, Colii., sen: o signol to the spocecroft, which is still hurtiing toword ïhe fringes oÍ

the solor sysïem. Twenty-two hours loter, oi 1:47 p.m. EST, :=ec:cnen ot ihe network's íocility in Modrid, Spoin, coreÍully monitoring o

7Q-meier dish ontenno, heord Pionee/s response. "We ore orenoyed ïhot we still hove the spocecroft, soid Robert Hogon, chief o{

NASAAmes Reseorch Cente/s Spoce Proiecis Division, vàere tfie Pioneer proiect is monoged. "As on etemol opiimisi, I wos confident it

would succeed. Pioneer l0 hos been discounted in the post, bu'so.mehow it olwoys monoges to lond on ii feet," recolled Pioneer l0
Proiect Monoger Dr.. Lorry Losher oÍ Ames, locoted in ColiÍomios Si icon Volley. "ïhis success is o testomenl to good solid design." "From

Ames ReeoJ Center ond the Pioneer Proiect, we send our ihcnks io ihe mony people oi the Deep Spoce Network ond JPL who mode

iï possibie.ro heor ihe spocecroft signol ogoin," soid Pioneer lC : ight Director Dovid Lozier. NASA previously lost contocl with Pioneer

1d in Augu* 2000, buï mode conioct ogoin in April oÍ lost yeor by switching the spocecroft io o different communicolions mode. NASA

mosi recently mode contoct with the spocecroÍt on July 9, 2001. Lounched on Morch 2, 1972, Pioneer I 0, built by TRW lnc., Redondo

Beoch, Colii.. is now 7.4 billion miles from Eorih. Pioneer l0 wos ihe firsï spocecroft to poss through the osteroid belt qnd the first to

moke direci observo'iions ond obtoin close-up imoges of Jupiter. During its tour of ihe Jovion system, Pioneer l0 olso chorted Jupiterrs

intense rodioiion belts, locoted ihe plonet's mognetic field, ond eioblished thor Jupiter is predominonily o liquid plonet. ln 
,l983, 

it

becqme ihe íirsi mon-mode obiect ïo leove the solor sysïem when it possed the orbit oÍ Pluto, the mosl disïont plonel Írom the Sun. The

spocecrofi conirnued io moke vqluoble scientiiic investigoiions in the ouier regions oÍ the solor sysïem until its science mission ended on

Morch 3l , 1997 . Pioneer 1 0's weok signol continues to be trocked by the Deep Spoce Network os pori o{ on odvonced concept study of

communicotions technology. The probe wqs qlso usd to help iroin flighi controllers how to ocquire rodio signols from spoce. Pioneer
'I 0 is heqded toword the consïellotion ïourus, where ii will poss the neorest stor in ihe constellotion in oboui two million yeors. "Pioneer

10 hos performed much better ihon expected," odded Hogon, who is olso o member oÍ the originol lounch teom Íor ihe spocecrofi. "lfs

omozing ihot ifs lqsted this long." Scieniific doto received from Pioneer 10's Geiger-Tube Telescope instrument is onolyzed by originol

principà investigotor Dr. Jomes Von Allen of the University of lowo, who discovered ihe Eorth's rodiotion belts beoring his nome. Bosed

on the previous dqio received, Von Allen concluded ihoÍ goloctic cosmic rodiqtion is beinq moderoied bv the Sun's influence, meoninq

Pioneer I 0 hos noi yet crossed the boundory into interstellor spoce.

\3sot



Mars Odyssey draait om de rode planeet

Dat het Amerikaanse ruimte-
vaartuig Mars Odyssey van
harte welkom was bij Mars,
kon niet bepaald gezegd wor-
den. Na een reis van 460 rnil-
joen kilometer zorgden remra-
ketjes ervoor dat deze sonde
op woensdag 24 oktober 2001
in een baan om de rode pla-
neet terecht kwam. Een storm-
achtig welkom, want in de
tweede helÍt van augustus was
op deze planeet een krachtige
storm opgestoken. Apparatuur
werd wel ingeschakeld, maar
veel viel er niet te zien. Geen
probleem overigens, want het
echte werk moest pas eind ja-
nuari beginnen.
Vanaf een hoogte van 400 km
legt het elke twee uur een
omloopbaan af op zoek naar
eventuele bevroren watermas-
sa's en mineralen. Op deze
manier ontstaat er een warm-
tekaart.
Ondanks

technici en geleerden bijzonder
blij dat Mars Odyssey correct
in een baan om Mars was ge-
komen, immers deze missie
mocht na twee vooraÍgaande
missers niet mislukken.
Van deze sonde die twee en
een halve meter groot is en
725 kg weegt, wordt verwacht
dat het gedurende enkele jaren
zal werkzaamheden zal ver-
richten. Voor wetenschappers
die zich met klimaatonderzoek
bezighouden, is die stofstorm
wel interessant. Maar dat was
niet het hooÍddoel.
De drie belangrijkste instru-
menten aan boord (Themis,

GRS en Marie) hebben tot
taak een zo gedetailleerd mo-
gelijke warmtekaart van Mars
te maken. En voordat die in-

strumenten aan deze taken
kunnen gaan beginnen zullen
er heel wat maanden verstre-
ken zijn, wordt algemeen ge-

de geringere aantrekkingskra-
cht ervoor zorgt dat de stoÍ-
deeltjes er veel langer over-
doen voordat ze terug op het
oppervlak zijn dan op aarde.
De baan van Mars Odyssey
om de planeet was aanvanke-
lijk ellipsvormig (300 x 27.000
km), maar zal geleidelijk over-
gaan in een cirkelvormige. De
hoogte zal dan zo'n 400 km

bedragen. Om dit te bereiken
zal de beproeÍde methode, na-
melijk tijdens de kortste nade-
ring tot de planeet, het ruimte-
vaartuig even door de ijle at-
mosfeer te laten vliegen. Op
die manier ontstaat er een
aÍremming van de snelheid en
komt het verste punt steeds
dichter bij het oppervlak te
liggen. Ook waren de technici
zeer tevreden over het Íeit dat
het gelukt was het toestel in

een baan over de polen te
brengen, niet nauwelijks af-

l3S 3ur
week van de geplande.(atgs6\vreesd. Daarbij komt nqg dat
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Op rrild.ig I ntaan StuuÍdalr \\Èteus!ir.ri-.lxrs iatr het.let Ftopr.ilsri,rt i,.rtri lii1l)n cc1 sigualtl laar de piolec.r.-lri
sottcl; 'Lr'toen I1.9 rlrilrltrd kii.,tlt.'ter ' .rtt de larde r-enrijderd riis | .-cëiir*rntig uur hter lerd rlet clc 7ir-
illcr ,' -::LlrL);iltteruie mbii \llr'1i'id. Sprl.i; Cc'lr./r\ak antuoordvan de Pl.':r;-cr-l{) opgelilltgr.lr pioneer-10 qerd
oll -- .,',ir 1()71 gslsn6eerd ctt rl.rog als ."rst. soltde door dc astroïdcng,:rdel en latgs lLrpiter Na de passage
Yrlll ;. riL;Lllste planeet |all otls z-onttestcls-i r i.i-rg dc Pionecr-10 steeds':r.lcr yan cle zop al nchtilg dc-stcrrÀ.
'11 l'§'1»sseerdezedebaatir.tu\eptturur.;ricrlietalseerstr:nrinrtcr.i.lrirllghetzonncstclscl NASArcrloor

. 'irill.lcl rlll-i c1e Pioneer-lrr q11 xp-q1151n5 1,,' maar slaagdc cr iir apfli rn.juli rorig-jaar trog in tr.ret de oude
:. r.-l-' :c cottrttitililceren. \Ict het in l97j gcl:nccerde zusterschip Pioncer-lt. clie langs Jupiter en Saturnusr,r, t is..i sinq: iri'.)igeert..rntactnleerge\\,.r. Noglu'eelndere nrirnr..soucicszijnop,tregriaardeslerren.de
.l , :'.lailc,.. '.'{ir.lli.' :t 2. l,1r\Ac.. :\ n1ol1lcrr,.'el liel ,.ur d. ,,, ;ntilclcrcl ott '-:.-5 tr.'lli;ii:d

NASA selects new Discovery
'.1SA has selected t\'.,0 ne\iv S299 m, :-
-,ssrons, called Dar', - :i asieroid e!c --:' :-c
:ne planet-hunt ng Kep er te escope for is

Discovert prograrnme,

Da,,vn r,vill be launched - 2006 on a nine -.::'
journey to explore the t\ro ..q€st asteroids,

. sïa and Ceres in the rj' l:: -,':,'.eer Va's

, ,1 Jupiter.

.sta is thought to be a drr' c::, oÍ basaltic

a. : ' rws, while Ceres - the argest asteroid and

the' -.: to be d scoverec - apparently has a

prirr: .e surÍace, r,ratei-bearing nrinerals, ír.ost

and a lveak atrnospnErg Dalvn y,, orb t each

asteroid, coming rc .. thin 100 km oÍthe surface

of each body.

The Kepler telescope, also to be launched n

2006, will ook Íor planets orbiting other stars, b),

obserr i.cr their transits across the ':re of the

missions
stars, creating a peí 0r . c,nni ng of the star, the

signa:rre oÍ wh ch r,vi ndicate th." presence oÍ a

p an..:. its size and orb t
'.-Srl's enagqe':i:-r : - -,.-rcement abcLrt

Ke:- -:.:-.ti-:i ",,asoocdr ..t:
"f:-=re a-. --:':-: --: .. ... tn the ui i:':a

-eiesc::, -,::: : -': -.,asoÍardet:1..:

abc,l 8C -,.: ::'-, :a: : ,- :.: around otner stars.

The existe-:= ,' '= on ;',. of them woulC be an

assL.lrpt :- - .- :utomatic conclusion

Tre D,-:. :', :rogran]me began with :-:
launcr oÍ i,:-: S-oemakerto the asteroid Eros

and '.', as Íoilo.'. =: :. l,,1ars PathÍinder and Lunar

Pros pecïo r.

Cu:rent Discoi,e.r craft are Stardust and

Cenes s, nterpLanetarr mate': collectors ,'.'h ch

,'.'ill be Ío lowed by the co-. =,plorer, C0ntour
- 2002 anc '.rercury orbiter, ','.,senger ir 2i!,j.

J'r
l

AMERÍCAN GEOPHYSICAL UNION NEWS RELE;SE , 13 MAAR i 2A02

RESEARCHERS: MARS ,.FEATURES NOT ERODED BY RUNNING
WATER.

Scienttsts na.a : --'.rced nev; errcence tnat liquid ce.'-a^ ::. r: ict rr,tnning y/ater, may have bee::-: i'-'3rí cause ot erostonal
íeatttressLici3:--.., es;alleyneti,'or'(s andchan'.le.s:-?:::.:.rnesrrrfaceof Mars Researchsuggesi,^gtnatcondensedcarb,,l
dicxide foun0 ri '.':13'' :r'ust carved these features,s -a:l1a: :: rlenneth L Tanaka and colleagues at:i- - S 'i: ,rg ca Sr-ir..:
,: Flagstaff. At'izc:s 3:J ine Liniversity oÍ Melbour':e '-sl-a a ., ii app€ai this month rn Gcr,phvsrcat Researcn Letrers pLlbiishec
by the American 3e3-'^.-. :a ..Jnrcn Using Mars Crc le- -ase. qltirnetelln:],LA) data, Tanaxa anC his colleagues consrructed
elevation profiles of the *., as :as:.r i,vhich. at 20OO krrcnai:'s 1 240 m ,esr '.' :i3 anC nine kilometers Isrx miles] oeep is the largest
well-preserved impact oas,: c" ir4ars By examinatroi-i of :: 'r i? y oreatec a e,at (-)n ni-ofiles with Soo-meter [2.OOO foot] resolufion,
they found that the volcanic ieg ons oÍ Malea and i"lespe- a r,ana along the it:r of ihe Hellas bastn are several hundr.ed meters
[yards] lolt'er than adlacenl 'ii'n sectors Aoditionally :nese ?.eas lack the prominent triangular peaks called massrfs. ihat 3re
ccry]mon in nearby areas. Along the lnner slopes oÍ these :ec a,rs rie researchers found. hovvever. evrdence of old massifs cove ..ij
c'";,olcantcrocks.Theyaretoolowtobeco/ered iftnere;,'ereyr,.antcactivitytoday.ïneresearcherssugqestesanexpian.il
:'at prior to volcanic activity, these regions along the i',m ci:ire basrn resembleo nearbr areas. but !yere ercded to tneii Dres3.:-iu.,
e'e'/ations followrng the emplacement of the vclr.anrc i-ocks lanaka ano nrs colieagr.res propose a'magmatic erosion n.:rc, :o
explaln the features of the volcantc areas of IVlarea ancj i-lesperia Plana sitggesting that they under\^/ent catastrophic erosion
associated with explosive eruptions of molten rocr Thev sLrggest that liquto Lr the Í\.4artian crust v/as heated \/hen molten r.ock, or
magma, rose to the surÍace. As the liquid was heated, rt ÉrL'anded until the pressure of overlying malerial Was too great and an
explosi,.,e eruptton occurred, shattering overlying rock ano causing it to move ,..Ith the magma rn an erosive ciebris flow. ïhe authors
believe that the flLtid in the crust along this area oÍ the nm of the Heilas basin uas marnly irqurd carbon droxrde. A debns flo\/
domtnated by carbon dtoxide lvould flow faster ano ía(ner than a ,'iatei--oased flor.,u. tney sai A{so. carbon drcxide is nrore ioiatile
than t',rater at lower temperatures. and the cold temperatures founi on lr4ars woutc mean that less ce!'con dloxide- Daseo magn:j
urouid be required to produce the observed erosion rnan magma contarnrng maint)/ i/atsr Tile researchers sLrggest that thls
mechanism of erosion can ais. expiain collapse features and channeis eisewhere on l,4ars They aiso note, however, that ihe r
model is based on a variety of assumpticns that must be tufther tested The paper by Kenneth L Tanaka. Jeffrey S Kargel, David J.
MacKinnon. Trent M. Hare [Ast'ogecloc],., l'eam, U.S Geologroal Surveyl and Nick Hofíman IUnrve:s]tv of Melbourne], "Óatastrophic
Erosion of Heilas Basin Rtm on lJars rcuced by Magmatrc lnstrusrcn r Volatile-Rich Rocxs ,,v|tl be published online lvithin the
next t\,vo v;eeks and later in r|re pi-xi edltron of :3rDhysical Res;:':' l-ette.: 1ts citalrr^ ..ir.h is tr.. ,.e onlrne version ,s

1C'ii2912ffi1 GL13885. :CO2.



