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This report covers the period 1 September 1996 to
August 1997.

1. PERSONNEL
During this time the departmental faculty consisted

Steven A. Balbus, Roger A. Chevalier, John F. Hawl
Philip A. Ianna, Shiv S. Kumar, Steven R. Majewski Rob
W. O’Connell, Mercedes T. Richards, Robert T. Rood, Cr
L. Sarazin, William C. Saslaw, Trinh X. Thuan, Charles
Tolbert, and D. Mark Whittle. Z.-Y. Li~Caltech! joined the
faculty as Assistant Professor at the end of this period.

The Virginia Institute for Theoretical Astronomy~VITA !
continued operations during this period with support fro
the University of Virginia and NASA Astrophysical Theor
Program grants. Visitors under VITA auspices for the ye
included M. Fall ~STScI!, F. Ferraro~Bologna!, Y. Izotov
~Kiev!, S. Kulkarni ~Caltech!, M. Loewenstein~GSFC!, B.
Paltrinieri ~Bologna!, and J. Stone~UMd!. Postdocs in resi-
dence during this period included Carolyn Cox, Ben D
man, Paul Ricker, and Duane Rosenberg.

Eric W. Weisstein continued as Research Scientist. As
metric support positions were held by Michael C. Begam a
Richard J. Patterson, who spent most of the year at Mo
Stromlo Observatory. James Barr continued as electro
technician. Charles Lam replaced Cliff Mawyer as inst
ment maker. Virginia Bossong and Jacquelynn Harding c
tinued as our secretaries. Nick Nichols is the resident c
taker at the Fan Mountain Station.

There were 14 graduate students in residence at the en
this period. Vikram Dwarkadas, Fan Fang, and Jimmy Irw
completed their Ph.D.s during the year.

2. FACILITIES
The McCormick 67-cm refractor and the Fan Mounta

0.7-m and 1-m reflectors were used for student research
education in both undergraduate and graduate courses d
the year. A new drive and control system were installed
the 1-m by DFM Engineering in Fall 1996, and these wo
well. A SITe 2K 3 2K CCD, employing San Diego Stat
University controller boards and software, was installed
the 1-m. A new tailpiece for the 1-m is being designed
Lam, Majewski, Barr, and Ianna. A new spectrograph a
CCD camera were acquired for the refractor with Univers
and NSF funds, and Majewski is coordinating their imp
mentation into our teaching programs. The PDS 1010G
measuring engine was in nearly continuous use scan
plates for our astrometric and galactic structure program
was also used on several occasions by other University
searchers from biology and medicine. We are planing to
quire a second, surplus PDS machine from Goddard Sp
Flight Center. Only limited astrometric observations we
carried out with the refractor. Observations for the south
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parallax program continued to be made under a coopera
agreement with Mount Stromlo and Siding Spring Obser
tories ~Australia!.

3. RESEARCH

3.1 Stars and Stellar Evolution

Balbus has extended earlier work on disk turbulence
the convective zone of rotating stars. Whereas angular
mentum flux and angular velocity gradients must be antip
allel in disks if turbulent fluctuations are to have a dynami
source, the same quantities must be parallel in convec
zones if the mean differential rotation is to have a dynami
source. To the extent that the two gradients are proportio
to one another, Balbus argues that the angular velocity
satisfy the Laplace equation. This hypothesis yields an an
lar velocity profile remarkably similar to those inferred fro
helioseismology, using the radiative zone and surface pro
as boundary conditions.

Balbus has undertaken a program to study the sourc
flickering noise in CV systems. These fluctuations in the
minosity in accretion disks are not well understood, but a
pear to be a ubiquitous observational feature. Flickering
probably telling us something very fundamental about
turbulent origin of the disk viscosity process. The tim
power spectra of the dynamics of numerical disk simulatio
will be translated into radiative losses and compared w
what is becoming an extended set of observations.

Balbus is investigating the role of magnetic instabilities
the solar nebula. Current modeling shows that dissipatio
heating associated with the instability is hot enough to ma
tain good ionization coupling out to scales of order 1 A
Models which include only thermal ionization from the su
have much smaller zones of good coupling. It is likely th
ionization maintained by turbulence is unstable, since he
ing leads to more ionization, which in turn leads to mo
efficient dissipational heating. An understanding of the MH
physics of protostellar disks may provide an alternative
planation of FU Orionis outbursts, as well bear on the a
sence of gas planets in the inner solar system.

Balbus and Massimo Ricotti~Arcetri! are studying the
properties of equilibrium magnetic field configurations in r
tating disks. The field lines are ellipses and hyperbolæ,
have the noteworthy property that they rotate uniform
rather than shearing. Both prograde and retrograde flow
possibility. Keplerian as well as galactic disks are possi
venues for these solutions. If these solutions are presen
disks they are of practical interest: they correspond to X-ty
and O-type neutral points. Furthermore, the dynamical
fects of elliptical magnetic islands may play a role in confi
ing molecular gas in the galaxy.

Chevalier investigated the importance of synchrotron s
absorption for radio supernovae in the context of the circu
stellar interaction model. Previous observations of the l
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frequency absorption in these events have frequently b
interpreted in terms of free-free absorption. However,
some objects, synchrotron self-absorption is expected
dominate unless the shock velocity is very high, but the
pernova cannot drive a high velocity shock wave into a h
density circumstellar medium. This argument applies to th
observed Type Ib/c supernovae and to the early observa
of SN 1987A. The dominance of synchrotron self-absorpt
in these objects gives estimates of the shock velocities.
Type Ib/c supernovae have remarkably similar radio prop
ties, which suggests that mass loss might lead to a con
gence of properties for the supernova progenitors. The s
line of argument shows that synchrotron self-absorption
unlikely to be important for the Type II supernovae S
1979C and SN 1980K. The radio light curves of these sup
novae are well fit by an external free-free absorption mod

N. D’Cruz ~graduate student!, O’Connell, and Rood are
analyzing HST WFPC2 exposures of the luminous globu
clusterv Cen in the far-UV~1600 Å! and V-band. As indi-
cated by earlier Ultraviolet Imaging Telescope data, the h
zontal branch inv Cen is extended to extremely high tem
peratures and shows discontinuities or gaps which appe
coincide with those found by Rood, Dorman, Ferraro a
colleagues in other clusters. Their origin is presently uncle
The HST color-magnitude diagrams include hot objects
low the horizontal branch, as found in UIT data by Whitn
et al. ~1994!, and a population of ‘‘AGB-Manque’’ stars
above the HB. The group is also analyzing HST/FOS spe
of some of the very hot EHB and post-HB objects inv Cen
found by UIT.

