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This report covers the period from 9/95-9/96. to: www.valdosta.peachnet.edu/ preston/sara/nastec.html.
NASTeC works to bring the distribution and potential avail-
1. PERSONNEL ability of small-to-intermediate sizée.g, 0.4-2m research

During the report period, 9/95 - 9/96, the staff includeq fe'escopes and associated equipment to the attention of the

Assistant Professor Carol W. Ambruster, Assistant ProfessdiStronomical community through a voluntary listing. NAS-

Jason A. Cardelli, Instructor Laurence E. DeWarf, Professo;rec currently consists of 4_6 observatories operating 63 tele-

Edward F. Guinan, Associate Professor Frank P. Maloney>cOPes across North America.

Professor George P. McCodKhairman, and Professor Ed-

ward M. Sion. Dr. Min Huang and Dr. Fu Hua Cheng served3. CURRENT RESEARCH

as Post-Doc_toraI Fellows, working with Dr. Sion. Qr. UI—_ 3.1 Interstellar Matter: Abundances

ysses J. Sofia served as Post-Doctoral Fellow, working with

Dr. Cardelli. Sergio Messina, of Catania Universityaly) Cardelli continued his study of interstellar gas-phase

was a pre-doctoral fellow, working with Dr. Guinan and Dr. abundances using the Goddard High Resolution Spec-

McCook. Dr. Young Woon Kang of the Sejong University trograph aboard Hubble Space Telescope, concentrating on

(Seoul, Koreawas a sabbatical fellow. Dr. Rex Saffer joined data obtained with very high signal-to-noise.

the department as Research Assistant Professor. Sofia continues to study the neutral interstellar medium
Brian Abbott, Kunegunda Belle, Dirk Fabian, Kenneth (ISM) as a member of the Interstellar Absorption Profile

Guerin, J. Erich Jay, James Marshall, Todd Mahler, JamisofpectrograpiIMAPS) Science Team. Sofia and E. Jenkins

Maley, Steven Margheim, Nicholas Morgan, Quyen Nguyen (Princt.U.Obs). are studying the abundance and depletion of

and David Stys served as research assistants. Rhiannangon in the neutral ISM using data from the first Space

Weaver of Penn St. U. was a RUI student researcher und&huttle flight of IMAPS. As an inert element, Ar is not ex-

NSF grant AST 93-15365. Dr. Elizabeth R. Jewell served apected to be incorporated significantly into dust grains; how-

Department Assistant. ever, substantial depletions from the gas-phase ISM are be-
In May 1996, Dr. Jason Cardelli died suddenly and tragi-ing found. This work is supported by NASA LTSARP grant

cally of a massive heart attack. Students and faculty mourbNAGW-4607.

the loss of both his personality and his scholarship. Sofia and D. Meye(NW U.) are continuing the studies of
Cardelli and Meyer. These include the study of heavy ele-

2. INSTRUMENTATION ments in the ISM, particularly tin and cadmium. The differ-
ent processes by which the heavy elements are formed, com-

2.1 Automated Photoelectric Telescopes bined with the measured ISM abundances, give information

The Fairborn Observatory, home of the Four CoIIegeab_OL_’t the st(_ell_ar processes proQuci_ng the elements_and the
APT, has been moved to an new site located in the Palagon%ﬁ'c'ency of injection of the species into the ISM. Sofia and
Mountains of AZ(Lat: +31 23 12; Long: -110 41 41The Meyer glso continue the s_tudy of carbon .gas—phase abgn—
0.8-m automated photoelectric telescope is operated by tHiances in the ISM. Carbon is an extremely important species
Four College ConsortiutfCC) consisting of The College of 1N the study of dust. These studies are supported by HST-

Charleston, The Citadel, University of Nevada-Las VegasCO-6070.01-94A and HST-GO-06541.01-95A.

and Villanova University, the FCC-APT is supported by _ S°fia and D. MasséHughes, STX continue the study of

NSF grant AST95-28506. The 0.8M APT is equipped with Cardelli and Massa into chemical gradients within the Gal-
UBVRI wide-band filters as well asivby HB and Hu axy. These studies will provide information about nucleosyn-
narrow- and wide-band interference fiIteré. thetic enrichment of the Galaxy, and the efficiencies of ver-

tical and radial mixing of the ISM. This research is supported
2 2 Internet Access by HST-GO-05443.03-93A.

The Astronomy & Astrophysics WorldWideWeb 3.2 |nterstellar Matter: Dust
(WWW) address is: www.phy.vill.edu/astro. Our email ad- _ ) ) )
dress is: astronomy@ucis.vill.edu. Experimental laboratory Cardelli continued his study of the nature of interstellar
work for non-science majors can be found at: http://dUSt through analysis dfV extinction. As part of this work,

astro4.ast.vill.edu. This project is supported by the Pew'® has found that variations in the width of the 21_75'& ex-
Charitable Trusts. tinction bump appear to be related to specific environments,

with regions of bright nebulosity exhibiting narrow bumps
while cold dark clouds appear to be represented by fairly
broad bumps. One argument is that broad bumps are due to
Heather Preston of Valdosta St. GA) has assumed surface coatings on graphite grains which are subsequently
responsibility for NASTeC. The web page has been movedemoved by radiation yielding narrow bumps in regions of

2.3 North American Small Telescope Cooperative
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bright nebulosity. This behavior has been further quantifiegplanet orbiting CM Dra was made by Martin & Deéd@UC

by new results that show that the width of the bump isNo. 6425 who reported an earlier transit-like event from

strongly linearly correlated with the fractional abundance ofphotometry made during 1994.

the molecule CH as well as,H In addition, evidence for the existence of a planet around
Sofia, C. JosepliRutgers U). and undergraduate D. Fa- CM Dra is being investigated by searching for small periodic

bian (Villanova) are using farUV absorption data from deviations of the eclipse timings of the binary system as it

IMAPS to study the incorporation of P, Si, and Fe into dustorbits around the mass center of the binary-planet system. A

grains in interstellar clouds toward 9 stars. This study willplanet of Jupiter’s mass at 1AU, would produce about a 17

provide information about the physical composition of dustsec periodic shift in the arrival times of the eclipses of the

and the efficiency of interstellar processes in destroyingtars. This shift is small but observable with accurate pho-

grains. This work is supported by NASA LTSARP grant tometry. This research is supported by an NSF/REU grant

NAGW-4607. (AST-9315365% to Villanova University and to the Four Col-
Sofia and undergraduate K. GuetMillanova) are using lege Consortium for the APT observations.

a large sample of Goddard High Resolution Spectrograph

data in order to study the incorporation of Si, Mg, and Fe3 5 photoelectric Photometry of Variable Stars

into dust grains. This study focuses on the chemical compo-

sition of dust grains in neutral clouds.Support comes from Photoelectric photometry of the following variable stars

