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This report covers the period of September 1995 to Augus®.2 Galaxy Evolution
1996 and summarizes the research in astronomy and
astrophysics carried out at the Department of Physics & The evolution of galaxies both nearby and at large dis-

Astronomy, University of California — Irvine. tances is the focus of Dr. Smecker-Hane's research. She has
recently completed work with R. Abrahaf@€ambridge, J.
1. PERSONNEL Hutchings (DAO), and collaborators on the star formation
Our personnel includes the following histories of galaxies in the cluster Abell 2390. Abell 2390 is

Faculty: Drs. Steve Barwick, Gregory Benford, Gary & rich cluster of galaxies at a redshift o¥0.23, analogous
Chanan, Rognva|d Garden, Steve Ruden, Tammy Smeckeﬁo the local Coma CIUSter, that was observed in the CNOC
Hane, Virginia Trimble, Gerard Van Hoven, Gaurang Yodh cluster redshift surveysee Yee, Ellingson & Carlberg 1996,

Research ScientistsDrs. Anthony Shoup, Patrick Mock, APJS, 102, 268 They found a surprisingly strong radial
Yung Mok, Alan V. SchiandUCI, Dept. of Academic Com- gradient in the properties of galaxies in Abell 2390. Gradi-

puting ents in the colors and strengths of spectral features show that
Post Doctoral ResearchersDr. Douglas Hendrix the galaxy population changes gradually 1ff0m a very
Research Staff:Mitchell Troy, John Gandolfo evolved, early-type population in the inner 4" Mpc to a

Graduate Students: John Breault, Romana Crnkovic, progressivelyl_alter-type population in the outer envelope that
Frank Dekens, Chris Frank, Douglas Hendrix, Neil Hillis, €xtends to 3" Mpc. By comparing their data to spectral
Scott Hugenberger, Isabel Leonor, Rodin Porrata, Eri¢ynthesis models, they conclude that cluster has been gradu-

Schneider, Wagner Truppel ally built up by the infall of field galaxies over 8 Gyr, and
Undergraduate Students: Jim Kreuziger, Catherine that star formation in infalling spirals was truncated upon
O’Hara, Goro Takei accretion. Because few of the cluster galaxies show signs of

Summer Students: Christine Chen, Giles Goodwin, M. undergoing a strong starburst, they conclude that galaxy evo-
MasequesmayREU program lution in the cluster at that redshift is dominated by spirals

This year Dr. Tammy Smecker-Hane joined the faculty aggradually being transformed into SO galaxies rather than spi-
an assistant professor. Graduate students Douglas Hendfigls undergoing mergers to form ellipticals.
and Neil Hillis successfully completed their Ph. D. theses, Smecker-Hane and colleagues A. McWillia(@CIW)
and graduate student Romana Crnkovic advanced to cand#d D. Geisler(NOAO) are measuring the abundances of

dacy. numerous chemical elements in stars in Baade’s Window to
determine chemical history of the bulge of our Galaxy and
2. RESEARCH SUMMARY constrain the timescale on which it formed. They recently

finished obtaining high dispersion, high signal-to-noise spec-
t{g of 75 red giants using the CTIO 4m telescope and Argus
multi-fiber spectrograph, and they are now reducing the data.
Smecker-Hane is also leading a studying the evolution of
nearby dwarf galaxies. Dwarfs are in theory the simplest
galaxies, and thus the best sites in which to study the pro-
cesses that regulate star formation. There are many outstand-
The Infrared Astronomy Group at UC Irvine, headed bying questions about how dwarf galaxy evolution. For ex-
Dr. R. Garden, is currently involved in three instrument de-ample, what are their star-formation rates? Are supernovae-
velopment programg1) The construction of a mid-infrared driven galactic winds and massive dark matter halos
(8—13 micron imaging Fabry-Perot interferometéIRFI) important in shaping their evolution?
for the Keck/Lick Telescopes(2) the design of a mid- To answer these questions, Smecker-Hane, P. Stetson
infrared (8-28 micron imager for the Gemini Telescopes, (DAO) and J. HesseiDAO) have undertaken a major inves-
and (3) the design of a two-chann¢B—28 and 18—40 mi- tigation to determine the star-formation and chemical-
cron) imager/spectrometer for the NASA SOFIA mission. evolution histories of the Carina and Fornax dwarf spheroi-
First light with the unique MIRFI instrument is scheduled for dal galaxies(dSphs. In order to combat the degeneracy of
January 1997. age and metallicity in color-magnitude diagrams, they are
We are also pursuing an active observational prograncombining photometry that spans the tip of the giant branch
with the Keck Telescopes. The two major areas of investigato well below the main-sequence turnoff with metallicity dis-
tion at this time arél) a study of the morphology and kine- tributions measured from spectra of a few hundred stars in
matics of the shock-excited gas associated with young stellazach galaxy. The dSphs are low mass galaxies’ (tb0
jets at near-infrared wavelengths, af®l a search for ther- 10°M,) that were generally believed to have formed in brief
mal emission from debris disks around nearby solar-typdursts early in the history of the Universe. Supernovae were
stars at 10/20 microns. thought to drive large-scale galactic winds that stripped the

