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As in the past,the AstronomyDepartmentat
UW-Madisonhasbeenactivein awiderangeof ob-
servationalandtheoreticalresearchprograms.We
are playing a major role in the SouthernAfrican
Large Telescope(SALT) consortiumthat is con-
structinga10-meteropticaltelescopelocatedatthe
SouthernAfrican AstronomicalObservatorysitein
Sutherland,SouthAfrica. Oureffortsaredescribed
in x6 below.

Anothermajor thrustof thedepartmentcomes
from the award of oneof the six Legacy Science
programsof the SpaceInfrared TelescopeFacil-
ity (SIRTF), an 0.85-m telescopein solar orbit,
to be launchedin late 2002 or early 2003. The
UW project,calledGLIMPSE(GalacticLegacy In-
fraredMid-PlaneSurvey Extraordinaire),hasChurch-
well asPI with a teamof 15 scientistsfrom 7 insti-
tutions.It will beresponsiblefor imagingtheinner
2/3 of the Galacticplanewith a spatialresolution
of � 2′′, down to theconfusionlimit, with images
in the3 – 8µm region. Thesurvey will require400
hoursof telescopetime.

1 Personnel

Dr. Amy Barger assumedher positionasAs-
sistantProfessorin August2001. Previously she
wastheHubbleFellow/ChandraFellow atLargeat
the Instituteof Astronomy, University of Hawaii.
Sheis the recipientof the 2001Annie JumpCan-
nonAwardof theAAS for hercontributionsto as-
tronomy.

In June,Prof. Linda Sparke becameChair,
succeedingAnderson. Other faculty are Profes-
sors Cassinelli, Churchwell, Gallagher, Hoessel,
Mathieu,Nordsieck,Reynolds,andSavage,Asso-
ciateProfessorsBershadyandWilcots (promoted
to the rankduring theyear),andAssistantProfes-
sorsBarger and Lazarian. Blessand Mathis are
ProfessorsEmeriti residingin Madison.

Percival is ScientistandAssociateDirectorof
theSpaceAstronomyLaboratoryaswell asProject

Managerfor the Prime Focus Imaging Spectro-
graphon SALT. Harris andWakker areAssociate
Scientists.

Dr. Eric Burgh joined the staff as Assistant
Scientistaftercompletinghis graduatework at the
JohnsHopkinsUniversity. Hewill workwith Nord-
sieckastheInstrumentScientistfor thePrimeFo-
cusImagingSpectrographfor theSALT. Dr. Marc
Verheijenarrived in March after a 3 month stay
in Bangalore,India, from the NRAO in Socorro
wherehe helda Jansky Fellowship. He will work
with Bershadyon galaxykinematicswith the new
SparsePak instrumenton WIYN andwith Wilcots
on theevolution of thegascontentin galaxyclus-
tersusingtheVLA andtheGiantMeterRadioTele-
scope(in India). In September2001, Dr. Remy
Indebetouwjoined the staff asAssistantScientist
to work with the SIRTF Legacy teamGLIMPSE
(Churchwell,PI; seebelow). His primary respon-
sibilities will be to lead the effort to plan early
observationsto validatethe GLIMPSE observing
strategy and to establishdata validation criteria
and implementthemasdataarrive. OtherAssis-
tantScientistsareDrs. Sidney Barnes(McKinney
AssistantScientist),JungyeonCho, Matt Haffner,
Henry “Chip” Kobulnicky, Mark Quigley (who in
September, 2001,acceptedanotherpositionatUW),
andPhilipp Richter. M. Orio is Visiting Associate
Scientist.Dr. JamesLattis servedasLecturerdur-
ing the academicyear. Kobulnicky �nished his
HubbleFellowship and joined the GLIMPSE and
SALT Prime Focus Imaging Spectrographteams
(Churchwelland Nordsieck,resp.,PIs), and was
awardeda 5-yearNASA Long-TermSpaceAstro-
physics(LTSA) grant to studyhow matterlost in
galacticwindsfrom starformingdrivesgalaxyevo-
lution.

Many scientistsvisitedduringtheyear, includ-
ing Prof. David Meyer (Northwestern),who spent
his sabbaticalyear in residence.David James,a
post-doctoralfellow from St Andrews, Scotland,
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visitedMathieu'sWIYN OpenClusterStudygroup
from March-September.

Four studentsreceived the PhD degree. Dr.
ChrisConselice(Gallagher, supervisor)workedon
the kinematicsand evolution of dwarf elliptical
galaxiesin theVirgoCluster. Heis now atCalTech.
Dr. Birgit Otte,now at JHU, investigatedemission
line ratiosin edge-onspiralgalaxies(Reynolds,su-
pervisor). Dr. D. J. Pisano,now NSF Fellow at
CSIRO AustraliaTelescopeNationalFacility, had
a thesisentitled“The FormationandEvolution of
IsolatedGalaxies”(Wilcots,supervisor).Hebegan
an NSF InternationalFellowship at the Australia
TelescopeNational Facility. D. Andersen(Penn
StateCIC exchangestudent,in residenceat UW;
Bershady, supervisor)worked on spectroscopy of
nearlyface-ondisks.Heis now at theMax-Planck-
Institut für Astronomie(Heidelberg).

Churchwellcontinuedto serve on theVisitors
Committeefor AreciboObservatory, besidesbeing
PI of theSIRTF GalacticLegacy Scienceprogram
GLIMPSE.GallaghercontinuedasChairof theIn-
ternationalBoardof the Gemini Observatory. He
was appointedas Director of the Astronomyand
AstrophysicsAntarcticResearchInstitute; this or-
ganizationprovidesorganizationandoversightfor
variousresearchUniversityof Wisconsin-Madison
polar researchprograms,including the currently
operatingAMANDA and plannedIceCubehigh
energy neutrinoobservatories.

MathieuwasPresidentof theWIYN Boardof
Directorsas well as AssociateDirector, National
Instituteof ScienceEducation.HecontinuedasDi-
rectorof theCollegeLevel 1 Institutewithin NISE.
All of theCL-1 productsareat
www.wcer.wisc.edu/nise/cl1/.

Savagecontinuedas a memberof the Space
TelescopeInstituteCouncilandtheAAS Nomina-
tionsCommittee.

Percival continuedhis participationin theIAU
WorkingGroupon AstronomicalStandard's initia-
tive calledSOFA: “Standardsof FundamentalAs-
tronomy.” Thegoalof thiseffort is to produceaset
of basicsoftware that implementcommonly-used
formulaeandstandardmodelsin fundamentalas-
tronomy.

