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This report covers the period October 1995 through 3. RESEARCH AND ACTIVITIES

September 1996. Luciana Bianchi is studying massive star populations in
Local Group Galaxies(M31, M33, NGC 6822 HST
(WFPC-2, UIT and ground-based photometry are used to
1. INTRODUCTION ) ) detect the hottest, most massive objects in nearby galaxies,
The years have seen the growth of a highly varied aspy comparison with evolutionary tracks and isochrones.
tronomy and astrophysics program in the Department of " ystyy spectroscopy of a few O massive stars in each
Physics and Astronomy at the Johns Hopkins University. Agalaxy was obtaine@O and B supergiants, LBV, W3Rand

highlight of the past year was visits by most Hopkins as'complemented with ground-based spectroscap§PNO
tronomers to the Apache Point Observatory to achieve famiIWYlN and 4m, MMT, and the William Herschel Telescope

iarity with the 3.5-meter telescope. Patrticipation in the Sloan4_2_m at IAC, La Palma, SpainThe wind and photospheric
Digital Sky Survey continues to be strong, and there alfiyeq of stars in M33, M31 and NGC 6822 are compared to
many other projects that are moving forwarq: the Advance tars of the same spectral type in the Milky Way and the
Cam_eraE folr SurvgysH?j‘_l‘ prtl):gec][(, Ear;UItraon(ejthpet;tro- Magellanic Clouds, to study how the mass loss rate and other
scopic Explorer; Sounding Rockegeist renewed for a fur- stellar parameters depend on global parameters of the parent

ther three-year perigd HUBE, the Hopkins _Ultraviolet galaxy, such as metallicity and star formation history. Stellar
Background Explore(selected by NASA in April 1996 as a
guantities Tes, log g, Lum, abundances, Mass loss rate,

MIDEX Alternate payloagi Hopkins Ultraviolet Telescope wind velocity, Radius are derived by detailed modeling of

(massive processing of the datand many smaller projects. the UV and optical line profiles. The derived stellar param-

Our widespread work in theory, observation, and instrumen- e S
. . e . . eters are compared among “similar” stars in different gal-
tation continues apace. Visit http://www.pha.jhu.edu.

axies, and to predictions from radiation pressure wind
theory, and stellar evolution theories.
2. PERSONNEL William P. Blair is an associate research professor in the

L. Bianchi and H. Weaver have joined CAS as ResearciPepartment of Physics and Astronomy. He is completing his

Scientists. New post docs are M. Dickinson and E. Murphy.d“ties as deputy project scientist for the Hopkins Ultraviolet

Hopkins' scientist-astronaut Sam Durrance has departed.€'€Scop&HUT) Project this year, and is in transition to the
Durrance is now Director of Science and Technology at Fi-Far Ultraviolet Spectroscopic ExploréFUSE Project as
nal Analysis, Inc. R. Griffiths left to go to Carnegie Mellon P!anning and scheduling scientist. With the successful two-
in Pittsburgh. A. Naim and K. Ratnatunga join R. Griffiths in Week flight of HUT on the Astro-2 space shuttle mission
Pittsburgh. N. Roche is now at University of Wales. G. Bow-(STS-67 in 1995 March, HUT data reduction and analysis
ers left to take a position at NOAO, Tucson. have dominated this year’s activities. Blair has participated

Other permanent staff are: P. J. Dagdigian, A. F. David/n humerous HUT papers on supernova remnants, cataclys-
sen, J. P. Doering, P. D. Feldm#@hair, Physics and As- Mic variable stars, and other related topics that have either
tronomy), H. C. Ford(Director, CAS, R. Giacconi(Direc- been published or are in press. Specific results include the
tor, ESO, T. M. Heckman, R. C. HenrgDirector, Maryland ~ first FUV spectra of the supernova remnants Puppisvith
Space Grant ConsortiumB. R. Judd, C. W. Kim, J. H. K.S. Long, J. C. RaymonfBAO], and G. A. Kris$ and SN
Krolik, H. W. Moos, C. A. Norman, D. F. Strobel, A. Szalay, 1006 (with Raymond and Long HUT spectra of classical
and R. Wyse, Professors; D. Neufeld, Associate Professopovae(with JHU graduate student B. W. Greeley and Lpng
W. P. Blair, and G. A. Kriss, Associate Research Professorand dwarf novae U Genwith Long and Raymongd VW
Wm. G. Fastie, Adjunct Research Professor; M. FinkenthalHyi (with Long, Raymond, and |. HubeqfWNASA/GSFQ),
Visiting Professor; L. Taff, Principal Research Scientist; R.and Z Cam(with C. Knigge[STScl|, Long, and R. Wade
Burg, S. McCandliss, S. Friedman, J. Kruk, J, Murthy, Z.[PSU]), and a paper on the search for Fe Ill absorption in a
Tsvetanov, and A. Uomoto, Research Scientists; M. Allenstar located behind SN 10@&ith Raymond and Long Nu-