The following is a brief summary of the research activi-
ties of our department. Interested readers are encouraged
browse our department web pagbttp://www.ps.uci.edu/
physicg or contact us directly for more details.

2.1 Infrared Astronomy
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gas out of the galaxies and constrained them evolve pag$rom their investigation show no evidence for a dramatic rise
sively from then until now. However, the photometry ob- in the positron fraction in the cosmic rays, as previously
tained by Smecker-Hane, Stetson & Hesser clearly showseported. They are now developing new detector components
that the evolution of the Carina and Fornax dSphs has beenith the capability to measure the antiproton content of cos-
surprisingly complex. The Carina dSph had four distinct epi-mic rays. Antiprotons are unique tracers of the origin of cos-
sodes of star formatior-2, 4, 5to 7, and 11 to 14 Gyr ago, mic rays. They hope to launch the antiproton version of the
yet little chemical enrichment occurred between successivElEAT spectrometer in late 1997 or 1998.
generations of stars. The lack of chemical enrichment proves Another major effort of the High Energy Astrophysics
that metal enriched gas was expelled in galactic winds an&roup is the construction of a new high energy gamma ray
not reaccreted. However, the long duration of activity showsair shower telescope called Milagro. The UCI effort is led by
that galactic winds did not couple readily to the dense interDrs. G. Yodh, A. Shoup, and S. Barwick with graduate stu-
stellar medium(ISM), and the loss of the entire ISM oc- dents, Scott Hugenberger and Isabel Leonor. Milagro will be
curred gradually over many Gyr. In contrast, the more masthe first water-Cherenkov detector specifically built to study
sive Fornax dSph has had a more constant star-formation ragxtensive air showers. It is being built in an existing man-
and exhibits a wide range in chemical abundances. Althougmade pond 60mx 80m X 8m, located in the Jemez moun-
the star-formation rate of Fornax rapidly declined approxi-tains near Los Alamos, New Mexico. Unlike conventional
mately 3 Gyr ago, stars as young as 500 Myr are seen. Thesdér shower detectors, which sample less than 1% of the par-
results show that a complicated balance exists between oticles that reach detector level, MILAGRO will be totally
going star formation and disruptive feedback from massivesensitive to the electrons, photons, hadrons, and muons in the
stars via photoionization and supernovae explosions, whichir shower. The threshold of the MILAGRO detector is com-
leads to self-regulated star formation even in these very lovparable to atmospheric Cherenkov detectors, however it has
mass galaxies. several advantages over these optical detectors. MILAGRO
To constrain the evolution of the gas in dSphs, Smeckeris operational 24 hours a day in all weather conditions, and it
Hane along with A. McWilliam(OCIW), R. lbata(UBC) has an open aperture which allows it to view the entire north-
and R. WysgJHU) are using the Keck Telescope to obtain ern sky every day. These capabilities allow for a systematic
high-dispersion spectra of stars in the Sagittarius dSph. Fall-sky survey to be done for the first time at very high en-
the first time, the compositions of numerous chemical eleergies(VHESs). MILAGRO will measure the Crab spectrum
ments will be determined for stars outside of our own Gal-with high significance. In addition, it will detect and measure
axy. The abundance patterns will tell us the slope of thehe spectra from AGN'’s such as MRK 421. MILAGRO wiill
massive end of the stellar initial mass function, the rate obe the first VHE detector capable of recording gamma ray
enrichment from Type la and Type |l supernovae, and, thushursts at energies above 250 GeV. MILAGRO will search
how the star-formation rate and gas content evolved. Théor point sources of VHE gamma radiation, both steady and
chemical compositions will be compared to those of Galactiepisodic.
halo stars to test the idea that many dwarf galaxy-sized frag-
ments merged to form the Galactic halo. 2.4 History of Astronomy and Astrophysics

