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This report covers the period from September 1994 througlellites during the two-year orbital tour that begins with orbit

August 1995. insertion in December 1995. Merline has also participated in
efforts to understand the calibration of the Galileo camera,
1. INTRODUCTION based on imaging sequences of stars and other objects during

Planetary Science Institut®S)) is a non-profit scientific the spacecraft’s interplanetary cruise.

and educational research organization which conducts a va- A S|gn|f!cantGaI|Ieo researgh effort h‘_ﬂ"s involved Chap-
riety of basic research programs in planetary geology angran, Mgrlme, Ryan, and Davis concerning th_e asteroid Ida.
geophysics, planetary astronomy, and stellar astrophysics. The major focus of Chapman, Ry_a”’ and Merllne_ ha_s b(_een to

Established in Tucson, Arizona, in 1972, the Institute had"®asSuré and understand thg suzg-frgquency distribution of
research programs in spacecraft exploration of planets, satéifa(ers on ldas surface, and implications for the age of lda
lites, and asteroids; CCD spectrophotometric observations Gi"d the properties of its regolith. Davis has led an effort,
small bodies: lunar and planetary geology: planetary geo|_nvolvmg Chapmgn and severa] outng collaporators, to un-
physics and dynamics; multi-wavelength studies of cataclysderstand the origin of Ida and its collisional history.
mic variables; CCD observational techniques, instrumenta- Chapman and Merline have worked with the SSI Team
tion, and faint object photometry; and extra-solar planet-62der BeltorfNOAO) to understand the properties of Dac-
searches. Our scientists have participated in the NASAVI' a small satellite .dlscovered_ by Galileo in ea}rly 1994. This
spacecraft missionMlariner 9, Viking, and Mars Observer mc!udeq collaborative work with ZellngiGeorgia South.ern
and are presently involved in th@alileo, NEAR andMars ~ University) and others to use thdubble Space Telescojre
Global Surveyomissions. We are frequent guest observerdhe hopes of finding apoapse images of Dactyl that might
on NASA astrophysics satellites suchiSTandEUVE and constrain its orbit. AI_though théiST effort_ did not locate
regularly use many of the world’s groundbased optical andPactyl, clear constraints on Dactyl's orbit were developed
IR observatories. that sharply limit the possible bulk density of Ida itself. From

The Institute conducts research on a non-profit basis urfhe observed orbital parameters, dynamical arguments, and
der grants, primarily from NASA and NSF. We also provide HST constraints, the density of Ida was found to be
research opportunities for students in astronomy, physic&-6%0.5 g cm . Chapman has taken this density constraint
and planetary science through internships funded by th&nd combined it with spectral data on Ida to develop a case
NASA Space Grant program and through the NSF Researciiat Ida may be made of ordinary chondrite-like material. He
Experience for Undergraduates program. argueS that the denSity iS too |0W to be ConSiStent W|th the

PSI maintains a site on the World Wide Web providing chief alternative(stony-iron materigl and that the spectral
current information on our research activities and results, aénagery reveals that a “space-weathering” process is oper-
well as connections to other scientific sites around the world@ting on Ida that alters its reflectance spectrum from what is
with which we are actively involved. Our WWW site address measured in the laboratory for ordinary chondrites to what is
is http://www.psi.edul. typical of S-1V type asteroids, like Ida.

In January 1995, PSI joined with the San Juan Capistrano Chapman headed a PSI team that worked on an NSF-
Research Institute to create a joint non-profit research orgésPonsored project to study the size distribution of the frag-
nization dedicated to science and education. ments of the Comet Shoemaker'l_evy 9. Weidenschi”ing
worked on theoretical modelling of the comet and made in-
put to a groundbased observing program, led by Neese, that
included Merline and undergraduate intern Gail Schneller.
Observations of Jupiter and its moons were conducted on the
Kitt Peak National Observatory 2.1-meter telescope, to
search for optical manifestations of the impacts not only of
the major fragments, but any debris in the following “wing”
striking in the terminator regiofand even on the front sifle
of Jupiter. The overall dimness, in the visible, of even the
main impacts reduces the prospect for seeing even fainter
debris impacts, but the data are still being analyzed.