NASA LTSARP grant NAGW-4607. was carried out during the reporting period under the super-
Soﬁa iS using data from the HST to empirica”y determineViSion of McCook and Guinan with the Jenkins 38-cm reflec-

the oscillator strengths for the Mg Il 1240 A doublet. This tor at Villanova University Observatoryr Ori, VW Cep,

important value is needed to identify the mineralogy of in-VV Cep, 47 Cas, V711 Tau, AW UMa, and And. The
terstellar silicate grains. following stars were observed with the APTs at Mt. Hopkins

during 1995/96i) Young Solar Proxies - HD 12933EK
Dra), HD 134319, Cet, y! Ori, #! UMa, BE Cet, HN
Peg, and 59 Vir{ii) Pulsating Stars e Her,Mira, 8 CMa,
Sofia and Wolff(SSI) are using data from the FOS and HD 135262, and 9 Aur(iii) - Eclipsing Binaries {8 Lyr, R
WFP cameras on the HST to determine reliable ozone aburGMa, V380 Cyg, AS Cam, DI Her, V541 Cyg, V471 Tau,
dances in Mars’ atmosphere as a function of season and lattM Dra, and Mul Sgr(iv) Chromospherically-Active Stars
tude. This research is supported by HST-AR-06390.01-95A: V711 Tau, UX Ari, FK Com, IN Com, AD Leo, HD 82558,
HD 152391, and HD 82443y) Misc. Variables - R CrB, FG
3.4 Extra-solar Planet Search: CM Dra Sge() Ori,and AX Mon; (vi) Planetary Transit Candidates -

51 Peg, 70 Vir and CM Dra.
Guinan, McCook and undergraduate S. Wright report the

possible photometric detection of a planetary transit eclips ) .

for the dM5+dM5 (P=1.268d eclipsing binary star CM 3.6 RS CVn Stars: V711 Tauri

Dra. CM Dra was selected as a target for a planet search DeWarf and Guinan, with K. Won¢.ower Merion HS,
because its orbital plane is seen almost exactly edgeses and J.D.Dorren(Edinburgh, Sco}. continue work on the
e.g, Doyleet al. 1995; BAAS,27,138p In this case a planet highly active RS CVn binary system V711 TayHR1099,
orbiting the binary in the plane of its orbit would transit HD22468. V711 Tau is a short perio@,,;=2[h < ]ch
across the disks of the stars producing a decrease in bright- 84) binary consisting of G5 V and K1 IV components; it is
ness that is proportional to the relative areas of the planet thighly active in the short-term, with visual photometric flares
the stars. Photoelectric photometry of CM Dra has been comf over 0715 and large chromospheric and transition-region
ducted from Mt.Hopkins, AZ since 1995 using the Four Col-flares. Ultraviolet and visible light measurements spanning
lege Consortium 0.8m APT. This binary has been well be-over 15 years have been analyzed to determine long-term
haved, showing the expected mutual eclipses of the twasystematic variations in light and in the UV chromospheric
stellar components and nearly constant light between the naand transition-region line emissions, which may indicate an
row eclipse phases. On the night of 01 June 1996 UT, duringctivity cycle. The Mg Il h+k emission lineg2800A) have

the 3.5hr observing interval from 04:15 to 07:45 UT, CM been systematically analyzed for over 100 high dispersion
Dra was fainter by 0.08 mag in the I-band. If it is assumedlUE archival spectra. C I\(15504) and C 11(13354) emis-
that this decrease in light is due to a planet transiting one ofion line fluxes have been extracted from all available low
the dM components of the binary system, the planet wouldlispersion spectra. The comprehensive data set covers the
have a diameter of about 0.8GIipitey. From the lower time interval from 1978 to present. THJE data show there
limit to the duration of the event, the possible planet wouldis a complex, systematic long-term>(@4 yr9 variation in
have an orbital period of at least several months. This planthe stars’ chromospheric and transition-region line emis-
etary transit interpretation is a tentative result that needs tsions. Simultaneous multiwavelength photoelectric photom-
be confirmed by more observations. For example, it is posetry is obtained at the Villanova University Observatory us-
sible that this decrease in light was due to the developmering the 38 cm reflector and the APTs on Mt. Hopkins, AZ.
of a large spot on one of the stars of the binary, but photomThe optical light variations appear to be positively correlated
etry the day before and after the dimming event showed thaith the UV emissions;i.e, when V711 Tau is visually
star to be at its usual brightness. Possible confirmation of hright, theUV emissions are strong, and vice-versa. It seems

3.3 Planetary Atmospheres
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that V711 Tau is similar to our Sun in that the system isand as old as 9 Gyrg Hyi) with rotation periods between
optically brightest near the peak of its magnetic activity2.7 and~30 days. These stars cover an X-ray luminosity
cycle as inferred from th&V line emissions. This implies range between- solar and~500 times higher than that of
that faculae and facular network contribute more to the longthe quiet solar X-ray corona. In particular, they have focused
term light variations than do the dark starspots. This researcbn the dependence of the temperature structuring and the
was supported by NSF Grant AST- 9315365 and NASAdifferential emission measure distribution of coronal plasma

Grant NAG-2160. on age and stellar rotation period.
In the younger stars, they find a considerable portion of
3.7 Sun In Time: Rotation-Activity Relations the volume emission measure at very high temperatures,

) reaching to~20—30 MK in EK Dra. Such temperatures are
Guinan and DeWarf, with M. Giel (PSI & ETHZ, Swit-  comparable to temperatures achieved on the Sun during short
zerland and J.D. DorrenEdinburgh, Sco}, continue with  flaring episodes. In 2-temperature fits to ROSAT data, the
the Sun in Time project, a coordinated multiwavelengthhigher temperature decays rapidly within the first few 100
study of several nearby, single, solar-type stars selected a#yr; the decay may be described by an inverse power-law:
proxies for the Sun at several stages in its evolution fromr_ o age 3 A reconstruction of the coronal differential
ZAMS (Zero Age Main-Sequengéo TAMS (Terminal Age  emission measure distribution in three of the stars has been
Main-Sequence An extensive body of ultraviol€tUE), and  made using ASCA data; this indicates a bimodal distribution

X-ray (Einsteinand ROSAT observations of late-type stars jith the hotter plasma at 12-30 MK and the cooler plasma
is employed to investigate the coronal, transition-regionyejow 10 MK.

(TR), and chromospheric emission of single solar-type stars
with spectral types close to solar. By considering only main-, o Lo
sequence stars in a restricted range of spectral t{fey - 3.9 Eclipsing Binaries: £ Lyr

G8 V) with measured rotation periods, they can focus on the McCook and Guinan, in collaboration with an interna-
role of rotation in determining activity levels, since the ex-tional team led by P. Harmand@str.l.,, C2), have com-
clusion of K stars significantly limits the variation range of pleted a detailed analysis of an extensive collection of inter-
other properties such as mass, radius, temperature and, pérometric, spectroscopic and photometric observations of
ticularly, convection zone depth. There is still a wide spreadhe bright eclipsing binanB Lyr. The following main con-

of rotation rateqP,,;~1.5—40 day$ and ageg70 Myr to  clusions will appear in A&A:

9.5 Gyp, and consequently a wide range of magnetic activ- (1) The bulk of the Hr and He | 6678 emission seems to
ity. These stars thus constitute a test of the effect on theriginate in jets of material perpendicular to the orbital plane
stellar dynamo of varying the rotation rate, keeping all otherof the binary. The jets are associated with the more massive
parameters approximately constant. They have derived preomponent of the binary and probably emanate from the ‘hot
cise relations between X-rafgorong, C IV (transition re- spot’ in the disk. Some contribution to the emission also
gion), and Mg Il (chromospheneemission and rotation pe- comes from a region located between the two stars and from
riod for stars in this range of spectral types. Moreover, therghe ‘pseudoatmosphere’ of the accretion disk around star 1.
appears to be little difference in the relations obeyed by thé2) The 282 cyclic variation of the light curve of8 Lyr is
entire group and those of the subset & G- G5 V stars that  confirmed on the basis of 2852 homogenixéthand obser-

are very close to solar. Since this smaller group may beations covering an interval of 36 yrs. However, the ampli-
considered to be proxies for the Sun at different ages, thetude and phase of these variations vary with the orbital
have, in effect, also determined empirical relationships bephase: the long-term modulation of the light curve almost
tween the historical solar magnetic activigoronal, TR, and disappears near orbital phase$26 and d50 (elongation
chromosphericand the Sun’s rotation period, which is re- and secondary eclipse(3) Pronounced line-profile varia-
lated to solar age. These results have been combined witions of the Hx and Hel 6678 lines on a time scedborter
existing rotation-age relations to obtain rotation-activity-agethan one orbital periodvere clearly detected. they may be
relations. In addition, photoelectric photometry of several ofperiodic, with a period near[# < ]Jch + 70—4[h < ]ch
these stars shows a correlation between the mean light curve 75, and this periodicity may be related to the 28RBange
amplitude and the rotation period, which indicates how thevia the orbital period.