Trimble has completed an investigation of the papers and
citations to those papers resulting from data collected at large

The High Energy Astrophysics Group lead by Drs. S.optical telescopes throughout the world. There are 39 such
Barwick and G. Yodh is leading the design and constructiortelescopesof 2-meters or larger diamedetocated in 10
of the AMANDA neutrino telescope, an ambitious program countries. On average, 20 papers per year report results from
funded by the National Science Foundation. Their objectiveeach, and each paper is cited an average of 3.5 times per year
is to construct an array of light sensors that will be deployeda few years later, but the range in both quantities is more
2 kilometers below the surface of the ice at the South Polethan an order of magnitude. Some correlations are no sur-
This instrument would be capable of observing very highprise; you don’t learn much from a telescope at a rainy site or
energy neutrinos from some of the most violent and enerene that you cannot afford to maintain. Thus the Russian
getic sources in the Universe. By early 1997, they plan tcG-meter is much less productive than the 2.1-meter at Kitt
complete construction of the 10 string prototype and soorPeak. There were also some surprises. The most productive
after that they will begin to develop novel and more capableelescope in both papers and citations is the Anglo-
technologies that are required to build a detector with dimenAustralian Telescope. Tied for second plddepending on
sions of 1 kilometer. The science reach of this telescopevhether you count papers or citatignare the Canada-
encompasses particle physics, astrophysics, and glaciologyrrance-Hawaii Telescope and the CTIO 4-meter Telescopes.

Under the direction of Dr. S. Barwick, the group also All are four meters or smaller in diameter. All draw observ-
participates in the High Energy Antimatter Telescopeers from more than one counttlyut they have quite different
(HEAT) program, which is funded by NASA. HEAT is a total potential numbers of usgrsand all are rather difficult
balloon-borne magnetic spectrometer which has measurdd get to for their main users, perhaps providing some self-
the energy spectrum of positrons in the cosmic radiation beselection of people who are used to working hard and know
tween 1 and 50 GeV. The group was responsible for thend love their favorite facilities.
design, construction, calibration, and integration of the elec- Trimble is currently investigating the history of our un-
tromagnetic calorimeter into the HEAT payload. The resultsderstanding of the processes of star formation. Star formation

2.3 High Energy Astrophysics
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(and solar system formatipmwere regarded as a legitimate, if 2.7 Theoretical Plasma Astrophysics
somewhat speculative, part of astronomy through the 19th
and early 20th centuries. Curiously, there was a period fronq/
about 1930 until shortly after World War 1l when most as-
tronomers seem to have been persuaded that all(gtahsd-
ing the Sun, and Eartlwere about 2 Gyr old, the same as the
expansion time scale of the Univeréas understood when

The Astrophysical Plasma Theory Group is lead by Dr. G.
an Hoven and it includes Drs. Y. Mok, D.L. Hendrix and
their collaborators J.A. Linker, Z. Mikiand D.D. Schnack
(Science Applications International Corpand J.F. Drake
(Univ. of Maryland. Their research focuses on evolutionary

Hubble’s constant was 5000 km/sec/Mpand, therefore and instability studies of the energetics and dynamics of so-
' ’ magnetic activity, with emphasis on nonlinear computer

that stars had formed as part of the same processes in t 4 d ! . )
early Universe that produced galaxies. During this periods'mUIat'on and their connection with space and terrestrial

; ; bservations.
suggesting that there might be very young stars or stars cuP? , - ;
rently in the process of formation was not respectable. In' the groups contthlng program tq underst' onal
heating they investigated the dynamic evolution of the

(E.N.) Parker mechanism wherein the convective photo-
spheric shuffling of the feet of coronal magnetic loop fields
leads to the formation of narrow current sheets and enhanced