A. Connolly, B. Espey, D. Golimowski, D. Hall, C. Holmes, merous other HUT results are still in preparation for publi-

E. Kaiser, Y. Pei, P. Rosati, D. Sahnow, K. Sembach, Kcation.

Weaver and W. Zheng, Associate Research Scientists; C. M. In addition, Blair has continued independent research on
Carollo, J. Daniels, S. Doty, M. Martinez, G. Meurer, C. galactic and extragalactic supernova remnants using both
Mihos, E. Murphy, S. Regan, and M. Spaans, Postdoctorgiround-based telescopes and space-based instruments.
Fellows; K. S. Long, Associate Astronom@TSc)/Adjunct  Hubble Space Telescopmagery of the supernova remnant
Research Profess@dHU/CAS; H. C. Ferguson, P. Madau, N132D in the Large Magellanic Cloud, a member of the
and M. A. McGrath, Assistant AstronomeSTSc); and F.  “oxygen-rich” class of remnants, was carried out this year,
Paresce, Senior Astronom@SA/STSc). in conjunction with J. MorsgU. CO) and a host of co-
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authors. These images show the structure of the nebulosity id. A. Weaver, M. R. Combi(U. MI) and G. P. Tozzi
exquisite detail and demonstrate the stratification of the sugArcetri) in various programs dfiSTobservations of comets
pernova ejecta and the interaction of the blast wave with th¢hat included comets Hyakutake and Hale-Bopp as well as
surrounding ISM. These data have been followed by FO®eriodic comets Schwassmann-Wachmann 1 and Kopff. He
spectroscopy of three filaments, which are undergoing analycollaborated with D. T. Hall and D. F. Strobel ST ob-
sis now. Also, eHubblepaper on narrow band images of the serving programs of Europa and Ganymede, and with A.
Crab Nebula has been submitted, with K. David§dnMN), Vidal-Madjar (IAP) in HSTstudies of CO and atomic carbon
R.A. FesenDartmouth, and several other collaborators.  in the gaseous disk surrounding beta Pictoris. He is a mem-
Two papers are in press dealing with surveys of nearbyer of the science teams for the Far Ultraviolet Spectroscopic
galaxies for supernova remnants. With S. GordbbNL ), Explorer (FUSE mission and for the Advanced Camera for
Long, and others, an extensive survey of M33 has pushed tHaurveys. Through 1995 he served as a member oHiB&
number of remnant candidates in that galaxy to 98. This idJsers Committee, and is currently a member of NASA's
the largest optical sample known in any galaxy. A deepSmall Bodies Science Working Group and Sounding Rocket
X-ray survey of M33 was also completed with Long, P. A. Users Group.
Charles(Oxford), and Gordon. With Long, Blair has com- Holland Ford, in collaboration with Ball Aerospace and
pleted an emission-line survey of two nearby Sculptor grougolleagues from JHU, the STScl, the University of Arizona,
galaxies, NGC 300 and NGC 7793, finding 28 strong candithe University of California at Santa Cruz, Leiden Univer-
date objects in each galaxy, many of which were confirmedity, and the Goddard Space Flight Center, continued work
with spectroscopy. This is the first such survey to push been the Advanced Camera for SurveysCS) for the Hubble
yond the Local Group of galaxies. A similar survey is in Space Telescop®uring the past year all the filters, prisms,
progress for the more distant face-on spiral M83. and grism have been specified in detail. Orders have been
Brian R. Espey continued his work analyzing symbiotic placed for the majority of the filters. The mirrors for the ACS
and active galactic nuclefAGN) spectra from the HUT will be delivered to Ball Aerospace by Tinsley Optics in
Astro-2 mission. This work has led to a number of paperdDecember 1996. The mirrors for the High Resolution Cam-
published in the current year including one on far-UV diag-era (HRC) and the Solar Blind Camera will be coated with
nostic emission lines of NeV and NeVI in collaboration with Al +MgF, at Goddard. The Wide Field Came&FC) Mir-
the atomic physics group at the Queen’s University of Bel-rors will be coated with silver at Denton Vacuum. The
fast (Espeyet al. 1996. In addition, he has collaborated on graphite epoxy optical bench has been designed and ordered,
several papers concerning the UV and X-ray spectrum of thand will be delivered to Ball in late December 1996 or early
low redshift AGN NGC 3516Kriss et al. 1996a; Krisset al.  January 1997. Two lots of 2K4K CCDs have been pro-
19960h. duced by SITe, and two more lots are in fabrication. There
Espey holds an adjunct position of research assistant prare six flight candidate 2K 4K CCDs in lot 2 with excellent
fessor at the University of Pittsburgh, and has continued hisosmetic quality. SITe will deliver four 1K1K CCDs to
collaboration with co-I R. Schulte-Ladbeck, and graduateBall, and four thinned 1K1K CCDs to Mike Lesser at
student J. Birriel on the analysis of Astro-2 and ground-Steward Observatory for custom backside coating to enhance
based data of symbiotic star systems. A poster paper contaithe quantum efficiency between 200 nm and 350 nm. An
ing new results on the far-UV opacity of atomic and molecu-engineering model of the evacuated thermal housing for the
lar material in the atmosphere of two giant star componentswo WFC 2KX 4K CCDs is presently being tested. Engineer-
in two symbiotic binaries was presented at the summer AASng models of the WFC and HRC corrector mechanisms and
meeting in Madison. Two more papers of symbiotic binarythe filter wheel are being tested. NASA accepted a proposal
results are being prepared for submission to ApJ. to build an aberrated coronagraph consisting of a field stop at
In addition to his work with Schulte-Ladbeck, Espey hasthe circle of least confusion and a pupil mask over the HRC
also collaborated with D. Turnshek of Pittsburgh on a reviewaberration-correcting mirror. At 800 nm the coronagraph will
of the ionizing spectra and structure of Broad Absorptionsuppress the wings of the HST diffraction-limited PSF by
Line QSOs(BALQSOs (Turnsheket al. 1996, and has re- approximately two magnitudes, and will provide more than
cently submitted a paper d®lll ] emission from these ob- 2.5 magnitudes suppression relative to the present WFPC2.
jects, as well as one on the dusty sightlines towards the Ford gave an invited talk on “Hubble Space Telescope
gravitational lens H14181143. Observations of the Centers of Elliptical Galaxies,” at Nobel
Recent work with A. Cook¢éROE) and R. Carswel{loA) Symposium 98, held at the Stockholm Observatory in
has resulted in a paper on the ionizing UV background aBaltsjobaden, Sweden. The primary thrust of Ford’s research
moderate to high redshift, and this is currently in press.  during the last year has been the study of gaseous nuclear
Paul D. Feldmancurrently serves as Chair of the Depart- disks in the centers of elliptical and E/SO galaxies. The ki-
ment of Physics and Astronomy. He directs the NASA-nematics of these disks measured with the Faint Object Spec-
supported sounding rocket program, which has as its maitrograph orHST provide a very efficient means of measuring
focus the development of new instrumentation for far- andhe galaxy mass within the central 100 to 200 parsecs. New
extreme-ultraviolet astronomy. He has also continued the fimeasurements of the rotation within the disks in M87 and
nal year of arlUE comet prograniin collaboration with M. NGC 4261 lead to central masses of20° My and
F. A’'Hearn of the University of Maryland and M. C. Festou 5x 108 M, within radii of 7 and 14.5 parsecs. The corre-
of Toulousg¢ and maintained collaborations with A’Hearn, sponding visual mass-to-light ratios ar#{L),,~3000 M
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olLeo and M/L)y~2100 My/Le , leading us to the conclu- the parallax and proper motion of Gliese 229B as well as to
sion that these galaxies host massive black holes. Surveyearch for other companions to the system. Results from
conducted by Ford and others are showing that smalihese observations will be published in early 1997.
(r~100-200 gaseous nuclear disks are common in early Following up the earlier JHU/Caltech detection of the
type galaxies. The disks are in themselves interesting. StudyLM star Gliese 105C, GolimowskHST Guaranteed Time
of these disks will lead to a better understanding of the fuelObservers W. Fasti€JHU) and D. Schroede(Beloit), and
ing of black holes, and will provide an efficient means for A. Uomoto published the first WFPC2 observations of Gliese
measuring the central masses of the host galaxies. 105C. V- and I-band measurements suggest the star to have a