V. Dwarkadas~graduate student! and Chevalier investi-
gated the interaction of realistic models for Type Ia super
vae with their surroundings. An exponential density profi
gives an approximate fit to a number of profiles computed
Khokhlov and Ho¨flich, but some of the models show su
stantial deviations at low velocities. Dwarkadas and Che
lier computed the detailed properties of the exponential p
file case and found an approximate analytic description
the evolution. However, this interaction model is not co
patible with X-ray observations of Tycho’s supernova re
nant, which is thought to be the result of a Type Ia sup
nova. Models with regions of higher density, which do occ
in some of the Type Ia supernova models, are more con
tent with the observations. Another possibility is an ea
phase of circumstellar interaction.

C. Fransson~Stockholm! and Chevalier are examining th
evidence for a possible pulsar nebula in the supernova
1993J in M81. Spectra of the supernova show relatively n
row (;1000 km s21) lines of O and Mg. The set of ob
served lines is consistent with emission from the inner O-r
zone of the exploded star; we had previously calculated
lines to be expected from pulsar excitation. One alterna
in this case is photoionization by a companion star to the
that exploded. Models for the stellar evolution leading up
SN 1993J indicate that such a star may be present. Howe
with stellar photoionization, the observed amount of neu
O would not be present. Another possibility is ionization
the shock emission produced by the outer circumstellar
teraction. This possibility appears unlikely because of
en
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unusual density profile that would be required, but it will b
further investigated.

Hawley and Balbus continue to investigate the nature
the angular momentum transport mechanism in astrophys
disk systems through combined analytical and numer
studies. Recently they have focused on purely hydrodyna
cal ~unmagnetized! turbulence. Following up on a finding
that disks of constant specific angular momentum are non
early unstable, they have undertaken a detailed high res
tion study of disks with a small but finite angular momentu
gradient. Such disks are also nonlinearly unstable, provi
that the gradient is sufficiently small. By using mathemati
symmetry arguments, Balbus and Hawley have pointed
that the observed laboratory phenomenon of subcritical
stability is closely related to this behavior. They have a
carried out further three-dimensional simulations of Kep
rian disk flows at high resolution; the results support t
conclusion that self-generated hydrodynamical turbulenc
not a source of anomalous viscosity in disks.

Hawley and J. Stone~University of Maryland! have de-
veloped an MHD code which allows ion and neutral fluids
be separately tracked while allowing the degree of coupl
to widely vary. The first application of this code is to
parameter study of the effects of ionization fraction and c
pling strength in local disk simulations. The results both co
firm the general ion-neutral linear stability theory and fi
unexpected results in the nonlinear domain. The most in
esting of these is the persistence of two-fluid effects on eit
side of the critical collision frequency for good couplin
Linear theory suggests that when the neutral–ion collis
rate equals or exceeds the rotation frequency of Keple
disk, the two fluid should be coupled. But the nonlinear c
culations revealed that the neutrals started to respond to
magnetic field when the collision frequency was as low
0.01 of Keplerian; furthermore, two-fluid effects pers
when the collision frequency was 100 Keplerian. The sign
cance of this for protostellar disks is the implication that t
transition between zones of good coupling and no couplin
far from sharp.

Hawley and Stone continue the development of thr
dimensional MHD numerical code as the first step towa
extending simulations to more realistic global disks. Th
have been adapting and optimizing these codes to distrib
memory parallel supercomputers.

Majewski and M. Siegel~graduate student! continued
their work on the Selected Areas Starcounts Surv
~SASSY!, the first systematic CCD starcounts survey of t
Milky Way, in collaboration with I. N. Reid~Caltech! and I.
B. Thompson~OCIW!. Observations in more than a doze
Kapteyn Selected Areas now include B, V, R and I ba
CCD frames of 2 square degrees per fields from the Sw
40’’ at Las Campanas. Preliminary analysis of SASSY in
cates that the thick disk~or ‘‘low halo’’ in some literature!, is
more extensive than previously believed, possibly comp
ing as much as 15% of the stars in the Milky Way. T
SASSY also revealed extension of the tidal stream of
Sagittarius dwarf spheroidal galaxy tob5240° ~25° south
of the Sgr nucleus!, more than double the previously re
ported size of the Sgr stream.
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719UNIVERSITY OF VIRGINIA
Majewski and J. Ostheimer~undergraduate student! in
collaboration with Allan Sandage~OCIW! are generating ad
ditional starcount data to fainter~V522! magnitudes. The
latter data come from sky-limited Mayall 4-m photograph
plates scanned on the UVa PDS microdensitometer. C
logues generated with these plates are input to the d
proper motion and multifiber spectroscopic survey by M
jewski, J. Munn~Yerkes! and S. Hawley~MSU!. Radial ve-
locities for some 1000 survey stars has been completed,
abundance analysis of these stars is underway. The go
complete, magnitude-limited star samples towa
strategically-placed directions of the sky, for analysis of
abundance, density, and kinematical distributions of Gala
stellar populations.

Majewski, Ostheimer, and W. Y. Johnson~undergraduate
student!, in collaboration with W. Kunkel~Las Campanas!,
have developed a technique for finding distant halo gi
stars. They have discovered a population of giant stars w
properties suggesting they may be extended tidal debris f
the Magellanic Clouds. The data agree well with model p
dictions of LMC tidal streaming by collaborator K. Johnsto
~Inst. Advanced Study!. If real LMC debris, these giant star
would be the first strong evidence for the tidal destruction
the Magellanic Clouds.

Richards and L. Moore~undergraduate student! used the
Ha spectra of U Sge and U CrB to examine the time- a
phase-dependence of the Ha emission sources in Dopple
tomograms of these binaries. Their aim was to identify ch
mospheric emission sources associated with the late-
mass losing secondary star.

Richards and P. Koubsky´ ~Ondřejov Observatory, Czech
Republic! have continued their project on eclipsing and no
eclipsing Algols with the aim of obtaining the 3-D structu
of the accretion regions in these systems. They now h
Ha and HeI~6678.15 Å! spectra of six non-eclipsing Algol
~CX Dra, b Per, u Her, HR2545, KX And, and HD 18313!
for the purpose of producing Doppler tomograms which w
be compared with the tomograms of the eclipsing Algo
Richards and Koubsky´ are participants in an internationa
exchange sponsored jointly by the NSF Division of Intern
tional Programs and the Czech Academy of Sciences.

P. Ricker and Chevalier are continuing Chevalier’s inv
tigation of accretion in the late stages of supernova exp
sions. In a supernova like SN1987a, the primary sh
passes through interfaces between shells left by the diffe
phases of pre-explosion nuclear burning. Ricker and Che
lier expect interactions with the density discontinuities
these interfaces to produce a reverse shock which can de
material on the surface of the remnant neutron star, poss
enough to produce a black hole. To study this, they are c
ducting 1D hydrodynamic simulations of point explosions
a SN1987a progenitor model supplied by K. Nomoto~U.
Tokyo!, examining the accretion rate as a function of exp
sion energy and the mechanism by which the explosion
introduced. To date the results are consistent with a very
level of accretion.