The oddest and longest filament discovered at our galactigissipation. They completed a series of MHD simulations
center is a uniquely kinked structure about 150 light year£xamining the contribution of localized 3-D coalescence and
long and two to three light years wide—the Snake. G. Benleconnection and the resulting magnetic turbulence, and
ford modeled this structure in terms of the electrodynamicevaluated the detailed energy balance and parameter scaling.
view of the center, in which currents set up coherent magThis work is reported in the Ph. D. thesis, “A Study of the
netic structures(Benford, G., 1988, ApJ, 333, 785The Formation and Dissipation of Current Filaments as a Coronal
kinks arise from a kinking instability in progress, producing Heating Mechanism'(UCI, 1996 of D.L. Hendrix.
the Snake’s brightest regions. The Snake’s display of kinks Thermal instabilityforced by optically thin radiation is
without a sausage instability constrains the pinch field to b&elieved to drive the formation of filaments and prominences
strong, comparable to the ambient field. Nonlinear large kinkn the solar corona. An important aspect of the condensation
excursions should drive shocks, producing particle accelerd2rocess involves the parallggb B) nonuniform energetics of
tion and the observed peaked synchrotron emission at tHeot and diffuse coronal loops or arcades which are thermally
kink maxima. Filamentary instabilities can rapidly evolve in @nchored in the cool and dense chromosphere, anthéte
current-driving acceleration zongserhaps the observed H Il netic support of prominenceagainst gravity. It has been
regions, feeding further filamentary structures as the systenfound that either a drop in the apex heating rate or a finite-
evolves. A circuit picture seems capable of qualitative agreeamplitude perturbation can lead to the siphon-effect forma-
ment with Snake properties. tion of cool, dark, apex prominences, which are often ob-

Recent theoretical work on the intra-day variability of Served to be suspended in the corona. The group at UCI has
quasars proposes that coherent emission explains their hiquded the constraints imposed by the self-consistent effects
brightness. Instabilities between jets emerging from activéf dynamic anti-buoyant modifications of the ambient coro-
galactic nuclei and the surrounding plasma can lead to highijp@l fields in 2D. The heavy condensation thereby forms its
ordered, compact, zones of strong electric field. These scattévn magnetic “hammock” in which it is stably supported in
jet electrons collectively, leading to greatly enhanced powethe solar atmosphere. They are now working on a self-
per electron, in a power-law spectrum. Absorption by sur-consistentinitiation mechanism arising from the convec-
rounding plasma is insufficient to block this emission. Cru-tively driven reconfigurationreconnection of the coronal
cial tests of this idea can come from the predicted observanagnetic field.

tion of high brightness in quasars which have two-sided jets, The Astrophysical Plasma Theory group has also contin-
and thus are probably not pointing directly at us. ued the development of a simulation program devoted to the

evolution of coronal field¢determined from vector magne-

tograms in response to shear flows or flux emergence arising
2.6 Theoretical Astrophysics from the convective solar surface. Their aim is to compre-

hend the growth of magnetic stress and energy, and the sub-

N. Hillis completed his Ph. D. thesis under the supervi-sequent transition to instability or eruption of the coronal

sion of S. Ruden. Dr. Hillis’s thesis was entitled “Numerical field. Their first successful effort demonstrated thenation
Investigations of Planet—Induced Wave Propagation in Thirof a coronal loopas the result of the effects of localized
Disks.” He developed a two—dimensional hydrodynamicsvortical convection on the footpoints of a pre-existing
code to evolve gas dynamics in thin disks. The code wasurrent-free/potential-field bipole. The loop field becomes
based on the method of lines and incorporated monotonicitprogressively twisted and the stored magnetic energy in-
constraints to perform accurate transport. Using the codereases. If the twisting is stopped before the instability/
Hillis and Ruden investigated spiral density waves generatedruption threshold is crossed, then the field settles into a
by a low mass planet in a protoplanetary disk. They followedforce-free form whosé& shape agrees with observations.
the nonlinear evolution of the gas in the disk as waves gen- The group has begun an investigation of the dynamics of
erated by the planet caused an annular gap to form at themerging flux Their model for this mysterious process in-
position of the planet. cludes evolving boundary conditions, presented to the corona

2.5 Jets at the Galactic Center
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by the photosphere, which cause the emergence of line-oft. SPECIAL DISTINCTIONS

sight magnetic flux and current density, as would be mea- Vijrginia Trimble was elected to the board of directors of
sured by a series of vector magnetographs. They have susigma Xi, the Scientific Research Society, and served as
cessfully emerged a current-free bipdhich could, for  Mills Lecturer at Kalamazoo College, White Lecturer at Ot-
instance, provide the initial state for coronal-loop formation,terbein College, Dean Lecturer at the California Academy of
as described in the previous paragrapihey are continuing  Sciences, and IBM Lecturer at Wittenberg University during
to study the emergence of a twistawbn-current-freemag-  1995-1996.
netic loop.

