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This report covers the period 1 July 1995 through 30 Junéems department at Georgia State. Penny was awarded her

1997. Ph.D. in June 1996, and she then joined the astrophysics
group of the University of Montreal as a post-doctoral fel-
1. PERSONNEL low; she has recently accepted an Assistant Professorship at

Astronomy faculty in the Department of Physics and As-the College of Charleston.
tronomy were William G. Bagnuolo, Jr., Douglas R. Gies, Long-term visitors included Eiji KambéNational De-
William 1. Hartkopf, Harold A. McAlister(CHARA Direc-  fense Acad., Yokosuka, Japan; April 1996 — September
tor), H. Richard Miller, Mark A. Shure, Paul J. Wiit@irec- 1997 and Rosina IpingUniversity of Guam; August 1996 —
tor of Graduate Studies in Astronoynd David W. Wing-  June 199Y. Other visitors included Gopal-Krishi&CRA),
ert. Stephen Ridgway continued a half-time appointment as Elliot Horch (Yale), Otto Franz(Lowell Obs), Joel Eaton
CHARA Vvisiting scientist and Technical Manager of the (Tennessee StateElizabeth Griffin (Oxford), Marc Buie
CHARA Array project along with his primary appointment (Lowell Obs), Derek Buzas{Valdosta State Dany Vanbev-
as Astronomer at NOAO. Staff scientists and post-doctoragren(Vrije Universiteit Brussel S. JeyakumafNCRA), and
fellows within CHARA were Theo ten Brummelaar, Brian Paul Boichat(Nottingham. The University Center in Geor-
D. Mason, and Laszlo Sturmann. Post-doctoral fellows |rg|a V|S|t|ng Scholars in 1996 and 1997 were Charles Townes
extragalactic astronomy were Gang Bao, Damo Nair, andBerkeley and Stephen MarariNASA Goddard Space
John C. Noble. John W. Wilson was the Coordinator ofFlight CenteJ, respectively.
Laboratories, and Alexandra Land was the CHARA business
manager. 2. HARD LABOR CREEK OBSERVATORY
Shure joined the Department as an Associate Professor Hard Labor Creek Observatory is operated by Georgia
from the University of Hawaii in September 1995; with State University and houses the Multi—Telescope Telescope
graduate student Thaller he participated in the NSF SympodMTT) built at Georgia State by Bagnuolo, Barry, Gies, and
sium on Graduate Education in Astronomy in Washingtonthe late Ingemar Furenlid, and the'1&x-KPNO telescope,
DC (November 1996 Bagnuolo and Hartkopf were pro- which was awarded to Georgia State University by the Na-
moted to Associate Professor rank in September 1996. tetional Science Foundation through a grant to CHARA. The
Brummelaar was promoted to Research Scientist in Maybservatory hosted 16 public nights during 1995-97 as part
1996. Robert Cadman accepted an appointment as Site Maof an agreement with the Georgia Department of Natural
ager for the CHARA Array. Gies acted as Technical EditorResources which allowed GSU to locate the observatory on
for the paper and electronic versions of the Be Star Newslethe grounds of Hard Labor Creek State Park. Well over 1500
ter (URL http://www.chara.gsu.edu/BeNews/intro.htnfibr  visitors attended these public nights.
issues 30 September 199%and 31(June 199 Wiita spent The Multi—Telescope Telescope, a 1-m class instrument
one month as a Visiting Professor at the Indian Institute ofor high dispersion spectroscopy, has proved to be an effec-
Astrophysics(IlA) and the National Center for Radio Astro- tive tool for spectroscopic studies of bright objects. One of
physics(NCRA) in India. Mason accepted a position as As- the major goals of the instrument was to help separate the
tronomer in the astrometry program at the US Naval Obsereomposite spectra of binary stars using a tomography algo-
vatory. rithm, and major studies have now been completed by Bag-
Our continuing graduate students during this period wereuolo, Gies, Barry and collaborators on the massive binaries
Donald J. Barry, Kenneth Guyton, Michael E. Hahula, JagbirPlaskett’s stafHD 47129, . Ori, and 55 UMa(the latter
S. Hooda, Minhwan Jang, Liu Ning, John C. Noble, Laura R.represents the first application of the tomography algorithm
Penny, Reed Riddle, Lewis Roberts, Jon Sowers, Michelle Lto a triple systemh The MTT was also used in an interna-
Thaller, Nils H. Turner, and Xiong Ying. The following stu- tional campaign on the Be starEri (organized by R. Hirata
dents joined the graduate program in this period: Yoon-and Kambgand in a UV/optical campaign on the line profile
Jeong Choi, Saswato R. Das, Elizabeth Ferrara, Curtis Gosariable B-stare Per. Kaye, Bagnuolo, D. HalDyer Obs./
ings, Thomas Fallon, James A. Harvin, Amy E. Johnson an&/anderbilt Univ), and G. HenryTennessee St. Univhave
Anthony B. Kaye. embarked on a combined spectroscdpising the MTT and
Barry was awarded his Ph.D. in December 1995 anghotometric investigation of the new Doradus variable
joined the University of Texas as the Harlan J. Smith Fellow.stars. Multiple periodicities were found and are attributed to
Jang joined the faculty of Kyung Hee University in Korea high-order, low-degree, non-radial, gravity-mode oscilla-
after the award of his Ph.D. in December 1995. Noble retions. Ferrara and Boichat used the MTT to search for mo-
mained as a post-doctoral fellow after receiving his Ph.D. inecular bands in Comet Hale-Bopp.
December 1995, then accepted a post-doctoral/lecturer posi- Riddle and Bagnuolo have developed a simpler user in-
tion at Western Kentucky University. Liu received an M.S. terface for the MTT control program, as well as numerous
in March 1996 and joined the Computer Information Sys-other improvements to facilitate ease of use. Kambe worked
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with Bagnuolo on developing plans for another MTT-type the primary source of accurate stellar masses, as well as an
telescope and spectrograph to be constructed at the Nationatportant method for determining distances to these objects.
Defense Academy in Japan. We anticipate new joint spectro- Mason, McAlister, and Hartkopf collaborated with E.
scopic programs on short period variables and binary starSriffin (Oxford) and R. Griffin (Cambridge in combined
where the extended longitudinal coverage will greatly reducenalyses of three bright binaries, all of which have giant
diurnal gaps in observations. components and all of which were first resolved interfero-