photospheridstarspor activity (areal extentdepends on ro-

tation. The use of rotation period rather than projected rotag 10 Eclipsing Binaries: Magellanic Clouds

tional velocity significantly reduces the uncertainties in these
relations. Guinan, DeWarf, Maloney and P. A. MauroitBhysics

Dept), with D. H. BradstreetEastern Col).and Y. W. Kang
(Sejong U., Seoul, Koy, are actively researching eclipsing
binaries in the Magellanic Clouds. These systems are impor-
Guinan, in collaboration with M. Giel (PS) and S. Skin-  tant laboratories for studying stellar structure, evolution, and
ner (ISAS, Japa) used the X-ray satellites ASCA and RO- mass loss for stars with reduced metallicity. They have ob-
SAT to probe the coronae of solar-type G stars at differentainedlUE SWP (1150-2000A spectra of a dozen hot O/B
ages of their main-sequence evolution. The stars are naclipsing systems in the LMC and SMC that have well de-
members of close binary systems and include analogs of theermined light and radial velocity curves. During Fall 1996
Sun with ages as young as70 Myr (EK Dra=HD129333 HST FOS and GHRS observations are scheduled for ten of

3.8 Sun in Time: Coronae of Solar-Type Stars
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these systems. The chief purpose of e spectrophotom- linear least squares solutions were made of the primary and
etry is to determine temperatures and reddenings for thessecondary eclipses respectively, yielding periods of
stars. Since these stars radiate most of their energy idthe P, =7.64075095 0.000000828 and

the character of thdJV continuum and the presence of P,i,,=7.64072932 0.00000358. The period determina-
highly ionized elements are sensitive measures of stellaion from the primary eclipses is better determined than sec-
temperatures. Th&V data have been combined with the ondary eclipses because the primary eclipse has twice as
UBYV (or uvby) photometry and fit with the most recent ver- many timings. The analysis of all available timings yielded
sion (ATLAS13) of Kurucz model atmospheres at metal an apsidal motion rate ob,p<=3:52/100/r +0:72/100yr.
abundances appropriate for the LMC or SMC. Ground-baseghis value is nearly identical to those previously determined.
light and radial velocity curves are obtained in collaborationMore timings, in particular of secondary eclipses, are neces-
with W. Tobin and J. Pritchar@U. Canterbury, Christchurch, sary to define the apsidal motion rate more precisely, so ad-
NZ), V. Niemela (La Plata, ARG, A. Gimenez (INTA/  ditional photometry will take place during 1997. This work
LAEFF, SB, and J.-V. ClausseriDenmark and provide was supported by NSF grant AST 93-153665 and made use
masses and radii. These data, when combined withi¥e of the SIMBAD data base, operated at CDS, Strasbourg, Fr.
spectrophotometry give accurate stellar luminosities. This Beginning in Spring 1995UBVR photoelectric photom-
leads to a first direct Mass-Luminosity relationship, usingetry of V541 Cyg has been conducted on the Villanova-
directly measured masses and luminosities, for stars outsidgairborn 0.8M APT at Mt. Hopkins by Guinan, McCook and
the Milky Way, and extends the parameter space in stellagtudents J. Maley and J. Marshall. During 1995, differential
interior models to chemical compositions different from thephotometry of the star was obtained on 63 nights. Nearly
Milky Way. These eclipsing binaries can also serve as firstomplete light curves have been obtained and new eclipse
class standard candles. Because the uncertainty in thenings have been made from these data. V541 Cyg is a
ground-based determination of their temperatures presentietached eclipsing binary consisting of a pair of B9.5 V stars
contributes the greatest uncertainty in their computed dishaving an eccentric orbie=0.4740 and an orbital period of
tances, the more precise temperatures obtained fd/m p_  =15.34d. Khaliullin was the first to show that this bi-
spectra, combined with the well determined stellar radii, willnary could be an important test case for General Relativity
allow us to compute the distance moduli to these stars t9GR) because the apsidal motion expected from GR is sig-
within £0.08 mag. This research is supported by NASAnificantly larger than the classical apsidal motion arising

grants NAG5-2160 and NSF grant AST-9315365. from the tidal and rotational distortions of the component
stars. Using updated values for the internal structure constant

3.11 Apsidal Motion Studies: Eccentric Eclipsing from Claret & Gimaez, theory predicts a relativistic effect

Binaries of wgr=0:77/100yr+0:05/100yr and classical effects of

A new apsidal motion determination of the eccentric w=0:87/100yr-0:07/100yr. This result is particularly in-
eclipsing binary V1143 was carried out by J. ButitSAF), teresting because in V541 Cyg most of the apsidal motion is
Guinan, and student J. Marshall. The eclipsing binary V114®xpected to arise from GR.

Cyg (HR 7484, HD 185912, BB54deg2193; A new determination of apsidal motion was made using
Vmax=+5.86;B—V=+0.46) consists of a pair of F5V stars timings recorded with the APT along with timings reported
moving in an eccentric orbite=0.54 and having an orbital in the literature. The analysis yielded an apsidal motion rate
period of P,,,=7.6407%. The system is detached with both of w=0:52/100yr +0.12°/100yr. This apsidal motion is
components residing well inside their respective Rochenearly the same as one found by M. Wolf. These studies
lobes. The orbital and stellar properties of V1143 Cyg areconfirm that V541 Cyg has an observed rate of apsidal mo-
very well determined from the careful study of Andersention significantly less than the theoretically expected apsidal
et al. One of the interesting aspects of this binary is that itsmotion. This discrepancy is as difficult to explain as those
U,V, W space velocity components, as given by Andersen ofound for two other eclipsing binaries, DI Her and AS Cam.
+31, -16, -2 km/s are very close to those of the HyadesThe plan is to continue photometry of the star with the APT
cluster(+40, -17, -3. Although the similarity between the during 1997 to complete theBVR light curves, in particu-
space motions of the binary and the Hyades Moving grougar, to cover fully the primary eclipse. Spectroscopic radial
could be a coincidence, it is more likely that V1143 Cyg is avelocity observations of V541 Cyg are currently being con-
member. If this is true, then the binary would be coeval withducted by Etze(SDSU. Once the light and radial velocity
the Hyades, thus having an age of about 600 Myr. Knowingcurves are complete, a more thorough study of this important
the age of a binary vastly increases its importance for testinginary can be made. This study is supported by NSF grants
stellar structure, opacity laws, and evolution models. AST-861362 and AST-9315365 which we gratefully ac-

Photoelectric photometry of V1143 Cyg was conductedknowledge. The reduction and analysis of thd observa-
with the Jenkins 38-cm reflector at Villanova Un. Obs. Theseions were supported by NASA NAG 5-2160. A preliminary
observations were made on the nights of 17 and 19 Oct 198&port can be found in IBVS 4362.

