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ABSTRACT

Since its launch in 1999, the Far Ultraviolet Spasxtopic ExplorerFUSE) has had a profound impact on many areas
of astrophysics. Although the prime scientific mshent continues to perform well, numerous hardviailares on the
attitude control system, particularly those of ggapes and reaction wheels, have made sciencetiopsra challenge.
As each new obstacle has appeared, it has beecoover although sometimes with changes in sky cgeecapability

or modifications to pointing performance. The CafRJdata pipeline has also undergone major changastect for a
variety of instrumental effects, and to preparetf@ final archiving of the data. We describe therent state of the
FUSE satellite and the challenges of operating it waittly one reaction wheel and discuss the currerfopaance of
the mission and the quality of the science data.
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1. INTRODUCTION

The Far Ultraviolet Spectroscopic ExplorgFUSE), is a NASA astrophysics mission designed to colipectra of
astronomical objects at moderately high resolu(idn ~ 20,000) in the 905 — 1187 A wavelength regiBdSEwas
launched into a 100 minute, low-earth orbit witR%f inclination on June 24, 1999 aboard a Deltauhch vehicle.
After several months of in-orbit checkout, sciemtsservations officially began in December 1999. ibyithe three
year prime mission that ended in March 2003, olisgriirme was divided between the Principal Investiig (PI) team
and Guest Investigators (Gls) from institutionsusa the world. Since then, in the extended mispluase, all time has
been allocated to Gls who propose through NASA.

The details of the design and early performancEWSE has been described previodsiyand will only be reviewed
briefly here. The optical design consists of foaaligned telescopes, each feeding a holographicald, aberration-

corrected grating on a Rowland-circle mount. Ineorth keep the target within the spectrograph entapertures and
to obtain high quality spectra, the satellite musintain stable pointing in all three axes. Jiti@lues of no more than
+1 arcsecond in pitch, +10 arcsecond in yaw, andiglroll are required over periods of five minutesan hour

(typical exposure times) in order to obtain higlakity science data. Faint objects, which can regmeany thousands of
seconds on a single target, require that the im&ni configuration be repeatable, since such |ldspvations may be
divided up into multiple visits that may be sepadaby days or months.

. sahnow@pha.jhu.edu; phone 410-516-8503; fax 4105894, http://fuse.pha.jhu.edu



The FUSEAttitude Control System (ACS) contains two setshoée ring-laser gyroscopes (Inertial ReferencedJor
IRUs) for attitude estimate propagation. Three-axiagnetometers and coarse sun sensors provideecatitside
information to +2°. The required fine pointing ishéeved by using a signal from a Fine Error Seh§eES) in the
instrument which images a region of the sky arothmal spectrograph apertures. Four Reaction Wheetmlslies
(RWAs) are used to control the attitude of the litgeand manage angular momentum. Three wheelsaaenged
along the primary axes (pitch, yaw, and roll) of gatellite, and the fourth, or skew, wheel isrdd equidistant from
the others. The skew wheel is biased to minimize-speed crossings on the other wheels and car asra substitute
in case of failure of one of the other RWAs. Threagnetic torquer bars (MTBs), mounted along thenpraxes, are
used to control the momentum load on the wheeladbyng on the earth’s magnetic field. A more dethitlescription
of the design of the ACS, along with a descriptainits performance early in the mission and in twioeel mode
(described below) has been presented elsewhiere.

Beginning in late 2001, the failure of spacecrafinponents began to affect operations of the sateMow, in mid-
2006, the satellite is operating with only one lod four reaction wheels and two of the six gyrossop.oss of these
hardware components has required a significantsigdeof the way onboard tasks are handled, but wdthware
upgrades and improvements in the ground missionnplg systemFUSE is again making observations with an
efficiency approaching that of its earlier daybgeé over a smaller portion of the sky.

2. HARDWARE PROBLEMS AND WORKAROUNDS

In January 2000, several of the gyroscopes firstveldl signs of premature aging when a telemetry iwgritag tripped,

signifying that the laser intensity was droppingwever, they all continued to perform nominally.Angust 2000, we
received the first indication of a problem withesaction wheel, when the pitch wheel showed sigriaafased static
friction, or stiction. It was eventually returned s$ervice, and it was not until 2001 tHaSE experienced its first
permanent component failure. Since then, the Iésgymscopes and reaction wheels has had a majectedn our

ability to operate and control the satellite. Tabléists the hardware problems seen in the IRUsraadtion wheels
since launch. The effects of losing these compaenthe mission are described in this section.

