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Introduction: Main belt asteroids (MBA) and 
near Earth asteroids (NEA) are classified into 26 
discrete classes. The NEAs are a small fraction of the 
total asteroid population. For the NEAs alone there are 
about 4500 known, with an even smaller fraction of 
these that have spectra that can be classified. The large 
unknown population of asteroids has a need to be 
classified, in the mineralogical sense. For 
classification the mineralogically important spectral 
range is 0.8 - 2.5 pm. This can give the scientific 
community an idea of how asteroids are formed. 

The C and C-like asteroids make up about 50% of 
the MBAs. The composition of these asteroids is 
unknown. It has been shown by spacecraft flybys and 
telescopic observations that C asteroids are possibly 
rubble piles. In recent experimental observation it has 
been suggested that these bodies generally considered 
to be featureless, do contain features in their relatively 
flat spectra [I]  

Experimental: To date w e  have obtained seven 
observing runs between 2004 and 2006 on NASA's 
IRTF that has yielded spaectra of 35 asteroids. The 
spectral range observed is from 0.8 pm to 2.5 pm. The 
spectra were coupled with the visible wavelengths 
(0.4-0.9 pm) from the MIT SMASS [2-91. The data is 
compared against a phyllosilicate database to check for 
the possible connection. 

A phyllosilicate database has been built. It is 
separated by the three layer types; 1 : I, 2 : 1, and 2: 1 : 1. 
Spectra for this database has been acquired from the 
USGS spectral library [ I  01. 

Results: Of the asteroids observed, five are C and 
six are C-like. Figure 1 depicts the visual and infrared 
spectra of the C asteroids obtained and Fig 2 does this 
for C-like asteroids. The noise in the sDecGa at 1.4 and 
2.0 pm is where the possible absorption features for 
phyllosilicates are present. 

C Chondrites: The carbonaceous chondrites most 
closely resembling the C asteroids in their reflectivity 
spectra are the CI and CM chondrites, which are those 
most close to solar composition. Researchers agree 
that they consist essentially of phyllosilicates, but there 
is considerable uncertainty as to their exact nature; 
chlorite, serpentine, mica, montmorrillonite, and many 
others have been mentioned [ l l ] .  Figure 3 displays 
the spectra of CI and CM chondrites [ I  21. 

Figure 1: Visiblc and infrared spectrum of the obsc~bud C, 

asteroids. Spectra are randomly stacked for \~iaual: 
comparison reasons 
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Figure 2: Visible and infrared spectrum of thc obsel.l,sd C- 
like asteroids. Spectra are randomly stacked for \ ~sua l  

comparison reasons. 
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F~gure 3.  V~siblc and Infrared spectra of CI dn l CM 
metcorltes. The shape of the spectra IS slm~lar to that ot the 
C and C-hke asteroids. 

Spectra of Phyllosilicates: The phyllosilic;~:cs are 
divided into three layer types: the 1 : 1, 2:  1. and 1: I : 1. 
which are composed of tetrahedral a n d  or.t~li.edral 
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Introduction: Chondritic meteorites have a 
composition very similar to that of the photosphere of 
the Sun. They are classified into nine or more groups 
based on subtle variations in bulk phase and mineral 
compositions. The most abundant of these are the 
ordinary chondrites, which comprise -85% of all 
meteorite falls and make up three of the chondrite 
classifications, namely H, L and LL. They are 
additionally sorted into petrographic types 3 , 4 ,  5 and 
6 according to the degree of metamorphism. The 
pyroxene structures convert from clinorhombic 
(CPX) to orthorhombic (OPX) form with 
metamorphism. 

In the search for parent bodies for meteorites, 
asteroids have always seemed the logical solution. In 
particular, the S asteroid population has long been the 
center of the search for a connection with the 
ordinary chondrites due to their relative abundance to 
the asteroid population and the seemingly similar 
composition. The subtle spectral variations in the S 
asteroids and the ordinary chondrites and in the 
asteroids themselves have made this connection 
difficult to make. Recent work has found the 
clinorhombic form of pyroxene on surfaces of S 
asteroids which may be able to aid in the connection 
of these two groups of solar system bodies [I]. 

Experimentation: Reflectance spectra (.3 - 2.5 
pm) for seven ordinary chondrites (Table 1) were 
obtained through the NASA Planetary Data Systems 
database [2]. The spectra were analyzed using the 
Modified Gaussian Model (MGM) [3] as were the 
asteroids in our earlier work. 

Results: Our analysis indicated that there are 
absorption features in both the 1 and 2 pm regions 
present in all seven chondrites. This would suggest 
the presence of pyroxenes in all. However, there is an 
indication that the structure of the pyroxenes is 
different in the type 3 chondrites compared to the 
type 6 chondrites. As shown in the upper plot in Fig. 
1, there is an additional absorption feature in the 2 
pm region of the type 3 chondrites that is not present 
in the spectra of the type 6 (Fig. 1 lower plot). This 
additional feature represents the presence of 
clinorhombic pyroxenes (CPX). 

Discussion: There are two or three individual 
absorption bands that combine to make up the 1 pm 
and 2 pm bands characteristic to pyroxenes which 
MGM can separate. The component band strength 
ratio (CBSR) was calculated for both the 1 and 2 pm 

regions using the methods of Sunshine and Pieters 
[3]. The CBSR allowed us to determint: the 
percentages of clinopyroxenes relative to total 
pyroxenes for each chondrite (Table 1). 

Table 1. Type 3 and 6 ordinary chondrites analy~ed in 
the present study, their class and the percent clinopyroxene 
determined by spectral analysis0' 

% CPX 
Meteorites 

--- 

In the 2 pm region, we found CPX percentages to 
range from 44  - 73% for the type 3 chondrites and 
found no evidence of CPX for the type 6 chondrites. 
The CBSR also shows percentages for CPX in the 1 
pm region for all the type 3 chondrites. In geperal, 
the 1 pm percentages are greater than those for the 2 
pm for type 3. The type 6 chondrites show no 
indication of CPX. Other minerals such as 
plagioclase and olivine have absorption features in 
the 1 pm region in the same range as the -, 

clinorhombic pyroxenes that are responsible for thcse - 
numbers. These minerals do not, however, ha\ e a 2 
pm feature. 

Gietzen, et al. [I] found abundant clinorh~jmbic 
pyroxenes in seven of eight S asteroids ra)g.:..i, -n 
42 - 61%, similar results to what is found for thi: tJpc  
3 ordinary chondrites in this work. This would 
suggest that the surfaces of S asteroids are type 3 
ordinary chondrite material and provides an , 

explanation of the asteroid-meteorite mismatch., We . 
are not, however, the first to observe abundant 
clinopyroxene in S asteroids. Gaffey et al.  [4] 
reported finding calcic pyroxene in many of their S '  
asteroid subclasses. They attributed it to be i, O L I ~ O U S  

in origin which further muddled the metrorite-" 
asteroid connection since there is not a large 

I 

Jvpe 3 Or- 

1. n.d., not detected 

Bishunpur I LL3.1 

Parnallee I LL3.3 

Hedjaz I L3.7 

Dhajala I H3.8 

78t5 

7722 
6626 

8427 

7325 

641ti 

44t5 

63+4 

arv Chondrites -- 
Manbloom 
Colby (Wisconsin) 
Brudenheim 

LL6 

L6 

L6 

8422 
7922 

7622 

-: - 
n.d. 
n.d. 
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Introduction: Asteroids provide unique insights 
into the origin and early history of the solar system. 
Near-Earth asteroids (NEAs) are also interesting be- 
cause of the collisional hazard and value to solar sys- 
tem exploration as intermediate targets between the 
Moon and Mars. Reflectance spectra of twenty-five 
main belt and NEAs (Table 1) have been obtained in 
the near ineared (0.8 - 2.5 pm). Here we present a 
progress report of these studies. 

Experimentation: The main belt asteroids in this 
study were chosen to provide a range of asteroid 
types while the NEAs were chosen on the basis of ob- 
servability. Our spectra were obtained at Mauna Kea 
between 2004 and 2006 using the NASA IRTF 
equipped with the SpEX ineared spectrometer. The 
data were reduced by IR4F and other commonly used 
methods. The data were then coupled with spectral 
data in the visible wavelengths (0.4 - 0.9 pn)  from 
the MIT SMASS [2, 3, 4, 6, 7, 8, 9, 101 database to 
provide a spectrum covering the visible to near in- 
frared. The spectra were analyzed using the Modified 
Gaussian Model (MGM) [ l l ]  and will soon be ana- 
lyzed by the other methods. 

Results: Our spectra are shown in Fig. 1. The 
spectra of the asteroids were grouped by visual in- 
spection. We began by placing the spectra which had 
absorption features in the 1 and 2 pn region together 
and arranging them according to the relative strengths 
of the two features. These were further divided ac- 
cording to the strength of the l p n  feature and the rel- 
ative strength of the 2 pm feature. The remainder of 
the spectra were separated based on the presence and 
strength of a 1 pm feature and the basic shape of the 
spectra. We found seven distinct groups consistent 
with published taxonomies. 

Discussion: The largest of these seven groups 
contains nine asteroids eight of which are all classi- 
fied as an S, S1, Sa or Sk in Bus and Binzel's [lo] 
taxonomy. The ninth, asteroid 54509, has not previ- 
ously been classified in this way because of the lack 
of a visible spectrum. The second group contains 
3908, a V type asteroid, and two other as yet unclassi- 
fied asteroids. Group three contains three asteroids 
that are classified as C or Cb asteroids. The fourth 
group contains one Ch and one S1 asteroid. Group 
five is comprised of four asteroids classified as Ld, X 
and C. The sixth group contains an Xk and a Ch clas- 
sified asteroid and the last group also has two aster- 
oids both classified as X. Classifications we have as- 
signed to previously unclassified asteroids are indi- 
cated in Table 1. 

Table 1 

. . 

*Present work , tNear-Earth Objects - Dynamic Sit. LIZ], - - 
$Planetary Data System [13] 

In pyroxene-bearing asteroids (the first two groups . 
in Fig. l), there are two or three individual abso~ ption ' 
bands that combine to make up the characteristic 1 
pn and 2 pn bands which MGM can r-;.---k. The 
component band strength ratio (CBSR) was cal~nl -.L- 

ed for both the 1 and 2 pm regions using the metl~ods 
of Sunshine and Pieters [ l l ] .  From this the pcrcent- 
age of clinopyroxenes relative to the total pyroxenes 
was determined for these asteroids (Table 1). ln gen- -. 
era1 there is agreement (within uncertainties) in the' 
amount of %CPX calculated from each band, al- 
though asteroids 63, 354 and 3908 are exceptions. 
Asteroid 63, an Sa type has a spectra that is inlerme- 
diate between the S type and the olivine-rich A type 
based on their UV slope [lo]. This could indicate 
that asteroid 63 contains more olivine than is typical 
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Rosetta will be encountering the most thermally processed asteroid yet to he 
visited by an interplanetary spacecraft. This work was funded by the NASA 
Ro$etta and Planetary Astronomy Programs, and was pertornled in part at 
the Jet Propulsion Labori~tory under contract with NASA. 

Nir Spectra And Interpretations For M-asteroids 369 Aeria And 785 
Zwehna 

Paul S. Hardersen', M.  J.  ~ a f f e y ' ,  S .  ~ u m a r '  
'Univer.siry of Nor-fh Dakorn. 

Systematic study of the M-asteroid population continues to reveal signifi- 
cant spectral and n~ineralogical diversity among this primarily u~lrelated 
group of main-belt asteroids. Thus far. 17 M-asteroids have been found to 
exhibit a variety of weak NIR absorption features indicating the presence of 
surfrcial pyroxene, olivine. or spinel. Detcmmining the mineralogical nature 
of weak absorption features in NIR asteroid spectra allows tighter con- 
straints to be placed 011 the geological. chen~ical, and thermal nature of 
individual asteroids. as well as identification of potential meteorite ana- 
logues. In addition. the discovery of spectral variability among the 
M-asteroids highlights the limitations of taxonomic identifications and in- 
terpretations. 

369 Aeria and 785 Zwetana were observed at the NASA Infrared Tele- 
scope Facility (IRTFISpeX) on April 19, 2005. UT, with the acquisition of 
60 and 30 spectra, respectively. 369 Aeria exhibits weak 0.9- and 1.9-micron 
absorption features on an overall reddish NlR spectrum that exhibits simi- 
larities to mesosiderite spectra. Spectra were obtained across two-thirds of a 
rotation of the asteroid. which revealed systematic variations of the 0.9- and 
1.9-micron absorptions. These band paranleters change systematically with 
rotation of the asteroid and suggest a small, but measurable, change in 
orthopyroxene chemistry across the surface of the asteroid. Band Area Ratio 
(BAR) values for 369 Aeria are larger than 2.8, suggcstir~g pyroxene is the 
significant mafic silicate on Aeria's surface. The weakneas of the absorption 
features also suggest a significant abundance of surface metal, which weak- 
ens pyroxene absorption features. 

NIR spectra of 785 Zwetana exhibit a broad, weak absorption beyond 
1.30-microns without a corresponding I-micron feature. Analysis suggests 
that the spectmlly active phase on the surface of 785 Zwetana is spinel. 
which also suggests the presence of CAIs and a COICV-chondrite-like me- 
teoritic analogue. This research is supported by NASA Planetary Astronomy 
Program Grant NNGOSGHOIG. 
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Abundant Clinopyruxene On The S Asteroids And Implications For 
Meteorites And Asteroid History And The Asteroid-meteorite 
Relationship 

Katherine M. Gietzen', C. H. Lacy1. D. W. Sears' 
'Univ. uf A rkan.tas. 

Abundant clinopyroxene on the S asteroids and implications for me- 
teorites and asteroid history and the asteroid-meteorite relationship 

Abstract 

We have obtained spcctra for 25 asteroids in the range 0.8 - 2.5 prn using 
the NASA IRTF, of which eight were S asteroids. Analysis of their spectra 
using the Modified Gaussian Model of Sunshine and Pieters (1991) suggests 

~ - 

that six of the eight conrain significant amilunts of pyroxene in the clinor- 
homhic form (CPX). as opposed to the more conln1011 orthopyroxene, 
(OPX). Our pyrcixene-rich targets were Hehe (QCPX = 50%). Melponeme 
(63%). Urda (43%). tianymed (41'7~). 1990 JV3 (55'%;). 1999 CU3 (61%). 
Clinopyroxe~~e is the low teniperatnre foml of pyroxene and is an important 
diagnostic feature of the primitive ileast metamorphosed) ordinary chon- 
drites. Clinopyroxene is also the fom] of pyroxene associated with igneous 
metcod~es and tn:o V asteroids in our datcihase also conrain considerable 
clinopyroxenes 2003 LQ 117 (50%) and 2002 QF15 (55%). Priinilive and 
igneous rnefeohtes are well-known and widely studied, hut nunlerically they 
are ver? rare. The presencr of this mineral phasc on the surfaces of asteroids 
therefore has ~na.jor implications lor both asteroid history and the asteroid- 
meteorite connection. 

:ACTS 

First. the abundance of CPX on the surface of S aster0 
that (1) they are covered with unn~etamorphosed material 
onion skin model in which metamorphism is cause 
the level of metamorphism experienced by t 
creasing distance from the center, or (2) tI 
material. Second. the abundance of CPX on 
consistent with them not being related t o o  
are highly metamorphosed and contain o 
weathering is therefore not the reason for 
asteroids and ordinary chondrites. 
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Near Infrared Spectroscopy of Jovian Trojan Asteroids. 
Silicate Features 

Bin Yang', D. Jewitt' 
'Univ. of Hawaii. 

Spectroscopic studies show that the reflectance spectra 
asteroids generally appear to be linear and moderately red 
tral ones) in the optical and near infrared wavelength regio 
al. (2001) demonstratcd that synthetic models incorpnrating m 
pyroxene (Mg, Fe Si03) and carbon could match the low a 
shape of the reflectance spectrum of Trojan Hektor from 0.3 t 
More importantly, Spitzer thcrmal emission spectra of three 
all showed an emissivity plateau near 10-micron, which was i 
an indication of fine-grained silicates (Emery et al. 2006). Inte 
previous survey (Howell 1995) noted that several Trojans show 
absorption hand between 1.1 and 1.25 micron based on broa 
colors. This possible 1 micron feature is consistent with the 1 
band that has been observed and well studied on many main 

We obtained near infrared (NIR) spectroscopy (0.8-2.5 mic 
jan asteroids having reported silicate-related absorption ban 
unique asteroid (279) Thule in the 3:4 mean-motion resonan 
served. The ohservatiorls were made with the NASA Infrared 
Facility (IRTF) atop Mauna Kea. We will present the new spectra ad 
scattering models employed to constrain the surface properties 
asteroids. 

34: Future Missions and Instruments 
Poster, Wednesday, 3:30-5:30pm, Ballrooms CDE 
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The Wirtanen Analysis and Surface Probe: Concept for a New 
Frontiers Comet Surface Sample Return Mission 

Matthew Smith'. K.  lock'. S.  ~ ~ r a r n ' .  B. M. Karpowicz4. N. Lanm 
Masieroh. C .  Miller7, S singer8. B. Smith3, A. winfield9. L.  ye", 
Balint" 
' l ln i~~ers i f j  of Washinrron. ̂ 'U~i i~~e,:r i t~  qfAri:ono. 'University of M 
4Georgia Ifzstirute of'TCchnolog~ '~iniversih; "/'New Mexico, 6Univ 
of Hawaii, 7 N e ~  Mexico Srafe Wlil~ersify, "liniver,sih of ~ a r y l a n d .  
Y ~ ~ r h u n z  llnilw-sit\: "'Srtrnford 1inive1.sitj: "NASA .let Prupulsion 
hhorarorj.  

The material contained within the surfaces of cornets holds keys 
ur~lock fundamental cluestions regarding the fortnation of the Solar S 
and life on Earth. As participants in NASA'F 2007 Planetary Science 
mer Scl~ool at JPL. we designed for a Nrw Frontiers (NF) class miss 
return a surface cample from a comet nucleus, a goal established as 
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NEW TIMES OF MINIMA OF SOME ECLIPSING VARIABLES 

LACY, C.H.S. 

Department of Physics, University of Arkansas, Fayetteville, Arkansas 72701, USA; e-mail: clacy@uark.ed~l 

Observatory and telescope: I 

URSA: URSA Observatory at the University of Arkansas ( u r s a  . u a r k .  edu); 10-inch 
Schmidt-Cassegrain reflector. 
NFO: NFO WebScope near Silver City, NM, USA (www . nf o . edu) ; 24-inch classical 
Cassegrain. 

1 Virtual measuring engine (Measure 2.0) written by C.H.S. Lacy (2005). 

Detector: 

/ Method of data reduction: 

URSA: 1020x1530 pixels SBIG ST8EN CCD cooled to 
(typ.) -20°C; 1.15 arcsec square pixels; 201(N-S) x301(E- 
W) field of view. 
NFO: 2102x2092 pixels Kodak KAF 4300E CCD cooled 
to (typ.) -20°C; 0.78 arcsec square pixels; 27' square field 
of view. 

i 

Method of minimum determination: I 

Kwee & van Woerden (1956) 

Times of minima: 
Star name Time of min. Error Type Filter Rem. 

HJD 2400000+ 
AP And 53733.5372 0.0001 1 V URSA 

53736.7119 0.0004 1 V NFO 
53916.8694 0.0003 2 V NFO 
53998.6147 0.0002 1 V NFO 
54009.7256 0.0002 1 V NFO 
54017.6619 0.0002 1 V URSA 
54021.6303 0.0002 2 V URSA 
54021.6302 0.0002 2 V NFO 
54028.7733 0.0001 1 V URSA 
54029.5670 0.0001 2 V URSA 
54032.7414 0.0001 2 V URSA 
54048.6143 0.0002 2 V URSA 
54051.7892 0.0002 2 V URSA 
54052.5824 0.0002 1 V NFO 
54059.7253 0.0002 2 V NFO 
54063.6939 0.0001 1 V URSA 
54067.6620 0.0003 2 V NFO 
54071.6304 0.0003 1 V URSA 
54071.6299 0.0002 1 V NFO 

-. -. 2 
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NEW TIMES OF MINIMA OF SOME ECLIPSING VARIABLES 

LACY, C. H. S. 

Department of Physics, University of Arkansas, Fayetteville, Arkansas 72701, USA; e-mail: clacyQuark.ed~~ 

Observatory and telescope: 
URSA: URSA Observatory at the University of Arkansas ( u r s a .  uark.  edu); 10-inch 
Schmidt-Cassegrain reflector. 
NFO: NFO WebScope near Silver City, NM, USA (www . nf o . edu); 24-inch classical 
Cassegrain. 

Method of data reduction: 
Virtual measuring engine (Measure 2.0) written by C.H.S. Lacy (2005). 

. .. 

Detector: 

Method of minimum determination: ; 

URSA: 1020x1530 pixels SBIG ST8EN CCD cooled to  
(typ.) -20°C; 1.15 arcsec square pixels; 2Ot(N-S)x301(E- 
W )  field of view. 
NFO: 2102x2092 pixels Kodak KAF 4300E CCD cooled 
to (typ.) -20°C; 0.78 arcsec square pixels; 27' squarc 6old , 

of view. I 

Times of minima: 
Star name Time of min. Error Type Filter Rem. 

HJD 2400000t 
AP And 53348.61894 0.00010 2 V URSA 

53574.80780 0.00012 1 V URSA 
53631.95039 0.00007 1 V NFO 
53670.83898 0.00006 2 V NFO 
53671.63281 0.00008 1 V URSA 
53698.61653 0.00008 1 V URSA 
53706.55315 0.00010 1 V URSA 

CO And 53314.8376 0.0003 2 V URSA 
53358.7009 0.0005 2 V URSA 
53360.5309 0.0004 1 V URSA 
53634.6781 0.0003 1 V NFO 
53676.7161 0.0004 2 V URSA 
53687.68078 0.00020 2 V NFO 
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THE ECLLPSING BINARY V1061 CYGNI: CONFRONTING STELLAR EVOLUTION 
MODELS FOR ACTIVE AND INACTIVE SOLAR-TYPE STARS 

GU~LLERMO TORRES,~ CLAUD H. LACY,' LAURENCE A. M A R S C H A L L , ~  HOLLY A. SHEETS: AND JEFF A.  M A D E K ~  
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ABSTRACT 
We present spectroscopic and photometric observations of the eclipsing system V106 1 Cyg (P = 2.35 I.;; .): '. 

third star is visible in the spectrum, and the system is a hierarchical triple. We combine the radial velocities for tl-: 
three stars, times of eclipse, and intermediate astrometric data from the Hipparcos mission (abscissa residuals) t ~ )  
establish the elements of the outer orbit, which is eccentric and has a period of 15.8 yr. We determine accurate vnlaes 
for the masses, radii, and effective temperatures of the binary components: MAa = 1.282 & 0.01 5 Ma, RA;, = . . 
1.615 & 0.017 Ro, and T$ = 6180 f 100 K for the primary (star Aa), and MAb = 0.9315 i 0.0068 Mg, RAI ,  = - .  

0.974 & 0.020 Ro, and T$' = 5300 i 150 K for the secondary (Ab). The mass of the tertiary is determined to be 
Mg = 0.925 f 0.036 Mo and its effective temperature is T s  = 5670 i 150 K. Current stellar evolution mo~:cls 
agree well with the properties of the primary but show a very large discrepancy in the radius of the secondary, in the 
sense that the predicted values are -10% smaller than observed (a -5 a effect). In addition, the temperature is cooler 
than predicted, by some 200 K. These discrepancies are quite remarkable given that the star is only 7% less massive 
than the Sun, the calibration point of all stellar models. We identify the chromospheric activity as the likely cause 
of the effect. Inactive stars agree very well with the models, while active ones such as V1061 Cyg Ab appear .ys- 
tematically too large and too cool. 

Subject headings: binaries: close - binaries: spectroscopic - stars: evolution - stars: individual (V106 1 Cyg) - 
techniques: spectroscopic 

Online material: color figures, machine-readable tables 

1. INTRODUCTION 

Accurately determined properties of stars in detached eclips- 
ing binaries provide fundamental data for testing models of stel- 
lar structure and stellar evolution (see, e.g., Andersen 199 1, 1997). 
For stars less massive than the Sun properties such as the stellar 
radius and the effective temperature have occasionally been found 
to disagree with model predictions (see, e.g., Lacy 1977; Popper 
1997; Clausen et al. 1999a; Torres & Ribas 2002; Ribas 2003). 
Directed efforts to find additional systems in this regime suitable 
for testing theory (Popper 1996; Clausen et al. 1999b) have pro- 
duced a few cases, while other examples have been found serendip- 
itously (e.g., Creevey et al. 2005; L6pez-Morales & Ribas 2005). 
The present binary system is in the second category, since it was 
originally thought to be of a completely different nature. 