NASA PRESS RELEASE '15 Fi3.=unRl 20u:

iSS SPACEWALK FROM QUEST AIRLOCK..

On the 40th anniveriary of the first tl S orbital spaceflight by John Glenn. Flignl
:ngrneers Carl i,Vaiz ancj Dan Bursci '.rl coitduci the planneci stx-anci-a-half-hoi.r

-.-li-avehicular Actri,'ii'v íEVA), or spa-= alk. to rer,'alidate all 31i3isn'-s cí the Ques,
-.,ock Hatch cpen:rg on the Quest . :.cected shoi-tly,r afler 7 e' EQ-Í- ït is'"vill be
-'-,e ftrst use l' he statton's a'loc, s -:e July 2u- 1 and sets '.'. siage lor four

-::3 at;.s c- of Quest to attach :' = ''si of seve-al large truss segments to the

)" -. ' serve as :ne s.=:=.'2' - lrec]'apher frcr^ : l: '= Desttny
i-aboi'a , .. .-:: .: Walz and 8'.'s.- ',lc 'vviil be .vearing U S s.a-3s! ts calleu
^.,'.'à.=-- -. -. t.'',a -; Unils. Walz ie '. Srt)le iv t'te red stripes a' ^ s -cuit whiie
B-.sc. s s- . "- : -u rt'iàr"k!fi]: I; ., aríea[j,,, -a. conductec a space|alk siiice
lca'- ^g :-. ,:i ' Deceirr!:er i-'is :,e tne :ia i i .33cew2ik '.-': .''2a í'ln'l lf uest

''vhtch.'.,,a:]:.:.=l.:the;.-,SJ....inaL]'.;.r.':]:-lernharCl ?''. -''"; R= , iasi Ji . - .- Expe' cr'ïw - ''. of ,
-.;r3i r,.; , - :l S:a Cn t:. -''l^:. jX
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RUSSIA
lnternslionsl Spoce Stotion operatrons
were disrupted for several hours Feb. 4
when nr-o of three navigation data streams

from a computer in the Russian Zvezda
sen'ice module àiled to maintain naviga-
tion data flow to a guidance and control
computer on the U.S. side of the station.
The ma1fi.mction generated erroneous data

' -'.-rhat caused a loss of U.S. g'ro attitudg,

/ ^'- . Cr\iL\ control. This put the ISSIn free drifl
1 { ) )"\- I rvhich had the'effect of roliing the solar

--------íLrÍays offthe sun and mispointing com-

ïïffi'*ffiïti'*iLïffffi:
srariont batteries and communicated with
Russian ground controllers using back-

:I i[[ï:ii5t'.:iï,iuter Prob ie m was

At*\iT: ll- oa- \: r

lnternotionol Spore Siotion asrronaurs
Carl W'alz and Daniel Bursch performed
r 6-hr. extravehicular activiw Feb. 20 to
frrrther evaluate the new U.§. airlock on

truss. The tasks performed by \Valz and
Bursch verified new airlock procedures
and positioned rools to give the shuttle
EVA crew extra time margins for the truss

installation work. 5 e
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FLOfuIDA TODAY : l9 FEBRUARI 2002.

ASTRONAATS TO PRACTICE FOR STATION
BAILDING MISSION ON SPACEWALK.

CAPE CANAVERAL -- Tv,o residents of space starion Alphawill step outside agaln lfednesday moinrngfor the
third spacewalk of their 5 I 2-month mission. Astronauts Carl Walz and Dan Bursch will attach and unwind a set of
cables along the Destinv laboratory module for a future attachment to the outpost. W'iring v'ork on the Z-l truss and
gathering toolsforfuture tasks is also on the agendafor the 6 l/2-hour session. Most of their goals are to practice
for the shuttle construction mission to Alpha in -4pril, scheduled to make four spaceu'alks from Alpha. Russian
comnander Yuri Onufrienko will watch from inside Alpha, using the robotic arm to focus canrcras on ïlalz ond
Bursch. {'nlike the previous two spacewalks, this one will begin from the American Quest airlock, a front porch of
sorts for the outposl. Tv'o spacewalks this year began from a Russian airlock. "W'e want to make sure we put Quest
through its paces before v'e do the four spacewalks from it in April,' spacewalk officer Dina Barclay said. One
spacewolk began from the American airlock last .vear, when a shuttle w-as cofinected to the station. The spacewalk
also will show ground controllers whether station residents can learn enough about a spaceu'alk while living in
space to pull it off saccessfully. "This is a crew that hasn't been in the (water Íank) for months," Flight Director
Sally Davis said, pointing out that Walz and Bursch have to practice u§ng virtual realiry* contputer programs
insïead of the large swinuning pools that §mulate nricrogravitr'.

r,P NEV/S : 20Trgnur,Rl 2002.

RUSSIA HOPES TO GET GREATER

SI_{ARE IN INTERNATIONAL SPACE STATION. 3 9s t

\íU5co§.-Buildirrgane\\'\.lir.§ouitlbe"ahsurd."nrdutíeadRussiashouldtakeaÍargerr,)leinthcrle\\ illt!'n)atiulalspaceÍ:llortas

\ \S.\ scales back undr 6udget cuts- the Russian space chiel'said \\'e-dnesda1. \\'hm Russia dis.urded the \lir space station la$ \[ar.-h after

i -< r;rrs in orírit. some oiïciais spok.r aboul the prosp"'.1 .rl'hunchiirg a liilir-2. Bu! Russian Aerospace --\g.1cY Drector \-uri Kopltr' fimrir

n:1.-C out the plojeul as iur ,lebsurd" warde of rnoner'. Koptev s:id P-ussia nlust concentrale on dereloping the 16-nation lnlcmatiorral spa'=

station- ri,,ha.e tire I'.S. space agarcy NÀSA is being firr,.ed t,) s!:ale back ils contributiou to res*arch plans tr) aloid budgel or omns. Itl the

past- it has bem Russia that put tlre space station pro-ieo h.{rurd schedule. BrÍ Koptev told r ne§s conferat.'e h:r:. "Ïre situati.rrl nlrJ

1-or iht sirr:,'e ,lrticrt1 :rnd lir'fu g quaÉers that § ould irc!'onxnodat. scvan people rnstead of current !-re\\ of tlrree T]l e 'ntlll"r .rè\\ \\ e)uld

., ,i.,r, ,. ,i iirs .rr1g1.irl l .S. mst. previousll. Rns:ian bucls.et pr.rblems rvse the muse ol'delavs: thc scrrie: nr,rJi,le rrhich h.-tt.c: the

,\pnl and \Írr ' : :r r.poded $20 million. N.{S.\ -rrr.;rr'. ^.::-,1-'J to Tito's flig}rl. saf ing he §,rttld be - -:r::-:- : '-::i -Í3\\- brrt Kopter''s

,, j*r., *.t th" upp",r hand. I_Í.S. and Russian spacc i.lll.::1. r:r: :mce r€adred cormon g'(rurd LI spaii i ,r-{i, ii:i '.13 ne\1 r'isitor- South

i]ij.,inlnt*.,.r :r er,ut \{ark Shuttleworth. undenr grt br{h Russr:n and NASA rraining lor hi: t)iS:lrt sa ;. r .\!n1 Ru"r:n ol}i.-ials have not

supp crr. lor 1hc industn - ille cosIllollaul s' ir3!r l!1 9 ièltí an cl l:: i'.t 'ti cotrtrol" " he sai tl'

C\\ :20 FEBRUARI 2002

ASTROI\AUTS FLOAT THROUGH NE\\' STATION AIRLOCK. Tl
Tso residents..fthe intemational space station sepped outsidetheir orbital h!)ire.rn \\'ednesdar'. testing a nes rirlcrck. periorniln
nunrerous maintenance jobs and soaking rrp space radiation lbr an experirnant. \-\S-\ ilight <rgin*rs Carl \[alz and Dan Bursch rvrapped

up their forav inrcr space abour si:i hours aftcr it began. closing the hatch on the Ques .\irle.r-ir at 12:25 p.m. EST. The espedition was the
firstnse of Quesr *idrotrt1[reassislance of a risirurg space shuttle and sa the «age lbr l-otrr upc..ming spacervalks front the L'.S.-builtporlal.
Those walks u ill be to attach the first ol selerel llrgc truss segrnents to the station durmg r :huttle tnission currentl] scheduled for early
April. Cxher spa.-erialks have been conduoed thr,'ueh the Russiau airlock, which is attached t,r the Russian portion olthe rrrodular ontpost.

Walz and Bursch. botÍ of s'hom perfomred spaceu'alks last month, took orders from Russian corrnnander )'uri Onufienko, who
droreographed the rvalk from his perch inside the space station. When they lefl the slalior rhrouglr Quest. the) man'eled a1 what they sas,

Íiom 250 rniles high. "The vieu'is spectac-ular." \\'rlz said. "Yee-haw!" exclaimed Bursch. The .\mericans performed a bevy of tasks while
on the outside. remoling four thermal blankas ti..nr rhe Z-1 truss- dre base structure for the L-.S. sr.lar aÍTav on the space station, and picking
rp tools to take back inside the station so lhe nerr spacewalliing team will be able to use thenr. Tlre tuo also teíed electrical circuitr-v,

tiglrtaredlooselalchesandtookhiglrÍiontierin:ur3ncepicturesoldingsandder,tsonslationrediators.likell causedbyatinymeteoror
orbita debris tilgment. On the experimenkl ir!-nr. \\'alz atrd Bursc{r rvore devices to monitor spl.-e radiation dosages anccuntered b-v the
eres. intemal organs and skin. Thete$ rrril ii-'lp scientísts bdter understandthe e1ïects oiitrtarse space radiation and design bdter
spacesuits. Halhvaf into the work detail. lh"' .r.r;:u alkers paused to reflect on a hi*oric- dar in space eractll' four decades ago, when .lohn

Glenn became the first -\uerican in orbir. "t)ne , : :tre biggesl differarces from 40 ,vears ago- the spau-e race \\ias a compd.ition," said Bursch.

speaking of rhe rivalry, bdrveen thc United S1i!tÈ. .tnd the Sovid Lhion at the time. "But nou the spae race has tumetl into cooperation." he
said. notingrhatthe space sation currentl] li.rJ r Russian commander and American crerr. uhic{r *ould have bear unthinkable }ears ago.
\\ralz. Bursrt and Onufrienlio. rr,ho conprise the f ..redition Four crerr. are in their third nrontlt ,rf a plantted five-month stav on the station.
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crew lock of the Quest prior to the 20 February space

walk. Attired in NASA extravehicular mobility units

(EN4U), the two astronauts worked on the orbital

outpost for a total of five hours and 47 minutes. The

EVA involved testing of equipmènt and procedures

íor the Airlock Quest and other tasks in preparation

for Space Shuttle Atlantis' STS-110 mission in April.

The photograph was taken by cosmonaut Yury

0nufrienko, Expedition Four commander.

All photos: NASP

,";

Daniel Bursch and Carl walz (obscured) undergo preparations in the crew lock of Quest prior to the space walk. 

ffGit
Both images show Daniel Bursch and Carl Walz in the
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SPACE.COM : 20 FEBRUARt 2OA2'.