Finally, during the past year, Drs. G. Van Hoven, S.
Ruden, and A. V. Schiano have greatly expanded their time-
dependent hydrodynamisolar wind modelsby simulta PUBLICATIONS

neously solving for a three-fluid wingelectrons, protons, .
A ; - - Abraham, R.G., Smecker-Hane, T.A., Hutchings, J.B., Carl-
d alph ticl lud I th I duction, ’ ' - ' > '
and alpha particlgsincluding nonlinear thermal conduction berg, R.G., Yee, H.K.C., Ellingson, E., Morris, S., Oke,

localized electron and ion heating, and nonspherical geom- . " T
etries(expanding/diverging flux tubgsThey have continued ‘;3890& E'%Ie;’?llvlé;f%’ Galaxy Evolution in Abell
their calculations into three-fluid steady-state solar outflows I G £ pt’ | 19’95 “A'S h for Ultra-Hiah E
and have begun to investigate the influence that transiel’ﬁ‘ gn, : '; a.E o ¢ ea'r:c_ cgr ra- IgR nerg)t/ Y
phenomena such as solar flares or coronal mass ejections ASSHT28 332/5 mission irom Five supernova Remnants,
have on the solar wind. Their results indicate that coronal .’ ' ,

kebjer, P., Barwick, S.W., Bergstrom, L., Bouchta, A.,

heating mechanisms that primarily provide energy to '[heAS d

electrons are highly inefficient with most of the energy being garlij)s, SA %OUIth"T_rd’HA'I’I Engek K|_'|’ IErIan(:I:ssw,ltE.,
conducted back into the chromosphere rather than providing ch) 3;00630;613/’ Jahaﬁsg(r)ennys .'Kar?dzhe,eﬂj’ai V LLjiut;ar
kinetic energy to the wind. Models of ion heating are cur- T P P T )
inet ay m ! g ! sky, I., Lowder, D., Miller, T., Mock, P., Morse, R., Por-