The photometric variability of V1061 Cygni (also known as 
HD 235444, HIP 104263, RX J2107.3+5202, a = 21h07"'20952, 
6 = +52"02'58!'4 [J2000.0], spectral type F9, V = 9.24) was dis- 
covered photographically by Strohmeier & Knigge (1959), and 
the object was classified by Strohrneier et al. (1962) as an Algol- 
type binary with a period of 2.346656 days. Other than occasional 
measurements of the time of primary eclipse, the system received 
very little attention until the spectroscopic work by Popper (1996), 
who observed it as part of his program to search for eclipsing 

I Harvard-Smithsonian Center for Astrophysics, 6 0  Garden Seeet, Cam- 
bridge. MA 021 38; gtorres@cfa.harvard.edu. 

Department o f  Physics, University of Arkansas, 226 Physics Building, 
Fayettcv~lle, AR 72701; clacy@uark.edu. 
' Department o f  Physics, Gettysburg College, 300 North Washington Street, 

Gettysburg, PA 17325; marschal@gettysburg.edu. 
Department o f  Physics and Astronomy, Dartmouth College, 6127 Wilder 

Laboratory, Hanover, NH 03755; holly.a.sheets@dartmouth.edu. 
W. M. Keck Observatory, 65-1 120 Mamalahoa Highway, Kamuela, HI 

96743; jmader@keck.hawaii.edu. 

binaries containing at least one lower main ..:; --i-. :;tor (!:tc F 
to K). On the basis oftwo high-resolution spectra anc: or[;,:! .I,.:]. 
mation popper concluded that v 106 1 Cyg was most ! iAely a sellii- 
detached system of the rare "cool Algol" class and dropped it 
from his program. Unlike the classical Algols. which are com- 
posed of a cool giant or subgiant and an early-type star, the Inass 
gainer in the cool Algols is also of late spectral typc (see Popper 
1992). Since less than a dozen of these systems are known, V 106 1 
Cyg was placed on the observing list at the Harvard-Sniithsonian 
Center for Astrophysics (CfA) in 1998 for spectrc:.copicinoni- 
toring, and photometric observations began later. Not only did we 
discover that it is not a cool Algol (it is well detacheci. as reported 
by Sheets et al. 2003), but we also found that ( I )  it is triple tipcd 
(and a hierarchical triple), (2) the secondary in the ec;;psing pa'lr is 
less massive than the Sun and therefore potentially interesting For 
constraining models of stellar structure and evolutivn (Po~,l?er's 
original motivation for observing it), and (3) the mass rntiohf'the 
binary is quite different from unity, which makes it a f i t \  orabl? case 
for such tests. Furthermore, the comparison with tllzory shqws a 
significant discrepancy in the radius of the seconday, corroborat- 
ing similar evidence from other systems and providing some in- 
sight into the problem. . .. . . 

We describe below our observations and co~nplc;c as.- .;sI;,.I," 

this system, including a discussion of the possible nahire uf t,,: 
deviations from the models for low-mass stars. 

2. OBSERVATIONS AND REDUCTIOh S 

2.1. Spectroscopy 

V1061 Cyg was observed at the CfAwith an ecliellc spectro- 
graph on the 1.5 m Wyeth reflector at the Oak Ridge Jbservatory 
(eastern Massachusetts) and occasionally also w ~ t h  (1 ~ l c ~ r l ~ ' i ; i c n t ~ -  
cal instrument on the 1.5 m Tillinghast reflector at the 1 L. Wh~pple 
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ABSTRACT 
We present 6907 differential photometric observations in the Vfilter, as well as 52 radial velocities tiom spectro- 

scopic observations of the detached, eccentric 7.97 day double-lined eclipsing binary star EY Cep. Absolute dimsri- 
sions of the components are determined with high precision (less than I % in the masses and radii) for thc ,. . v .  ,-sf 

testing various aspects of theoretical modeling. We obtain 1.523 f 0.008 Mo and 1.463 & 0.0 10 Ro for the primer:. 
and 1.498 f 0.014 Mo and 1.468 f 0.0 10 Ro for the secondary. The effective temperatures and interstellar reddening 
of the stars are accurately determined from the spectra, uvbyp, and UBVphotometry: 7090 f 150 K for the prima~y 
and 6970 & 150 K for the secondary, corresponding to spectral types of FO and FO, and 0.036 mag for the color exc ess 
Eb-y. Spectral line widths give rotational velocities that are synchronous with the mean orbital motion in a highly ec- . . 
centric orbit (e = 0.4429). The components of EY Cep are young main-sequence stars with an age of about 40 mill ion 
years, according to models. 
Key words: binaries: eclipsing - binaries: spectroscopic - stars: evolution - stars: fundamental parameters -- 

stars: individual (EY Cephei) 
Online material: machine-readable table 

1. INTRODUCTION 

The discovery of EY Cep (BV 2 1 1, Tycho 452 1-349- 1, GSC 
04521-00349; V = 9.80-10.57, FO+FO V)  as a variable star is 
due to Strohmeier (I 958); see also Strohrneier et al. (1963). They 
gave a period of 5.5 1672 days (Strohmeier 1963), which we now 
know is incorrect, and a light curve that showed a shallow second- 
ary eclipse, also wrong. The star was then little studied until Lacy 
(1985) announced the discovery of double lines in high-resolution 
spectra (see also Lacy 1990). Lacy continued his spectroscopic 
program at Kitt Peak National Observatory (KPNO) and also ob- 
tained absolute photometry in the UBVand uvbyp systems while 
he was a visitor at Mount Laguna Observatory in the autumn of 
1989. Beginning in 1995, spectrometers operated by the Harvard- 
Smithsonian Center for Astrophysics (CfA) were also used in an 
intensive campaign to obtain high-resolution spectra. Radial ve- 
locities extracted from these spectra were used to find the correct 
orbital period of about 7.97 days. In 2002 February, J. L. M. be- 
gan photometric observations with an I I inch (28 cm) reflector 

differential observations in the Vfilter (Table 1) with a standard 
error of 0.012 mag. In this paper we present the analysis of these 
photometric and spectroscopic data to determine ac.curatc mea- 
surements of the absolute properties of this binary star system. 
The results are among the most accurate determinations to date 
for any eclipsing binary. We then compare our resul~s to those of 
theory, where we find good agreement with niut:. I ,: vi~ig i! very 
young age of about 40 million years. 

2. TIMES OF MINIMUM AND THE ORBITAL. PERIOD' 

Times of eclipse for EY Cep were determined tion1 both t h ~  un- . 
filtered observations and the V-band photometric d a ~ a  of Table. I 
by the method of Kwee & van Woerden (1956). These time's:are 
listed in Table 2. Uncertainties for the eclipse tinii~lgs were es- 
timated by the method. Based on these timings, we lia\,eadopted 
the following linear ephemerides: . . 

. . 

Min. I (HJD) = 2,452,339.60833(14) + 7.971-188(6)8, 
at Bamesville, Maryland. A description of his observing program 
has been presented (Menke 2002). Bv the end of 2002 December. Min. I1 (HJD) = 2,452,342.76474(22) + 7.97i4SS(6)E, 
he had odtained 504 unfiltered differential observations and 6907 

with a phase difference between the primary and secondary 
-- eclipse of 0.39596 f 0.00004. This indicates that the ecccntl-ic- 

I Some of the observations reportcd here were obtaincd with thc MMT, ajoint ity of the orbit is quite significant. The values of the !,eriods for 
facility of the Smithsonian Institution and the University of Arizona. Min. I and Min. I1 have been set equal, since therc I S  not a suf- 

Visiting astronomer, Kitt Peak National Observatory, National Optical 
Astronomy Observatory, operated by the Association of Universities for Re- ficient time base to determine whether a significant differznce 
scarch in Astronomy (AURA), Ine., under cooperative agreement with the Na- in period is present. The h e a r  ephemeris for Min. I a b o v ~ ,  was 
tional Science Foundation. adopted for initial use in our spectroscopic d,,~: i ; , . h t  .w.~rve 
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The alpha-element Enhancement Effect On The Surface Brightness 
Fluctuation Magnitudes And Broad-band Colors 

Hyun-chul Lee', G. Worthey', J .  P. Blakeslee' 
'Washington Store University. 

We present the effects due to alpha-element enhancement on surface 
brightness fluctuation magnitudes and broad-band colors in order to inves- 
tigate the calibration zero-point. We study these effects at ages covering 0.1 
to 13 Gyr and metallicities of 2=0.0003 to 0.04 using the Teramo group's 
isochrones, BaSTI. We show a one-to-one relationship between isochrone 
differences and broad-band colors and surface brightness fluctuation magni- 
tudes because of alpha-element enhancement. Our results also illustrate a 
dramatic impact of the convective core overshoot assumption on the pre- 
dicted broad-band colors for models with ages near 1 Gyr. 

Support for this work was provided by the NSF through grant AST- 
0307487, the New Standard Stellar Population Model (NSSPM) project. 

WIYN Open Cluster Study: UBVRI CCD Photometry Of An Open 
Cluster 

Jessica L. Windschitl', H. Leckenby1, C. P. ~e l i~annis ' ,  A. sarajedini3, I. 
Platais4 
'SI. Mary's University of Minnesota, 'lndiana University. 3~niversi ty  of 
Florida, %hns Hopkins University. 

We provide photometry of an open cluster in the U, B, V, R, and I filters 
in order to re-evaluate its fundamental properties PSF photometry was ap- 
plied using DAOPHOT I1 and IRAF. We discuss the reddening and metal- 
licity, which were derived using all of the U-B, U-V, U-R, and U-I vs B-V 
color-color diagrams. We also discuss the distance modulus and age, which 
were derived from application of Yale-Yonsei isochrones. 

The Composition of Horizontal Branch Stars in the Globular Cluster 
Messier 3 

Sharina Haynes', C. A. Pilachowski2 
'Tennesse State University, 2~ndiana University. 

Moderate resolution spectra of horizontal branch and lower giant branch 
stars in the globular cluster Messier 3 are analyzed to determine their com- 
positions. The spectra were obtained using the Hydra fiber positioner and 
Bench Spectrograph on the WIYN 3.5-m telescope. The compositions are 
determined using fine analysis, and are compared to the compositions of 
stars on the upper giant branch. Radial velocity is used to confirm member- 
ship of the stars in M3. 

This material is based upon work supported by the National Science 
Foundation through an REU Site Program grant to Tennessee State Univer- 
sity and Indiana University. Any opinions, findings, and conclusions or rec- 
ommendations expressed in this material are those of the author(s) and do 
not necessarily reflect the views of the National Science Foundation." 

The Be binary star Delta Sco: Revised Orbit and Implications for the 
Circumstellar Disk 

Robert T. Zavalal, C. Tycner', J. Benson', D. Hutter', H. schmitt2 
'US Naval Obsenrarory, ' ~ a v a l  Research Laboraroy. 

Delta Scorpi~ is a Be star and the largest member of a binary with a 10.5 
year period. We have revised the orbital elements using the Navy Prototype 
Optical Interferometer (NPOI), published speckle and radial velocity data. 
The NPOI observations are the first to clearly resolve the system near peri- 
asuon passage, at a separation of approximately 20 mas. We present this 

.ACTS 

new orbit, and discuss the implications of the orbit on the stability of the 
circumstellar disk of Delta Sco. These results will be of interest for 
observations during the next periastron passage in 201 1. 

Session 11: Sun and Solar System 
Poster, Monday, 9:20am-7:00pm, Exhibit Hall DE 

11.01 

Observations of Cosmic Ray Modulation with MARIE 

Victor Andersen' 
'~niversi ty  of Houston. 

The intensity of galactic cosmic rays in the inner heliosphere is modul 
by the cosmic ray's interaction with the solar magnetic field and solar 
with lower levels of modulation generally occurring during solar mini 
During solar minimum, the intensity of cosmic rays is often observed 
periodic with a period that matches the solar rotation period. indicating 
the periodicity is produced by enhanced modulation in corotating interach 
regions that occur at the interface between the slow and fast solar win 
present an analysis of low energy cosmic ray observations obtained w 
MARIE (an instrument aboard Mars Odyssey) for three extended time 
riods in 2003 during which there were no solar particle events. Compari 
of these data with data from SIS aboard ACE show that are short te 
modulation features (timescales of days) that persist over timescales o 
solar rotation, indicating that structures in the heliosphere are produc 
short term modulation effects at times far from solar minimum. 

11.02 Bull. Am. Astron. Soc, Vol. 38, p.90 
Visible and Near Infrared Spectra of Five Near Earth Asteroids als 

Katherine M. Gietzen', C. H. Lacy', A. S. ~ ~ v k i n '  
'University of Arkansas, 'The Johns Hopklrls Applied Physics Laboratory. 

Reflectance spectra of five near earth asteroids (3908, 7753,2277 1,54509 
and 6625 1) were obtained in the near infrared (.8 - 2.5 m) using the NASA 
IRTF equipped with the SpEX infrared spectrometer at Mauna Kea in 2004 
and 2005. The data obtained was coupled with spectral data in the visible 
wavelengths from the SMASS database [2, 3, 4, and 51 and analyzed using 
the Modified Gaussian Model (MGM). The expected absorption bands at 1 
and 2 m for olivines and pyroxenes were observed in a number of the 
asteroid spectra. However, we also found that there were asteroid reflectance 
spectra that were very featureless and the absorption bands that were present 
(if any) were very weak. Space weathering has been given by others [I) as 
a possible explanation for the lack of absorption features in the spectra of 
asteroids. This space weathering has been described to be the possible result 
of the processes of sputtering erosion as a result of the impacts and implan- 
tations, radiation and cosmic ray effects. Asteroid 1989 ML (10302) was 
also studied using SMASS observation data in the visible wavelengths. The 
reflectance spectra was compared to the spectra of various types of meteor- 
ites in an attempt find a match that would aid in the classification of 1989 
ML 

References: [I] B. Hapke (2001) J. Geophys. Res. 106, 10039-10073; [2] 
J.T. Rayner et al. (2003) PASP 115. 362; [3] R.P. Binzel et al. (2004) Icarus 
170,259-294; [4] R.P. Binzel et al. (2004) Meteoritics and Planetary Science 
39, 354-366; [5] T.H. Burbine et al. (2002) Icarus 159, 468-499 
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Non-lte Multi-species Modeling of the Hydrogen Lines in Solar 
Chromospheric Models incl 
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Confronting Stellar Evolution Models for 
Active and Inactive Solar-Type Stars: 

The Triple System V1061 Cygni 

Guillermo ~or res ' ,  Claud H. Sandberg ~ a c ~ ~ ,  Laurence A. 
Marschal13, Holly A. Sheets4, and Jeff A. Mader5 

'~arvard-Srnithsoniarl Center for Astrophysics, 60 Garden St., Cambridge, MA 02138 
e-mail: gtorres@cfa.harvard.edu 

' ~ e ~ t .  of Physics, University of Arkansas, Fayetteville, AR 72701 
3 ~ e p t .  of Physics, Gettysburg College, 300 North Washington Street, Gettysburg, PA 17325 

4Dept. of Physics & Astronomy, Dartmouth College, Hanover, NH 037.55 
5 ~ . ~ .  Keck Observatory, Kamuela, HI 96743 

Abstract. 
We present spectroscopic and photometric observations of the chromospherically active (X-ray 

strong) eclipsing binary V1061 Cyg (P = 2.35 days) showing that it is in reality a hierarchical 
triple system. We combine these observations with Hipparcos intermediate data (abscissa resid- 
uals) to derive the outer orbit with a period of 15.8 yr. We determine accurate values for the 
masses, radii, and effective temperatures of the eclipsing binary components, as well as for the 
mass and temperature of the third star. For the primary we obtain A f  = 1.282 zt 0.015 Mo, 
R = 1.615 & 0.017 Ro, T,R = 6180 & 100 K, for the secondary A f  = 0.9315 zt 0.0068 Mc,, 
R = 0.974 & 0.020 Ro, T,R = 5300 zt 150 K, and for the tertiary A f  = 0.925 zt 0.036 Mo and 
T,R = 5670 & 100 K. Current stellar evolution models agree well with the properties of the 
primary star, but show a large discrepancy in the radius of the secondary in the sense that the 
observed value is about 10% larger than predicted (a 5a effect). We also find the secondary 
temperature to be -200 K cooler than indicated by the models. These discrepancies are quite 
remarkable considering that the secondary is only 7% less massive than the Sun, which is the 
calibration point of all stellar models. Similar differences with theory have been seen before for 
lower mass stars. We identify chromospheric activity as the likely cause of the effect. Inactive 
stars agree very well with the models, while active ones such as the secondary of V1061 Cyg 
appear systematically too large and too cool. Both of these differences are understood in tcrms 
of the effects of magnetic fields commonly associated with chromospheric activity. 

Keywords. binaries: eclipsing, binaries: spectroscopic, stars: individual (V1061 Cyg), tech- 
niques: radial velocities 

1. Introduction 
V1061 Cygni is a rather neglected eclipsing binary with a period of 2.35 days. It was 

originally thought to be an example of the rare class of "Cool Algols" (Popper 1996), 
a group of semi-detached systems of which less than a dozen members are known. We 
present here new photometric and spectroscopic observatiorls that rlot only show the 
system to be well detached, but also reveal it to be a hierarchical triple with all three stars 
visible in the spectra. Furthern~ore, the properties of the three comporlents turn out to be 
very useful for testing models of stellar evolution. In recent years compellirlg evidence has 
been presented of discreparicies i11 the predictions of theory for stars under a solar mass. 
In particular, models for such objects have been found to urlderestimate their radii by 
at least 10% (a deviation far greater than the typical uncertainties), arld to overestimate 
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ABSTRACT 

We present 3004 differential observations in the V bandpass measured by a robotic telescope, as well as 36 pairs 
of radial velocities from high-resolution spectroscopic observations, of the detached, eccentric, EA-type, 10.37 day 
period, double-lined eclipsing binary star RW Lac. Absolute dimensions of the components are determined with ex- 
cellent precision (better than 0.7% in the masses and 0.5% in the radii) for the purpose of testing various aspects of 
theoretical modeling. We obtain 0.928 f 0.006 Mt3 and 1.186 f 0.004 R,3 for the hotter, larger, more massive, and 
more luminous photometric primary (star A) and 0.870 f 0.004 M, and 0.964 f 0.004 R, for the cooler, smaller, 
less massive, and less luminous photometric secondary (star B). A faint, third component contributes 2.6% of the 
light in V but is not detected in our spectrograms. The effective temperatures and interstellar reddening of the stars 
are accurately determined from U B V  and uvbyP photometry and from analysis of the spectrograms: 5760 f 100 K for 
the primary and 5560 f 150 K for the secondary, corresponding to spectral types of G5 and G7, and 0.050 mag for 
interstellar reddening Eb-y. The orbits are slightly eccentric, and spectral line widths give observed rotational veloc- 
ities that are not significantly different from synchronous for both components. The components of RW Lac are old, 
somewhat metal-deficient, low-mass, main-sequence stars with an age of about 11  Gyr, according to models. 
Key words: binaries: eclipsing - binaries: spectroscopic - stars: evolution - 

stars: hndamental parameters - stars: individual (RW Lacertae) 

Online material: machine-readable table 

1. INTRODUCTION as well. Lacy also obtained absolute photometry in the UBV 

The discovery of RW Lac (GSC 03629-00740; V = 10.63- 
1 1.27, G5+G7 V) as an eclipsing variable star is due to Gaposchkin 
(1932), who listed an orbital period of half of the true value. 
The first correct eclipse ephemeris was given by Martinoff (1938): 
Min. I = 2,418,657.440 + 10.36922E. He gave a photographic 
light curve that is not significantly different from the present 
one, although much less accurate. Martinoff recognized that the 
secondary eclipse was displaced from phase 0.5, so the system 
must have an eccentric orbit. Savedoff (1951) lists ecos w = 
-0.0 10, probably not significantly different from the value today 
(see below). Lacy (1990) announced the discovery of double 
lines in a single high-resolution spectrogram taken at Kitt Peak 
National Observatory (KPNO) in 1989, with a line strength ra- 
tio of about 2 : 1 in the red, consistent with results from the light- 
curve analysis below. Beginning in 1995, spectrometers operated 
by the Harvard-Smithsonian Center for Astro~hvsics (CfA) were 

and uvbya systems while he was a visitor at Mount Laguna 
Observatory in the autumn of 1989. In 2000 mid-November, 
an automated photometric telescope at Kimpel Observatory on 
the campus of the University of Arkansas at Fayetteville (the 
URSA telescope) began operation with RW Lac as one of its 
targets. By the beginning of 2004 December, it had obtained 
3004 differential observations in the V bandpass (Table 4, dis- 
cussed in 5 4), with a standard error of 0.0075 mag. In this paper 
we present the analysis of these photometric and spectroscopic 
data to determine very accurate measurements of the absolute 
properties of this low-mass, main-sequence binary star system. 
The results are among the most accurate determinations to date 
for any eclipsing binary. We then compare our results to those 
of two different sets of stellar models, where we find good 
agreement in both cases with models having an age of about 
11 billion years. . - . , 

~ s e d  in an intensive campaign to obtain high-resolution spectra 2. TIMES OF MINIMUM AND THE ORBITAL PERIOD 

' Visiting astronomer, Kitt Peak National Observatory, National Optical 
Beginning in 2000 mid-November, Lacy began photomet- 

Astronomy Observatory, operated by the Associated Universities for Research ric observations in the V bandpass with the URSA telescope. 
in Astronomy, Inc., under cooperative agreement with the National Science Dates of eclipses were measured by using the method of Kwee 
Foundation. & van Woerden (1956) and are listed in Table 1 (these include 
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DZ Psc (NSV 223; P=0.36613 d) is a low mass ratio. high fillout W-type 
contact binar-y with two prcviously published ligllt curves. We confirm the 
total nature of the secondary eclipse and find clear evidence of spot activity. 
The light curve is :tsyr~llneu-ic between primary and secondary eclipse. with 
[he level of secondary eclipse exhibiting a definite negative slope. We also 
find the lifht curve has changed between the 2003 and 2004 observing 
seasons; the depth of secolldary eclipse has increased by nearly 0.04 mag in 
R. We will present a new light and radial velocity curve solution using 
Binary h4aker 3 (Bradstreet & Steel~ilan 2002) and Wilson-Devinney and 
colnpae this to the solution by Niarchos & Gazeas (2004). A period study, 
using newly derived and previously existing times of minimum light, will 
also he presented. 

V812 Her (P=0.31903 d) is a W-type contact binary with two previously 
published light curves. The light curve exhibits a total primary eclipse and 
slight asymmetrieh in the nlaxi~na due to the presence of spots. A light curve 
solution has been previously published but no soluticlns exist that incorpo- 
rate the mass ratio information from tlle recent redial velocity data. We 
present a new light and rad~al velocity solution using our higher precision 
V&R,,  light curves as well as a period study. 

Bull. Am. Astron. Soc, Vol. 36, p.1370 
18.10 

Determining Properties of the Eclipsing Binary CV Boo 

S.L. Walters, C.H.S. Lacy (Arkansas-Oklahoma Center for Space and 
Planetary Sciences) 

It is commonly helieved by laymen that the majority of stars in the uni- 
verse are a single-star system, like our own sun. On the contrary, researchers 
have found that over half of the stars in our galaxy. alld presumably the rest 
of the universe, belong to systems containing multiple stars. Of these 
~nultiple-star systcms, the majority are h i n q  systems that contain two stars. 
In order to develop an accurate model of stellar evolution for binary stars, 
accurate data regarding binary systems need to be collected and used to 
reject or rcfine existing models. 

Roughly four thousand images of the eclipsing binary star system CV 
Boo were taken with the URSA telescope at the University of Arkansas in 
Fayetteville. Using differential photometry to analyze the images, magni- 
tude of the system was plotted as a function of time. From this, the orbital 
period was determined and the data were used to plot a light curve. The light 
curve and sevrral known parameters of the system were input to the pro- 
gram EBOP. Theoretical light curves. based on a set of parameters, were 
generated until one exactly matching CV Boos light curve was produced, 
thus determining the properties of the systcln. 

The absolute properties of the aystrm were calculated in the usual man- 
ner. In order to determine the age of the stars. the propenies of each star 
were compared to accurate models of chemical composition and physical 
properties of hinary stars as they change with age. The stars in CV Boo are 
similar to our own sun in physical properties, but they are over twice its age. 
On a plot of Schallerb theoretical ZAMS for binary stars. it is clear that the 
stars in CV Boo are leaving the main sequence. 

GU Boo: a New 0.6 Msun Double-Lined, Detached, Eclipsing Binary 

M. Lopez-Morales (Carnegie Institution of Washington, Department 
of Terrestrial Magnetism. USA!, J. C. Clc~nens (Dept. of Physics 
and Astronomy. University of North Carolina - Chapel Hill. USA), I. 
Rihas (Institut dXEstudis Espacials de Catalunya. Spain) 

We have lound a new 0.6 Msun. double-lined, detached, eclipsing binary. 
GU Boo. among a sample of new variables from the ROTSE-I database. The 
system has an apparent magnitude Vph 13.7 (1 11.7) and an orbital period of 
0.388728 O.(K)0002 days. Its estimated masses and radii are MI = 
0.609 0.008 Msun, M! = 0.599 0.008 Msun. RI = 0.610 0.014 Rsun. and 
K 2  = 0.639 0 . 0 1  Rsun. The radius of the secondary appears to be too large. 
what suggests that the system rnay still be young. The age and metallicity of 
the binary are not well determined at this point. For its mean surface tem- 
perature we have adopted a preli~ninary value of Tefi = 3950 201) K. A 

.ACTS 

18.12 

The Short Period RS CVn Binary V1034 Herculis 

We present new B VRI photometric observations of 
V1031 Her (GSC0983.1044) obtained in May 2004 
camera and 0.9-meter telescope of the Southeastern 

model the previously published and new light curves with 
of the Wilson-Devinney eclipsing binary program. For 
parameters are obtained. 