Scott D. Friedmanis the Hopkins project scientist for the spectral type of M7V. This preliminary spectral classification
Lyman Far Ultraviolet Spectroscopic ExplordftUSE) mis-  supports the empirically derived assertion that the end of the
sion. FUSE will make observations in the critical 910—1195hydrogen-burning main sequence may occur as early as spec-
A region at a spectral resolving power of approximatelytral type M7. Although the observed separation and position
30,000. FUSE will address problems such as the abundan@ngle of Gliese 105C are not consistent with astrometric pre-
of primordial light elements, including the deuterium/ dictions, the WFPC2 observations do not reveal any other
hydrogen ratio and the distribution of intergalactic helium,companions that may account for the astrometric perturba-
the composition and dynamics of galaxies, and the origin antion of Gliese 105A. More WFPC2 observations of the
evolution of stars and stellar systems. Gliese 105 system, as well as 23 other nearby stars, are
Along with A. Uomoto, S. Smee, and P. Feldman, Fried-planned following the February 198¥ST servicing mission.
man is also designing and constructing two fiber optic spec- Golimowski joined the ACS program in December 1995
trographs as part of the Sloan Digital Sky Survey. Each spedsoth as a member of the science team and as an evaluator of
trograph will record the spectra of 320 separate objects ove€CD performance. Much of the last ten months has been
a wide field of view. The spectrographs will be delivered tospent developing a clean facility at JHU for long-term stud-
the dedicated 2.5-m telescope at Apache Point Observatoigs of ACS CCD performance and for ACS ramp-filter cali-
in New Mexico. bration. Equipment for the calibration and test facility is ei-
David Golimowski is an associate research scientist whother en route or in house, and routine operation is expected
splits his time between searching for very low m@gkM ) by year's end. Golimowski and ACS team members M.
companions to nearby stars and evaluating CCDs for th€lampin (STSc) and Z. Tsvetanov will be jointly respon-
Advanced Camera for SurveyACS) program. His searches sible for characterizing the CCDs and filters at the JHU fa-
for substellar(brown dwarj companions are both ground- cility.
and space-based. Together with Caltech collaborators T. Na- During August 1995, planetary scientBbyle Hall used
kajima, S. Kulkarni, and B. Oppenheimer, and with formerthe Hubble Space Telescogeaint Object Spectrograph to
JHU research scientist S. Durrance, Golimowski uses JHU'sbserve Saturn very near the time when the Earth crossed
Adaptive Optics Coronagraph and Palomar Observatory’Saturn’s ring plane, and measured the density and distribu-
60-inch telescope to perform a search for brown-dwarf comtion of hydroxyl molecules in the tenuous atmosphere that
panions to young-€¢ 1 billion years old, nearby(within 20  enshrouds the icy ring system. His continuing observations
po) stars. Last year the group reported the detection of af Europa and Ganymede using thST Goddard High
VLM companion to the astrometric binary Gliese 105A that Resolution Spectrograph indicates that both of these moons
is believed to have a mass of 0.0B4, , which is just above emit far-UV oxygen line emissions and that each has a thin
the minimum necessary for stable hydrogen burning. atmosphere containing oxygen gas. During the summer of
This year, the JHU/Caltech group announced an ever996, he also acquireBxtreme Ultraviolet Explorebser-
greater discovery: a bona fide brown dwarf companion to theations of Jupiter and its lo plasma torus, scheduled to coin-
M1 dwarf Gliese 229. Although many good brown dwarf cide with theGalileo spacecraft’s most intensive UV Jupiter
candidates have been recognized, Gliese 229B is the firstans. The ongoing analysis of the two data sets promises a
unambiguously identified brown dwarf. Multibandpass ob-unique stereoscopic view of the Jupiter system at
servations from 0.6 to 10.5 microns reveal that Gliese 229R:xtreme-UV wavelengths. He and J. Murthy are continuing
has a bolometric luminosity of:8107°L,, or 20 times less their analysis of cosmic background and heliospheric UV
than the faintest previously identified brown dwarf candi-emissions detected by théoyagerspacecraft.
date, GD 165B. Near-infrared spectra of Gliese 229B reveal Timothy Heckman and collaborators have continued
strong absorption by water and methane, which is not seen itiheir studies of the galactic ‘superwind’ phenomenon: the
late M dwarfs but resembles the reflected-light spectrum ofjalaxy-scale outflows associated with starburst galaxies and
Jupiter. Preliminary models of Gliese 229B’s spectrum bypresumably driven by the collective effect of the energy and
other groups suggest that Gliese 229B has an effective tenmomentum input from massive stars and supernovae. He and
perature of 900—1000 K and a mass 40-55 times that ofl. Lehnert(Leiden are analyzing spectra of the interstellar
Jupiter. With an observed binary separation of”7.the  Nal D doublet in a large sample of starbursts. Outflows of
brown dwarf presently lies at least 45 AU from the primary gas(seen in absorptignare common among very luminous
star, or about the same distance as Pluto from our Sun. Thustarbursts. The outflow speeds are typically a few hundred
Gliese 229B takes at least 450 years to orbit its larger comkm s ! and the associated kinetic energy represents a sig-
panion. The JHU/Caltech group was subsequently awardedificant fraction of the energy injected by supernovae. In a
four orbits of HST Director’s Discretionary Time to measure related vein, he has collaborated with C. NornididU), and
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D. Bowen, C. Blades, and L. Dankall STSc) to use the (IGPP Livermorg, have used WFPC2 on-board tHST to
FOS on-boardHSTto study the absorption-line properties of obtain optical continuum(F555W) and narrow-bandred-
starburst outflows at large galactocentric régd@veral Holm-  shifted Lymanea) images of two samples of quasars at
berg radi) by using background quasars as probes. The rez=2 to 3 (one radio-loud and the other radio-quidh con-
sults to date imply that starburst galaxies probably have sigtrast to the spatially-resolved structures seen around the
nificantly larger absorbing cross-sections than typicakadio-loud quasars, the radio-quiet quasars are mostly unre-
galaxies. This may be due to the superwind and/or the tidadolved. The host galaxies of these radio-quiet quasars are
debris produced by a starburst-triggering galaxy interactiontherefore fainter by at least one to two magnitudes than are
Heckman and collaborators L. ArmugCaltech, M. either the host galaxies of radio-quiet quasars or powerful
Dahlem (STSc), R. Della Ceca(JHU), G. Fabbiano radio galaxies at similar redshifts.
(Harvard-Smithsonign D. Gilmore (STSc), R. Griffiths Heckman, with collaborators R. Gonzalez-Delgado, A.
(JHU), M. Lehnert(Leiden, J. Wang(JHU), and K. Weaver Kinney, A. Koratkar, and C. Leitheréd6STSc), J. Krolik and
have continued their analysis &0SATand ASCAX-ray  G. Meurer(JHU), and A. Wilson(U. MD), has obtainetiST
data for a sample of a dozen starburst galaxies spanningimages of the UV continuum in ten of the brightest-known
broad range in starburst luminosity. In all cases studied taype 2 Seyfert nuclei. These images show that the UV con-
date, the keV X-ray emission is resolved, and can be detectethuum arises in extendeghundreds of pc to a kpcstruc-
out to radii of tens-of-kpde.g., well beyond the optical iso- tures that are morphologically complex. In many cases the
photal radi). In the case of the edge-on galaxies, the X-raymorphology and photometric structure of the UV-emitting
emission is preferentially extended along the optical minoregion is similar to what is seen in classical starburst galax-
axis, strongly suggesting that much of the X-rays are proies. Spectroscopy in the near-U§from the ground and
duced by a galactic ‘superwind’. The Fe-L emission complexfar-UV (using HST) shows that at least half of the type 2
has been detected in a few cases, demonstrating that much 8¢yferts contain a prominent population of young, hot stars.
the keV X-ray emission comes from hot gas with a temperaThese circumnuclear starbursts are evidently an
ture of several million K. There is also spectroscopic evi-energetically-significant part of the Seyfert phenomenon and
dence for a much harder component that can be fit as eithenay account for the heating source for the strong far-IR