Expedition 4 astronauts Carl Walz and Dan Bursch cornpleted a successÍul b-hour,47-minute spaceinzalk Wednesciay, testing equipment and procedures for the Airlock O.uest
and performing other tasks to prepare for Space Shuttle Atlantis' STS-11O mission to thelnternational Space Station in April. The spaceuzalk, which began at 5:3g a.m. CST and
ended at 11 25 a.m., notched some firsts. lt inras the first spacewalk from Ouest withoutthe presence of a space shuttle at the station, earning it the designation of U.S. EVA 1. lt
also marked the first U.S. use of an lntravehicular (lV) officer, Astronaut Joe Tanner,working from Houston's Mission Control Center instead of from onboard the spacecraft,
as has been the case up to this point. Also, nernr procedures rnrere used to expedite airlock
depressurization at the start of the spacewalk. STS-11O rnzill bring the SO Truss to the
station, the first segment of rnrhat will be the station's backbone. Fàur spacerrualks v,.,ill be
conducted during thatflight, all from the airlock and ali ursing an oxygen/exercise protocolto purge nitrogen from the spacevrzalkers' bloodstreams. Walz and Bursch used that
protocol today. During the spaceuzalk today, Walz and Bursch deployed two electrical
cables from their stowage area on the U.S. Laboratory Destiny and connected them to a
cable tray near the base of the Z1 Truss. Plans to disconnect and restow the cables uuereput on hold while engineers evaluated unexpected readings from current conversion unitsin the circuit the cables completed. Walz removed four thermal blankets from the Z1Truss and sto\r'ved them inside the truss, iryhile Bursch retrieved tools to be used on STS-11o spacewalks and brought them to the airlock. The two also secured looser-than-
expected latches on t\^,/o oxygen tanks and two nitrogen tanks, on the airlock. Walz arrdBursch remcved adaptors on which a Russian cargo crane had been mounted andattached one of them to the Zarya module's exterior. fhey brought the other, U,S.-madeadaptor into the airlock. They also inspected cable connectors outside the statron a:cphotographed the MISSE (Materials lnternational Space Station Experiment). Some o,:^ematerials samp{es being exposed to the harsh conditions of space appareni., .,\ere
peeling back off their mountings. Scientists used the space.r. aik to gather addir caar catafor an experiment iooking at the effects of spaceivalks and long-term exocsure tomicrogravity on Iung function. Also, Walz and Bursch r,vore radiation sensors {or- the
EVARM experiment, a study of radiation doses experienceo' o.r'spacewalking astronauts.Walz and Bursch each had made one previous spacewalk fr-om the station last month,and Walz also made a spacewalk on SïS-5 1 in Septea-ri:er 1gg3. During today,s
spacernralk, Expedition 4 Commander Yury Onufrienko operated cameras on the station,sCanadian provided robotic arm to document activities. A planned upgrade of the station's
softinzare is scheduled for late this r',,eek to prepare station computers for arr.u,al of the SOTruss and other equipment to be c=' ..ei-ed on subsequent flights. ' 1 

-.i;. 
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Daniel Bursch moves ndar the oxygen and nitrogen tanks on the exterior of Quest Airlock during the space walk.

The square device (partially obscured by Bur5ch) on the Space Station Remote \lanlpulator Svstem (SSRMS) or

Canardarm2 is the Materials Internatíonal Spàce Station Exp€riment (MlSSEr. C:,
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ISS: Expeditie-4 maakt ruimtewandelingen

Het internationale ruimtestation ISS trekt al sinds 20 november
1998 baantjes rond de aarde, en natuurlijk is er in die tijd veel
gebeurd wat jullie allemaal hebben kunnen lezen in de Astruims
van de afgelopen jaren. Maar toch kreeg het ISS niet de aandacht
die het eigentijk verdient. Met ingang van dit nummer zal Jacques
van Oene iullie op de hoogte houden van wat zich - tussen de
Space Shuttle-vluchten door - allemaal aan boord van het
r u i m tes ta t i o n a fs p e e I t. H'rj b e s i nt . ":::ït, ïéi 5' .4
De huidige bemanning van lSS,
Expedition-4, bestaande uit Yu-
ri Onufrienko, Dan Bursch en
Carl Walz, genoot van een rus-
tige jaarwisseling. De drie
waren in die dagen veel in con-
tact met familie en vrienden om
de nodige gelukwensen voor
het nieuwe jaar uit te wisselen.
Ook was de bemanning nog
volop bezig om alles op te ber-
gen wat de Space Shuttle alle-
maal naar het ISS had gebracht
tijdens STS-108. Aan het einde
van de eerste week begon de
bemanning met het aanpassen
van hun slaapschema, dit ter
voorbereiding op de eerste van
vijf ruimtewandelingen die eB
het programma slonden. \
Ruimtewana"ri(g ? : 3L; S)
Onufrienko en Walz O"gonn"ll-/
op 14 januari om B uur 's
morgens Ned. Tijd aan hun
ruimtewandeling. Gekleed in

Russische Orlan ruimtepakken
verlieten de twee de Pirs koppel
module. Hun eerste op-dracht
was het verlengen van een van
de twee vrachtkranen die zich
bevinden aan de Zarya module.
De kranen - genaamd Strela
(pijl) - worden onder andere
gebruikt tijdens ruimte-
wandelingen om astronauten en
gereedschap te verplaatsen. De
volgende opdracht was het
bevestigen van een radio-
antenne aan de Zvezda modu-
le. Deze antenne zal de astro-
nauten aan boord van ISS
leven, in staat stellen om
contact te onderhouden met
radioamateurs op aarde. De to-
tale duur van het uitstapje was
6 uur en 3 minuten.

Tussen de eerste en tweede
ruimtewandeling was de Expe-
ditie-4 bemanning vooral bezig
met onderhoudswerkzaamhe-
den aan boord van lSS. Carl
Walz installeerde met behulp
van experts op de grond een
nieuw geheugen voor een van
de drie computers. Walz had
hier in totaal 4 uur voornodig, 2
om de unit te vervangen en te
instaleren en de andere 2 uur
werden gebruikt door vlucht-
leiders om alles te testen. Burch
en Onuf rienko hielden zich
ondertussen bezig met het
klaarmaken van de ruimtePak-
ken voor de volgende ruimte-
wandeling, het controleren van
gereedschappen en het testen
van apparatuur die ze zouden
instaleren aan de buitenkan\
van hetstation' 

) 3 g l-,tl)
Ruimtewandeling 2 - 

I/
Op 25 januari begonnen O#
Írienko en Bursch aan het
tweede uitstapje van deze
vlucht. Hun eerste taak was het
installeren van zes uitlaataÍbui-
gers die zich bij de stuur-
raketjes bevinden aan het uit-
einde van de Zvezda module.
Daarna verwijderden de twee
materiaal dat al een tijdje was
blootgesteld aan de open
ruimte voor onderzoek oP

aarde. Een tweede radio-
amateurantenne werd ook ge-
installeerd. Tijdens het 5 uur en
59 minuten durende uitstaPje
bediende Walz de Canadarm-2
en Íilmde hij de verrichtingen
van zijn twee metgezellen. Vlak
voordat de twee ruimtewande-
laars weer naar binnen gingen
via de Pirs koppelmodule, in-
specteerden ze nog een raam

van Zvezda op eventuele
beschadigingen.

Ontspanning en wetenschap

Nu de eerste belangrijke werk-
zaamheden van deze beman-
ning er even opzaten, was het
tijd voor wat ontspanning. De
bemanning had tijd om met een
aantal televisie- en radiostati-
ons op aarde te praten. Ook
spraken ze 650 leraren toe die
bijeen waren in Houston voor
een conÍerentie.

Walz en Bursch deden onder
andere een long-experiment.
Dit experiment controleert de
functie van de longen in de
ruimte. Vooral de longen van
Dan Bursch stonden in de
belangstelling van de weten-
schappers op aarde omdat hij

een paar dagen daarvoor een
inspannende ruimtewandeliJtg
had semaak,_l 3 g( I
Verschillende scholen in Anrd
rika en één in Duitsland doen
mee aan een project genaamd
EarthKam. Met dit experiment
kunnen scholieren een camera
op afstand bedienen die vooraÍ
geselecteerde gebieden oP

aarde fotograÍeert voor gebruik
in het klaslokaal als les-
materiaal. Eind januari konden
scholieren 4 dagen achtereen
gebruik maken van dit project
wat sinds een halÍ jaar aan
boord van ISS is.

Computerproblemen

Op 4 februari om ongeveer 1

uur in de morgen werd de
bemanning opgeschikt door
een groot computerProbleem.
De hoofdcomputer die voor de
oriëntatie in de ruimte moet
zorgen, hield er onverwachts

1
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mee op. Deze computer be-
vindt zich in de Zvezda module.
Als gevolg hiervan konden de
zonnepanelen van ISS zich niet
meer richten op de zon en
moest de bemanning hals over
kop zoveel mogelijk apparatuur
uitzetten om stroom te sparen.
Zowel in Moskou als in Houston
werd druk gewerkt om de pro-
blemen zo snel mogelijk te
verhelpen. De astronauten aan
boord probeerden handmatig
de zonnepanelen weer op de
zon gericht te krijgen. ,,We
sturen nu de zonnepanelen, dit
is leuk werk" konden we een
van de Amerikanen horen
zeggen. Om 3:30 uur lukte het
vanaf de grond om de computer
weer aan de praat te krijgen.
CarlWalz: ,,We komen weer tot
leven." Houston: ,,We
bevestigen dat Carl, jullie kun-
nen het licht weer aan doen".
Om 5:30 uur was het comPuter
probleem voor het grootste
gedeelte verholpen en kon de
bemanning beginnen om de uit-
geschakelde apparatuur weer
aan te zetten. Al met al is men
ongeveer 24 uur bezig geweest
om alles weer bij het oude te
krijgen. De rest van de eerste
week van Íebruari hielden de
astronauten zich voornamelijk
bezig met wetenschaPPelijk
onderzoek en onderhoudswerk-
zaamheden. Op 6 februari vier-
de Commandant Yuri Onu-
frienko zijn 41r"r,rrrïn.l 

NRuimtewandeling L§ \- § I\3)Yln de week vooY de derde
ruimtewandeling hield de ExPe-
ditie-4 bemanning zich voorna-
melijk bezig met de voorberei-
dingen op de derde ruimtewan-
deling.
Behalve de gebruikelijke tests
van de ruimtepakken en ge-
reedschappen werd er ook een
volledige proeÍ uitgevoerd met
de Quest luchtsluis. Dit zou
namelijk de eerste ruimtewan-
deling worden vanuit Quest
sinds juli 2001 en zonder dat er
een Space Shuttle gekopPeld is

aan lSS. Het belangrijkste doel
van deze wandeling was voor-
bereidende werkzaamheden
verrichten voor STS-1 10.

De ruimtewandeling begon op
19 Íebruari. Astronauten Carl
Walz en Dan Bursch verlieten
de Quest luchtsluis om 22:38
uur. De twee droegen Ameri-
kaanse pakken en voor het
eerst werd er tijdens deze EVA
gebruik gemaakt van een
coördinator die zich niet aan
boord van het ruimtestation zelÍ
bevond: astronaut Joe Tanner
gaf aanwijzingen aan de twee
vanuit Houston. Tijdens de
ruimtewandeling verwijderde
Walz thermische bescherm-
dekens van de 21 truss. Dit om
het bevestigen van de S0 truss,
die tijdens STS-1'10 gebracht
wordt, makkelijker te maken.
Bursch bevestigde elektrische
kabels van de Destiny module
aan 21 truss. Deze zullen later
aan de S0 truss vastgemaakt
worden. Gereedschap dat zal
worden gebruikt door de
bemanning van STS-110 werd
ook alvast "klaargelegd", Aan
het eind van de ruimtewan-
deling controleerden de twee
nog verschillende dingen aan
de buitenkant van ISS en hier
en daar werden wat schroeven
aangedraaid. Yuri OnuÍrienko
bediende de Canadarm-2 en
Íilmde het gehele uitstapje. \
Vervelende stant<,-, t- í - \
ve,ve,cÍ,u' ".ï*3) § ,
Nadat de astrónauten klaír
waren met de het oPbergen van
de ruimtepakken in Quest en
zich klaarmaakten om naar bed
te gaan, meldden ze een
vreemde stank. AI snel werden
ventilatie systemen uitgescha-
keld om verspreiding van de
stank door het ruimtestation te
voorkomen, en werd het luik
naar de Quest-luchtsluis dicht-
gedaan, maar de bemanning
kreeg al last van hooÍdPijn. Via
de grond werd in de DestinY
module een luchtverver-
singssysteem aangezet. Het
bleek te gaan om het metaal
dioxide, een soort koolstoÍ, dat
wordt gebruikt om de ruimte-
pakken schoon te maken.
Waarschijnlijk heeft er ergens
wat gelekt. Uit voorzorg sliePen
de astronauten die nacht in de
Zvezda module. €

Toekomstige ISS-
bemanninqen

Soyuz TM34, 25 april2002:

TAXI-3: YuriGidzenko
Roberto Vittori (ltalië)
Mark Shuttleworth (ZA)

STS-11í, 2 mei 2002:

EXP-S: Valeri Korzun
SergeiY. Treshchev
Peggy A. Whitson

STS-113, 6 september 2002:

EXP-6: Kenneth D. Bowersox
Donald A. Thomas

Soyuz TMA1, november 2002:

TAXI-4: Sergei Zalyotin
Frank de Winne (België)
Leszek Czarnecki (??)

STS-114, í6 januari 2003:

EXP-7: Yuri l. Malenchenko
Sergei L Moshchenko
Edward T. Lu

Soyuz TMA2, april 2003:

TAXI-S: Yuri V. Lonchakov
André Kuipers (Ned.)
Lance Bass (??)

STS-í16, 30 mei 2003:

EXP-8: C. Michael Foale
William S. McArthur
Valeri L Tokarev

STS-118, 3 oktober 2003:

EXP-9: Gennadi I. Padalka
Edward M. Fincke
Oleg G. Kononenko

STS-120, 19 februari 2004:

EXP-10: Carlos l. Noriega (??)
Salizhan S. ShariPov
John L. PhilliPs (??)

