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This report covers activities of the department for the periodrersity of lllinois participates in the Berkeley-lllinois-

1 September 1998 - 31 August 1999. Maryland Association(BIMA) Array consortium. Faculty
personnel associated with the LAl are L. E. Sny(direc-
tor), R. M. Crutcher, H. Dickel, K.-Y. Lo(on leave as Di-
rector, ASIAA, Taipej, M. Meixner, and E. C. Sutton. Vis-

1. PERSONNEL iting Professor C. C. Pei returned to Purple Mountain

During this report year the scientific staff consisted of theObservatory. D. M. Mehringer has joined the LAl to develop
faculty: Thomas Baumgarte, You-Hua Chu, Joanne Cohn}€W array software for the MMA Development Consortium
Richard M. Crutcher(Chain, Heltne R. Dickel, John R. (MDC).The LAI postdoctoral research associates during this
Dickel, Brian Fields, Charles Gammi@tarted in January Period were J. Acord, J. M. Girart, and R. Rao. Graduate
1999 in a joint appointment with the physics department stu_dents dgnng this perlod were D. Fong, D. Friedel, S.-P.
Icko Iben, Jr., James B. Kaler, Fred K. Lamb, Susan alai, S.-Y. Liu, M. Lenigan, A. Meyertholen, R. Rao, and A.
Lamb, Kwok-Yung Lo, Peter McCullough, Margaret Meix- Remijan. The LAl administrative secretary is D. Pettigrew.
ner, Dimitri Mihalas, Telemachos Ch. Mouschovias, MichaelThe current BIMA Array scheduler is E. C. Sutton. Observ-
L. Norman, Edward C. Olsoriemeritu, Sidney Rosen N9 time is awarded on a competitive basis. Electronic ob-
(emeritus, Stuart Shapiro, Larry L. Smarr, Lewis E. Snyder, serving proposal submission has been initiated. Information
Edmund C. Sutton, George W. Swens@meritug, Doug ~ €@n be found on the WWW at http:// www.astro.uiuc.edu/
Swesty, Laird A. Thompson, William D. Watson, Ronald F. ~ bima/.calI_for_proposals.html, http://www.astro.uiuc.edu/
Webbink, Martin White, John A. Williamgvisiting), Ken- ~ ~ bima/proposal/WhatsNew.html, ~ and http://
neth M. Yoss(emeritug; postdoctoral research associates:WWw.astro.uiuc.eduf bima/proposal/instructions.html.

Jerry Acord, Alan Calder, Jose Miguel Girart, Robert
Gruendl, Martin Guerrero, Damien Guillaume, Sungeun2.3 Mt. Laguna Observatory
Kim, Raymond Plante, Ramprasad Rao, Doug Roberts, An-

g?'ﬁ Sp:aclk, chtt Teg(eesic\i/\t/a'ﬂ.t at Mt' Vzilsor;]Qbslervatory at Mt. Laguna Observatory jointly with San Diego State Uni-
with UniSIS project, Rosa Williams; and technical support versity. Operations during the past year were routine with

staff: Richard Castle, Grant Miller, Rami Dass, and |_|"J‘r°|dlittle change in the instrumentation. Continuing in successful

Ravlin. ) ) i operation aré1) a 2048x2048 Loral CCD camera af@) a
Research in theoretical astrophysics and related areas W§g6x256 NICMOS-3 array camera

;E;mcagi‘f \(J);ct;kbs)(/)rzn%mlg?r:zsog:g ghéSiCRSasgr?&n;?im: Go provide excellent wide-field imaging capabilities espe-
il e ' T ~ cially with the /7.6 telescope secondary.
tus), and staff of NCSA: Ed Sidell. The department hosted y P y

visits during the reporting year from Adeline Caulet
(France, Alexei Kritsuk (St. Petersburg State University-
Russia, and Chun-Chuan PdiPurple Mountain Observa- Progress continued toward the commissioning of the
tory). Twenty graduate students were enrolled during theNSF-funded UnISIS projectUniversity of lllinois Seeing
1998-99 academic year. Office support staff included Willaimprovement Systema laser guided adaptive optics system
Hollis, Sandie Osterbur, and Deana Pettigrew under théeing installed at the Mt. Wilson 100-inch telescope. Person-
guidance of the Administrative Assistant, Carol Stickrod. nel currently involved in the project include L. Thompson
(PI) and Scott Teare, research associagsident at Mt. Wil-

The Ul Astronomy Department operates a 1-m telescope

2.4 Optical Instrumentation

2. FACILITIES son Observatopy
) The projection of the 351 nm Rayleigh laser guide star
2.1 Campus Computation has now become routine at 167 Kwith the final aim of

The Astronomy Department has access to the facilities ofunning the laser at 333 hizThe laser guide star optical
the National Center for Supercomputing ApplicationsProjection system transfers the laser light from the basement
(NCSA) at the University of lllinois through a national peer Of the 100-inch telescope and up the Coude optics train for a
review allocation mechanism. The facilities include a 512final focus at 18 km altitude. Closed-loop performance of the
processor Thinking Machines CM-5 massively parallel com-2daptive optics system was demonstrated on natural stars,
puter, a 190 processor Silicon Graphics Power Challeng@!though no science data has been collected with this sub-

Array, and a 64 processor Convex Exemplar 1600. system as the aim is to use the natural guide star system
primarily to achieve closed-loop calibration of the laser

guide star wave front signal. All steps of the full calibration

procedure were demonstrated on the optics table in which
The Laboratory for Astronomical Imagin@Al) is a unit  laser guide star wave front data are captured while the sys-

within the Astronomy Department through which the Uni- tem operated in closed-loop on a natural guide star. Two

2.2 Laboratory for Astronomical Imaging
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artificial stars(one for the laser guide star and the second forcontinues to explore transient and secular effects in the evo-
the natural calibration stprare incorporated into UnISIS. lution of cataclysmic variables. Braking rates have been cal-
Co-alignment of UnISIS with the 100-inch telescope Coudeculated for aligned double dipolevhite dwarf plus donor
optics train was successfully completed, as was the installastay models of magnetic cataclysmic variables, and will be
tion of a field acquisition camera. Full operation of UnISIS is applied to secular evolutionary models to determine how the

anticipated soon. suppression of braking by closure of the coupled field influ-
ences the width of the famous period gap seen in catalysmic
2 5 Infrared Instrumentation variables. This is a promising mechanism for explaining the

surfeit of AM Her-type magnetic CVs within this gap. Work

M. Meixner is the Pl for the Near-InfraRed IMager also continues on building realistic models of illumination
(NIRIM) camera(0.76-2.5 um on the Mt. Lagua 1 m tele-  effects on the donor stars of CVs by their hot white dwarf
scope has been operating since July 1995. NIRIM features @mpanions and their accretion disks. This model has been
256 X 256 NICMOS3 array made by Rockwell, three plate elaborated to account for shielding of the inner Lagrangian
scaleg0.5, 1 and 2 per pixe) and 13 filters including broad- point by the accretion disk, and energy losses by the heated
band(l,J,H,K, and K) and narrow-band filteréH,, Hel, Cl,  atmosphere of the donor as it flows toward that point.
Fell, Bry and CQ. Probably the most unique aspect of the
camera is its wide field of view, which at maximum i§.8
(2" per pixe). NIRIM has been used for a number of )
projects: photometry of proto-planetary nebulae, emission M- Meixner, graduate student, T. Ueta, and M. Bo-
line imaging of photodissociation regions and Wo”_Rayetbrowsky(Orbltal Sciences Corphave compiled the largest

bubbles, broad band imaging of starburst galaxies. optical imaging survey of 27 proto-planetary nebulae using
the HST WFPC2 camera and the paper on these results has

been accepted for publication in the ApJ. Optical reflection

3.1.2 Stellar Mass Loss

3. RESEARCH nebulosities, which trace the scattered light from the star,

3.1 Stars were found in 21 objects. All of the nebulosities had an axial
_ symmetry and they concluded that proto-planetary nebulae