Rood, Dorman, and O’Connell, in collaboration with Fu
Pecci, Ferraro, Paltrinieri, and others in Bologna, contin
their project on HST observations of globular cluster sta
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The project has two major components. The first is
achieve the largest possible photometric samples of glob
clusters. This will allow the most stringent possible tests
stellar model calculations and the assumptions required
make these calculations. The results should eventually
useful for problems like the the accuracy of the globu
cluster age scale. The second part involves observation
UV bright objects in globular cluster. Most of these are co
helium burning~horizontal branch! stars, which have under
gone extreme mass loss during the preceding red giant ph
and their helium shell burning progeny. One goal is to e
pirically learn something about the factors affecting ma
loss in cool stars, one of thebête noiresof stellar evolution
theory. The results should also be useful in interpreting
‘‘UV upturn’’ phenomenon in elliptical galaxies. The firs
results from both projects were published during the ye
New data has just been received, and more observations
scheduled in early 1998.

Rosenberg and Chevalier have been computing mo
for photoionized interacting stellar winds. The results sh
an instability in the ionization front while it is in the
swept-up shell of an interacting wind situation. The instab
ity involves a D-type ionization front that is preceded by
shock front. They are investigating the physical basis for
instability.

Sarazin and W. Dalton~former grad student! are con-
structing models for the high mass X-ray binary~HMXRB!
populations in the Large Magellanic Cloud~LMC! and Small
Magellanic Cloud~SMC!. In particular, they investigate th
effects which the lower stellar metallicities of the Magellan
Clouds ~MCs! have on the evolution and properties
HMXRBs. From the observed properties of the relative
small number of identified HMXRBs in the MCs, it has bee
suggested that MC sources have very high X-ray lumino
ties, and may contain a higher proportion of black holes th
HMXRBs in our Galaxy.

3.2 Interstellar Medium

Rood, Bania~BU!, Balser~NRAO! and Wilson~MPIfR!
@RBBW# are continuing their project to determine the cosm
abundance of3He. Observations of HII regions continued a
the Green Bank 140ft. These are now focused on determ
ing higher precision line parameters for a few sources wh
are easy to model~a necessary step in getting the abu
dances! and low density ‘‘simple’’ extensions of previousl
observed giant HII regions. RBBW have found a fairly larg
sample of such HII regions and have derived preliminar
3He/H abundances. These abundances show no system
trend as a function either of galactocentic radius or the HII

region metallicity~@O/H#!. Thus the gas in the Galaxy show
no evidence for the stellar production of3He expected from
standard stellar evolution theory and as observed by RB
in planetary nebulae. The apparently contradictory results
referred to by the chemical evolution and cosmological n
cleosynthesis communities as the ‘‘3He Problem.’’ Even if
the underlying mechanisms are not understood, it is emp
cally established that stars neither produce nor destroy3He in
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720 ANNUAL REPORT
a major way. Thus the level of the observed ‘‘3He/H Pla-
teau’’ (3He/H51.520.5

11.031025) is hypothesized to be a rea
sonable estimate for the primordial3He.

R. Shah~graduate student! and A. Wootten~NRAO! are
completing a survey of Galactic dark clouds for deutera
ammonia. They will attempt to understand the sensitivity
this species to temperature and density conditions, as we
use it to diagnose proto–stellar formation and evolution.

3.3 Galaxies and Active Galactic Nuclei

Balbus, and Michel Perault and Edith Falgarone~Ecole
Normale Superieure! are studying the interaction betwee
large scale interstellar turbulence and differential rotation
the Galaxy. If a local coupling exists, magnetic stresses
probably involved, since these tap most efficiently into t
local shear. Comparisons~by other groups! of millimeter and
infrared observations with hydrodynamic simulations su
gest a relationship between emission peaks and turbu
vorticity gradients. The current goal is a comparison betw
numerical studies of MHD turbulence and interstellar obs
vations will be carried through, in hopes of better und
standing interstellar gas morphology.

Cox and Sarazin are analyzing a ROSAT HRI image
the elliptical galaxy NGC 4636 in the Virgo cluster. The
find the galaxy has an asymmetrical X-ray halo which m
be contributed to in part by an unrelated, background gr
of galaxies. NGC 4636 also contains an central bar-l
structure about 10 arcseconds in radius that is perpendic
to the radio jet in the galaxy. This bar may be a rotating d
of cooling X-ray gas, a portion of which eventually feeds t
central radio source. The X-ray surface brightness of the
axy is not fit well by a beta model because it is too stron
peaked toward the center, suggesting that the gas is coo
significantly within the central regions of the galaxy.

Cox and J. N. Bregman~Michigan!, B. Snider~Michigan!
and L. Grego~Caltech! have studied elliptical galaxies tha
emit in the far-infrared~FIR!. They find a correlation be
tween the optical apparent brightness and the FIR brightn
of these objects (FFIR } FB

0.24), which is expected but no
seen in previous studies.

Dorman, O’Connell, and Rood have created synthe
mid-UV ~2200-3200 Å! spectra for old stellar populations o
a range of age and metallicities using Dorman’s grid of
teriors models and Kurucz atmospheres. These demons
that broad-band UV-optical colors offer discrimination
age-dating and abundance determination which is much
proved over optical-IR colors. They are studying the detai
comparison between the predicted spectra and IUE/H
spectra for M31, M32, and several elliptical galaxies, af
correction for contamination by the hot ‘‘UV-upturn’’ com
ponent. They are also comparing the Kurucz models to o
based on empirical libraries of IUE spectra~for solar abun-
dance!. They find various small deficiencies in the theoretic
spectra. But a basic outcome is that the shape of the mid
spectra of the galaxies implies the presence of a war
stellar population, possibly a younger component, than d
the broad-band 2500–V color. This has implications for
age-dating of distant E galaxies based on their restframe
spectra.
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Majewski and M. Bershady~Penn State! have been ex-
ploring the luminosity function ofz.3 galaxies brighter
than L* . They are using the ‘‘U-band dropout’’ techniqu
pioneered by Majewski in the 1980’s. Using a variety
moderately deep (V'23) images to search relatively larg
areas~compared to much deeper surveys, like the Hub
Deep Field! they have constrained the high z luminosi
function to be of a rather prosaic, Schechter function form
contrast to the much flatter, higher volume density of anot
published survey.

O’Connell and P. Marcum~TCU!, together with members
of the UIT team at Goddard SFC, B. Madore~IPAC!, and W.
Freedman~Carnegie!, are in the final stages of preparing a
Atlas which compares UV and optical-band morpholog
for nearby galaxies, using UIT data accumulated during
Astro-1 and -2 missions. The image fields are up to 408 in
diameter. 27 objects are included in the first edition of t
Atlas, which includes ground-based optical~UBVRI! as well
as Ha data for comparison. Both images and surface p
tometry are presented. O’Connell and G. Becker~under-
graduate student! are using the Atlas UV data to predict th
appearance of this kind of normal object as observed at h
redshifts in the laboratory optical/IR bands with HST
ground-based telescopes.