Miller, Nair, Wilson and Ferrara are maintaining a pro- metrically by CHARA about 15 years ago.
gram for monitoring the optical variability of active galactic A similar collaboration with F. FekelTennessee St.
nuclei (AGN) utilizing the Photometrics CCD camera at the Univ.), C. Scarfe and D. BarloWUniv. of Victoria, BC), the
16'’ telescope. The primary focus of the program is to pro{ate A. Duquennoy(Obs. de Genee, Switzerlang and A.
vide extended studies of the microvariability of bright blaz- Tokovinin (Sternberg Astronomical Inst., Moscpwn the
ars. During the summer of 1997, a highly concentrated efforspectroscopic/visual triple HD 202908 allowed us to deter-
was made to monitor the major optical outburst of BL Lac.mine accurate masses and absolute magnitudes for all three
Variations of more than 1.0 mag./day were observed on se\p|ar-type stars in this system. Chromospheric emission,
eral occasions. Of particular interest were coordinatedithium abundance, and projected rotational velocity indicate
optical/EGRET observations of BL Lac which detected atnat this system is quite young, probably about the age of the
simultaneous flare of BL Lac at both gamma ray and opticalyades cluster.
wavelengths. A combined spectroscopic/astrometric/photometric analy-

sis of the nearby metal-rich solar-type star HR 669TMcA
50 was carried out by McAlistegt al, together with Fekel,

3. CENTER FOR HIGH ANGULAR RESOLUTION P. lanna(Univ. Virginia), Tokovinin, R. Griffin, and R. Cul-
ASTRONOMY ver (Colorado St. Univ.

Using speckle data plus spectroscopic measurements in
the literature, Masomt al. derived an accurate distance, plus
The CHARA speckle program continued its affiliation component masses and luminosities for another nearby solar-

with Mt. Wilson Observatory; over 6,500 observations weretyP€ star, HR 3656= Fin 347. _ .
obtained during 11 observing runs on the Hooker 100-in tele- Liu €t al. combined speckle data with tomographically-
scope. In addition, a run at CTIO in March 1996 enabled u$eparated spectra from the MTT in a study of 55 UMa, a
to complete a duplicity survey of bright O stafsescribed system composed of three early-A dwarfs, two of which are
below) and, in collaboration with T. Henr¢CfA) to observe probably moderate Am stars. Spectroscopic and astrometric
large samples of both chromospherically active and inactiv@bservations of this system are continuing, with the goal of
G dwarfs. Chromospheric activity in these stars is a good@btaining precise masses and absolute magnitudes for all
measure of age: inactive stgemission levels similar to that Components.
of the sun have ages of a few billion years or more, while ~ Mason, Gies, Hartkopf, Bagnuolo, ten Brummelaar, and
the active stars comprise a younger population with ages of NcAlister completed a speckle interferometric survey of all
billion years or less. There has been significant debate iffalactic O-type stars witlV<8. The speckle camera can
recent years about the evolution of multiplicity with age, detect binaries in the angular separation range
from nearly 100% of T Tauri stars to only 60% of solar-type 07035<p<175 with Am<3, and they have discovered 15
stars in the solar neighborhood. Analysis of the survey renew binaries among 227 O systems. They have combined the
sults for these two identically-chosen samples will allow usresults on visual binaries with a literature survey of the spec-
to discover if there is any evolution in multiplicity between troscopic binaries among the sample to investigate the over-
ages of less than one and a few billion years. all binary frequency of the sample and the orbital character-
Work on our ongoing series of speckle measurements dstics of the known binaries. Binaries are common among O
binary stars resulted in 7 measurements papers being pubtars in clusters and associations§9% have a visual or
lished in this period. Work also continued on the determina-sSpectroscopic companipbut less so among field, and espe-
tion of accurate orbital elements of close visual binaries; elcially runaway, stars. There are many triple systems among
ements were published for a total of 57 binary or multiplethe speckle systems, and they may play a significant role in
systems during this period. The primary participants in thighe ejection of stars from clusters. One such system, HD
effort were Hartkopf, Mason, McAlister, and ten Brumme- 193322, was found by McKibbefOxford College/Emory
laar. Univ.), Gies, Fullerton(Univ. Munich), and Bolton(Univ.
Mason published results of a speckle survey of 334 occulTorontg to contain a central 311 d binary in a wide 31y
tation binaries, including 30 systems resolved by speckle foprbit with a distant star. The binaries in the sample have been
the first time, as well as orbital elements for 12 occultationinvestigated to determine the distributions of binary period,
systems subsequently resolved by speckle through at leastnaass ratio, eccentricity, and longitude of periastron. Mason,
major portion of their orbits. Gies, and Hartkopf have also completed surveys of groups of
Collaborations between the CHARA speckle team andelated stars including southern Be stars, Wolf-Rayet stars,
several spectroscopists have resulted in combinednd B-type supergiants.
spectroscopic/astrometric analyses of a number of systems. A major program of speckle observations was carried out
These coordinated efforts are especially important as they aia collaboration with O. FranzLowell Obs) at the Lowell