thermal emission with kT>> few keV or as a hard power- emission in Seyfertsand by extension—possibly quasars
law. Richard C. Henry conducts research on the interstellar
Heckman has also participated in several other studies ahedium, cosmology, and ultraviolet background radiation.
starburst galaxies. Heckman and Lehnert have emission-lindenry is principal investigator for HUBE, the Hopkins Ul-
images and rotation curves of their sample of starburst gakraviolet Background Explorer. In April of 1996, NASA se-
axies to show that:)lthe observed correlation between dustlected HUBE as a MIDEX “Alternate” Mission. An Alter-
temperature and IR surface brightness is consistent with aate Mission undergoes pre-phase-A study, and undergoes a
simple foreground screen model for the dustsBarbursts Definition Phase, should the primary mission not succeed in
have a maximum surface-brightness, suggesting that somts own definition phase. Since the primary mission, Goddard
type of feedback is occurring between the massive stars arf8pace Flight Center's MAP mission, will no doubt succeed
the interstellar medium)3he starburst is located within the in its definition phase, HUBE is being refined in hopes that it
central region of the galaxy where the rotation curve indi-will be selected as primary mission in the next SMEX or
cates solid body rotation)4ypical starburst galaxies have MIDEX round. HUBE Co-Investigators are: A. F. Davidsen,
masses ranging from a few percent to about 100 percent th& D. Feldman, H. Ford, J. Kruk, J. Murthy, D. A. Neufeld
of the Milky Way. 5 In some extreme cases, starbursts ap{JHU), L. J. Paxton, K. PeacockIHU/APL), J. Atkins, E.
pear to be forming stars at the maximum rate allowed byHammond(Morgan State U, G. CarranzdCordoba, Argen-
causality (viz. turning all the gas into stars in one orbital tina), P. A. CharlegOxford), M. Clampin(STSc), E. Con-
time). way (Sykesville Middle Schog) P. JakobsedtESTEQ, R.
C. Robert(U. Laval), C. Leitherer(STSc), and Heckman A. Kimble (GSFQ, R. W. O'Connell(U. VA), A. Sandage
have constructed synthetic ultraviolet spectra of starburst€Carnegi¢, and C. Vaz(U. Algarve, Portugal
for a wide range in initial mass functions and star-formation Henry presented an invited poster paper on HUBE at
histories. They are using these models to analy3d FOS  “Stellar Ecology,” a meeting held in Elba, Italy, in June of
and GHRS UV spectra of starburst galaxies. The superiot996, in honor of Professor Icko lben’s 65th birthday. Mur-
signal-to-noise and spectral resolution of these datan-  thy and Henry’s graduate student, A. Dring, continued work
pared tolUE) have allowed them to compare the predictedon the 28-orbits’ worth oHST data on the local interstellar
and observed stellar wind lines in detail and provide powermedium that their teartHenry, PI; W. Landsman, deputy PI;
ful constraints on the initial mass function and burst history.Murthy, Linsky, Vidal-Madjar, Audouze obtained during
The data also reveal strong, broad, and blueshifted interstel:996. With Murthy, Henry continues work on théyager
lar absorption lines, indicating large column densities of tur-body of observations of the cosmic ultraviolet background
bulent, outflowing gas spanning a wide range in ionizationradiation. They continue to find many locations where the
states. cosmic background is<100 photons cm? st srt AL,
Heckman has continued to investigate the environment&inally, a major new activity has begun with the successful
of high-redshift quasars. He and collaborators M. Lehnert, Jaunch on April 24, 1996, of the Mid-Course Space Experi-
Lowenthal(Lick), G. Miley (Leiden, and W. van Breugel ment, MSX. Henry is a co-investigator on the Celestial
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Backgrounds Experiment. In particular, co-I L.J. Paxton andvind, and their strengths suggest that the wind mass loss
Henry are in charge of the analysis of celestial backgroundsate, at least in U Gem, is a substantial fraction of the white
data obtained with the UVISI instruments, which consist ofdwarf accretion rate. In other studies of U Gem, Szkody,
two visible imagers, two ultraviolet imagers, and five imag-Long, E. Sion(Villanova), and Raymond usedSCA to
ing spectrometers, 130—-900 nm. CAS participants in thehow that there was also a partial eclipse of the X-ray source
analysis of the UVISI data include J. Murthy, M. Allen, J. in U Gem near orbital phase 0.7 during optical quiescence,
Daniels, and JHU graduate students A. Dring and R. Newand Long, Blair and Raymond showed that the F{820—
comer. It is expected that several papers on UVISI data willl840 A) spectra of U Gem far from outburst were well-
be presented at the Toronto meeting of the American Astromodeled in terms of a white dwarf vita T of 30,000 de-
nomical Society in January 1997. grees, with the possible exception of the region below 950 A,
Gerard A. Kriss is an associate research professor in thewvhere there is excess emission.
Department of Physics and Astronomy. As project scientist Long, Blair and Raymond observed a number of quies-
for the Hopkins Ultraviolet Telescope, he is continuing cent dwarf novae, including SS Cyg, YZ Cnc, WX Hyi, and
analysis of the far-ultraviolet spectra of more than a dozeVW Hyi, on Astro-2. Only U Gem(mentioned aboveand
AGN from the Astro-2 mission, including six observations of VW Hyi show the broad Lyman profiles and narrow metal
NGC 4151 and two observations of NGC 3516 which werdlines expected from a white dwarf salted with material ac-
performed simultaneously witASCA X-ray observations. creted from the secondary star. And Long, Blair, I. Hubeny
Applying the warm absorber models of Krolik and Kriss (NASA/GSFQ and Raymond found that although the spec-
(1995 to the NGC 3516 observations shows that the X-raytrum of VW Hyi could be modeled as an approx. 17,000 K
and UV-absorbing regions in NGC 3516 have distinctly dif-white dwarf with subsolar abundances, a better fit could be
ferent ionization states and column densities. The absorbingbtained from the combination of a white dwarf with near-
medium thus appears to be complex and highly stratifiedsolar abundances and an accretion disk. In the other systems,
Analysis of the absorption-line variations in the six NGC it seems likely that the disk is dominant, a suggestion which
4151 observations may offer further insights into the location-ong, Mauche, KaU. MI) and T. Kallman(NASA/GSFQ
of the UV-absorbing gas. The opacity of the Lyman limit is are following up in an ongoin¢dST investigations of WX
observed to decrease markedly in response to a rise in thdyi and SS Cyg.
continuum flux, and then rise again with an e-folding time of Long and C. KnigggSTSc) have also continued earlier
roughly ten days after the continuum decreases in intensitgfforts to analyze the outburst spectra of dwarf novae ob-
The 60% change in flux together with the 10-day timescaleserved with HUT. Specifically, Knigge, Long, Blair and R.
implies rather low density gas is involved,10° cm 3, and Wade (PSU have recently completed an analysis of the
that it lies at a distance of 60 pc from the nucleus. This spectrum of Z Cam as observed on Astro-2. They were able
suggests an association with either the narrow-line region dio approximate the overall spectrum in terms of a steady
with a wind outflowing from the surface of the obscuring state accretion disk witm of 3x 10" g s 1. They also
torus. Further monitoring observations of NGC 4151 atsucceeded in reproducing the profiles of five high ionization
wavelengths shortward of 1200 A to be performed duringresonance lines in the Z Cam spectrum using a Monte Carlo
the ORFEUS/SPAS-II mission in late 1996 should provideradio transfer code and a description of the geometry, density
additional constraints at higher spectral resolution. and velocity profile for the wind which had been used earlier
Knox S. Long is an adjunct professor at JHU and an by Knigge to model C IV in the novalike variable UX UMa.
astronomer at STScl. Long pursues research topics in the Long, Raymond and Blair also used HUT to obtain FUV
ultraviolet characteristics of cataclysmic variables, supernovgpectra of a number of supernova remnants, including
remnants, and the properties of the interstellar medium iSN1006, Vela, Puppis and the Cygnus Loop. Due to the
nearby galaxies. He remains an active co-investigator in thavailability of slits as large as 1& 120’ and due to the fact
Hopkins Ultraviolet Telescope project, analyzing data fromthat the HUT wavelength range includes O VI 1035 which is