18.13 

~blutions for eclipsing binaries of the bulge fields 
the Detached Eclipsing Binary Light curve fitter ( 

fitter (DEBiL), which is designed to rapidly fit large n 
to a simple model. Using the results of DEBiL, light 
be located for follow-up analysis. As a test case, we 
light curves within the bulge fields of the OGLE 11 
10862 model fits. We point out a slnall number of extre 
as unexpected structure found in several of the populati 
expect this approach to become increasingly useful as 
continue growing in both ~ i z e  and number. 

Session 19: Cataclysmic Variable Stars 
Poster Session, 9:20am-6:30pm 
Exhibit Hall 

19.01 

Low Rerol~~tion Spectroscopy and classifications 
CatacIysmic Variables 

Classification of cand' 
ing the 1.5 meter spectro 
ables wcre sclccted from 

and the two other object 
Ccrro Tololo REU prof 
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PHOTOMETRIC ORBITS OF KU AURIGAE AND SW CANCRI 

LACY, CLAUD H. SANDBERG 

Physics Department, University of Arkansas, Fa~etteville, AR 72701, USA; email: clacyQuark.edu 

I am measuring light curves in the V filter of about 3 dozen eclipsing binary stars 
with the aim of providing photometric orbits for systems in which the light ratio is large 
enough to detect double lines in the spectra with existing spectrometers. The target li:,t 
was selected in a number of different ways, and sometimes I find that a binary will not be 
suitable for the determination of absolute dimensions and masses because the light ratio 
is too large to  show double lines. Still, it may be useful for future studies to publish a 
photometric orbit for these systems. In this paper are the photometric orbits of 2 s11r11 
binaries selected from the list of Popper (1996). Popper gives an estimate of the spectrill 
type of the combined light, but not the individual spectral types. I have estimated t l ~ e  
individual spectral types by using the central surface brightness of the secondary cornp.1- 
nent and the equation in Lacy et al. (1987) that relates the central surface brightness to 
the difference in visual surface brightness parameter Fv. Popper (1980) gives a calibratiun 
of the visual surface brightness parameter that allows the spectral type of the secondal y 
to be estimated from the combined spectral type. 

- .- 
Observatory and telescope: 
URSA Observatory at the University of Arkansas (ursa.uark.edu); 10-inch Schmidt- ! 
Cassegrain reflector. 

Method of data reduction: 
Virtual measuring engine (Measure 1.97) written by C.H.S. Lacy in 2003. 

Detector: 

K U  AURIGAE 

1020x1530 pixels SBIG ST8EN CCD cooled to (typ.) 
-20 C; 1.15 arcsec square pixels; 201(N-S) x3O1(E-IV) field 
of view. 

Name of the object: 
KU Aur = GSC 02422 00020 

I Comparison star(s): I GSC 02422 01381 1 

I Check star(s): I GSC 02422 00931 
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ABSTRACT 

We present 5064 differential observations in the V filter measured by a robotic telescope, as well as 30 pairs of 
radial velocities from high-resolution spectroscopic observations, of the detached, EA-type, 8.46 day period 
double-lined eclipsing binary star V459 Cas. Absolute dimensions of the components are determined with good 
precision (better than 1.6% in the masses and radii) for the purpose of testing various aspects of theoretical 
modeling. We obtain 2.02 h0 .03  Ma and 2.009 f 0.013 R,, for the hotter, larger, more massive and more 
luminous photometric primary (star A), and 1.96 f 0.03 MG and 1.965 f 0.013 R,  for the cooler, smaller, less 
massive and less luminous photometric secondary (star B). The effective temperatures and interstellar reddening 
of the stars are accurately determined from uvby,O photometry: 9140 * 300 K for the primary, 9100 f 300 K for 
the secondary+orresponding to spectral types of Al-and 0.186 mag for Eb-y The orbits are eccentric, and 
spectral line widths give observed rotational velocities that are much faster than synchronous for both compo- 
nents. The components of V459 Cas are main-sequence stars with an age of about 525 Myr according to models. 

Key words: binaries: eclipsing - binaries: spectroscopic - stars: evolution - stars: fundamental parameters - 
stars: individual (V459 Cassiopeiae) 

Online material: machine-readable table 

1. INTRODUCTION 

The discovery of V459 Cassiopeiae (=BV 5, CSV 5894, 
GSC 04030-01001; V = 10.33-1 1.04, A1 + Al V) as a vari- 
able star is due to Strohmeier (1955). The first eclipse ephem- 
eris was given by Meinunger & Wenzel (1967): Min. I = 

2,425,321.600 + 8.458294E. They recognized that the sec- 
ondary eclipse was displaced from phase 0.5, so that the system 
must have an eccentric orbit. Busch (1976) summarized the 
dates of minima and estimated a small value of eccentricity 
(<0.06). Lacy (1984) announced the discovery of double lines 
in high-resolution spectra taken at McDonald Observatory. 
C. H. S. L. continued his spectroscopic program at Kitt Peak 
National Observatory, sustained after 1998 by J. A. S., and also 
obtained absolute photometry in the UBV and uvby,O systems 
while he was a visitor at Mount Laguna Observatory in the 
autumn of 1989. In mid-November of 2000, an automated 
photometric telescope at Kimpel Observatory on the campus of 
the University of Arkansas at Fayetteville (the URSA tele- 
scope) began operation with V459 Cas as one of its targets. 
By the beginning of 2004 February, it had obtained 5064 dif- 
ferential observations in the V filter (Table 3 below), with a 
standard error of 0.007 mag. In this paper, we present the 
analysis of these photometric and spectroscopic data to deter- 
mine accurate measurements of the absolute properties of 

this main-sequence binary star system. The results are among 
the more accurate determinations to date for any eclipsing bi- 
nary. We then compare our results with those of theory, where 
we find good agreement with models having an age of about 
525 Myr. 

2. TIMES OF MINIMUM AND THE ORBITAL PERIOD 

Beginning in mid-November of 2000, C. H. S. L. began 
photometric observations in V with the URSA telescope at 
Kimpel Observatory. Dates of eclipses were measured by using 
the method of Kwee & van Woerden (1956), as adapted to a 
Macintosh computer, and are listed in Table 1 along with older 
published CCD or photoelectric minima and those derived 
from photographic plates. A weighted least-squares solution 
for the CCD dates of primary eclipse gives the following linear 
ephemeris: 

Min. I = HJD 2,452,565.67170(4) + 8.45825381(19)E. 

The uncertainties in the last decimal place are given in pa- 
rentheses. The value for the orbital period is consistent with the 
older published estimates based on photographic plates but is 
much more accurate. This linear ephemeris for primary mini- 
mum was adopted for use in all our spectroscopic and light- 
curve solutions below. The phase of secondary eclipse is 

Visiting Astronomer, Kitt Peak National Observatory. National Optical 
0.49228(2), confirming that thk orbit is eccentric.. 

Astronomy Observatory, which is operated by the Association of Universities We have done an ephemeris-curve solution with the method 
for Rcscarch in Astronomy. Inc.. under coooentive aereement with the of Lacy (1992b) check for a~sidal  motion. The older 
National Science ~oundation.. 

- 
photographic dates of minima were included in the analysis. 
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ABSTRACT 
We present 4179 differential observations in the Vfilter measured by a robotic telescope, as well as 25 pairs of 

radial velocities from high-resolution spectroscopic observations, of the detached, EB-type, 1.69 day period 
double-lined eclipsing binary star V885 Cyg. Absolute dimensions of the components are determined with high 
precision (better than 1.5% in the masses and radii) for the purpose of testing various aspects of theoretical 
modeling. We obtain 2.005 f 0.029 Ma and 2.345 f 0.012 R,) for the hotter, but smaller, less massive and less 
luminous photometric primary (star A), and 2.234 f 0.026 Ma and 3.385 * 0.026 Ra for the cooler, larger, more 
massive and more luminous photometric secondary (star B). The effective temperatures and interstellar reddening 
of the stars are accurately determined from uvbyP photometry: 8375 f 150 K for the primary, 8 150 f 150 K for 
the secondary-corresponding to spectral types of A3m and A4m-and 0.058 mag for Eh-,,. The metallic-lined 
character of the stars is revealed by high-resolution spectroscopy and uvbyP photometry. The orbits are circular, 
and spectral line widths give observed rotational velocities that are synchronous with the orbital motion for both 
components. The components of V885 Cyg are main-sequence stars with an age of about 500 Myr according to 
models. Our estimate of the age of this system would seem to favor the hydrodynamic damping formalism of 
Tassoul & Tassoul in this particular case, since both the components' spins are synchronous and the orbit is 
circular. 

Key words: binaries: eclipsing - binaries: spectroscopic - stars: evolution - stars: fundamental parameters - 
stars: individual (V885 Cygni) 

Online material: machine-readable table 

1. INTRODUCTION 

The discovery of V885 Cygni (=BD +29"3637, HBV 349, 
GSC 02655-01877; V = 9.96-10.21, A3m + A4m V) as a 
variable star is due to Wachmann (1964). It was initially 
classified as a P Lyrae type variable star (EB). The first 
eclipse ephemeris was also given by Wachmann: Min. I = 

2,434,980.514 + 1.69479508. The star was little studied until 
Lacy (1985) announced the discovery of double lines in high- 
resolution spectra. C. H. S. L. continued his spectroscopic 
program at Kitt Peak National Observatory, which was sus- 
tained after 1998 by J. A. s., and also obtained absolute pho- 
tometry in the UBVand uvbyP systems while he was a visitor 
at Mount Laguna Observatory in the autumn of 1989. In mid- 
November of 2000, an automated photometric telescope at 
Kimpel Observatory on the campus of the University of 
Arkansas at Fayetteville (the URSA telescope) began operation 
with V885 Cyg as one of its targets. By the end of 2003 June, 

it had obtained 4179 differential observations in the V filter 
(Table 3 below), with a standard error of 0.011 mag. In this 
paper, we present the analysis of these photometric and spec- 
troscopic data to determine accurate measurements of the 
absolute properties of this binary star system. The results 
are among the most accurate determinations to date for any 
eclipsing binary. We then compare our results with those of 
theory, where we find good agreement with models having an 
age of about 500 Myr. 

2. TIMES OF MINIMUM AND THE ORBITAL PERIOD 

Only a few times of eclipse for V885 Cyg have been 
measured over the several decades since its discovery. The 
estimates from the literature are collected in Table 1 along 
with the first published epoch, by Wachmann (1964). Uncer- 
tainties for the eclipse timings were adopted as published or 
were estimated by us. A weighted least-squares solution gives 
the following linear ephemeris: 

' Visiting Astronomer, Kitt Peak National Observatory, National Optical 
Min. I = HJD 2,452,058.8904(7) + 1.69478781(3 l)E. 

Astronomy Observatory, which is operated by the Association o f  Universities 
for  Research in Astronomy, Inc., under cooperative agreement with the The uncertainties in the last decimal place are given in pa- 
National Science Foundation. rentheses. This linear ephemeris for primary minimum was 
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ABSTRACT 
We present 615 1 differential observations in the Vfilter measured by a robotic telescope, as well as 29 pairs of 

radial velocities from high-resolution spectroscopic observations, of the detached, EA-type, 9.65 day period 
double-lined eclipsing binary star MU Cas. Absolute dimensions of the components are determined with good 
precision (better than 2% in the masses and radii) for the purpose of testing various aspects of theoretical 
modeling. We obtain 4.57 rt 0.09 Ms and 3.67 f 0.04 Ra for the hotter, but smaller, less massive and less 
luminous photometric primary (star A), and 4.66 f 0.10 Ma and 4.19 f 0.05 Ra for the cooler, larger, more 
massive and more luminous photometric secondary (star B). The effective temperatures and interstellar reddening 
of the stars are accurately determined from uvbyp photometry: 15,100 f 500 K for the primary, 14,750 f 500 K 
for the secondary-corresponding to spectral typesof BS and B5-and 0.356 mag for Eb-,,. The stars are located 
at a distance of about 1.7 kpc near the plane of the Galactic disk. The orbits of the stars are eccentric, and spectral 
line widths give observed rotational velocities that are synchronous with the mean orbital motion for both 
components. The components of MU Cas are upper main-skquence stars with an age of about 65 Myr according 
to models. 
Key words: binaries: eclipsing - binaries: spectroscopic - stars: evolution - stars: fundamental parameters - 

stars: individual (MU Cassiopeiae) 

Online material: machine-readable table 

1. INTRODUCTION this paper, we present the analysis of these photometric and 

The discovery of MU Cassiopeiae (=BD +59"22, Son 4672, 
GSC 04014-011 19; V = 10.80-1 1.27, B5 + B5 V) as a 
variable star is due to Hoffmeister (1949, p. 20); it was orig- 
inally classified as a P Lyrae type (EB). The first eclipse 
ephemeris was given by Wenzel: Min. I = 2,427i962.509 + 
3.861145E (Gotz & Wenzel 1956, p. 354). We show below 

spec~ro~copic data to determine-accurate measurements of the 
absolute properties of this upper main-sequence binary star 
system. The results are among the more accurate determi- 
nations to date for any eclipsing binary. We then compare our 
results with those of theory, where we find good agreement 
with models having an age of about 65 Myr. 

that this original orbital period is entirely wrong, beginning in 2. TIMES OF MINIMUM AND THE ORBITAL PERIOD 
the first decimal place! Haussler (1973) summarizes a number 
of early erroneous studies on this star (see also Wenzel 1972) A number of photographic times of eclipse for MU Cas 

but agrees with the original (wrong) ephemeris. The star was have been measured over the several decades since its dis- 

then little studied until Lacy (1984) announced the discovery covery (Gotz & Wenzel 1956; Haussler 1972, 1973). The 

ofdouble lines in high-resolution spectra. C. H. S. L. continued dates & f i t  the adopted ephemeris 
his spectroscopic program at Kitt Peak National Observatory, (below) quite well, though these old dates' accuracy is poor 
sustained after 1998 by J. A. S., and also obtained absolute standards, with a standard O.O3 

photometry in the (JBV and uvbyp systems while he was a The dates of H h s l e r  appear to be mostly spurious, core- 

visitor at Mount L~~~~~ observatory in the autumn of 1989. In sponding to predicted times of eclipse based on the initial 

mid-November of 2000, an automated photometric telescope at Wenzel & Wenzel 956). 

Kimpel Observatory on the campus of the University of Beginning in mid-November of 2000, C. H. S. L. began 
Arkansas at Fayetteville (the URSA telescope) began opera- photometric in with the URSA at 
tion with MU cas as one of its targets. By the end of 2004 Kimpel Observatory. After a few months, it became clear that 
February, it  had obtained 6151 differential observations in the the published was wrong. In deter- 
vfilter (Table 3 below), with a standard error of 0.010 mag. In mine the true period, rough radial velocities were measured 

from 29 spectrograms obtained at KPNO and McDonald 
Observatory (see 5 3 below). The Macintosh computer ap- 

t Visiting Astronomer, Kitt Peak National Observatoly, National Optical plication ~ a c . ~ e r i o d , ~  written by C. H. S. L., was then applied 
Astronomy Observatoly (NOAO), which is operated by the Association of 
Universities for Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation. See http://www.uark.edu/misc/clacyIBinaryStars. 
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NEW TIMES OF MINIMA OF SOME ECLIPSING VARIABLES 

LACY, C.H.S. 

Department of Physics, University of Arkansas, Fayetteville, Arkansas 72701; USA; e-mail: clacy@uark.ecl I . 

Observatory and telescope: 
URSA Observatory at  the University of Arkansas (ursa.uark.edu); 10-inch Schmidt- 
Cassegrain reflector. 

Detector: 1020x1530 pixels SBIG ST8EN CCD cooled to (typ.) 
-20 "C; 1.15 arcsec square pixels; 201(N-S) x 301(E-\iV) 
field of view. 

Method of data reduction: 
Virtual measuring engine (Measure 1.98) written by C.H.S. Lacy (2004) 

Method of minimum determination: 
Kwee & van Woerden (1956) 

Times of minima: 
Star name Time of min. Error Type Filter Rem. 

HJD 2400000+ 
A P  And 53201.79472 0.00015 1 V 

53205.76349 0.00019 2 V 
53220.84197 0.00010 1 V 
53302.5867 0.0004 2 V 

CO And 53230.7632 0.0003 2 V 
CG Aur 52990.8095 0.0003 1 V 

53076.5867 0.0011 2 V 
53085.6104 0.0010 2 V 

HP Aur 52985.7101 0.0010 2 V 
53074.63505 0.00011 1 V 
53079.61465 0.00016 2 V 

TX Boo 53104.7691 0.0009 1 V 
V381 Cas 52990.55032 0.00013 2 V 

53003.61975 0.00025 1 V 
V389 Cas 53190.8378 0.0006 1 V 
V459 Cas 52988.58525 0.00014 1 V 

52992.74846 0.00019 2 V 
53026.58164 0.00014 2 V 

V651 Cas 53281.88754 0.00019 2 V 
I 0  Cep 52985.5526 0.0007 2 V 

53128.9016 0.0008 2 V 
53190.7000 0.0005 2 V 
53198.7274 0.0003 1 V 
53219.73559 0.00017 1 V 
53229.62236 0.00021 1 V 
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ABSTRACT 
We present 6450 differential observations in the V filter measured by a robotic telescope, as well as 28 pairs of 

radial velocities from high-resolution spectroscopic observations of the detached EA-type, 5.505 day period, 
double-lined eclipsing binary star V396 Cas. Absolute dimensions of the components are determined with good 
precision (better than 1% in the masses and radii) for the purpose of testing various aspects of theoretical 
modeling. We obtain 2.398 f 0.022 Mo and 2.592 f 0.013 Ro for the hotter, larger, more massive and more lumi- 
nous photometric primary (star A), and 1.90 1 f 0.0 16 M, and 1.779 * 0.0 10 R,, for the cooler, smaller, less 
massive and less luminous photometric secondary (star B). The effective temperatures and interstellar reddening 
of the stars are accurately determined from uvbyp photometry: 9225 f 150 K for the primary and 8550 f 120 K 
for the secondary, corresponding to spectral types of Al and A3, and 0.11 9 mag for Eb-y. The metallicity of the 
stars appears to be significantly less than solar. The stars are located at a distance of about 560 pc near the plane of 
the Galactic disk. The orbits of the stars are apparently circular, and spectral line widths give observed rotational 
velocities that are not synchronous with the orbital motion for both components. The components of V396 Cas are 
main-sequence stars with an age of about 420 Myr according to models. 
Key words: binaries: eclipsing - binaries: spectroscopic - stars: evolution - 

stars: fundamental parameters - stars: individual (V396 Cassiopeiae) 

Online material: machine-readable table 

1.  INTRODUCTION 

The discovery of V396 Cas (BD +55"2920, HD 240229, 
SAO 35242, GSC 04006-01219; Y =  9.56-10.08, A1 + A3 V) 
as a variable star is due to Strohmeier (1962); it was originally 
classified as an Algol type (EA). The first eclipse ephemeris 
was given by Strohmeier (1962) in the discovery paper: Min I = 
2,425,883.850 + 11.12576E. We show below that this original 
orbital period is entirely wrong, beginning in the first decimal 
place! Another wrong period (1 5.28 days) is listed by Nha et al. 
(1 991)! The star was little studied u n t i l ~ ~ a c ~  (1984)announced 
the discovery of double lines in high-resolution spectra. Lacy 
continued his spectroscopic program at Kitt Peak National Ob- 
servatory (KPNO), sustained after 1998 by Sabby, and Lacy 
also obtained absolute photometry in the UBVand uvbyP sys- 
tems while he was a visitor at Mount Laguna Observatory in 
the autumn of 1989. In 2000 mid-November, an automated 
photometric telescope at Kimpel Observatory on the campus 
of the University of Arkansas at Fayetteville (the URSA tele- 
scope) began operation with V396 Cas as one of its targets. By 

2003 September, it had obtained 6450 differential observations 
in the V filter (Table 3) with a standard error of 0.008 mag. 
In this paper we present the analysis of these photometric and 
spectroscopic data to determine accurate measurements of the 
absolute properties of this main-sequence binary star system. 
The results are among the most accurate determinations to date 
for any eclipsing binary. We then compare our results to those 
of theory, where we find good agreement with models having 
an age of about 420 Myr. 

2. TIMES OF MINIMUM AND THE ORBITAL PERIOD 

A number of photographic times of eclipse for V396 Cas have 
been measured since its discovery (Strohmeier 1962; Strohmeier 
& Knigge 1962). These dates appear to be mostly spurious, cor- 
responding to predicted times of eclipse based on the initial 
(wrong) eclipse ephemeris. 

Beginning in 2000 mid-November, Lacy began photometric 
observations in V with the URSA robotic telescope at Kimpel 
Observatory on the University of Arkansas at Fayetteville cam- 
pus. After a few months, it became clear that the published 

' Visiting Astronomer. Kitt Peak National Observatory, National Optical As- ephemeris was very wrong. In order to determine the true period, 
tronomy Otmservatorieq operated by the Associated Universities for Research in rough radial were measured from 28 spectrograms 
Astmnomy under cooperative agreement with the National Science Foundation. obtained at Kitt Peak National Observatory and McDonald 
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Abstract 

Undergraduate Research Studies in Astronomy (URSA), a Web-based robotic observatory, has been ,n Llse 
for almost a year as part of an introductory astronomy laboratory for non-majors. The system was 
constructed from off-the-shelf components at a cost of around $25,000. About 500 students per year use 
URSA to do research-based mini-projects that follow a particular learning cycle model. Over 114,000 
images have been obtained by the system to date for student and faculty research, some of which has been 
published. We discuss some of the lessons learned in this implementation and the extent to which our 
goals are being realized. 

# 

Because I am an avid observational astronomer, I want all of my students to experience for themselves the 
thrill of doing their own observational research. That is really the basic goal of this project. It is a wol thy 
goal because at least some of those students will become so interested in observational work, ~ l l ~ : ,  !Ii 

want to continue to learn about astronomy, and all of the students will learn how to think scientifically . 
about many kinds of questions. The main problem with achieving this goal is that there are about 500 
students per year taking undergraduate astronomy courses at the University of Arkansas, most of them 111 

the introductory descriptive course. There is no way to teach each individual student how to set up and use 
a telescope and camera system; it would take an army of teaching assistants and a football field full o i  
equipment. My solution to this challenge is to create a Web-based robotic telescope imaging system that is 

as easy as possible to use, yet produces research-grade images. 