3.1 Binary Star Speckle Interferometry
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1.8-m from 1982 through 1988, as part of a search for lowdocal stars. In order to see as faint a companion as possible,
mass companions to known binaries. fational Taiwan many frames of each star are taken. Exposure times were
Normal Univ), Franz, and CHARA colleagues published the selected to get as many photons as possible without saturat-
second paper containing results of this effort, including datang the CCD, and ranged from 0.25 to 5 seconds, depending
analyzed by Fu as part of his doctoral research, as well as @ the magnitude of the star. These frames were then com-
similar quantity of data reduced by Mason and Hartkopf.bined using a shift-and-add routine and the primary image
Rereduction of some of the older data, as well as analysis dhen was removed, allowing faint companion stars to be lo-
the entire sample for possible submotions, is ongoing. cated in the field. Twenty-seven stars were observed and
McAlister et al. published a brief survey for duplicity reduced in this manner. Four stars showed signs of compan-
among white dwarf stars, in which it was determined that theons, two of which, GJ 738 and GJ 678, were previously
stars comprising GD 319 form an optical pdand show known to be binary. This search for faint companions con-
purely linear relative motion while HZ 43 is a true binary tinues and confirmation of those objects already found is
(composed probably of a WD and a dM stasith a period of  planned.
order 2100 years. The third program on the MWI-AO system is to use the
Robertset al. analyzed 179 observations of 57 asteroidstelescope and AO system as an imaging interferometer. This
in a search for duplicity; no companions were detectedproject was the centerpiece of a successful proposal to MWI
yielding an upper limit to the size of any possible unseerand 20 nights observing time have been allocated in 1997.
components within the separation range visible to our equipBy placing a non-redundant mask in the aperture plane
ment. within the AO system the telescope can be used in an inter-
A quick survey was made of a sample of 116 stars susferometric mode. This technique was first used by Michelson
pected of duplicity in observations with the Hipparcos as-on this very telescope, and the combination of AO with ap-
trometry satellite. While all previously known binaries fall- erture masking is hoped to yield much higher resolution data
ing within our Am and separation limits were resolved by than can obtained with the AO or speckle systems alone. We
speckle, we were unable to confirm any of the suspectedxpect that the AO system will allow much longer integra-
Hipparcos binaries. Following the recent release of the Hiption times than are normally possible with an aperture mask-
parcos Catalogue, we are embarking on a major campaign fog system, with the magnitude limit being determined by
observe as many of the closer Hipparcos binaries as possiblee AO detector, and not the size of the sub-aperture used.
using speckle, with the goals of confirming the Hipparcos
discoveries and providing continuing coverage of more rap3.3 Spectroscopy with the Multi-Telescope Telescope
idly moving systems which may be amenable to later orbital

analysis. The operation of the MTT continues to produce signifi-

Hartkopf continues to maintain th@ouble Star Library cant r_esults. Both h_ardware and software upgrades have been
a major focus of Riddle, Bagnuolo, Kaye, Ferrara, and Ka-

on the WWW, containing IAU Commission 28inary and be. Hard : s h included thinned
Multiple Starg circulars, as well as address lists, cataloguesm €. nardware Improvements have included a new thinne
CCD chip, a new grating, and a new 15 ft. dome for better

bibliographic data, meeting information, and related web™. . . o .
links of interest to the double star community. wind, light, and vermin shielding. It is planned to upgrade

the spectrograph with new filters, optical bench, and tem-
perature control. Software improvements have included a
new user interface and recentering algorithms. Current per-
The CHARA adaptive opticYAO) program began in formance is a SNR of 100 per pixel for a 3.0 magnitude star
1995 when, after being awarded a grant by the NSF, teat 600 nm with the 600 g/mm gratiri®R~ 13,000 in 1 sec-
Brummelaar, Mason, Bagnuolo, Hartkopf, McAlister andond.
Turner used the Starfire Optical Range 1.5 m telescope Observations have continued in a number of areas. Hot
equipped with laser guide star and AO to measure the differbinaries have been observed by Bagnuolo, Barry, Riddle,
ential magnitudes of 10 binary systems in the | and R filtersGies, and Harvin in a program aimed at reconstructing the
A total of 8 nights observing time was allocated to the groupindividual spectra by a tomography algorithm. Observations
for these preliminary observations. This group, now includ-have been made in the campaign on the Bestari and in
ing Roberts, continued the program in 1996 and 1997 using UV/optical campaign on the variable B-staPer, headed
the Mount Wilson Institute’sMWI) AO system installed on by Gies.
the Hooker 100 inch telescope. The MWI-AO system uses Kaye and Bagnuolo, in conjunction with HdDyer Obs.
an unfiltered Shack-Hartmann wavefront sensor, and hasnd Vanderbilt Univ, Henry (Tennessee St. Uniy. and
only ten reflections in the optical path. These factors allowMantegazza and ZerljDsservatorio Astronomico di Brera,
the system to operate on objects as faint as 12th magnitudialy) engaged in an in-depth investigation of the newly-
This ties in very well with the CHARA speckle program, discoveredy Doradus variable stars. Both multi-color pho-
which has a similar magnitude limit. So far over 30 binarytometry and high-resolution spectroscopy revealed the pres-
systems have been observed in the U, B, V, | and R waveence of no less than three individual periodicities. The length
bands with some preliminary results having been presentedf the periods, in addition to the analysis of the line profile
by Robertset al. variations reveal the source of the variation to be high-order,
Another program the above group currently has underwajow-degree, non-radial, gravity-mode oscillations. These
on the MWI-AO systems is a search for faint companions tcstars are of paramount importance to the field of asteroseis-