O’Connell and R. Ohl~graduate student! have analyzed
the far-UV ~1500 Å! surface brightness distributions of
elliptical galaxies observed with the Ultraviolet Imagin
Telescope during theAstro-2mission. All objects show sig-
nificant gradients in UV/optical band colors but with a wid
range of amplitude. The UV/optical color gradients do n
correlate with gradients of the Mg~5170 Å! feature index
derived from ground-based observations of the same obje
This is surprising because the central UV/optical colors
galaxies do have a strong dependence of Mg line stren
The far-UV light is probably produced by metal-rich, e
treme horizontal branch and post-EHB stars with small
velopes, and these are highly sensitive to mass loss on
red giant branch. The possible influence on the UV colors
gradients in helium abundance, age, or@Mg/Fe# are being
studied.

C. Palma~graduate student! and Majewski are analyzing
spectroscopic~KPNO 4 m! and photometric~Palomar 1.62 m
& KPNO 4 m! observations of the host of the giant FR
radio galaxy NVSS J2145301815455. They have identified
the optical counterpart to the radio source to be az50.146
elliptical galaxy with a V magnitude of 17.5. The radio ga
axy has a lobe to lobe separation of'208 and is therefore
'4 Mpc in linear size. This makes it the second largest
II known. Contrary to expectations based on studies of
clustering properties of FR II radio galaxies, they find th
object to reside in an Abell richness class 1 cluster. T
object is therefore the only low redshift (z,0.25) FR II
known to reside in a rich cluster. Palma, F. Bauer~graduate
student! and Sarazin have planned ROSAT observations
the field surrounding the radio galaxy to determine the pr
erties of the IGM in which the radio galaxy is embedded

E. Richards ~graduate student! with K. Kellermann
~NRAO! and collaborators recently completed a very de
radio survey at 8 GHz centered on the Hubble Deep F
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721UNIVERSITY OF VIRGINIA
~HDF!. Fluctuation analysis in this field and others has
tablished that the slope of the integral radio number coun
continuous from 1000mJy to 1mJy at about –1.2, implying
a sky density of about 108.5 ster21. The optical identifica-
tions of these microJansky radio sources are primarily w
interacting or merging disk systems at redshifts between
and 2. The remainder of sources are associated with l
luminosity AGN. Two radio sources remain unidentifie
down to the optical limits of R;29 and J;23.5 in the HDF
and R; 27 and J;23.5 in an adjacent field. These tw
sources are believed to be very high redshift radio gala
located atz. 6. These sources are the focus of a progr
using near infrared imaging with the NICMOS came
aboard the Hubble Space Telescope in order to identify
host galaxies.

E. Richards is also imaging the HDF at 1.4 GHz with t
VLA in order to investigate the radio spectral index distrib
tion of microJansky radio sources. This survey is among
deepest ever performed at this wavelength and should r
a completeness level of about 30mJy. MicroJansky radio
sources have been demonstrated to have a flattening of
average spectral index over populations selected at hi
flux density limits, the reason for which is unknown. Ric
ards hopes to understand the physical mechanisms whic
driving the rapid evolution in faint radio populations such
synchrotron self-absorption associated with AGN activi
free-free emission and possibly absorption associated
large scale star-formation, and optically thin non-therm
emission associated with either star-formation or AGNs
examining a large number of radio spectral indices toge
with supplementary optical data. As a supplement to th
deep radio observations, Richards is collaborating with
Muxlow ~Jodrell Bank! using the MERLIN array to image
the HDF with 0.29 resolution. These very sensitive hig
resolution images will be compared with the high resolut
HST images to examine the relationship between radio
optical structure in the microJansky source population.
part of this project, Richards and O’Connell obtained de
BVRI images at the KPNO 4m in order to make the opti
identifications of the 1.4 GHz radio sources located outs
of the available HST fields.

Sarazin and J. Irwin~U.Mich! are studying the X-ray
spectra of X-ray–faint elliptical galaxies, spiral bulges, a
low mass X-ray binaries. The X-ray emission from the fai
est X-ray elliptical and S0 galaxies is characterized by a h
;5 keV component, and a very soft;0.2 keV component.
The hard component has generally been regarded as th
tegrated emission from low mass X-ray binaries~LMXBs!,
but the origin of the soft component is unknown. Irwin a
Sarazin suggest that LMXBs also exhibit a soft compone
which is responsible for the very soft X-ray emission in t
faintest early-type galaxies. This soft component is presen
two Galactic LMXBs which lie in directions of low Galacti
hydrogen column densities, and in LMXBs in the bulge
M31, which comprise a majority of the X-ray emission in th
bulge of that galaxy. The X-ray spectral characteristics a
X-ray–to–blue luminosity ratios of the bulges of M31 an
the Sa galaxy NGC 1291 are very similar to those of
X-ray faintest early-type galaxies, indicating that LMXB
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are responsible for both soft and hard components in
latter.

Sarazin and Irwin have determined the X-ray fluxes a
colors for a complete sample of 61 early-type galaxies
served with the PSPC. The colors indicate that galaxies w
high LX /LB have different spectral properties than galax
with low LX /LB . The brightest X-ray galaxies have colo
consistent with thermal emission from hot gas with rough
constant metallicity. The spatial variation of the colors ind
cates that the gas temperature in these galaxies increase
dially. Galaxies with mediumLX /LB also have spectral prop
erties consistent with emission from hot gas, but with
variation in metallicity, in the sense that galaxies with low
LX /LB have lower abundances. Galaxies with the low
LX /LB values have spectral properties consistent with em
sion from low mass X-ray binaries~LMXBs!. They show
that M stars, RS CVn stars, and supersoft sources are
major contributors to the X-ray emission in the X-ray fainte
galaxies.

Sarazin and Irwin are also studying the ASCA X-ra
spectrum of the elliptical galaxy NGC 499.

Thuan in collaboration with Izotov~Kiev Observatory!,
Foltz ~MMT !, Green~NOAO! and Guseva~Kiev Observa-
tory! has found broad Wolf-Rayet emission lines in the sp
trum of the NW component of IZw18, the lowest-metallici
blue compact dwarf galaxy known. Two broad WR bumps
the wavelengthsl4650 andl5800 are detected indicatin
the presence of WN and WC stars. The total numbers of W
and WC stars inferred from the luminosities of the broad
II l4686 and CIVl5808 lines are equal to 1764 and 562,
respectively. The WR-to-O stars number ratio is equal
0.02, in satisfactory agreement with the value predicted
massive stellar evolution models, but with enhanced m
loss rates. The WC stars in the NW component of IZw18 c
be responsible for the presence of the nebular He IIl4686
emission line, however the observed intensity of this line
several times larger than model predictions and other sou
of ionizing radiation at wavelengths shorter than 228Å a
necessary.