Astro-1, which was flown in 1990 December and Astro-2, innot accessible téiST or IUE, HUT is extremely useful for
1995 March. such studies. With HUT, Raymond, Blair and Long were
Long, in collaboration with C. Mauché&.LNL), P. Sz-  able to detect the non-radiative filament on the NW rim on
kody (U. WA), J. RaymondSAO), and J. MatteiAAVSO) SN1006 for the first time and to show that in this 2300 km s
obtained the first spectra of U Gem in the extreme ultravio-~! shock the velocities of different ions are independently
let. The observations, which were made w#h/VE cover randomized in the shock. Plasma turbulence is not effective
the peak and decline of a normal outburst. TAB—225 A in equilibrating temperatures among different ion species and
spectra are complex, and there is an eclipse of the continuuis unlikely to be effective in equilibrating electron-ion tem-
source near orbital phase 0.7. At outburst maximum, the efperatures. This result is consistent with conclusions being
fective temperature of the continuum, is about 140,000 Kobtained by P. F. WinklefMiddlebury College and Long
and the effective size of the emitting region is about that ofrom ROSATHRI imagery showing that X-ray emission
the white dwarf in the system. The eclipse spectrum, whictpeaks about 7 arcsec inside the optical rim on SN1006 in the
is most likely associated with a wind emerging from the NW. Blair, Long and Raymond have also completed an
vicinity of the white dwarf, is dominated by emission lines, analysis of the spectrum obtained of the Schweitzer-
expected in a relatively codqlT<160,000 K photoionized Middleditch star which lies behind SN1006, in which they
plasma. The EUV lines arise from the dominant state of theconfirm earlier detections of absorption from Fe Il due to SN
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ejecta, and constrain the total amount of Fe Ill, in an attemplast measured point on the rotation curve, which makes NGC
to inventory the total amount of iron ejected by the SN ex-2915 one of the darkest disk galaxies known. The core of the
plosion. DM halo is also unusually densgd~0.1IM opc3) about a
Long, CharlegOxford), Blair, and Gordor{LBNL) com-  factor of ten denser than typically found in disk galaxies. The
pleted their analysis of a 50 BOSATPSPC observation of neutral gas component, with masd,=1.3X 10°M, is
M33 in which they identified 50 sources, many of which areprobably more massive than the stellar disk. NGC 2915 does
associated with Pop | tracers in M33. There are ten sourcasot obey the Tully-Fishe(1977 relation, being underlumi-
which are positionally coincident with supernova remnantsnous for itsV,,,=88 km s ! by a factor of nine. Although
identified in a companion optical/radio survey of M33 car-the HI properties of NGC2915 are extreme relative to normal
ried out by Gordon, R. KirshnefHarvard, Long, Duric  galaxies they appear less extreme in comparison to other
(New Mexico, Blair, and Smith(U. MI). From a spectral BCDS, many of which have similar radial profiles of Hl
analysis of the PSPC data, it is quite likely that a number oflensity and velocity dispersion, as well as HI extending well
the other sources in the X-ray survey are also supernovheyond the optical disk.
remnants. Long and Charles are also continuing the effort to Chris Mihos has been using numerical models to study
characterize X-ray source populations in M33 as they anathe dynamical evolution of galaxies, with an emphasis on
lyze a large amount of HRI data on this object. galaxy collisions and dark matter in galaxies. The effect of
Stephan R. McCandliss is currently preparing two dark matter halos on the formation of tidal tails in merging
NASA Sounding Rocket$NSR) for launch. The first NSR galaxies was studied with J. Dubinski and L. Hernquist
36.115UG is a mission to simultaneously image atomic andCA, Santa Cruk It was found that massive dark matter halos
molecular hydrogen UV emissions from the Jovian aurorag@revented the formation of the long tidal tails observed in
with 1" resolution. The high throughput design uses an f/24many merging galaxies, an indication that dark matter halos
telescope with a curved LiF prism in the converging beanmay not be as massive as commonly believed. With S. S.
for the dispersing element and a thinned backside chargecGaugh(Carnegie Insj.and W. J. G. de BlokKGronin-
SITE (formerly Tektronicg CCD as the imaging device. Fine gen), the dynamical stability of low surface brightness disk
guidance is accomplished with an articulating secondary mirgalaxies is being explored. Because of their low surface mass
ror and position feedback from a quadrant tracker. This worldensity, LSB disks prove more stable against bar formation
is being carried out with P. Morrissey and P. Feldman. Thahan do normal galaxies. Rather than driving central star-
launch is scheduled for October 20 at 2100 MDT from Whitebursts, interactions may elevate the global star formation rate
Sands Missile RangeNSMR). The second NSR 36.156UG throughout LSB disks, raising the surface brightness of the
is a mission to obtain a long slit{330' X 7") spectrum of galaxy. This effect may explain the isolated environments in
Comet Hale-Bopp at 5 A resolution of cometary emissionwhich LSB galaxies are found, as LSB galaxies in group
lines of C, O, S, and CO in the 1250—1850 A spectral bandenvironments may have been transformed into “normal”
pass. This launch is scheduled for April of 1997 from disk galaxies via interactions.
WSMR. Mihos and G. BothuU. OR) have observed several in-
McCandliss continues his work on developing techniquegeracting and merging galaxies with the Rutgers Imaging
for calibration of windowless vacuum UV CCDs. He is also Fabry-Perot at CTIO, to obtain the morphology and kinemat-
developing, along with J. Kruk, a windowless vacuum UV ics of galaxies at different stages of merging. Observations of
Ar arc lamp, which will find use as a continuum source inthe nearby barred spiral NGC 2442 show that star formation
spectroscopic applications below 1150 A. He continues tds coincident with strong compression and shocks along tidal
work on various hot star topics such as: the two-dimensionaarms, and modeling of the system is consistent with the star
classification of WN type Wolf-Rayet stars; determining theformation activity having been triggered by a collision with a
interstellar absorption of molecular H and the FUV extinc-nearby companion. Such interactions are probably rather
tion in a pair of LMC O3V stars observed by N. Walborn typical in the evolutionary history of galaxies in groups.
(STSc) on Astro-2 with the Hopkins Ultraviolet Telescope;  With C. Norman(JHU), S. SigurdssoriCambridge, and
and the time variability of WR-134. L. Hernquist(U. CA, Santa Crug Mihos is using parallel
Gerhardt R. Meurer is a postdoctoral associate working supercomputers to investigate the influence of massive back
with T. Heckman. Meurer, and collaborators C. Carignanholes on the structure of elliptical galaxies. Preliminary re-
(Montreal), S. F. BeaulieulMSSSQ, and K. C. Freeman sults suggest that black holes may scatter stars off the box
(MSSSQ completed a detailed study of the neutral hydrogenorbits which support triaxiality in ellipticals, causing galax-
(HI) properties of the galaxy NGC 2915. While in the optical ies to become rounder. Accordingly, it may be possible to
continuum this galaxy appears to be an inconspicuous bluese the isophotal shapes of ellipticals as a constraint on the
compact dwarf galaxy with a Holmberg radi(shere theB presence of central black holes.
band surface brightness is 26.6 mag arcdpof 3 Kpc, in Warren Moos is the principal investigator for the Lyman
the 21 cm radio emission of HI it appears five times larger Far Ultraviolet Spectroscopic Explorer. Also participating in
and has spiral arms—with no detected optical counterparthis activity are: W. Blair, A. F. Davidsen, P. D. Feldman, S.
Analysis of its HI dynamics shows that NGC 2915 has sev+riedman, C. Holmes, J. Kruk, G. Kriss, R. Murphy, W.
eral outstanding properties. The rotation curve shows thabegerle, D. Sahnow and K. Sembach. Warren Moos also
dark matter(DM) dominates the mass distribution at nearly participates as a co-investigator in the definition of the Space
all radii. The total mass to blue light ratio is 76 within the Telescope Imaging Spectrograph; M. E. Kaiser is the STIS
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calibration scientist. Moos is also principal investigator ofrates of star formation at intermediate redshifts=(—2)