3.2 Adaptive Optics Imaging of Binaries
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mology as they have revealed the first evidence of oscillatiol©O. The first matched primary/secondary set, which has
in gravitational modes in the lower part of the instability been fabricated and tested in parallel, has been delivered to
strip. The extraction of asteroseismological information, andAtlanta. LOMO has met or exceeded all manufacturing
therefore an improved understanding of the critical stellarspecifications. The telescope mounts are being fabricated in
parameters and basic stellar physics, requires a reliable modeicson by M3 Engineering and Technology Corporation fol-
identification which is only possible through observationslowing the detailed design developed for CHARA by Larry
such as these. Additional studies of these variables, includinBarr, also of Tucson. We anticipate that the first telescope
major, international, multi-longitude campaigns are underwill be available for delivery to the site upon completion of

way. its telescope enclosure by mid-1998.
The optical delay lines are being built in collaboration
3.4 The CHARA Array with the interferometry group at JPL. Detailed design of the

mechanical parts was provided to CHARA by JPL, and those
. ) ) . parts are being fabricated in the Physics and Astronomy
;:(?nsf'_[ruc:loln of the CI:AIIQ/IARArrtay]; Georgla fState ;Jm_ﬁ_erm- shops at Georgia State, predominantly by Charles Hopper,
y's Tive-telescope optica interrerometer for submiharc- using a Bridgeport NC machine purchased by CHARA. JPL

second |mag|ng._Mt. Wllson was selected as th_e s_|te _for thevill integrate and align those parts and is developing the
Array on the basis of its documented excellent intrinsic see- ontrol hardware and software. On-site installation and

ing characteristics, its infrastructure, and its relative ease o lignment of the rail system will begin in the fall of 1997
access from Atlanta. Furthermore, the high spatial resolution We anticipate that all required subsystems will be on Mt
programs being carried out on Mt. Wilson by the UniversityWilson to enable “first fringe” to occur by the end of 1998.

of lllinois, the University of California at Berkeley, and the Extensive details of these and other subsystems for the
Mount Wilson Institute offer the attractive possibilities of CHARA Array, including all related technical documents
scientific and technical collaborations. These programs, . tound ’on the CHARA Web site (http:// ’
a!ong V.V'th the CHARA Array, give Mt. Wilson a Sp?c'a' www.chara.gsu.edu/chara.hjmITechnical reports written
d|st|qct|on agheU.S. site fqr the_ development of techniques during the time frame covered by the observatory report are
forBhlgh Spat'?l Les?lut(ljgn |marg]1|r(1jg.| h . ¢ hincIuded in the Publications section below. The CHARA Ar-
A ecause o t e‘l un 'Eg S% eﬁu &, 'tl'he cf_onstrﬁctmn fo t ?ay is funded jointly by Georgia State University and the
rray IS necessarlly a pnased e “ort. € first phase o..co,r,]l'\lational Science Foundation. The primary faculty, staff, and
struction consisted of the central “Beam Synthesis Facility, student participants in this project are Bagnuolo, ten Brum-

a 12,000 ft building comprised of a football field length melaar, Hartkopf, Harvin, Hopper, Land, McAlister, Ridg-
section to house the variable and fixed components of thﬁ/ay R,oberts Sh’ure Stu'rmann a'nd Tur'ner ’

optical delay lines and a Beam Combination Laboratory to
house the variety of electro-optical subsystems for beam
control and combination. The architectural and engineering- STELLAR ASTRONOMY
design of this facility was initiated in the fall of 1995 by R.T. = Penny completed her dissertation on the reconstruction of
Santos, AlA, Architects, of Pasadena, CA. Sea West Enterthe individual spectra of the components of massive binary
prises of San Dimas, CA, was competitively selected as theystems using the tomography algorithm. She applied the
contractor. This first phase of construction was completednethod to IUE high-dispersion spectra of 6 O-type binary
during the summer of 1997. systems in open clusters, and analysis of the reconstructed
Terrain and existing structures on Mt. Wilson have chal-spectra provides the parameters to place the individual com-
lenged us to lay out an array and its required buildings, utili-ponents in the H-R diagram. Four of the systems have al-
ties, and access trails that provide the degre@Jo¥)-plane  ready or are currently undergoing Case A Roche lobe over-
coverage required by our science goals. We believe this hdkow, and several appear overluminous for their mass. Two
been accomplished with the present design, and we haw&ars which have ceased Roche lobe overflow now appear to
identified two additional sites for telescopes beyond the fivelie on evolutionary tracks corresponding to their new mass.
telescope array presently funded. Georgia State contractd®enny, Gies, and Bagnuolo plan to extend the tomographic
with Sea West for the installation of access trails and underanalysis to some three dozen massive binaries with IUE cov-
ground conduits for utilities and communication lines to theerage with the eventual aim of creating an IUE atlas of re-
three arms of the Y-shaped array. We anticipate the complesonstructed spectra. Penny and Gies are also investigating
tion of that work as well as the installation of concrete foot-the Hipparcos light curves of several O-type binaries, includ-
ings, foundations, and telescope piers for all five telescopeng HD 152248.
enclosures and their associated electronics bunkers by the Bagnuolo, Barry, Riddle, Harvin, Kaye, and Giggth G.
end of 1997. Koenigsberger, UNAN are searching for hot binaries simi-
Fabrication of the mounts and optics for the five 1-m ap-lar to Plaskett's sta(HD 47129 with evidence of mass ex-
erture alt-az collecting telescopes is well underway. The prichange and chemical composition differences.
mary (Sitall) and secondaryZeroduy mirrors, which to- Riddle is performing much of his doctoral research on
gether comprise a system of confocal paraboloids, are beingplar seismology at the National Solar Obs., Tucson. He is
fabricated at the Leningrad Optical Mechanical Worksinvestigating the use of algorithms originally developed for
(LOMO) in St. Petersburg, Russia, under a purchase agregeology in tracking earthquake propagation in the study of
ment with Telescope Engineering Company of Lakewoodthe solar interior and atmosphere.