Thuan, in collaboration with Izotov~Kiev Observatory!
has obtained Hubble Space Telescope UV spectrophot
etry of three extremely metal-deficient blue compact dw
~BCD! galaxies, SBS 0335–052 (Z;Z(/40), Tol 65
(Z;Z(/24) and T1214–277 (Z;Z(/23). Broad damped
Ly-a absorption is seen in the first two BCDs. For SB
0335-052, the H I column density derived by fitting the Ly
absorption file profile is N~HI! 5 (7.060.5)31021cm22, the
highest derived thus far for a BCD, and;2 times larger than
IZw18. As for Tol 65, N~HI! 5 (2.561.031021cm22, also
in the high range of H I column densities derived for BCDs
and only;1.4 times smaller than in IZw18. The interstell
absorption line OIl1302 has also been detected in bo
galaxies. In SBS 0335–052, measures of unsaturated
yield abundances of oxygen, silicon and sulfur 37000, 40
and 116 times lower, respectively than the solar values.
oxygen abundance is a whole 37 times lower than in
neutral gas of IZw18. However, these highly discrepant
ficiency factors between different elements suggest that
absorption lines are produced, not in the H I, but the H
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gas. Adopting that hypothesis, the derived abundance f
the UV absorption lines are then consistent with that deri
from the optical emission lines (Z;Z(/40). The H I cloud
in SBS 0335–052 would then be trulyprimordial, unpolluted
by heavy elements. Only a lower limit for the oxygen abu
dance,;6000 times lower than the solar value, could
derived for Tol 65. Contrary to the situation in the two pr
vious BCDs, a strong Ly-a line is seen in the spectrum o
T1214–277, making it the lowest-metallicity BCD with de
tected Ly-a emission. Its equivalent width of 70Å is th
largest found in star-forming galaxies. The Ly-a emission is
not redshifted with respect to the H II gas velocity, so th
the escape of Ly-a photons in T1214–277 is not dictated b
the velocity structure of the H I gas but probably by its
porosity. The absence of Ly-a emission in SBS 0335–05
and Tol 65, is probably caused by a combination of d
extinction, multiple scattering over the whole area of the H
cloud, and the geometry of the cloud.

The spectrum of SBS 0335–052 shows stellar Si
l1394 andl1403 lines with P Cygni profiles, suggesting th
presence of numerous hot supergiant stars. A strong st
NV l1240 line with a P Cygni profile is seen in the spectru
of T1214–277, suggesting the presence of a large popula
of massive (M*60M () stars. The stellar wind terminal ve
locity is very low in SBS 0335–052, being only;500 km/
sec. It is higher,;2000 km/sec in T1214–277, in the low
range of terminal velocities found for other BCDs. The
BDS are the two most metal-deficient galaxies known with
Cygni profiles. The presence of such profiles raises the q
tion of how to set up a wind in stellar atmospheres devoid
heavy elements as in SBS 0335–052.

Thuan, in collaboration with Condon~NRAO!, Yin
~NRAO! and Boller ~MPI, Garching! have studied galaxie
in the ROSAT/IRAS sample selected by their soft X-r
~0.1-2.4 keV! and far-infrared (l560mm! emission. They
used new 1.4 Ghz VLA images of all objects north
d5245° along with improved X-ray and far-infrared pos
tions to eliminate incorrect identifications, many of whic
appeared to be starburst galaxies with high X-ray lumino
ties logX(ergs/sec).43. They also used VLA images t
search for new X-ray identifications among the ‘‘high-flux
sources withd.45°. Only two were found, indicating tha
luminous starburst galaxies have relatively low X-ray lum
nosities, probably due to absorption by a dense interste
medium. No starburst galaxies in the sample have X-ray
minosities approaching logX(ergs/sec)543. They conclude
that most galaxies in the revised ROSAT/IRAS sample c
tain X-ray emitting AGN residing in star-forming disk
which emit most of their 60mm radiation. Normal and star
burst galaxies probably do not account for a significant fr
tion of the soft X-ray background.

C.-Y. Wang~graduate student! and Sarazin are analyzin
the ROSAT HRI observation of the elliptical galaxy NG
1404 in the Fornax cluster.

Whittle has continued a study of gas kinematics in gal
tic nuclei, extending his earlier work on Seyfert nuclei
related nuclei of LINER galaxies and starburst galaxi
Sample sizes of;75 require careful compilation of nuclea
spectroscopic information and information on host gala
m
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properties. Initial results indicate that while the gas
LINER nuclei has bulge virial velocities, the gas in starbu
nuclei does not, and can be significantly more quiesc
This suggests that the nuclear gas in starburst galaxies h
different history from the nuclear gas in active galaxies. T
history may include more dissipation and cooling within t
bulge potential before star formation occurs. In contrast
gas which makes up the line emitting regions in LINERS a
Seyferts probably does not originate from a settled com
nent, but instead arises in a phase which permeates the b
and is to some degree dispersion supported.

Whittle and Nelson~U. Nevada! continued their work on
stellar populations in the bulges of Seyfert galaxies. Th
overall aim is to test the canonical model of normal bulg
with power law nuclear contribution, and look for eviden
of alternatives to this, for example the presence of signific
star formation. Using measurements of the Mgb and C
absorption features they were able to show that in the ma
ity of Seyferts the relative strengths of these two features
consistent with the canonical model. In a number of cas
however, the CaT feature was significantly stronger, sugg
ing the presence of a much younger population with
supergiants. This suggestion is all but confirmed by the f
that these same galaxies have far infra-red colors simila
those of starbursts.

Whittle and Wilson~U. Maryland! have continued their
HST and VLA study of the Seyfert galaxy Markarian 7
The overall theme is to understand the nature of the inte
tion between the near nuclear jet with the ISM. Progress
been made on two fronts. Analysis of near UV images us
FOC shows a close correspondence of UV continuum w
the distribution of line emitting gas. This raises the importa
possibility that the UV ionizing continuum is generated
fast shocks, in accord with the suggestions of Sutherla
Bicknell, and Dopita. Further testing of this scenario requi
detailed calculations of the near UV spectra of fast shoc
The second line of analysis makes use of FOS spectra f
ten locations across the nebulosity. Kinematic informat
from line profiles, when combined with the@OIII # l5007
emission image and VLA radio image, has allowed a fai
detailed reconstruction of the flow patterns associated w
the radio jet and line emitting knots. Evidence for a numb
of interesting physical processes has been found, includ
ablation, flow deflection, gas sweep up, cloud shocks, an
lack of interpenetration of radio and line emitting gas phas
Analysis of the ionization conditions is proceeding but
complicated by the need for reliable stellar continuum s
traction to ascertain the strengths of some of the wea
emission lines. Whittle, Wilson, and Nelson will be obtai
ing HST/STIS data on this object.

3.4 Clusters of Galaxies

F. Bauer~graduate student! and Sarazin are analyzing
new ASCA observation and an archival ROSAT PSPC
servation of the X-ray cluster Abell 644.

Cox and E. Schulman~NRAO! are analyzing multifilter
far-infrared ISOPHOT maps of clusters of galaxies.

Cox is using ROSAT data to derive electron densities
the intracluster medium~ICM! in clusters of galaxies tha
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show far-infrared emission, in order to test the plausibility
dust heating by collisions between dust particles and
ICM electrons.