Table 1 Status of theUSE Gyroscopes (IRU-A and IRU-B) and Reaction Wheels

Axis IRU-A IRU-B Reaction Wheel Assemblies

Yaw | 1/6/00 Warning flag tripped 12/10/02 Warning flag tripped | 2/16/01 Stopped; restarted in 11 days
Operating normally 7/31/03 Failed 11/25/01 Failed

Pitch | 1/18/00 Warning flag tripped | 8/31/01 Warning flag tripped | 8/4/00 Stopped; restarted in 40 days
Operating normally 9/28/04 Noisy / Turned off 12/10/01 Failed

Roll | 4/19/00 Warning flag tripped | 10/6/01 Warning flag tripped | 12/17/03 Stopped; restarted in 2 hrs
5/30/01 Failed 5/17/05 Failed 12/27/04 Failed

Skew Operating normally

When the first gyro failed, onboard software allowtbe satellite to continue operating by switchtogRU-B, and
science operations were interrupted for less thahdurs. Similarly, the loss of the first reactiwheel had no major
effect on operations, since the remaining threeelgheere sufficient to fully control the satelliteurther component
losses have had a more serious effect.

At present, only two of the six gyroscopes are fitilctioning, and both have tripped their warnftag (indicating that
the laser intensity has dropped below a pre-sesttuid). The time between the flag tripping antufeiof a gyro varies
widely, but based on the behavior of the other gyibis believed that these two will fail at someint during the
mission. The three reaction wheels aligned withghiecipal axes of the satellite have also failatempts to restart
them have been unsuccessful, and they are nowdsrasdi unrecoverable.

Each of the failed wheels exhibited a significatitt®n event roughly a year prior to failure. Thesvents were
attributed to touchdown of the rotor onto the kaptape lining the wheel housing. It was thoughtattime that small



bubbles of gas trapped under the tape might hawergover time until they spanned the small gap betwthe rotor
and housing,but the subsequent hard failures did not appebetoonsistent with this model. The working hypstse
at present is that the combination of thermal eyehf the spacecraft structure on orbital timescaleconjunction with
flexing of the standoffs on which the three whesbkre mounted resulted in gradually accumulatingssis in the
wheel housings. A small distortion would be sufiti to close the narrow gap between rotor and hgudn this

scenario, the initial stiction events resulted froomtact between rotor and the kapton tape linivigch was quickly
worn away. The increasing distortion would ultintateause the rotor to touch the housing itselfultésy in a hard

failure. The remaining skew wheel is mounted inanner different from the other three and has neliewn signs of
stiction. We therefore believe that it is not symitde to the same type of failure.

Even before the failure of the first gyro, plansreveleveloped for spacecraft operations using Ikas the full
complement of gyros. The loss of two reaction wheiel late 2001, well before “gyroless” pointing tbube
implemented, significantly complicated the procedurhe failure of two wheels in 15 days meant tmy two wheels
remained to control the three spacecraft axesti#hgrointing could not be maintained with the wisealone, and
initially the satellite drifted about the unconteal axis, meaning that no scientific observatioosld¢ be made. The
solution devised was to control this axis with thagnetic torquer bars; within 10 days of the fai|iWUSE could be
held in a safe, inertial pointing using that tecfus. To gain enough control for fine pointing ardumption of science
data collection, however, took until late Janua@p2 The details of two-wheel mode, including acdssion of the
forces on the satellite and how they are balanbade been given previously.By March 2004 improved planning
tools and the use of offsets in roll angle had miag®ssible to access all points on the celespilere at some time
during a calendar year.

Loss of the third wheel in late 2004 required ttt@t MTBs control pointing in two axes in additiom managing
momentum. Loss of the second roll gyro in 2005 rh¢hat roll information had to be provided by thES; which
provides poorer data on that axis than in pitch gad. Much of 2005 was spent developing new softwand
operational methods to deal with these challenges.

3. ONE-WHEEL OPERATIONS
3.1 Torque authority

Since the remaining reaction wheel can control {imgnalong only a single axis, the MTBs are nowuiegd to provide
pointing control in the two orthogonal axes. Thare two major disadvantages to using magnetic gbritre torquer
bars generate much less torque than the reactieels/lfa maximum of about one-tenth), and theiiitgkib provide
torque is not constant — they are dependent oigitantaneous direction and strength of the locagmetic field at a
given time.