Wilcots served on the NationalRadioAstron-
omy Observatory's UsersCommittee,theNRAO's
ProgramAdvisory Committee,the AAS Commit-

tee on Employment, and chairedthe WIYN Sci-
enti�c Advisory Committee.Wilcots continuesto
direct theUniversein thePark programwhich �n-
ishedits sixth successfulseasonin 2001.Thepro-
gram visited 29 different stateparks throughout
Wisconsinandheld 47 sessionsfrom May to Oc-
tober. Both of theseare new records. Estimates
arethatthatnearly3000peopleparticipatedin Uni-
versein the Park this season.Wilcots alsodirects
thedepartment's efforts towardstheancillaryben-
e�ts associatedwith theSALT telescopeproject.

Themonograph“Galaxiesin theUniverse:an
Introduction”,by Sparke andGallagher, waspub-
lished by CambridgeUniversity Pressin October
2000.Thisadvancedundergraduatetext providesa
modernperspective on observationalandtheoreti-
calaspectsof galaxies,aswell astheirdevelopment
within our expandingUniverse.Errataarelistedat
www.astro.wisc.edu/sparke/book.

2 The Solar System

Reynolds, Haffner, and colleaguesfrom UW
Physicsand elsewherecarriedout a study of Hα
emissionfrom the earth's geocoronausing spec-
tracollectedduringtheWisconsinH-alphaMapper
(WHAM) sky survey. They concludedthat con-
tinuedobservationswith WHAM couldbeusedto
monitorchangesin theearth's globalmethanepro-
duction,aprimarygreenhousewarminggas.

Reynolds, Anderson,Harris, and colleagues
from PhysicsandelsewhereobtainedWHAM and
alsoWIYN observationsof cometHale-Bopp(C/1995
O1) in theλ6300[O I] linesandestimatedtherate
of productionof watermoleculesfrom thenucleus.

3 Stars, Outflows, and Galactic Structure

Anderson,Harris, and Scherb(UW Physics)
continuetheirprogramof observationsof solarsys-
temobjects.Theelectrondensitydiagnostic[S II]
λ6717, 6731 hasbeenextensively mappedin the
Jupiter/Io torus using the WIYN Densepak,pro-
viding simultaneousmeasuresof intensity, veloc-
ity, andline ratio(density).Suchcometsasbecome
available,e.g. Linear WM-1, arealsoon the pro-
gram.

AndersonandGlinski (Tenn. Tech) usedthe
WIYN Densepaktoobtainmoderateresolutionspec-
tra of theemissionfeaturesnear5800	A in theRed
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RectangleNebula surroundingHD 44179.There-
sults suggestthat the currently popular idea that
thesebandsare the sameas the diffuse interstel-
lar bandsin the samegeneralwavelengthrangeis
notcorrect.

CassinelliandstudentMiller haveanalyzedthe
high-resolutionChandraX-ray spectraof the hot
starsζ Puppis(O4f) andδ Orionis (O9.5 & B0.5
III), collaboratingwith MacFarlane(PrismCompu-
tationalSciences),Waldron(EmergentInformation
Technologies),andCohen(Swarthmore).Cassinelli
hasalso worked with Waldron in interpretingthe
Chandrahigh resolutionspectrumof ζ Ori (O9.5
Ia). They usedforbidden, intercombination,and
resonancelines of helium-like ions as diagnos-
tics of the radial distribution of the variousions.
The Doppler-broadenedemissionline pro�les re-
vealthetemperaturestructureof thegas.TheX-ray
line spectradiffer in severalwaysfrom predictions.
Thereseemsto beanextrasourceof X-raysarising
from the base,possibly locatedin magneticloop
structures.

Cassinelli,Nordsieck,andR. Ignace(U. Iowa)
have continuedtheir work usingtheUV Hanleef-
fect asa diagnosticof magnetic�elds in hot stars.
They shouldbe able to detect�elds of less than
100 Gaussusing high resolutionpolarizationob-
servations of strong UV lines in the winds. Ig-
nace,Cassinelli,Quigley and Babler studiedthe
InfraredSpaceObservatoryspectraof Wolf Rayet
stars,especiallythe velocity laws and �lling fac-
tor in the winds. The IR continuumof thesestars
is formed in the wind. The dominantcontinuum
opacity, free-freeabsorption,increaseswith wave-
length,soopticaldepthunity, andthustheradiusof
theline formation,movesoutwardwith increasing
wavelength. Becauserecombinationlines of He
II have larger widths, the velocity law canbe ob-
tained.They estimatethatthe�lling factoris about
only 1/50.

Mathieu and colleaguesBarnes,Dolan, and
Meibom continuedacquiring high-precisionstel-
lar radial velocitieswith the WIYN telescopeand
Multi-Object Spectrograph.As part of the WIYN
OpenClusterStudy (WOCS),they have obtained
5612velocity measurementsof 511 starsin NGC
188, 4097 measurementsof 1116 stars in M35,
2021measurementsof 354starsin NGC2264,and
3694measurementsof 940starsin NGC6819.Ad-

ditionalspectroscopicbinaryorbitsaresteadilybe-
ing found in eachcluster, with orbital solutions
for nearly 70 binariesin NGC 188, the most ex-
tensively observed. As a post-doctoralscientist,
Dolan developedand commissioneda java-based
databaseallowing �e xibleaccesstoall WOCSdata.

Mathieu,Carr(NRL), andNajita(NOAO) con-
tinueda programat theKeckObservatoryof high-
resolutionnear-infrared spectroscopy (CO funda-
mentalandovertonetransitions)in orderto explore
the circumstellargas in both young binariesand
singlestars.TheCO transitionsareextremelysen-
sitive tracersof disk gas. In order to study the
history of disk dispersalto later stellarages,they
have expandedtheir programfrom binariesto sin-
gle stars.

Mathieu,Rhode(Yale),andHerbst(Wesleyan)
completedtheir v sin i studyof low-massTrapez-
ium stars.They foundstrongevidencethat thepe-
riod light variationsof T Tauri starsarecausedby
spotmodulationasthestarrotates.Therewereno
signi�cant differencesin thev sini distributionsof
the periodic and control samples,indicating that
thereareno evidentbiasesin theperiodicsample.
Surprisingly, for starswith known periodthemean
valueof sini is signi�cantly lower than expected
for a randomdistribution of stellar rotation axes.
They �nd evidenceat the3σ level that theradii of
starson similar masstracksaredecreasingasthe
starsmovecloserto theZAMS.