Ground was broken on 13 July 1996 on Mt. Wilson for
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Thaller and Gies are studying thentbpectra of massive the VLA agree with this interpretation. These fluxes are close
binaries to explore the orbital phase-related variations and tto those predicted by thermal radiation from cool dust at a
search for evidence of colliding winds. Thaller has obtainedemperature of 60 K with little emission from ionized gas.
a large number of spectra from Kitt Peak National ObservaThe nebula is surrounded by a cluster of much less luminous
tory and Mount Stromlo Observatofanberra, Australla  point sources, probably lower mass stars, as well as slightly
and additional targets have been observed in collaboratioextended clumps, which may be shocked Herbig-Haro ob-
with Kaper, Fullerton, and Baad&SO). The work has dem- jects.
onstrated that H emission is more commonly found in close  In collaboration with T. GreenéUniv. Hawaii) and C.
binaries than single star@specially among those binaries Lada (CfA), Shure undertook sub-millimeter observations
containing giants and supergiants, i.e., stars with vigorousvith the James Clerk Maxwell 15-m telescope. The purpose
stellar winds$. Detailed studies of individual systems, such asof this work was to map the molecular outflow of IRAS
HD 149404 and HD 163181, are now underway. 07299-1651, to determine whether it is aligned with the ob-

Gies, Hahula, Kaye, and collaborators are studying theerved near-IR bipolar axis. If so, this would have important
rapid profile variations found in O- and B-type stars. Theimplications for the timing between the appearance of bipo-
periodic component of variability is probably the result of lar outflows and the development of ionizing radiation by the
photospheric nonradial pulsatiofsRP), and these oscilla- star. The results clearly show red- and blue-shifted lobes of
tions may promote episodic mass loss in the rapidly rotatingnolecular CO emission. The directions of this outflow match
Be stars. Thaller obtained time series of spectra of high qualquite well with the predictions of an edge-on disk; the less-
ity of the Be stara Eri in September 1995 from Mount reddened lobe of the near-IR nebula coincides with the blue-
Stromlo Observatory, and these spectra are being analyzethifted CO flow, just as expected for an outflow lobe tilted
by Guyton. Guyton has developed a surface integration cod®ward the observer. High-resolution imaging of similar pro-
for rapidly rotating stars, and will use this to search fortostars will be undertaken with the CHARA Array atudn,
latitude-dependent line formation and to help determine howo provide a direct test for the existence of nearly edge-on
close stars can be to the critical rotation rate. Gies, Kambeajisks which would be unresolved by traditional imaging.

and Guyton will use the NRP code by Townsetidniv. Shure is also collaborating with M. ResslgiPL), who
College Londonto help identify modes imv Eri, N Eri, and  has built a 10-20um 128< 128 array camera. They used
other Be stars. NSFCAM at the NASA IRTF to survey a sample of the

Shure has begun an imaging survey of young star regionsoldest known young stars in search of signs of outflow. The
which are associated with CO outflows identified in a single-purpose of this work is to determine how soon after forma-
beam radio survey of low temperature far-infrared pointtion the youngesii.e., coldest protostars experience out-
sources. He has been using the near-IR camera “NSFCAM'flows. In several of these sources, they have already discov-
at the NASA Infrared Telescope Facili§yRTF) on Mauna ered extended emission which may indicate outflows. One of
Kea, Hawaii. The goal of this survey is to study the forma-them, IRAS 192621924, shows extended structure at 3.8
tion of stars resulting from the collapse of molecular cloudspm which is not visible at 2.2:m, implying a source deeply
induced by shocks from adjacent regions of ionized gasembedded in an obscuring dust cloud. Later they used the
which in turn were created by the recent formation of mas-JPL mid-infrared camera at the IRTF to find the central
sive stars. Lynds Dark Nebula 1206 is an example of jussources in survey sources which are so extincted that the
such a source, embedded within a dense gas “globule’illumination source is not visible even in the near-(R-5
which is immersed in the ionized gas of an adjacent opticapm). These may represent some of the youngest stellar ob-
H Il region Sharpless 145. jects ever seen.