the DOE-supported XUV Diagnostics Based on Layeredcause a rapid rise in the mean metallicity. In contrast, models
Synthetic Microstructures for Magnetically Confined Fusionwithout obscuration have less star formation at these red-
Plasmas. M. Finkenthal is principal research scientist and $hifts and fail to match the mean metallicity in the damped
Regan a postdoctoral fellow on this grant. Ly-a systems.

David Neufeld continues to study the interstellar me-  Pei, with S. M. Fall(STSc) and S. Charlo{IAF), pre-
dium, star formation, and astrophysical masers. With M.sented a method to compute the cosmic emissivity and the
Harwit (ISO mission scientigt G. Melnick (CfA), and JHU  cosmic background radiation. The approach is quite new be-
graduate student W. Chen, he has been reducing and analyzuse the “emission history” of the universe is predicted
ing early data from thdnfrared Space Observator{SO). from its “absorption history.” The inputs of this method are
Observations carried out during the performance verificatiobased entirely on data from quasar absorption-line studies,
phase of thdSO mission have resulted in the detection of namely, the comoving density of neutral hydrogen and the
several far-infrared rotational transitions of water toward themean metallicity and dust-to-gas ratio in dampedd-gys-
evolved star W Hydrae; this is the first detection of thermaltems. These observations, when combined with models of
water vapor emission from a circumstellar outflow. Using acosmic chemical evolution, are sufficient to determine the
theoretical model developed by Chen and Neufeld, Neufeldomoving rate of star formation as a function of redshift.
and collaborators have been deriving constraints upon thErom this, they compute the cosmic emissivity and back-
physical conditions in the outflow from W Hydrae. ground radiation using stellar population synthesis models,

With JHU postdoctoral fellow M. Spaans, Neufeld hasincluding a self-consistent treatment of the absorption and
been studying molecular hydrogen in diffuse interstellarreradiation of starlight by dust. In all of these calculations,
clouds. A theoretical model for the fluorescent excitation ofthe near-UV emissivity declines rapidly betwees 1 and
H, within such clouds suggests that rovibrational emissiong—0, in good agreement with estimates from the Canada-
in the visible wavelength region may provide the most sen-France Redshift Survey. The background intensity is consis-
sitive probe of H in the diffuse ISM that is currently avail- tent with a wide variety of observational limits and with a
able. Spaans and Neufeld have also been constructing thréentative detection at far-IR wavelengths.
dimensional models of Hin diffuse clouds for comparison David Sahnow continues as instrument scientist for the
with far-IR continuum and H 21 cm observations. With JHU Far Ultraviolet Spectroscopic Explorer. In this role, he is
postdoctoral fellow S. Doty, Neufeld has continued work onresponsible for modeling the expected on-orbit performance
a detailed model for the molecular line emissions from densef the FUSE instrument. This includes detailed analysis of
molecular cloud cores, with the goal of obtaining predictionsthe properties of the optics, pointing, and structural stability
against which observations by the Submillimeter Wave As{for FUSE.
tronomy Satellite SWAS) and bylSO can be compared. Marco Spaansstudied the chemical and thermal balance