UT, using intermediate-bandpass blue,=45304) and

ygllow Kqu_: 55004) interference.filters. The secqndary and 3.12 Apsidal Motion Studies: DI Her

primary minima occurred respectively on these nights. These

timings were combined with the photoelectric eclipse tim- APT photometry of the eccentric eclipsing binaries DI
ings already available up to 1994. IndependentHer, AS Cam, and V380 Cygni continued through 1996. Em-
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phasis focused on obtaining photometry of the eclipses t8.16 Variable Stars: R Coronae Borealis

determine accurate timings as part of an ongoing apsidal mo-

tion study. Guinan and astronomy student J. Marshall have McCook and Guinan initiatetUBVRI photometry of the
carried out a new apsidal motion study yielding a revisechydrogen deficient post-AGB variable, R Coronae Borealis
rate of wqps=1.18°/100yr-0.29°/100yr. This apsidal mo- (RCrB). The photometry is coordinated with spectroscopy
tion rate is close to that found earlier by Guinan, Marshall &and polarimetry being conducted at the Crimean Observatory
Maloney (IBVS 4101). Analysis of the residuals shows no by Y. Efremov. The photometry was initiated during Febru-
evidence of systematic or periodic variations to a level ofary 1996 when the star was near a light minimum at
about+0.001 day. No evidence of changes in the inclinationV=+13.5 mag. These observations are planned to continue
of the orbit was found in the constancy of the eclipse depthshrough 1997 to study the star through this major dust for-
over time. From this data, there is no support for the suggesnation, light dimming event.

tion of a perturbing third star in this system.

3.13 V471 Tauri 3.17 Chromospherically Active Stars in the Galactic

Guinan and McCook continued photoelectric photometrmege

of the Hyades short period eclipsing binary V471 THO V

+ wd; P = 0.525") with the 0.8m Four College APT. Com- K Guma(rj], Mt. Gmiel(P?l,dSV\gt;),'\)l(. WH Kang,(Sejong lé N
plete multiwavelength light curves were obtained including'<°"): and astronomy student S. Margheim have carried out a

good coverage of primary eclipse of the white dwarf. Mod-Study of several hundred possible RS CVn variables that
elling of the light curves reveals the locations and sizes ofiave been detected as part of the OGLE collaboraes

cool starspots on the dK star. This photometric study wad’dalskietal: Acta Astr. 44. The OGLE microlensing sur-

carried out as part of a cooperative study with F. WalterveY has serendipitously discovered hundreds of variable stars

(SUNY-Stonybrook of HST/GHRS spectrophotometry. Ob- N the Baade Window in the direction of the galactic bulge.
servations of V471 Tau are continuing. A surprising result is the apparent large fractigabout
30%) of probable spotted, chromospherically actiweCA)

stars, also known as RS CVn variables, found in the samples.
3.14 Hot, Pulsating Variable Stars Like the nearby RS CVn variables, these OGLE variables
have low amplitude, periodic light variations with periods of

~ Guinan and McCook cooperated with BUVE observa- 5 few days up to several tens of days; they havieindices
tion program of D. Cohen and J. Cassin¢ll.Wisc) of 8 and positions in the color-magnitude diagram that indicate
Canis Majoris by taking extensive photoelectric photometryipat they are late G- to mid K-giants or subgiants. Moreover,
of this bright prototype pulsating star with the APT during the Jight curves of many of them show changes in amplitude
December 1995 and January 1996. The mqltlwavelengFQnd shape that also are commonly observed in RS CVn stars.
campaign was undertaken to model the pulsation and radigsyinan and collaborators have found that the light curves of
tion transfer in the BO llI-IV star’'s atmosphere. Unlike pre- 1,ost of these stars can be modelled with starspots.
vious _phot_ometr)_/, the pre_sent photometry seems to fit satis- It is well known that RS CVn stars are strong coronal
factorily with a single period. X-ray sources withL,~1—50x 10°° ergs/cmi/s. They find
that the X-ray emission from these stars, when combined
with the expected coronal X-ray emission from other vari-
ables in the OGLE samples, such as the Algol, W UMa and

APT UBVRI photometry of FG Sagittae, the central star €llipsoidal binaries, is sufficient to account for a significant
of planetary nebula He 1-5, was continued by Guinan andraction of the soft diffuse X-ray backgrouf®XBG) emis-
McCook during 1996. FG Sge is a unique star that is dission observed by Snowdeet al. (APJ, 454, 64Bwith RO-
playing evidence of stellar evolution on time scales compaSAT from the central regions of the Galaxy. From Snowden
rable with the human lifetime. During the last quarter of et al, the estimated diffuse X-ray flux0.5 - 2.0 keV is
1992, FG Sge underwent rapid dimming and since then hag.6x 10 *ergs cm?s™! arcmin? while the estimated
been behaving as an RCrB variable. Since 1992, FG Sge hasray flux expected from the chromospherically active vari-

. . . H H — 15 a2

undergone several more dimming events and partial recovegables in the bulge is about 3t2X<10 ergs cm-s
ies. Photometry obtained during March/April 1996 showed ™ *arcmini 2. Preliminary results will appear in the 2AP
that the star underwent its greatest dimming observed so fa@strophysics Colloquium:Variable Stars and the Astro-
dropping below 1% mag in V. The light variations of FG physical Returns of Microlensing Surveies. R. Ferlet &
Sge observed since Fall 1992 seem to be of two tyfBs: A. Vidal-Madjar). The confirmation that these variable stars
large dimming events and partial recoveries most likely pro-are CA stars can be made by observing the chief indicators
duced by obscurations of the star by dust; &2dperiodic, of magnetic chromospheric activity — CaH & K or Ha
low amplitude light variations arising from pulsations of the emission in their spectra. Spectra of a small sample of these
star. The APT observations were carried out near the time dDGLE variables have been requested from KPNO to search
scheduled infrared observations made with the 1SO satellitbor chromospheric activity using a multi-fiber-feed spec-
(B. Montesinos PI, LAEFF-Spajn trograph.

3.15 Variable Stars: FG Sge
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3.18 Photometry mined physical properties that include an age of 5-6 Gyr. In
spite of its old age, Proxima is a chromospherically active
. , star with strong Mg Il k-k (280nm emission as well as

out photoelectric photometry on the SRc supergiaier A being a flare star. This star is of great importance to magnetic

as patrt of ? conﬁmgjmgt progdr_arln Wl'th .tthe It\la(tjt}onal ?r? Iarr1 Otb'dynamo theory because it is expected to have a fully convec-
servalory 1o coflaborate radial velocily studies with photo-y, . envelope. One quantity, not well determined yet vital to

”?et”ca"-‘( generated light CUTVES. This photometry was Com'understanding Proxima’s magnetic behavior, is its rotation
bined with APT photoelectric photometry obtained by eriod

Guinan and McCook to construct a more complete coverag During May-August 1995, Proxima was observed about

of @ Her A’s light variations. The resultant light curves twice a week withlUE. Low resolution LWP(200-320nn)

prove d to be more complex than an_t|C|pated, and SUbS.eq.ueQE)ectra were obtained chiefly to observe the chromospheric
studies and period analyses by Guinan and Wasatonic 'ndMg Il emission and use it to measure Proxima’s rotation

cate the presence of 93-day and 126-day periods. These Mooy a5 active plage regions on the star’s surface rotate in

periqu glilve'rri]se :t%o Oadbealt:zserioq gf :;55 dzyz' -II;/lhiSS pgrri]O nd out of view. ThdUE data have been analyzed and the
ties in well with a 350-day period obtained by M. Smith- Mg Il emission shows 28 25% variations with a period of