3.1.1 Binary Stars were inherently axially symmetric. In addition, they found

E. Olson and P. EtzeglSan Diego Stadecontinued their  two distinct types of reflection nebulosity which they called
investigation of accretion disks in long-period Algols, in- Star-Obvious Low-level-Elongated SOLE) and DUst-
cluding multi-color photometric and radial velocity solu- Prominent Longitudinally-EXtended (DUPLEX) proto-
tions. Binary properties are needed to study disk émis-  plnaetary nebulae. Comparison of spectral energy distribu-
sion, and KB and O IN7774 line absorption. A new velocity tions, infrared colors, and mid-IR images shows that SOLE
curve of the RX Geminorum cool loser was obtained withand DUPLEX nebulae differ in more than just their optical
the re-furbished Cassegrain spectrograph on the 1-m Mourrnages. They suggest that SOLE and DUPLEX proto-
Laguna Observatory reflector. This binary is one of severaplanetary nebulae are physically different types and may be
that have shown significant light-curve changes in the 20tipre-cursors to the elliptical and bipolar planetary nebula
century. Examination of K emission wavelengths in RX morphologies. This work builds on the large mid-IR imaging
Gem as a function of orbital phase showed velocity pertursurvey published by Meixnest al. (1999 in ApJ Suppl.
bations likely due to stream impact on the accretion disk. Meixner and graduate student, D. Fong, E. Sutton, W.
Several years ago, large nearly chaotic variations were foun@elch (Berkeley are pursuing a large BIMA CO imaging
Ha emission. On re-examining roughly 300 spectra in nineproject of 9 evolved stars in order to study the mass loss
long-period Algols, Olson found that of 22 sudden emissionhistory and evolution of the molecular circumstellar enve-
increases, 20 occurred in the stream impact region of disk$opes. Preliminary analysis of four objects shows that the
That is, Hx brightenings are likely produced by mass- three proto-planetary nebulae have an axisymmetric structure
transfer bursts. Thus, both long- and some short-period Alin CO similar to what is observed in optical reflection nebu-
gols share that property. losity. The fourth, a planetary nebula, shows an absence of

Z. Han (Yunnan Observatory and University of Cam- CO at the center caused by the photodissociation of the mo-
bridge and Webbink have re-examined energy constraintdecular gas. Future work on this BIMA project will involve
on the extent of systemic mass loss in interacting doubleletailed modelling in collaboration with K. Justtanont
white dwarfs. They show that super-Eddington mass los$Stockholm Observatojy
tends to stabilize mass transfer, but that the binding energy Fong, Meixner, Sutton, V. Bujarrab&Dbservatorio As-
which must be supplied from the radiation field severely lim-tronomico Naciong| A. Castro-CarrizqObservatorio Astro-
its the fraction of the mass transfer stream which can b@&omico Naciong, M. Barlow (Univ. College Londoh A.
ejected in this fashion. In particular, strongly super-Tielens(Kapetyn Astronomical Instare using ISO to study
Eddington accretion flows cannot be stemmed by radiatioithe atomic line emissiof[CIl] 158 um, [Ol] 63 and 146
outflows, as assumed in models of the accreting white dwarf.m, [Sill] 35 xm, [Fell] 26 wm) from these 9 evolved stars.
which proport to show that white dwarf mergers invariably They find that atomic gas does not appear until the planetary
lead to core collapse, rather than to type la supernovae. nebulae stage suggesting that photodissociation as opposed

In collaboration with D. T. Wickramasingh@strophysi-  to shocks is a more important modifying force in the evolu-
cal Theory Centre, Australian National UnivergjtWebbink  tion of the circumstellar envelope. Combining the atomic and
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molecular emission studies, Foegal. will be able to trace 3.2.3 Planetary Nebulae
the eV0|uti0n Of atomiC to molecular mass I’atiOS in these Y .-H. Chul M. GuerrerO, and R. Gruend' Continue to

nebulae. It is expected that this ratio will increase as the stag,dy X-ray emission from planetary nebulae, using both ar-
evolves from the asymptotic giant branch to planetary nebuchival and proprietary ROSAT X-ray observations. They

lae phases because the hardening of the stellar radiation fiefhye been awarded AXAF time to study the Helix Nebula
will photo-dissociate the molecular envelope. and NGC 6543.

3.2.4 Supernova Remnants

3.2 Diffuse Matter J. Dickel with D. Milne (ATNF), B. Gaensle(MIT), A.
3.2.1 Cosmic Rays Grgen (U. yd), R. Strom (NFRA), D. Bock (UCB), M..
_ _ _ Wright (UCB), and B. StapperfJ.Amsterdam are investi-

B. Fields and K. Olive(Minnesota have developed a gating several extended SNRs with Crab-like components to
model for the nucleosynthesis and evolution of of lithium, characterize their magnetic fields and any relation to pulsar
beryllium and boron in the Galaxy, obtaining results whichstimulation. J. Dickel and J. LazenditJ. yd) have also
shed new light on the origin of Galactic cosmic rays, primor-made the first detection of radio polarization in N157B, a
dial nucleosynthesis, as well as stellar evolution. In the pasgrab-like remnant in the Large Magellanic Cloud.
decade, Be and B abundance trends in halo stars have beengraduate student R. Klinger is modeling thermal conduc-
interpreted as inconsistent with the standard picture of Lition in hot plasmas to apply to the heating of mixed-
Be, and B nucleosynthesis by Galactic cosmic rays. Howmorphology SNRs with centrally filled thermal x-ray emis-
ever, Fields and Oliv€19993 challenged the view that stan- sjon but radio synchrotron shells. He and J. Dickel are also

dard cosmic ray nucleosynthesis fails. They performed &nalyzing radio data from N206, an example of this class of
consistent compilation of the Be and B observations, angpject in the Large Magellanic Cloud.

compared this to expected trends in chemical evolution mod- B punne, R. Gruendl, and Y.-H. Chu have studied the

els. They showed that the data may be explained by nucleqgtraluminous supernova remnant MF16 in NGC 6946, using
synthesis due to standard cosmic rays and supernova neutfirchival HST WEPC2 images and proprietary KPNO 4-m
nos only, with no need for additional or unconventionalgchelle spectra. They find that the kinetic energy of this rem-
cosmic ray components. An important test of this model ishant requires only a normal supernova explosion. They also
the boron isotope ratio in halo stars. L. Rebull, D. Duncanfing that the[N I1] lines are particularly strong, indicating
(Chicagg, S. Johansson(Lund, Swedeh J. Thorburn that the pre-shocked material may be nitrogen-rich and that
(Yerkeg and Fields(1998 used the HST GHRS to make the the progenitor of the supernova might be a WR star or a
first search for boron isotope splitting in HD 76932. The|yminous blue variable. The high luminosity of this super-
results were inconclusive due to possible blending effectsyova remnant is caused by its expansion into a dense circum-
but future observations can address this issue and yield thgellar bubble. The results have been reported in a paper
first stellar boron isotope data. submitted to the AJ.