Though still in its early stages, the survey has already Shure has proposed building a “Near-Infrared Camera for
resulted in the discovery of a near-IR@ptically invisible High-Resolution Studies of Star Formation.” This camera
nebula embedded in a dark cloud at the edge of the H liwould be used for lunar occultations, speckle imaging, and
region Sharpless 302. The dark cloud is likely the remnant ofArray fringe detection at the HLCO 16-in, the Mt. Wilson
a dense core in the same molecular cloud which gave birth t8.5-m, and the CHARA Array to resolve circumstellar struc-
the massive O and B stars which ionize the H Il region. Fluxtures and nearby companions to newly-formed stars.
at far-infrared wavelengths< 60 wm) dominates the output Miller, Nair, Wilson and Ferrara have obtained high-time
of the nearby point source IRAS 07299-1651, which wasresolution photometry of the cataclysmic variable star, PG
discovered by IRAS. Its flux implies a total luminosity 2337+12 utilizing the Photometrics CCD camera on the
roughly 10,000 times that of our own Sun. This source prob16-in telescope. Although variations have been detected on
ably represents the early stages in the formation of a massiwenescales ranging from minutes to days, no periodic modu-
B-type star. Images at 4,8m show a point source near the lation of these variations has been found.
center, in the reddest part of the nebula, suggesting a central Recent analyses of Ginga observations have shown that
source hidden by a nearly edge-on disk. Images in the hytemporal variability is strongly coherent between different
drogen Bracketty recombination lingat 2.17um) show no  X-ray energiegchannels in some black hole sources, e.g.,
signs of local ionized gas. Perhaps this star has been caugthie galactic black hole candidates, GX 339 and Cygnus
at a very early stage, before it has generated a sizable amouxtl. Most of the current theoretical models for the X-ray
of ionizing radiation. The brightnesses at 1.3 and 3.6 cnvariability are incapable of producing such coherence. Bao
measured recently by E. Churchwélniv. Wisconsin with and Wiita, along with M. AbramowiczChalmers Inst. Tech.
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and Gaeborg Univ) and S. LarssoriStockholm Obg.have  Wiita and P. Hadrav#Astronomical Inst., Czech Academy
shown that the bright spot irregularities on accretion diskf Sciences The most remarkable feature of the variability

can naturally account for the observed coherence. is that it is frequency-dependent, in the sense that the polar-
ization variability amplitude is larger at higher energies. Its
5. EXTRAGALACTIC ASTRONOMY observance in future X-ray satellite missions could serve as a

. . . . . signature of black holes. Bao, Hadrava, Wiita, and Xiong
Miller and co-workers continue their program investigat- ) . - .
have considered more detailed radiation transfer formalism,

ing the very rapid low amplitude variations in the optical and ) S
ultraviolet portions of the electromagnetic emission from aC_synchrotron flares, and different angular distributions for the

tive galactic nucle(AGN). This group was the first to show emissivity. This type of variability is iny importan_t in the
that microvariability was both real and common, at least fOlharder X-ray bands fqr Seyfert galaxies, althoggh it may be
the blazar class of AGNBL Lacertae objects and Optically detectable on longer t|mespales at lower energies for quasars
Violently Variable Quasajs Miller, M. Carini (Western and may also be relevant in stellar X-ray binaries.

Kentucky U) and Noble continue their detailed program of _ 'h€ idea that accretion disks may be in state of Self-
studying the variability for individual blazars on timescales Ordanized Criticality(SOQ, where a physical system lacks