rently under investigation. rata, R., Price, P.B., Richards, A., Rubinstein, H.,
2.8 Wavefront Sensing at the Keck Telescopes Schneider, E., Sun, Q., Tilav, S., Walck, C. & Yodh, G.
1995, “Predicted Time-Scale and Optical Carity of Deep
During the past year, the Wavefront Sensing Group, lead |ce at the South Pole,” Journal of Glaciology, 41, 445
by Dr. G. Chanan, continued its efforts to improve the align-askebjer, P., Barwick, S.W., Bergstrom, L., Bouchta, A.,
ment and phasing of the first Keck Telescope and also in- carius, S., Coulthard, A., Engel, K., Erlandsson, B.,
stalled a phasing camera in the second Keck Telescope. Keck Goobar, A., Gray, L., Hallgren, A., Halzen, F., Hulth,
Il was successfully phased on the first attempt, and both p o, jacobson, J., Johansson, S., Kandhadai, V., Liubar-
telescopes are now routinely phased to a level of about 50 sky, |., Lowder, D., Miller, T., Mock, P., Morse, R., Por-
nm. This phasing is essential if the telescopes are to meet (513 R., Price, P.B., Richards, A., Rubinstein, H.,
their specifications of diffraction-limited imaging in the mid-  gchneider, E., Sun, Q., Tilav, S., Walck, C. & Yodh, G.
infrared. 1996, “Optical Properties of the South Pole Ice at Depths
Work also continued on the characterization of atmo- petween 0.8 and 1.0 km,” Science, 267, 1147
spheric turbulence at Keck. An important conclusion of thisgarwick, S.W. 1995, “High Energy Neutrino Observatories:
program is that the so-called outer scale of turbulence, which status and Future,” Nucl. Phys. EProc. Supp), 43, 183
is usually assumed to be of infinite size, appears to be ngarwick, S.w., Beatty, J.J., Bower, C.R., Chaput, C., Coutu,
more than 100 meters in length. This surprising result has 5. de Nolfo, G., Ficenec, D.J., Knapp, J., Lowder, D.M.,
important implications for image motion and for the design  \ckee, S., Muller, D., Musser, J., Nutter, S., Schneider,
of adaptive optics at the Keck Observatory. W., Swordy, S., Tang, K.K., Tarle, G., Tomasch, A. &
Torbet, E. 1995, “Cosmic Ray Positrons at High Ener-
gies: A New Measurement,” Phys. Rev. Lett., 75, 390
Barwick, S.W., Halzen, F. & Price, P.B. 1996, “Search for
3. THE UCI TELESCOPE Neutrino Sources Beyond the Sun,” Int. J. Mod. Phys. A,
Smecker-Hane led work on the recently acquired 24 inch 11, 3393
telescope that is located on the outskirts of the campus. GileSrabtree, D.R., Smecker-Hane, T. & Richer, H. 1996,
Goodwin, a summer student, painstakingly realigned the “M/L \ of a Super-Star Cluster in NGC 1569,” BAAS,
telescope and characterized the telescope and CCD camera.28, 822
Even before careful refinement of the optical alignment, theGaisser, T.K, Hart, S., Lloyd-Evans, J., Martello, D., Miller,
image quality is quite reasonableSF FWHM=2.5"). We T.C., Petrakis, J., Stanev, T., Watson, A.A., Askebijer, P.,
are now updating the observatory computer and creating a Barwick, S.W., Bergstrom, L., Bouchta, A., Carius, S.,
software interface for the camera to make using it more ef- Erlandsson, B., Goobar, A., Gray, L., Hallgren, A.,
ficient to use. The telescope promises to be valuable tool for Halzen, F., Heukenkamp, H. Hulth, P.O., Jacobson, J.,
teaching our undergraduate students about the practical as- Johansson, S., Kandhadai, V., Karle, A., Liubarsky, 1.,
pects of astronomical research as well as educating non- Lowder, D., Mock, P., Morse, R., Porrata, R., Price, P.B.,
science majors and the general public about physics and as- Richards, A., Rubinstein, H., Spiering, C., Sun, Q., Tilav,
tronomy. S., Thon, T., Walck, C., Wischnewski, R. & Yodh, G.



34 ANNUAL REPORT

1995, “SPASE-AMANDA Coincidences at the South  Emission Lines STScl Symposium Series, edited by
Pole,” in Proceedings of the 24th International Cosmic  Livio, M. & Williams, R.E. (Cambridge Univ. Press,
Ray Conf.(Rome, 1995 vol. 2, p. 768 Cambridge

Goldhaber, M. & Trimble, V. 1996, “Limits on the Chirality Trimble, V. 1995, “A Low Resolution View of High Reso-
of Interstellar and Intergalactic Space,” J. Astrophys. As- lution Spectroscopy,” PASP, 107, 1012

tron., 17, 17 Trimble, V. 1995, “Summary: An Absorbing Workshop,” in
Halzen, F., Stanev, T. & Yodh, G.B. 1996, “Gamma Ray QSO Absorption Lines, ESO Astrophysics Symposia, ed-
Astronomy with Muons,” submitted to Phys. Rev. D ited by Meylan, G.(Springejy

Hendrix, D.L. & Van Hoven, G. 1996, “Magnetohydrody- Trimble, V. 1995, “Papers and Citations Resulting from
namic Turbulence and Implications for Coronal Heat- Data Collected at Large, American Optical Telescopes,”
ing,” ApJ, 467, 887 PASP, 107, 977

Hendrix, D.L., Van Hoven, G., MikicZ. & Schnack, D.D.  Trimble, V. 1995, “Astronomical Luminosity Functions,”
1996, “On the Viability of Ohmic Dissipation as a Coro- Prog. in Astron., 13
nal Heating Source,” ApJ, 470, 1192 Trimble, V. 1995, “On Beyond X,” BeamLine, 25, 2

Hendrix, D.L. 1996, “A Study of the Formation and Dissi- Trimble, V. 1996, “Binaries with Neutron Star or Black
pation of Current Filaments as a Coronal Heating Mecha- Hole Components and Related Systems,” Comm. Astro-
nism,” Ph. D. Thesis, University of California — Irvine phys., 18