Fields and Olive(1999h applied their nucleosynthesis vy _H. Chu, S.-P. Lai, and C.-H. Chen have obtained HST
model to showed that their scenario provides them a naturglyyrpc2 images and KPNO 4-m echelle spectra of the two
explanation ofLi data in halo stars. This model implies that hypernova remnants, MF83 and NGC 5471B in M101.
there has been minimai situ stellar depletion of this fragile These data have been ana|yzed to determine the Size, lumi-
element, a result that has an impaCt on stellar evolution. Th|ﬁos|ty, kinetic energy, and expk)sion energy of each rem-
further prOVideS eVidence that tHd!.I abundance in these nant. The HST continuum images of MF83 reveal a group of
stars has been essentially undepleted from its originaktars at its center, suggesting that MF83 is a superbubble
mostly primordial level. with interior supernova remnants. Only NGC 5471B might
be produced by a single powerful supernova explosion.
. L . These results have been reported in meeting proceedings.
3.2.2 Photodissociation Regions (PDR) S. Y. Kim, M.-M. Mac Low (American Museum of Natu-

R. Young Owl, Meixner, M. Haa6NASA Ames, Tielens  ral History) and Y.-H. Chu have modeled the structure and
(Kapetyn Astronomical Instand A. RudolphHarvey Mudd  evolution of a hypernova remnant in a stratified interstellar
College have used spectra of th®I] 63um and[ClI] 158 medium, in order to determine the conditions for blow-out to
pm lines taken aboard the KAO to study the energetics iroccur. The models have been presented in an AAS meeting,
nine low excitation photodissociation regions found in re-and will be reported in a journal paper.
flection nebulae. They have derived estimates of the physical Y.-H. Chu, A. Caulet, M.J. MonteéNRL), and collabo-
conditions in each source. They found that the CII/OI linerators analyzed a high-dispersion spectrum of SN1978K. The
ratio decreased with increasing far ultra-violet intensity andspectrum resolved theddand[N 1] lines into a broad com-
that the color temperature of the star showed no noticeablponent and a narrow component, corresponding to the super-
trend in the heating efficienies, consistent with theoreticahova ejecta and ambient medium, respectively. The narrow
expectations. A detailed look at NGC 1977, the best-studiedomponent has a highN Il1]/Ha ratio, suggesting a high
source, showed that it is not purely edge-on. Results are pulmitrogen abundance in the surrounding medium. The high
lished in Young Owl's thesis and a paper is in preparatiomitrogen abundance implies that it is stellar material ejected
for the ApJ. by the progenitor, possibly a luminous blue variable. The
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analysis and results have been published in a Letter of thanalysis, to determine the structure of the warm ionized me-

Astrophysical Journal. dium of the ISM, and to provide a template for the free-free
Y.-H. Chu, S. Van Dyk(IPAC), and R. A. Gruendl have Galactic foreground emission that must be subtracted from

obtained high-dispersion spectra for a number of young suthe observations of the cosmic microwave background radia-

pernovae at distances up to 30 Mpc to study their ambiention such as will be made by the MAP and Planck satellites.

interstellar environments and to search for circumstellar

nebulae. No new circumstellar nebula similar to the one3.2.6 Circumstellar Nebulae

around SN1978K is found. The narrow velocity components \y/ Brandner (IfA, Hawaii), E. Grebel (Washingto,

are used to determine whether the supernovae were in HY .,y chy. and S. D. Points have obtained HST WEPC2
regions or superbubbles. Preliminary results have been rgmages of the Galactic giant Hil region NGC 3603. These

ported in an AAS meeting. images detected proplyds that are more than 100 times larger
than those present in the Orion Nebula. The physical struc-
3.2.5 Interstellar Medium ture and morphology of the proplyds in NGC 3603 have been

J. Lazendic(U. yd) and J. Dickel are investigating the Modeled and reported in a paper that has been accepted by
radio spectrum of the giant H Il region 30 Doradus. Theythe AJ. The circumstellar rings ground the blue superglant
find no convincing deviations from a thermal spectrumSh_er 25 were resolved. The physical structure of the rings are
throughout the object but faint SNRS could well be masked€ing analyzed.
by the strong thermal emission.

Gammie has developed a quasi-analytic model for mag3-2.7 Astrochemistry
netized inflow from an accretion disk onto rotating black S.-Y. Liu and L. E. Snyder studied the Sgr B2 region with
hole. The model is fully relativistic, and demonstrates thathe BIMA Array at sub-arcsecond resolutidniu & Snyder
under realistic astrophysical circumstances the efficiency 01999, ApJ, in press for Oct)1The 3 mm continuum, vinyl
thin disks can be significantly different from the classicalcyanide(C,H;CN), and ethyl cyanidéC,H5CN) line emis-
value. The model also shows that, in the presence of a sution were detected. These observations have the highest an-
ficiently strong magnetic field, energy can be extracted frongular resolution ever reported for,B;CN and GHsCN.

a rapidly rotating hole. With 0.8’ resolution, it is possible to probe physical scales

Gammie, with J. GoodmarPrinceton, and G. Ogilvie  only Oort cloud.

(MPA-Garching, studied the stability of warping modes in  C. C. Pei, Liu, and Snyder conducted the first astronomi-
unmagnetized Keplerian disks. Warps are now of particulacal measurements of thg = 18, — 18;, 19, — 19;, and
theoretical interest given the direct detection of a warped®0, — 20, E transitions of methandiCH;OH) toward the
disk in NGC4258 and the discovery of an instability that Sgr BAN) region(Pei, Liu, & Snyder 1999, ApJ, in presA
plausibly causes warps in disks. Warps were found to beotational temperatur&,,, = 170(13) K was determined for
subject to a parametric instability. Three dimensional nuthe Sgr BZN-LMH) core. The total column density oCH
merical models showed that this instability leads to decay 0§OH is Nt(CHzOH) = 4.2(6) X 10 cm 2, and the frac-
in-plane motions associated with warps in Keplerian disks. tional abundance of C}¥DH is X(CH;OH) ~ 4 X 10°8. The

Gammie, with E. Ostrike(UMCP) and J. Ston€UMCP), H59« recombination line and a new unidentified line were
continued their efforts to investigate the structure of the coldletected.
interstellar medium using direct numerical simulations in  Liu, Snyder, and D. M. Mehringer completed the BIMA
two and three dimensions. The purpose of this work is toArray observations for a survey of HCOOH in the molecular
probe the dyanmics and energetics of turbulence in molecwzores W30H), Orion IRc2, Sgr A-A, Sgr B2, G34:80.2,
lar clouds and to understand the initial conditions for staWw51 M, DR21(OH), NGC 7538 IRS9, and IRS1. The best
formation. Gammie has been focusing on the statistical propsources were Sgr BR-LMH), W51, and Orion. As a
erties of clumps, including the distribution of clump shapesfollow-up to the formic acid survey, A. Remijan, Liu, and
masses, and magnetic field strengths. In related work, Gangnyder started a survey of interstellar acetic acid sources that
mie, with P. Myers(CfA), investigated a simple analytic are coincident with formic acid sources.
model for generation of size-linewidth relations in the cores Snyder has been collaborating with Y.-J. Ku&tat'l Tai-
of molecular clouds. wan Normal U. & ASIAA), S. B. CharnleyNASA/Ames &