of minutes to decades. The most recent study published wag1aracteristic length- and time-scales, was proposed a few
for Ol 090.4, with similar studies of 3C 371 and 3C 66A Y&&rs ago. Xiong and Wiita have recently examined a wide
currently in preparation. range of varial?.ts on this SOC p_ipture, l?y _changing the_: _inner
Miller and Noble have investigated samples of X-ray se-and puter radl_l of the disk; initial deviations from critical
lected versus radio selected blazars and have found that thef€nSity; accretion rate; amount of mass dumped when a zone
are an anomalous number of large amplitude microvariation/€nt over the limit; amount of differential rotation; and side-
found for the radio selected blazars that are not present in th#@ys and outwardas well as inwarlidiffusion. Their key
observed variations for the X-ray selected blazars. Thigonclusion is that substantial variations in the predicted
strongly supports the hypothesis that the radio selected bla#l0P€s of power spectra densities occur, mainly depending on
ars are more highly beamed and have higher Lorentz factof§€ ratio of the inner to outer radii of the unstable region.
than do the X-ray selected blazars. With Bao and Abramowicz, Xiong and Wiita are extending
Miller and co-workers have also embarked upon a prc)_thes,e calculations to incorporate relativistic effects.
gram to study the character of the microvariability for a large B0, Wiita, and Hadrava have improved upon the stan-
sample of EGRET blazars. Preliminary results suggest thafard reflection models for the EUV and X-ray spectra of
large amplitude variations are present, independent ofGN by computing the composite spectrum of the original
whether the blazar is in a flaring state or in a quiescent statélisk, plus a primary X-ray power-law as well as the reflected
Miller and co-workers are also studying a set of high_emission from the disk. All special and general relativistic
luminosity blazars and contrasting the findings for these obeffects are considered in a Schwarzschild geometry. The
jects with a sample of low-luminosity blazars. In addition, asStrength, shape and broadening of the reflected spectrum are
major effort is currently underway to intensively study the diagnostics of the geometry of the X-ray source and the
TeV detected blazars, and to see if additional evidence caWiewing angle. Thus the spectral shape may allow the locat-
be found that would link these objects to the X-ray selectednd of the primary X-ray source in either the base of a jet or
blazars rather than the radio-selected blazars. in a disk corona. They are currently investigating spectral
Miller and co-workers have participated in a number ofvariability produced by changes in the location of the source
multifrequency monitoring programs to study blazars fromof the power-law X-ray component.
gamma-rays to radio wavelengths. The objects studied have Jang and Miller have studied a sample of 30 quasars se-
included PKS 2155304, 3C454.3, 3C 279, PKS 1622 lected from the PG-quasar survey. This set contains both
—297, PKS 052813, ON 231, 2A 1219305, Mkn 421, radio-quiet as well as radio-loud quasars. A total of 11 of the
Mkn 501, and PKS 1516089. The microvariability for the objects studied were radio-loud, and the remaining 19 were
Seyfert galaxy, Akn 120, is also being studied. Observationgadio-quiet. For the 11 radio-loud objects, 9 exhibited clear
have been proposed for RXTE coordinated with groundbase@vidence of microvariations, which is similar to the results of
optical observations to examine the variability of this AGN other studies. In contrast with these results, only 2 out of 19
on timescales ranging from seconds to months utilizing teleobjects in the radio-quiet sample exhibited microvariability,
scopes around the earth to obtain 24-hour coverage. in agreement with the work discussed in the next paragraph.
Accretion disks around massive black holes in AGN areThese results strongly suggest that most microvariability is
presumably clumpy in their inner regions because of variousissociated with radio-loud AGN. This association is consis-
instabilities; Bao, Wiita, and Xiong are studying several ef-tent with the models based on jets being primarily respon-
fects related to accretion disk variability. sible for observed variations. However, it is believed that
The bright spots within this clumpy matter should havemost AGN have accretion disks around their central regions.
some intrinsic polarization, produced either by electron scatThus if the AGN are viewed close to face-on, as unified
tering or synchrotron emission. Rapid variability in both theschemes indicate should be the case for both the radio-quiet
percentage of the polarization and the angle of the polarizaQSOs and radio-loud QSOs, the intrinsic variations in the
tion plane is caused largely by the strong gravitational fielddisk are expected to be visible to the observer. Our results
of the black hole, i.e., the gravitational bending effect, and tsshow a clear contrast between these two classes. It could
some extent, by relativistic aberration, as shown by Baoimply that the strengths of disturbances, if they are present
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on the accretion disks, are so low as not to be detected ilarge-scale density asymmetry about the parent elliptical gal-
most cases, and the weak disk disturbances would baxy, they argued that the side of the longer lobe is marked by
swamped by jet-based disturbances for radio-loud AGN. a greater accumulation of dust, which leads to an increased
Wiita collaborates with R. SagafUttar Pradesh State attenuation of blue/UV photons in that region. This dust en-
Obs., India and Gopal-KrishndNCRA) on observations of richment is caused by the motion of the galaxy.
rapid variability in radio quiet quasars. They have observed Bao and Wiita found that gravitational bending and lens-
15 such objects over the course of 6 observing seasons. Tlieg plays a vital role in what is observed when the jet direc-
most recent reduced data shows moderately strong evidengen makes a very small angle with the line of sight. Emis-
for microvariability in the radio-quiet QSOs 094®01 and  sion from the receding component can then be greatly
1444+ 408; weaker evidence is found for 0:£213. Addi- magnified with respect to the approaching component. Of
tional observations of these and other QSOs could provide gourse, the approaching component is strengthened, and the
powerful means of discriminating among various theoreticareceding one weakened, by the well-known special relativis-
mechanisms proposed for the energy source and, in partictic Doppler effects. The full formula is significantly different
lar, the origin of optical microvariability in active galactic from the one considering only Doppler effects when the
nuclei. Finally, by comparing the latest observations withangle between the line of sight and the jet is smiit {0°).
those made- 1 year earlier, long-term variabilits to 1599  Under rare (~1°) circumstances the two effects can nearly
is detected for 4 of the QSOs. cancel, thus rendering the receding compor(entinterjex
Three-dimensional numerical simulations of light super-Visible. This model predicts sub-luminal motion of the jet
sonic hydrodynamic jets have been performed by Hooda an@nd relatively more variation in the counterjet, and slightly
Wiita. Extragalactic jets emerge through power-law atmo-modifies the limits derived for NGC 1275 jet kinematics.
spheregISM) of their host galaxies and then cross into hot-

ter, but less dense, intracluster med@M). They have com- 6. SPACE BASED ASTROPHYSICS
puted 7 low-resolution and 8 medium-resolution simulations, jijler served as the Co-Mission Scientigtith R. Pol-

with different jet velocities, jet densities, extensions of thejgan of NASA/GSFG for the joint NASA/DARA Space
ISM (along the jet's axis and inclination angles of the ISM/ - ghyttle—based mission, ORFEWSTbiting and Retrievable
ICM interface. The shear layer between the jet and thgg, and Extreme UV Spectrograptvhich flew a second
shock-processed gas is affected by non-linear hydrodynamjime in November 1996. ORFEUS is a 1-m German—Dbuilt
cal instabilities. Complex patterns of asymmetric VorteXtelescope which is mounted on the free—flying space plat-
rings and superimposed streamwise vortex tubes arise in ”TSrm, ASTROSPAS. Far and extreme ultraviolet spectro-
cocoon, while internal shocks form in the jet. The low MaChgraphs are mounted on the telescope providing a spectral
number jets have higher growth rates of instabilities in COM—overage from 400—1200 A. This mission provides an early,
parison with higher Mach number jets and the Mach disks Ofimited look at the 900—1200 A spectral region which will be
“working surfaces” at the heads of the slower jets breakinvestigated by FUSE.
down. Greater tilts of the interface induce more nggllng and Gies, Bagnuo|o, Ferrara, Kaye' Thaller, Penny’ and Peters
ribboning of the jets but none of these simulations evincqunijv. Southern California have obtained HST/ GHRS
substantial jet bending. Hooda has performed analytical StUdspectra of the Be binary Per in several UV regions that
ies of the growth of various perturbations in slab and cylin-show clearly for the first time the spectral signature of the
drical jets. He has improved upon earlier calculations by infaint remnant companion, the stripped-down remains of the
cluding additional modes and carefully considering theirmass loser in this binary. They derive a double-lined solution
interactions at the jet/cocoon interface. for the radial velocity curve which yields masses of 9@&3