Gravity gradient forces provide the largest distunde torque on theUSE satellite. The difference in the gravitational
force at the two ends of the ~5 meter long satelénds to pull the satellite into a nadir- or #geypiointing orientation;
the resultant torque can be as large as 5 millidewneters, and the wheel and MTBs must countehétarque for
the spacecraft to remain inertially pointed. Thditglof the MTBs to provide the appropriate coueting torque for
this and other disturbances is a function of thatiooally varying relative orientation of the edstimagnetic field and
the satellite, since the dipole field will haveléteffect if pointed in a direction nearly paralie the earth’s magnetic
field lines. Since the earth’s field and the sételbrbit are known, the availability of adequatagnetic control can be
predicted as a function of time and satellite dagan; times when control is available are saitiawe positive “torque
authority.”

The available torque authority changes constastiye orientations (particularly pointings in theedtion toward the
orbit poles) will have positive torque authorityr fmany contiguous orbits, while others will varyeovmuch shorter
timescales. Losing torque authority means that disturbance torques overwhelm the ability of théelite to

compensate, and fine pointing control is lost. Hé tloss of torque authority is brief, there may didy a small
disturbance in the pointing, and the object beibgeoved may remain in the aperture; longer lossdserit more likely



that the pointing cannot be held steady. Experidra® shown that allowing modest losses of torquboaity and
scheduling extra time on an object makes availatiheduling windows that could not otherwise be usbe CalFUSE
pipeline can then be used to filter out the periwidk large pointing errors (Section 4).

Figure 1 shows Torque Authority Contours (TACOs)aomap of the southern hemisphere for March 8, 200#%:00
and 06:00 UT. The dark contours show the regioitls pasitive torque authority for at least 85%, 9@#¥d 95% of the
time over a three-orbit period. In both maps, th&Ds cover a relatively small region of the skyd dnese regions are
preferentially near the orbit poles (near +65° whation). The map on the left shows a TACO regianhigher
declination (to the right in the figure) which hasarly disappeared four hours later. Over justaffesr hours, the
shapes and positions of the TACOs vary consideralilgtrating the challenge of maintaining staplginting for an
extended time. Only targets falling inside a TAC®Obmth figures would be considered stable for thtee period.

Figure 1 Two sky maps, separated by four hoursystgthe southern hemisphere with torque authadtytours (grey
shaded regions) and momentum buildup (solid antdeghsontours) overlaid. The grey contours showelgéns where the
torque authority is positive for 85%, 90% and 95Bthe time over three orbits, when the satellitéangle is -15°. The
units of momentum buildup are N m s per orbit.Ha four hours shown, the region with stable torgugority on the right
side disappears, and the one near the pole chiaagéze and shape.

3.2  Momentum management

The original purpose of the MTBs was to managedhgular momentum of the reaction wheels. Sinceettiernal

torques on the satellite do not in general avetageero over an orbit, without some means of remgpvhe resulting
angular momentum, the wheels would soon reach lingirof 21 Newton meter seconds (Nms) and wloub longer

be able to provide pointing control. The dipolddigenerated by the MTBs can be oriented to protidgue on any
two axes perpendicular to the magnetic field. Ie-@rheel operations, magnetic torque is requirecbtdrol both axes
perpendicular to the remaining wheel, so the corapbof magnetic torque along the wheel axis isanfoee parameter.
If the MTBs were used to continuously control theesl momentum as in the original design, stablatpa of the

satellite would be continually interrupted. Consexfly, momentum is now managed primarily by judiicelection
of targets, and automatic unloading via the MTBignisted.



Figure 1 also illustrates the angular momentumdompilas a function of position on the sky. The salidl dashed
contours show the average increase or decreasgofaa momentum with time, in units of Nms pebibrMomentum
buildup can change rapidly over a few orbits in egparts of the sky. In this example, the TACOs amnentum
buildup are complementary; the momentum changeléndie TACO near the pole is only a few N ms pbitoand
both positive and negative values are availablechSan arrangement makes planning observationsivediat
straightforward, since targets can be scheduledmtrol momentum buildup.