The effort to useGalileo's camera to directly image the
3. RESEARCH PROGRAMS actual impacts of Comet Shoemaker-Levy 9 into Jugidere
to Galileo's favorable perspective anglevas led by Chap-
man. Together with other members of the Imaging Team,

A major, ongoing project at PSI involves Chapman’s par-Chapman and Merline performed preliminary analyses of
ticipation, since the late 1970's, on the Galileo Imagingimages of the impacts of fragments K, N, and W. Chapman
Team. Much of the work during the past year has involvedalso participated in developing a synthesis of the phenomena
planning for the imaging investigation of Jupiter and its sat-of the first minute or so of impacts during the SL9 IAU

2. PERSONNEL

The research staff at PSI includes Clark R. Chapiise
nior Scientist, Donald R. Davis(Senior Scientist and PSI
Director), William K. Hartmann(Senior Scientigt Steve B.
Howell (Research ScientistWilliam Merline (Research As-
sistanj, Carol NeesdStaff Scientist, Fred Ringwald(Post-
doctoral ResearchgrEileen V. Ryan(Research Scientist
Peter TamblynComputer Systems Manageand Stuart J.
Weidenschilling(Senior Scientigt

3.1 Solar System
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Colloquium in May, 1995. Further efforts to reduce and un-system to become short period comets, is currently being
derstand the Galileo imaging data for SL9 will commencecarried out.
under a joint NSF/NASA SL9 data analysis program. (4) Marzari et al. (19995 showed that the collision rate
Chapman continues to work on the potential hazard t@among the Trojan asteroids is comparable to that in the main
civilization posed by impacting asteroids and comets. Al-asteroid belt. Collisional evolution studies of this population
though the chances of a major catastrophe are extremely loware currently underway. In particular, emphasis will be
the consequences would be unprecedented, resulting in gmlaced on understanding the role of collisions in destabiliz-
annualized fatality rate comparable with other natural hazing the orbits of Trojan asteroids, causing them to leak out of
ards. Chapman served as a consultant to the Shoemakte cloud and becoming part of the Jupiter family of comets
Committee, appointed by NASA after Congressional man{or other small bodies; see Marzast al1995, A&A 299,
date during “comet-crash week,” which provided the techni- 267).
cal definition for an international telescopic search program. Ryan has been working with a 2D numerical code to
The most recent review about the nature of this hazard, aunodel collisions. The ability to characterize the outcome of
thored by D. Morrison, C. Chapman, and P. Slovic, appearedn impact event of any size given a particular set of initial
in early 1995 in the Univ. of Arizona Space Science Seriesonditions is applicable to many problems: asteroid impacts
volume,Hazards Due to Comets and Asteraids on planetary surfaces, collisional evolution of the asteroid
In autumn 1994, Chapman was selected to participate ibelt, asteroid family formation, planetesimal accretion, ring
the forthcomingNear Earth Asteroid RendezvouslEAR particle dynamics, and meteorite delivery mechanisms. The
mission as a member of the imaging/spectroscopy tean2D code has successfully reproduced fragment size and ve-
Work has been proceeding on specifying filters and othelocity distributions from laboratory impact experiments, and
parameters for the Near Infrared Spectromé@if) and the  has been used to model fragmentation as a function of target
Multipectral Imager(MSI). Groundbased calibration efforts size. Ryan and MelostLPL, U. Ariz.) have recently used
have also been carried out prior to integration of the instruthe code to investigate the circumstances under which large
ments into the spacecraft, which is being readied for a Febimpacts both shatter and disrupt an asteroid. It was found
ruary 1996 launch. Chapman has been particularly involvedhat asteroids are very likely to have a rubble pile internal
in assessing the potential opportunity of an en-route fly-by obtructure, since larger bodiésore than 10 km in diameter
a C-type asteroid, Mathilde. can be completely shattered by impacts well below the
Davis, Ryan, FarinellgUniv di Pisa, IT), and Marzari threshold for disruption and dispersal of their fragments.
(Univ di Padova, I7 furthered studies of the collisional evo- Ryan and Davis have been working to gather experimen-
lution of small bodies of the solar system. Specific topicstal data on the collisional disruption of cooled metals to add
addressed were: to the extensive database that exists for rock fragmentation.
(1) Computer simulations were carried out of the colli- The data obtained from this type of analysis is used to better
sional disruption of large asteroids to form the observed dyunderstand collisional processes in the solar system. A series
namical families. This study was the first to use both the sizef high-velocity (> 2 km/9 impact experiments was con-
distribution and the orbit distribution of family members to ducted at the Ames Vertical Gun Ran@g®&/GR) to measure
constrain the size of the parent body and the collisional evothe impact strength of actual Gibeon iron-nickel meteorites
lution that occurred in the family subsequent to its formation.cooled below the brittle-ductile transition temperature. Tem-
(2) An investigation was conducted concerning the Vestgeratures of asteroids in the main belt are around 150 K,
family, whose minor members have spectral features verpelow the expected transition. It was found that the meteorite
similar to those of Vesta itself and of the HED meteoritestargets underwent brittle fracture at a temperature of 167 K.
(Marzari et al. 1995, submitted to A&A This family was  The resulting fragment size distribution was characterized by
probably formed by one or a few giant cratering events ovethe two-slope power law often observed for rock targets. The
the last Byr, which ejected fragments up to 10 km in diam-impact strength derived for the Gibeon material was 500
eter at speeds of several hundred m/s. The known properti¢snes larger than that found for basalt targets. Fragment
of the HED meteorites are being interpreted within this sceejecta velocities were on the order of 100's of meters per
nario. second. Ursillo and Baccufundergraduate interpshave
(3) A study of the collisional evolution of Kuiper Belt been involved in the data reduction for the laboratory impact
Objects(KBOs) was initiated using the methodology devel- experiment program.
oped for exploring asteroid collisional evolution. The volume  Merline is completing his Ph.D. dissertation, in which he
of space occupied by the orbits of KBOs is much larger thars investigating small amplitude oscillations of the K giant
that of the asteroids, thus the intrinsic collision rate forstar Arcturus. He played a major role in the Galileo imaging
KBOs is about 2000 times less than among the asteroidexperiment of the Comet Shoemaker-Levy 9 impact into Ju-
However, the number of KBOs is several thousand times theiter, as well as participating in a groundbased program to
number of asteroids at comparable sizes, hence the actustudy the impacts. He was involved in investigations of as-
collision rate within the KBO population is high enough to teroid Ida and its newly-discovered moon Dactyl, following
produce substantial collisional evolution over the age of thehe Galileo flyby.
solar system. Analysis of the effects of such collisions, in- Merline and Howell continue to improve and find new
cluding the likelihood that fragments are injected into dy-applications for their CCD model and CCD simulation code.
namical resonances and are transported to the inner solar the past year, they have sucessfully applied the model to