Gammie, with undergraduate K. Obenschain and physict/C-Berkeley, T. L. Wilson (SMTO/U. Arizong, M. Ohishi
graduate student J. McKinney, is also assembling a smalNAO Japan, and H.-C. HuangNat'l| Taiwan Normal U) to
cluster of computerg‘beowulf” ). This cluster will serve as test models of gas-grain alcohol chemigiuangt al. 1999,

a workbench for developing parallel algorithms and provideBAAS 31, 943. This was done by searching for diethyl ether
computing cycles for Gammie’s work in computational as-((C,Hs),0) and methyl ethyl ethe(CH;OC,Hs) in the
trophysics. cloud cores Sgr B&), W51 el/e2 and Orion-KL, where

Peter R. McCullough and his colleagues Gaustad, Vamlcohols have been evaporated from ice mantles. Both the
Buren, and Rosing have completed their first set of southerrfNRAO 12-m and the BIMA Array were used for these
sky Ha images from Cerro Tololo Inter-American Observa- searches. The 12-m detected various line transitions which
tory. A second set of images, each offset from the originaklosely match the two molecular species in the 1-mm, 2-mm
images by approximately 7 degrees, is nearly complete als@and 3-mm regimes in all 3 molecular cloud cores. Further-
Substantial additional funding has been secured for datmore the BIMA maps show a clear concentration of ;O
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and what may be C{OC,Hs; and (C,Hs),O toward Sgr tions of absorption linesfdd | and OH toward the molecular
B2(N), as predicted by the model. The unambiguous identicloud associated with the NGC 2024 H Il region. The maps
fication of the two ether molecules hinges on further work inof the magnetic field showed that the magnetic field comes
matching the observed astronomical rest frequencies to prérom a line subcomponent at, sg ~ 10.2 km s which
dictions from theoretical molecular Hamiltonian models.  corresponds in velocity and in spatial morphology with the
The symmetric top molecule methyl cyanid€H;CN)  northern dense molecular ridge in NGC 2024, with,B
has long been recoginized as an important interstellar molvarying from 0 to the northeast of the northern molecular
ecule for determining temperatures in molecular clouds. Yridge to almost 10Q.G to the southwest, possibly due to the
Miao (lllinois & Lucent Tech), Q. Zeng(PMO), and Snyder  field being mainly in the plane of the sky to the northeast but
used BIMA Array observations of vibrationally excited having a significant line-of-sight component to the south-
CH;CN emission from Sgr B&-LMH) to determine an ex- yest.
citation temperature of about 300K. Remijan, Liu, Snyder, &  Crutcher and collaborators also achieved the first detec-
Pei used BIMA Array data to study GEN emission from  tjons of the Zeeman effect in mm-wave lines of CN, toward
two W51 compact hot core regions, W51 el/e2 and W51 IRShe Orion Molecular Cloud 1OMC1) and toward two cores
2 (Remijanet al. 1999, BAAS 31, 948 They found that the iy the DR210H molecular cloud, and probably toward the
cores of each region have a temperature greater than 100t§17Sw molecular cloud. The line-of-sight magnetic field

and a density greater than 100 cfn in agreement with the strengths inferred were, & OMC1) = — 0.36+ 0.08 mG,
observations of Zhangt al. (1998, ApJ, 494, 636 Bios(DR210H) = — 0.36 = 0.10 mG, B,s(DR210H,)
= - 071 % 0.12 mG, and B,(M17SW) = - 0.33
3.2.8 Star Formation: Observations + 0.14 mG.
J. A. Williams (Albion College and H. Dickel have com- Crutcher used all 27 available sensitive Zeeman measure-

pleted their radiative transfer modeling of observations of thanents of magnetic field strengths in molecular clouds to-
CS J=2-1 line with the BIMA array and higher CS observa- gether with other relevant physical parameters in order to
tions from the literature for the W 49 A north star-forming calculate input parameters to magnetic star formation theory
complex. Colliding clumps do not reproduce the observedand compare predictions of theory with observations. Results
CS absorption towards the central region unless a lower derfer this cloud sample wergl) Internal motions are super-
sity envelope is added. The global collapse model reproducesonic but approximately equal to the Alivespeed, which
the lower transitions towards the center but the higher transuggests that supersonic motions are likely MHD way2k;
sitions are too weak; a second cloud around HIl region AThe ratio of thermal to magnetic pressuygs ~ 0.04, im-
partially overcomes this deficiency. This modified global plying that magnetic fields are important in the physics of
collapse model reproduces the position-velocity diagramsnolecular clouds;(3) The mass-to-magnetic flux ratio is
better than the other two models, but localized collapsingabout twice critical, suggesting but not requiring that static
fragments give the best overall fit to the data. These resultmagnetic fields alone are insufficient to support clouds
(paper 2 are being written up for publication; the observa- against gravity;(4) Kinetic and magnetic energies are ap-
tional paper(1) is in press for ApJ Suppl December 1 1999, proximately equal, suggesting that static magnetic fields and
Volume 125 #2 with preprints available at URL- http:// MHD waves are roughly equally important in cloud energet-
www.astro.uiuc.edu/department/preprints/hdickel/. ics; and(5) Magnetic field strengths scale with gas densities
H. Dickel is resuming analysis of high resolution obser-as|B| « p* with k ~ 0.47, in agreement with the prediction
vations of BCO towards the star-forming region ON3 ob- of ambipolar diffusion driven star formation. This study has
tained with the WSRT and VLA and of high resolution re- made it clear that magnetic fields are a crucial component of
combination line data for DR21 obtained with the BIMA the physics governing cloud evolution and star formation.

array. Girart, Rao, Crutcher, from 1 mm BIMA observations,
detected and mapped the linearly polarized emission of the
3.2.9 Molecular Clouds COJ=2— 1 due to the Goldreich-Kylafis effect. The polar-

R. Crutcher continues his work on the measurement ofzation maps towards the NGC 1333 IRAS 4A make it pos-
magnetic fields in molecular clouds in order to improve oursible to define the direction of the magnetic field in the out-
understanding of the role magnetic fields play in cloud evoflow. We also detect and map the linearly polarized dust
lution and in star formation. continuum emission. The two techniques for mapping mag-

Crutcher and collaborators carried out VLA Zeeman ob-netic field morphologies agree. They in general sample dif-
servations HH | absorption lines toward the H Il region in ferent column densities and together allow study of magnetic
the M17 giant molecular cloud complex. The maps showedield morphology over wider areas that either alone would
an H | component at the same velocity{ 20 km s'!) as  permit.
the southwestern molecular cloud. This component seems to Using BIMA, Girart, Rao, Crutcher carried out spectro-
originate from the edge-on interface between the H Il regiorpolarimetric observations of IRG 10216, to search for lin-
and M17 SW in unshocked photodissociation region gas. Aear polarization emission of molecular lines that theoretical
steep enhancement in the 20 km'$H | column density and models predict to be polarized: CS, SiS or SiS. Preliminary
line-of-sight magnetic field strengthB;) were detected maps show no polarized emission in any of the lines higher
toward this boundary. The peaB,,s ~ —450 uG. thana~ 1% level.