D’Cruz, Sarazin, and J. Dubau~Obs. Paris! have deter-
mined the rate of excitation of the 3.071 mm hyperfine li
from Li-like 57Fe in astrophysical plasmas. The distort
wave approximation was used to compute the direct elec
collision strength between the two hyperfine sublevels of
ground configuration; it was found to be small. Proton co
sional excitation was calculated and found to be negligib
They determine the rate of line excitation by electron co
sional excitation of more highly excited levels, followed b
radiative cascades. The branching ratios for hyperfine s
levels for allowed radiative decays and electron collisio
excitation or de-excitation are derived. They show that
dominant line excitation process is electron collisional ex
tation of the 2p levels followed by radiative decay. Becau
the hyperfine line is near the peak in the Cosmic Microwa
Background Radiation spectrum, induced radiative proce
are also very important. They determine the intensity of
hyperfine line from an isothermal, coronal plasma in co
sional ionization equilibrium and from a coronal plasm
cooling isobarically due to its own radiation. D’Cruz an
Sarazin have used these atomic rates to determine the l
nosities, surface brightness profiles, and spectral line pro
for the 3.071 mm hyperfine line from Li-like57Fe in cooling
flow and non-cooling flow clusters.

Z. Huang~graduate student! and Sarazin are studying th
X-ray structure Abell 4059 using ROSAT data. They fin
that the X-ray emission is anticorrelated with the radio em
sion, suggesting that the radio lobes have displaced the
mal X-ray emitting gas.

Huang and Sarazin are studying the relationship betw
the X-ray and radio properties of the central regions of co
ing flow clusters. In cooling flow cDs with radio source
with well-defined lobes and radio jets, the X-ray and rad
are anticorrelated and the X-ray and radio pressures are s
lar. This suggests that the radio lobes have displaced and
confined by the ambient X-ray emitting gas. In cDs w
amorphous radio sources, the radio pressures are much l
than the thermal pressures and the radio and X-ray ima
correlate. This suggests that the radio and X-ray emitt
plasmas are mixed in this cases.

P. Ricker and Sarazin are studying the evolution of c
liding clusters of galaxies via three-dimension
N-body/hydrodynamics simulations, with particular emph
sis on the behavior of cooling flows during such collision
They are investigating the possibility that mergers may d
rupt cooling flows by simulating pairs of idealized collidin
clusters. By varying collision parameters such as rela
mass, impact parameter, and gas fraction, they determine
time required for virialization of the merger remnant, t
factors which influence the survival of cooling flows, and t
observability of merging clusters in X-ray surface brightne
temperature, and velocity. They also compare simulation
sults to individual clusters from Sarazin’s observational p
gram to identify merger candidates for further study.

P. Ricker and S. Dodelson~Fermilab! have completed the
integration, parallelization, and testing of Dodelson
f
ot

n
e
-
.

-

b-
l
e
-
e
e
es
e
-

i-
es

-
er-

n
l-

i-
are

er
es
g

l-
l
-
.
-

e
the

,
e-
-

particle-meshN-body code with a 3D parallel hydrodynam
ics code developed by Ricker. The combined code is be
used in the cluster collision simulations performed with S
razin, and the hydrodynamical component is being used
the 1D supernova accretion simulations performed w
Chevalier. Ricker and Dodelson are also beginning to use
combined code in simulations of Lya cloud formation.

Sarazin and D. Christodoulou~LSU! have numerically
simulated the time-evolution of complex magnetized clus
cooling flows. The cooling gas was initially threaded b
weak magnetic fields (;1 mG! organized on large scales
but the field direction was reversed once every 10 kpc. S
initial field configurations are prone to generating tang
magnetic-field lines, twisted filaments in the gas, curr
sheets, and other irregular structures.

Sarazin, W. Jaffe~Leiden!, M. Bremer~Leiden!, B. Mc-
Namara~CfA!, C. O’Dea, S. Baum~both STScI!, and M.
Wise ~MIT ! are using ISO to search for infrared line an
continuum emission from cold gas and dust in cluster co
ing flows with evidence for excess X-ray absorption.

The quasar B2 10281313 is located in the central dom
nant galaxy of the cluster Abell 1030 (z50.177). Sarazin, A.
Koekemoer~STScI!, O’Dea, Baum, F. Owen~NRAO!, and
M. Ledlow, ~NMSU! obtained HST UV spectra of the quas
to search for absorption due to cool material in the clus
They detected Lya and C IV absorption lines at a redshift o
the quasar, and derived constraints on the nature of the
sorbing material. They also place stringent upper limits
other absorption lines from the intracluster medium.

Sarazin, Wise, Koekemoer, O’Dea, Baum and Owen h
acquired ROSAT PSPC and HRI X-ray images and ASC
X-ray spectra of the quasar in a cluster, B2 10281313/
A1030. They are trying to use the images and spectra
separate the cluster emission from the brighter quasar. T
will also search for X-ray absorption features due to the cl
ter and/or cooling flows in the spectrum of the quasar.

Sarazin, E. Lufkin, and R. White~UA! are using hydro-
dynamical models to determine the time-dependence of
mass accretion rate and cooling rate in cluster cooling flo
Detailed agreement is found between previous steady-s
models and time-dependent models at fixed times in

simulations. The mass accretion rateṀ is found either to
increase or remain nearly constant once the flows reac
steady state.

Sarazin, M. Markevitch, W. Forman, and A. Vikhlini
~CfA! are determining the X-ray spectra for a comple
sample of low redshift clusters of galaxies using ASC
They find that the clusters have a universal, radially decre
ing temperature profile which implies that the baryon fra
tion of the universe is high. They have also determined
cluster temperature function for this sample.

Sarazin, Markevitch, and Wise are using ASCA X-r
observations of the cluster A2029 to determine the rad
variation of the gas temperature and the properties of
cooling flow.

Sarazin and Rosenberg have made magnetohydrodyn
simulations of the magnetized plasma in cluster cool
flows. Recent radio observations have shown that the m
netic fields in cooling flows are very strong. They hope
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understand the dynamical effects of the field, and to le
what ultimately happens to the advected magnetic flux.

Sarazin and Wise are calculating models for the X-
emission in cluster cooling flows in which a fraction of th
cooled gas is stored as cold, X-ray absorbing gas. The s
tra of these models agree with recent observations of ex
X-ray absorption in cluster cooling flows. Sarazin and W
find that the spectra are distinguishable from foreground
sorption in ways that should be detectable in ASCA spec
Also, the absorption effects the X-ray surface brightness p
files, from which the local rates of gas cooling have be
derived.