PLANETARY SCIENCE INSTITUTE 573

LONEOS(Lowell Observatory Near-Earth Object Suryeéy  and Ida, as well as a number of other asteroid datasets. The
an attempt to model planetary transits across stars in hopéssteroids Subnode is also overseeing the archive planning
of using LONEOS to search for planetary systems. Thdor the NEAR mission to the asteroid Eros.

model was also used to plan for groundbased and Galileo

observations of the SL9 crash into Jupiter, as well as t@®.2 Astrophysics

model the NEAR imager and to optimize a sky-brightness Howell continued his ongoing observational study of tre-

survey. : i
Weidenschilling continued theoretical studies and numeri—mendous outburst amplitude dwarf noveEOADs). Col

cal modeling of the formation of planetesimals in the earlylaboratmg with SzkodyU Wash), and others, Howell has

| bula. He showed that th ¢ Ltjsed many groundbased observatories, as welU&sand
solar nebula. He showed that the presence of gas prevenlzsr provide an understanding of the accretion process

small;jsl,cale ?ri\"?at'?nillv'nztab'I'tg.”'.n alls%/er GOf pahrtlcfles, and outburst mechanisms in dwarf novae. Low mass transfer
regardiess of their sizeg\eidenschilling b Growth o rates and very low viscosity material combine to yield infre-

planetesimals is due to collisions driven by drag-induced or-quent large amplitude outbursts and intrinsically faint sys-

bital decay. The size-dependence of the decay rate tends ms. uv spectroscopy during outburst shows that the

produce a narrow size distribution of 100m-scale bodies; thigapg have very strong winds and possible mass ejection.
effect may be responsible for structural inhomogeneities in Using observations made wittE and EUVE, Howell