Crutcher and collaborators also made VLA Zeeman observa- Girart, Estalella and BeltratUniv.Barcelona, Spajn Ho
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(CfA), Anglada (IAA, Spain) continue to study the L723 This may be an interaction region between an outflpve-
region, which encompasses a quadrupolar molecular outfloveumably originating from W31,0)) and ambient material to
Submm dust continuum maps show a strong emission peake south of W8H,0). Continuum emission shows the par-
around L723 VLA 2, the powering source of the east-westially resolved ultra-compact HIl region around VH),
lobes of the quadrupolar outflow. However, the maps doedust emission elongated east-west in the vicinity of
not allow to identify the powering source of the other pair of W3(H,0), and some evidence for emission in a region north-

lobes. east of W3OH) near a postulated champagne flow from
Girart, Ho, Estalella and Rudolpgiarvey Mudd College ~ W3(OH). N .
continues to study the HCOemission in star forming re- ~ W. McCutcheon(U. of British Columbig, G. Sandell

gions with strong molecular outflow activity. We have car- (NRAO), H. Matthews(JAC Hilo, HI), T. Kuiper (JPL), E.
ried out LVG analysis of the multi-transition HCOobser- ~ Sutton, W. Danch(UC Berkeley, and T. Sato(Kwantlen
vations towards NGC 2264G. The “anomaloud=1— 0 U., British Columbia have been studying molecular line and
emission found seems to be due to absorption by cold, lovinillimeter continuum emission from the northern parts of the
density foreground gas in the same region. molecular cloud complex NGC 6334. The dominant star
Girart and Acord carried out BIMA observations of the forming regions are NGC 6334 | anéN). Each has associ-

Si0 J=2— 1 towards L1448. The goal is to try to measure ated outflow, the outflow from | being of particularly high
proper motions of the extremely high velocity “bullets” Velocity and mechanical luminosity. The source | has a
from comparing with 1990 PdB maps of the same transitiorFhemistry which is rich in methyl-group molecules such as

at a similar angular resolution. The data has been reducd®#€thanol, methyl formate, and dimethyl ether. A high degree
and comparison of the maps are underway. of excitation is also present in |, with some lines originating

E. Sutton, A. SobolevUral State U., EkaterinbuygS.  from molecular levels 900 K above the ground state. The gas
Ellingsen(U. Tasmania D. Mehringer, and D. CraggMo- associated_ With(N) appears to be de_nser a_nd cooler than
nash U) have been studying class Il methanol masers in thdhat associated with 1. Both star forming regions are young,
molecular cloud WBOH) using the BIMA array. They have With I(N) being the younger of the two.
observed three new weak maser transition&2)-8(3)A
— , 7(2-6(3)A+, and 31)-4(0)A+. In all three lines the 3.3 Solar System

masing relgion is about 0.6north of th_e center Ef /the Comet Hale-Bopp was observed successfully during its
W3(OH)_utra-co_mpact HII region ¥ sp= — 431 m’S, = 1997 apparition in both line and continuum emission at 3
s_uggestmg the I|_ne_s are emitted from the same _p_hyS|caI rem wavelength with the BIMA Array. L. E. Snyder and
gion. Maser emission is absent from the transitioi®)-7 .| ;ahorators continued analyzing the data. Comet collabora-
8(J)A — and 12)-8(1)A+, which have the same upper lev- o« inciyde: P. PalmegiChicagg; M. F. A'Hearn and L. M.
els as two of the maser lines, and from the maser Candida\ﬁ/oodneyMarylan@' M. C. H. Wright, I. de Pater, and J. R.
lines 5(— 1)-4(0)E, 13(— 3)-14( — 2)E, and 0)-1( — 1E. Forster (Berkeley; Y.-J. Kuan (Taiwan and graduate stu-
The strengths of the observed maser lines, previously rgjants A Meyertholen and J. M. Veal. The cometary mol-
ported maser lines, and the various upper limits put strong,jes specifically targeted for observation included HCN,
constraints on the physical characteristics of the emitting regco+ g CHOH and CO, but many other species had
gion. Among other thlng§, it appears that .thIS region is Ofgransitions which could be observed simultaneously with the
rather low physical Qensny. Model calculations are capablqarget molecules. During this period, mosaiced images and
of rqughly reproducmg_the observed fluxes, although MOr&pectra of HCN and HCOwere produced which show that
detailed model calculations are needed. the HCO' is extended and the HCN roughly follows a Haser
Sobolev, Sutton, and I. Zinchenk¢AP, Novgorod are  model in which about 80% comes from the nucléwgright
also studying the spatial distribution of CS, SO, methanolet 5. 1998, AJ, 116, 3018 In addition, single-field images
and SiO emission in the vicinity of W®H) and W3H;0).  of CS and HCN emission were used to determine molecular
The goal of this work is to determine the morphology of thephotodissociation lifetime¢Snyderet al. 1999, BAAS 31,
region and the impact of outflows and shocks on the overalg48)_ Haser modeling of the HCN images yielded scale
cloud structure. The methanol emission provides strong evingth values in excellent agreement with both the theoreti-
dence for a rotating disk around W0). C*'S emission,  cal prediction(Huebner, Keady, & Lyon 1992, A&SS, 195,
indicative of high density, is also strong in this region, CoN-1) and the previous mosaicked image valgright et al.
sistent with the disk hypothesis. On larger scales, the lowestggg. On the other hand, this same method applied to CS
energy methanol lines show the presence of large amounts gfves a scale length which is 10 times smaller than the
very low excitation material, particularly extending to the commonly accepted value. Consequently, the CS fraction in

southwest from WBDH). But C*S is present in absorption comets is increased with respect to some earlier determina-
in front of W3(OH), and G“S emission is also seen extend- tjons.

ing to the southwest from W®H). This indicates a more

complex intermingling of low- and high-excitation material 5 4 Extragalactic Astronomy

throughout this region. SO, another high density tracer, is

more clearly confined to W81,0). SiO emission, which is 3.4.1 Normal Galaxies

thought to trace shock excitation, is weak, spatially extended, C.-H. Chen and Y.-H. Chu have been analyzing M101
and displaced to the south of both Y@81) and W3H,0).  giant HIl regions NGC 5471 and NGC 5461, using HST
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WFPC2 images and KPNO 4-m echelle spectra. The HSThe ISM and their relationship with the underlying popula-
continuum images are used to study the distribution and cokion of massive stars. They have been using X-ray data taken
ors of OB associations and cluster within the giant HIl re-with the ROSAT and ASCA satellites to map and analyze
gions. The colors of the clusters will be modeled to deterthe 16 K ionized gas, UV data taken by the HST STIS and
mine their ages. The goals for this project are to study theo be taken by the FUSE satellite to analyze the KGon-
star formation history in very luminous giant H Il regions ijzed gas, and optical data taken with the CTIO telescopes to
and to determine whether globular clusters are formed irtudy the 16 K ionized gas structures and their stellar con-
giant H Il regions. tent. The interstellar structures they study include interstellar
|. Barton (Ph.D. studentmade excellent progress during pypples around single massive stars, supernova remnants

the year analyzing a multi-wavelength set of visual wavegNRg, superbubbles around OB associations, HIl com-
length images for population synthesis in two moderately,ayes the giant Hil region 30 Doradus, supergiant shells,
nearby spiral galaxies: NGC 4258 and NGC 5055. Very high, 4 large-scale structures.