STS-{21, 1 juli 2004

EXP-11 : Aleksandr Y. Kaleri
DimitriY. KondratYev

R. Pettit (??

3 3f t
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7 NASa NEWS RELEASE : 19 MAART 2002.

ASTRONAUTS ASSIGNED FOR STATION EXPEDITION TRAINING.

As continuous habitation of the lnternational Space Station (lSS) nearsthe 18-month mark NASA has named irewmembersto
begin specialized training for future long-term expeditions to the orbiting research facility. Three crewmembers have been
assigned to train íor the ninth expedition aboard the station. Veteran Russian Cosmonaut Gennady L Padalka (Col., Russian Air
Force) will serve as station commander, and first-time Ílyers Astronaut E. Michael Fincke 1Lt. Col., USAF) and Cosmonaut Oleg
D. Kononenko will serve as flight engineers Íor Exfredition Nine. Padalka previously served as commander of Russian Space
Station Mir Mission 26 and ISS Expedition Four backup commander. A graduate of the Eisk Military Aviation College, he served
as a pilot and senior pilot in the Russian Air Force. Fincke, a member of the 'l 996 astronaut class, served as backup flight
engineer for Expedition Four. He has two Bachelor of Science degrees Írom the Massachusetts Institute oÍ Technology (MIT) a
mastefs in Aeronautics and Astronautics from Stanford University, and a master's in Physical Sciences (Planetary Geology)
from the Universi§ of Houston-Clear Lake. Kononenko has a degree from the Kharkov Aviation lnstrtute and a post-graOuàiel . :-f(a
degree from the Kuibyshev Aviation lnstitute (Samara). Astronaui Daniel M. Tani, who flew in space for the flrst time aboard' I ? q |ti I
STS-108 in December 200'1 , will serve as Fincke's backup for Expedition Nine. Tani, also a member of the 1996 astronaurl J JW
class, has undergraduate and graduate degrees in mechanical engineering Írom MlT. Cosmonauts Aleksandr F Poleschuk aId-P
Roman Y. Romanenko will serve Russian backup crewmembers, Astronaut John L. Phillips, Ph.D., has been named as backup
flight engineer for Expedition Seven, replacing Paul Richards, who resigned from NASA last month to pursue private interests.
RichardsÍlewasamissionspecialistonSTS-I02inMarch200l.Phillipswasamemberof theSTS-I00crewinApril 200í and
had been assigned as a backup crewmember Íor the Expedition Eight crew. Replacing Phillips in that role is Charles J.
Camarda, Ph.D. Camarda is a member oÍ the í996 astronaut class and currently serves as a Mission Control Center
communicator with the space station crew, He is a graduate of the Polytechnic lnstitute of Brooklyn. He has a maste/s degree
from George Washington University and a doctorate in aerospace engineering from Virginia Polytechnic ffiihrte e.d Si?te
University. Camarda joins astronaut Leroy Chiao and cosmonaut Mikhail B. Kornienko as the backup crew for Expeditlcn Eig':

TIME IN ORIBT / SET RECORD. -Hl91-:{\
lJouwsow sPACE cENTER - The asrronauts aboard rhe inte-rilafrónaJ=pàce ítationtwill -plrrd on èxtro Èonih
]irr orbit because of robot arm trouble, pushing their mission to a U.S. record-setting Lag days. NASA decided
:Tlrursday to burnp the crew's ride home frornMcy to June so the visr'ting astrr)nouts can replace o wrist joinr
'itr tlre space stotion's mechanical arm. The additionc.l 3 1/2 weeks are needed to train the shuttle astrollouts
for the repair work and add the spore .;bint to the mission payload. Arnericon ostrottouts Carl Walz antd
iDaniel Bursch alrd their Russian commander, Yuri onufrienko, moved into the space statiotl in eariy
jDecember andlogged their 106th day in orbit on Thutsday. Space shuttle Endeavour: wcls supposed to Iift off
jwith their replacements on May 6; thot launch is now scheduled for May 31. That will keep the three men in
lorbit urrtil June 12. beating NASA'S current space enduronce record try a single day. Shannon Lucid's 1996 Mir
rrnissiol-t lasted 18B days; -slee still will hold the world's space endurance record for women. Eve11 at 189 days,
ionufriettko won't come close to surpassing his country's space enduronce record: an incredible 438 days set by
fRussian coslnonout-physician Valery Polyakov aboard Mir in L994 alnd 1995. The space -statiorr residents were
fnotified of the shuttTe delay shortly after the decision was rnade, but had had a hunch they would be staying
lup longer than planned becouse of the robot arrn problern. NASA call work around the problem with
jcomputer software for the upcoming space station construction mission by Atlantis, due to Iift oif april 4 witt,
la 44-foot (13-meter) girder to be instolled on the orbiting outpost. But rnonagers warlt to fix the station's
lrobot arm os sooll as possible after Atlarltis' flight. by having shuttle ostronauts replace orre of three wrist
joirrts rrr the 58-foot (ti.s-meter) Conqdion-bui.li crarrÉ. fhe jóint rno.lfunctioned. o few vveeks ago; the brakes
'would not releose, possibly becouse of an electricol short or radio irrterference. The robot arrnixperienced o
fleeting probleln Iast summer that engineers now suslrect may be reiare.l to the curreltt v{,rist trouble. Space
statioll flight director Bob Cdstle said the space stati(.rr astronauts are healthy andin qood spirits, ond there
is no reasón why they cannot stay utr for sii mor.rtl.rs - 
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Aan boord van het ruimtestation tSS waren de Rus Yuri Onufrienko en de Amerikanen Carl
Walz en Daniel Bursch druk bezig om de.vrachtcapsule Pro-eress M1-7 vol te laden met afual en
ongebruikte spullen. Op 19 maart t'erden de luiken tussen de Progress M1-7 en het station
gesloten en even later ontkoppelde het r,rachtschip. Teniijl de Progress M1-7 zich van het
station verwijderde, §,erd een klein sateilietie. Kolibry-2000, uitgezet. Dit 20,5 kilogram
satellietje, beschikt over een deetjesdetector en een magnetometer om de ruimte direct boverr
Europa en Australië te onderzoeken Ook zullen fusische processen in de stralingsgordels en het
magnetisch veld van de aarde ondeizocht worden. \adat de Kolibry was uitgezet ontstak de
Progress N'{l-7 zijn motoren en \erbrandde even later in de bovenste lagen van de aardatmosfeer
boven de Grote Oceaan.
Op 21 maart werd de Progress \Í1-8 rrelanceerd. Op zondag 24 maart zal dit vrachtschip
vastmaken aan de Zvezda module van het ruimtestation Inmiddels is bekend geworden dat het
verblijf van Onufrienko. \\'alz en Burxh aan boord van het ISS drie u'eken langer zal gaan
duren. De lancering van de shuttle Endear.our, waarÍnee het drietal terug naar de aarde zal keren.
is uitgesteld van 6 mèi naar omstreeks I I mei. Dit om de bemanning van de Endeavour e\1ra
trainingstijd te geven nadat vorige rveek besloten is om een van de scharnieren van de Canadese
robotarm van het nrimtestation te vervangen. Hiervoor moet een extra ruinrtewandelin_e gemaakt
worden. Dit scharnier heeft al prerblem.n g"g.u.n sinds de arm geínstalleerd w'erd in mei 200i.
NASA gaat en'an uit dat de armproblemen de installatie van de Sr-r-Truss volgende maand, niet
zullen beïnvloeden, zodat de vluchr r an de \tlantis ge\4oon door kan eaan.
Op zondag 24 maart koppelde om 10 58 uur GMT de ProsÍess \11-8 aan de achterste
koppelpoort van de Zvezda u'oonmodule van het International Space Station. De Progress lvÍ1-8
was drie dagen eerder vanaf de Russische basis Baykonur in Kazachstan gelanceerd met nieuwe
voorraden voor de vierde espeditie. bestaande uit de Rus Yuri Onufrienko en de Amerikanen
Carl Walz en Daniel Bursch. De dagen erna waren zij druk bezie met het uitladen van de
voorraden en het opbergen en'an op dir erse plaatsen in het ruimtestation, terw-ijl zij ook een
oogie op de lopende experimenten hielden. De Progress M1-8 bracht 2,4 Íon aan nuttige lading
naar het station, zoals brandstof, voedsel, water, zuurstof, documentatie en Italiaanse en
Zuidafrikaanse experimenten. Nadat de Progress Ml-8 was aangekoppeld bedroeg de massa van
het ISS 137,4 ton.Dinsdag 26 maart was de 110-de dag in de ruimte voor de drie bewoners. Twee
dagen later werd de robotarm van het station aan een test onderworpen ter voorbereiding van de
installatie van het SO-Truss. dat in april door de shuttle Atlantis naar het ruimtestation zaiworden
eebracht. \'\ .) C\l - ',;à3)àl 
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Tito realised his ultimate dream when on 28 April

2001 he was launched aboard a Soyuz spacecraft Íor

a taxi mission to the Space Station. I

When Tito arrived at the Space Station on 30 April

*t

Despite a smalt bout of initial space sickness, floating

in space for eight days was one of Tito's greatest

joys,

{TJ- . t. ,Lai.
.í' §-

2001 he was welcomed by both the Aqerican and

Russiancrgw{ ?Q,-\\ \ \I -lJ J-?-i i
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'.r'i OnuÍrie-.: tright), and Danie Sursch perform maintenance on eq,.ripment in rtse Zvèzda Service ',loduleogrn

:ne Internat cnal Space Station.
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lncreasing Space Station crew capact§
Sir, With reíerence to the International Space Station

and its recent truncation of construction plans, I

would like to offer some suggestions as to how the
I5S might accommodate more personnel.

fu it is (and as it will be, upon completion of the
'Core Complete'design), the ISS will have only three

crewperons: hardly enough to carry out both

Station maintenance and a reasonable amount of
science. The following suggestions may help to

solve this impasse.

First - lncrementing the crew complement

Írom three to four. This could be achieved by

using two Soyuz crew transport craft: one docked

onto the Zarya (as is now) and the other docked

at the base oÍ the Pirs airlock module. But each

Soyuz would only transport (Íor the moment) just

two persons: one Russian and one American. This

second Soyuz would still be swapped for new

every six months, but it would be three months

after (and before) that of the Íirst Soyuz, thus

allowing the added opportunity of flying twice as

many Russian visiting Ílights to the lSS. (tt would
be launched with three crewpersons: one pilot
cosmonaut plus two space flight participants.)

Also, such visiting/swap over flights could spend

more time docked to the ISS: up to three weeks,

and still return the old Soyuz with in the Russian

standard landing window. The cost of supplying a

second Soyuz would be borne out by the sale of

the two seats aboard each of the two Soyuz

vehicles to space flight participants (scientists,

engineers or otherwise: yes, even tourists!)

I mplementation of the above could occur soon

aÍler early 2004, when rhe ESA built N0DE 2 is in

place, from where (already existing in the Destiny

module) the temporary sleeping quarters could be

re-looted along with another, idential sleeping

quarte6. (the two Russians sleeping in the Zvezda

module: the two American crew in the NODE 2.)

Of course, a more permanent solution to the
crew accommodation and added life support
systems eventually will need to be addressed. A
possible solution could b9 the refurbishment of the
already exiting ltalian built third MpLM cargo

module and attach it to the ESA built N0DE 3. This

MPLM module, (named Donatello) could be

retumed back to Alenia and perhaps converted to a
mini habitation module (for Íour occupants) as was
earlier suggested last year: the difference being
rather than building such a module Írom new,

instead, using existing hardware: the Donatello

MPLM module. Then, and only then could the twin
docked Soyuz spacecraft carry three crew persons for
rescue, rather than (up to that point) just two each.

This way, the crew would be increased to six
persons: enough to comfortably use the two new
Iaboratories; the ESA Columbus and the Japanese

Kibo. Perhaps the cost for upgrading the Donatello

module to have status could be borne out by

cooperation between both ESA, ASI and Alenia, and
possibly the Russians, whom, just recently have

stated that they would like to contribute more to

the construction of roll of the lSS.

The above, two phase scenario to increment the

ISS sew from three to four, then to six, would allow

the ISS to be, at least Íor this decade, scientiÍically

usable, with a view for possible further

development of the l5S, should budgets allow, to

provide the ISS with a winged CRV and seven crew

persons. But, at least with four crew persons in

2004, and six just a few years later, the ISS would

stand a much better chance of continuing, rather

than possibly being abandoned as not being

usefullv efficient with only just three persons, as it is

today, and, as presently planned with the Core

Complete plan, as it will be in the foreseeable

Íuture. Unless engineers can consider adoiting and

implementing a crew expansion plan, perhaps

similar to the above, and politicians endorsing it,

the ISS with just three persons will not serve neither

space flight nor science very well. But it is worth

considering - Íor the ISS and the future of human

space flight is worth every penny spent.
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Expedition Four
120 Day Report
Start:
Monday, 18 March 2002
GMT 077 t2002
2 p.m. Houston, 11 P.m. Moscow
Time on orbit: 102 days, 21 hours 40 minutes
End:
Saturday, 6 April 2002
cMT 096 12002
I a.m. Houston, 5 P.m. Moscow
Time on orbit: 121 days, 15 hours 40 minutes

As you can see from the times above, I started this note soon after our 100th day in orbit. I had hoped

to make this a "100 day report," but it has turned into the "120 day report!" ln this report I hope to give

you a feel for what it has been like the past 120 days for a "first time" expedition crew member.