comet.ary nuc!e.i. ] ] . and collaborators SirkUC Berkeley, Mason(MSSL), and
Weidenschilling and Davis are also conducting numer'cahndergraduate intern Herzog, have been involved in a de-

simulations of the accretion of planets from planetesimals;;joq study of accretion in AM Her systems. A three-
They employ a multi-zone code that allows gravitational andyimensional model has been developed and fitted to EUV
collisional interactions of bodies over a range of he"oce”t”cphotometric observations to reveal that the accretion regions
distance, and includes both a continuum mass distribuition of ;¢ fairly small is size, complex in shape, amat consistent
small bodies and large discrete protoplanets on individuait 5 flat surface-contained spot. In addition, evidence ex-
orbits. The code is able to model growth of lunar- to Mars-ists which is consistent with mass accretion being blobby and
sized bodies in the terrestrial region over model times of Inighly variable on short timescales, as well as providing
My. With undergraduate intern Diaz, they are exploring|age grey absorption within the accretion stream near the
methods to extend the simulations to later times using eXynite dwarf surfacelUE observations of a number of AM
plicit integration of the orbits of the largest bodies. Hers have revealed evidence for a connection between the

Hartmann is a Participating Scientist on the NASA Marsyy emission line strengths and the strength of the white
Global Surveyor imaging team and a Co-Investigator on thgyyarf magnetic field.

of planetary surface evolution through a grant from thesproats(University College London Howell, and Mason
NASA Planetary Geology Program. Emphasis is on erosion(pmssy), are studying faint dwarf novae and other cataclys-
atmosphere effects on the crater size distribution as an indinic variables in the IR. A large survey of dwarf novae dis-
cator of past surface and climate environments. This workances and absolute magnitudes has just been submitted to
has involved collaborations with Engél of Ariz.), Sagan  MNRAS, revealing the presence of very faint systems having
(Cornell, Lunine (U of Ariz.), Chyba (Cornel), Gaskell s of 11 to 14. The first IR spectra of short-period dwarf
(JPL), and undergraduate intern Herndon. For the Nationahovae have been obtained and analysis is in progress. Sub-
Science Teachers Association and The Planetary Societyillimeter observations with the JCMT have been obtained
Hartmann recently completed a compendium of high-schooby Howell, RobsoJACH/JCMT) and Herzog. These obser-
level interdisciplinary lessons centered around impact cratefations are the beginnings of a study to search for evidence
ing during Earth and planetary histo§t995, in press at of mass loss in the TOADs.
NSTA). As auxiliary activities, Hartmann continues updating  Howell was involved in the FRESIP workshop which
his several college-level astronomy textbooks, supplies histudied methods by which a dedicated satellite observatory
own paintings of astronomical subjects to international pubcould be used to discover earth-sized planets in orbit around
lications, and serves on the Board of Trustees of the San Juather stars. Howell, working with principal investigator
Institute. Bowell and Koehn(Lowell Obs), is beginning a project
Davis, Neese, and TholefU of Hawaii) constitute the which, while designed to discover Near-Earth Objects, will
Asteroids Subnode of the Small Bodies Node of the Planalso provide data useful to testbed groundbased photometric
etary Data SystenfPDS. The purpose of the PDS is to techniques of transit observations of extra-solar planets.
archive spacecraft and earthbased planetary data in a fully In collaboration with UshefPSU and Mitchell (GSO,
documented and accessible form for current and future reHowell continued his work on variable extragalactic objects.
searchers. The Asteroids Subnode contributes to this effotising the complete sample provided by the US survey of UV
by identifying asteroid-related data for inclusion in PDS, pre-excess objects, faint B and white dwarf stars in the galactic
paring and documenting the data, conducting external pedtalo as well as highly variable extragalactic sources are be-
reviews of these datasets, and serving as a source of infoing studied.
mation to researchers needing access to asteroid data. In theHowell has been active in working with amateur groups
past year, they have prepared a collection of both groundfrom around the world, particularly with respect to outburst
based and Galileo spacecraft data on the asteroids Gaspad monitoring observations of dwarf novae. Also, Braeside
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Observatory and its director, R. Fried, along with co-I's Belton, M.J.S.C.R. Chapman, J. Veverka, K.P. Klaasen, A.
Howell and KaitchuckBall Statg, were the recipients of an Harch, R. Greeley, R. Greenberg, J.W. Head lll, A. McE-
NSF award and have just recently completed construction of wen, D. Morrison, P.C. Thomas, M.E. Davies, M.H. Carr,
their CCD imager. This instrument has already started obser- G. Neukum, F.P. Fanal®).R. Davis C. Anger, P.J. Gi-
vations of cataclysmic variables for a project directed by erasch, A.P. Ingersoll, and C.B. Pilcher 1994. First images
Howell. of asteroid 243 ldaScience265, 1543-1547.