With D. Hollenbach(NASA/Ames, Neufeld has been of inhomogeneous interstellar clouds. The enhanced penetra-
modeling the free-free radio emissions expected from theion of ultraviolet radiation was found to strongly influence
accretion shocks that are expected to accompany the forméhieir ionization structure. These results have been applied to
tion of stars. Such emissions are a potentially valuable probphoton-dominated regions like the Orion Bar, IC 63 and
of the mass of an accreting protostar, and are a possibl8140 in collaboration with E. van Dishoec¢keiden.
explanation of the unexpectedly large low-frequency radio During the last six months he has investigated the multi-
fluxes detected recently from the source NGC 1333 IRAS 4phase structure of the interstellar medium in protogalactic

Neufeld continues to serve as a co-investigator on thelisks in collaboration with C. Norman. The feedback be-
Submillimeter Wave Astronomy Satellite, a NASA Small tween the cooling time of primordial gas and the radiation
Explorer mission now scheduled for launch in early 1997 field produced by stellar activity was found to postpone the
SWAS will probe the chemistry and thermal balance withinemergence of a cold molecular phase to redshifts of order
star-forming molecular clouds by carrying out pointed obser-unity.
vations of submillimeter emissions from,8, H%BO, O, C, Together with D. Neufeld, he investigated the tiores-
and *CO. cent emission spectrum produced in interstellar clouds illu-

Yichuan Pei, with S. M. Fall (STSc), completed new minated by the average interstellar radiation field. Measure-
models of cosmic chemical evolution and compared thenments of these Kllines in the infrared and visual wavelength
with the observed abundances of neutral hydrogen, heawegions were found to yield sensitive diagnostics of the am-
elements, and dust in dampedd.yystems. To allow for a bient density when combined with co-spatial HI observa-
wide range of possibilities, they considered closed-box, intions.
flow, and outflow models. The novel feature of these models Darrell Strobel has focused his research on the interac-
is a self-consistent correction for the absorbers that are mission of plasma in the inner Jovian magnetosphere with Euro-
ing from existing samples as a result of the obscuration opa’s atmosphere/ionosphere. In collaboration with F. Neu-
background quasars, accomplished by assuming a constdmauer and graduate student J. Saur of the University of
dust-to-metals ratio in the absorbers. The models, withou€ologne, a model of the Alfven interaction of lo torus
any fine tuning of the input parameters, reproduce all of theolasma with Europa’s thin molecular oxygen atmosphere,
available data on damped kysystems and are consistent which was first detected bdST GHRS observations, is be-
with the average properties of present-day galaxies. Higling developed to more accurately determine the O2 abun-
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dance on Europa. With Meudon colleague E. Lellouch, mil-Ibata(U. British Columbig, G. Gilmore(Cambridge, M. J.
limeter wave observations of lo this summer were made tdrwin (Cambridgeé and N. B. SuntzeffCTIO). The radial
confirm the discovery of SO in lo’s thin atmosphere andvelocity data, combined with preliminary proper motion
search for §0, a likely product of surface recombination of measurement, allow constraints on the orbit of this galaxy
SO. about the center of the Milky Way. The orbital period is a
During most of the time covered by this repartG. Taff factor of ten or so shorter than the ages of the stars in the
was, while retaining his Hopkins affiliation, a visiting senior Sagittarius dwarf galaxy, so that this dwarf galaxy has com-
scientist at NASA Headquarters in theld) Astrophysics pleted many orbits, and implying that it is rather impervious
Division and the(new) Research Program Management Di- to the effects of Galactic tides. We develop a model for the
vision. In addition to playing an active role in the supervisionsurvivability of this galaxy, concluding that it has a roughly
of the IUE and EUVE satellites, he oversaw NRA's, peer constant density dark matter halo.
reviews, and grant proposals for th@d) Ultraviolet, Opti-
cal, and Relativity Branch and the AIS Branch. ConSiderabl‘:‘PUBLICATIONS

effort was devoted to streamlining NASA HQ's operaling g,jick B, Rodgers, B., Hajian, A., Terzian Y., and Bianchi,
policies and modes as the staff at Headquarters was cut by | 19g9g “Spectroscopic Flickering in the WC8 Nucleus
~60%. Throughout this time his research efforts in system- ¢ .1, Planetary Nebula NGC40,” AJ, 111, 834

atic error analysis and minimization andST observing Bely, P.-Y., Ford, H.C., Burg, R., Petro, L., White, R., and
work continued. In particular, the multi-paper series on star Bally, J. 1995, “POST: Polar Stratospheric Telescope,”
catalog construction and de-construction has been com- Space Sci. Rev., 74, 101

pleted, the last major problem with Schmidt plates—theirgjanch | ., Hutchings, J.B., Massey, P. 1996. “Hot Stars in
magnitude term—categorized, and new applications of his gyternal Galaxies. IIl. HST UV Line Studies of O and B
techniques to celestial mechanics problems commenced. Supergiants in M31 and M33,” AJ, 111, 2303

_ Alan Uomoto is putting the finishing touches on two gjanchi, L., Clayton, G., Hutchings, J.B., Massey, P., and
fiber-optic spectrographs for the Sloan Digital Sky Survey. Bohlin, R. 1996. “UV Extinction by Interstellar Dust in
The Survey will use a dedicated 2.5 m telescope at Apache gyiernal Galaxies: M31,” ApJ, 471, 203

Point Observatory to map one quarter of the northern sky igjair W.P., Long, K.S., and Raymond, J.C. 1996. “A
five broadband optical bandpasses and will obtain redshifts gearch for Fe 11l in SN 1006 Using the Hopkins Ultravio-
of the brightest million galaxies and 100,000 quasars during |et Telescope”ApJ, 468, 871

its five year observing run. Blair, W.P., Raymond, J.C., Long, K.S., and Kriss, G.A.