I am not the first person to build a Web-based telescope. Several automated observing systems have been 
developed previously in the United States, three of which (the University of Iowa, the University of 
California at Santa Barbara, and the University of California at Berkeley) currently offer limited obscl-i-ing 
time to the general Internet community. Robert L. Mutel of the University of Iowa has developed such a 
system, which has both imaging and spectroscopic capabilities (Mutel 2002). The main advantage of rny 
design is that it is made from relatively inexpensive, off-the-shelf hardware. The telescope is a Meadc 
LX-200 10-inch fl6.3 mounted equatorially on a Superwedge; the camera is a Santa Barbara Instrurneiits 
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ABSTRACT 
WC prcscnt an analysis of existing photo~nctric obscrvations in U, B, and I.., ant1 a new light curvc in If. as 

well as spectroscopic obscrvations, of the 5.1 day period, double-lined main-sequcncc eclipsing binary 
RT CrB. From the analysis of the light curves and radial velocity curves. we have determined the masses and 
radii of thc components: 1.343 f 0.010 h,t13 and 2.615 f 0.04 R:.; for thc primary (hotter) componcnt, 
1.359 f 0.009 hi,., and 2.946 f 0.05 R, for the secondary (cooler) component. The fornlal uncertainties in 
the masses are both less than I'%,> and the formal uncertainties in the radii are both less than 2'%,. Based on the 
analyzcd light curvcs, as well as the co~nbincd absolutc photonlctry of the systcm, we cstimate c0'cctivc 
temperatures of 5781 f 100 K for the primary component and 5134 f 100 K for the secondary component. 
correspond~ng to spectral types of G5  and KO. respectively. Projected rotational velocities ( 1 %  sin i) from the 
spectrograms arc mcasurcd as 25 f 2 knl S - I  for the primary componcnt and 33 f 3 km s '  for the scconclary 
component and are consistent with rotation that is synchronous with thc orbital motion. Evolutionary tracks 
from thc current modcls arc In good agrcclncnt with thc obscrvations for a systcrn of about agc 3.5 x 10" yr 
with a slightly nonsolar chcmical composition. We also rcport an approximate A P I P  = 3.0 x 10-\lccrcasc 
in the orbital period over 37 years. 
Kcy ~ i ~ o v l i s ;  binaries: cclipsing -- binaries: spcctroscopic - stars: evolution 

stars: fundamental parameters - stars: individual (RT Coronae Borealis) 

1. INTRODUCTION H and K e~nission arises from eithcr the cool star or both. 

The discovery of RT Coronae Borealis ( = H D  139588, 
TYC 2039-1337-1, BD +29-2690; V = 10.71, cr = 
1 5h?5171591993. 6 = +29"38'59!'3 1,  cpoch J 1960.7 and cqui- 
nox J1950) as a variable star is due to Ceraski (1911). 
Hoffnleister, from 19 14 to 19 18, conducted photometr~c 
obscrvations of R T  CrB and rcvealed its eclipsing nature 
(Beyer 1935). The light elements were analyzed and the star 
was class~fied as an Algol-type binary by Beyer (1935). The 
light curves obtained by Hoflineister, Beyer, and Ru, ~ e m e r  
were published by Beyer (1935). Rugemer noticed a slight 
variation in the depth of the secondary eclipse and suggested 
that thc systcm bc rcclassificd as an RR Lyrac typc (Bcyer 
1935). Bcyer ( 1943) obscrvccl R T  CrB for light variation in 
1935 and 1936, but the results were found to be inconclu- 
s~vc.  For some time it appcars that astronolncrs wcrc not 
vcry ~nterested in R T  CrB; nevertheless, in 1970, R T  CrB 
appeared in a list of 27 close binaries published by Popper 
( 1970). Poppcr rcportcd that thcsc binarics were showing H 
and K emission outside of eclipse in at least one component 
and with the primary (hotter) a main-sequence or subgiant 
star. Poppcr (1976) gocs on to rcport that thcsc systcms arc 
showing ~rregularities in their light curves and that H n  emis- 
sion is absent or weakly present with variable intensity. R T  
CrB appears in a 1976 list o f"  RS CVn typc systcms." a dcfi- 
nition proposed by Hall (1976) for binaries that have the fol- 
lokktng charactcristics: orbital periods from 1 to 14 days, 
strong emission In Ca rr H ancl K lincs, a hot componcnt 
with the spectral type of F or G,  and a luminosity class of [V 
or V. Hall (1976) gocs on to statc two morc charactcristics 
that arc sccn in a large portion (but not all) of the systcms: 

and a distortion is prcscnt in thc light curvc outsitlc of 
eclipse. Hall & Kreiner (1980) included R T  CrB in a paper 
studying the period changes and mass-loss rates of 34 RS 
CVn typc binarics, but bccausc of thc abscncc OF absolutc 
properties. no mass-loss rate for R T  CrB was rcported. 
During this period (1970-1984). R T  CrB became a renewcd 
target of scvcral photometric observational programs, car- 
ried out by Popper & Dumont (1977) from 1972 June to 
1973 June; Zhai, Zhang, & Zhang (1982) from 1978 April to 
July; and Ibanoglu ct al. (1985) from 1978 April to 1981 
October. In addition, several spectrograms of R T  CrB were 
collcctcd by Poppcr (1990) from 1973 May to 1984 March. 

Thc photometric data acquircd by Zhai ct al. (1982) 
showed the characteristics of a wavelike distortion in the 
light curvc outsidc of cclipsc, a condition mcntioncd by Hall 
(1976). A rcccnt light curvc (2001 : scc $ 5 )  shows thcsc wavc- 
like distortions again. The previous data given by Popper & 
Dumont (1977) and latcr data givcn by lbanoglu ct al. 
(1985) show no such wavclikc distortion. Poppcr (1990) was 
the first to combine spectroscopic data with his ow11 and 
previous photometric data: Poppcr & Dumont (l977), Zhai 
et al. (1982), and Ibanoglu ct al. (1985). Analyzing thcsc 
data sets, Popper determined the inasses and radii of the 
components: 1.40 f 0.05 kf: and 2.6 * 0.2 R : ,  for thc pri- 
mary (hotter) component, 1.42 f 0.02 iCI..;  and?.^ f 0.2 R,., 
for the secondary (cooler) component. Other characteristics 
of RS CVn typc binarics (thc analysis of Ca rr H and K cmis- 
sion and Htr emission) Ilavc bccn rcvicwed by Linsky 
(1984), Montesinos, Gimenez, & Fernindcz-Figueroa 
(1988). Strassmcicr et al. (1988). dc Castro ct al. (1990). 
Strassmcier et al. (1993). Frasca & Catalano (1994). 
Fernindez-Fizueroa et al. (1994). Montes et al. (1996). and 
Liu, Huang, & ~ h u  (1997). 

I Visiting Astronomer, Kit1 Peak National Observatory. National 
Optical ~\stronon~y Observatory, which i s  opcrated by the Association of Thc evolutionary status of RS CVn type binary systcnls 
l ~ ~ ~ i ~ ~ ~ ~ i ~ i ~ ~  i n  A ~ ~ ~ ~ ~ ~ ~ ~ ,  lnc., ,lnder agreement with ,he is far fro111 clear. Hall (1972) argued that the secondary 
N:uionul Science Found:ction. component of thc systems may be in a state of 
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ABSTRACT 
We present 5236 differentla1 observations in the Vfilter mcaqurcd by a robot~c telcscopc, as ucll as r,ici~al 

veloc~ties from spectroscopic observations, of the detached, eccentric 1 9 day double-11ned eclipsing b~nary 
star BP Vul. Absolute dimensions of the components arc dctcrmincd w ~ t h  high precision (better than ]'XI In 
the lnasscs and radli) for the purpose of testing various aspects of thcorctical modeling We obtain 
1.737 f 0.015 M.  and 1.852 f 0.014 R .  for the primary, and 1.408 f 0.009 ill, and 1.489 f 0.014 R,., for 
the sccondary. The effective temperatures and intcrstcllar reddening of thc stars are accurately dctcrmincd 
from i r c b ~ * J  photometry: 7700 i 150 K for the primary, 6800 f 150 K for the sccondary corrcspo~lding to 
spectral types of A71n and F2m-and 0.022 mag for Eb-,,. The metallic-lined character of the stars is revealed 
by high-resolution spectroscopy and zl~'hylj photometry. Spectral line widths givc rotCttlonal velocit~cs that 
arc synchronous with thc orbital motion for thc secondary component, but subsynchronoi~s for the primary 
colnponent, in a slightly eccentric orbit ( e  = 0.0345). Apsidal motion based on times of minimum light 
appcars to bc ncgrrfire with a pcriod of about 75 years bnscd on rcccnt observations of minima, but this result 
ia not confirmcd by the radial velocity ~ncasurcmcnts, and it is ~ndeterin~ndtc when older photograph~c and 
visual data are included. The components of BP Vul are main-sequence stars with an age of about 1 Gyr 
according to modcls. 
Key u,orris: binarics: eclipsing binaries: spectroscopic stars: evolution 

stars: fundamental parameters - stars: individual (BP Vulpeculae) 
On-linr nzateriul: machine-readable table 

1. INTRODUCTION scopic program at Kitt Pcak National Observatory, assistcd 

The discovery of BP Vulpcculae (=HD 352179. BD 
+20 4557, HIP 100745, Tycho 1644-21 13-1, GSC 01644- 
021 13: V =  9.80-10.52, A7m + F2m V) as a variable star is 
due to HofTmeister (1935). It was initially classified as an RR 
Lyrac type variable star. The first cclipse cphcmcris was by 
Illes-Almar (1960): Min. I = 2,436,860.331 + 1.938E. He 
gave an accurate photographic light curve and eclipse 
cphcincris with a rough estimate of the spectral type as A. 
Other than a few times of minimum, the star was little studied 
u n t ~ l  Lacy (1985) announced the discovery of double lines in 
high-resolution spectra. C. H. S. L. continucd his spectro- 

after 1998 by J. A. S., and also obtained absolute photonlct~y 
in the C'BlP' and u ~ b y ; j  systems whilc he was a visitor a t  
Mount Lapima Obscrvatory in the autumn of 1989. Begin- 
ning in 1995, spectrometers operated by the Harvard- 
Smithsonian Ccntcr for Astrophysios (CfA) were uscd in an 
intensive campaign to obtain high-resolution spectra as well. 
In mid-November of 2000, an automated photometric tele- 
scope at Kimpel Obscrvatory on the campus of thc Univcr- 
sity of Arkansas at  Fayetteville began operation with BP Vul 
as one of its targets. By the end of 2002 December, it had 
obtained 5236 dilfcrcntial observations in the Lrfiltcr (Table 5 
below), with a standard error of 0.008 mag. In this paper, we . . 
present the analysis of these photon~etric-and spectroscopic 

1 Some of the observations reporled licre were obtained with ~ l l e  data to detcr~ninc accuratc ItleaSLIr~ln~tltS Of thC absolute 
Multiple Mirror Telescope. a joint facility of the Smilhsonian l~ls[itu[ion propertics of this binary star system. The results are among 
and thc University of Arizona. the most accurate determinatiorls to date for any eclipsing 

Visiting Astronomer. Kill Peak National Observatory, National 
Optical Astronon~y Ohservatory, which is operated by the Association of binary. We then compare our rcsults with thosc of theory, 
Llniycrsities for Kcsearch in Astronomy, Inc., undcrcooperativuagreement where we find good agreement with 1110dt.l~ having an age of  
uclrh the National Science For~ndation about 1 Gyr. 
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Observatory and telescope: 
URSA Observatory at the University of Arkansas (ursa.uark.edu); 10-inch Schmidt- 

- 

1 Method of data reduction: 7 

[ Cassegrain reflector. I 

1 Virtual measuring engine (Measure 1.97) written by C.H.S. Lacy (2003) 1 

Detector: 

1 Method of minimum determination: 1 

1020 x 1530 pixels SBIG ST8EN CCD cooled to (typ.) -20 
C: 1.15 "sauare pixels; 201(N-S) x 301(E-W) FOV. 

1 Kwee & van Woerden (1956) 

Observed star(s): 
Star name GCVS Coordinates (52000) Comp. star Ephemeris Source 1 

type R A Dec 
AP And EA/DM 23 49 31 +45 47 21 03639 00767~ 
CO And 
HP Aur 
KU Aur 
CV Boo 
SW Cnc 
MU Cas 
V381 Cas 
V389 Cas 
V396 Cas 
v459 Cas 
V651 Cas 
VZ Cep 
V456 Cyg 
V1061 Cyg 
HD 23642 
LV Her 
RW Lac 
V506 Oph 
FO Ori 
V648 Ori 
IM Per 
V482 Per 
V514 Per 

'Comparison star designations refer to the GSC. 
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ABSTRACT 
We present absolute photoilletric observations in 11fihyO and 5759 differential observations in the I'filter 

(thc most coinpletc light curvc evcr obtaincd) measured by a robotic telescope, as well as radial vclocitics 
from spectroscopic observations of the detached, eccentric, 2.3 day. double-lined, eclipsing binary star WW 
Camelopardalis. Absolute dimensions of the components are determined with high precision (better than I(%, 
in thc masses and radii) for thc purpose of testing various aspects of thcorctical modeling. Wc obtain 
1.920 f 0.01 3 M .  and 1.91 1 f 0.016 R .  for the primary, and 1.873 f 0.01 8 M ,  and 1.808 f 0.014 R , ,  for 
the secondary.  he eff'ective temperatures and interstellar reddening of the stars are accurately determined 
from ncw uvbyB photometry: 8350 f 135 K for thc primary and 8240 f 135 K for the secondary. corre- 
sponding to a spectral type of A4nl for both, and 0.294 mag for Eh-,:. The metallic-lined character of the stars 
is revealed by high-resolution spectroscopy and ~rt:byP photometry.'~pectral line widths give rotational veloc- 
ities that arc synchronous with the orbital motion in a slightly ccccntric orbit ( c  = 0.0098). The components 
of WW Can1 are main-sequence stars with an age of about 490 Myr according to models. 
Kc?) ~vonis: binaries: eclipsing - binaries: spectroscopic - stars: evolution - 

stars: fundamental parameters stars: individual (WW Camclopardalis) 
Oti-litic nlclterial: machine-readable tablc 

1. INTRODUCTION high-resolution spectra as well. In the middle of 2000 

The discovery of WW Camelopardalis (=DM Cas = BD 
+64"454. Tycho 4073-1191-1. GSC 04073-01191; V =  
10.14 10.84, A41n + A4m V )  as an cclipsing binary star is 
due to Huruhata & Gaposchkin (1940). They gave an accu- 
rate photographic light curve and eclipse ephemeris with a 
rough csti~llate of the spectral typc as A. Other than a few 
times of minimum and the uchj. indices (see below), the star 
was little studied until Lacy (1984) announced the discovery 
of doublc lines in high-resolution spcctra. Lacy continued 
his spectroscopic program at Kitt Peak National Observa- 
tory (KPNO). assisted after 1998 by J. A. S.. and also 
obtaincd absolutc photomctry in thc UBV and uch~vd sys- 
tems while he was a visitor at Mount L a g ~ ~ n a  Observatory 
in the autumn of 1989. Beginning in 1995, spectrometers 
opcratcd by the Harvard-Smithsonian Ccntcr for Astroplly- 
sics (CfA) were used in an intensive campaign to obtain 

I Some ol' the observations reported liere were obtained with the 
blultiple Mirror '1-elescope. a joint P~cility of the Smithsonia~i Institution 
?nd llir University of Arizona. 
' Visiting Astronomci-. Mount Laguna Obscrvntory. Sa11 Diego State 

University, San Diego. CA. 
' Visiting Astronomer. Kilt Peak National Obsrrvatory. Natio~ial 

Optical Astronomy Obscrvatory. which is operated by thc ilssociatcd 
Llniversities [br Research in Astrnllonly, Inc.. under cooperative agrer~urnt 
iirith thc N:ctic)nill Scicncc Founrldtion. 

Novcn~bcr, an automated photomctric tclcscopc at Kimpcl 
Observatory on the campus of the University of Arkansas 
at Fayettevillc began operation with WW Cain as one of its 
targets. By thc cnd of 2001 April, it had obtaincd 5759 dif- 
ferential observations in the Vfilter with a standard error of 
0.008 mag, Inore observations of an eclipsing binary than 
cvcr obtained bcforc in less than onc obscrving scason. In 
this paper, we present the analysis of these photometric and 
spectroscopic data to detcrminc accurate lneasurcmcnts of 
the absolute propcrtics of this binary star systcm. Thc 
results are among the most accurate determinations to date 
for any eclipsing binary. We thcn compare our results to 
thosc of thcory, where wc find good agrcemcnt with models 
having an age of about 490 Myr. 

7. TIMES OF MINIMUM AND THE ORBITAL PERIOD 

Timcs of eclipsc for WW Cam have bccn mcasured for 
nearly a century. All available estimates from the literature 
arc collcctcd in Table 1. along with six new measuremcilts 
from thc observations rcportcd in this paper, the last six 
entries in Table I (the uncertainties of these tiinirlgs are as 
follows: 8, 1 1 ,  10, 10, 8, and 30 x 10-'days). Thcrc arc 39 
primary minima and 27 secondary minima, onc of which 
gives a large residual and was exclilded (it is listed in paren- 
theses in the tablc). Unccrtaintics for thc cclipsc tinlings 
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Observatory and telescope: 
URSA Observatory at  the University of Arkansas (ursa.uark.edu); 10-inch Schmidt- 

I Cassegrain reflector. I 

Method of data reduction: 
Virtual measuring engine (Measure 1.8) written by C.H.S. L,acy (2002) 

Detector: 

Method of minimum determination: 
Kwee & van Woerden (1956) 

1020 x 1530 pixels SBIG ST8EN CCD cooled to (typ.) 
-15 "C; 1'115 square pixels; 20'(N - S )  x 301(E - W) 
field of view. 

Observed star(s): 
Star name GCVS Coordinates (J2000) Comp. star Ephemeris Source 

type R A Dec E 2400000+ P [day] 
KP Aql EA/DM 19 02 30 +15 48 01 00693 01585l 40396.4912 3.36747959 1 
MU Cas EA/DM 00 15 52 +60 25 54 01331 04014 51876.5835 9.652926 2 
V396 Cas EA/DM 23 13 36 +56 44.1 01337 04006 52180.7074 5.50545 2 
V459 Cas EA/DM 01 11 30 +61 08 48 00792 04030 51144.6845 8.458294 2 
VZ Cep EA/DM 21 50 11 $71 26 38 01497 04470 52054.8522 1.1833648 2 
WW Cep EA/DM 22 18 28 +69 51 40 00262 04467 51139.3157 4.60084540 2 
RT CrB EA/RS 15 38 03 +29 29 14 00004 02039 28273.243 5.1171590 3 
RW CrB EA/DM 15 39 15 +29 37 20 00004 02039 51931.9083 0.7264114 2 
V885 Cyg EA/DM 19 32 50 +30 01 17 01184 02655 52024.9940 1.6947950 2 
V1061 Cyg EA/D 21 07 21 +52 02 58 00278 03600 51159.3789 2.346656 2 
LV Her EA/DM 17 35 32 +23 10 31 00580 02076 52066.6996 18.4359348 4 
FL Lyr EA/DM 19 12 05 +46 19 27 00050 03542 45143.7256 2.1781542 5 
CF  Tau EA/D 04 05 10 +22 29 48 00008 01814 51918.3467 2.75589 2 
BP Vul EA/DM 20 25 33 +21 02 18 01837 01644 51063.6717 1.9403491 2 

Source(s) of the ephemeris: 
1: Lacy (1987), 2: This paper, 3: General Catalogue of Variable Stars, Kholopov 
(1985), 4: Torres et al. (2001), 5: Popper et al. (1986) 

'The names of the comparison stars are from the GSC 
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ABSTRACT 

New uchy3 observations of 51 eclipsing binary stars are presented, and outside-eclipse averages for 45 ot 
them are given. Many of thcsc binarics arc detached main-scquencc pairs that have been discovcrcd to be 
double-lined spectroscopic binarics and appear suitable for dcterinin'ltions of accuratc absolute din~cnsions 
and masses. Photometric propert~es are recomputed for 14 of the binanes, for which absolute properties have 
been published previously. I~~tercomparisons are made with previous photometry, when available, and notes 
arc givcn for S O I ~ C  individual systcrns. 
K L ~ '  IVOI.L~.\. binaries: eclipsing - stars: distances - stars: fundamental paranieters 

1. INTRODUCTION Landolt ( I97 1 ). I~lstrumental magnitudes derived from the 

For Inore than two decades. I have been working to deter- 
~llinc accurate absolute properties of cclips~ng binary stars. 
Sonlc of the principal clues to the nature of thcsc binaries 
are the magnitudes and color indexes outside and within 
eclipse. In many cascs. the binarics I have studied lacked 
accurate color indexes, and rough spcctral typcs from the 
Henry Draper Catalogue were often the only available 
source of this type of data. In an attempt to allev~ate this 
problcm for those systems in which 1 have an interest 
nainly, detached main-sequence pairs I have found to be 
double-lined spectroscop~c binaries-I measured UBV and 
u c h ~ ~ ~ ~  indexes during a sabbatical stay at  Mount Laguna 
Observatory (MLO), near San Diego, Cal~fornia, In the 
autumn of 1989. The UBI' results for 69 eclipsing binaries 
werc published a decade ago (Lacy 1992). The ~ l r l ~ j . 3  data 
were neglected until recently, when the results were needed 
for the analysis of WW Cam (Lacy et al. 2002). Results for 
5 1 of the binarics arc analyzed and discussed below. 

corrected count rates were used to-measure extinction coetfi- 
cients from obscrvations made at a range of air masses. 
These extinction results are suni~narized in Table 1 .  The sea- 
sonal means wcre adopted for further use. 

The ~lc/y':'j transformation stars were selected fro111 the list 
of Perry, Olsen, & Crawford (1987). These transforlnation 
stars are all too bright to be observed with the sanic instru- 
mental setup as the program and extinctioil stars. A n  
opaque mask with about 100 holes of I cni diameter was 
placed over the telescope aperture to reduce the intensity of 
the starlight by about 5 mag during the transformation-star 
mcasuremcnts. Images of the transformation stars as seen 
through the mask were broadened by dilTraction eflects and 
may have slightly overfilled the entrance diaphragm of the 
pho~omclcr. Transformation cocliicicrlts wcre determined 
by linear fits to the transformation-star data. The fitted 
transformation coetficients and adopted seasonal means for 
the slope and color terms are given in Table 2. In this table, 
the coeficients listed are. for 1.'. the h-1, color coefficient. 
and for the other filters: the siopes oP the instrumental- 
versus-standard relations. Average standard errors for a 

2. OBSERVATIONS sii~gle observation of the standard stars were as folloivs: 
The observations at  MLO were made with the 1 ,O m tele- 0.006 (J'). 0.006 (h-J'). 0.009 (11-1:). 0.007 ( I : -h) ,  0.009 (,:j). 

scope in the autumn of 1989. A photomultiplier of the In order to dclernline accuralcly the etTccts of the mask 

C31034C type running a t  1350 v was used as the detector on the V magnitudes. two strategies were employed. Faint 

with a six-filter uc.?.:j set, ~h~ lneasLlred system dead transformation stars for Vwere selected from the equatorial 

was 60 ns, the observations all obtained a t  list of Landolt (1973,  and these stars wcre obscrvcd in ran- 

count rates small enough to render the results quite insensi- don1 order along with the prograni stars. After the extinc- 
tive to uncertainties in the dead time. A diaphragm tion and transformation coefficients were determined from 
of 16" was used for all meas~~rcrncnts. the masked bright transformation stars, V ~nagnitudes of 

1 - 1 ~ ~  observations consisted of 10-60 integrations per fil- the faint transfornlation stars were calculated and com- 

tcr. ~l~~ LlsLlal observillg scquel,ce was a of uc/,l!b intc- pared with their listed standard values. The mean difference 
grations star, then the salnc set for blank sky near the between the listed and transformed ~nagniti~des for 15 stars 
star. then a repeat of illtegrations the ~h~ con- W ~ S  5.187 mag, with the standard error of the mean being 

sistcucy of the repeated observations was during 0.005 mag. A second check was based on the measured 
initial to freedom from spLlrioLls errors. outside-eclipse rnagnitildcs of  47- eclipsing binary stars also 
Progranl stars and faint extinction stars in obsuved by mc (Lacy 1992) in the I!BI'observing progranl. 

order durirlr! night. ~ ~ t i ~ ~ t i ~ ~ ~  stars The mean difference in this case was 5.199 mag, with the 

from the cqLktorial lGt  of craivford, ~ ~ l ~ ~ ~ ,  & standard error of the mean being 0.003 mag. The weighted 
mcan value of 5.195 mag duc to the mask is adoptcd for Uur- 
ther use. This makes the Vmagnitudes in this paper system- 

Visit~ng Aslronamer, Mount  Lnguna C)hsrrva(ory; s ~ , ,  I)irgo Statr atically brightel. than those in Lacy (1992) by 0.004 * 0.003 
Llnicersity, S:in Dicgu, CA 92182. mag. 
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Discovery of the variable star TY Leo was announced by Hoffmeister (1933). He noted 5 
minima and classified it as Algol-type. He included a finding chart. The eclipse ephemeris 
of Rugemer (1933) is Min I = 2425742.47 + 1.18466 E. Popper (1996) included the star 
in his program of spectroscopy of lower main-sequence eclipsing binary stars. On his 3 
spectrograms, he saw no evidence of a second component, and noted that the lines are 
unusually sharp for the reported period of 1.2 days. 

We have thoroughly observed TY Leo recently, both photometrically and spectroscop- 
ically, including visual estimates from the Harvard plate collection during the years from 
1920 to 1951. We do not find it to be variable in light or radial velocity. Details of the 
observations are given below. 

We have determined an accurate position for the star identified in Hoffmeister's finder 
chart from the Hubble Guide Star Catalogue: RA 10:52:27.06, Dec -05:05:17.1 (32000). 
These coordinates are confirmed by measurements of the Digital Sky Survey. 

CHSL observed by differential photometry with the URSA WebScope at  the University 
of Arkansas (see Lacy et al. 2001 for a description of the observatory). Differential 
V magnitudes were obtained from Nov. 22, 2001 to Apr. 29, 2002 UT. A total of 
1213 magnitudes were measured relative to the comparison star GSC 4920 499, which 
is in the same frame as TY Leo. The constancy of the comparison star was verified by 
differential measurements of GSC 4920 465, also in the same frame as TY Leo and the 
comparison star. The photometric measurements are plotted as a time series (Fig. 1) 
and as a light curve phased according to the ephemeris of Rugemer (1933; Fig. 2). No 
significant variations are seen. The standard error of an observation is 0.015 mag. 