signal-to-noise images are available for these two galaxies at v " . ¢ -H Chenet al. are using the HST WFPC2

the Mt. Laguna 1-m telescope in B,V, R, and ubvy colors'images of LMC HIl regions to search for small wind-blown

The gim s to.anallyze the stellar population changes S Bubbles in young HIl regions, and SNR shocks in X-ray
function of radial distance from the galaxy nucleus in orderbright superbubbles. Six HIl regions are included in this pro-

to detect spatial variations in the galaxy mass-to-light ratios, ram: N11B, N30, N44, N51D. N63. and N180. No wind-

These results are important in determining the nature of dar . . )
matter in spiral galages g lown bubbles are found in young HIl regions. This can be
L. Thompson and M. Griffin(Ph.D. student used the explained if the interstellar medium is cloudy, and the evapo-

NICMOS-3 camera at the Mt. Laguna 1-m telescope tOration of thg cloudlets in a bubble interior quickly fills up the
search for distant clusters of galaxies at near-IR wavelength§entral cavity. . .
The method seems to be a very promising extension of ear- R- Williams, Y.-H. Chu, J. Dickel, D. M|Ine(ATNF), _
lier work at visual wavelengths by Dalcant6ApJ, 466, 92, Sungeun Kim and other colleagues continue their multi-
1996. wavelength studies of the SNRs in the Magellanic Clouds.
D. Goscha(M.S. studentbuilt a website which contains They have completed an X-ray atlas of LMC SNRs, using
several Mbytes of galaxy catalog data. The data itself wagrchival ROSAT HRI and PSPC data. They are also using
produced in its origina| form by L. Thompson and S. Gre_arChival ROSAT PSPC data to determine the plasma tem-
gory (University of New Mexico. While galaxy luminosity ~ perature and thermal energy of all LMC SNRs.
functions were derived by Thompson and Gregory from S. Kim is analyzing the distribution and physical structure
these data when they were first collected, the catalog da®f H | in the LMC, using the ATCA mosaic survey. She is
itself was never been published. The website provides findegataloging the shell structures and determining their forma-
charts as well as lists of galaxy position, morphology, ellip-tion mechanisms. She is also examining tH | structure
ticity, magnitude, etc. Clusters in the catalog include Al656around OB associations in order to study how massive stars
(Coma, A2147 and A2151(Hercules, A2197 and A2199 interact with the interstellar medium.
and several others. The website is built around the language S. D. Points, Y.-H. Chu, and S. L. Snowdé¢NASA/
PERL to provide a convenient means for on-line catalogGSFQ are examining the physical condition of the®1R
search. gas interior to the supergiant shell LMC 2. They have ob-
Fields and K. Olive(Minnesota studied the chemical tained ROSAT PSPC and HRI mosaics of LMC 2 to examine
evolution of helium and metals in dwarf irregular galaxies, the distribution of hot gas and ROSAT PSPC and ASCA SIS
via data analysis and theoretical models. While supernovaspectra to study the physical conditions of the hot gas. The
driven outflow models can qualitative reproduce the Ob-ana|ysis has been completed and is being written up in a
served trends, the models cannot reproduce the helium ev@aper to be submitted soon.
lution quantitatively. . _ S. D. Points, Y.-H. Chu, and S. L. SnowdéNASA/
~ Fields (1999 compared the emerging cosmic star forma-GsrQ are identifying and cataloging diffuse X-ray sources
tion rate with the star formation history in the solar neigh-jp the LMC, using the mosaic of ROSAT PSPC pointed ob-

borhood. Using the local stellar luminosity function, he sepyations. Preliminary results have been presented in an
showed that at least one of the three simple and apparentlysg meeting.

reasonable assumptions must be faldg:the initial mass Y.-H. Chu, S. L. SnowdeGSFC/NASA, et al. have

function is time-independent?) the initial mass function carried out a ROSAT HRI survey of the LMC and the SMC.
has a smoqth shape, af@) .the local star formation rate is The observations have been mosaicked together to illustrate
representative of the cosmic mean. the large-scale diffuse X-ray emission. These observations

are also suitable for a survey of discrete and point X-ray
3.4.2 Large Magellanic Clouds sources. These data are being analyzed.

Chu and Wakker(U. Wisconsin continue their Long R. C. Smith(CTIO), Y.-H. Chu, et al. are continuing an
Term Space Astrophysics program to investigate the physicaimission line survey of the Magellanic Clouds using the Cur-
structure and evolution of the interstellar medi@®M), us-  tis Schmidt Telescope and a CCD camera at CTIO. These
ing the Large Magellanic Clou_LMC) as an astrophysical images show the warm ionized gas, which can be compared
laboratory. Specifically, they study the different phases ofwith the hot ionized gas shown in X-ray images. This com-
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parison allows us to examine the multi-phase structure of th€hu, Y.-H. 1999, “Hot Gas in the Large Magellanic

ISM. Cloud,” in The Magellanic Clouds and Other Dwarf Gal-
axies, eds. T. Richtler and J.M. Braun, 11-24
3.5 Astronomical Nomenclature ChU, Y.'H., Caulet, A., Montes, M. J., Panagia, N., Van Dyk,

S. D., and Weiler, K. W. 1999, “Detection of Pre-Shock

H. Dickel continues as Chair of the Task Group on Des- pense Circumstellar Material of SN 1978K,” ApJ, 512,
ignations of the IAU Commission 5. The TG has organized | 51.54

an electronic FORUM on Designations of Stellar Compan-chy Y.-H.. Weis. K.. and Garnett. D. R. 1999 “Physical
ions (including extrasolar planethttp://aries.usno.navy.mil/ Structure of Small Wolf-Rayet Ring Nebulae,” AJ, 117,
ad/wds/iaujd.html. Currently there are 25 members involved 1433 1440

from 10 different commissions and 10 different Coumries'Crutcher R. M. 1999, “Magnetic Fields in Molecular

The goal is to find possible solutions to the problem of des- Clouds: Observations Confront Theory,” ApJ, 520, 706

ignating stellar companions hich will then be presented at rutcher. R. M.. Roberts. D. A. Troland. T. H. and Goss. W
multi-commission meeting which is being organized for the — , 19{99 .“Tf.{e Magne,tic .Fie.lid of the NGC '2024 Moleéu- '
IAU General Assembly in Manchester in August 2000. To Ia} Clou;j » ApJ, 515, 275

Eg_rtlli:l?atef ml the Forum contact H. Dickel at Crutcher, R. M., Troland, T. H., Lazareff, B., Paubert, G. and
ickel@ntra.nl. Kazes, I. 1999, “Detection of the CN Zeeman Effect in
Molecular Clouds,” ApJ, 514, L121
3.6 New Instruments Dickel, J. and Carter, L. 1999, “The Possible Relation Be-
J. Dickel has participated in several meetings on the Ween the SNR RCW103 and the PSR AXS J161730-

Square Kilometer Array and was a contributor to the Science 505505,” The Relation Between Neutron Stars and Su-

Case, edited by R. BrautNFRA) and A. R Taylor(U. Cal- pernova Remnants, ed. by R. Bandieraal, Memorie
gary), for this vital new radio telescope. della Societa Astronomica ltaliana, 69, 845