Launch of Endeavour, STS-í08/UF-1: December 5, 2401
The launch was the first time for me on the middeck and from there our view is a row of lockers with

no outside reference. lt surprised me that I noticed the roll shortly after liftoff more than I remember

when I was on the flight deck, where we can see outside through the forward and overhead windows.

The docked phase was very high paced and things did not slow down until the Shuttle undocked.

When the Shuttle is docked, there is always a limited time in which to accomplish everything (hand-

over, transfer, robotics), so there was always the pressure of doing all of the assigned tasks as well as

',handing over'' with Expedition Three before the hatches closed for the last time. Yuri told us that it

would bé a strange feeling when the Shuttle undocked and we were the only ones left. lt was like a

fast paced family reunion that suddenly came to an end. lt also felt like the Íirst day of a Naval

deployment wheie we knew that we just started a long journey and couldn't even begin to imagine the

end. Íne pace did slow a bit for the holidays, but quickly picked up again as we prepared for two

space walks (EVA's) in January, as well as completed unloading of the "Progress" (Russian cargo

ship).

Just "[Js" on Station
The holidays were a nice break from the rapid pace of a Shuttle mission. I kept thinking about what

several experienced expedition crew members had told me; the Shuttle mission is a sprint, and the

Station mission is a marathon. Of course, being away from Íamily during the holidays is always tough.

It was very hard for me to be away from my family, but I couldn't help but think of all of the service men

and women that were away from their families as well. And I also couldn't help but think about the tens

oÍ thousands.of people that were missing friends and family over the holidays because of the terrorist
actsof Septemberllth.AndforthemtherewouldbenoÍuturereunion. lsuddenlyfeltveryfortunate
to have a healthy family on Earth, knowing that they were sharing the holidays with loved ones.

We spent most of the holidays catching up on sleep, writing e-mail, watching movies and calling

friends and family using an internet phone application that uses our high-data rate communication

system, otherwise known as "Ku" (frequency band in which it operates). lt was very special to be able

to call family and friends, but what became most entertaining were peoples' reactions when we said

we were calling from space! I didn't expect to get the chance to talk to so many visiting relatives oÍ my

friends on Earth!

Daily Routine
Our days are based on "Universal Time" (Greenwich Mean Time) and start with an 0600 wakeup and

end at 2130. Sometimes we shift our schedule to adjust to another upcoming event, such as a
Russian EVA, Shuttle docking, or Soyuz docking. We do this to either maintain good coverage over
Russian communication sites or to line up our schedule with a visiting vehicle (whose workdays are

determined by their launch time, which is determined by our orbit).Each day we get several messages
that we need to read that are part of a daily "execute package." We access everything through one of
the many laptops we have, and can print something iÍ desired. We also review daily news and we

need to import flles that update our. "inventory management system." We have a computer-based
system that keeps track of everything on board. Without such an accounting system, most of our time
would be spent hunting for some piece of equipment that got stuffed behind a panel by a previous

crew...or by ourselves, just like you might misplace something at home. Unlike at home, however, we

know that it is "in the house" somewhere!

l9e 23



Between 0600 and 0g00 we read the daily mail, power up and/or restart some of the two dozen

computers we have, "wash" up, eat breakfast, review the day's schedule and prepare any questions

we may have for a morning'conference with our teams on the ground in Houslon (U.S. Mission

Controli, Huntsville (Payload Operations Control Center) and Moscow (Russian Mission Control), as

they própare questions ànd notes for us. We usually have about 2.5 hours of exercise every day and

an 
-hourior 

lunch. Breakfast and dinner do not show on our daily electronic schedule, but we do have

time reserved after wakeup and before sleep for those meals. We usually try to fit dinner in between

1730 and 1830.
We have a combination of Russian and American food and it provides us with quite a large

assortment. yury said that our tastes would gradually change and he was right. The spicy food, like

shrimp cocktail,ls not so spicy anymore. The teriyaki chicken tastes just a bit different. I was used to

tastes changing during snuttró flights, but those changes I could associate mainly with how a "stuffy

head" can atfeót your taste when you cannot smell as well. Also, some foods that we really liked on

Earth are suddenly not appealing anymore. I am glad that we have such an assortment to choose

from! Yury says that our iastes will continue to change. I still can't wait to try some pizza when we

return !!
Our daily activities include maintenance (preventive and when something breaks unexpectedly),

experiménts/payloads, inventory audits, taking pictures inside and outside. Depending on future

events, we may operate the SSRMS (Station robot arm) and/or study material for upcoming space

walks or robotic activity. Our "planning team" assembles all of these varied activities on the ground. I

am constantly amazeà at how they can put together so many activities while working with three

different centLrs, different time zones and different languagesl I really enjoy taking pictures of our

beautiful planet. The best days are when I have accomplished everything on the schedule, plus a little

bit more, and I've been able to take several pictures throughout the day!! A Íew times I was

disappointed that I missed taking a picture, but now I understand that on an expedition flight there will

always be another chance!

The Tallest Peak
One morning I happened to be up early. I glanced at our world map and saw that we'd be passing

near Mt. Everest soon. I checked the computer, realized that we were in an attitude that would allow

me to open the window shutter and there was Mt. Everest! lt almost seemed to jump out at me. The

low sun angle (it was close to orbital sunrise) gave tremendous relief to the mountains. lt was just one

of those sights that will be forever burned into my brain!

Flying
Flying ttrrough Station is more fun than I thought it would be. We fly like Superman from one end to the
otÍrer, Oeing careful to know when to slow down and what big pieces of structure to miss (if you hit

something hard, it still hurts!). We get to know our favorite handrails and paths from one place to
another. After a month I tried using the ceiling. lt seemed as though I had discovered another new

Station! Everything looked different from the ceiling view, and I discovered that in some ways it was a
better route (better hand-holds, fewer obstructions)! lt still is a little disorienting when I am upside

down and try to instantly decide which way to turn, but I am learning! Another interesting trick is to "Íly
formation." Pick something to translate with, then let it go and fly on its "wing." You really have to
watch out how Íast you go...stopping can get pretty messy sometimes! My grandmother used to say

"ïhe faster I go, the behinder I get!" That is also true for flying in space! That idea came in handy
during the EVA's.

First Space Walk: January 25,2002
I was a little nervous before my first space walk. I took that as a good sign. I felt it helped me stay on

my toes a little more and take it slowly. ln the weeks prior, I asked several other folks who had been

on space walks before for their advice. The most common advice was to "take it slow" and/or "not to
go fast, slow down." Things move in response to an outside force. The more force you use, the faster
it will accelerate. You control best by slowing down. I am thankful for the advice!
The Russian EVA suit (Orlan) and U.S. EVA suit (EMU) provide the same basic capabilities, but have

some important differences. Each suit reflects the mission for which they were designed: the Orlan for
a crew of two and less pre-breathe requirements, and the EMU for a larger crew and for tasks

requiring more dexterity. Because wé go to a much lower pressure in the space suits, we have "pre-

breathel requirements to prevent the bends or decompression sickness, the same things that concern

scuba divers. We are at risk at the beginning of our "dive," where divers are at risk at the end of theirs.

The Station is pressurized close to sea level, about 14.7 psi. The Orlan is pressurized to about 5.6 psi
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and the EMU to about 4.3 psi. Lower pressure means more mobility and dexterity, but the

disadvantage is a longer pre-breathe protocol. The Orlan prebreathe is shorter, but the suit is harder to

work in as we are working against higher pressure. The advantages of the Orlan include faster

donning and it is also designed to be "self-donning." You enter the suit through the back and you can

ctose the back without assistance. All of the Orlans are nearly identical with the exception of gloves.

Sizing is accomplished through sizing straps in the arms and legs, and can be done in about an hour.

fne ÈUU is pressurized to 4.3 psi and we need someone to help us put it on. lt is nearly "custom Í1t,"

but the size can be changed using different sizing rings. ln fact, I used the same suit that Dan Tani

used on UF-1 but with different sizèd arms, legs and gloves. During STS-1 10 (8A), Rex Walheim will

use the suit I used, with again different sizing and different gloves. The lower pressure in the EMU

makes working in the suit easier and the gloves give you better dexterity.

Second Space Walk: February 20,2002
ln January Houston told us that Carl and I would get the opportunity to go outside again, but this time

in the U.é. suit, or'EMU." Many people on the ground worked endless hours preparing us for this

walk. Not only did they send up procedures and pictures, but they also sent up special files that we

used in a software program called "DOUG'that allowed us to perform our EVA on a laptop. lt has the

same graphics used in a "Virtual Reality Laboratory" at the Johnson Space Center, where we had

traineö for EVA's and robotics before launch. We had several weeks to prepare equipment and

ourselves for the walk. lt was the second time that the U.S. airlock had been used and the Íïrst time by

a Station crew without the Shuttle present (often called a "deferred EVA"). We did a dry-run of the

procedures the week beÍore, worked out some kinks, then went out for real a few days later. Yury
suited us up and then passed over the communication to Joe Tanner who acted as our "lVA" during

the walk. Yury was inside controlling cameras, much like I did when he and Carl went out on their EVA

mid-January. lt was very successful and, once again, we are very thankful to our great team on the
ground thai prepared us and guided us through the EVA.I felt more comfortable during this walk,

fierfraps because of the extra mobility of the EMU; perhaps because I had more experience in the

EMU. I wasn't as tired as I was after the Orlan. Having both suits on board gives us some flexibility

that will no doubt come in handy in the future. ln fact, one could say that the quick-donning and short

pre-breathe features of the Orlan already was demonstrated when Expedition 3 had to do an EVA
priorto our launch on STS-108. They removed part of a seal that was preventing a Progress from

docking properly.

Roommates
One very important aspect of long duration space flight are the mental challenges associated with

living in the same "can" with two other people. I Íinally realized the other day that living in the same

enclósure with two other people for more than three months is a pretty unique experience. Working

closely with someone is a big jump Írom an acquaintance. Living with someone is a big jump from

working with them. And living and working together with only two other people Íor several months is
yet anóther big jump. lf you have a bad day, you can't just go for a walk. I have come to accept that all

of us will have (and have had) good days and bad days. Frank Culbertson told us some good

advice...some days you just need "to let go"...meaning (l think!!) that sometimes some things will get

to you...but you have to let them go. And soon you will realize how insigniÍicant they are and will
probably laugh that they even bothered you in the first place. But I have also found that it is important

to letthe others knowwhen something bothersyou, because just like any other relationship...whether
with a friend or spouse...if you let things go all the time, they will collect inside and always come out at

the wrong time. So, the balancing act of life is the same in space as it is on Earthl!

Columbia and Hubble
It was fun following the STS-1O9/Hubble mission. The ground sent up daily reports on their progress

and we were also able to watch their launch real-time via a live video feed over the Ku band to one of
our computers. We also got to talk to them aÍter their EVA's. lt was neat knowing that for a short time
there were 10 people in space...and even though we were in very difÍerent orbits, I felt somehow
closer to them knowing that we were in "space" together. lt is also hard to believe that their mission
has come and gone.

An Extension
We just got news that our Shuttle flight home has been delayed about one month. That should send
us overthe six-month mark and we should break Shannon Lucid's U.S. record of 188 continuous days
in space. That feels nice to be able to share in a record...but I sure do miss my family. During a
deployment in the Navy, it is difÍicult to return home, but it is always possible. lt is definitely different

when your only ride home is with a spacecraft that also happens to be your only lifeboat when the

Shuttle isn't present. Again, though, I think of all the men and women serving our country that are
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deployed right now in Íarway places, and my job seems pretty easy. lalso knowthat the immediate

taàitiès of these peopte havé perhaps the toughest job, And I know without a doubt that my wife has

the toughest job between the two of us with three little ones at home!

Cargo Ship Arrives: March 26,2002
Every-four to six months a Russian unmanned cargo ship, called a "Progress," arrives bringing

srppÍies including fresh fruit and care packages from home. When I was on a Naval deployment on

the'carrier, I remembered that we always knew when the "Carrier On-board Delivery" airplane, or

COD, landed on board. lts arrivalwas announced overthe loudspeaker, including how much mailwas

on board. lt was also nice after we did underway replenishment (UNREP) with other cargo ships

because it usually included fresh food. My experience on carriers was all before e-mail and phones on

ships. I was amaied at how much I anticipated the arrival of this Progress. I thought that because we

had e-mail and the "phone," that lwoulón't think the Progress was such a big deal...but it was! I

underestimated how much twould anticipatethe arrival of fresh fruit and care packages...something

from Earth...something from home...that my friends and family had touched not too long ago!!

The entire approach a-nd oocking is automàtic, but the crew can take over and complete the docking

remotely if something doesn't toof rignt during the approach. We simply follow the approach based on

time anà do our best io follow the veÉide with cameras located inside and outside. Yuri and Carl stood

by the ,,TORU' remote control system on board and were ready to take over if necessary. Everything

wlnt wett and after pressure checks we opened the hatch about midnight. I fett as if it was Christmas

morning! Everything was tightly packed, but we managed to get to our care packages after about an

hour. I nonestÍy foóot that we-hadn't been visited forthe past three months...and something "fresh"

Írom home wai VE-RY welcome!! We got new books on CD, cards, letters, pictures and some new

DVD's.