GT performed spectroscopic observations of TY Leo with an echelle spectrograph on 
the 1.5-m Tillinghast reflector at  the F. L. Whipple Observatory (Mt. Hopkins, Arizona) 
over a period of 126 days. The single-order spectra cover 45 A centered at 5187 A,  with 
a resolving power of X/AX = 35,000. Radial velocities were obtained by cross-correlation 
with a synthetic template based on the latest model atmospheres by R. L. Kurucz, op- 
timized to match the star. From this optimization an effective temperature of 6100 K 
was derived (SpT approximately F8V), along with a negligible rotational broadening. No 
significant variations are seen in the radial velocity, nor any sign of double lines in the 
spectra indicating binarity. The mean radial velocity is -10.20 km/s with a standard 
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Observatory and telescope: 
URSA Observatory at the University of Arkansas (ursa .uark. edu); 10-inch 
Schmidt-Cassegrain reflector. 

Method of data reduction: 
Virtual measuring engine (Measure 1.96) written by C.H.S. Lacy (2002) 

Detector: 

Method of minimum determination: 
Kwee & van Woerden (1956) 

1020x1530 pixels SBIG ST8EN CCD cooled to (tyll.) 
-20" C; 11.'15 square pixels; 201(N-S) x301(E-'CV) field of 
view. 

Observed star(s): 
Star name GCVS Coordinates (52000) Comp. star Ephemeris Source 

type R A Dec E 2400000+ P [day] 
CO And EA/SD: 01"11m25" +46°57'49" 03268 00100 52245.65158 3.655326 1 
HP Aur EA/DM 0 5 ~ 1 0 ~ 2 2 '  f35O47'47" 02401 00760 52263.62901 1.4228192 1 
CV Boo EA/DM 15h26m20s +36'58'53" 02570 00511 52321.84559 0.8469935 1 
SW Cnc EA/SD: 0 9 ~ 0 9 ~ 0 0 "  +09°35'42" 00812 00083 52339.81190 1.799211 1 
MU Cas EA/DM 0 0 ~ 1 5 ~ 5 2 "  +60°25'54" 01331 04014 51876.5835 9.652926 ' 2 
V396 Cas EA/DM 23h13m36s +56"44'06" 01337 04006 52180.7074 5.50545 
V459 Cas EA/DM 01h11"30" +61°08'48" 00792 04030 51144.6845 8.458294 2 
V651 Cas EA/DM 23h48rn34s +57"44'57" 04009 00049 52261.65238 0.9968096 1 
VZ Cep EA/DM 21h50"11" +71°26'38" 01497 04470 52054.8522 1.1833648 2 
DV Cep E 2oh43"19" +72°22'30" 04455 00968 46763.3552 1.1619732 3 
V1061 Cyg EA/DM 2lh07"2lS +52"02'58" 00278 03600 51159.3789 2.346643 1 
GX Gem EA/DM 0 6 ~ 4 6 ~ 0 9 "  +34"24'53" 02444 00702 52334.75 4.0385 1 
LV Her EA/DM 1 7 ~ 3 5 ~ 3 2 "  +23°10'31" 00580 02076 52066.6996 18.4359391 4 
RW Lac EA/DM 22h44m57s +49"39'28" 03629 02473 52253.6669 10.36922 1 
FO Ori EA/DS: 0 5 ~ 2 8 ~ 1 0 '  +03"37'23" 00105 02195 52275.6149 18.80058 1 
V530 Ori EA/DM 0 6 ~ 0 4 ~ 3 4 "  -03"11142" 04786 01469 52305.3115 6.1107799 1 
V482 Per EA/DM 0 4 ~ 1 5 ~ 4 1 "  +47'25'2Ou 03332 00388 52266.8056 2.4467549 1 
V514 Per EB/DM 0 3 ~ 1 9 ~ 3 9 '  +50°07'12" 03319 01713 52261.5563 1.8191 1 
RXJ0212.3 E 0 2 ~ 1 2 ~ 1 9 '  -13°30'41" 05283 01513 50185.5067 6.709914 5 
EN Tau EA/SD: 0 5 ~ 5 6 ~ 4 3 "  +25"14'18" 01867 00549 52296.8535 2.4762 1 
V1094 Tau EA/DM 0 4 ~ 1 2 ~ 0 4 "  +21°56'51" 01263 00925 49701.7059 8.988487 6 
AT Vul EA/SD: 19h53'n593 +23"33'5211 02140 02219 50716.3794 3.98039 7 
BP Vul EA/DM 2 0 ~ 2 5 " ' 3 3 ~ 2 1 ~ 0 2 ' 1 8 "  01837 01644 51063.6717 1.9403491 8 
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We report times of minima of eclipsing binary stars derived from V-band photometric 
observations made by an automated observatory at the University of Arkansas (the URSA 
telescope). The URSA telescope is a 10-inch aperture Meade LX-200 f/6.3 with an 
SBIG ST8EN CCD camera (before 2000 September 1, an SBIG ST6 camera was used). 
Observations were made through a Bessel V filter. The observations were 60 seconds 
integrations followed by 30 seconds as the image was downloaded and stored on the 
control computer. Images were dark-subtracted and flat-fielded before being processed by 
a virtual measuring engine (manual measurements were made before 2000 November 14). 
Differential magnitudes were measured relative to a comparison star and a check star in 
the same 20' x 30' frame. Constancy of the comparison stars on a time scale of months 
has been verified by comparisons with a third comparison star in the field. Pixel size was 
1.15 arcsec2. For each variable star, the ultimate measurement accuracy for differential 
magnitude measurements depends on the availability of suitably bright comparison stars 
within the same image, which is 30' wide E-W and 20' wide N-S. This ultimate accuracy 
can range from PO04 to PO2  for our program stars. Additionally, we sometimes observe 
through thin cirrus. This can double the standard errors. A sample of the observations 
is shown in Figure 1. Heliocentric times of minima were estimated by using the method 
of Kwee and van Woerden (1956) as adapted to a Macintosh computer. Uncertainties in 
the times of minima were estimated from the values of standard error computed by the 
method. In Table 1, primary eclipses are designated as type 1 eclipses, and secondary 
eclipses as type 2. 
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THE PERIOD OF LV HERCULIS REVISITED 

TORRES, G.'; LACY, C. H. S . 2 ;  GUILBAULT, P. R.3; DIETHELM, R.4; BALDWIN, id. E.5; 
LUBCKE, G. C.6 
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In a recent note (Torres 2000) the orbital period of LV Her (TYC 2076 - 1042 - 1; 
1 7 ~ 3 5 ~ 3 2 4 ,  +23°10'31", 52000; SpT. F9, V = 10.9) was reported to be 18.13120 days 
based on radial velocity measurements made at the Harvard-Smithsonian Center for As- 
trophysics (CfA). This seemed to solve the long-standing mystery about the true period 
of this binary, claimed originally to be 2.634 days by Zessewitsch (1944) and later revised 
to 5.2674 days by Zessewitsch (1954). I t  also seemed to solve the problem posed by the 
preliminary spectroscopic orbit obtained by Popper (1996), with an even longer period of 
9.218 days. That  orbit implied a total mass for the system of only -1.0 Ma, which is too 
small for two very similar main-sequence stars of spectral type F9 or GO in an eclipsing 
system. 

Although the new 18.13120-day period gave a good fit to the CfA radial velocities, 
the report by Torres (2000) mentioned the lingering difficulty that the ephemeris did not 
agree with the few published times of minimum for LV Her. Continued spectroscopic 
observations a t  CfA eventually hinted at  a problem with the orbit presented by Torres 
(2000), as additional velocity measurements began to show large residuals. In particular, 
new observations on the steeper portions of the velocity curves that were not well covered 
by the original data deviated considerably from the predictions. 

Photometric (CCD) observations in the visual band by one of us (CHSL) with a robotic 
telescope at  the Univ. of Arkansas also indicated discrepancies in the times of eclipse 
compared to the ephemeris by Torres (2000). It  was soon found that a slight adjustment 
to the period of about +0.3 days gave an excellent fit to all the spectroscopic observations, 
as well as to the new and published eclipse timings. 

Subsequently, numerous times of eclipse have been recovered from archival photo- 
graphic plates going back nearly a century that are extremely valuable for confirming and 
improving the period of LV Her. Blue-sensitive patrol plates from the AC series at the 
Harvard College Observatory were measured by PRG using a sequence of steps to esti- 
mate changes in brightness. Similar material from the Sky Survey plates at  the Sonneberg 
Observatory was measured by RD. In addition, a number of times of minimum have been 
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ABSTRACT 
We present photometric observations in B and V as well as spectroscopic observations of the 1.9 day- 

period, double-lined main-sequence eclipsing binary FS Mon. From the analysis of the light curves and 
radial velocity curves, we have determined the masses and radii of the components: 1.631 + 0.012 M ,  
and 2.051 f 0.012 R, for the primary component; 1.461 f 0.010 M ,  and 1.629 + 0.012 R, for the sec- 
ondary component. The formal uncertainties are all less than 1%. Based on our light curves as well as 
on the combined-light photometry of the system, we estimate effective temperatures of 6715 + 100 K for 
the primary and 6550 + 100 K for the secondary component, corresponding to spectral types of F2 and 
F4, respectively. Projected rotational velocities (v sin i) from the spectograms are measured as 52 & 2 krn 
s-' and 43 + 3 km s-', respectively, from the spectrograms and are consistent with rotation that is 
synchronous with the orbital motion. Evolutionary tracks from current models are in good agreement 
with the observations for a system age of about 1.6 x lo9 yr with slightly nonsolar chemical composi- 
tion. We find the best match for models with a slightly lower helium abundance and a higher metal 
abundance than the Sun. An accurate metallicity determination for FS Mon is needed to constrain the 
models further. 
Key words: binaries : eclipsing - binaries: spectroscopic - stars : evolution - 

stars: fundamental parameters - stars: individual (FS Monocerotis) 

1. INTRODUCTION 2. SPECTROSCOPIC OBSERVATIONS AND REDUCTIONS 

FS Mon (BD -4"1937, Tycho 4825 2374 1, F2, V = 9.60) 
was discovered to be an eclipsing binary from photographic 
plates by Hoffmeister (1933). Meinunger (1962) determined 
an improved photographic light curve and listed 23 pho- 
tographic and visual times of minima from which he derived 
an improved eclipse ephemeris. Lacy (1984) found the 
binary to be double-lined on blue spectrograms taken with 
the coudC spectrograph at Kitt Peak National Observatory 
(KPNO). He made photometric observations from Cerro 
Tololo Inter-American Observatory (CTIO) in 1993-1995. 
Spectroscopic observations with the Digital Speedometers 
of the Harvard-Smithsonian Center for Astrophysics (CfA) 
began in 1995 April. 

In this paper, we present the results of our intensive spec- 
troscopic and photometric monitoring of the system, from 
which we determine very accurate absolute dimensions and 
masses of both components. We use our determinations to 
test current models of stellar evolution. 

Some of the observations reported in this paper were obtained with 
the Multiple Mirror Telescope, which is operated jointly by the University 
of Arizona and the Srnithsonian Institution. 

Visiting Astronomer, Kitt Peak National Observatory, National 
Optical Astronomy Observatories, which is operated by the Association of 
Universities for Research in Astronomy, Inc., under cooperative agreement 
with the National Science Foundation. 

Spectroscopic observations were collected with a variety 
of telescopes over a period of more than 14 years. At 
KPNO, we used the 2.1 m and coudk feed telescopes from 
1985 to 1998 with several different CCD detectors. Initial 
spectrograms in the blue (450 nm) proved too crowded for 
accurate radial velocity work, so only subsequent spectro- 
grams in the red region have been measured. Those spectra 
cover a range of about 10 nm centered at 643 nm, with a 
resolution of 0.02 nm (2 pixels) during the year 1985. The 
spectra obtained during 1998 cover about 32 nm centered at 
646 nrn and have a resolution of 0.03 nm. 

Rotational velocities (v sin i )  were measured from two 
KPNO spectra of FS Mon obtained in 1998 that had high 
signal-to-noise ratios. Measured line widths were compared 
with corresponding features in spectra of /I Vir (HR 4540, 
F9 V), for which v sin i = 3 km s-' (Hoffleit 1982). The 
spectrograms of /3 Vir were synthetically broadened with 
the rotational profile of Gray (1992) for a range of rotation- 
al speeds until a match was found for the binary star fea- 
tures. The resultant values of v sin i are 49 f 2 krn s-' for 
the hotter, larger, more luminous, and more massive 
primary star (star A), and 40 + 3 km s- '  for the secondary 
star (star B). 

Radial velocities were determined from the KPNO 
spectrograms by cross-correlation of FS Mon spectra with 
spectra of fl Vir obtained during the same observing run. 
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ABSTRACT 
We present photometric observations in B and V, as well as spectroscopic observations of the 

detached, eccentric 6.6 day double-lined eclipsing binary GG Ori, a member of the Orion OBI associ- 
ation. Absolute dimensions of the components, which are virtually identical, are determined to high 
accuracy (better than 1% in the masses and better than 2% in the radii) for the purpose of testing 
various aspects of theoretical modeling. We obtain MA = 2.342 + 0.016 M ,  and RA = 1.852 f 0.025 Re 
for the primary, and M ,  = 2.338 f 0.017 M ,  and R,  = 1.830 It 0.025 R ,  for the secondary. The effec- 
tive temperature of both stars is 9950 + 200 K, corresponding to a spectral type of B9.5. GG Ori is very 
close to the zero-age main sequence, and comparison with current stellar evolution models gives ages ~f 
65-82 Myr or 7.7 Myr, depending on whether the system is considered to be burning hydrogen on the 
main sequence or still in the final stages of pre-main-sequence contraction. Good agreement is found in 
both scenarios for a composition close to solar. We have detected apsidal motion in the binary 7' - r?.k 
of cb = 0%0061 + OW025 cycle-', corresponding to an apsidal period of U = 10,700 + 4500 yr. ,i SLlil- 

stantial fraction of this (-70%) is due to the contribution from general relativity, and our measuremen: 
is entirely consistent with theory. The eccentric orbit of GG Ori is well explained by tidal evolution 
models, but both theory and our measurements of the rotational velocity of the components are as y z ~  
inconclusive as to whether the stars are synchronized with the orbital motion. 
Key words: binaries: eclipsing - binaries: spectroscopic - stars: evolution - 

stars: fundamental parameters - stars: individual (GG Orionis) 

1. INTRODUCTION 

The discovery of GG Orionis (HD 290842, Tycho 4767 
857 1; V = 10.4-11.1, B9.5 V, a = 0Sh43'"1002, 6 = 
-00"41115", epoch and equinox 52000.0) as a variable 
star is due to Hoffmeister (1934), who observed the object 
photographically at the Sonneberg Observatory. The 
correct period of 6.631 days was first given by Kordylewski 
(1951), based on visual and photographic times of 
minimum. This author obtained a mean visual light curve, 
and established that the orbit is eccentric from the displace- 
ment of the secondary minimum. 

Aside from the occasional measurement of the times of 
eclipse by a number of authors, GG Ori has remained until 
recently a rather neglected system. Double lines in the spec- 
trum were detected by Lacy (1984), who described them as 
being narrow and of nearly equal strength, but no detailed 
spectroscopic study has been made to date. The first photo- 
electric light curves were published by Zakirov (1997), who 

Some of the observations reported here were obtained with the Mul- 
tiple Mirror Telescope, a joint facility of the Smithsonian Institution and 
the University of Arizona. 

Visiting Astronomer, Kitt Peak National Observatory, National 
Optical Astronomy Observatories, operated by the Association of Uni- 
versities for Research in Astronomy, Inc., under cooperative agreement 
with the National Science Foundation. 

presented light elements for this well-detached binary 
solved by the method of Lavrov (1993). 

Based on the fact that the orbit is eccentric, it is expected 
that the system may present a measurable apsidd motion. 
This effect is of great interest in the study of detached eclips- 
ing binaries because it provides information on the internal 
structure of stars that may be compared with predictions 
from theory. From its spectral type and other known 

, 

properties, GG Ori was listed by Gimknez (19851 as a good 
candidate for the study of the contribution of general rela- 
tivity to the secular displacement of the line t!f apsides, 
given that the relativistic effect is expected to be dominant 
in this particuIar case. 

GG Ori is located in the Orion OBI association (jet:, t.2 
Blaauw 1964; Warren & Hesser 1977), a comple~ region of 
star formation that has been the subject of numeGus 
studies to determine the properties of the populatioti of 
young stars and surrounding gas. The binary is lucated not, : : 
far from the Belt of Orion, and therefore there is reason to 
expect that the system might also be quite young, adding t.o .. 

its interest. 
In this paper we present new high-quality photoel'ehric 

light curves in two passbands, which we analyze together 
with other published photometry. We also report the results -. 

of our intensive spectroscopic monitoring of GG Ori that, 
combined with the light curves, enable us to derive highly . ' 

precise absolute dimensions for both componeilts of, the 
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Why and HOW TO Observe 
Binary Stars Tonight 
The Universe isfi l l  of them - it seems to prefer them, in fact. Binary stars are of great interest to professional 
and amateur astronomers alike, and just a little information seems to mnke them even neater objects for study. 

The Castor six-star system. Painting by Steven Wendell Evans (1974) and courtesy of author. 

Claud H. sandberg Lacy 
University of Arkansas at Fayeneville 

I f you have been studying astronomy for more 
than just a few days, you probably alreadv know 
that binary and multiple stars are pretty com- 

mon. The fact is that most stars are contained with- 
in binary or multiple star systems: at ;east 5O?6 in 
binary-star systems, 13% in tijple-htar systems, and 
4% in higher multiplicities. This leaves less than a 
third of all stars as loners, aithough we know very 
well that our loner star actuGy has a family of plan- 
ets, but more about planets 1at.er. 

One of the best known optical doubles is Zeta 
and 80 Ursa Majoris, better known as Miwr and 
Alcor, the middle "star" ip the handle of the Big 
Dipper (see Figure 1; also see anlwrp.gs/L..r~asa.gov/ 
apod/ap97021Y.htrnl). The ancient Arabian military 
used it as a test of good vision r if [he recruit could 
see Mizar's faint, apparent companion Alcor, he had 
good vision. Optical doubles, you scc, arc stars that 
just happen to liealong the sameline olsight; Mizar 
and Alcor appear close together, but they do not 
actually orbit one another. Interestingly, however, a 
telescope will uncover the faci,that Mizar is a bina- 
ry system, made of two stars,'Mizar A and B (each 
of which turns out to be a spectroscopis binary sys- 
tem!). And Alcor? It is also a snrctroscopic binary. 

Binoculars and telescopes will also endlll;  yo^ to 
discover many other binary stars. Just have a look ti, 
the nearest neighbor to the Sun, the .Upha Centauri 
system: Visible from the southern.hemisphere, this is 
a wide binary of nearly Sun-like stars withan orbital 
period of 81 years and a much more distant small, 
faint, red companion (Proxima Centauri, the nearest 
of the three stars to our Sun) that orbits the center of 
mass of the triple-star system with a period of hun- 
dreds of thousands of years (visit antwrp.g.$c.nasa. 
gov/npod/ap960526.htrnl for? looi). 

Okay, what about the brightest star in the sky, 
the "Dog Star" Sirius in the' ,constellation Canis 
Major? Again, a binary star, it w.as hrst detected as 
such in 1844 due to its wavy path'through the sky as 
it orbits its nearly invisible coqpanion (antwrp.gsfc. 
nasn.~ov/apod/np960Y02.htrnl). If w~sn ' t  until 1862 - .  . 
that Alvan Clark, the famous Amencan telescope 
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ABSTRACT 
V907 Scorpii, near the open cluster M7, and possibly a member, is unique among all known eclipsing 

binary stars because its eclipses have turned on and off twice within modern history. By using all avail- 
able photometric and spectroscopic data, we have discovered that it is at least a triple star and possibly 
a quadruple star system consisting of a visual binary with a very long orbital period, the brighter 
member of which is itself the triple star. The triple star contains an eclipsing binary star (B9.5 V) with an 
orbital period of 3.78 days and a faint, distant companion (late K, or perhaps a white dwarf) with an 
orbital period of 99.3 days around the center of mass of the triple star system. Radial velocity measure- 
ments allow the masses to be estimated. Because the orbital planes of the eclipsing binary and its triple 
companion are not coplanar, the orbital plane of the eclipsing binary shows nodal regression with a 
period of 68 yr. For about one-third of this time, the close binary is eclipsing; the rest of the time the 
inclination is too small for eclipses to occur. The earliest observations of the system in the year 1899 
show eclipses; the eclipses stopped about 1918, started again about 1963, and stopped again in about 
1986. We predict that the eclipses should start occurring once again in the year 2030 + 5. 
Key words: binaries: close - binaries: eclipsing - binaries: spectroscopic - 

stars : individual (V907 Scorpii) 

1. INTRODUCTION 

The eclipsing binary V907 Sco = BV 549 = COD 
-34"12293 = HD 163302 (9.0 mag, AO) was discovered by 
Strohmeier, Knigge, & Ott (1964) on photographic plates 
taken at the Bamberg Observatory Southern Station. The 
photographic amplitude of the eclipses is listed as 0.4 mag 
at the time of discovery in 1963. The first time of eclipse 
listed by the Bamberg group (Bauernfeind 1968; Rahe & 
Schoffel 1976) is in the year 1963.5, although the Bamberg 
Southern Sky Patrol began taking plates in 1961. Bauern- 
feind (1968) used the Hamard plate collection to improve 
ephemerides for variables found by the Bamberg group. He 
also used times of minima from the Sonneberg survey. For 
V907 Sco, he concluded that the period was variable. The 
data available to him covered 68 yr, although it is clear that 
his ephemeris was based solely on the Bamberg data. He 
displayed his ephemeris results for V907 Sco in an 0- C 
graph, where there are about 40 points near the upper left- 
hand side (early in the century, from the Harvard plates), 14 
points on the lower right-hand side clustered around zero 
residual (the Bamberg observations), and a single point of 
half-weight labeled "Sonneberg" in the middle of what 

Based in Dart on observations obtained at the Danish 50 cm telesco~e 

appears to be a wide and otherwise empty discontinuity 
between the two groups of points. As Bauernfeind shows in 
his diagram, this anomalous point is dated at a time covered 
by the Harvard plates when no eclipse could be detected on 
them. We have tried to trace the origin of the Sonneberg 
point because it disappears in the later work. We suspect 
that it was obtained at the German research station in 
Windhoek, South Africa, and that it was rejected by Rahe & 
Schoffel (1976) owing to its low weight. The ephemeris 
determined by Bauernfeind (1968) turned out to be wrong 
for two reasons: first, his period is about one-half the true 
period-a common mistake in this kind of work; and 
second, as discovered by Rahe & Schoffel(1976), his period 
was incorrect by one-half a cycle over about 25,000 days. 

In April and May of 1975, photometric observations were 
made with the ESO 50 cm telescope at La Silla, Chile by the 
group at Remeis Observatory, Bamberg. Primary eclipses 
with an amplitude of 0.6 mag were observed (we will show 
later that these were in fact secondary eclipses). Combining 
all times of minima from plates taken at Boyden Observa- 
tory, South Africa, Mount John Observatory, New 
Zealand, Bauernfeind's (1968) results (minus the Sonneberg 
point), and the photoelectric times, Rahe & Schoffel(1976) 
determined an ephemeris of 

Min I = JD 2,414,862.585 + 3.776277E . 
(SAT) at ESO, La Silla, Chile. The original uvby observations may be 
obtained from the CDS. 5 0.012 + 0.000003 

Visiting Astronomer, Kitt Peak National Observatory, National 
Optical Astronomy Observatories, operated by the Association of Uni- The uncertainties are mean Their ephemeris 
versities for Research in Astronomy, Inc., under cooperative agreement are also displayed in an 0 - C diagram, again the 
with the National Science Foundation. periods of time covered by the Harvard plate collection and 
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We report times of minima of eclipsing binaries derived from photometric observations 
made by CI at  the Ege University Observatory in Turkey in Johnson B, V filters, and 
at the University of Arkansas (unfiltered CCD observations made by KkI). Heliocentric 
times of minima were estimated for each filter by using the method of Kwee and van 
Woerden (1956) as adapted to a Macintosh computer. The  adopted time of minimum 
was then the average over both filters for Ege data. In all cases the times of minima in 
different filters were concordant. Uncertainties in the times of minima were estimated 
from the values of standard error computed by the method and from differences in times 
derived from the various filters used. In Table 1, primary eclipses are designated as type 
1 eclipses, and secondary eclipses as type 2. 

Table 1 

Star J D  of Min - 2400000 Type Observatory Notes 
WFV Cam 51134.7232 f 0.0004 1 Arkansas 
V459 Cas 51144.6845 f 0.0005 1 Arkansas 
WW Cep 51141.6161 f 0.0005 2 Arkansas 1 
RFV Lac 51076.6925 f 0.0005 2 Arkansas 2 
V530 Ori 51199.2593 f 0.0005 1 Ege 3 
BP Vul 51063.6717 & 0.0003 1 Arkansas 

51 128.645 f 0.005 2 Arkansas 
51 129.646 f 0.001 1 Arkansas 

Notes: 
1. The period listed in the GCVS is almost exactly 113 of the true period found by 

Torres (1998) from spectroscopic observations as 4.600843 f 0.000054 days. From dates 
of minima found in the eclipsing binary minima database a t  the web site 

http://www.oa.uj.edu.pl/ktt/index.html 
we find 

Min I = 4.600841 x n + 2449215.4631. 