StassunandMathieucontinuedtheir studyof
pre-main-sequence(PMS)eclipsingbinarystarsto
derive empirical masses,to be used to test and
calibrate PMS stellar evolution models. Multi-
bandphotometricmonitoring of several eclipsing
binarycandidatesin theOrionstar-formingregions
was carriedout with the CTIO 0.9-m, and spec-
troscopicmonitoring with WIYN and the Hobby
EberlyTelescopehigh-resolutionspectrograph.They
alsocontinuedtheir survey of PMS spectroscopic
binary starsin Orion with the WIYN multi-object
spectrograph.The aim of this programis to char-
acterizethefrequency of closebinarysystemsand
to studytherelationshipbetweenbinarityandearly
stellarangularmomentumevolution.

Barneshascontinuedto work on stellar evo-
lution, with an emphasison the rotationalevolu-
tion of stars. He assistedcolleaguesin complet-
ing andpublishingthe newestversionof the Yale
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Isochrones.Theseinclude the latestphysicsand
begin at the stellarbirthline, facilitating compari-
sonwith very youngclusters.He investigatedthe
rotationalconsequencesof disk- locking of young
starsandtherotationratesof thehoststarsof extra-
solarplanets.

Stassun,M. van denBerg (Utrecht),Mathieu,
andF. Verbunt (Utrecht)completedtheir studiesof
thephotometricvariability of starsin theold open
clusterM67. Photometricvariability in thecluster
occursin only 3% of thenearly1000starsstudied
andis stronglycorrelatedwith binarity. They dis-
covereda contactbinary (W UMa) system,bring-
ing the total known to four. This work alsoled to
a detailedstudyof thebluestragglertriple system
S1082.

James(St. Andrews,but in residenceat Madi-
son),working with MathieuandBarnes,focussed
on theM7 andM34 openclusters.Thesetwo clus-
tersareespeciallyimportantbecauseof their inter-
mediateages(about250Myr) anddifferingmetal-
licities. Theseclusterswill de�ne theangularmo-
mentumevolution on the main-sequenceat ages
in betweenthoseof thewell-studiedPleiades(100
Myr) and Hyades(600 – 700 Myr) clusters,and
will begin to characterizecluster-to-clusterdiffer-
encesfor coeval systems.Jamesreducedandan-
alyzedan M7 BVIc photometricdatasetover the
central1 degreeof thecluster. A subsetof photo-
metricmemberslying closeto thenominalmainse-
quencewereobservedat WIYN. The resultantra-
dial velocities,theexisting spectraltypedata,and
the BVIc photometrywill allow the WOCSteam
to constructa catalogueof cluster membersfor
follow-upspectroscopy for Li abundancesandpho-
tometricmonitoringstudies.Jamesalsoanalyzeda
largedatasetof differentialphotometryfor rotation
perioddeterminationsin the M34 cluster. Barnes
andJamesarein the processof constructinglight
curvesfor M34 photometricmembers.

Stassunand Mathieu received a Chandraar-
chival researchgrantwith M. Barsony (SpaceSci-
enceInstitute)andG.Basri(UC Berkeley) to study
the rotation-activity connectionamonglow-mass
PMSstarsin Orion.

Stassun,with Wood (St. Andrews) andWhit-
ney (SpaceScienceInstitute), studiedthe photo-
metricvariabilityof theembeddedyoungstarHH30.
A tentative period in the scatteredlight curve in-

dicatesextremelyslow rotationof the centralstar.
HSTarchivalobservationsof HH30arebeingmod-
eled via Monte Carlo radiative transfercodesto
studymagneticallychanneledaccretionof circum-
stellardisk materialonto the centralstar. Stassun
andWhitney continuedtheirHSTarchival research
projectto modelthe3-D scatteredlight morpholo-
giesof protostarsin theTaurusmolecularcloud.

Hoffman,Nordsieck,andWhitney continueto
investigatethecharacteristicsof their MonteCarlo
radiative transfermodel for binary star-disk sys-
temsandits usein reproducingthe observed �ux
and polarizationcurves of β Lyrae. Recentim-
provementsincludetheuseof ellipsoidalvolumes
to representRoche-lobe-�llingstars.Hoffmanand
Nordsieckhave analyzedtheir polarimetricobser-
vations,taken with HPOL at WIYN, of the PMS
binary starsBM Ori and MWC 1080. They es-
timate the contribution from interstellarpolariza-
tion and the behavior of the intrinsic polarization
for each.They collaboratedwith J. Meyer (under-
grad)onaspectropolarimetricstudyof thepeculiar
B[e] starMWC 349A.Observationswith HPOLat
WIYN con�rm previous estimatesof the orienta-
tion of a circumstellardisk in thesystem,andsug-
gestthat a nearbystar is not a companionaspre-
viously thought. Theseresultslendsupportto the
classi�cationof MWC 349AasaPMSB[e] star.

Orio,with colleagues,isstudyingpointedXMM-
Newtonobservationsfor NovaLMC 1995(asuper-
softX-raysourceandacandidatetypeIa supernova
progenitor)and the behavior of post-outburst no-
vaeobserved with Chandra.Sheis usingROSAT
archival data,supplementedwith dataof Einstein,
ASCA, ChandraandXMM-Newton, to study the
long term variability in intensityandspectrumof
X-raysources,especiallycataclysmicvariablesand
low massX-ray binaries. The sampleincludes
many unidenti�ed sourceswith interestingvaria-
tions on time scalesof days, monthsand years.
Orio is also consideringthe long term behavior
of classicalnovaeat quiescence,in order to clar-
ify severalaspectsof thesecularevolutionof these
objects. Thereis an ongoingprogramof optical
identi�cation andmonitoringof Low MassX-Ray
Binariesand cataclysmicvariablesthat are X-ray
sources.Thisprogramis carriedonwith ESOtele-
scopesandmainlywith theWIYN telescope.Some
of thesupersoftsourceshavehugeasymmetricion-
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izationnebulaearoundthem.Thesenebulaecanbe
detectedatWIYN.

4 The Interstellar Medium (ISM)

TheWisconsinH-alphaMapper(WHAM)
NorthernSky Survey totalintensitymap(Reynolds,
PI) has been made available to the community
at the web site http://www.astro.wisc.edu/wham/.
Thesurvey providesthe�rst view of thelargescale
distributionandkinematicsof thediffuseinterstel-
lar Hα northof declination� 30

o.
Churchwell,with Bieging (U. Ariz), Pankonin

(NSF),andstudentWatson,continuedto try to de-
tect anddeterminethe propertiesof precursorsof
UltracompactHII regionsusingCH4CN line emis-
sion. A survey of over 20 known massive starfor-
mationregionsusingtheSub-MillimeterObserva-
tory on Mt. Grahamhasrevealedcompactandap-
parentlyoptically thick CH4CN emissiontowarda
large fraction of the samplesurveyed. The BIMA
andOVRO arrayswill providehigherresolutionin-
terferometricobservations.