The following University of Arizona undergraduate stu- Belton, M. J. S., B. E. A. Mueller, L. A. D'’Amario, D. V.
dents worked with Howell during this time period: Adrienne  Byrnes, K. P. Klaasen, S. Synnott, H. Breneman, T. V.
Herzog, Adriana Reyes, and Gabriel Benedek. Graduate stu- Johnson, P. C. Thomas, J. Veverka, A. C. Harch, M. E.
dents Jason GlenflJ. Ariz.) and Lee SproatgUniversity Davies,W. J. Merline, C. R. Chapman, D. Davis, T.
College Londonmalso worked with Howell. Postdoctoral Re- Denk, J.-M. Petit, R. Greenberg, A. Storrs, and B. Zellner
searcher Fred Ringwald joined the Astrophysics Group in 1995 The discovery and orbit of 1992431 Dactyl.
August 1995. Icarus, in press.

Howell is a member of th&xtreme Ultraviolet Explorer  Benz, W., E. Asphaug, an&.V. Ryan 1994. Numerical
users group(1994—1996 and serves as a scientific advisor  simulations of catastrophic disruption: Recent results.
for CCD Astronomymagazine. Planet. Space Sci2, 1053-1066.

Ringwald’s research has centered around cataclysmigowell, E., A. Harris, K. Muinonen, an8.B. Howell 1995.
variable binary stars and their evolution. In addition to car-  applications of modern technology to near-Earth asteroid
rying out detailed studies of individual systems, he has com-  giscovery: A comparison of current and planned detection
pleted a population study, a spectroscopic atlas of classical systems. In New Developments in Array Technology and
novae that had outbursts between 1783 and 1986. The spec- Applications, IAU Symposium No. 167Eds. A.G.Davis

tra were taken with the philosophy that “novae are like Philip, K.A. Janes, and A.R. Upgren: Kluwer Academic
friends, the older, the better,” in the hope of seeing evolu- Publ).

tionary effects on the timescale of decades to centuries. The(!hapman C. R.1995. Galileo observations of Gaspra, Ida
show surprisingly little evidence of nova hibernation, or of 54 Dactyl: Implications for meteoriticadeteoritics 30,
any changes at all, aside from the fading of their nebular 4gg

lines. Indeed, old novae look remgrkably similar' to e?‘ChChapman, C. R.1995. Near Earth Asteroid Rendezvous:

pthgr, gxcept for effects wholly attributable to their orbital o5 as the key to the S-type conundrubunar and

inclinations. Planet. Sci. Conf. XXVR229-230.

Chapman, C.R, A.W. Harris, and R. Binzel 1994. Physical
properties of near-Earth asteroids: Implications for the
Neese, Davis, Chapman, Howell, Mannéky of Wash- hazard issue. IHazards Due to Comets and Asteroids

ingtor) and Corbally(Vatican Observatopyare now in the (Ed. T. Gehrels, Tucson: Univ. of Ariz. Pres§37-549.

construction phase of building a compact low-resolutionChapman, C.R, and D.P. Cruikshank 1995. Prelude to ex-
spectrograph designed to cover the entire optical range of ploration and the Voyager mission to NeptuneNeptune

3500-11000 A in a single exposure. The principal project for (Eds. D.P. Cruikshank and M.S. Matthews, Tucson: Univ.

which this spectrograph is being built is the taxonomic clas- of Arizona Presg in press.

sification of faint main-belt asteroids, particularly the mem-Chapman, C. R.and D. Morrison 1995. Implications of the

bers of selected dynamical families. With their broad- Jupiter comet crash for the Earth impact hazadndnar

featured reflection spectra with diagnostic features across the and Planet. Sci. Conf. XXV£31-232.