From the zero epoch in the GCVS and our observation, assuming a circular orbit (con- 
sistent with published dates of minima), we find a period of 4.600849 days, in agreement 
with the spectroscopic value. The  origin of the error in the GCVS period is unknown. 



ABSTRACTS 1401 

cal Novae at Apache Point Observatory 

ohnson, J J Hoffman, T. E. Harr~son (NMSU) 

e have an ongoing program of observing current and past classical 
using the 3.5m telescope at the Apache Point Observatory. We have 
ed both high and low resolution optical spectra, and infrared spectra. 
resent samples of our datasets, including a time-series of high resolu- 

spectra of Nova Cas 1995, and spectra of Nova Sco 1997 and CI Cam 
g outbursts, as well as other recent novae. We discuss the differences 
imilarities of the objects we have observed. 

Spectroscopic Parallaxes of Three Dwarf Novae 

: pre- , 
Hamson, B J McNamara (NMSU), P Szkody (U. Wash.), A. 
ola (UCO L~ck), R. L. Gill~land (STScI) 

ns are discussed in the context of the application of this dia- 
nosity classification. 

-Dependent SPH Simulation Time Series of Superhump 

and is dominated by higher frequencies which 
tions of the orbital and superhump period - i.e., 

which are fully three-dimensional, reveal a low-density bulge normal to the 
midplane In the disk sector undergoing the largest oscillations. This hulge 
precesses at the disk precession frequency of - 30-100 orbits, and may 
explain the color changes observed on the precession timescale in high- 
inclination systems. 

Session 102: Binary Stars 
Display Session, 9:20am-4:OOpm 
Exhibit Hall 1 

Bull. Am. Astron. Soc, Vol. 30, p.1401 

V907 Sco Eclipses Turn On and Off and On and Off 

C.H.S. Lacy (U. Arkansas), B.E. Helt (Niels Bohr Inst.), L.P.R. Vaz 
(UFMG) 

V907 Sco is discovered to be unique among all known eclipsing binary 
stars because its eclipses have turned on and off twice within modem his- 
tory. The system is at least a triple star consisting of a (sometimes) eclipsing 
binary star (B9.5V) with an orbital period of 3.78 days, and a faint, distant 
companion with an orbital period of 99.3 days. Radial velocity measure- 
ments allow the masses to be estimated. Because the orbital planes of the 
eclipsing binary and its triple companion are not co-planar, the orbital plane 
of the eclipsing binary shows nodal regression with a period of 68 years. For 
about 113 of this time, the close binary is eclipsing. The earliest observations 
of the system in the year 1899 show eclipses; the eclipses stopped about 
1918, started again about 1963, and stopped again in about 1986. We predict 
that the eclipses should start occurring once again in the year 2030. 

Cool Companions to Hot White Dwarfs 

P.J. Green (SAO), B. Ali (U. Rochester) 

We describe a near IR photometric search for cool red dwarf companions 
to hot white dwarfs (WDs). IR photometry offers a sensitive test for low 
mass main sequence (MS) companions, and our sample of EUV-detected 
WDs offers a threefold advantage over previous (largely proper motion- 
selected) samples: (1) the high WD temperatures insure excellent IR flux 
contrast with cool dwarfs (2) the range of evolutionary parameter space 
occupied by the WDs is considerably narrowed and (3) the random effects of 
the intervening ISM provides a complete but reasonably-sized sample. 

We use detailed DA model atmosphere fits to optical spectra to predict 
WD K magnitudes and distances, against which we contrast our near IR 
observations. Our photometric survey reveals several DAs with a K excess, 
which is most likely caused by a cool, low mass dwarf companion. A few 
such composites have been found optically among WDs detected in recent 
EUV All-Sky Surveys. However, IR techniques can probe further down the 
MS, and to wider separations, where a significantly 1- number of com- 
panions is expected. 

Systems showing an IR excess will be followed up to determine the mass 
and spectral type of the cool companions, leading to better estimates of 1) 
the low mass MS luminosity function (2) the fraction of WDs with MS 
companions and (3) the mass ratio distribution in binaries. WD+MS systems 
are the progenitors of novae, CVs, symbiotics, Ba and CH giants, Feige 
24-type systems, dwarf carbon stars, and other interacting binaries. 
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Radial velocities have been measured on 27 spectrograms obtained with the Kitt Peak 
National Observatory coude-feed CCD spectrometer between May 1989 and May 1999. A 
typical spectrogram is shown in Fig. 1. Radial velocities were obtained by cross-correlation 
with suitably broadened spectra of the radial velocity standard P Vir (RV = 4.3 knl/s, 
Mayor & Maurice 1985). The radial velocities are listed in Table 1. 

We have adopted an eclipse ephemeris based on the dates of minima of Mallama (1980) 
and Hanzl (1991): 

Min I = 22992599n + JD 2447967.4134 
~0.0000005 4~0.0004 

We have fitted a circular spectroscopic orbit, given in Table 2. The fitted orbit is displa,yed 
in Fig. 2. The residuals from both the primary and secondary orbits were 1.1 km/s. We 
have combined our spectroscopic orbits with the photometric orbit of Clement et al. 
(1997); the results are shown in Table 2. 

Table 1: Heliocentric radial velocities of ZZ UMa. 

RV (km/s) 
HJD - 2400000 Prirnarv Secondarv 

RV (km/s) 
HJD - 2400000 Primarv Secondarv 
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Lacy (1997) reanalyzed the photometry of Giilmen et al. (1988) and combined the 
results with his spectroscopic orbit to determine the absolute properties of this triple star. 
He found anomalies in the absolute properties of this system. The primary component 
appeared to be very small for its mass, and the secondary appeared to be less massive, 
but considerably larger than the primary, which seemed to imply it might be a pre-main- 
sequence object. A new set of B, V light curves is now available for this system. They 
were obtained at the High Altitude Maidanak Observatory in Uzbekistan with a 0.6-m 
reflector. Times of minima derived from these data have been reported (Lacy et al. 1998). 
From these times of minima and those of Giilmen et al. (1988) we find an improved 
ephemeris: Min I = 2.80538720(60)n + 2450305.3731(20), where the uncertainty in the 
last digits is shown in parentheses. We have now fit an orbit to these new data and find 
significant differences with the previous photometric orbit. 

The new data were analyzed with the NDE model (Etzel 1981, Popper & Etzel 1981) 
as were the older data. The results are presented in Table 1 and shown in Fig. 1 and 2. 

Table 1: Analyses of V909 Cyg Light Curves 

Parameter Ciilmen et al. (1988) Data Maidanak Data 
B V B V 

r~ 0.117 f 0.002 
k 1.01 f 0.04 
2 (deg) 89.1 f 0.2 
LA 0.447 f 0.016 
LC 0.230 f 0.008 
u A 0.550 
U B  0.599 
s.e. (mag) 0.010627 
N 720 
Note: LA + LB + LC = 1. 

Some of the parameters are consistent across all analyses: the orbital inclination i, 
and the third light LC. All other parameters differ significantly. The ratio-of-radii, for 
instance, is less than 1 in the analysis of the newer data, which would remove the anomalies 
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ABSTRACT 
We present photoelectric observations in B and V, as well as spectroscopic observations of the 7.3 day 

period double-lined eclipsing binary V364 Lacertae. From the analysis of the light curves and the radial 
velocity curves we have determined the absolute dimensions of the components with high precision 
( 5  1%). The masses for the primary and secondary are M A  = 2.333 f 0.015 M, and M ,  = 2.296 f 0.025 
M , ,  respectively, and the radii are RA = 3.307 + 0.038 R ,  and R, = 2.985 + 0.035 R,.  We derive also 
effective temperatures of T$ = 8250 + 150 K and T:ff = 8500 + 150 K, and projected rotational veloci- 
ties of oA sini = 45 + 1 km s-' and u, sini = 15 f 1 km s-'. Evolutionary tracks from current stellar 
evolution models are in good agreement with the observations for a system age of logt = 8.792 
(6.2 x lo8 yr) and for solar metallicity. Hints of a lower metallicity from spectroscopy and photometry 
appear to be ruled out by these models, but a definitive comparison must await a more accurate spectro- 
scopic abundance determination. Analysis of all available eclipse timings along with our radial velocities 
of this moderately eccentric system (e = 0.2873 + 0.0014) has revealed a small but significant motion of 
the line of apsides of 6 = 0.00258 + 0.00033 deg cycle-', corresponding to an apsidal period of 
U = 2810 f 360 yr. The contribution from general relativity effects is significant ( -  17%). A comparison 
with predictions from interior structure models shows the real stars to be less concentrated in mass than 
expected. Our measurements of the projected rotational velocities indicate that the primary star is essen- 
tially pseudosynchronized (synchronized at periastron), while the secondary is spinning 3 times more 
slowly and is not yet synchronized. Both the rotational status of the stars and the nonzero eccentricity of 
the orbit are consistent with the predictions from tidal theory, specifically for the radiative damping 
mechanism. 
Key words: binaries: eclipsing - binaries: spectroscopic - stars: evolution - 

stars: fundamental parameters - stars: individual (V364 Lacertae) 

1. INTRODUCTION 

Detached double-lined eclipsing binaries provide an 
opportunity to determine the physical properties of stars 
with high accuracy and high precision, most importantly 
the mass and the radius. When those determinations are 
such that the uncertainties are 5 1% and when supplement- 
ed with accurate measurements of the metal abundance, the 
observations allow for critical tests of stellar evolution 
theory that offer important insight into issues such as the 
opacities and the treatment of convection, among others 
(Andersen 1991, 1998). There are currently a few dozen 

Some of the observations reported in this paper were obtained at the 
Multiple Mirror Telescope Observatory, a facility operated jointly by the 
University of Arizona and the Smithsonian Institution. 

Visiting astronomer, Kitt Peak National Observatory, National 
Optical Astronomy Observatories, which is operated by the Association of 
Universities for Research in Astronomy, Inc., under cooperative agreement 
with the National Science Foundation. 

cases suitable for this type of test, distributed across much 
of the H-R diagram. Additional information is available in 
eccentric systems that show apsidal motion. These cases 
allow one to probe the interior structure of the stars and to 
compare findings with predictions from theory regarding 
the degree of mass concentration. In favorable systems both 
the classical terms of the apsidal motion and the general 
relativistic contributions can be tested. Another aspect of 
theory that can be confronted with observations is that of 
tidal evolution. Tidal forces tends to circularize the orbits 
and to synchronize the rotation of the components with the 
orbital motion, and they are very sensitive to the dimen- 
sions and the internal structure of the stars. The binary 
system discussed in this paper is particularly interesting in 
that it can serve to test each of the above-mentioned areas 
of theoretical modeling. 

V364 Lac (also HD 216429, HIP 112928, BD + 37 4713, 
SAO 72799; V = 8.3-9.0, a = 22h52m14?8, 6 = +38"44'45", 
epoch and equinox 52000.0) was discovered as a photo- 



THE ASTRONOMICAL JOURNAL. 115: 801-808,1998 February 
0 1998,TheArncrican Astr~nomicnl Sacicty. All rights reserved. Printed in U.S.A. 

ABSOLUTE DIMENSIONS AND MASSES O F  V541 CYGNI AND THE GENERAL THEORY 
O F  RELATIVITY 

CLAUD H. SANDBERG LACY~ 
Department of Physics, University of Arkansas at Fayetteville, Fayetteville, AR 72701; clacy@comp.uark.edu 

Received 1997 July 28; revised 1997 October 13 

ABSTRACT 
Absolute dimensions and masses of V541 Cyg (B9.5 V + B9.5 V) have been computed from its first 

spectroscopic orbit and the excellent light curve published by Khaliullin in 1985. This binary has a long 
period (15.34 days) and a highly eccentric orbit (e = 0.479), with very small stars relative to their separa- 
tion. It shows apsidal motion of 0350 + 0 3 0  per 100 years, significantly slower than the rate predicted 
by theory LO239 _+ 0 x 3  (100 yr)-'1. In this system the rate of apsidal motion due to general relativistic 
effects is 5 times that from the classical Newtonian causes (tidal and rotational distortions of the stars). 
The discrepancy in the apsidal motion rate is difficult to explain, and is in the same sense as the discrep- 
ancies found for two other eclipsing binaries, DI Her and AS Cam, in which the relativistic contributions 
to apsidal motion are also significant. 
Key words: binaries: eclipsing - stars: individual (V541 Cygni) 

1. INTRODUCTION 

The eclipsing binary V541 Cygni (= BD + 30'3704; B9.5 
V + B9.5 V, V = 10.35, B- V = 0.35) is a detached pair of 
stars with a highly eccentric orbit (e = 0.479) and a long 
orbital period (15.34 days). Its variability was discovered by 
Kulikowski (1948), who also realized that its orbit must be 
eccentric (Kulikowski 1953). Photographic observations of 
the system were obtained by Karpowicz (1961) and 
Wachmann (1961). McCuskey & Seyfert (1950) measured 
the spectral type outside eclipse as AO. Khaliullin (1985) was 
the first to obtain a photoelectric light curve of V541 Cyg 
and analyze it. The light curve consists of 531 observations 
in the V band. My reanalysis of this light curve (discussed 
below) confirms Khaliullin's photometric orbit. Khaliullin 
(1985) estimated the rate of apsidal motion from his own 
observations of times of minima and from times of minima 
obtained by reanalysis of the photographic observations of 
Karpowicz (1961). He estimated a rate of apsidal motion of 
0 9 0  +_ 0 2 3  per 100 years based on these two epochs, not 
significantly different from the rate predicted from theory. 
My own results, discussed below, and those of Wolf (1995) 
and Guinan, Maley, & Marsha11 (1996), which are based on 
more numerous accurate eclipse timings than were avail- 
able to Khaliullin, show that the observed rate of apsidal 
advance is significantly slower than initially estimated by 
Khaliullin (1985) and is, in fact, significantly slower than 
expected by theory. 

Spectrograms obtained from 1984 to 1994 at McDonald 
Observatory and at Kitt Peak National Observatory 
(KPNO) are analyzed below, and the spectroscopic results 
have been combined with the photometric results to yield 
for the first time the absolute properties of the system. Accu- 
rate times of minimum from photoelectric or CCD observ- 
ations have been analyzed to determine the apsidal motion 
rate observed for this system. When this rate is compared 
with the theoretical rate expected due to classical and 
general relativistic causes, it is found that there is a discrep- 

' Visiting Astronomer, Kitt Peak National Observatory, National 
Optical Astronomy Observatories, operated by the Association of Uni- 
versities for Research in Astronomy (AURA), Inc., under cooperative 
agreement with the National Science Foundation. 

ancy, in that the observed rate is significantly slower than 
predicted. This discrepancyis in the same sense as two other 
results for eclipsing binaries in which the relativistic contri- 
bution to the apsidal motion is significant, DI Her and AS 
Cam (Guinan & Maloney 1985; Maloney, Guinan, & Muk- 
herjee 1991 ; Guinan, Marshall, & Maloney 1994). Since the 
general relativistic rate is 5 times the classical rate in this 
system, suspicion falls on the general theory of relativity, an 
otherwise well confirmed theory. 

2. LIGHT-CURVE REANALYSIS AND COLOR INDICES 

I deemed it prudent to reanalyze the light curve of 
Khaliullin (1985) with the NDE method of Etzel(1981) and 
Popper & Etzel (1981). The first element needed in the 
analysis was an estimate of the effective temperature of the 
system. Khaliullin's (1985) results indicated that the two 
stars have very nearly the same effective temperature. The 
Q-method of Johnson & Morgan (1953) was used with the 
all-sky UBV indices of Lacy (1992a) to determine an unre- 
ddened color index of (B - V), = -0.034 $ 0.005, corre- 
sponding to a spectral type of B9.5 V (EB-, = 0.069 
+ 0.009, Av = 0.22 + 0.03) and to an effective temperature 
of 9940 +_ 60 K (Popper 1980), consistent with the estimate 
by Guinan et al. (1996) of 9900 $400 K. The adopted UBV 
indices of Lacy (1992a) do not agree with those of Khaliullin 
(1985), who derived from his photometry spectral types of 
B8.5 V + B8.7 V for the components. This result of 
Khaliullin (1985) is certainly wrong since my spectrograms 
of the system show only a faint hint of the 4471 A He I line, 
which is well developed in stars of spectral type B9 V and 
earlier (see Fig. 6 below). I conclude that the UBV indices of 
Khaliullin (1985) are seriously in error. 

Auxiliary quantities needed in the analysis include a con- 
vective gravity-brightening coefficient, from Martynov 
(1973 ; 0.18), and a limb-darkening coefficient, from Wade & 
Rucinski (1985; 0.41). The eclipse ephemeris of Khaliullin 
(1985) was used to compute phases. The NDE program 
converged successfully, but there was a slight but significant 
lack of fit in the minima. This lack of fit was eliminated 
when the limb-darkening parameter was allowed to vary. 
The average residual decreased from 0.011883 to 0.011863 
mag as a result of the improved fit within minima. Param- 
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motely, and filters, field of view and exposure times can be changed easily. 
m e  Microobservatory Net consists of five of these telescopes. They are 
being deployed around the world at widely distributed longitudes for access 
to distant night skies during local daytime. Remote access to the MicroOb- 
;ervatories over the Internet has been available to select schools since 1995. 
me telescopes can be controlled in real time or in delay mode, from any 
computer using Web-based software. Individuals have access to all of the 
telescope control functions without the need for an on-site operator. After a 
Microobservatory completes a job, the user is automatically notified by 
e-mail that the image is available for viewing and downloading from the 
Web site. Images are archived at the Web site, along with sample challenges 
and a user bulletin board, all of which encourage collaboration between 
schools. The Internet address of the telescopes is http://mo- 
w~w.harvard.edu/MicroObservatory/. 

The telescopes were des~gned for classroom lnstructlon by teachers, as 
well as for use by students and amateur astronomers for onglnal scientlfic 
[esearch projects In this talk, we w~l l  review some of the experiences we, 
students and teachers have had In using the telescopes. 

Support for the MicroObservatory Net has been provided by the NSF, *$ ~ p p l e  Computer, b c ,  and Kodak. Inc. 

:@ R. L. Mutel (Un~vers~ty of Iowa) 

The University of Iowa has recently completed construction of a 0.5m 
fully robotic telescope in southern Arizona. The telescope is computer con- " trolled and is operated from campus in Iowa City via the Internet. It is 

11. primarily used by undergraduates in astronomical laboratory projects and for 
;-research projects such as asteroid rotation studies, supernova searches and 

binary star light curves. A typical night's observing consists of 600-800 
,images generated from 30-50 separate observing programs. On clear nights 

;. we typically reach a limiting magnitude V - 19.5 in 30 seconds with a 
:ing disk of FWHM - 2.5 arcsec. I will describe our experience in using 

:,, i s  facility as part of the undergraduate laboratory curriculum as well as for 

Binary Star Software for Teaching 

-C.H.S. Lacy (U. Arkansas) 

programs are available to teach binary star 
orbital phase, eclipsing binary star, dates of 
tricity, longitude of periastron, orbital incli- 
ing seasons. These programs may be used in 
for personal use. Both student manuals and 

In physics, the computer allows us to secure data for experi- 
, by their nature, may not be amenable to human interaction. 

which hides the fundamental nature of the experiment, or data sampling 
which would need a specialized probe, such as for acid rain. This innovation 
has become possible only recently, due to the availability and affordability of 
sophisticated computer hardware and software. We have developed a labo- 
ratory experience for non-scientists who need an introductory course in 
astronomy or physics. Our approach makes extensive use of computers in 
this laboratory. Using commercially available software, the students use the 
computer as a time machine and a space craft to explore and rediscover 
fundamental science. The physics experiments are classical in nature, and 
the computer act? as a data collector and presenter, freeing the student from 
the tedium of repetitive data gathering and replotting. In this way, the student 
is encouraged to explore, to try new things, to refine the measurements, and 
to discover the principles underlying the observed phenomena. 

Introducing the AAS Education Office Online 

D. K. Duncan, G. Brissenden (AAS Education Office). T. F. Slater (Mon- 
tana State U., Bozeman) 

The AAS Education Office has just placed its new interactive web site 
online. The web site features resources to support AAS members creating 
effective Education and Public Outreach plans, an interactive database to 
search and add high-quality educational resources useful to AAS members, 
an annotated bibliography of research in astronomy education, an automated 
name exchange to link astronomers interested in education with teachers 
needing partner scientists, and reports and programs from the AAS Educa- 
tion Office. 

Simulations in the Introductory Astronomy Laboratory: Six Years of 
Project CLEA 

L.A. Marschall (Gettysburg College) 

Since 1992. Project CLEA (Contemporary Laboratory Experiences in As- 
tronomy) has been developing introductory computer-based exercises aimed 
at the introductory astronomy laboratory. These exercises simulate important 
techniques of astronomical research using digital data and Windows- based 
software. Each of the 9 exercises developed to date consists of software, 
technical guides for teachers, and student manuals for the exercis6s. CLEA 
software is used widely at many institutions, and at a variety of setting from 
middle school to upperclass astronomy classes. The current design philoso- 
phy and goals of Project CLEA will be discussed. along with the results of 
both formal and informal assessments of the strengths and weaknesses of is 
approach. Plans for future development will be presented. Project CLEA is 
supported by grants from Gettysburg College and the National Science 
Foundation 

Session 92: Clusters of Galaxies 
Oral Session, 2:OO-3:30pm 
Room 9 (A and B) 

Projection, Correlation, and Anisotropy in the Abell Catalog 

C. Miller, K. Slinglend, D. Batuski (UMaine), J. Hill (Steward Obs.) 

An analysis of R > 0 Abell clusters is presented for samples containing 
recent redshifts from the MX Northern Abell Cluster Survey. The newly 
obtained redshifts from the MX Survey, as well as those from the ESO 
Nearby Abell Cluster Survey (ENACS), provide the necessary data for spa- 
tial analyses of the largest (in number and in volume) sample of rich clusters 
in the entire sky (excluding the galactic plane). The MX Survey, undertaken 
primarily to provide data for large-scale structure studies, has also provided 
a large compilation of galaxy redshifts within Abell cluster fields for the 
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TIMES OF MINIMA OF ECLIPSING BINARIES 
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We report times of minima of eclipsing binaries derived from photometric observa- 
tions made a t  the High Altitude Wlaidanak Observatory in Uzbekistan in Johnson B,V 
filters, and a t  the University of Arkansas (unfiltered CCD observations; all but one of the 
Arkansas minima were observed by JLC). Heliocentric times of minima were estimated 
for each filter by using the method of Kwee and Van Woerden (1956) as adapted to a 
Macintosh computer. The adopted time of minimum was then the average over both 
filters for Maidanak data. In all cases the times of minima. in different filters were concor- 
dant. Uncertainties in the times of minima were estimated from the values of standard 
error computed by the method and from the differences in times derived from the various 
filters used. In Table 1, primary eclipses are designated as type 1 eclipses, and secondary 
eclipses as type 2. 

Table 1 

Star J D  of blin -2400000 Tvpe Observatorv 

KP Aql 50670.6586 f 0.0008 1 Arkansas 

WW Cam 50319.3520 f 0.0005 2 Maidanak 
50667.3343 f 0.0004 2 Maidanak 
50675.3063 f 0.0005 1 Maidanak 
50843.6054 f 0.0002 1 Arkansas 
50852.7028 f 0.0003 1 Arkansas 
50868.6209 f 0.0004 1 Arkansas 

AY Cam 50847.7598 f 0.0004 1 Arkansas 

IT Cas 50848.6032 f 0.0009 1 Arkansas 

PV Cas 50321.4771 f 0.0006 2 Maidanak 

V459 Cas 50307.3162 f 0.0005 1 Maidanak 

EK Cew 50311.3135 iz 0.0004 1 Maidanak 
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ABSTRACT 

Accurate masses and rahi have been determined from new spectroscopic observations and previously 
published photometric orbits of YY Sgr (B5fB6) and V526 Sgr (B9.5+A2), two Southern eclipsing 
binaries with eccentric orbits and measured apsidal rotation. The measured properties, incluhng apsidal 
rotation rate, are compared with recent theoretical predictions. The models indicate ages near 30 million and 
200 million years for YY Sgr and V526 Sgr, respectively. The agreement between theory and observations 
is not entirely satisfactory for V526 Sgr. O 1997 American Astronomical Society. 
[SOOW-6256(97)01803-71 

I. INTRODUCTION 

YY Sgr (B5fB6) and V526 Sgr (B9.5+A2) are Southern 
eclipsing binary stars whose orbits have been known to be 
eccentric and to exhibit apsidal motion since early in this 
century. I have previously summarized their history and ma- 
lyzed recent photometric observations and dates of minima 
(Lacy 1993a. 1993b). A complete comparison with theoreti- 
cal predictions of the stars' properties could not be made 
before spectroscopic orbits were determined. These orbits are 
analyzed below and a comparison with theory is carried out. 