Whittle, Moss ~U. Cambridge!, and Pesce~STScI! have
worked on their study of star formation in galaxies in Ab
clusters. Work on their most well studied cluster, Ab
1367, was completed and submitted for publication. In t
study, 200 CGCG galaxies were surveyed for Ha emission
using an objective prism technique, and approximately 3
of galaxies of types S0/a and later were detected and cla
fied as having either compact or diffuse emission. There
very significant tendency for galaxies with compact emiss
to be disturbed, suggesting that in these galaxies the
formation is tidally induced. By comparing subsamples
the cluster core, halo and field, it is found that spirals w
tidally triggered star formation are preferentially located
wards the cluster core. By scrutinizing the details of each
forming galaxy, the origin of the tidal interactions was inve
tigated. As expected, near neighbors play an important r
but there are also candidates for tidal triggering by the clu
potential, as well as candidates for high velocity ‘hara
ment’. Whittle and Moss extended their study to include
Abell clusters which span a range of richness. Initial resu
from this study suggest that the degree to which cluster
axies experience enhanced star formation is strongly de
dent on the cluster richness. Results on environmentally
duced star formation in these nearby clusters can be use
the study of galaxy and cluster evolution at higher redshi

3.5 Cosmology

F. Fang~graduate student! and Saslaw are exploring mod
els which place limits on the amount and distribution of da
matter in the universe consistent with the observed spa
and velocity distribution functions of galaxies. They ha
developed a new formalism which extends their earlier
proach using specific models to new more general classe
models.

Hawley ~with Katherine Holcomb! has authored a new
cosmology textbook published by Oxford University pre
This text is intended for undergraduate study following t
ditional introductory astronomy courses.

E. Richards continued his investigations of small sc
structure in the cosmic microwave background~CBR! using
the NRAO Very Large Array, along with collaborators B
Partridge ~Haverford College!, E. Fomalont ~NRAO!, K.
Kellermann~NRAO!, and R. Windhorst~Arizona State!. The
group is searching for signatures in the CBR on angu
scales between six arcseconds and 60 arcseconds po
imprinted by such astrophysical processes as the rescatt
of the CBR at high redshift~10–30! by a reionized interga-
n
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lactic medium~Vishniac effect! or the Sunyaev-Zel’dovich
effect in distant (z.1) galaxy clusters. Recently, the grou
has discovered one such anisotropy believed to be indu
by a massive cluster~M ; 1014M () at z;2.6. At present,
they are involved in intense follow-up at optical~KPNO 4m
BVI, narrow band Lyman alpha imaging and optical spe
troscopy! and near infrared wavelengths~Wyoming Infrared
Observatory 2.2mm imaging! to identify the galaxy mem-
bers.

Saslaw and Fang have been developing a new approa
calculating galaxy distribution functions by using sem
conserved integrals of motion for systems of particles in
expanding universe.

Saslaw and S. Haque-Copilah have determined the sp
and projected distribution functions of galaxies in a
around the Pisces-Perseus supercluster. This will be c
pared with distribution functions for more homogeneo
catalogs of galaxies. They find that at the center of Pisc
Perseus the galaxies are dynamically semi-relaxed. Altho
large groups of several hundred galaxies near the center
a Gaussian distribution of velocities, they contain subclus
which have non-Gaussian velocity distributions. This in
cates partial relaxation. They also find that the spatial dis
bution function for a well-determined sample of 4501 Pisc
Perseus galaxies can be described very well by
gravitational quasi-equilibrium distribution with the avera
number of galaxies in a cell of 103 Mpc and the ratio
gravitational correlation energy to twice the kinetic energy
peculiar velocitiesb50.8. These properties indicate that th
Pisces-Perseus supercluster was built up through the gra
tional accumulation of smaller clusters.

Saslaw is continuing to write a monograph on large-sc
structure in the universe for Cambridge University Press

R. Shah~graduate student! and A. Wootten~NRAO! have
been studying redshifted lines of DCO1 and DCN towards
the lensed galaxy PKS1830–211. Their observations w
the NRAO 12–meter and Haystack 37–meter suggest a
deuterium abundance in the lensing galaxy located along
line–of–sight at a redshift of 0.9.

Thuan, in collaboration with Izotov~Kiev Observatory,
Ukraine! has continued work on improving the determinati
of the primordial helium abundance Yp. They have re-
examined the helium abundance of IZw18, the most me
deficient blue compact dwarf galaxy known~1/50 solar!
which plays a key role in the determination of Yp. They
found that, of the 2 star-forming regions in IZw18, the N
and SE components, the NW component, which is usu
used for Yp determination, has its emission lines that a
strongly affected by underlying stellar absorption. On t
other hand, the SE component is much less affected by
derlying He stellar absorption and is the component wh
should be used. The helium mass fraction derived for the
component isY50.24360.009, larger than previous dete
minations for IZw18.

In order to determine Yp with a precision better than 5%
Thuan and Izotov have used a sample of 45 low-metallic
HII regions in blue compact galaxies~BCGs!. They have
included many low-metallicity BCGs, including the tw
most metal-deficient galaxies known IZw18 and SBS 033
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052 (Z(/40). They have carefully investigated the physic
effects which may make the He I line intensities deviate fr
their recombination values such as collisional and fluoresc
enhancements, underlying He I stellar absorption and
sorption by Galactic interstellar Na I. By extrapolating the
vs. O/H and Y vs. N/H linear regressions to O/H5 N/H 5 0,
they obtain Yp50.24460.002 and 0.24560.001 respec-
tively, in agreement with the study by Izotov, Thuan & L
povetsky ~1997!, but higher than previous determination
~Yp 5 0.230 – 0.234!. Part of the difference comes from th
fact that previous investigators use the NW componen
IZw18 in the determination of Yp instead of the SE compo
nent. The mean Y of the two most metal-deficient BCG
IZw18 and SBS 0335–052, isȲ50.24660.004, in excellent
agreement with theYp derived from the linear regressions

Thuan and Izotov derive a slope ofdY/dZ52.361.0,
considerably smaller than those derived before. With t
smaller slope and taking into account the errors, chem
evolution models with an outflow of well-mixed material ca
be built for star-forming dwarf galaxies which satisfy all th
observational constraints. Their Yp gives
Vbh250.05860.007, consistent with the lower limit set b
dynamical measurements and X-ray observations of clus
of galaxies. It is also consistent, within the framework
standard big bang nucleosynthesis theory, with meas
ments of primordial7Li in galactic halo stars, and at the 2s
level with the D/H abundance measured in absorption s
tems toward quasars by Tytler, Fan & Burles~1996!.

3.6 Astrometry

Dawson~WCSU! and Ianna have completed a study
437 stars in the field of Cr110, an old open cluster at l
galactic latitude toward the anticenter. Proper motions
tained from Lick Sky survey plates were used to eliminate
foreground stars. Photoelectric UBVRI photometry was o
tained for 78 stars, along with photographic and CCD p
tometry for 437 stars. The cluster’s distance is found to
about 2.3 kpc and its age is estimated to be approxima
1.5 Gyr.

Ianna continues to collaborate with T. Henry~STScI! and
D. Kirkpatrick ~UCLA! to identify new nearby star cand
dates in the southern hemisphere by means of JHK phot
etry and IR spectroscopy. Observing runs at CTIO have c
firmed several likely nearby stars and revealed several
very late M dwarfs in the Wroblewski and Torres prop
motion survey.