STS-110/8A Launch: APril 4,2002
Today is the scheduled launch of STS-110, which witl be bringing up the S-zero truss segment. tt witt

form ine backbone oÍ the truss structure that will eventually hold the four solar array "wings" of the

U.S. segment. I am very much looking forward to the arrival of Atlantis and her crew. They promise to

bring nàw care packagLs from home, fresh "smells" of the Earth and old friends' We know that the

*orÈ pace will once agiin speed up, but we are ready! We worked many hours together on the ground

developing procedure! to use the Space Station robotic arm (SSRMS) as a "cherry pickef' as we

manerveispace walkers "flying" on the end of the arm. This will be the first time that this new arm will

be used in such a capacity. ffre SSRI S will Íirst be used to install the S-zero truss, then we will

continue to use it for all 4 space walks.
Later, we heard that the launch was delayed. lt is disappointing, but I am Íairly familiar with launch

delays and understand what the crew is feeling right now. There are many things that need to comq-
togeíher before the SRB's ignite. Some we canioÀtrol, some we can't. \ -q ? q (
As we await the arrival of Atlantis, I wish all of you a great weekend! | ' J J \)

Dan Bursch
April6,2002
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Europe Holds Firm
On ISS Config*ration

MICHAET A. ÏA\EftNA,/NOORDWIJK, NETHERTÀND§

a mecting of rhc Multilatcrd Controt
Board (MCB) in §íashington on Mar. 28
,!o, ,h.y would insist on-a capaciry at or
close to the figure stipu.larcd in rhc IGÀ
Aducc-pcrson limiq ofrdals notcd, r.rouH
rcndcr Europc's Columbus laborarory m
be oóitcd in Ocobcr 2@í, and a simi-
lar.fuiliry to bc providcd by Japan basi-
cdly usclcss.

"Vc undcrstand rhat NASA must gcr
ir housc in or'dcr, but we insist that riot
bc to thc dcrirncnr of the orher partncrs,"
said Jocrg Feustel-Bucchl, diicctor of
manned spacc and micrograviw for thc
Europcan Spaa Agcncy.

it three-man crcw would be a caras-
rophe," Fasd-Bu.drl said hcrc ar bricf-
ings on thc rtus of drc automated rrans-
fcr vehiclc (4T9. "Iti e nonsrancr.- The
ATV, a caago canicr/pccc qg ro bc boost-
ed to the sration by an Arianc 5. rrill form
an csxaci:I part of óc ISS lo,grsrics sys-
tem, dongilc dlcSudc, óc Soyuzand
lapeni HTV

Ar rhe MCB meeting, the parrner.s
agrcd to set up e special rask forcc ro dis-
grrrs 166hnical aspccrs of rhc differcnt op-
rions. According to Feusrel-Buechl, three
basic sccnarios arc bcing discusscd:
o The sration would bà built as iniriallv
configurcd, but rhc CRV would be de'-
Iaycd until an unspccified Íirturc datc.
o An additiond Soy* would be substi-
ruted for óc CRY enabling the ISS ro be
manncd by six crewmembèrs.
o Thc station would bc limited ro rhe
'core complete" conÍiguradon. with a sin.
gle Soyuz and no CRV, bur a full conr-
plemcnt of asronauts would be ensured
by,adopting "saË haven" conceprs.

ilt OUKIil ! ro choosc a find sce-
nario acccptable ro dl by aurumn. Rustel-
Buahl:id hcs \uirc optimigic" thc goal
would bc rcached.

. Sörcral imponanr Europcan milestones
dcpcnd on coming to a rapid decision. For
example, ESA has frucn rtro-rhirds ofsu-
tion utilization funding for rhe pcriod
20[.2{6 unril an 

""ccpail. d."l is stru&
At n.y lcedcn :rÍc ro mcrt in thc fall ro
discuss reinstating the funds (AV&ST
Nov. 19,2001, p. S8).

_ -A 
quick dccision is drc requircd so rhat

ESA cun let producrion coniracts for the
ATV. So far, only onc unit has been or-
!9r9d, for launch in Scprcmbcr 2004.

)CJ 9 2?

; -l uropean spacc lcadcrs are hoping
fl that a ncw round of ralks wirh

l-, NASA and othcr Intcrnational
Space Sration panners will pcrmit rhc fa-
ciliry to opcrarc with a fuIl complemcnt
ofseven astnon.u§, and not the scaled-
down rrcnion nw bciag considered.

In rhc ryake of a massive $4.8-billion
cost orcrun, NASA managers havc fall-
en back on a "corc complcte" configura-
tion adequatc ro suppom only thrè as-
tronaur (AV&STlq2r.l, p. 30). This is
thc maximum numbcr rh:t can bc cvac-
uatcd by thc Sofuz spaccship óat cur-
rcndy serws as óc *arion rcscuc vchiclc.

Thc fuloo§guration sipulatod in thc
Internatiooel Governmenral Agreemcnt
(ICA) undcrlyiry ISS coopcration, signcd
in 1998, is 6r sevcn astronauts. This
would requirc dct=lopmcnr of a crew res-
cue vóidc (CRV), an crpensivc (91.5-
billilo) cooarpris drat NÀSA plurncrs say
can probably no looger bc financcd.

tlorwec parmcr nadons reaffirmcd in

i

i

one oprion being considered, Feustel-
Buechl said, is to offer NASÀ more ATVs,
under a barter arrangement, in order to
reduce shuttle uploads.

Also dependent on a rapid decision is
a huge 2.5-billion-euro ($2.2-billion) ISS
utilization contracr rhat ESA has yet to is-
sue. ATV/Ariane 5 procurement will ac-
count for the bulk of this award.

Feustel-Buechi insisted that ESA could
[ve wit]r a temporan' rhree-person config-
uration, as long as the fi.rll complement re-
mained the ultimate goa1. In the event the
CRV is discontinued, the sum allomed to
date for the program could be made avail-
able for possible barter arrangements, he
said. In total, 200 million euros have been
allocated for barter deals under the new
multiyear ISS utilization spending plan.

The agency heads are to meet in Paris
in June to discuss some of the basic prin-
ciples behind the various solutions, par-
dcularly regarding the Soyuz buy, which
is considered the most likely option.

According to Feustel-Buechl, these in-
clude whether NASA will be allowed to
negotiate with the Russians for procure-
ment of the addidonal Soyuz vehicles with-
out violating U.S. import controi laws.
The agency has already received authori-
zation to initiate preliminary discussions.
Feustel-Buechl dismissed suggestions be-
ing made in some quarters that Europe

Eight oóers arc o bc poàrcd Howcver,

r
)

?s

Europe needs lo come to on orrongement
on ISS configurotion so thot it con issue
produclion controch for the ATV, which will
resupply the stotion ond periodicolly
reboost it to higher orbit.

might negotiate a deal in iieu of the U.S.
A second related matter is whether the

Russians will make the Soyuz available
at an affordabie price. Mosco..- has re-
pottedly been asking for around 565 mil-
lion each, whici rvould require a S 1.3-bil-

lion outlay over thé 10-year 
"oÀiía 

tif.
of the station. An International Partner
NegotiatingTeam has been formed to talk
down the asking price.

Observers noted that the Russians have
proven intractable on price in negotiations
to install a Soyuz launch pad in Kourou,
French Guiana, seemingly dooming that
initiadve to oblivion. But ESA officials re-
marked that Russia has shown itself to be
fleible in previous ISS hardware deals.

Meanwhile, the NASA astronaut office
has released a document defining the con-
ditions under which the "safe haven' op-
tion would be an acceptable solution. This
concePt involves ensuring thg Íns215-
mainly extra medical facilities installed in
various areas of the 5121isn-1s mainta-in
the crew in good health until chev can
be evacuated.

According to Aian Thirkettle, who
heads ESÀs manned spaceflighr deparr-
ment, the document found the concept
could be applied for three broad categories
of evacuation: medical reasons; hostile-at-
mosphere conditions caused, say, by a fire;
and loss of major ISS systems such as pow-
er or attitude control. The only caregory
of risk for which the concept.*Ua Ué i"-
applicable is immediate evacuàtion of the
entire crew, which the document noted
had never been required in 40 years of
manned space.



France, Russia Affirm
Mars Interest to NASA
CRAIG COVAULT/KENNEDY SPACE (ENÍER

rance hx reaffirmed its intent to pur-
sue strong nerv \Íarc r:-rii;ion ioop-
erarion with NÀS-{. ri'hile Russia is

also seeking new lUars coliaboration r*-ith

*re U.S.
The French affirmat:on means rhat a

tbrmal memorandum o: understanding
\ÍOUr on the coL.laboraiion-r*'hich has

'ceen as'aidng compierion at the U.S. Srate

Depr.-rvill norv proceed. said Ed \feii-
er. \-L5À associate
administrator for
space science.

French national
space agency Di-
rector General Ger-
ard Brachet and
CNES President
-\Iain Bensoussan
met inWashington
iate last month to
discuss the Mars
initiative and other
cooperation with
'§fl'eiler and NASA
Administrator Sean

O'Keefe.
"We are looking

ar \-en' srrong col-
laboradon s'ith the
French. so nos'it is

a mamer o[gening
rhe \ÍOU done,"'§Teiler said.

He said the French decision to stick
wirh ear[er intentions to become a strong
ne*'\Íars exploration pafiner is especial-

Iy significant in light of assessments that
show rhe ultimare objective-an interna-
tional sample return mission-will slip
from 2011 to at least 2016 (AW&ST
Feb. 25, p. 38).

"They said they are solidly with us on
the sample return in spite of it being
pushed downstream," \fleiler said.

The sample return suategF (as currentiy
envisioned) has CNES as a key element
for both precursor flights and as lead on
the development and launch of a Mars or-
biter that would capture samples launched
from the surface by a firture U.S. lander
(AW&STDec. 11, 2000, p. 60). A por-
tion of the French orbiter would then sep-
arate and fire back toward Earth, rvhere
a U.S. reentry vehicle integrated with the
French bus would be separated to land

Durins the meetings, the U.S. and
French otlicials also discussed major U.S.
participarion in rhe CNES-led Mars Net-
lander mission set fbr launch on an Àri-
ane í in 100-. '\\'e are going to have ma-
jor U.S. coiiaboration on tl're French 2007
mission . . . àe U.S. rvill be supplving part
of rhe science pa.-load as well as Deep
Space \envork tracking support." \Ï'eil-
er said.

Mors' south polor cop is imoged by the

neutron specfromeler on the Mors Odyssey
spocecroft orbiting the plonet. Blue color
indicotes hydrogen obms indicotive of
wolrer ice, criticol Íor liÍe qssessmenls.

The2007 mission will include a French
orbiter and four 145-lb. Netlanders that
rvould return surface data. Germany, Fin-
land and Belgium are the primary part-
ners u'irh France in that proiect. Italy is

especiallv interested in supplving addi-
tional Mars mission technologl' AW&ST
Ocl 29 , 200 1 , p. 90).

The Rusians have also renes'ed discus-

sions with the U.S. on Iíars mission co-
operation, \ï/eiier said. "'W'e are sort of in
a mating dance with the Russians," he said.

One problem. horver.er, is that Russia

AVIATION §uEEK E SPACE TECHNOLOGY/MÀRCH 11,2OO2

s'ould like to supply launch vehicles for
i\Íars missions, but U.S. larv precludes the
use of Russian iaunchers unless it is part
of a broader cooperative science effort.
"Vt just can't go out and but Russian
launch vehicles; we are precluded from
doing that," Veiler said. The issue rviil be
discussed this summer or fàl ri'hen \lteil-
er holds his annual science coordination
meeting with the Russians.

In addition to the Russian hean'Proron
booster. the medium Soyuz launcirer i; ca-

pable of flying Mars missions. À Srarsem
Soyuz is to iaunch the European Space
Agency Mars Express orbiter carn-ing rhe
small Beagie 2 lander in 2003. Soruz -\Íars
missions can be flown for oniy abour S+j
million in launch costs, Starsem belier-es.

C)ther new NASA science collaboration
unrelated to \Íar.
is also under dis-
cussion with ES-{
as well as Japan.'§Teiler and Da-
vid Southwood,
who heads space
science for ESA,
along with other
NASAand ESA sci-

ence managers u-ill
meet in Spain in
Ma,v to discuss the
status of U.S.iESÀ
science cooperation.

European par-
ticipation in the
Next-Ceneration
Space Telescope
(NGST) proqr.ln'.
rvill be a priman'
area of discussion.

as rvill an ESA roie in the new NÀSA "Ln-

ing With À Star" program.
"ESA is looking seriously at joining us

in the Living With A Star effort, which
is an excellent program for collaboration
because it rvill involve many relatively sma11

satellites," Weiler said. ESA has foimed a

working group to define its part in the
program, rvhich would involve multiple
spacecraft launched starting later in rhe

decade to studv the Sun and its interac-
tion with the Eanh.

In another NÀSAJinternational science
milestone, '§Teiler 

said the U.S. and Japan
have just inked an agÍeement for the U.S.
to provide an X-ray telescope to replace
the Astro-E mission lost during a Japan'
ese M-5 booster failure in early 2000.

The original Astro-E spacecraft carried
a U.S.-developed telescope, and the new
accord will allow a nearly identical tele-
scope to be built for a reflight of the mis-
sion to again be launched on a Japanese
booster. C

For more ..n \Íus missions, visrt

w,Avio I ionNow.com/mors

\99{l:



BBC: 15 MAART 2002.