3.3  Flight software improvements

Three full software builds and several patch Idaalée been made over the past year to implementdeag, improve
the robustness of operations, and gradually impsatellite performance. These changes to the fkgiftware have
added: two robust safe modes (one requiring ephisntglata and one not); a completely new torque idigion

algorithm, which has been tuned over the past yaarimproved treatment of the cross-coupling betwares,
including vector-limiting of the control and unldag torque commands; continued tuning of the cdietrgains and
the ability to change the gains on-the-fly; andeshanced ACS to instrument-computer interface kowahttitude
information to be shared between the two. Furthedifitations will be made as necessary once we gaime

experience operating the satellite in one-wheelenod

3.4  Planning observations

As described above, additional constraints have p&eed on the planning and scheduling procesaéawheel mode.
The scheduling of observations now must now take aeccount the limited regions of torque authoritigng with the
management of momentum. As a result, only a snegjlon of the sky is accessible for observing at &ime.
Considerable effort has been expended to develmplg and analysis tools to improve the predistiohpointing and
improve science observing efficiency. Ever morehsstirated tools have been developed to minimizedffiects of
observing constraints. Improvements to the plantiogs are as important as upgrades that havernade to the flight
software; our new software can provide arcsecomatipg if there is enough torque available, butcoatrol if not. It is
up to mission planning to schedule observationg atien the needed torque is available.

In order to successfully adapt to the new set bédaling constraints, a series of modificationsev@ade to thEUSE
Long Range Plan (LRP) software: (1) The predicto@s were modified to accurately determine theetjperiods with
torque authority for all the targets in tR&)JSE database, (2) the range of allowed roll offsets waaxed to £25° to
increase the number and length of visibility windo\8) the LRP oversubscription per week was irsgddo optimize
the target sample for satisfying the torque auth@nd momentum management constraints when shont nission
planning schedules are created, and (4) additisciahce and background programs were added tatbettpool to
improve scheduling flexibility.

Figure 2 shows the amount of observing time avkélaliring a one year period in the north celegi@e region for
declinations above 45°; a plot showing declinatibabw -45° looks similar. All pending targets aneerplotted, with
the size of the symbol representing the amounteqtiested time. It is clear that the available ohsgrtime has a
strong dependence on declination. For this reatium,call for proposals for Cycle 7 limited targets absolute
declinations above 50°.
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Figure 2 One year sky visibility in the northermtisphere.

The figure shows the total amount of observing tawmailable during the year, but it does not show fioe visibility
windows are distributed in time. For a typical omeek period, only a small subset of these targatshe observed,
since the region of positive torque authority oa #ky typically changes position, shape, and sizgirnescales of
hours. In addition, preexisting constraints for th&rument, such as solar avoidance, further Ithiétavailable targets
on any given day. Thus, the larger the pool ofategthe more efficient is our use of observingetim

Using the results of the LRP, the Mission Planriiafpedules (MPSs) are developed. A typical one-wWwée includes
observations of ~8-10 unique targets. The goab iglan as much observing time as possible in regarhigh torque
authority, while keeping the wheel momentum wellagvirom saturation. Simultaneously optimizing thessparate
requirements often requires compromises: obser@ihggh priority target which is in a region of pidg momentum

buildup, for example, often must be followed byeas-desirable target with negative buildup to awatrating the
wheel.



4. THE CALFUSE PIPELINE

The CalFUSE science data pipeline processes raemaeiand engineering data to create spectra. Tést lersion
(3.2) has recently been described in detail by Bigbal®, so this section will provide only a brief summafycusing
on changes made to account for some of the efflestsribed above.

As originally designed, the CalFUSE pipeline assditiet the instrument was stable during an obsernvaEarly data
showed that thermally-induced motions of the marand gratings, along with changes in the detefctionat as a
function of temperature and count rate, made te&simption incorrect, and no simple changes to dfftevare would

permit these effects to be included. As a resii,dipeline was completely redesigned beginning02 so that most
of these effects could be included, and in doingls® design became more flexible. A fundamentaigtechange was
that some instrument and spacecraft engineering, datch as detector count rates, high voltage de\sglerture
positions, and pointing information were incorpedhto track changing conditions during an exposfeea result of

these improvements, very few modifications wereeseary when the change to one-wheel mode obsevcitigred.

The pipeline had already been modified to compen&atminor pointing variations (jitter), and thisodification also

easily handled larger pointing excursions due totdosses of torque authority.

Because of these changes the science data qulity inany cases, the same now as it was beforlogheof the roll

reaction wheel. Tests on selected data sets shatwhé spectral resolution has not changed, detetdact that the
pointing jitter has increased and much larger pognexcursions are common. One effect of our léslSks pointing is

that observations of a target may now consist ¢tdrger number of shorter exposures than beforeit soay be

necessary to combine more exposures to achieveatime signal-to-noise ratio. Since |Io0RYSE observations have
always required the observer to combine exposurtisis way, the tools for doing so were alreadyilabte?