Hollis (GSFC)andChurchwellusedpreviously
publishedmolecularline datafrom the Orion and
Sgr B2 molecularcloudsto show that the forma-
tion of complex interstellarmoleculesis consistent
with formationfrom chemicalgroupssuchasOH,
CH, CHl2, CH3, CN, NH2, andHCOthatwereini-
tially formed on grain surfacesand subsequently
releasedinto theinterstellarmedium.

In aneffort to resolve thedistanceambiguities
of ultracompactHII regions in the inner Galaxy,
Churchwell (with Araya and Hofner, U. Puerto
Rico, andKurtz, UNAM) usedthe Arecibo 300m
telescopeto measurethe H110α line in emission
and the 6 cm H2CO line toward 21 ultracompact
HII regions. The H2CO line wasobserved in ab-
sorptionagainstthe HII regions, and the near/far
distanceambiguitywas resolved. The successof
this pilot programhaspromptedproposinga much
more extensive survey to resolve the distancesto
all detectablemassivestarformationregionsin the
inner Galaxywith the the GBT andArecibo tele-
scopes.Onemotivationfor thesesurveys is to pre-
parefor the SIRTF/GLIMPSE imaging survey of
theinnerGalacticplane.

StudentMarta Sewilo, working with Church-
well, is measuringthe angularexpansionratesof

G5.89andG34.26usingVLA continuumimages
obtainedover a 10 yearperiod. Shewill also be
heavily involvedin thedeterminationof kinematic
distancesof ultracompactHII regions using the
GBT and Arecibo. C. Watson's thesistopic will
be the out�ows associatedwith massive star for-
mation,especiallytheorigin of thelargemassesin
the out�ows. He hasplayeda key role in writing
anautomatedobservingcommandprogramfor the
SIRTF Legacy project.

Lazarian,Cho,andstudentsYanandEsquivel
investigatedpropertiesand consequenciesof the
ISM turbulencefrom theoretical,numerical,and
observationalpointsof view. They cooperatedwith
E. Vishniac(JHU) in theoreticalstudiesof MHD
turbulenceandobtainednew resultson turbulence
cascadein partially ionizedgas,oncouplingof dif-
ferentMHD modes,on cosmicray scattering,and
on accelerationof cosmicrays. Lazariancontin-
uedwork with Pogosyan(Univ. Edmonton)on ob-
tainingvelocityanddensitystatisticsof turbulence
from observational data,concentratingon the ef-
fectsof absorption.This work will opena new av-
enuefor dealingwith turbulencenotonly in HI, but
alsoin CO andothermolecularspeciesfor which
absorptionis important. The applicationof ear-
lier resultsto theSmallMagellanicCloudHI (with
S.Stanimirovic, Arecibo)revealeda Kolmogorov-
type cascadefrom sizeof the whole galaxydown
to theresolutionlimit. With De GouveiaDal Pino
(Univ. SaoPaolo), Lazarianobtainedconstraints
ontheaccelerationof ultrahighenergy cosmicrays
during reconnectionevents. With Frenchcollabo-
rators,heworkedonthestatisticsof starlightpolar-
ization,importantfor CMB studies.

Reynolds, Haffner, Hausen,and Tufte used
WHAM to characterizethe kinematicsand emis-
sionmeasureof thediffuseionizedgastowardthe
LockmanWindow (an areaof low H I emission)
and toward the high latitude O star HD 93521.
They foundthattheionizedgasis kinematicallyas-
sociatedwith theH I, but that theH II andtheH I
toward HD 93521do not appearto be mixed into
partially ionizedclouds,ashadbeensuggestedby
Spitzerand Fitzpatrick. With Sterling, they used
WHAM to detectfor the�rst time thetemperature
sensitive[N II] λ5755in thediffuseISM. Theirob-
servationsindicatethattheelectrontemperatureof
low densityionizedgasis 2000K higherthanthat
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in the higherdensity, classicalH II regions. This
hasprovidedadditionalsupportfor thepresenceof
a supplementalheatingsourcewithin the low den-
sity gas. The WHAM sky survey datafound evi-
dencefor anenormoussuperbubblethatappearsto
have blown out into the halo above the CasOB6
associationin the Perseusarm. This �nding has
providedsupportfor the ideathatat leastsomeof
theionizing radiationfrom O starsis ableto travel
long distancesthroughthe Galacticdisk via large
cavities that are devoid of H I. The WHAM sky
survey createdthe �rst Hα mapof a high latitude
intermediatevelocitycloud,the“K Complex”. The
ionizedgastracesthe H I quite well spatiallyand
kinematicallyover the600squaredegreecomplex.

Savage, Wakker, Sembach(STSCI), Richter,
Meade,and other membersof the FUSE science
teamhave nearlycompletedtheir survey of O VI
absorptionin the Milk y Way halo seentoward 85
extragalacticobjects. High velocity O VI absorp-
tion is detectedalong65%of the linesof sight,at
bothpositive andnegative radialvelocities.Milk y
WaythickdiskOVI absorptionrevealsawidespread
but highly irregulardistribution of O VI, implying
substantialamountsof gaswith T � 3105 K in the
Milk y Way halo. Thereis a slight excessof high-
latitudeO VI to theNorth comparedto theSouth,
but observationsarenot well describedby simple
plane parallel modelsof patchy O VI absorbing
structures.Theobservedpro�les arefarwider than
thermal.TheGalacticgasparcelscontainingO VI
aremoving both toward andaway from the plane
with roughly equalfrequency. A combinationof
modelsinvolving the radiative cooling of hot gas
in a Galactic fountain �o w (� 2M�/yr for each
sideof thedisk) andtheturbulentmixing of warm
andhot gasesappearsto berequiredto explain the
highly ionizedgasfoundin thehalo.

Andrew Fox, in collaborationwith Savage,
Richter, studentFabian,Meyer (NWU), Lauroesch
(NWU), and Sembach(STScI), is studying high
resolution spectrafrom FUSE and STIS of the
highly ionized interstellargas((Si IV, C IV, N V
andO VI) towardHD 116852,a halostarat a dis-
tanceof 4.8 kpc. They �nd evidencefor threedis-
tinct typesof absorbinggasalong this sight line.
The studyis beingextendedto several othersight
linesin thelow halothatprobefeaturessuchasRa-
dio LoopIV andthePerseusspiralarm.A principal

goal of this studyis to investigatethe relationship
betweenO VI andtheotherhighionspresentin the
Galactichalo.