visible range, asteroids are well suited to study by a specChapman, C.R, E.V. Ryan, W.J. Merline, G. Neukum, R.

trograph of this design. The spectrograph will also be used Wagner, P.C. Thomas, J. Veverka, and R.A. Sullivan

for a variety of other projects including cataclysmic variables 1995. Cratering on Iddcarus in press.

and the MK classification of halo stars. The spectrograph i€hapman, C.R, J. Veverka, M.J.S. Belton, G. Neukum, and

scheduled for first light at the VATT telescope on Mt. Gra- D. Morrison 1995. Cratering on Gaspra. Submitted to

3.3 Instrumentation

ham in December 1995. Icarus
Chapman, C.R, J. Veverka, P.C. Thomas, K. Klaasen,
PUBLICATIONS M.J.S. Belton, A. Harch, A. McEwen, T.V. Johnson, P.

Belton, M.J.S.C.R. Chapman, P.C. Thomas, M.E. Davies, Helfenstein, M.E. DaviesW.J. Merline, and T. Denk
R. Greenberg, K. Klaasen, D. Byrnes, L. D’Amario, S.  1995. Discovery and physical properties of Dactyl, a sat-
Synnott, T.V. Johnson, A. McEwenV.J. Merline, D.R. ellite of asteroid 243 IdalNature 374, 783-785.

Davis, J-M. Petit, A. Storrs, J. Veverka, B. Zellner 1995. Chapman, C.R, W.J. Merline, K. Klaasen, T.V. Johnson,
Bulk density of asteroid 243 Ida from the orbit of its  C. Heffernan, M.J.S. Belton, A.P. Ingersoll, and the Gali-
satellite Dactyl.Nature 374, 785-788. leo Imaging Team 1995. Preliminary results of Galileo

Belton, M.J.S.,C.R. Chapman, K.P. Klaasen, A.C. Harch, direct imaging of S-L 9 impact$seophys. Res. Let?2,
P.C. Thomas, J. Veverka, A.S. McEwen, and R.T. Pappa- 1561-1564.
lardo 1995. Galileo’s encounter with 243 Ida: An over- Craig, N., A. Fruscione, J. Dupuis, M. Mathioudakis, J.
view of the imaging experiment. Submitted toarus Drake, M. Abbott, C. Christian, R. Green, T. Boroson, and
March 1995. S.B. Howell 1995. The EUVE optical identification cam-
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paign II: Late type and white dwarf stas. J.110, 1304.  Howell, S.B, and P. Szkody 1995. On the existence of dwarf

Davis, D.R.1995. The experimental and theoretical basis for novae with tremendous outburst amplitudes or TOADs in
studying collisional disruption in the solar system. A Space. In Proceedings of the Padova CV conferéide
chapter for the proceedings of the I'Ecole de Goutelas A. Bianchini: Riedel.

1994:Impacts dans le Systeme Solaiie press. Howell, S.B, J. Mattei, P.J. Benson, and A. Reyes 1995.
Davis, D.R, andE.V. Ryan 1995. On how to scale disrup- Calibration of HIPPARCOS long period variable star
tive collisions.LPSC XXV 319-320. fields using multi-color CCD observationsAAVSQ22, 2.

Davis, D.R, C.R. Chapman D.D. Durda, P. Farinella, and Howell, S.B, J. Liebert, and R.M. Wagner 1994. Spectros-
F. Marzari 1995. On the formation and evolution of the copy of faint cataclysmic variables lll. IBVS ##4074.
Ida/Dactyl system as part of the Koronis familgarus in Howell, S.B, M. Sirk, R.F. Malina, J.P.D. Mittaz, and K.O.
press. Mason 1995. Asymmetric mass accretion in the magnetic

Davis, D.R, E.V. Ryan, and P. Farinella 1994. Asteroid col- cataclysmic variable RE11428. Ap. J.439 991.
lisional evolution: Results from current scaling algo- Howell, S.B, P. Szkody, G. Sonnenborn, R. Fried, J. Mattei,
rithms. Planet. Space Sci#l2, 599-610. R.J. Oliversen, D. Ingram, and G.M. Hurst. 1995. Ultra-

Engel, S., J.I. Lunine, and/.K. Hartmann 1995. Cratering violet observations of SW UMa, BC UMa, and TV Crv
on Titan and implications for Titan's atmospheric history.  (1217-18: IUE spectroscopy and outburst light curves.
Planet. Space Scit3, 1059-1066. Ap. J, 1 Nov issue.