All science data taken earlier in the mission avev theing reprocessed and re-archived at MRS order to take
advantage of these improvements. This reprocessihgh is expected to be the last full reprocessighe data,
should be completed by the end of 2006. Calibrafites that reflect the current properties of timstiument will
continue to be provided for the life of the mission

5. CURRENT PERFORMANCE AND FUTURE PLANS

A significant amount of development and testinghaf one-wheel control system occurred in the spaimgdj summer of
2005, allowingFUSETto return to full science operations on Novembe2d05. This section describes the performance
of the satellite as of April 2006.

5.1 Pointing stability

The pointing stability of the satellite is crucifdr obtaining high-quality spectra in several was.the largest
spectrograph aperture (30 x 30 arcsec) stableipgiensures the highest possible spectral resalutia the smaller
apertures (4 x 20 arcsec and 1.25 x 20 arcsec)estatinting increases the instrument throughpute Tacent

improvements to the CalFUSE pipeline can correcétiag (low count rate) data for target motionsimithe aperture.
However, photons lost when a target drifts out mfaperture can never be recovered. Early in thaiamis pointing

stability was ~0.3 arcsec rms, better than thelguaeh specification of 0.5 arcsec. In two-wheeémions, this
increased to ~0.5 arcsec, with the largest errorsgathe weak axis (45° to the dispersion axis)e Tdss of the third
reaction wheel did not appreciably decrease stgliliring times of good torque authority, but irrsteadded additional
periods of much larger (>30 arcsec) pointing exoms



Figure 3 shows an example of the pointing
stability of a science exposure made near the
south pole of the orbit during the time covered
by the sky map in the left panel of Figure 1. The
symbols show the position of the instrument
boresight once per second. The size of the 30 x
- 30 arcsecond aperture is overlaid. Although the
41 target remains inside the aperture for most of the
] exposure, there are several excursions which
bring it well outside.
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In Figure 4 data from the same exposure is
displayed as a function of time for 1000 seconds
around a pointing excursion. This figure shows
1 the pointing jitter, the count rate of the guiding
- channel, the angle between the magnetic field
1 and the skew axis, and the momentum. As
expected, the count rate drops to near zero
during the excursion because the target leaves
the aperture. This corresponds to a time when
o | | | | the angle.betvyeen the skew axis and the
40 20 0 20 40 magnetic field is close to 90° and magnetic
X (aresec) control becomes difficult; the vertical lines on

Figure 3 Pointing jitter during an exposure takenMarch 2006. The the angle plot mark the times when torque
symbols show the position of the boresight at oeeosd intervals. authority was predicted to be lost. The
Although the target remains well within the 30 x &@second aperture fomomentum plot shows both the predicted (top)
most of the exposure, there are several pointimgirsions which bring it and measured (bottom) wheel momentum.
outside the aperture. Although the shape is similar, the prediction has

been shifted by 12 N ms so that it fits on the
same plot. This example was chosen to highlighttaod of bad torque authority; it should be notedttmany
exposures show stable pointing for their full dimat
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5.2 Momentum predictions

Momentum management via the mission planning psoggsoduces complications for satellite operatjqoémarily

due to the fact that real-time conditions are regdu In particular, the wheel momentum at any fisnerely exactly
what was assumed when the MPS was planned. Tlésedite can build up through several mechanisnrsekample,
during a slew the gyroscopic torque is sensitivetii® magnitude and sign of the initial momentum.ewhhe
gyroscopic torque is the main driver of the momentariation during a slew, differences between gtaned and
actual momentum at the beginning of the slew cad te significant differences by the slew’s end.

Another complication is due to the influence of drgle between the magnetic field and the axihefskew wheel.
When the magnetic dipole axis is nearly parallathiiw ~5°) to the earth’s magnetic field (or altatively, the skew
axis is nearly perpendicular to it), little mageetbntrol is available, and thus wheel usage igally at a maximum.
Predicting the momentum variation during such psiis difficult because it also corresponds to uergquthority gaps.
Consequently, a small change in the spacecrafu@gti(~1°) due to a loss of torque authority caange both the
magnitude (e.g. 4 Nms within 20 min) and the fifjthe variation.