Ianna, Patterson, and Begam are continuing the CCD
allax program at the Mount Stromlo and Siding Spring O
servatories using the 1 m reflector~focal plane scale of 25.4
arcsec per mm!. Emphasis is placed on brighter stars~m
;13! from the Catalog of Nearby Stars and new nea
candidates from other sources. These objects are easily
served in R or I with very good S/N, and precisions of 1
mas are achieved. Current results include 14 parallaxes
new stars within the 20 pc sample.

Majewski and Cudworth~Yerkes Obs.! have continued
their program to derive absolute proper motions with resp
to galaxies for a sample of distant (.20 kpc! halo globular
l
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clusters and dwarf spheroidals. In the past year, in colla
ration with A. Schweitzer~U. Wisconsin!, they have derived
the proper motion of the Ursa Minor galaxy. Siegel began
thesis project to determine the proper motions of the Leo
and Carina dSph galaxies. CCD observations of Leo II w
begun on the Mayall telescope in April, and these will
combined with early Baade plates from the Palomar 20
telescope. Carina observations are scheduled for the Bla
telescope. A major part of this effort will be to pioneer tec
niques for combining archive plate material with new epo
CCD data.

Majewski has continued his program on the DuPo
100-in telescope at Las Campanas to repeat photogra
observations of the mid-declination~-15° to 115°) Kapteyn
Selected Areas. The goal is to match the original plates ta
by Seares, Kapteyn and van Rhijn at the beginning of
century with the Mt. Wilson 60-in telescope, for proper m
tions of exquisite (,0.1 arcsec/century! precision toV' 19,
tied to the extragalactic absolute reference frame. The
Selected Areas withubu.20° will allow an assessment of th
halo two-point correlation function in phase space as
means to search for and map large scale streaming mo
in the halo.

Patterson and Ianna have begun a limited program to
tain parallaxes for a small sample of very low luminos
objects in the K band of the near infrared using CASPIR
the 2.3 m telescope at Siding Spring, in collaboration w
Hugh Jones and M. Hawkins~ROE!. Of special interest here
is the brown dwarf candidate SERC 296A, shown to have
in its spectrum.

Patterson, Ianna, and Begam, in connection with the p
allax program, have also been doing VRI photometry
southern nearby star candidates. Particular results to dat
clude 37 of the Wroblewski and Torres stars with prop
motions exceeding 0.5 arcsec per year and no prior c
information. All of the stars appear to be M dwarfs or su
dwarfs; photometric parallaxes place eight of the stars ne
than 25 pc.

3.7 Space Astronomy

L. Fredrick ~emeritus! continues as a member of the HS
Astrometry Team.

R. Ohl ~graduate student!, H. W. Moos ~JHU!, S. Fried-
man~JHU!, J. Kruk ~JHU!, D. Sahnow~JHU! are producing
a photometric and wavelength calibration of the Lyman F
Ultraviolet Spectroscopic Explorer~FUSE! instrument. As
part of this activity Ohl, Friedman, and Barkhouser~JHU!
are experimentally determining the two-dimensional str
ture of the FUSE telescope point spread function as a fu
tion of wavelength in the laboratory. They are compari
those measurements to predictions based on primary m
figure and surface roughness data. Ohl is also assistin
Conard~JHU! in the preparation of the FUSE optical end-t
end test and laboratory calibration. Ohl and Kruk are sele
ing on-orbit calibration targets and are planning FUSE o
servations designed to improve models of the atmosphere
DA white dwarf stars.

O’Connell continues as a Co-Investigator for the Ultr
violet Imaging Telescope of theAstro-2 Spacelab payload
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which flew a 16-day Space Shuttle mission during Ma
1995. UIT obtained a total of 757 far-UV~1500Å! images of
193 different targets, ranging from the Moon to distant qu
sar fields. He is also a Co-Investigator on the Hopkins Ult
violet Background Explorer project and the IRIS wide-fie
UV imaging project, which is under conceptual study for
new NASA mission.

4. MISCELLANY
Balbus was a visitor at the Ecole Normale Superieure

Paris, France for May and June 1997. Chevalier gave
Derieux Lecture at North Carolina State University, beg
service on the NRC/NAS Committee on Astronomy and A
trophysics, and served on the scientific organizing comm
tees for the Minnesota Centennial Workshop on Supern
Remnants and for the meeting ‘‘The Dynamics of the G
axy: a Festschrift for J. P. Ostriker.’’ Hawley served on t
review panel for the NASA Origins of Solar Systems pr
gram. In October 1996, Hawley was a Scientific Visitor
the Japan Atomic Energy Research Institute, Advanced
ence Research Center, in Naka, Japan. Ianna served as
President of IAU Commission 24~Photographic Astrom-
etry!, as chair of the Nominating and Handbook Committe
of the Division on Dynamical Astronomy, on the HST Cyc
Seven Cool Star Panel, as technical consultant to CSIC
and as a member of the Board of Directors of the Inter
tional Dark-Sky Association. Majewski was given a Nation
Science Foundation CAREER Award for his Galactic stru
ture research as well as his plan to develop McCormick O
servatory into a teaching facility. Majewski also won
David and Lucile Packard Foundation Fellowship in Scien
and Engineering. O’Connell continued to serve as a mem
of the AAS Investments Advisory Committee. Richar
served as a panel reviewer for the National Science Fou
tion Research Experiences for Undergraduates Program,
a reviewer for the Research Corporation, and was a mem
of the AAS Committee on Minorities in Astronomy. Saraz
was a member of the ASCA Users’ Committee, the AXA
Users’ Committee, the Heineman Prize Committee of
American Astronomical Society, and the scientific organ
ing committees of the ASCA ‘‘Cherry Blossom’’ Conferenc
and the Tokyo Conference on X-ray Imaging and Spectr
copy of Cosmic Hot Plasmas. Thuan with Mamon~Institut
d’Astrophysique, Paris! organized the Moriond 97 meetin
on ‘‘Extragalactic Astronomy in the Infrared’’ in March
1997 at les Arcs, France. He also organized with Brin
~Mexico! a Joint Discussion on ‘‘Dwarf Galaxies: Probes f
Galaxy Formation and Evolution’’ at the IAU General A
sembly in August 1997 in Kyoto, Japan. Whittle was a me
ber of the Cycle 7 HST TAC.

As part of our public outreach program, approximate
2800 visitors toured the McCormick and Fan Mountain O
servatories during the year, and special observing sess
were held at local schools and museums for the apparitio
the bright comet Hale-Bopp.

We gratefully acknowledge the continuing research s
port offered, collectively and individually, to our staff by th
Estate of Leander J. McCormick, the National Science Fo
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dation, the National Aeronautics and Space Administrati
the Air Force Office of Scientific Research, the Packa
Foundation, and the University of Virginia.
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