(C;Q'A? ustlng. th? NSO,Z Mf'\gaﬂ;] tf:lelscotp'e. hot v of th 31.5+ 1.5 days. This period is assumed to be the star’s rota-
asatonic aiso conducted photoelectric pnotometry ot thg;, period. In addition, several flare events were observed

bright req Zluper%ian_ts angg_Jria(r:usOr_i, c:]Tau anc_;l ﬂ;le I\_/Iirah- and evidence was found for rather fast chan@esa time-
type variableso Ceti an ygni photometrically In the  go.oj0 of weekKsin the plage activity and distribution. Also,

15285(5’&)50%’&) ﬁ‘:??,lin the near IF{b7190 ]1& ' 7;'50 IA » and the analysis of theUE archival data indicates the probable
- 1he liters are a subset of an 8-color SyStempresence of a long-term activity cycle.

developed by Dr. Robert Wing at OSU. Their central wave- This study is supported from NASA grant NAG 5-2160

lengths were picked so that a TiO index can be calculate :
nd NSF grant AST-9315365 which we gratefully acknowl-
from the standardized magnitudes obtained through each fi Sdge g g y

ter; this TiO index can then be used as a M-star spectral-
subtype indicator. Additionally, IR light curves can be gen- . ) , _
erated and compared against the visual light curve to’-s.ZO Single Chromospherically Active Stars: HD 82443
characterize photometric differences that arise from the dif- Guinan, Ambruster and s. Messif\ll. U. & U. Catania)

ferent wavelength regions. are working with A. F. Lanz&Catania Obs., I7.on a study

No significant light variations have yet been founddn of HD 82443 in the Pleiades Moving Group and the results
Tau from about two months of monitoring. However, both of a long-term photometric monitoring of the young Pleiades
o Ceti and RT Cygni have decreased in brightness from Aumoving group member have been submitted to A&A. A se-
gust to October 1996 by 2 magnitudes in the visual, abouguence of eleven optical light curves obtained from 1989 to
one magnitude in the 7190 A and 7450 A regions, and1995 confirms the presence of a rotational modulation with a
only a few tenths of a magnitude in the 10400 A region;period of 5.4 attributable to cool photospheric spots. The
these are indications of atmospheric expansion and coolinglaximum Entropy and the Tikhonov regularization criteria
that can result in TiO formation, causing a drop in visualhave been applied to compute maps of the photospheric spot
light that is greater than any IR loss. It should be emphasizeglattern. They show that the total spotted area is subject to
that these observations spanned only 2-3 months, and thatcanges as large as 10% of the star’s surface over time scales
longer time interval is needed before complete visual and IRy 1-2 years, but without any indication of a cyclical behav-
light curves can be generated to characterize all photometrigr. The overall spot pattern migrates at a variable rate in the
features. sense of the stellar rotation, suggesting the presence of a

As a pilot study, Wasatonic, in collaboration with Guinan, |atitudinal differential rotation with relative amplitude
is carrying out photometry of the bright RS CVn slaAnd  AQ
(V = 3.86; G8 IV-lll; P = 54.59. The observations are sz.Ol. Nearly simultaneouslV observations obtained

being made with a subset of the Wing TiO filters to attemptin 1991 by Ambruster show the presence of chromospheric
to measure the manifestation of large cool starspots that maynd transition region plages which do not seem to be in close
cause changes in the TiO indices as they rotate. Observatiogpatial association with the photospheric spots. This research
are planned through March 1997. was supported under grants from NSF and NASA.

R. WasatonidLVAAS, VU research consultaptcarried

3.19 Chromospherically Active Stars: Proxima Centauri  3.21 ZAMS K Dwarfs

Guinan and senior N. Morgan studied Proxima Centauri Ambruster, and collaborators A. BrowfCASA, U. of
using both photometric anlUE data. At a distance of 4.3 Co.) and F.C. Fekel(Tenn.St.U. completed the last space-
LY, Proxima Centauri= « Cen C; V645 Ceis the nearest craft observations of an 8-year long effort to obtain spectra
known star to the Sun. This M5 V flare star is the faintestfrom all levels of the upper atmospheres of a select sample of
member of thea Cen triple star systenior moving group  six solar-neighborhood, Pleiades Moving Group K dwarfs.
and lies about 1400 AU nearer to the Earth than its brightelThe observations this year were made with the Goddard
G2V and K2V companions. Because of its proximity and itsHigh Resolution Spectrograph on H%dll six starg, EUVE
membership in the triple system, Proxima has well deter{two star3, and IUE (one star. The main goal of the re-
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search, which includes ground-based high resolution spectidid not produce a unique starspot configuration.

from the KPNO coude feed by Fekel, is to construct the first The 2.5 mag neutral density filter, needed for the check

models of the upper atmospheric structure of Zero-Age-Mairstar, was calibrated, and other systematics of the T6 were

Sequenc€ZAMS) stars as a function of rotation. investigated. This was necessary since only the check star
The six stars have spectral types between KO and K2 V(but unfortunately not the comparison $téwad published

are single, share Pleiades Moving Group space motions, aridBV photometry. Onc&JBV magnitudes for the comparison

have near-primordial lithium abundances, confirming theirstar are deduced, flare energies and a preliminary time-

extreme youth. They form an essentially homogeneougveraged flaring luminosity for HD 1405 will be computed,

sample: the only variable is rotation rate, which ranges fromind compared with published time-averaged flaring lumi-

8 hr to ~7 days. Similar early K dwarfs in the Pleiades arenosities for M-dwarf flare stars. This work is continuing, as a

just coming onto the Zero-Age-Main SequerfZ&MS), i.e., collaboration between Ambruster and Fabian. A final paper

they have just started to burn hydrogen. While the Pleiades i¥ill be submitted to a refereed journal in early 1997.

the nearest cluster containing cool ZAMS stars, its 125 pc

distance makes spacecraft spectroscopic observations of tra®i22 Archaeoastronomy

sition region and coronal lines prohibitive. As a result, the

initial atmospheric structure of a cool ZAMS star is still un- . RO
P tics, CA) presented a paper at the invitation-only Oxford 5

known.
In Sep 1995, Ambruster and seniors D. Fabian, J. MarArchaeoastronomy Conferen€anta Fe, NM, 3-10 Aug.

shall, and J. Maley travelled to Goddard Space Flight Cente%.ggg on their recent work on an ea_lr(ngth genturyNz_avajo .
. . . site in Chaco Canyon, NM. This site provides the first solid
for observations of HD 1405 withJE. These observations ) . ) ) )
) . evidence that the Navajo practiced horizon astronoiney,
had been arranged to be simultaneous with a 200 k&B¢E . ; - .