2. OBSERVATIONS AND ANALYSIS 

The radial velocity observations have been made with a 
variety of telescopes and coude spectrometers at McDonald 
Observatory and Kitt Peak National Observatory (KPNO); 
these include a Digicon detector at McDonald Observatory 
and various CCD detectors at KPNO. The McDonald Obser- 
vatory 2.7 m observations are the earliest ones, ending in 
1983 August. At KPNO the 2.1 m reflector was used from 
1983 August to 1985 December, and the coude-feed tele- 
scope after that. The detection of doubled lines was an- 
nounced by Lacy (1984. 1985). The measured spectra typi- 
cally covered about 10 nrn centered at a wavelength of 450 
nm, and at a resolution of about 0.03 nm. Typical spectra are 
shown in Figs. 1 and 2. Wavelengths were calibrated with 
comparison spectra (Fe-Ne or Th-Ar). Radial velocities were 
extracted by using the IIUF cross-correlation routine 
FXCoR ( T o m  & Davis 1979). The comparison star used was 
o Peg (HR 8641, A1 V), for which a radial velocity of 8.4 
km/s was adopted, based on measurements of Fekel (1990). 
Rotational velocities ( u  sin i) of the components were esti- 

'visiting Astronomer, Kin Peak National Observatory. National Optical As- 
tronomy Observatories, operated by the Association of Universities for Re- 
seach in Astronomy. Inc.. under conhact with the National Science Foun- 
dation. 

1091 Astron. J. 113 (3). March 1997 0004-6256/9; 

mated by comparisons with artificially broadened profiles of 
o Peg; these are listed in Tables 1 and 2. All cross-corre:ation 
analyses used comparison star profiles artificially broadened 
to match that of the variable stars. The measured radial ve- 
locities are listed in Tables 3 and 4. Amplitudes of the radial 
velocity curves were then fitted by using a progrim of 
Daniels (1966). Auxiliary quantities such as the eccen~r~city, 
longitude of periastron, anomalistic orbital period, and rate 
of apsidal motion were fixed at values derived :.. . . :' tvinus 

analyses (Lacy 1993a. 1993b). Residuals from these frrs arc 

given in Tables 3 and 4, and displayed in Figs. 3 and 4. 
Orbital parameters are shown in Tables 1 and 2. Residual 
standard errors were 5.7 and 8.3 km/s for the primary and 
secondary of YY Sgr, and 6.1 and 4.9 km/s for V52f Sg .  
The center-of-mass velocities of the primary and secol~dary 
component of YY Sgr may be significantly different, which 
is unexpected and unexplained. 

85 
I 

W Sgr 4 - 
U6 117 W 449 L50 451 (52 453 4 9  

Wavelength (nm) 

FIG. 1. Typical spectrum of W Sgr. The exposure was made with KPSO 
coude-feed spectrograph on 1994 May 16 and lasted 1 hour. me rnosr 
prominent features are the doubled lines of He I at 4471 A and Mgn 
at 4481 A. 

111 13(3)/1091/4/$10.00 6 1997 Am. Astron. Soc. I f ~ Y l  
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ABSTRACT 

.rr Ceti (HR 81 1, B7 V) has been known to be variable in its radial velocity for almost a century, but its 
relatively long period and small amplitude have conspired against a determination of its orbit. We have 
combined in an optimal fashion observations from early in this century with modem measurements to find 
the spectroscopic orbit with high accuracy. The orbit has a period of 7.45 years and a semiamplitude of 4.3 
M s .  The measured eccentricity of e =0.00?0.07 is indistinguishable from circular, surprising for such a 
long period. The 76 radial velocity observations available extend over 12 cycles of the orbit. O 1997 
American Astronomical Society. [S0004-6256(97)00303-81 

1. INTRODUCTION 

The first observation of the radial velocity of .rr Ceti (HR 
81 1, B7 V) was made at Lick Observatory with the Mills 
spectrograph on the 36-inch refractor on 1903 October 20 
(Table 1). The variability of its radial velocity was suspected 
by J. H. Moore after the third plate, taken nearly two years 
later, showed a significant change in radial velocity. A fourth 
plate, taken a year after that. confirmed the variability. The 
variability was announced by Campbell & Albrecht (1909) 
and by Campbell (1910). The early observations at Lick 

'visiting Astronomers, Kin Peak National Observatory, National Optical 
Astronomy Observatories, operated by the Association of Universities for 
Reserach in Astronomy. Inc., under contract with the National Science 
Foundation. 

were published by Campbell (1928). and those of the Yerkes 
observers by Frost et al. (1926), who surmised that the am- 
plitude of variability was probably small. 

.rr Ceti has often been used as a late-B reference star in 
photometric and spectrophotometric studies (Manfroid et al. 
1995; Griffin et al. 1993; Smith & Dworetsky 1993; Bas- 
tiaansen 1992; Roby & Lambert 1990; Cousins 1989; Kilk- 
enny & Menzies 1986). The best determination of its spectral 
type is that of Garrison & Gray (1994), who have classified it 
as B7 IV. From high-resolution spectrograms Adelman 
(1991) confirmed that it is a relatively normal late-B star 
with mostly near-solar abundances. Its spectrum is relatively 
narrow lined with a v sin i value of about 19 M s  (Day & 
Warner 1975; Hoffleit 1982; Adelrnan 1991). It is a weak 
x-ray source (Cash et al. 1979; Cash & Snow 1982; Grillo 
et al. 1992). 

1088 Astron. J. 113 (3). March 1997 0004-6256/97/113(3)/1088Ml$10.00 O 1997 Am. Astron. SK. 1088 
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ABSTRACT 

V909 Cygni is found to be a triple star (AO+AZ+Al) with some anomalous properties. The AO+A2 
eclipsing binary has a very small primary for its mass, although, within the observational errors, it is not 
inconsistent with a zero-age star according to some models. The secondary star of the eclipsing binary, 
however, is less massive but considerably larger than the piimary. Since the binary is well detached, mass 
exchange looks unlikely as an explanation. It may be that the secondary is a pre-main-sequence object. The 
observed rotational velocities are significantly faster than synchronous, which would be expected if the 
secondary star were as young as a pre-main-sequence object. This system deserves further study. 1997 
American Astronomical Society. [S0004-6256(97)025 1 1-91 

1. INTRODUCTION 

The eclipsing binary V909 Cygni=BD+27"3441 (AO, 
P=2.80 days, V=9.505 mag) is a detached close binary. Its 
variability was discovered photographically by Wachmann 
(1963). Photoelectric light curves in B and V filters were 
obtained and analyzed by Gulrnen et al. (1988). These au- 
thors could not obtain convergent photometric solutions us- 
ing the WINK computer program (Wood 1971). but pro- 
duced a grid of solutions by assuming values of the radius 
ratio k consistent with preliminary estimates of the luminos- 
ity ratio based on some spectrograms of this author. I have 
reanalyzed the photoelectric observations by using the NDE 
model (Etzel 1981; Popper & Etzel 1981). This analysis re- 
vealed that a good fit to the photometry can only be obtained 
by assuming the existence of a significant amount of third 
light. Thus it appears that the V909 Cyg system is at least 
triple. Spectrograms obtained at McDonald Observatory and 
at Kitt Peak National Observatory have been analyzed and 
the results have been combined with those of the photometry 
to yield absolute properties of the system. As discussed be- 
low, the properties of the eclipsing binary appear to be 
anomalous relative to other eclipsing binary star results. and 
also anomalous relative to some theoretical predictions. 

2. REANALYSIS OF PHOTOMETRY 

The existing photometric observations were fitted with the 
NDE model. The first element needed in the analysis was an 
estimate of the effective temperature of the system. The 
Q-method of Johnson & Morgan (1953) was used with the 
main-sequence color indices of Deutschman et al. (1976) 

'Visiting Astronomer, Kin Peak National Observatory, National Optical As- 
tronomy Observatories. operated by the Association of Universities for Re- 
search in Astronomy. Inc. under contract with the National Science Foun- 
dation. 

and the all sky CrBV indices of Lacy (1992) to determine a 
Q-value of 0.026.fO.008 and an unreddened color index of 
(B - V)o=0.021 (+0.029-t0.016) corresponding to a spec- 
tral type of h l  (EB-v=0.123?0.03, Av=0.400 mag). An 
effective tempersture of 9350 K was adopted from the Pop- 
per (1980) calibration. Auxilliary quanlities needed for the 
analysis include convective gravity-brightening coefficients 
from Martynov (1973) (0.23 in B, 0.19 in V), and limb- 
darkening coefficients from Wade & Rucinski (1985) (0.53 
in B, 0.44 in V!. The eclipse ephemeris of Gulmen et al. 
(1988) was used to cornputc phases: Min I 
=2445204.3730~2.805399 E. The NDE program did not 
converge successlully, and limiting solutions indicated a se- 
rious lack of fit in the minima. The residual errors are sig- 
nificantly improved, however, by the addition of a third-light 
parameter to the models. The existence of a third light source 
in the system war therefore suspected. General solutions for 
the B and V l~ght curves including third light converged 
successfully (see Table 1). Spectroscopic information was 
available to limit the photometric solution in the B-band. 
Figure 1 shows a typical spectrogram of the V909 Cyg sys- 
tem. Absorption lines due a third component are not evident 
in any of my spectrograms, nor is a third component evident 
in the cross-correlation analysis for radial velocities. It is 
possible, however, that a third component does exist, but is a 
shallow broad line centered near the center-of-mass velocity, 
and causing only a shallow depression of the relatively nar- 
row eclipsing binary absorption lines. This possibility is not 
inconsistent with the appearance of the available spectro- 
grams. In the analysis to follow, I have assumed that the 
third component's spectral features are extremely broad due 
to rapid rotation, and do not produce systematic effects on 
the radial velocities. By comparison with line profiles of 
stars of similar spectral type and known rotational velocities 
it was found that the u sin i values for the components were 
3522  km/s for both the primary and the secondary compo- 
nent. These rotational velocities are significantly faster than 
the synchronous values of 26.420.3 and 28.4C0.6 km/s. 

2140 Asuon. 1. 114 (5) .  November 1997 0004-6256/97/114(5)/2140/5/$10.00 6 1997 Am. Astron. Soc. 2140 
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Accurate masses and radii have been determined from new spectroscopic observations and previously 
published light curves of AD Boo (F6+GO from the color indices). The measured properties are compared 
with recent theoretical models. The observed properties match the theoretical models at an age of about 1.3 
billion years. O 1997 American Astronomical Society. [S0004-6256(97)0 1504-51 

AD Boo (BDf 25" 2800, GO) was discovered to be an 
eclipsing binary by Strohrneier et al. (1963). but they incor- 
rectly assigned an orbital period near 1.0344 days, about half 
the uue period found by Zhai et al. (1982, 1983). The star is 
of special interest because its relatively late spectral type is 
rare among the eclipsing binaries. For this reason pipper 
(1993, 1996a) included it in his program which concentrates 
on low-mass eclipsing binaries. He has given preliminary 
values of the masses (1.37 and 1.17 solar masses) that are 
somewhat smaller than those of this study. The reason for the 
differences is unknown, but the differences may not be sig- 
nificant (see discussion below). 

2. OBSERVATIONS AND ANALYSIS 

The radial velocity observations have been made with the 
2.1 m reflector and the 1.0 m coude-feed telescopes and 
coude spectrometer at Kin Peak National Observatory 
(KPNO); these observations were made with a variety of 
CCD detectors and spectrometer configurations. The 2.1 m 
reflector was used from 1984 June to 1985 December, and 
the coude-feed telescope after that. The detection of doubled 
lines was announced by Lacy (1985). The measured spectra 
typically covered about 10 nm centered at a wavelength of 
642 nm, and at a resolution of about 0.03 nm. A typical 
specwogram is shown in Fig. 1. Wavelengths were calibrated 
with Th-Ar hollow cathode emission tubes. Radial velocities 
were extracted by using the IRAF cross-correlation routine 
FXCOR (Tonry & Davis 1979). The comparison star used 
was p Vir (HR 4540, F9 V), for which a radial velocity of 
4.3 kmls was adopted based on the work of Mayor & Mau- 
rice (1985). Rotational velocities (v sin i) of the components 
were estimated by comparisons with artificially broadened 
profiles of ,Q Vir; these estimates are listed in Table 1. and 

they are consistent with synchronous rotation of the compo- 
nents. All cross-correlation analyses used comparison star 
profiles artificially broadened to match those of the varial~le 
stars. comparison star observations used for the cross corre- 
lations were made during the same night as the variable star 
observation with which they were cross correlated. 

I have searched for systematic errors in my radial veloci- 
ties measured with FXCOR within and between obscpirg 
runs, such as those errors found by Popper & Jeong (1994). 
I found significant variations of, in the largest ~i,. ? A : ? ~ ' S  

in the radial velocity zero point of the run (referenced to a 

particular observation of /3 Vir) in measurements of bnght 
standard radial velocity stars (o Peg, L Psc, 5 Ser, 10 Tau, P 
Vir) between runs. No significant errors were found from 
night to night within an observing run. No significant differ- 
ences were found in calculating the velocities from a pixel- 
only cross correlation versus interpolating to a log-lambda 
scale before cross correlating. Standard errors in staildard 
star observations within a run averaged 0.2-0.7 km/s per 
observation using my adopted methods. 

Initially, each AD Boo spectrogram was cross corre:ated 
with the template (,Q Vir) to measure the radial velocltp. The 

AD Boo 
c , ~ ~ l , ' f , l , c , , l , q c , l ' , ~ , l L , , ~ l ~ , ~ ~ l ~  . 

W9 W 641 2 C-U 63 845 E4B €47 , 

Wavelength (nm) 
'Visiting AsBonomer, Kin Peak National Observatory. National Optical As- 
tronomy Observatories, operated by the Association of Universities for Re- 
search in Astronomy. Inc., under contract with the National Science Foun- FIG. 1 .  Typical specuum of AD Boo. The exposure was made w i l h  Lhr 
dation. KPNO 2.1 m coude spectrograph on 1985 July 2 and lasted 0.5 hours. 
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ABSTRACT 

SW CMa (BD -22" 1712, HD 54520) is a detached double-lined eclipsing binary with a very eccentric 
(e=0.3179) orbit and a long orbital period (10.09 days). New photometric and spectroscopic data have been 
obtained and analyzed. The results indicate that the binary consists of a pair of A5 main sequence stars with 
an age of about 700 million years, which puts the pair near the upper boundary of the main sequence band. 
The measured rate of apsidal motion due to relativistic and Newtonian causes is poorly determined by the 
available data, but is consistent with the theoretically predicted rate (U=14 000 years). O 1997American 
Astronomical Society. [S0004-6256(97)02706-41 

I. INTRODUCTION 

SW CMa (BD -22" 1712, HD 54520) was discovered to 
be an eclipsing binary by Hoffmeister (1932). Initial investi- 
gation was hampered by the facts that its period is relatively 
long (10.09 days), and is almost an integral multiple of a day 
(Floja 1937). Early spectroscopic work was done by Struve 
(1945) who found that the system was double-lined within a 
narrow phase interval during its orbit. He determined pre- 
liminary elements (e=0.50, y=+40 kmls, K, 
= 90 kmls, K2 = 90 kmts) with the note that "the elements 
do not represent the observations very satisfactorily." As 
will be shown below, his elements are not too far off the 
mark. He estimated the combined spectral type as A8. Em- 
ploying higher spectral resolution, Lacy (1984) found that 
the double lines could be resolved during much of the orbit. 
A number of photographic observations of dates of minima 
in the literature (Floja 1937; Wenzel 1952; Ziegler 1965) as 
well as more accurate photoelectric observations (Lacy & 
Fox 1994) are potentially valuable for determining the 
apsidal rotation period and putting observational constraints 
on the internal structure constants of the component stars. 

2. OBSERVATIONS AND ANALYSIS 

Differential and all sky photometric observations have 
been made from Cerro Tololo Inter-American Observatory 
with the 0.6 m Lowell telescope during the Southern Herni- 
sphere summers of 1993-4 and 1994-5. Photomultipliers 
with S-20 photocathodes were used with a set of UBV filters 
for all observations. Differential observations were made in 
B and V, and all-sky observations were made in U, B, and V. 
AlI-sky observations were calibrated with standard stars of 
LandoIt (1973). Observations and reductions were made in 
the same manner as described by Lacy (1992a, 1993a. 

- - 

'visiting Astronomer. Kin Peak National Observatory. National Optical 
Astronomy Observatories, operated by the Association of Universities for 
Research in Astronomy, Inc.. under contract with the National Science 
Foundation. 

1993b. 1993~).  Photometric data for the variable and com- 
parison stars are shown in Table I. Differential observations 
of the comparison and check stars showed no night-to-night 
variations at the level of 0.002 mag standard error. 

Differential photometric observations (428 per filter) are 
listed in Tables 2 and 3. From these it was possible to deter- 
mine accurate times of minima. These times of minima have 
been given by Lacy & Fox (1994). For computing orbital 
phases, I have adopted the eclipse ephemeris of Ziegler 
(1965), but with the zero epoch of Lacy & Fox (1994): 

HJD Min I= 10.091948n + 2449352.6453. 

The photometric observations have been analyzed with 
the Nelson-Davis-Etzel (NDE) model (Etzel 1981; Popper & 
Etzel 1981). Auxiliary quantities needed in the analysis in- 
clude gravity-brightening coefficients from Martynov (1973) 
(0.26 in B, 0.21 in V, convective) and limb-darkening coef- 
ficients from Wade & Rucinski (1985) (0.53 in B, 0.46 in V). 
The individual B and V light curves were analyzed, then 
mean values for the geometrical quantities were adopted and 
the radiative quantities were determined from these. The re- 
sults are given in Table 4 and shown in Figs. 1 and 2. 

Spectrographic observations were made from 1982 to 
1989 with a variety of coude spectrometers at McDonald 
Observatory and at Kitt Peak National Observatory. Detec- 
tors included Digicon and CCD arrays. Observations were 
made typically in a 10 nm band centered at 450 nm wave- 
length, with a spectral resolution of 0.03 nm. Wavelengths 
were calibrated with observations of Fe-Ne or Th-Ar hollow- 

TABLE I .  Photometric data for SW CMa and comparison stars. 

Star V B-V U-B Obs. 

SW CMa (variable) 9.126 0.189 0.189 5 

ffl.012 m.005 *.009 

-22' 4063 (comparison) 9.166 0.230 0.143 3 

fl.009 ffl.002 ffl.m 

-22' 4073 (check) 9.181 -0.037 -0.260 3 

39.006 fO.002 39.004 
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ABSTRACT 

The recently-discovered eclipsing double-lined spectroscopic binary V505 Persei (SAO 23229) consists of 
two nearly identical F5 main sequence stars in a 4.2 day orbit. We have obtained both spectroscopic and 
photometric observations of the binary that densely sample the complete cycle of radial velocity and light 
variations. These observations have been used to determine the elements of the orbit, to determine 
individual masses of the stars in the system to a precision of better than 1%. and to estimate an age for the 
system. The derived properties agree well with current stellar structure models and provide fundamental 
data for tests of stellar evolution theory. O 1997American Asrronomical Society. 
[SW-6256(97)00508-61 

Although one might have thought that all the bright, large 
amplitude variable stars had been discovered long ago, a 
number of these systems have been found in recent years. 
Among these is the 7th magnitude eclipsing binary star SAO 
23229 (V505 Persei; HD 14384; a(2000.0) = 0 2 ~ 2 1 ~ 1 2 . 7 ~  
6(2000.0)=54"30136"; V =  7.3), whose sizable eclipses (0.5 
mag in depth) were discovered by amateur astronomer 
Daniel Kaiser in 1989 September (Kaiser 1989; Kaiser er al. 
1990; MacRoben 1990). 

The initial observations of Kaiser suggested a photometric 
period of about 2.1 days. Subsequent spectroscopic observa- 
tions at the Oak Ridge Observatory of the Harvard- 
Smithsonian Center for Astrophysics (Marschall et al. 1990) 
revealed that the system was a double-lined binary with two 
components of approximately equal luminosity, and that the 
reported 2.1 day period, half the true period of 4.2 days, 

represented the time between nearly-equal secc.:>id,, :t 
primary eclipses. 

Such double-lined eclipsing binary systems are our pri- 
mary source of fundamental data on stellar masses and a 
powerful tool for testing theories of stellar structure and evo-. 
lution (Andersen 199 1 ; Latharn et al. 1996). Since V503 Per- 
sei was so bright, it was clear that this could be a valrtable 
target for a highly-precise mass determination. Therefore, in 
1990, a program of spectroscopic radial velocity observa- 
tions was begun by two of the authors (Marschall and Ste- 
fanik) at the Center for Astrophysics (CfA), whlle photomet- 
ric observations were undertaken by two other authors 
(Williams and Agerer). 

2. SPECTROSCOPIC OBSERVATIONS AND ANALYSIS 

Sixty-three spectra of V505 Persei were obtained between 
1990 February and 1992 August using CfA echelle spcctro- 
graphs mounted on the 1.5 m Wyeth Reflector at the Oak 
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ABSTRACT 

Accurate masses and radii have been determined from new spectroscopic and photometric observations and 
from previously published photometric observations and times of minima of this pair of F5 V stars. 
Previous reports of 6 Scuti variations by the components appear to be erroneous. IT Cas has an eccentric 
orbit, but existing observations cover too small a fraction of the apsidal motion variations to fit an accurate 
apsidal period, which is estimated to be 2200 years based on theoretical models. These models give an age 
near 2 billion years for the binary star. There is a small amount of color excess due to interstellar reddening. 
O 1997 American Astronomical Sociefy. [S0004-6256(97)04109-51 

I .  INTRODUCTION 

The eclipsing binary IT Cas (F5, P=3.90 days, e 
=0.085, V= 11.15 mag) is a detached main-sequence sys- 
tem. The hlstory of the scientific study of IT Cas has been 
summarized recently by Holmgren & Wolf (1996). Only one 
modem photoelectric light c w e  of IT Cas has been pub- 
lished (Khaliullin & Kozyreva 1989), and phase coverage of 
that one was very sparse, consisting almost entirely of obser- 
vations on only 2 nights. No radial velocity curves of the 
system have been published previously. We have obtained 
new photoelectric light curves in U, B, V, and R filters and 
an accurate radial velocity curve. We analyze the existing 
data below. As a result of our analysis, we now know the 
absolute properties of this system very accurately. 

2. OBSERVATIONS AND ANALYSIS 

New light curves in Johnson B ,  V, U, and R filters have 
been obtained with the 1.0 and 0.6 rn reflectors at the Maid- 
an& Observatory, located in the mountains in the south of 
Uzbekistan at an altitude of 2600 m. These observations are 
listed in Tables 1-4. The magnitudes and color indices are 
based on comparisons with photometric standards in Se- 
lected Area 112 (Landolt 1983). The comparison star used in 

'Some of the observations reported here were obtnined with the Multiple 
Mirror Telescope, a joint facility of the Smithsonian Institution and the 
U~vers i ty  of Arizona. 
2Visiting Astronomer, Kin Peak National Observatory, National Optical As- 
aonomy Observatories, operated by the Association of  Universities for Re- 
search in Astronomy. Inc. under contract with the National Science Foun- 
dation. 

the differential photometry was BD+ 50'4121. Heliocentric 
dates of minima were extracted from these data by using the 
method of Kwee & van Woerden (1956) as we have done 
previously (Lacy et al. 1995). These new dates are listed in 
Table 5. The average eclipse ephemeris between 1982 and . 
1995 is Min I= 24451 67.3157+ 3.8966494n based oq the 
zero epoch of Khaliullin & Kozyreva (1989). Table 5 also 
lists observed times of minima previously published \Ve 
have tried to estimate the accuracy of these dale.; 1.; ;'TT 

published results and our previous experience. The date:: ;.:I& 

uncertainties have been analyzed with the method of Lacy 
(1992b). Our results are listed in Table 6 and shown in Fig. 
1. The solution was somewhat sensitive to the size of the ,': .: 

. . 
finite differences used to estimate partial derivatives it1 the . , . 
numerical algorithm, but the solution listed in Table 6 is 
stable over a wide range of assumed values of finite differ- 
ences. Note that the value of the apsidal motion period ( U )  
is very poorly determined (essentially undetermined) by the 
available dates of minima because of the small fraction of the 
apsidal period covered by the available observations. The 
fitted value of U is consistent with theoretical estimates (we 
Sec. 3 below). 

Our ephemeris curve results do not agree with those of. 
Holmgren & Wolf (1996). They made the assumption that all 
photoelectric times of minima had a standard error of 0.0052 
days, an order of magnitude larger than typical errors it1 our 
experience. The sensitivity of the numerical algorithm the 
size of the finite differences used in calculating derivatives 
may also contribute to this difference in resul'. 