To avoid wheel saturation, which would cause thell to lose pointing control, the momentum isnitored by the
mission operations team. If the actual momentuiysttoo far from the prediction, a manual interi@nis made to
temporarily point the satellite towards a locatibat will return the momentum back towards the fted value. These
interruptions from the planned timeline typicalst for 3 — 7 orbits and change the wheel momeitityrh0-20 Nms.



During these interruptions no science data is ct#l so when possible, they are made during baakgrobservations
or other periods when they are likely to have tmalfest effect on thEUSE science program. If a Guest Investigator
target must be interrupted, it is rescheduled flater time.
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Figure 4 (a) x (solid) and y (dashed) pointinggjitas a function of time for 1000 seconds durirggekposure shown in the previous
figure; (b) the count rate on the LiF2 (guiding chal) for the same time; (c) the angle betweensttew axis and the earth’s
magnetic field and the predicted times when torguthority was lost (vertical lines). (d) The predit (dashed) and measured
(solid) momentum on the skew wheel. Although thapshis similar, the prediction has been shiftedrder to fit on the same plot.

One of our near-term goals is to decrease the émryuof these momentum interventions. This willpessible as we
gain more experience with the current flight softsvand spend more time analyzing its performance. have

developed a large number of analysis tools to agsig1 understanding what happens onboard. Tlisldrenable us to
exercise more options during the planning proceash as using 180° rolls to provide improved oppaties for

managing the momentum in real time.

5.3 Observing efficiency and instrument performance

The average science efficiency during the primesimiswas approximately 30%. Automation of sciengerations and
other improvements before the last reaction whaitlire had led to a slight increase in this numthering the past
several years of extended mission operations. Mdic2005 was spent testing new methods and procsdou since
science operations were officially restarted attibginning of November, there has been a steadsowvement (Figure
5) in science observing time, along with a majardase in the time spent in non-science safe modes.
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Figure 5 On-target observing time and time in $itgedafe modes since the fall of 2005. Since #sumption of science operations
in November 2005, the observing efficiency haséased dramatically, and is approaching the valteirdd earlier in the mission.

The fact that observations are currently constdiiteehigh declinations has had a positive effecttese numbers,
since observing near the orbit pole means thatl@tmns of targets by the earth are short or nmtent. The stability

of alignment between the four optical channels aksms to be similar to what it was before 2005pitie a decrease in
scheduled alignment activities. This may also be tuour pointing constraints, since limiting thegalar separation
between targets (a consequence of limiting pointithin a TACO) minimizes the thermal changes te istrument,

and thus helps maintain channel alignment.

Recent calibration measurements have shown thaherpected changes in the performance of the sEi@strument
have occurred. The effective area for the long-wength (LiF) channels has remained constant, amddasponse of the
short-wavelength (SiC) channels has been slowlyedsing as before. Spectral resolution is unchangeen in
exposures where modest losses of torque autharityro

5.4  The future

A large number of changes have been made to fligfitvare, planning tools, and analysis tools dutimg past year.
Major modifications are finished for now, and thexhstep is to gain a better understanding of ttteah on-orbit
pointing performance and make minor adjustmenthdcsystem. Since it has been just a short tineesinr last major
code load, limited engineering data under restlicienditions has been collected so far. More erpes with the real
performance will allow the development of moreable predictive tools so that we will be bettereatd plan for (or
avoid) periods of bad pointing.

Our performance was still improving in two-wheel deowhen the last wheel was lost; we expect thailaimngoing

improvements will be made for quite some time ir-evheel mode. A few of the priorities for the néaure are: (1)
the investigation of different slew algorithms tmpide more flexibility and improved sky coveragg) the continued
improvement of mission planning tools for both lorajge and short term scheduling, and (3) the durtudy of

making observations with the satellite roll andlpgfed by 180°, which would significantly changes thngle between
the earth’s magnetic field and the skew axis atgimgn time and help in the management of the maonmeprofile.



The FUSE mission has been a tremendous scientific suctessng obtained over 3700 observations on more than
2300 unique objects or pointing positions on thg. Skrough the end of 2005, the mission has geedrater 53
million seconds of on-target science data. As ofdl@2006, 355 scientific papers have been publishéke refereed
literature, and the number climbs with each paseiogth. As we approach seven years into the mis#ienobserving
community continues to propose cutting-edge sdiergrograms that use FUSE for investigations thate not even
conceived of at the time of launch.
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