Fields, B. D. 1999, “Testing the Relation Between the Local
and Cosmic Star Formation Histories,” ApJ, 515, 603
4. PUBLIC SERVICE AND EDUCATION Fields, B. D., and Olive, K. A. 1998, “On the Evolution of
H. Dickel and J. Dickel continued to serve as Harlow Helium in Blue Compact Galaxies,” ApJ, 506, 177
Shapley lecturers for the AAS and as regional lecturers foFjelds, B. D., and Olive, K. A. 19993, “The Revival of Ga-
Sigma Xi. They also are “Faculty Friends” to students of |actic Cosmic-Ray Nucleosynthesis?,” ApJ, 516, 797
Snyder Residence Hall on campus. H. Dickel continues to bgijelds, B. D., and Olive, K. A. 1999b, “The Evolution 8Ei
a Tour Speaker for the American Chemical Society. in Standard Cosmic_ray Nuc|eosynthesis,” New As-
J. B. Kaler continues his work in public education. He is  tronomy, 4, 255
in the process of writing four books on different aspects ofFong, D., Meixner, M., Sutton, E., Bujarrabal, V., Kelly, D.,
stellar astronomy, and wrote articles for encyclopedias, Haas, M., Barlow, M., Glassgold, A., Nguyen-Rieu, Q.,
magazines, and books. He continues weekly sky news on skinner, C. J., and Tielens, X. 1998, “Observations of
“Skylights” (both emailed and on the web at http://  Atomic Gas in Post-AGB Envelopes,” in Asymptotic Gi-

www.astro.uiuc.edu/ kaler/skyl|ghtshtmbnd continues to ant Branch StarS, 1AU Symposium 191 Poster Session
expand the “Star of the Week” website( http:// held in Montpellier, France, 505

www.astro.uiuc.edu/ kaler/sow/sow.himBoth sites have Fujimoto, M. Y., Aikawa, M., and Iben, I. Jr. 1999, “The
won several awards. With B. Balick, Kaler produced a cap-  Eyolution of Metal-Deficient Stars And the Search for
tioned slide set on planetary nebulae for the Astronomical Population Il Stars,” in The Third Stromlo Symposium:
Society of the Pacific. He continues to lecture extensively t0  The Galactic Halo, eds. B. K. Gibson, T. S. Axelrod, and
both the public and to professional societies. M. E. Putman(San Francisco: ASP Serje€66

George Swenson and colleagues A. Richard Thompsogammie, C. F. 1999, “Instabilities in Circumstellar Discs,”

(NRAO) and James M. MoraitCfA) have completed the iy Astrophysical Discs, ed. J. Sellwood and J. Goodman,
manuscript for the second edition of INTERFEROMETRY  (gan Francisco: ASP122

AND SYNTHESIS IN RADIO ASTRONOMY (John Wiley

Gammie, C. F. 1999, “Accretion Disk Turbulence,” in In-
& Sons.

terstellar Turbulence, ed. J. Franco and A. Carraminana,

(Cambridge: Cambridge277

PUBLICATIONS Gammie, C. F. 1999, “Efficiency of Magnetized Thin Ac-

Bobrowsky, M., Meixner, M., Axon, D., Hines, D. C., and cretion Disks in the Kerr Metric,” ApJL, 522, L57-60
Skinner, C. J. 1998, “Imaging and Polarimetry of the Gammie, C. F., Narayan, R., and Blandford, R. 1999, “What
Nebula around IR€10216,” AAS Meeting 193, abstract is the Accretion Rate in NGC 4258?” ApJ, 516, 177-186
#69.15 Garnett, D. R., Walsh, J. R., Chu, Y.-H., and Lasker, B. M.

Brogan, C. L., Troland, T. H., Roberts, D. A., and Crutcher, 1999, “Bok Globules in the LMC,” AJ, 117, 1285-1291
R. M. 1999, “Detection of Magnetic Fields toward M17 Girart, J. M., Ho, P. T. P., Rudolph, A., Estalella, R., Wilner,
through tle H | Zeeman Effect,” ApJ, 515, 304 D., and Chernin, L. M. 1999, “The HCO Molecular

Cassissi, S., Iben, I. Jr., and Tornambe 1998, “Hydrogen Outflow in NGC 2071,” ApJ, 522, 921
Accreting Carbon-Oxygen White Dwarfs,” ApJ, 496, 376 lben, I. Jr. 1998, “On the Evolution of AGB Stars which
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Develop Electron-Degenerate ONe Cores,” in Modern lar Cores,” 54th OSU Internat. Symp. on Molec. Spectr.,

Problems of Stellar Evolution, ed. D. S. Wielddoscow: FAO5, 244

Geos, 52 Liu, S.-Y., Mehringer, D. M., and Snyder, L. E. 1999, “Ob-
Iben, I. Jr. 1999, “Asymptotic Giant Branch Stars: A Theo-  servations of Formic Acid Toward Galactic Hot Molecu-

retical Retrospective,” in AU Symposium 191: Asymp- lar Cores,” BAAS, 31, #3, 995

totic Giant Branch Stars, eds. T. Le Bertre, Abke, and Mehringer, D. M., and Snyder, L. E. 1999, “Locating Com-

C. WaelkengSan Francisco: ASP591 plex, Saturated Organic Molecules in the Interstellar Me-
lben, 1. Jr. 1999, “The Effects of Possible Binary and Ter-  dium,” 54th OSU Internat. Symp. on Molec. Spectr.,

tiary Companions on the Behavior of Eta Carinae,” in Eta RAQ4, 196

Carinae at the Millenium, eds. J. Morse, R. HumphreysMeixner, M., Campbell, M. T., Welch, W. J., and Likkel, L.

and A. Damineli(San Francisco: ASP367 1998, “Mass Loss Histories of Three Carbon Rich
Iben, I. Jr. and Tutukov, A. V. 1998, “Comment on ‘Intrin- Evolved Stars as Revealed by tH€0O Emission,” ApJ,

sic Kicks at Birth are Required to Explain the Observed 509, 392

Properties of Single and Binary Neutron StarsApJ,  Meixner, M., Ueta, T., and Bobrowsky, M. 1998, “Two

501, 263 Types of Proto-Planetary Nebulae?” AAS Meeting 193,
lben, 1. Jr. and Tutukov, A. V. 1999, “On the Evolution of  gpstract #62.04

Close Triple Stars which Produce Type la Supernovae,’\jeixner, M, Ueta, T., Dayal, A., Bobrowsky, M., Hrivnak,

ApJ, 511, 324 ) B.J., Skinner, C.J., Hora, J., Deutsch, L. K., Hoffmann,
Iben, I. Jr. and Tututkov, A. V. 1999, “On the Productionby  \y, F. and Fazio. G. 1998. “The Morphology of Proto

Triple Stars of Binary Blue Stragglers and Cataclysmic
Variables,” in 14" European Workshop on White
Dwarfs, 169, ed. J.-E. Solheim and E. G. Mass(San
Francisco: ASP 169, 432

Iben, I. Jr., Tutukov, A. V., and Fedorova, A. V. 1998, “On
the Luminosity of Degenerate Dwarfs in Close Binaries,
Merging Under the Influence of Gravitational Wave Ra-
diation,” ApJ, 503, 344

Kaler, J. B. “Ask Astro,” “Astronomy,” continuing contri-
butions: Sept. 199685un from Alpha Centauy; Oct. 1998
(transuranic elements Nov. 1998 (green stars Feb.
1999(future of the Sujy March 1999(biggest star, April