Glenn, J.,S.B. Howell| G. Schmidt, J. Liebert, and R.M. Howell, S.B, P. Szkody, and J. Cannizzo 1995. Tremendous
Wagner 1994. A broad observational study of the eclips- outburst amplitude dwarf novaép. J.439, 337.
ing magnetic cataclysmic variable RE2107-8p. J.424, Martelli, G., E.V. Ryan, A.M. Nakamura, and I. Giblin 1994.
967. Catastrophic disruption experiments: Recent results.

Hartmann, W. K. and S. Engel 1994. Martian atmospheric  Planet. Space Sc#2, 1013-1026.
interaction with bolides: A test for an ancient dense Mar-Marzari, F.,D. Davis, and V. Vanzani 1995. Collisional evo-
tian atmospherd.PSC XXV 511-512. lution of asteroid familieslcarus 113, 168-187.

Hartmann, W. K. and A. Sokolov 1994. Evaluating space Merline, W. J. andS. B. Howell 1995. A realistic model for
resources in the context of Earth impact hazards: Asteroid point-sources imaged on array detectors: The model and
threat or asteroid opportunity? Hazards Due to Comets initial results.Exp. Ast.6, 163-210.
and Asteroids(Ed. T. Gehrels, Tucson: Univ. of Ariz. Mitchell, K.J., R.A. Saffer, and.B. Howell 1994. The iso-
Press, 59-91. lation of a new sample of B stars in the halo.Hot Stars

Hartmann, W.K. 1995. Planetary cratering 1. The question in the Halo(Ed. A.G.Davis Philip: L. Davis Pregs
of multiple impactor populations: Lunar evidenddete-  Morrison, D.,C.R. Chapman and P. Slovic 1994. The im-
oritics 30, 451-467. pact hazard. ItHazards Due to Comets and Asteroi@sl.

Herzog, A.E.,S.B. Howell and K.O. Mason 1995. The un- T. Gehrels, Tucson: Univ. of Ariz. Pres$9-91.
usual UV spectra of EUV discovered AM Herculis stars. Neukum, G., G. Hahn, T. Denk, M. J. S. Beltdh, R. Chap-

In Proceedings of IAU Colloquium No. 152, Astrophysics  man, |. Nemtchinov, N. Artem’eva, V. Chouvalov, |. Ko-
in the Extreme Ultraviolet. sarev, and V. Svettsov 1995. The collision of comet

Howell, S.B.1994. FRESIP project observations of cataclys- Shoemaker-Levy 9 with Jupiter as seen by the Galileo
mic variables — A unique opportunity. NASA Conference imaging experiment: Modelling and interpretation of the
Publication 10148, Proceedings of the First FRESIP As- bolide and explosion phase. IAroceedings: European
trophysics WorkshogEds. A. Granados and W. Borugki SL-9/Jupiter WorkshogEds. R. West and H. Bohnhardt,

Howell, S.B. 1995. CCD time-series photometry of astro- ESO), 63-68.
nomical sources. In New Developments in Array Technol-Ringwald F.A., and T. Naylor 1995. An expansion parallax
ogy and Applications, IAU Symposium No. 167, p. 167  for PW Vul (Nova 1984. MNRAS in press.

(Eds. A.G.Davis Philip, K.A. Janes, and A.R. Upgren: Ringwald F.A., J.R. Thorstensen, R.K. Honeycutt, and J.W.

Kluwer Academic Pub). Robertson 1995. The orbital period of BK LynciPG
Howell, S.B, and J. Liebert 1994. Spectroscopy of faint 0917+342. MNRAS in press.

cataclysmic variables II. IBVS ##4073. Robinson, M., J. BellC. R. Chapman, A. Cheng, R. Gold,
Howell, S.B, J. Liebert, and K.O. Mason 1994. Spectros- M. Malin, L. McFadden, S. Murchie, P. Thomas, J.

copy of faint cataclysmic variables I. IBVS ##4072. Veverka, and J. Warren 1995. NEAR MSI and NSI: High-
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