RichterfocussedonFUSEobservationsof neu-
tral and moleculargas in Intermediate-andHigh
Velocity Clouds.He detecteda widespreaddiffuse
moleculargasphasein the lower Milk y Way halo.
HealsousedtheWIYN DensePakfor complement-
ing observationsof quasar�elds.

Wakker completeda literaturesurvey on high-
and intermediate-velocity cloudsthat showed the
diversityof HVCs. Somearedistant(d > 4 kpc)
andmetalpoor(Z < 0.1Z�), otherarenearby(� 1
kpc from theGalacticplane)andmetalrich (Z �
0.5� 1Z�), whilestill othersaretidal debris(d � 50
kpc,Z � 0.25Z�).

Gómez(with BenjaminandCox,Physics)con-
cluded the developmentof a new model for the
free electrondistribution in the galaxy, basedon
a compilationof the publishedvaluesfor the dis-
persionmeasureof the pulsarswith an indepen-
dentdistancedetermination.GómezandCox are
now studyingthe �o w of the galacticISM into a
spiralperturbation,payingspecialattentionto sub-
structuregeneratedin thegaseousarmsandvertical
motion inducedby this �o w. Amongotherthings,
they expectto �nd how thenon-axisymmetricrota-
tion curve in�uencesthemeasureddistancesof the
ISM components.

Mathis, with Whitney andWood, is consider-
ing the fractal natureof interstellarclouds. The
modelshave a heirarchicalstructureon large and
smallscales.Theradiativetransportin suchmodels
differsconsiderablyfrom singlescaleclumpy mod-
els. The importanceof cloud structureis shown
by the depletionpatternsof heavy ions within the
ISM. MathisandWakkerareconsideringH I emis-
sionasadiagnosticof clumpingover largeangular
scales.Mathis wasinvolved in the interpretations
of ISO�ne-structureline observationsof ultracom-
pactH II regions.

5 Extragalactic/ cosmology

Barger is obtaining a more completecensus
of theenergy-producinggalaxiesandsupermassive
black holes in the Universe. Using X-ray, sub-
millimeter, and radio wavelengths,shehas stud-
ied galaxiesand AGN that were previously hid-
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den by dust and gas. With the ChandraX-ray
Observatory, shehasdetectedobscuredsupermas-
sive black holesat the centersof galaxies. This
work was done principally in collaborationwith
Cowie (Hawaii), Brandt,Garmire,andMushotzky
(GSFC),Hornschemeier(PennState),and Bautz
(MIT). She led the study that madethe �rst op-
tical observationsof sourcesfound in deepChan-
dradata,discoveringtwo new populations:oneas-
sociatedwith normalgalaxiesandanotherassoci-
atedwith opticallyfaintgalaxies.Shealsodeduced
that about5% of optically bright galaxiesare X-
ray active at any time andthusthatblackholeac-
tivity lasts for abouthalf a billion years. Barger
foundthatabout30%of blackholeactivity hasoc-
curredsincetheUniversewashalf its presentage.
By combiningX-ray, optical, and radio data,she
was able to estimatethe accretionhistory of the
Universe. To further determinethe natureof the
X-ray sources,Barger andstudentSteffen arean-
alyzingspectroscopicdataobtainedwith HYDRA
onWIYN of sourcesin awide-areaLockmanHole
�eld to be targetedwith Chandra.This studywill
becomplementaryto forthcomingfar-infraredob-
servations of the region with the SpaceInfrared
TelescopeFacility. Barger is Co-I on theChandra
DeepField North survey (Brandtof PennStateis
PI) that is obtaininga 2 million secondexposure
andwill bethedeepestX-ray imageevertaken.It is
expectedto resolvefully theX-raybackgroundinto
its constituentsources.BargerandCowie (Hawaii)
will bedoingtheopticalandsubmillimeterfollow-
uponthis�eld. BargerandstudentHedrickaredo-
ing a submillimeterstudyof extremelyredobjects
that aregravitationally lensedby threerich Abell
clusters.Theseobjectsmaybeextremelydustyob-
jects or high redshift ellipticals. The objective is
to determinetheir contribution to the submillime-
ter extragalacticbackgroundlight. Barger is also
examiningthesubmillimeterpropertiesof faint ra-
dio sources.

BershadyhascontinuedHST STIS,NICMOS
andWFPC surveys of intermediateredshift com-
pact, luminous,blue narrow-emission-linegalax-
ies in collaborationwith Guzman(U. Florida)and
Koo (UC SantaCruz). They are trying to deter-
minethecurrentstateandfutureevolutionof these
sources,andin particularif thesegalaxiescanfade
to becomepartof today's spheroidalgalaxypopu-

lation. As partof a relatedstudy, Bershadycontin-
uesto studytheTully-Fisherrelationfor intermedi-
ateredshiftgalaxieswith collaboratorsHaynesand
Giovanelli (Cornell), Mihos (CaseWestern)and
Koo. Recentresultsindicatesthatsourcesoutlying
thecanonicalrotationspeed-luminosityrelationare
preferentiallydisturbedsystems–asdeterminedei-
therfrom their imagestructureor velocity �elds.

Andersencompletedhis Ph.D. research(Ber-
shady, supervisor)onWIYN imagingandDensePak
spectroscopy of nearlyface-ondisks.Hefoundthat
disksareintrinsicallyelliptic atthe5-10%leveland
determinedhow thesepropertiescontribute to the
scatterin theobservedTully-Fisherrelation.

Bershady, Verheijen,Andersen,Wilcots, and
Swaters(JHU) are involved with commissioning
sciencewith thenew SparsePak �ber integral �eld
unit on WIYN (seeInstrumentation,below). Their
scienceobjectivesaretomeasurethemassof galaxy
disksby direct determinationof the stellarveloc-
ity ellipsoid, and to probethe ionized gasveloc-
ity �elds in late-typeand low-surface-brightness
systems.Preliminaryresultsindicatemuch lower
disksmassesthanpreviouslyassumed.