DISTANT PLANET IS BLUE AND BEAUTIFUL.

The Subaru Telescope on Hawaii has produced a stunning image of Uranus. Two of planet's moons are

visible, as is its remarkable dust ring. This picture of the seventh major body from the Sun is not only
visually appealing, it is helping astronomers probe the composition of the planet's atmosphere. lt is

actually a composite image, combining inÍrared light in three different regions of the spectrum. This
means that the actual appearance of the planet and its rings is not what we would normally see, ln the
colour scheme, methane, the dominant component of the Uranus atmosphere, shows up as blue, Uranus
is a gas-giant world that is difÍicult to study from the Earth even with the largest telescopes. lt has beer
visited by a spaceprobe only once when the Voyagercraft passed it in 1986. There are no plans as yet tc
return to the world The new image adds to the Subaru Telescope's growing reputation for producing

stunningly beautiful images of the cosmos. The planet itself, its ring system, and two of its satellites,
iliranda (top) and Ariel (bottom-left). were imaged by the telescope's Coronagraphic lmager as part of its
pr(rgiarnÍr'te oÍ commissioning Uranus was discovered on 13 March, 1781, by William Herschel. The
object. which was initially thoLrght to be a comet. tumed out to be a new planet outside Saturn's orbit. lt
re'rolves around the Sun in approximately 84 years on an elliptic orbit whose average radius is
approximately 2.8 billion kilornetres r1 7 billion miles). Unlike other planets, Uranus spins on its side with
resoect io its olDitai plane. Since'851 more than 10 satellites and 10 rings have been íound around it.
Scienti,sts íroil se,rerai researct rstitutes ano universities. in addition to the National Astronomical
Obseruatory cí iepan, have beer -.: ved in th: :cnrmiqsioninq cf the Subaru Telescope

,ti 3 9!rl \

STILL PF§SNING HOME 33r]
NASA successfirlly communicated earlier this month with Pio-
neer 10, low7.4 billion mi. from Earth (see rendering). The
TRV-built spacecraft, launched in 1972, completed its sci-

ence mission rn 1997, but continues to be tracked by the agenry's

Deep Space Network as part of an advanced concept stud.' of
communications technology. Pioneer 10 was the first spacecrah

to make close-up images of Jupiter.
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Odysse)r Controllers
Revive E*periment
BRUCEA Sr.,ii- -a: 1 .iE!:.

':lÍ-l h. Oc'. s;e' spacecran :' beqin n ing malh' ,. hen tl:'.ssq'i p.i-rw science mis-

I irs ir.r-month primar' rnission ar sion oà;:a.,, r.gan on Feb. 19. Both the
I \Í;rs rr'irh a ful1 ser of .cience in- Themis anc GR-i instruments have made

srruments. fbllorvine reac:i'.:lion oione some inreieiii:.g observations during the
of irs three experimeÀt-. :har iaci been out 'nitiàl sr;Ses t: tire Odyssev science mis-
of operation tbr aboui s=.'e:: rtonràs. sior -iii.-c--'r-\Íar.4, p. 49).

ConrroLiers qor the \Í:.nian Radiation Rose : C:-.bs. depury Odyssey proiecr
F::','ir..rment Exper.ine nt i\Íarie) in- Trt€., :: iet Propulsion laboraton', said

i::*::r.::i T."li"g :sai;: earlier this month tha: :.:::: :roject officials reactivated the

=:.; :-:aac rr ln lri sclence configuration l\Íar:: ;r.tru-ment, they synchronized com-

- .-- -\.-1a:. i -3. mun-;.::ions ri'ith the experin:ent, plaved
l'1,:.:ie had run fbr about four months back c::;:h:t had been stored on board

=.: Od.r'ssev s'as launched last Àpril, but since -{ug..rst and placed the instrument
.' r. .o*ed oif on,\ug. 20 during dre space- in its sciàce mode. The experiment has

cran's travel to NÍars-xàen the instrument operated normally since then.
t-ailed ro respond to a dou.niink se'sion. Gibbs said the most likely scenario for

The experiment was designeci ro meas- the instrument s problem last August was

ure radiarion fields during the cruise por- a singie event uPset (SEU) to the instru-
rion oi rhe mission and while rhe space- ment's memory, which resulted in lv{arie

craft is in orbit around rhe planei. The automatically ceasing operations so it
measurem€nts were to be useci to cieter- could begin error detection and correc-
mine radiation levels that astronau-s might tion.
be exposed ro during possible rurure \Íars The instrument stops communicarins
exploration. with spacecraft systems while ir_is eoing

The spacecraft's other nvo insrru- through the error detection and correc-

-e.rt.-ih. Gamma Ray Spectrometer tion process. Orbiter systems detect rhe

(GRS) and Thermal Emission Imagins lack of communication and tn' io :is.:

accomplished until the insrrun.ienr.s
*scrub" 

has been completed.
Odyssey controllers nvice increa.ed rhe

reset timer to lengthen the period they
rhought would be necessarv for comple-
tion of the scrub. but s'ere not able to
restart the instrume nr. -{r rhat point, they
decided to temporariir srop rroubleshoot-
ing so they could t-ocus on inserting the
spacecraft in orbit around -\ Íars. as well as

aerobr.:-:rs il into its planned science or-
bit. T...-.' pianned to begin troubleshoot-
inq -ne nstrument problem aqain once the
spacecraii *'as in its fina1 mapping orbit.

Instrument team members about rhar
rime determined ir could take up ro 10 hr.
ror \Íarie ro L,.n'nlete the proces, oi cor-
recting the computer p.obl.-. Odrssev
project officials had previously allos'ed a

maximum of 8 hr. for the process.
EÀRllER Illl§ tl0llItl, while in mapping

orbit, Odyssey controllers began the
process again rvith the instrumenr. FrShr
hr. 16 min. later, rhe instrument i.i-::. '

respond, Cibbs said.
The 7.3-lb. \ irrle irutrumenr uses a qpec-

tromerer ro m.riure iadiation sources orig-
inating from à: S:r: and from outside the
solal svstem ilx-o,:Sn a 68-deg. field of .'iew.
The experimenr. r.l-jih uses 7 wafts oiporu-
er, was designed ro remain in operation tbr
the duration of the science mission.

Similar instruments are t-los'n on spà..
shuttles and rhe Inrernational Space Sta-
tion, according to NASA, but none harr
been florvn outside the Earth's prorective

F

Komeet hoven Nederlands lucWruin
De komeet lkeija-Zhang was het aÍgelopen weekeinde, tijdens de stenen-
kijkdagen, goed te zien boven Nederland. Met het blate oog is het nog
slech* een zwak gecl puntje, maar door een telelens is dekomeet, vcr.
noenil naar de Chinw at Japanner die hem onlangs ontdekten, goedte
bevvonderen. Een komet geeft zell geen licht, de zonnestralen reflec'teren
op de 'stoístaar{ die hij adterlaat op zijn reis door het heelal. Deze ko.
meet is op weg rtchfing de zon. De stenenwachten en professionele ama-
teurs hadden hun telexopen, zoals hier in Ensdtede, het hele weekeinde
op de hemel geri&t om niebvan dit *houwqerte mbsen. Foïo:wFA
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without
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irrifè a nn'e ffiffàcta,8[A asrcromers wam casuat obsenÉi.fpt tf* strould nerier look drrectly at the'§urirwith either
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ui--.. r*óoo"nev oftre gitrsti-'4ptronfiÍÈa.essQion tras- oeen following tfre pqiàf§mh,'mÍriet He said: :.From"

.*"rt / rit" ,t .í e s**,isií!t." {$.fu coffis ga;,.!.a*lls-lol hard^te.S i':'it stret$es uprrr4rd§

;t6H :BBc ttam; oniíil|'sàè
raïl,iíhich. br,oaQlns: à6d §plit
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Using The'SÍ'To Find A Comet
The bright rtanr in the "tllf of Cassiopeia can
hclp you íind Comat lkoya-fhang rn April.
On the morning of April 1{I, drtw e line from
Gamma Carciopeiae to §chedar, enend the
lino r linlc íËrthGr, and you wtll íind
Ikeye-Zheng By Apnl lg, ths cornet has
moved on, and you can Íind it by ertending
a lloc Írom Grmme Ce*ropetr thÍough Crph.

t
CNN : 29 MAART 2002.

BRIGHT NEW COMET HEADING OUR WAY. \;í-tr r----;È\
.As Comet xe,a-Zhang rounds the sun and approaches the Earth, astronomers wonder rÍ:.re ptcturesque tce boulder will become even
orighter. Spored by amateur sky watchers in February, the comet can continue to be observed in the weeks ahead. Currently it

appears low rn the western sky just after sunset, near the planet Mars, which resembles a bright red star. ln extremely dark and clear
co6itions, observers might be able to see lkeya-Zhang with the naked eye. For the best view of the comet and its long tail,
astronomers recommend being far frun city lights and using strong binoculars. "Thefre good for sweeping around for the comet and

actually glve you a better view actually than a big telescope," said Steve Maran of the American Astronomical Socie§. Travelling in an

eccentric orbit, lkeya-Zhang made its closet approach to the sun on March 18. From our tenestrial perspective. the comet will skirt
completely over the sun next week and reappear in the predawn s§. Heading outbound from the center of the solar system, it will
make its closest swing by Earth on April 28. "At one time or another in the month of April, people moat places on Earth where they have

a dark s§ should see the comet. But it's a lot easier for us up in the Northem Hemisphere because it will be moving progressively north
(in the sky)," Maran said. lkeya-Zhang could be the bríghtest comet since Hale-Bopp five years ago. To leam more about comets,
rMaran recommends that the curious join viewing parties through amateur astronomy clubs, science museums or planetariums. NASA is

doing its part to leam more about the dirty ice travelers. An agency-sponsored mission called Stardust should rendezvous with comet
Wild 2 in 2004 to retneve particles from its tail. Scientists think comets contain frozen remnants of our early solar system and may have
struck Earth in its inÍancy, seeding the oceans with water. Usually comets appear brightest when near the sun. But some eccentric ones
keep br§htening afterwards. lt lkeya-Zhang falls into the latter category, it could contine to brighten during April, according to S§ &
Telescole. Afrer its appearance on February 1, astronomers concluded within weeks that it is probably the same one that swept
through the inner solar system in í661 The comet was named for rts modern cMiscoverers, Daqing Zhang of China and Kaoru lkeya
of Japan. lkeya has discovered or cmscovered Íive previous comds accordirp to S§ & Telescope.
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Path of Comet lkeya-Zhang
lkeya-Zhang comes closest to the Sun
on March 18, but it staya near Earth
throughout March and early APril.
This image showB tha planet poeitions
on March 18.
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Beagle 2: Britten landen op Mars
Michel van Pelt

Als in juni 2003 de Mars Ex-
press van de Europese ruimte-
vaartorganisatie ESA vertrekt
van de lanceerbasis in Kourou,
gaat deze niet alleen op weg.
Gekoppeld aan de Marssatel-
liet zal de kleine maar geavan-
ceerde Beagle 2 lander mee-
vliegen naar de rode planeet.
Daar aangekomen zal het bijna
geheel door Groot-Brittannië
ontwikkelde ruimtevoertuig
worden losgekoppeld om aan
zijn eigen missie te beginnen:
het uitvoeren van een zachte
landing en het zoeken naar
sporen van leven op Mars.

De laatste ruimtevoertuigen die
op Mars naar leven zochten
waren de twee Amerikaanse
Viking landers in de jaren ze-
ventig. Zij hadden een soort
minilaboratorium aan boord om
een beetje Marsgrond met be-
hulp van allerlei chemische
proefjes te onderzoeken. De
resultaten van de experimen-
ten konden helaas allemaal
verklaard worden door mrddel
van chemische reacties waarbij
geen bacteriën of andere le-
vensvormen nodig zijn. Er
werd dus geen bewijs voor Ie-
ven gevonden op de plaatsen
waar deze landers terecht wa-
ren gekomen.
Beagle 2, genoemd naar het
expeditieschip van de grond-
legger van de evolutietheorie
Charles Darwin, zal de eerste
na de Vikings zijn die op zoek
gaat naar simpele levensvor-
men op de rode planeet. Daar-
voor zullen nieuwe en betere
experimenten worden gebruikt
dan bij de eerdere Amerikaan-
se missies.

Beagle 2 wordt de eerste Eu-
ropese Marslander en de eer-
ste niet uit Amerika of de voor-
malige Sovjet Unie afkomstige
ruimtesonde, die op een ande-
re planeet landt. Een andere
bijzonderheid is dat de Beagle

betaald wordt; het meeste geld
komt van Britse wetenschap-
pelijke instituten en sponsors.
De organisatie van dit project
is zo simpel mogelijk opgezet.
Contracten tussen de diverse
deelnemers aan het project
zijn veelal gebaseerd op mon-
delinge afspraken. Dit draagt
ertoe bij dat de kosten zo laag
mogelijk blijven, maar maakt
de kans op Íouten groter dan
bij andere ESA projecten, waar
bij alles Íormeel wordt vastge-
legd in bergen papier. ESA
heeÍt daarom kortgeleden be-
sloten haar rol in het project te
vergroten om de risico's te
verkleinen. Hierdoor werd Be-
agle 2 zo'n 7,3 miljoen euro
duurder, maar tegelijkertijd
maakte ESA ook bekend zelf
16 miljoen euro in het project
te steken. Het totale budget
dat nodig is, bedraagl nu 44
miljoen euro.