Gopal-Krishna, Hooda, and Wiita used published VLAM, and 1.14-0.04 M, for the Be star and companion,
maps of high luminosity, steep-spectrum radio quasars showespectively. A Doppler tomographic reconstruction of the
ing prominent kiloparsec-scale one-sided jets, but faint hotsecondary spectrum shows a rich spectrum dominated by
spots (i.e., weak-headed quaspar® call into question the sharp Fe IV and Fe V lines which indicate it is a hot subd-
common perception that the mechanism leading to such urwarf O-star, the brightest such object in the gkitherto lost
usual morphologies is the strong dissipation of the jet'sin the glare of the bright Be starThe spectrum of the Be
power through a vigorous entrainment of thermal gas by therimary appears normal for a very rapidly rotating early B-
initially relativistic jet. Combining statistical arguments with type star, but the star is probably overluminous for its mass
results from numerical simulations, they suggest that th€perhaps due to accretion induced mixinghe observations
anomalous weakness of the heads of the jets is probablfemonstrate that at least some Be stars are formed by mass
linked to the weakening of the Mach disk, following the transfer in close binaries.
onset of decollimation of the jet's working surface as its Gies, Kambe, and collaborators obtained continuous UV
forward motion slows down to nearly subsonic speed. spectroscopy of the line profile variable B-starRer, over a

A new explanation was proposed by Gopal-Krishna ands day interval in January 1996 with IUEselected as a
Wiita for the striking correlation that in powerful radio gal- “key” project in the final year of IUE operation Comple-
axies the brightefO II] A3727 line emission is nearly al- mentary ground-based spectroscopy was obtained at the
ways found on the side of thshortej radio lobe which is  same time with the GSU MTT. IUE high dispersion spectra
closer to the nucleus. Instead of the conventional interpretavere generally regarded as too noisy to be useful for study-
tion where the above result is understood by postulating &ng the subtle profile variations associated with nonradial
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pulsations, but Gies and collaborators have found that th8agnuolo, Jr., W. G. & Barry, D. J., “Plaskett's StérdD

variations can be extracted from cross-correlating the indi- 47129: Still More Curious,” ApJ,469 347 (1996

vidual spectra with that of a sharp-lined B-star. The longBagnuolo, Jr., W. G. & Hartkopf, W. I., “OPLE and POP

time series obtained by IUE offers an unprecedented oppor- Considerations,” CHARA Tech. Rept. #30996

tunity to study the rapid variations without the complicationsBagnuolo, Jr., W. G., McAlister, H. A., & Kaye, A. B. “The

introduced by diurnal gaps in the sampling and to search for Need for Additional Array Telescopes,” CHARA Tech.

pulsation induced mass loss in the stellar wind lines. Rept. #46(1997)

Howarth (Univ. College Londonand collaboratorginclud-  Bagnuolo, Jr., W. G. & Ridgway, S. T., “Directed Initial

ing Gieg have applied similar cross-correlation techniques to  Reduction of Terrain,” CHARA Tech. Rept. #3996

IUE spectra of the B-supergiant, HD 64760, and the runawapao, G., & Abramowicz, M. A., “Anticorrelation of Vari-

O star, HD 93521. ability Amplitude with X-Ray Luminosity for Active Ga-
Gies, Mason, Hartkopf and collaborators are continuing a |actic Nuclei,” ApJ, 465, 646 (1996

multi-year project with the Fine Guidance Sensors aboar@gao, G., Hadrava, P., & Qgaard, E., “Line Profiles from

HST to obtain astrometric measurements of the O star binary Relativistic Eccentric Rings,” ApJ464, 684 (1996

15 Monocerotis. This binary is now close to periastron in itsgao, G., Hadrava, P., Wiita, P. J., & Xiong, Y., “Polariza-

24-yr orbit, and the angular separation is too small for reso- tjon Variability of Active Galactic Nuclei and X-ray Bi-
lution with the CHARA speckle camera. A series of spectra  paries,” ApJ, in pres$1997)

for radial velocity measurements to improve the orbit haveggg G. & Wiita, P. J., “The Flux Ratio of a Jet to its Coun-
been taken by Bagnuolo and collaborators. Continued astro- terjet Revisited,” ApJ485, 136 (1997

metric and spectroscopic observations of the system will leagyo G, wiita, P. J., & Hadrava, P., “Energy-dependent
to a combined orbital solution and, hence, masses and a dis- pojarization Variability as a Black Hole Signature,”
tance for this important massive binary. Phys. Rev. Lett.77, 12 (1996

Miller and collaborators are planning to propose to NASAgaq G, Wiita, P. J., & Hadrava, P., “Frequency Dependent
for an extended duration mission which will provide the ca-  pjarization Variability of AGN,” in Blazar Continuum

pability of obtaining simultaneous optical, FUV, and X-ray Variability, H.R. Miller, J. Webb, & J.C. Noble, editors,
monitoring for a number of variable AGN. The goal of this  Agp conf. Series]10, 150 (1996
mission would be to obtain continuous observations of gga | & Ridgway, S. T., “Telescope Enclosure Consider-

single object for a period of up to 3 months with a time  4tns and Cost Estimates,” CHARA Tech. Rept. #22
resolution of a few seconds at all three wavelengths. The (1995

duration of this mission is expected to be about 3 years. Barr, L. D. & Ridgway, S. T., “Preliminary Unit Cost Esti-
Additional information on the astronomy research pro- m'ate for the Mech'anicall Portion of the CHARA 1-m

gram can be found at URL http://www.chara.gsu.edu Telescopes,” CHARA Tech. Rept. #21995
Barr, L. D. & Ridgway, S. T., “OPLE Drive Issues,”
7. SUPPORT CHARA Tech. Rept. #441997)

During this period, astronomical research at Georgia StateBarry’ D. J., “Design of and Studies with a Novel One Meter
g P ' 9 Multi-Element Spectroscopic Telescope,” Ph.D. disserta-
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