Gallagher's researchcenterson de�ning and
understandingphysical processesresponsiblefor
the evolution of galaxies, with an emphasison
lower masssystems. Theseare commonand in-
clude the satellitesof the Milk y Way, allowing
detailed studiesto be made. A project to de-
�ne thestarformationhistoryof theLargeMagel-
lanicCloud(LMC) from studiesof �eld starcolor-
magnitudediagrams(CMDs)andmetalabundances
is makinggoodprogresswith Smecker-Hane(UC
Irvine)andCole(UMass).TheLMC baris younger
thanthedisk,probablyappearingasadistinctcom-
ponent4-6 Gyr ago. A relatedWFPC2 project
led by Wyse (JHU) measureda normal �eld star
massfunction down to 0.4 M� in the UrsaMinor
dwarf spheroidal. Studiesof Local Group dwarf
galaxystellarpopulationscontinue,with an anal-
ysis of deepIC 1613 and Sex A WFPC2V and
I �lter observationspartially completedunderthe
leadershipof Sahaand Dolphin (NOAO), Skill-
man (Minnesota),and Dohm-Palmer (U. Michi-
gan).VLT spectroscopy (with Tolstoy [Groningen]
and others)of the IR CaII triplet in threenearby
dwarfsprovidesa glimpseof chemicalenrichment
patterns.The seniorthesisprojectof A. Maxham
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(now U. Illinois), basedonCMDsfrom VLT imag-
ing by Tolstoy et al., givesfurtherevidencefor the
ubiquity of radialage/metalgradientsin theCetus
andAquariusdwarfs. Evensmall galaxiesarenot
simpleone-zonesystems.They have experienced
considerablepost-formationevolution.

For his Ph.D. thesis (Gallagher, supervisor),
Conseliceinquired into the natureand origins of
ubiquitousspheroidaldwarfs in clusters,primarily
with theWIYN telescope.Thekinematicsof dwarf
ellipticals in theVirgo clusterof galaxiesarecon-
sistentwith mostdwarfs enteringthe clusterafter
the formationof the E-galaxycore. Complemen-
tary photometricinvestigationsof the dwarf pop-
ulationsin the coreof thePerseusclusterindicate
a wide rangein color of fainterdwarfs, consistent
with suchgalaxiesbeing remnantsof larger �eld
systemsthat were partially disruptedby interac-
tionsasthey becamepartof thecluster. This pro-
gramalsoyieldedspectacularWIYN imagesof the
systemof ionized�laments andyoungstarsasso-
ciatedwith thecentralPerseusclustergalaxyNGC
1275. A survey of Virgo dEs for HI 21-cm line
emission,with K. O'Neil (NAIC), showedthatthe
expectedtransitioncluster-�eld dwarfsseemto ex-
ist. However, the clusterdwarf originsproblemis
not solved. New Keck observationsby M. Geha
et al. (Lick) prove that Virgo dwarfs arenot rota-
tionally �attened,aswould beexpectedif they are
strippedremnantsof �eld spirals.

Gallaghercontinuesstudiesof small�eld galax-
ies, including an analysisof major axis kinemat-
ics with Matthews (CfA). Theseare dark matter-
dominatedsystemswith normal(i.e.,high)speci�c
angularmomentumcontent.New WFPC2images
of HI-rich galaxiesdetectedbyHIPASS(H I Parkes
All Sky Survey) allowedfor the�rst timeameasure
of stellarpopulationpropertiesin this classof ob-
ject. Thisprogramwasledby Knezek(WIYN) and
involvedM. Disney etal. atCardiff.

Gallagher'sotherwork ontheevolutionof �eld
galaxiesfocuseson the natureof their starbursts.
What typesof processestrigger suchevents,and
what are the evolutionary implicationsfor the re-
sultingstellarpopulations?In agreementwith other
investigations,his project, with Matthews (CfA),
Conselice,and graduatestudentHomeier, shows
thata rangeof interactions,includingminor colli-
sions,canproducestarbursts,especiallyin gas-rich

extremelate-type�eld systems.
Gallagher, with Calzetti (STScI) andher col-

leagues,is exploring processeswithin starbursts.
Smith(UCLondon)andGallagheranalyzedechelle
spectrafrom the HerschelTelescopeas well as
WFPC2imagesof the luminous,60 Myr old su-
per starclusterM82-F. The datastronglysuggest
a de�ciency of lower massstars in this cluster.
Another puzzle in M82 comesfrom the de Grijs
et al. WFPC2and NICMOS survey of the post-
starburst“B-region” in M82, wherecolorsindicate
thepresenceof compactclusterswith agesof about
1 Gyr. Furtherstudiesof the M82 starclustersto
determinetheagesandspatialpatternsareplanned
with a combinationof HST andground-basedob-
servations. The lifetimes of “clustersof starclus-
ters”andthe“starburstsclumps”arekey factorsfor
understandingthe evolution of starbursts. Cluster
ageswithin thefavorablyorientedstarburstclumps
of NGC 7673, being chartedby Gallagherand
HomeierfromWFPC2imaging,shouldbeextended
to otherstarburstssoon.This work builds on stud-
iesof clusteragepatternsin thesmallerscalestar-
burstgalaxyNGC1569,andlessextreme(or more
advanced)casein NGC 4449,carriedout by Gal-
lagherin collaborationwith Hunter (Lowell) and
colleagues. This programcontrastswith obser-
vationsof starburst regions within the centersof
galaxiesthatis ledbyCalzettiandherSTScIgroup.
WFPC2resultsontheM83 starburstarcwill befol-
lowedby asimilar investigationof thehotspotnu-
cleusof NGC2903.

Hoessel,Bershady, Saha(NOAO), Majewski
(Virginia), and Glenn (UW) have begun a long-
term, deepvariability survey of intermediatered-
shift clustersusing the WIYN telescopewith the
MiniMosaic CCD imager. Second-epochobserva-
tions were achieved for 75% of the target �elds.
Photometricreductionsare yielding high-quality
color-magnitudediagramsfor galaxiesin the rest-
framevacuumultra-violet.

Reynolds,Haffner, andMadsenusedWHAM
to carry out a deepsearchfor Hα emissionin the
planeof M 31. They detectedfaint emissionout to
theedgeof theH I disk, which extendsto a radius
twice thatof thestellardisk. Theirobservationsset
anupperlimit of 1.6 � 104 photonscm−2 s−1 onthe
intergalacticionizing �ux within theLocal Group.
They foundnoevidencefor anionizedgaseousdisk
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extendingbeyondtheH I disk.
Otte, Gallagher, and Reynolds observed the

[O II] 3727/Hα line ratio in a numberof edge-
on spiral galaxiesandfoundevidencethat theob-
served variationsin the line ratio aredueat least
in partto variationsin thetemperatureof theemit-
ting gas. This suggeststhe existenceof an addi-
tional heat sourcewithin the diffuse ionized gas
that overwhelmsphotoionizationheatingat densi-
tiesn < 0.1 cm−3.