. . e use of rising or setting positions of the Sun on the hori-
observation of the star, and contemporaneous with the HSIIhon to mark a vearlv calendar. Thev documented a compel-
observation. HST also observed HD 220140 in Sep. 1995ﬁn winter soIZtice ysunriséWéSR Z\Ii Ament between ap
HD 82443 and HD 197890 in Nov. 1995; HD 17925 in Jan'forge round, rock art-covered bouldergand a prominent fea-
1996; and HD 82558 in Apr. 1996. Both medium and low 9 L ; ' & promir

; . . ture on the distant horizon. After the sun rises in this notch,
dispersion spectra were obtained for each star. it proceeds, over the next 2-3 hours, to ascend along the
Besides the 200 ksdeUVE observation of HD 1405 in P ' ’ 9

Sep. 1995, a 200 ksdEUVE observation of HD 82443 was slope_zd ridge of the foreground boulder, th_at_ is, the7angle of
obtained in Dec. 1995 - Jan. 1996. OtRI\VE observations the ridge happens to be the same as the rising sun’s angle to
f tl | h ) le h .b ' btained si \1/99'3 the horizon,~50deg at this latitude. Also located were prob-
ot stars In In€ sample have been oblained since ' ble, but less dramatic, alignments to prominent horizon fea-

Ambruster, Brown, anq Fekel_presented a poster paper %res at both Equinox and Summer solstice from two other
the Jan. 1996 San Antonio meeting of the AAS, reporting %Mock-art covered boulders in the immediate vicinity.

preliminar_y redgctiong of the HST data in hand by that ti.me. It is rarely possible to interpret rock art. However, on the
The medium-dispersion spectra clearly showed rotational SSR boulder, there is a horned Sun Shield, as well as two

broadening in the four stars _presen(emianon periods: 0.3 - drilled renditions of the traditional Navajo constellation for
5.4 days. Mg II/C IV flux ratios revealed a not-unexpected November(a part of Corvusand at least one incidence of

?ecllne In th_e rellatlve strengths of high tempzrat((leR).” the traditional December constellatidpart of Scorpiug
Ines as rotation slows. However, an unexpected and still N9t o nstellations rise heliacally in those months. More-

understood correlation was found between the C Illgar he rock involved with the summer solstice alignment
(A1175/Si 1I(X1208 ratio and rotation, in the sense that i jncised with corn plants, the agricultural staple of the
the ratio decreases as rotation slows. Southwest.

The complete set of HST data were fully reduced by Am- Ampnrister and Hull are continuing their systematic sur-
bruster and senior Fabian at CASN. of CO) in August ey of the vicinity, which will ultimately be tied in to geo-

1996. TheEUVE data remain to be reduced. An in-depth yejic coordinates and deposited with the chief archaeologist
analysis of the full set of observations will then be under-5; chaco Culture National Historical Monument.

taken and, finally, volume emission measure models for each
star will be constructed and compared. This research is su
ported by NASA grants NAG5-980, NAG5-2279, NAG5-
2413, and NASA HST grant GO-06065.01-94A.
Ambruster, and seniors K. Belle, Q. Nguyen, D. Fabian, J. McCook and Sion completed the fourth edition of the
Marshall, and J. Maley reduced and analyzé8VRI pho-  Villanova Catalog of Spectroscopically Identified White
tometry of HD 1405 from the T6 APT on Mt. Hopkins, AZ. Dwarfs during the report period. The new catalog contains
The observations, which included extensilleband flare 2,279 white dwarfs which have been identified spectroscopi-
monitoring, were concentrated in Sep. - Oct. 1995 in order t@ally through 1996 April. For each degenerate star, the fol-
overlap the HSTEUVE andlUE observations of the star in lowing data entries with references are providgd:a cata-
late September. Several small flares were observed. The lighdg coordinate designation or WD number, in order of right
curve shows some change from the 1994 data but, since theascension(2) the right ascension and declination for epoch
were fewerBVRI observationgbecause of the time devoted 1950.0;(3) the spectral type based upon the new sys##m;
to flare monitoring, spot modelling of théVRIlight curves  a catalog symbol denoting the binary memberstp;a list

Ambruster and collaborator A.B. HUWIOCA Applied Op-

F33_.23 Database of Spectroscopically Identified White
Dwarfs
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of most names known to exist for a given stéB) proper  of that system. They ruled out the possibility that the absence
motion and position anglé?) broad-bandJBV photometry, of Lyman-« absorption in many CVs in quiescen(pecifi-

V, B-V, U-B (8) multichannel spectrophotometry,(MC), cally those containing white dwarfs with
g-r; (9) Stramgren narrow-band photometyy b-y, u-b (10)  T¢=15—20,000K could be due to rotational velocities of
an absolute visual magnitude based upon the best availabllbee white dwarf near breakup.

color-magnitude calibration or trigonometric paralla#;l)

the observed radial velocity uncorrected for gravitationalz o5 HST Studies of Dwarf Novae in Outburst

redshift or solar motion ; an€lL2) the trigonometric parallax

with mean error when available. A Notes section for unusual Sion, with Cheng, P. Szkody.WA), Huang, J. Proven-

or peculiar stars and a coded Reference Key alphabetized 1§l (U.DE), W. Sparks(LANL), Villanova graduate B. Ab-
the first author's last name are presented, as well as an eRott (now at U.Toledg, I. Hubeny(NASA GSFQ, J. Mattei
panded table cross-referencing all names to catalog WIHAAVSO), and H. ShipmariU.DE) obtained Hubble GHRS
number. An introduction and full descriptions of the entriesmedium resolutiofG160M grating phase-resolved spectro-

is provided in the preface text. Further additions and update8copic observations of the prototype dwarf nova U Gemi-
are being made while the catalog is in the refereeing stag&orum during different stages of two different outbursts. The
Stellar statistical and kinematical studies of the expande§Pectral wavelength ranges were centered upon three differ-

catalog database are in progress at Villanova. ent line regions: N (1238, 1242, Si lll (1300 and He I
(1640. The dataset corresponding to the early decline phase
of outburst number 1 was essentially featureless except for

3.24 IUE Archival Studies of Cataclysmic Variables weak N V absorption and narrow interstellar lines while the

) ith I . dataset at the peak of outburst number 2 revealed broad

_ Sion with students K. Belle, Q. Nguyen, D. Fabian con-gnission peaks separated by narrow central absorption.

tinued studies ofUE far-UV archival spectra of cataclysmic There is no far ultraviolet evidence of an outflowing wind

variables. TheUE archive contains numerous low resolution from U Geminorum in outburst. The double-peaked emission
speptra of dwarf novae in outburst_ but rel_at_lvely I|tt|(_3 SYNline profile structure with low velocity central absorption
thetic spectral analyses of them using realistic accretion diskoan in the second outburst suggests a disk origin but the

models with spectral lines. They have examined a series Qfission velocity widths appear narrower than the widths of
previously unstudied archivalUE low resolution SWP o qniical disk emission features. They interpret the high
spectra of the SU UMa-type dwarf nova T Leonis in 0ut- gy citation emission lines, with central absorption below the
burst, describing its outburst spectra, characterizing its "necontinuum, to be due to photo-ionized materjabronal?
spectrum, the shape of its energy distribution, its wind outp,qy6 the disk plane with the thickened outer disk absorbing
flow and evidence of temporal wind variability using their . boundary layer or inner disk radiation.&'N V absorp-
grid of optically thick accretion_disk modelslfor white dwarf tion velocity versus orbital phase traces the motion of the
masses 0.6 and 1.0 accretion rates 10710 10-7 M it Gwarf but the He i absorption velocity appears to
@/ygar, and for _d's_k inclination _angles o_f%an_d 80. They _ deviate from the white dwarf motion. They found evidence
c_arrled_out pf_e"m'“afy _synthetlc acc_:ret!on disk spectral fit-o¢ level, far UV flickering during both outbursts. During
ting, with their best-fitting model yielding W=0.8Mo,  poth outbursts, #N V and He Il regions are consistent with
i=40°, M=10"°Mo/yr with an inner disk temperature of g constant fatdV light source but Discrete Fourier Trans-
30,000 K and an outer disk temperature of 14,000 K. forms (DFTs), calculated for the Si Il region during both
Sion, with undergraduates Nguyen, Fabian, and Bellegythursts, reveal probable power at approximately 360s and
continued studies of exposed white dwarfs in dwarf novagsss in both DFTs. They presented the results of synthetic
and nova-like variables. In many dwarf novae during quieszccretion disk spectral fitting to the data of both outbursts

cence, the Underlying white dwarf dominates the flux in theand derived accretion rates for the two outbursts of
far ultraviolet. By observing these exposed degenerate stagsx 1071°M . /yr and 2< 10" M /yr.