De Beagle lander bestaat uit
een hamburgervormig voertuig
van ongeveer 60 kg, dat door
middel van een hitteschild,
parachutes en grote luchtkus-
sens een zachte landing zal
uitvoeren (deze methode is
vrijwel gelijk aan de manier
waarop de beroemde Mars
Pathfinder op de rode planeet
werd neergezet.). Tijdens de

Beagle 2 na een ge-
slaagde landing en
klaar om te beginnen
naar het zoeken van
sporen van leven.

zes maanden durende reis zit
de Beagle ingepakt tussen het
hitteschild en een aÍsluitschild
aan de achterkant. Dit is niet
alleen om de lander tijdens de
vlucht door de ruimte te be-
schermen, maar ook om er
voor te zorgen dat er tijdens
de lanceervoorbereidingen op
Aarde geen microben aan
boord kunnen komen. Die zou-
den de onderzoeken op Mars
kunnen verstoren, want als er
micro-organismen worden ge-
vonden wil men zeker zijn dat
deze ook inderdaad van Mars
komen en geen Aardse verste-
kelingen zijn. Voordat de cap-
sule wordt ingepakt zal deze
daarom helemaal goed gesteri-
liseerd worden.

De Beagle wordt draaiende
van de Mars Express satelliet
losgekoppeld, zodat de capsu-
le stabiel in de MarsatmosÍeer
zal aÍdalen. De afkoppelfase is

een gevaarlijk moment, want
als dit niet goed wordt uitge-
voerd kunnen zowel de Beagle
2 als de Mars Exoress zelf\t»§\z\2 missie niet geheel door E9A
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verloren gaan. Als het geheel
op Mars tot stilstand is geko-
men, worden de drie luchtkus-
sens van elkaar lcsgemaakt
waarna ze elk de vorm van
een bal aannemen en van el-
kaar wegstuiteren. De lander
zelÍ valt daarbij ongeveer een
halve meter naar het opper-
vlak. Vervolgens zal hei zich-
zelf als een oester uitklappen
zodat de instrumenten en vier
zonnepanelen vrij komen. Ook
als de Beagle ondersteboven
landt zal door het slimme uit-
klapproces de goede kant van-
zelÍ boven komen te liggen.
Dan kan de Beagle beginnen
met het onderzoek, waarvoor
de volgende instrumenten wor-
den meegenomen.
" De GAP, een instrument voor
gasanalyse. Kleine bodem-
monsters worden in de GAP
elektrisch verhit, waarna de
vrijgekomen gassen worden
geanalyseerd door een massa-
spectrometer. Deze kan ver-
schillende moleculen herken-
nen en een overzicht geven
waaruit het gas bestaat. Som-
mige gassen, bijvoorbeeld
methaan, kunnen een aanwij-
zing vormen voor het bestaan
van leven in de Marsbodem.
Methaan wordt door organis-
men geproduceerd en in de at-
mosfeer van Mars snel afge-
broken. Wordt er dus methaan
gevonden, dan is dat een aan-
wijzing dat er momenteel leven
op Mars is. De verhouding tus-
sen de hoeveelheid koolstof 12
en koolstoÍ 13 isotopen is een
indicatie voor vroeger leven op
de rode planeet: op Aarde
heeft leven een voorkeur voor
het opnemen van koolstof 12
isotopen, waardoor sedimenten
die zijn ontstaan uit organis-
men (zoals kalksteen) een ho-
gere concentratie koolstoÍ 12

hebben dan andere, niet orga-
nische bodemlagen. Het instru-
ment wordt ontwikkeld door de
Open University in Groot-Brit-
tanniÈi in samenwerking met
het Duitse Max Planck insti-
tuut. De massaspectrometer
zal ook worden gebruikt om de

* De Mole, oÍwel mol. Dit is

een holle buis die door middel
van een veermechanisme bin-
nenin schoksgewijs over het
oppervlak kan kruipen. Als de
Mole een heuveltje oÍ een
steen tegenkomt, zal het appa-
raat in de bodem doordringen.
De buis kan dan daar worden
geopend om een beetje grond
in de buis op te nemen, en
vervolgens worden binnenge-
haald. Het bodemmonster, dat
niet door de intense zonnestra-
ling is aangetast, wordt daarna
in de GAP onderzocht. Dit is
een hele verbetering ten op-
zichte van de Viking missies,
die alleen bodemmonsters van
het oppervlak namen waar le-
ven vrijwel onmogelijk is. Het
apparaat wordt door de Duitse
ruimtevaartorganisatie DLR
ontwikkeld.
* De Paw, een soort robotarm
die met een carrousel met
verschillende instrumenten
wordt uitgerust. De betekenis
van 'Paw' is 'dierenpoot', een
toepasselijke naam aangezien
een Beagle een Engelse jacht-
hond is.
De Paw wordt uitgerust met
een borstel, een schepje, een
panoramaspiegel, een boor en
een stenenvermaler. Met deze
instrumenten kunnen ook bo-
demmonsters worden geno-
men, waaronder stukjes ge-

boorde rots. Ook het monster
genomen door de Mole wordt
door middel van de robotarm
in het GAP minilaboratorium
gedeponeerd. De arm wordt
ontwikkeld door de Universiteit
van Leicester.
* Een Mossbauer spectrome-
ter , dat ook op de Paw wordt
bevestigd. Dit door het Duitse
Max Planck lnstituut voor Che-
mie ontwikkelde instrument zal
de oxidatiegraad, oÍtewel de
'verroesting' van het Marsop-
pervlak onderzoeken.
* Een Röntgen spectrometer
van de universiteit van Leices-
ter, die in staat zal ziln de
samenstelling van rotsen te
meten. Om door de geoxideer-
de buitenlaag heen te komen
en het originele rotsmateriaal
binnenin te bereiken zal Ae

vermaler op de Paw de buiten-
laag van de rotsen een stukje
aÍschuren. Vervolgens kan de
op de Paw bevestigde spectro-
meter de hoeveelheden alumi-
nium, magnesium, ijzer etc in

de rots meten. Dit is een ver-
betering in vergelijking met de
róntgenspectrometer die op de
Sojourner robotkarretje van
NASA's Pathfinder was beves-
tigd. Deze kon alleen de ver-
weerde buitenkant van de ste-
nen onderzoeken.
* Een aantal op de Paw beves-
tigde camera's, ontwikkeld
door het Mullard wetenschaps-
laboratorium van de universi-
teit van Londen. Met twee
camera's zullen stereoscopi-
sche panorama-opnamen van
het landingsgebied en de ope-
raties van de Paw worden ge-
maakt. Hierbij kan ook op de
Paw bevestigde spiegel wor-
den gebruikt. Een microscoop
zal worden gebruikt om het
schoongeschuurde oppervlak
van stenen te bestuderen.
* Een serie sensoren, voor me-
tingen van ultraviolet licht,
waterstofperoxyde in de atmo-
sÍeer, straling, atmosferische
druk, temperatuur, windrichting
en -kracht, versnellingen en
stof. De universiteit van Lei-
cester en de Open University
zullen deze sensoren leveren,
die bij elkaar niet meer dan
180 gram mogen wegen.

De Beagle 2 is ontworpen om
minstens 180 dagen te wer-
ken. De levensduur wordt voor
al bepaald door het elektrisch
vermogen dat beschikbaar is

om de lander tijdens de koude
Marsnacht warm te houden. Er
zijn geen radioactieve verwar-
mingselementen aan boord,
zoals bij NASA landers gebrui-
kelijk is, maar gevoelige onder-
delen zoals de lithium ionen
batterij en de elektronica wor-
den met isolerend materiaal
omsloten. Sommige experi-
menten zullen 's nachts wor-
den uitgevoerd zodat de warm-
te die ze veroorzaken kan wor-
den gebruikt om de lander op
temperatuur te houden.

e zonnepanelengullen be-
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dèkt ràkèn -mèt éèn làag stoÍ,
waardoor de hoeveelheid elek-
trische stroom zal afnemen.
Om dit te voorkomen kan de
borstel op de Paw worden ge-

bruikt om de panelen schoon
te vegen.
De communicatie zal verlopen
via Mars Express oÍ een van,
de nieuwe NASA satellieten
om Mars; de antenne van de
Beagle heeft niet genoeg ver-
.mogen om direct contact meti

de Aarde te kunnen maken. 
i

Beagle 2 zal ergens rond de
19 graden noorderbreedte
landen om maximaal te kun-l
nen proÍiteren van het langei
daglicht van de lente op het:

noordelijk MarshalÍrond. Ande-
re zaken waarnaar wordt geke-l
ken bij de keuze van de lan-,

dingspiaats zijn het risico voor
een mislukte landing en de
kans op het vinden van (vroe-]

ger) leven. Gebieden met te-
veel grote keien en ravijnen en
die lijken op oude rivierbeddin-
gen hebben dus de voorkeur.
Ook mag de landingsplaats

niet te hoog liggen ómdat àn-
ders de parachutes niet ge-
noeg luchtweerstand zullen
ontwikkelen om voldoende af
te remmen. Het lsidis gebied
of in een van de interessante
plaatsen die met de Mars Glo-
bal Surveyor zijn ontdekt, zijn
kandidaat voor de uiteindelijke
plek waar de Beagle 2 onder-
zoek zal doen.

Met Mars Express en de Beag-
le 2 zal Europa vollop meespe-
len in het Marsonderzoek.
Beide sondes hebben unieke
instrumenten aan boord die
inÍormatie kunnen geven die
geen van de NASA missies
tot dusver hebben opgeleverd.
De Beagle 2 missie is daar-
mee niet alleen belangrijk voor
Groot Brittanniè en Europa,
maar voor de hele wereld. Mis-
schien geeft de kleine lander
ons eindelijk antwoord op de
vraag oÍ de Aarde de enrge
planeet is waar leven voor-
komt, of dat organismen ook
elders kunnen worden geyon-den t?yg_)1

JOF{NS HOPR:INIS UN IVC NS IW ÀPPII ÉO
PHYSICS LABORATORY NE\I\IS RELEASE : 30 MAART 2002.

PROJECT CLEARED TO BUILD MERCURY ORBITER
The first mission to orbit the planet Mercury took a big step toward itg'scheduled March 2004 Iaunch when NASA's
MESSENGER project received approval to start building.its spacecrafi and scientific instruments. MESSENGER - which stands
Íor MErcury Surface, §pace ENvironment, GEochemistry, and Ranging - passed a thorough four-day critical design review last
week, during which a project advisory panel and NASA assessment team examined every detail of the mission and spacecrafr
design. The review was very successÍu|," says Max R. Petersgn, MESSENGER project manager at the Johns Hopkins
University Applied Phpics Laboratory (APL), Laurel, Md. "Both panels confirmed thàt our des§ns are sound and meet the
mission's science and engineering requirements. We're ready to move to the next stage." MESSENGER team members are
fuiHing flight hardware now and will begin integrating parts on the spacecraft this November, Peterson says. After launeh and a
fwe-year joumey through the inner solar system, MESSENGER will orbit Mercury Íor one Earth year, providing the first images
of the entire planet and collecting information on the composition and structure oÍ Mercury's crust, its geologic history, the nature
of its thin atmosphere and active magnetosphere, and the makeup of its core and polar materials. While cruising to Mercury the
spacecraft will fly past the planet twice - in 2007 and 2008 - snapping picturs and gathering data critical to planning the orbit
stuQy that begins in April 2009. A key MESSENGER design element deals with the intense heat at Mercury. The sun is up to 1í
times brighter than we see on Ëarth and surhce temperatures can reach 450 degrees Celsius (about 840 degrees Fahrenheit),
but MËSSENGER's instruments liyill operate at room temperature behind a sunshield made oÍ heat-resi§ant Nextel Íabric. The
spacecraft will also pass only briefly over the hottest parts oÍ the surhce, limiting exposure to reflected heat. "The poject is well
on its way," says Dr. Sean C. Solomon, MESSENGER principal investigator from the Carnegie lnstitution oÍ Washington (D.C).
"Exploring the many mysteries oÍ Mercury will help us to understand all of the tenestrial planets, including Earth. The team is
eagerly looking Íorward to assembling and launching the spacecraft and to the first new data from the innermost planet." ln July
Í999, NASA selected MESSENGER as the seventh mission in its innovative Discovery Program of lower-cost, highly focused
space science investigations. APL manags the $286 million project br NASA'S Office of Space Scierrce and will build and
operate the MESSENGER spacecraft. The Applied Physics Laboratory, a divi§on of The Johns Hopkins Univers§, meets
critical national challenges through the innovative application of science and technology.
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To a CEO, it's a

SaVlngS pran,

business pran.

To a CFO, it's a

THE DELTA IV IS THE WORLD'S MOST POWERFUL, VERSATILE AND COST-EFFECTIVE

LAUNCH VEHlCLE.scheduledforliftoffearlynextyear,theDeltalVcombinesdesignsimplicity,anewmainengine,an

unsurpassed range ofpayload capabilities and streamlined vehicle integration. As a result, this next-generation rocket can reduce

cost to orbit while providing assured satellite deployment. The Delta IY. It's ideal for sending payloads into space. And corporate

earnings into orbit.
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