Savage, Richter, Tripp (Princeton),Sembach
(STScI),Howk (JHU),andJenkins(Princeton)are
pursuinga programwith theFar Ultraviolet Spec-
troscopic Explorer (FUSE) and the SpaceTele-
scopeImaging Spectrograph(STIS) to determine
the physicalconditionsandnumberdensityof the
recentlydiscoveredlow redshift interveningO VI
absorptionlinesystemsseenin thespectraof QSOs.
Five QSOshave beenobserved so far. At low
redshift,thesehighly ionizedabsorbersapparently
containasmuchmatterasgalaxies.SixmoreQSOs
will beobservedwith HSTduring2002,andfourof
themwith FUSE.Theline of sightto PG1259+593
is receiving specialattention,sinceit providesin-
formation about abundancesand physical condi-
tionsin thehigh velocitycloudComplex C aswell
astheIGM.

To understandtheorigin of theO VI systems,
onemustdetermineif theabsorbersareassociated
with galaxies,galaxy groups,or other structures
alongthe line of sight to eachQSO.Fox andSav-
agehave initiateda programwith theWIYN 0.9m
and3.5m telescopesto determinethe redshiftsof
galaxiesin the�elds of theQSOsbeingstudiedby
FUSEandSTISaspartof theinterveningO VI ab-
sorptionline programdescribedabove. Theirwork
suggeststhattheO VI systemsareeitherassociated
with thehalosof individualgalaxiesor with gasin
thelargescalestructurestracedby galaxies.

Sparke andErwin (Inst. Canarias)have been
preparinga survey of early-typebarredgalaxies
with theWIYN telescope,searchingfor signsof in-
nerbarsandothercentralstructures.Theseturnout
to be surprisinglycommon;abouta quarterof the
galaxieshave secondarybarsandaboutthe same
fraction have inner disks. NGC 2681may be the
clearestexampleyetof agalaxywith threeconcen-
tric bars.Innerbarsappearto beorientedrandomly
with respectto theouterbar, andto havenoassoci-

ationwith active nuclei. Gaseousstar-forming nu-
clearringsarealsocommon,especiallyamongthe
S0 galaxiesin the sample. ThreeS0 galaxiesap-
pearto have purely stellar nuclearrings, with no
evidencefor dustor recentstarformation.

Sparke andGallagherparticipatedin theHub-
ble HeritageProject's high-resolutionmulticolor
imagingof thepolarring galaxy, NGC4650A,with
WFPC2. The unusualdisk-ring structureof po-
lar ring systemsmay be the remnantof a huge
galacticcollision, probablyat leasta billion years
ago. They are investigatingif the polar material
representsthe shreddedremainsof a young gas-
rich galaxy, rather than being originally the disk
of a normalspiral into which thecentralbodyhas
fallen.

AndreaCox (Beloit College) spentthe sum-
merat UW-Madison.SheandSparke analyzedra-
dio observationsof polarring galaxiesto show that
theseare no more likely to containan active nu-
cleusthanarenormalelliptical or SOgalaxies.Star
formationis probablythesourceof theradioemis-
sion,but thesearenotstarburstgalaxies;theirmod-
estratesof starbirthwill requireseveralgigayears
to exhausttheavailablecoolgas.

Wilcots continuesto focus on understanding
the distribution andkinematicsof H I in the envi-
ronmentof galaxiesandthesymbioticrelationship
betweenstar formation, the evolution of massive
stars,andthe evolution of the interstellarmedium
in galaxies. NathanielDoanehasbegun working
on a PhD thesisseekingequivalentsto the Local
Bubble(theregion surroundingtheSun�lled with
relatively low-densityISM) in otherspiralgalaxies.

UsingWIYN, WilcotsandThurow studiedthe
ionized gas in the star-forming irregular galaxy
NGC4214.Their resultsindicatethatstellarwinds
andsteepdensitygradientsin thecool ISM arethe
main drivers of the observed out�ows of ionized
gas.Similar work continueson Local GroupdIrrs
IC 1613andIC 10. They joined with Bothun(U.
Oregon)on a Fabry-Perotstudyof the ionizedgas
in NGC1569.Wilcots& Hunter(Lowell) continue
their investigationof extendedH I aroundnearby
irregular galaxies.VLA andHIPASS (H I Parkes
All Sky Survey) data show that while the Local
Group irregular SextansA doeshave a very ex-
tendedH I disk, it is incrediblysmooth,suggesting
thatSextansA hasyet to suffer any externalpertur-
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bation.
Wilcots,Zabludoff (Arizona),vanGorkom(Co-

lumbia),andMulchaey (OCIW)continuetheirstudy
of theH I contentof poorgroupsof galaxies.Re-
sults from the VLA suggestan absenceof a pop-
ulation of intergalacticH I cloudsin thesegroups
andthattheH I massfunctionin poorgroupsis ex-
tremely�at. Work continuesonmappinganumber
of groupsacrossthe evolutionary sequencewith
both the VLA and the Australia TelescopeCom-
pactArray. Wilcots andPisano,Fabian,Wakker,
andKernaresearchingfor H I counterpartsto O VI
absorbtionline systemsin groupsof galaxiesus-
ing both theVLA andtheDominionRadioAstro-
physicalObservatoryin Penticton,B.C.A collabo-
rationwith MuehleandKlein (U. Bonn,Germany)
continueswork onunderstandingthecomplex rela-
tionshipbetweenmassive starsandthe ISM in the
post-starburstgalaxyNGC 1569.Thehigh resolu-
tion H I dataindicatethat therecentstarburstmay
havebeentriggeredby arecentmergerwith asmall
gasrich system,thetidal remainsof whicharestill
visible aroundNGC1569.

Undergraduatesworking with Wilcots include
Prescott,mappingthe distribution andkinematics
of H I in the interactingpair of late type galaxies
IC 1727andNGC 672; Kern, working on H I in
groupsof galaxies;Gaal,investigatingthedistribu-
tion andkinematicsof H I in theMagellanicspiral
NGC 1507; andSwetz,modelingthe massdistri-
butionof NGC 4449.

In collaborationwith David Koo (UC Santa
Cruz),Kobulnicky publishedaspectroscopicchem-
ical anddynamicalstudyof high-redshiftgalaxies.
With K. Johnson(U. Colorado),he continuedin-
vestigationof theyoungestphasesof massive star
cluster formation, and with Pisanoand Bershady
hecompletedastudycomparingthe21-cmneutral
hydrogenandionizedgaskinematics.