Hillis, N. 1996, “Numerical Investigations of Planet— Trimble, V. 1996, inBackgrounds and the Big Bang: Some
Induced Wave Propagation in Thin Disks,” Ph. D. Thesis, Extracts from their HistorylAU Symposium 168, edited
University of California— Irvine by Kafatos, M. & Bowyer, S.(Dordrecht, Kluwey

Hutchings, J.B., Abraham, R. Smecker-Hane, T. Morris, Trimble, V. 1996, “The 1920 Shapley-Curtis Discussion:
S.L., Davidge, T., Rigler, M., Carlberg, R., Yee, H. &  Background, Issues, and Aftermath,” PASP 107, 1133,

Ellingson, E. 1995, “Populations in the=0.23 rich clus- and reprinted in The Metaphysical Review, 2, 6

ter Abell 2390,” in Stellar PopulationslAU Symposium  Trimble, V. 1996, “Cosmic Abundances: Past, Present, and
164, edited by P.C. van der Kruit and G. Gilmo(Bor- Future, inCosmic AbundancgsASP Conf. Ser., vol. 99,
drecht: Kluwey, p. 463 edited by Holt, S.S. & Sonneborn, QASP, San Fran-

Mock, P., Askebjer, P., Barwick, S.W., Bergstrom, L., cisco
Bouchta, A., Carius, S., Erlandsson, B., Goobar, A., Gray;Trimble, V. 1996, “Productivity and Impact of Large Opti-
L., Hallgren, A., Halzen, F., Heukenkamp, H., Hulth, cal Telescopes,” Scientometrics, 36, in press
P.O., Jacobson, J., Johansson, S., Kandhadai, V., Karl&rimble, V. 1996, “The Department of Celestial Magnetism:
A., Liubarsky, I., Lowder, D., Morse, R., Porrata, R., Part |,” BeamLine, 25, 4
Price, P.B., Richards, A., Rubinstein, H., Spiering, C.,Trimble, V., Blandford, R., Green, R., Reid, I.N., & Schmidt,
Sun, Q., Tilav, S., Thon, T., Walck, C., Wischnewski, R. M. 1996, “Astronomical Luminosity Functions: A Cel-
& Yodh, G. 1996, “Status and Capabilities of  ebration for Maarten Schmidt,” Comm. Astrophys., 18
AMANDA-94,” in Proceedings of the 24th International Trimble, V. & Leonard, P.J.T. 1996, “Astrophysics in
Cosmic Ray ConfiRome 1995 vol. 1, p. 758 1995,” PASP, 108, 8
Mok, Y. & Van Hoven, G. 1995, “The Solar-Surface Trimble, V. & Musser, G. 1995, “Clusters, Lensing, and the
Boundary Conditions of Coronal Magnetic Loops,” Solar  Future of the Universe,” Mercury, 24, 3
Physics 161, 67 Trimble, V. & Reisenegger, A. 1996editorg Clusters,
Parente, G., Shoup, A. & Yodh, G.B. 1995, “Horizontal Air ~ Lensing, and the Future of the UnivergeSP Conf. Ser.,
Showers, Atmospheric Muons and the Cosmic Ray Spec- vol. 8, (ASP, San Francisg¢o
trum,” Astroparticle Physics, 3, 17 Van Hoven, G., Mok, Y. & Mikig Z. 1995, “Coronal Loop
Ruden, S.P., Schiano, A.V.R. & Van Hoven, G. 1996, “A  Formation from Photospheric Convection,” ApJL, 440,
Dynamic Model of the Three-Fluid Solar Wind: Equilib- 105
rium Structures and Fluxes,” imternational Solar Wind Van Hoven, G., Hendrix, D. L. & Schnack, D.D. 1995, “The
8 Conf, in press Diagnosis of General Magnetic Reconnection,” J. Geo-
Smecker-Hane, T.A., Gallagher, J.S., lll, Hodge, P. & Stet- phys. Res. 100, 19819
son, P.B. 1996, “The Star-Formation History of the Large Van Hoven, G., Linker, J.A. & Miki¢c Z. 1995, “The Evo-
Magellanic Cloud,” BAAS, 28, 930 lution, Structure and Dynamics of the Magnetized Solar
Smecker-Hane, T.A., Stetson, P.B., Hesser, J.E. & Vanden- Corona,” Gather/ScatteiSan Diego Supercomputer Cen-
Berg, D.A 1996, “Episodic Star Formation in the Carina  ter), vol. 11, p. 6
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