Planetary Nebulae Dustshells,” in Asymptotic Giant
Branch Stars, IAU Symposium 191 Poster Session held in
Montpellier, France, 5-15

Meixner, M., Young-Owl, R. C., and Leach, R. W., 1999,
“NIRIM: a Dual Purpose Near Infrare(D.76 — 2.5 um)
Imaging Camera for Wide Field and High Resolution Im-
aging,” PASP, 111, 997

Miao, Y., Zeng, Q., and Snyder, L. E. 1998, “Vibrationally
Excited CHCN in Sgr B2,” Chin. A&A, 22, 315

Moore, T. J. T., Emerson, J. P., Skinner, C. J., Meixner, M.
M., Arens, J. F., and Jernigan, J. G. 1998, “Mid-infrared

1999 (rotation: June 1999Greek letters Imaging of WL16: The Spatial Distribution of the Hydro-

Kaler, J.B. 1998, “Double and Variable Stars,” in The Uni- carboPn E:mISS(IjOI’(IBFeatleFES(,:” :\:ANnggg 289 1‘1203 bul
verse Revealed, Mitchell Beazley, Reed Consumer Bookg/lyers’ - C.an ammie, L. . » ~On the Turbulent

Ltd. London. 104-109 Velocity Dispersion in Molecular Clouds,” ApJL, 522,
Kaler, J. B. 1999, “Astronomy Update 1998,” in Proc. of L,141'144 ) o
the 34th Annual GLPA Conference, 19 Ostriker, E. C., Gammie, C. F., and Stone, J. M. 1999, “Ki-
Kaler, J. B. 1999, “Eyewitness to Stellar Evolution,” in Sky netic and Structural Evolution of Self-gravitating, Magne-
and TelescopeMarch), 97, 40 tized Clouds: 2.5-Dimensional Simulations of Decaying
Kaler, J. B. “Skylights,” on the web at htpy/ _ rurbulence,” ApJ, 513, 259-274
www.astro.uiuc.edu/ kaler/skylights.html Points, S. D., Chu, Y.-H., Kim, S., Smith, R. C., Snowden, S.
Kaler, J. B. “Stars,” on the web at httpJ// L., Brandner, W., and Gruendl, R. A. 1999, “The Super-
www.astro.uiuc.edu/ kaler/sow/sow.html giant Shell LMC2: I. Kinematics and Physical Condi-

Kaler, J. B. and Balick, B. 1999, “Planetary Nebulae,” cap-  tions,” ApJ, 518, 298-323
tioned slide set for the Astronomical Society of the PacificRebull, L., Duncan, D. Johansson, S., Thorburn, J., and
Kuan, Y.-J., Charnley, S. B., Wilson, T. L., Ohishi, M., Fields, B. 1998, “Limits on the Boron Isotopic Ratio in
Huang, H.-C., and Snyder, L. E. 1999, “Alcohol Chem- HD 76932, ApJ, 507, 387
istry: Tentative Detections of Two New Interstellar Big Remijan, A. J., Liu, S.-Y., Snyder, L. E., and Pei, C. C.
Molecules CHOG;Hs and (C;Hs),0,” BAAS, 31, #3, 1999, “Methyl Cyanide (CH;CN) Observations of
942 W51,” BAAS, 31, #3, 943
Lazendic, J. and Dickel, J. 1999, “The Crab-like SupernovaRitossa, C., Gara-Berro, E., and Iben, I. Jr. 1999, “On the
Remnant N157B,” in The Relation Between Neutron Evolution of Stars which Form Electron-Degenerate
Stars and Supernova Remnants, ed. by R. Bandieah, Cores Processed by Carbon Burning V. Isotope Abun-
Memorie della Societa Astronomica Italiana, 69, 843 dances, Core Collapse, and Thermal Pulses inMdd1
Linnell, A. P., Etzel, P. E., Hubeny, I., and Olson, E. C. Model with an ONe Core,” ApJ, 515, 381
1998, “A Photometric and Spectroscopic Study of MR Roberts, D. A., Crutcher, R. M., Young, W., and Kemball,
Cygni,” ApJ, 494, 773 A. J. 1999, “Status and Future Plans for Parallelization of
Liu, S.-Y., Mehringer, D. M., and Snyder, L. E. 1999, “Ob-  AIPS++,” in Astronomical Data Analysis Software and
servations of Formic Acid Toward Galactic Hot Molecu-  Systems VI, ASP Conference Series, Vol. 172, eds.
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David M. Mehringer, Raymond L. Plante, and Douglas A. Webbink, R. F. and Han, Z. 1998, “Gravitational Radiation
Roberts, 15 from Close Double White Dwarfs,” in Laser Interferom-

Shuping, R. Y., Snow, T. P., Crutcher, R. M., and Lutz, B.L.  eter Space Antenna, ed. W. F. Folkfil@merican Institute
1999, “CO and G Absorption Toward W 40 IRS 1a,” of Physics, CP-456 61-67

SkAp‘]’ 5(%0:] 1‘5 . M d Bob kv M. 1998. “Th Weis, K., Duschl, W. J., and Chu, Y.-H. 1999, “The Nature
INner, &. J., Mexner, V., and BODrowsky, . ' €  of Strings in the Nebula around Eta Carinae,” A&A, 349
Birth of a Planetary Nebula Around the Carbon Star IRC g ' ' '

467-474
+10216,” MNRAS, 300, L29 - . .
Snyder, L. E. 1999, “Large Interstellar Molecules: Are They Williams, R. M., Chu, Y.-H., D|ckeI“, J.R., Petre, R., Sm'th’_
Formed by Gas Phase Chemistry, Gryain Surface Chem- R- C., and Tavarez, M. 1999, “Supernova Remnants in
istry, or Both?,” 54th OSU Internat. Symp. on Molec.  the Magellanic Clouds Ill: An X-ray Atlas of LMC Su-
Spectr., RA07, 199 pernova Remnants,” ApJS, 123, 467-485
Snyder, L. E., Meyertholen, A., Veal, J. M., Kuan, Y.-J., de Wiliams, R. M., Chu, Y.-H., Dickel, J. R., Smith, R. C.,
Pater, I., Forster, J. R., Wright, M. C. H., Woodney, L. Milne, D., and Winkler, P. F. 1999, “Supernova Rem-

M., A’'Hearn, M. F., and Palmer, P. 1999, “BIMA Array nants in the Magellanic Clouds II: Breakouts from N11L
Molecular Searches in Comet Hale-Bgp{i995 0O1,” and N86,” ApJ, 514, 798-817

Snyder, L. E., Veal, J. M., Woodney, L. M., A'Hearn, M. F., 1998, “ASCA SIS X-ray Observations of the Wind

Kuan, Y. -J., Forster, J. R., Wright, M. C. H., Plambeck »
' ! ' ' ' ' ' Blown Bubble NGC 6888,” in The Local Bubble and
R. L., de Pater, I., Pound, M. W., Engargiola, G., and

Palmer, P. 1999, “BIMA Array Spectral Line Observa- !3ey0nd, IAU Colloguium No. 166, 425-428

tions of Comet Hale-BopfC/1995 O1,” BAAS, 31, #3, Wright, M. C. H., de Pater, I., Forster, J. R., Palmer, P.,
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