with HST GHRS and FOS, the white dwarf rotation rates can

be determined, or be constrained, by fitting synthetic spectr . . .
broadened by rotation. Using TLUSTY and SYNSPEC%’S\?&': glrjriﬁ;ugﬁise: g elr—legosed White Dwarfs in Dwarf
(Hubeny 1988 they presented a grid of rotationally broad-
ened white dwarf synthetic spectra, convolved with the reso- Sion, with Cheng, Huang, I. Hubeny, and P. Szkody ob-
lution of Hubble GHRS(G140L, G160M, FOS (G130H tained and analyzed Hubble FOS observations of VW Hydri
and IUE low resolution SWP spectra, computed for log one day after the end of a normal dwarf nova outburst. The
g=8, solar composition, and .J;= 15,000, 25,000 and spectra revealed a heated white dwarf with deep broad
50,000K, and rotational velocities of 0 to 5000 km/s. TheyLyman-, narrow metallic absorption features and evidence
examined the predicted appearance of accreted solar compof a hotter Keplerian-broadened component manifested in
sition white dwarf atmospheres in the context of determiningquiescence as a broad continuum hump. Their best reduced
or constraining the white dwarf rotational velocities. They 2 fit to the data revealgl) a DAZQ white dwarf withT o =
presented model grids which demonstrate this capability, in22,500t 500 K, log g= 8, and photospheric abundances C
cluding the first application of these grids to the SWP low= 0.5 solar, N= 5.0 solar, O= 2.0 solar, Si= 0.2 solar, Fe
resolution spectra of the white dwarf in the nova-like vari- = 0.5 solar with all other metals being 0.3 solar af®); a

able TT Arietis, exposed during the very low brightness stateapidly spinning accretion belt with/,,; = 3350 km/s,T g,
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= 26,000+ 1000 K, log g= 6.0, with a fractional belt area data reveal$l) For U Gem at 13 days after outburst, a white
of approximately 11%. Their earlier FOS spectrum obtaineddwarf with T¢; = 37000500 K, log g =8, photospheric
10 days after superoutburst revealed a cooler DAZQ whitesolar abundances, and a rapidly spinning accretion belt with
dwarf (20,500= 1000, relatively lower metal abundances Vo = 3200 km/s,T=45000+ 2200 K, log g= 7.0, with
and a smaller fractional are@%) for the accretion belt. a fractional belt area of 17.4%2) For U Gem at 70 days
Thus one day after outburst, the white dwarf42000K  after outburst, a white dwarf witfi,¢; = 33000+ 250 K, log
hotter, the accretion belt fractional area is a factor of threqy =8.0, photospheric solar abundances, and a rapidly spin-
greater, the accretion belt temperature appears to be coolBing accretion belt withV,,; = 3200 km/s,T¢¢; = 39000
than at 10 days post-superoutburst and the accreted atma&-2000 K, log g= 7.0, with a fractional belt area of 11.2%.
sphere has relatively higher metal abundances. Finally, thBesults not only confirmed the cooling of white dwarf by
accretion belt maintained during quiescence may provide &0ng et al. (1994, but also unveil the cooling of the accre-
natural explanation for the 14s soft X-ray oscillations, doegion belt.
require a deeper source of heatifmpmpression and shear Cheng also worked with Vrtilek on the observations of
mixing) and implies a lower limit to the viscous spindown the binary X-ray pulsar system Hercules X-1/HZ Herculis
timescale of 10 days. taken with thdUE and several ground-based observations as
Cheng, together with K. Horne, T. Marsh, and I. Hubeny,Part of a multiwavelength campaign conducted in 1993 Au-
used HST observations of the eclipsing dwarf nova OY Cagust. Comprehensive modeling of th&/ and optical con-
after its 1992 April superoutburst to isolate ultraviolet spec-tinuum flux suggests that théV and optical light curves can
tra (1150-2500A at 9.2A FWHM resolutigrof the white be reproduced by assuming variations in accretion rate alone;
dwarf, the accretion disk, and the bright spot. The whitehowever, changes in a_ccretion rate are ins_uffi_cier_lt to account
dwarf spectra had a Stark-broadened photospherig &ly- for the observed drop in X-ra_y flux. Shifts in dls_k inclination _
sorption, but were veiled by a forest of blended Fe Il feature€ngle and changes in accretion rate can consistently explain
that we attribute to absorption by intervening disk materialth® observed changes in X-rayJV and optical fluxes.
(curtain). Spectral fittings gave white dwarf temperaturesChanges in accretion rate and disk inclination angle may be
changing from~ 19,700 K just 27 days after the superout- related _to sr_nfts in the 35 day precession perloq. The ra_1p|d
burst to ~ 18,000 K around 3 months after the Superout_fluctuatlons in soft X-ray flux, observgd se\{ergl times during
burst; The decay time of white dwarf temperature was 66n€ campaign, may be caused by rapid variation of the accre-
days. Thecurtain temperatures were between 10,000 K andt!on rate.
11,000 K, and looked likely to rise at 3 months after the ] .
superoutburst; The surface density of the outer disk, the ele@-27 Studies of Hot White Dwarfs

tron density and the velocity dispersion of the intervening  sjon. with J.B. HolbergU.AZ), M. Barstow(U.Leicester,
disk material had similar variations with the curtain tempera-yk) and Villanova student M. Scheibl@ow at Dartmouth
ture; the length and the column density of the interveninganalyzed four high resolution far ultraviolet spectra of the
disk material had inverse variations; the length of the interygt, peculiar DO white dwarf KPD0O0055106 obtained with
vening disk material was less than one white dwarf radiusihe Short Wavelength Prim@&WP spectrograph aboard the
The scale factor proportional to the square of the white dwarfUE spacecraﬁ_ These spectra reveal Weak, probab]y vari-
radius obtained from the fitting decreased 0% during the  aple, peculiar absorption and emission transitions of ultra

decline. Since the distance is unchangeable, it indicates thafgh excitatim C V and N V in thel615-1623 A region, O
the radius of the white dwarf three months after the supery|i| variable coronal emission, variable line structure at He

outburst reduced to 90% of the radius 27 days after the sut (1640, and essentially constant photospheric/
peroutburst, but all the radii after the superoutburst wereircumstellar/interstellar blended N V, Si IV and C IV reso-
smaller than that on 1991 December 4, four months prior thance absorption. The follE echelle spectra confirm the
the superoutburst. high excitation C IV absorption feature at 1230.55A but re-
The decay times of mean flux of white dwarf at bandpass/eal little evidence of the high excitation C IV features at
1940 A to 1980 A and of the white light counts of white 1351 A and 1353 A seen most strongly in the PG1159
dwarf were 49 and 26 days respectively; The mean disk fluxiegenerates. Moreover, high excitation O VI and C IV tran-
at bandpass 1300 A to 2100 A did not show any tendencyitions are at most very minor contributors to the broad ab-
during the decline, but that at bandpass 2100 A to 2500 Asorption at 16@ A . They found distinct evidence of a mod-
showed a tendency to decrease. There was no correlatiarately dense neutral cloud along the line of sight to KPD
between the curtain temperature and the mean disk flux &@005. This cloud, if near the white dwarf, may interact with
the above two bandpasses. No direct evidence supports thige stellar wind to produce a zone of shock-induced high
disk instability model which predicts a slowly increasing ac-ionization. The non-photospheric interstellar/circumstellar
cretion rate through quiescence. components of ta N V resonance doublet in KPD00O5 yield
Cheng and Sion, together with K. Horne, S. D. Vrtilek, a column density Log NN V) = 13.8, a factor of 8-10
and |. Hubeny, used archival HST/FOS observations of Lhigher than the value which might be expected from the
Gem to reveal a heated white dwarf with deep broad Ly diffuse ISM. The non-photospheric componenfsNoV in
narrow metallic absorption features and evidence of a hottethe PG1159 object RXJ21¥8412 have a similar velocity
Keplerian-broadened component manifested in quiescence é50 km/9 relative to the photospheric rest frame and are
a broad continuum hump. Their best reduggdfit to the  markedly stronger. Both objects exhibit strong O VIII emis-
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sion, a possible marker of mass loss. These characteristitayer problem. Our new results show that this assumption
provide compelling evidence that the non-photospheric N Vimay be incorrect: in VW Hyi, we found that it the surface
absorption is locally associated with these two hot degenemf the white dwarf which matches the rotational speed of the