Verheijen,in collaborationwith Van Gorkom
(Columbia),Wilcots, Dwarakanath,andPoggianti
(RamanInst), obtaineddeepHI imageswith the
VLA of galaxy cluster Abell 2192 at a redshift
of 0.2. Several galaxieswere detected,settinga
new distancerecordfor an observed HI emission
line. TheseVLA datawill becombinedwith Giant
Meter RadioTelescope(in India) observationsfor
increasedsensitivity. SupplementalWIYN-Hydra
spectroscopy showeda clearseparationin redshift

betweenthestarformingemissionlinegalaxiesand
thosewithoutemissionlines,suggestingthatagas-
rich clumpof galaxiesis falling into themainbody
of this cluster. The ultimate goal of this study is
to understandtheevolution of thecold gascontent
andstellarpopulationsof gasrich galaxiesfalling
into acluster'sgravitationalpotentialwell. Verhei-
jen,Zwaan(U. Melborne),andVanDokkum(Cal-
tech)analyzeddeepH I imagingVLA dataof Abell
1689at a redshiftof 0.18. No directdetectionsof
galaxieswereobtainedandfollow-upopticalspec-
troscopy with WIYN-Hydra will beneededto pur-
sueastatisticaldetectionstrategy.

Verheijen,BershadyandAndersenhave been
analyzingthecommissioningdataof thenew
SparsePak instrumenton WIYN. As a �rst result,
the vertical stellar velocity dispersionof a nearly
face-ongalaxydisk hasbeenmeasuredat 3.5 disk
scalelengthsfrom the center. Hα velocity �elds
have beenderived for spiral galaxieswith a wide
range in central disk surface brightness,signi�-
cantly increasingthe possibilitiesfor studyingthe
kinematicsof low surfacebrightnessdisks.

6 WIYN, SALT, and Instruments

The Departmentis continuing in its interna-
tional partnershipin the SouthernAfrican Large
Telescope(SALT). UW is thesecondlargestpart-
ner in the consortium, after the governmentof
South Africa. SALT, an 11-meteroptical tele-
scopemodi�ed from the Hobby-EberlyTelescope
(U. Texasandcollaborators)design,is locatedat
the SAAO site in Sutherland,SouthAfrica, but it
will havealargercorrected�eld of view (8′), better
imagequality, largerpupil (11m),andanenlarged
prime-focusinstrumentpayload.Ground-breaking
occurredSeptember1, 2000.First light is expected
in 2003/2004.

UW'sprimeresponsibilityfor theSALT project
is the designandconstructionof the PrimeFocus
ImagingSpectrograph(Nordsieck,PI). It will spe-
cialize in very high throughput,low andmedium
resolution (R = 500 - 13000) spectroscopy and
spectropolarimetryfrom 3200to 9000	A, usingan
articulatedcameraandVolumePhaseHolographic
gratingsand a double-etalonFabry-Perotsystem.
With apeakef�ciency above65%anda3200	A ef-
�ciency above30%,it will beuniqueamong,or su-
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periorto, existing instrumentson8-10mtelescopes
in the UV, in mediumresolutionspectroscopy, in
Fabry-Perotspectroscopy, andin spectropolarime-
try. Importantcomponentsarebeingdevelopedat
Rutgersand the SouthAfrican AstronomicalOb-
servatory. Theinstrumentwill becommissionedin
2004.

Andersonis theWisconsinPI for theconstruc-
tion of the Cassegrain InstrumentAdapterSystem
for the WIYN Telescope,which will provide rou-
tineaccessfor integral �eld devicesaswell asuser
instrumentsto theCassegrain f/13.5 focus. It pro-
videsacquisitionandguidingsignalsaswell ascal-
ibration sourcebeams. It is expectedto be inte-
gratedinto the WIYN systemin the �rst half of
2002.

Bershadyand Andersenhave completedand
installed an NSF-funded�ber integral �eld unit
(“SparsePak”) for WIYN, built at Wisconsin.The
instrumentis currently in commissioningphase,
with observationsandanalyisbeingconductedby
Veheijen,former undergraduateHarker, Bershady
and Wilcots. A secondintegrated�eld unit ca-
ble (“HexPak”) for the Hobby Eberly Telescope's
MediumResolutionSpectrographis completedand
awaitsinstallation.Theseinstrumentsareuniquein
their high deliveredetendue(7-10m2 arcsec2) and
spectralresolutions(up to R = 21,000). They are
designedfor studyof thedynamicsof spiral disks
of externalgalaxies.

Under the guidanceof Mathieu, the WIYN
Observatory, in collaborationwith a suiteof part-
ners, took over operationof the Kitt Peak0.9m
telescope.A completerenovationof the telescope
driveandcontrolsystemis comingtocompletionin
Fall 2001.Thetelescopewill bededicatedto wide-
�eld imaging with a 20482 CCD and the KPNO
Mosaiccamera,with emphaseson time-dependent
astrophysicsand undergraduateand graduatere-
searchprograms.

An advancedlow-coststartracker, theST5000,
wasbuilt byPercival,Jaehnig,Michalski,andGabelt
of the SpaceAstronomyLab. It provides pitch,
yaw, androll controlfor soundingrockets,andcan
alsodoafull attitudedetermination,withoutgyros,
from thepositionsof a few starsfor bothsounding
rocketsandsatellitesin only afew seconds.Theat-
titudedeterminationalgorithmwastestedsuccess-
fully in a rooftoptest,andtheunit will be�o wn on

asoundingrocketpayloadin December2001.
Nordsieck'shalfwavepolarimeter(HPOL)was

on the 0.9m telescopeat Pine Bluff Observatory.
HPOL obtained256 observationsof 101 distinct
targetsover thecourseof 96 nightsbetweenOct1,
2000andSept30, 2001. Speci�c areasof interest
areinteractingbinaries,Be stars,ISM probes,AG
Dra,AeBestars,andLRV stars.Broadbandpolari-
metric resultsof HPOL observationsare listed on
theHPOLwebsite:www.sal.wisc.edu/HPOL.

SavageisaCo-InvestigatorontheScienceTeam
of the CosmicOrigins Spectrograph(COS),to be
installedin theHubbleSpaceTelescopein 2004(J.
Green,U. Colorado,PI.) COSis a high ef�ciency
spectrographdesignedto operatebetween1150
and3200 	A with a spectralresolutionof � 20,000.
In the far-UV, COS is � 15 times more ef�cient
than the SpaceTelescopeImaging Spectrograph.
COS will be usedfor a wide rangeof studiesof
faint galacticand extragalacticobjects. Savage's
studieswith COS will emphasizethe highly ion-
ized gas found in QSO absorptionline systems.
Similar O VI absorptionline systemsat low red-
shift maycontainasmuchmatterastheentirelocal
populationof galaxies.

7 Publications

This sectioncontainsonly publicationsin ref-
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