With R. Antonucci(U. CA, Santa BarbajaH. Ford, G. 1995, “A Far Ultraviolet Spectrum of the Puppis A Su-
Kriss, Z. Tsvetanov, and JHU graduate student C. Tremonti, pernova Remnant Using the Hopkins Ultrviolet Tele-

he continues observations of nuclear regions of Seyfert gal- scope,” ApJ, 454, L35

axies in polarized light. ReceriSTFOC observations of pjajr, W.P.1995. “Astro-2 Reaps Scientific Bounty,”in
Mkn 463, a Seyfert 2 with an optical jet, show a broad kpc-  physics News in 1995, ed. P.F. Schewe and B.P. Stein
sized fan of polarized UV light that is almost certainly the (College Park, MD: AIP, 7

polarizing mirror redirecting light from the hidden Seyfert 1 gower, G., Wilson, A., Heckman, T., and Richstone, D.

nucleus into our line of sight. 1996. “Double-Peaked Broad Emission-Lines in the
Kim Weaver is continuing a study of iron ke fluores- Nucleus of M 81,” AJ, 111, 1901

cence lines in Seyfert galaxies using data from #8CA  Calzetti, D., Kinney, A.L., Ford, H., Doggett, J., and Long,

satellite with collaborators J. Nous€¢RSU), T. Yaqgoob, R. K.S. 1995. “An Atlas of Hx-Emitting Regions in M33: A

Mushotzky (NASA/GSFQ, I. Hayashi, and K. Koyamé&Ja- Systematic Search for SS433 Star Candidates,” AJ, 110,

pan. The Seyfert galaxy MCG-5-23-16 possesses a remark- 2739
able iron K« line which consists of two distinct components Cappi, M., Mihara, T., Matsuoka, M., Hayashida, K.,
and is unlike any other iron line profile seen wAlSCA The Weaver, K.A., and Otani, C. 1996. “Warm Absorber, Re-
primary component of the line is narraffess than 6,600 km  flection, and Fe K Line in the X-Ray Spectrum of IC
s ! FWHM) while the secondary component is very broad 4329A," ApJ, 458, 149
with a FWHM of 90,000 km §*. The broad line contains a Caraveo, P.A., Bignami, G.F., Mignani, R., and Taff, L.G.
significant number of photons at energies higher than 6.4 1996. “Parallax Observations with the Hubble Space
keV and suggests a double-horned profile expected for an Telescope Yield the Distance to Geminga,” ApJ, 461,
accretion disk viewed at an inclination of 30 to 60 degrees. L69

With JHU collaborator J. Krolik and E. Pier of NASA/ Chen, W. and Neufeld, D.A. 1995. “Far-Infrared Water Line
GSFC, Weaver has also obtained XTE data for MCG-5-23- Emissions from Circumstellar Outflows,” ApJ, 453, L99
16. Preliminary analysis shows a strong signature of CompElampin, M., Ford, H., Bely, P., Burrows, C., Hartig, G.,
ton reflection. The XTE data will be used with tH&SCA Postman, M., Sparks, W., White, R., llingworth, G.,
data to provide even tighter constraints on the iron line pro- Broadhurst, T., Golimowski, D.A., Feldman, P., Tsvet-
file and to study the time variability of the flux from repro- anov, Z., Cheng, E., Kimble, R., Neff, S., Leviton, D.,
cessed X-rays in this galaxy. Miley, G., Bartko, F., and Woodruff, R. 1996. “The Ad-

R. Wysecompleted a major study of the internal kinemat- vanced Camera for Surveys,” in Science with the Hubble
ics of the Sagittarius dwarf galaxy, in collaboration with R.  Space Telescope — Il, ed. P. Benvenuti, F.D. Macchetto,
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and E.J. SchreigiBaltimore, MD: STSc), 597 Benvenutti, F.D. Macchetto, and E.J. Schréaltimore,
Dahlem, M., Heckman, T., Fabbiano, G., Gilmore, D., and MD: STScl), 195
Lehnert, M. 1996. “The Hot Gaseous Halo of the Spiral Ferrarese, L., Livio, M., Freedman, W., Saha, A., Stetson,
Galaxy NGC 3628,” ApJ, 461, 724 P.B., Ford, H.C., Hill, R.J., and Madore, B.F. 1996, “Dis-
Daou, D., Morrison, J.E., and Taff, L.G. 1995. “The Inter-  covery of a Nova in the Virgo Galaxy M100,” ApJ, 468,
comparison of Star Catalogs Ill. Comparing the AGK3, L95
the AGK3U, the ACRSPart 1, and the PPM to General Ford, H.C., Ferrarese, L., Hartig, G., Jaffe, W., Tsvetanov,
Catalogue,” ApJ, 451, 768 Z., and van den Bosch, F. 1996. “Hubble Space Tele-
Davidsen, A.F., Kriss, G.A., and Zheng, W. 1996. “A Mea-  scope Observations of the Centers of Elliptical Galaxies,”
surement of the Opacity of lonized Helium in the Inter-  in Proc. Nobel Symposium No. 98, Barred Galaxies and
galactic Medium,” Nature, 380, 47 Circumnuclear Activity, ed. A. Sandqvist and P.O. Lind-
Dixon, W.V., Davidsen, A.F., and Ferguson, H.C. 1996. blad(Heidelberg, Germany: Springer-Verla@93
“Observations of Far-UV Emission from NGC 1275 with Ford, H.C., Hui, X., Ciardullo, R., Jacoby, G.H., and Free-
the Hopkins Ultraviolet Telescope,” AJ, 111, ,130 man, K.C. 1995. “The Stellar Halo of M104. I. A Survey
Dixon, W.V., Davidsen, A.F., and Ferguson, H.C. 1996. for Planetary Nebulae and the PNLF Distance,” ApJ,
“Observations of O VI Emission from the Galatic Corona _ 428, 455 . ]
with the Hopkins Ultraviolet Telescope,” ApJ, 465, 288 Ford. H.C., Tsvetanov, Z., Hartig, G., Kriss, G., Harms, R.,
Dixon, W.V., Davidsen, A.F., Dorman, B., and Ferguson, &nd Dressel, L. 1996. "HST FOS/COSTAR Small Aper-
H.C. 1996. “Constraints on the Horizontal-Branch Mor-  turé Spectroscopy of the Disk of lonized Gas in M87,” in

phology of the Globular Cluster M7NGC 1904 from Science vyith the Hubble Space Telescope — I, ed. P.
Optical and FUV Observations,” ApJ, 469, L77 Benvenuti, F.D. Macchetto, and E.J. Schreé@altimore,

Done, C. and Krolik, J.H. 1996. “Kinematics of the Broad F _MdD: STSSCD’I\}IQZ W 40 le. W. 1996. “Und
Emission Line Region in NGC 5548,” ApJ, 463, 144 redman, ., Moos, V., and ©egerie, W. - wnder

. b : . standing the Deuterium Abundance: Measurements with
Dopita, M.A. Vassiliadis, E., Meatheringham, S., Bohlin, o .
R.C., Ford, H.C., Harrington, J.P., Wood, P.R., Stecher, the FUSE Satellite,” in Cosmic Abundances, ed. S. Holt

T.P., Maran, S.P. 1996. “Hubble Space Telescope Obser- and G. SonneborfASP Conf. Proc. 99 (San Francisco:

. : . ASP), 109
vations of Planetary Nebulae in the Magellanic Clouds.. .~ ' ~" .
IV. [O 1l Images and Evolutionary Ages,” ApJ, 460, Golimowski, D. A., Fastie, W. G., Schroeder, D. J., and Uo

320 moto, A. 1995. “Hubble Space Telescope Observations
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RR Telescopii,” ApJ, 465, 965 _ ~ Heckman, T. 1996. “Conference Summary,” in The Physics
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