ates and almost certainly ejected. Keplerian disk andthe emitting area of the boundary layer
is much larger, thus the effective temperature of the bound-
3.28 Helium Transfer Cataclysmics ary layer is much lowetthan the values predicted by the

theory. Our method of analyzing the high S/N, high resolu-

Sion and J-E. SolheiniTromso, Norway obtained HST . ) . .
GHRS G140L and G160M spectra of the prototype heliumtlon HST spectra in the fddV during the quiescence of CVs

transfer cataclysmic AM CVn. Many pulsational and photo-\c;\‘l)enS a new window for pr_obmg boundary layer physics.
: - : . We are currently applying this method to detect belt struc-

metric characteristics suggest a link between the accretlnﬁJres in other CVs

central object in AM CVn systems and single DB white '

dwarfs. Sion and Solheim obtained the first high resolution

IUE spectrum of the helium-rich, cataclysmic variable star3.31 Theoretical Model of Shear Mixing

AM CVn. The broad He (640 A) absorption profile with

blue shifted emission core has a remarkably similar overal*

structure to the He (1640 A) broad absorption trough in the

IUE spectrum of the prototypical cool DO white dwarf HZ

21. On closer examination, they noted that the weak absorda-

: ! . ener riteria characteriz tiRichardson number
tion superimposed on the broad emission, remarked upon |%,e gy criteria characterized by tRichardson numbe

Fritz et al. (1990, AJ, is also present in the AM CVn pro- 721, we found that in a differentially rotating envelope of the

' L ) white dwarf, the mixing caused by the forced convection is
file. These findings have been confirmed by the recently o fost efficient on equi-potential surfacesalong which
tained HST spectra. This supports the possibility that AM qui-p 9

. . : e . 7%i=0. To simulate these mixing processes, we use the equi-
CVn, a helium-rich nova-like cataclysmic binary, consisting gp q

. . . . 0potential surfaces as one family of our coordinate surfaces.
of two interacting helium-rich degenerates, may have an ev Since the rotational speed distribution as well as the shape of
lutionary link to a “single” DO star like HZ 21 and to the P b

the surfaces in the white dwarf envelope varies with time, so
DB stars. .
do our coordinate surfaces. Further results from our code
using thistime-dependent zoningchnique will be reported
in due time.

Sion continued theoretical studies of the accretion process

in cataclysmic variable and its effects on the white dwarf. He
continued his studies of the thermal response of the underly4‘ MODEL FQR H_IGH/LOW STATE OF AM HERS
ing white dwarf in a cataclysmic variable to accretional heat- Collaborating with W.M. SparkeLANL ) and S. Howell
ing (see Sion 1995, ApJ, 438, 57By the dwarf nova out- (U.WY), Huang _mvestlgated the mechanism of the high and
burst and cooling during dwarf nova quiescence. During thdOW State activities of AM HergSparks, Howell & Huang
report period, Sion’s code was updated with OPAL opacitiest998. The material from the secondary is accreted along the
and an outer boundary modification that allows for including™Magnetic field lines, deposits its angular momentum onto the

the kinetic energy of the accreting matter and inward boundPrimary, which is temporarily spun up relative to the sys-

Sion, Huang and Cheng are developing a dynamic model
or white dwarf-disk interaction in the boundary layers,
which is urgently needed to quantitatively understand the

3.29 Theoretical Studies of Accretion Physics

ary layer irradiation as well as compressional heating. tem’s orbital motion. Through the magnetic field lines con-
necting the primary and the secondary, the primary exerts
3.30 Accretion Belts magnetic torque back to the secondary, slightly spins up the

binary system, and increases the binary separatonye
The physical processes implied by the existence of accresxamined a simplified model: whea exceeds a critical
tion belts(Huanget al. 1996, Sionet al. 1996, Gansicke & valuea,, the secondary is detached from the Roche lobe, the
Beuermann 1996may provide a new mechanisfsee Sion  accretion is terminated, and the system is in its low state.
1995 and Sparkst al. 1993 to account for the long puzzling \ithout accretion flow from the secondary to the primary,

missing boundary layerThe method of analysis we have the magnetic field lines oscillate around their equilibrium
developed can be applied to detect such belt structure in

" . K .
other CVs to obtain physical information of white dwarf-disk positions with frequency = T wherel is the moment of
interaction in their boundary layer. One of the key assump- 2]
tions made in the standard disk theory modgiingle 1981 inertia of the white dwarf, an =

i b d diti f the disk at its i dius: th 96
IS a boundary condition of the disk at Its Inner radius: ey qie torque and the angular displacement of a magnetic

rotauona_l speed of the disk should mat.ch that_ on the S“rfficfﬁwe relative to its equilibrium position. The binary separation
of the primary. For a slow or non-rotating white dwarf, this 515, oscillates around its average valagaccordingly. As-
|mpI|es’ 2a small em.|tt|ng area of the boundary Iayer'suming thata~a,, and the time scale for the secondary to
AWD///’ ' Whe_re,///; is the Mach 'numberfloz) of the e attach with its Roche lobe is long enough, then the dura-
Keplerian rotating speed at the white dwarf surface, and th“ﬁon of the low state should roughly be the duration of

a rather high effective temperature={00,000K. The fact =~ \vith typical values ofK andl, this duration can be
that a boundary layer with such high effective temperatures T

has not been observed is often referred as missing boundaegtimated as_, which is about a year, matching the ob-

with J being the mag-
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served average duration of AM Her's low states. Although5.1 Association of Research Astronomers

the relative displacement/distortion of the magnetic field . .
lines is too small to be observed, a future survey on the AM Derck Massa(Applied Research Corporatiprhas as-

Her systems should be able to test the relation describe%lumeol responsibility for Association of Research Astrono-
mers(ARA), an organization primarily of research astrono-

Jmers in non-faculty positions, particularly those supported
ing the report period at Villanova was supported by the fol-by grants and contracts. The ARA was created to provide a

lowing grants: NASA LTSA grant NAGW5-3726, NASA forum for open discussion of the issues of concern to re-
HST grants ' GO3836.01-191a. GO5412 01-1§1A GO_searcher astronomers. As part of its mission, the ARA has
6084.01-95A GO-6085.01-95A GO-6700.01-96A GO.-tried to provide useful feedback to the community. Informa-
6628.01-96A GO-6558.01-96A: NSF grant 'AST90-16283-0n on the ARA can be found on the WorldWideWeb:

NASA grant NAG5-343 and a summer grant from the NASA www.phy.vill.edu/astro/faculty/ara/ara_home.htm.

Delaware Space Grant Colleges Consortium.
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