The photometric observations were fitted w ~ t l ~  ti':. 
Nelson-Davis-Etzel (NDE) model (Etzel 1981; Popl!e~ & 
Etzel 1981). Auxiliary quantities needed in the analysis in- 
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ABSTRACT 

We report the characteristics of 61 1 eclipsing binary stars in the Large Megallanic Cloud found by using the 
MACHO Project photomem database. The sample is magnitude limited, and extends down the main 
sequence to about spectral type AO. Many evolved binaries are also included. Each eclipsing binary is 
classified according to the traditional scheme of the General Catalogue of Variable Stars (EA and EB), -nd 

also according to a new decimal classification scheme defined in this paper. The new scheme is sensitive tc 
the two major sources of variance in eclipsing binary star light curves-the sum of radii, and the 
surface-brightness ratio, and allow greater precision in charactenzing the light curves. Examples of each 
type of light curve and their variations are given. Sixty-four of the eclipsing binaries have eccentric, rather 
than circular, orbits. The ephemeris and principal photometric characteristics of each eclipsing binary are 
listed in a table. Photometric orbits based on the Nelson-Davis-Etzel model have been fitted to all light 
curves. These data will be useful for planning future observations of these binaries. Plots of all data and 
fined orbits and a table of the fitted orbital parameters are available on the AAS CD-ROM series, Vol. 9, 
1997. These data are also available at the MACHO home page (http://wwwmacho.mcrnaster.ca/). O I997 
American Astronomical Sociev. [S0004-6256(97)03607-81 

There have been two previous large surveys for eclipsing 
binary stars in the Large Magellanic Cloud (LMC). The first 
was that of the Harvard workers, summarized by Payne- 
Gaposchkin (1971) and Gaposchkin (1972). They list char- 
acteristics of 78 LMC eclipsing binaries (10 of these stars are 
also included in this survey). Their discoveries resulted from 
the visual examination of about 2000 photographic plates. 

'Lawrence Livetmore National Laboratory, Livcmore. CA 94550; Elec- 
tronic mail. alcock, alves, bemen, dminniti. kook, stuan@igpp.llnl.gov 
'Center for Panicle Astrophysics, University of Callornia, Berkeley, CA 
94720. 
'Supercomputing Facility. AushaIian National University. Canberra. ACT 
0200. Australia: Electronic mail: robyn@mso.anu.edu.au 
4Mt. Suomlo and Siding Spring Observatories. Australian National Univer- 
sity, Weston, ACT 261 1 ,  Australia; Elecmnic mail: tsa, kcf, peterson, 
alex@rnso.anu.edu.au 
'Depanment of Physics, University of California. San Diego. CA 92093; 
Electronic mail: kgriest, jguern. mlehner@ucsd.edu 
6Departrnent of Physics. University of California, Santa Barbara. CA 93106. 
'~epanments of Aseonomy and Physics, University of Washington. 
Seattle. WA 98195; Electronic mail: bccker. mrp, smbbs@asm. 
washington.edu 
'Deparunent of Physics, University of Oxford. Oxford OX1 3RH. U.K. 
Electronic mail: w.sutherIand@physics.or.ac.uk 
'Department of Physics and Astronomy. McMaster University. Hamilton. 
ON L8S 4MI. Canada; E l e c ~ n i c  mail: welch@physics.mcmas(er.ca 
"~e~artment of Physics. University of California. Davis. CA 95616. 
"European Southern Observatory. Karl-Schwanchild Str. 2. D-85748, 
Garching. Germany; Elecmnic mail: pjq@eso.org 
I2Dcparcment of Physics, University of Arkansas. Fayettcville, AR 72701; 
Elecwnic mail: clacy@comp.uark.edu 
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The second was that of the EROS project (Gnson er al. . 
1995). They list characteristics of 79 LMC eclipsing binaries 
(23 of these stars are also included in this survey). Their 
discoveries resulted as a byproduct of a gravitational micro- 
lensing survey of the bar of the LMC. 

The MACHO Project photometry database contains pho- 
tometric data for approximately 37 000 variable stars discov- 
ered dunng the first 400 days of observations in 22 LMC 
fields as part of the microlensing survey. A:. :.:-'!r :gi:qh 
estimate of the number of eclipsing binary stars ill the dac .. 
base was 1200. Operationally, the observed color-magcrtude 
space was divided into a number of independent bins: main 
sequence, Cepheids, RR Lyr, long-period variables, an? oth- 
ers. This paper is a result of selecting relatively bright, I;uge- : 
amplitude eclipsing binaries from the main sequence 
( V - R I 0 . 3 )  and Cepheid (0 .3<V-Rc0.6)  bins. The dis- 
tribution of the selected eclipsing binaries in color- 
magnitude space is shown in Fig. 1. The R magnitude limit 
for selection from the main-sequence bin (from prelim~nary 
magnitude estimates) was set at 18.0; for the Cepheid bin it 
was 18.5. Only those variables with photometric ampli(udes 
greater than 0.2 mag were selected. 

2. ANALYSIS AND RESULTS 

Variable stars were visually identified as being eclipsing 
binaries, rather than some other type of variable star, by ex- 
amining plots of their light curves based on *h,- three bcst 
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ABSTRACTS 

Hubble Space Telescope FGS lkansfer Function Observations of 
L726-8 

P.J.Shelus (McD Obs.), O.G.Franz, L.H.Wassem (Lowell Obs.), 
- 

G.F.Benedict, R.L.Duncombe, P.D.Hemenway, W.H.Jefferys. B.McArthur, 
E.Nelan, D.Story, A.L.Whipple (UTx), W.Evan Aitena (Yale), 
L.W.Fredrick (UVa) 

The M dwarf visual binary L726-8 is an interesting astrophysical object 
and one of the nearest stellar systems to the Sun. Almost 50 years of ground- 
based photographic and visual observations of position angle and separation 
now exist. The system is a difficult one to observe and its components are 
now rapidly nearing closest approach. At the present time the separation of 
the components is less than 1.5 seconds of arc. Periastron passage is pre- 
dicted to occur in early 1998. It is also an important candidate to search for 
orbital perturbations that might be caused by extra-Solar System planets. As 
such, L726-8 is an excellent object for HST FGS attention. Because of the 
binary nature of the system and the extreme scarcity of suitable background 
reference objects, we are choosing to observe this object with HST F i e  
Guidance Sensor #3 in transfer function mode. Beginning in the summer 
1995 a number of observational sets have been obtained, using Astromem 
Science Team Guaranteed Tme Observations. It is expected that HST ob- 
servations of L726-8 will continue in this mode until at least July 1997. In 
this poster we are presenting the available HST observations and some ana- 
lytical results, alone and co- mingled with ground-based observations, that 
furnish dynamical information of the system. Eventually, and only when a 
sufficiently accurate and precise orbit is obtained, we will examine the re- 
siduals for indications of a perturbation in the system, possible evidence of 
one or more unseen companions. 

UZ Tau E: A New Classical T Tauri Spectrascopik Binary 

R.D. Mathieu (U. Wisconsin, Madison), E.L. Martin (Inst. de Astrofisica 
de Canarias), A. Maguzzu (Oss. di Catania) 

We have monitored spectroscopically the classical T Tauri star UZ Tau 
East. Most observations were obtained with the Intermediate Dispersion 
Spectrograph at the Isaac Newton Telescope in La Palma Observatory. Sev- 
eral additional spectra were obtained with other telescopes at La Palma, ESO 
and Lick observatories. Radial velocities were measured via cross correla- 
tion with UZ Tau West. In total we have so far 18 radial velocity measure- 
ments spanning 2627 days (Nov 1988 - March 1996). 

The radial-velocity data are well fit (u=2.3 km s-I) with a single-line 
orbit solution having a period of 19.1 days, an eccentricity e=0.28. and a K 
of 17 km s-'. The projected primary semi-major axis is a sini = 0.03 AU. 
The orbit parameters are not yet definitive because the phase sampling is not 
thorough. 

After GW Ori and DQ Tau, UZ Tau E is the third classical T Tauri 
spectroscopic binary for which an orbit has been derived. A massive (0.06 
Mo) cucumbinary disk has been resolved at millimeter wavelengths (Jensen 
et al. 1996. ApJ, in press). Interestingly, UZ Tau E has a power-law infrared 
spectral energy distribution with no evident dip suggesting an inner region 
cleared by the binary. In addition, UZ Tau E is spectroscopically active with 
both veiling and emission lines, indicative of active accretion at a stellar 
surface despite the close companion. 

With Lhis discovery UZ Tau becomes a quadruple system, as UZ Tau West 
is a speckle binary with a projected separation of 50 AU. 

The Radial Velocity Curves of the Two Components 
of the Spectroscopic Binary GJ 372AB, a Double M-Dwarf System 

J.J.B. Harlow (PSU) 

GJ 372 was recently found to be a spectroscopic binary (Upgren, A.R. and 
Harlow, J.J.B. 1996, PASP 108, 64). It has an orbital period of 48 days and 
radial velocity semi-amplitudes of 31 kms-I for the primary and 39 
kms-' for the secondary. The radial velocity curves of both components of 

GL372AB are presented for the first time. The mass ratio of the two com- 
ponents is measured to be 1.28 Z 0.04. The flux ratio at 5300A of 2.39 
-C 0.71 implies a spectral class difference of 150.3 subclasses. Photomeuy 
and parallax measurements from the literature suggest a spech.al class for the 
primary of M1.5V C 1 subclass, and a corresponding range for the second- 
ary of M2.5V.C 1 subclass. 

60.07 
BulL Am. Astron. Soc, Vol. 28, p.920 

The Eclipsing Spectroscopic Binary System V505 Persei 

L.A. Marschall (Gettysburg Coll.), R.P. Stefanik (CfA), C.H. Lacy (Univ. 
of Arkansas), D.B Wdliams (Indianapolis, IN), F. Agerer (Zweikirchen. 
Gemany) 

We have obtained extensive spec&oscopic and photometric observations 
of the bright double-lined eclipsing binary V505 Persei (SAO 23229) dis- 
covered in 1989 by Kaiser. The system consists of two nearly identical F5 
main sequence stars in a 4.2 day orbit. The observations enable us to derive 
high precision (< lstellar masses, along with other properties of the binary 
system. These values a p e  well with current stellar structure models. and 
add to the growing base of fundamental stellar data applicable to tests of 
stellar evolution theory. 

Multiband Photometry of Southern Very Short Period Eclipsing 
Binaries. I. V676 Cenlauri 

J.D. Gray, R.G. Samec. S.L. Woissol (Millikin U.) 

In this paper, we extend our study of solar-type binaries near the the low 
period limit to include Southern hemisphere systems. Observations are being 
taken at Cerro Tololo Inter-America Observatory, Chile. Here, we report 
B.V.R.1 observations of V676 Centauri. Our three nights of data were taken 
in May of 1991 with a dry ice cooled Ga-As phowmeter attached to the 
1.0-m reflector. Two new primary and two secondary epochs of minimum 
light were determined from the observations, and more than 100 minima 
were collected from the literature. Our period study spans some 35 years. 
The light curves show a rather large difference in eclipse depths for a W 
UMa binary. An O'ConneU effect lends evidence of spot activity in this very 
short period ( 0.291 d) system. A preliminary photometric analysis of the 
light curves is presented. 

Continuing the Search for Short Period EEB's: The Analysis 
of HW P e m i  

R.J. McDermith, R.G. Samec (Millikin University. V~siting Astronomer. 
Lowell Observatory). B.J. Carrigan (Millkin University) 

In our continuing campaign to obtain light and radial velocity curves of 
short period eccentric eclipsing binary (EEB) candidates, we have obtained 
complete UBV observations of the neglected system, HW Persei. They were 
taken at LoweU Observatory in January 1996. Three new epochs of S n i -  
mum light have been determined. A preliminary period study. spanning some 
sixty years of timings (with a 24 year gap), result in the following improved 
linear ephemeris, 2450097.7836(70) + 0.6348285(4)d X E. A quadratic fit 
was also calculated. This gave a marginally significant quadratic term of 
8(6)X10-11 which manslates w a period increase of 5(4)XlO-8 dlyr. The U, 
B. V light curves formed from the present precision observations show that 
HW Pcr is a near or shallow contact system. Contrary to earlier reports that 
HW Per has a displaced secondary eclipse, our secondary eclipse falls at 
phase 0.5. A complete analysis of the synthetic light curve is presented and 
discussed. 

This research was supported by funds from the National Science Foun- 
dation. 
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ABSTRACT 
A self-consistent physical model, described in an earlier paper by Linnell & Hubeny, has permitted fits 

of synthetic spectra to observed spectra of EE Pegasi. The synthetic spectra determine abuni-. .. 
iron, calcium, and silicon. The same model has been the basis of an optimized light synthesis solution u: 
an accurate light curve by Ebbighausen. The solution, requiring use of a model atmospheres option to 
represent the component star radiative properties, agrees with the standard solution by Lacy & Popper 
The derived component parameters place them on an isochrone, determine a compositional 2, and are 
in accordance with evolution tracks by Schaller et al. The model is not restricted to systems with small 
distortion. 
Subject headings: binaries: eclipsing - stars: evolution - stars: individual (EE Pegasi) 

1. INTRODUCTION 

EE Pegasi (HD 206155, SAO 126971, +08"4714) is one 
of the stars included in the list by Andersen (1991) of stars 
with accurately known masses and radii. Popper (1980, 
1981) lists it in his review article on stellar masses and in a 
subsequent rediscussion article. Popper notes that the 
primary (more massive) component is a metallic-line A3m 
object. Lacy & Popper (1984, hereafter LP) report the dis- 
covery that EE Peg is a triple system. LP also analyzed the 
Ebbighausen (1971) B photometry (normal points), using 
EBOP, described, e.g., by Etzel(1993), and obtained absol- 
ute dimensions and other parameters of the binary com- 
ponents. EE Peg consequently is one of the stars 
fundamental to a comparison between derived parameters 
and results of stellar evolution models. 

Linnell & Hubeny (1994, hereafter LH) have recently 
completed a spectrum synthesis program for binary stars. A 
motivation in the develo~ment of that Drogram was the 
recognition that both T,~; and log g var; over the photo- 
spheres of tidally and rotationally distorted binary com- 
ponents, and that, as a consequence, a synthetic spectrum 
calculated with single values of those parameters cannot 
accurately representthe true spectrum o i a  distorted binary 
component. The LH program represents an extension of the 
light synthesis program -developed by Linnell (1984, here- 
after L84). Both programs are based on the Roche model 
geometry, described in detail in L84, and permit any degree 
of distortion, up to and including contact configurations. 

The distortions of the EE Peg components are small, and 
the importance of the system invites its study as a first 

Visiting Scholar. Astronomy Department, University of Washington, 
Seattle. WA 98195; linaell@pa.msu.edu. 
' Universities Space Research Association; 

hubeny @stars.gsk.nasa.gov. 
' E-mail: clacy@comp.uark.cdu. 

application of the LH program. The spectroscopic observ- 
ational material includes 26 spectra of EE Peg obtained by 
Lacy at the 2.7 m telescope at McDonald Observatory with 
the coude Reticon spectrometer. 

2. SPECTRUM SYNTHESIS 

Briefly, the LH procedure uses an interface program, 
ACPGF2, to calculate the synthetic spectra of the individ- 
ual components and the combined system synrlletic spec- 
trum at a specific orbital longitude and orbital inclination. 
The L84 program package supplies ACPCF2 with files for 
the two components containing data foi ~ d . 5  Ijt-,'!nr 

surface) segment, hereafter indicated simply b) t!re w&r(' 
"segment," on the two component photospheres (Segment 
sizes are set in the L84 package.) The data include segment 
area, cosine of the angle between the surface normal and 
line of sight to the observer, radial velocity (combined 
orbital and rotational), T,,,, log g, and a visibility key indi- 
cating whether that segment is visible to the observer. Addi- 
tionally, program SYNSPEC (Hubeny, Lanz, & Jeffery 
1994) provides ACPGFZ with a.group of synthetic spectra 
for specific values of T,,, and log g that bridge thl: extremes 
of T,,, and log g of the L84 data. The SYNSPEC synth&c 
spectra have sufficiently close spacing in T,,, and 1ogy:Lo 
permit accurate linear interpolation among them. ACPGF2 
then produces a synthetic spectrum for each componen;, 
with due allowance for Doppler shifts and eclipsc effects, as 
well as the total system synthetic spectrum. 

SYNSPEC uses a model atmosphere, a specified. &ye- 
length range, specified chemical composition, and ;L line list 
to calculate a synthetic spectrum. We used the recent 
Kurucz (1993) model atmospheres, althor~ah s~sciaIlv.ca1.- 
culated atmospheres using TLUSTY ( i i ~ d ,  'Y : 
Hubeny & Lanz 1995) could equally well have b c ~ n  used 
Our line list is a subset of the Kurucz list and includes of 
order lo6 lines. SYNSPEC solves the radiative traiisfer 

72 1 < '  

O American Astronomical Society Provided by the NASA Astrophysics Data System '.'. . 

. . . . 



1372 ABS' 

,,,, Bull. Am. Astron. Soc, Vol. 27, p.1372 

A Spectrum Synthesis and new Light Synthesis Study of EE  Pegasi 

A.P. Linnell (MSU), I. Hubeny (GSFC), C.H.S. Lacy (UArk) 

EE Peg is among the binary systems with accurately known masses and 
radii (Andersen 1991, Astron. Astrophys. Rev., 3, 91). With component 
masses of 2.15 Ma, 1.33 Ma and an orbital period of 2.63d, this low 
distortion system is an excellent first test case for application of a new 
spectrum synthesis program for binary stars (Linnell & Hubeny 1994, ApJ, 
434, 738). The existing standard light curve solution is by Lacy & Popper 
(1984, ApJ, 281,268), analyzing an excellent B light curve by Ebbighausen. 
That paper also includes component mass determinations to 1%, based on 
spectra by Lacy. 

Our synthetic spectrum fits determine an iron abundance of log Fe=3.0x 
solar, and a calcium abundance of Ca=O.5x solar, consistent with the Am 
spectral type of the primary component. 

Calculation of a synthetic spectrum depends on prior knowledge of com- 
ponent dimensions and T,, values. Consequently there is an interdependence 
with the light curve solution. Our light curve solution applied the light 
synthesis program by Linnell (1984, ApJS, 54, 17). We found that use of the 
Planck Law to represent component radiative properties, a common proce- 
dure, produced a B-V component difference in strong disagreement with 
Popper's calibration of flux and T,, for main sequence stars. A program 
modification permitted direct use of our synthetic spectrum results to repre- 
sent the component radiative properties, with improved results. 

Since our program is applicable to systems of any distortion, successful 
analysis of EE Peg invites future discussion of distorted systems for which 
single values of TeE and log g are inadequate. 

Session 61: Russell Prize Lecture 
Invited Session, ll:40am-12:30pm 
La Villita Assembly Building, 1st Floor 

Abundance Inhomogeneities and Other Abundance Anomalies Among 
Globular Cluster Stars 

R.P.Kraft (UCOLick Observatories) 

Stars within a given "monometallic" globular cluster often exhibit wide 
variations in the abundances of C, N, and 0 as well as certain light metals, 
particularly Mg, Na and Al. Such variations are generally less pronounced as 
cluster metallicity increases, and are also less pronounced at a given metal- 
licity in field halo giants. [n general, these variations tend to be of two types: 
(1) those related to evolutionary state and (2) variations among stars in the 
same evolutionary state. The abundances of C and N and of 0 and N often 
prove to be anticorrelated, and most recently it has been found that there 
exists a "universal" anticorrelation between 0 and Na, as well as a corre- 
lation between Al and Na. These results are discussed in terms of competing 
scenarios, one in which the anomalies are driven by deep mixing associated 
with stellar evolution as opposed to another picture in which the variations 
reflect the primordial state of the cluster gas. 

Recent observations of r-process species in omega Cen (Smith el a[. 
1996) and Na abundances among giants in MI3 and the halo field (Pila- 
chowski er al. 1996) are discussed in connection with these hypotheses. 

ACTS 

Session 62: X-ray Astronomy: New Discoveries 
Oral Session, 2:OO-3:30pm 
La Villita Assembly Building, 1st Floor 

62.01 

Iron-line Spectroscopy of AGN 

A.C. Fabian (loA, UK) 

Seyfert galaxies commonly show Fe-K line emission. X-ray 
ASCA now enable the line to be resolved. In Sevfert 1 ealaxi, ., ---- ..." 
often found to be broad, and in the best observed cases is skew. with . ir -- 
drop at the higher energies (-6.5- 7 keV) and a long tail to lower en4 
(4 - 5 keV). The line is best modeled by fluorescence from the im-a 
regions (less than about 20 Schwarzschild radii) of an accretion disk, 
massive black hole. The profile and time variation of the iron line d 
- 6- 30- 15 will be discussed. toaether with results from some nth, 

fert 1 galaxies. Additional emission from outer gas in both Sey 
galaxies is used to constrain the overall geometry. Finally, the 
understanding the near environment of black holes through iron- 
troscopy will be outlined. 

62.02 

ASCA Observations of the Galactic Center 

K. Koyama (Kyoto U., Japan) 

X-ray imaging spectroscopic observations near the Galactic Cen 
in the 0.5-10 keV band were carried out with the ASCA satellite. Twa - 
spots close to the Galactic Center (Sgr A*) are found; one is a h o t . 9  
with strone line emissions of hiehlv ionized iron and the other is a - .  
discovered eclipsing X-ray burster with a largely absorbed spectm 
probable that the previous reports on the X-ray flux from the Gala* 
were contaminated by this X-ray burster. Further extended hot plasm 
K- shell transition lines of hiahlv ionized silicon sulfur araon and iron - .  - 
found. Spatially resolved soectra from the Center reaion are * .  - 
identical from place to place, except for the amount of low energy 
and the absolute flux. Another remarkable discovery is 6.4 keV 
sions of low ionization iron atoms near the Sgr B2 cloud 
region. We interpret that the 6.4 keV line originates from 
the gas cloud irradiated by strong X-ray beams, which is 
been active until the recent past. The origin of the hot p 
related to the past possible activity at the Galactic Cente 

62.03 

X-ray Emission from Clusters of Galaxies - A Cosmologica~ 
tory 

~ . ~ u s h o t z k y  (NASAJGSFC) 

In the last 5 years our knowledge of Ihe x-ray ernissio 
exploded with high quality Rosat image and ASCAspectra. We are* 
to obtain detailed measurements of the mass and mass distributionofc 
out to radii of 2 Mpc for relaxed systcms.over a a mass -.a 
10'3 - 4'5 solar masses. In addtion the abundances of 0, Si, S, 4' 
be reliahly obtained over the same mass range. For massive cl@ 
elemental ratios strongly indicate that type 11 supernova were respongl 
most of the metals. However less massive systems may have a su' 
contribution from type Is, The total mass of alpha burning elements$ 
indicates that most galaxies went through a extremely luminous earlx 
which resulted in thc ejetion of 112 of their total mass. The Fe ab9 
a function of rcdshift shows little if any change out to redshLf'$ 
confirming the early enrichment of the intergalactic medium . &  YET 
Detailed temperature maps for merging systems have shown dlrect ,*.! 
for interaction and allow modeling of these complcx systems. $ 



Brie flv Noted 
Powers of Ten, Philip Morrison, Phylis Mor- 
rison, and the Oftice of Charles and Ray 
Eames (Scientitic American Library, 1994). 
160 pages. ISBN 0-7167-6008-8. $19.95, pa- 
perbound. 

The 1977 film Powers of Ten: A Film Deal- 
ing with the Relative Size of Things in the 
Universe and the Effect of Adding Another 
Zero by Charles and Ray Eames has become 
a classic for envisioning the universe. In 1982 
Philip and Phylis Momson wrote a book 
based on the film, and it is now available in 
its first paperback edition. 

Sun Moon- Myths, Tales, and Vuions, 
Diana Landau, editor (The Nature Compa- 
ny, 1994). 160 pages. $29.95, paperbound. 
(Available exclusively at Nature Company 
stores, through its mail-order catalog, or by 
calling 800-227-11 14.) 

Impressions of the Sun and Moon are pre- 
sented with essays and sayings from a variety 
of scientists, poets, and philosophers in this 
unusual "dual" text, richly illustrated with 
paintings and photographs. The two-books- 
in-one binding has one half dealing with the 
Sun, then by flipping the book over, you 
have the second half about the Moon. 

Mere Next Columbus? Valerie ~e ' a l ,  editor 
(Oxford University Press, 1994). 231 pages. 
ISBN 0-19-509277-5. $35.00. 

This look ahead to the possible future of 
humankind in space was inspired by an ex- 
hibit at the National Air and Space Museum 
in Washington, D.C. Beginning with early ex- 
ploration of the Earth, the text proceeds 
through the Apollo missions and robotic 
planetary surveys to the future of space ex- 
ploration. Contributing authors include Tim- 
othy Ferris, Robert L. Forward, Carl Sagan, 
Harrison H. Schmitt, and Edward C. Stone. 

&IIUS Erplorrr, John Hinkley ( V i a l  Real- 
ity Laboratories, Inc.). CD-ROM for IBM 
and Macintosh computers. $69.95. (Available 
from Sky Publishing Corp.) 

View Venus as charted by the radar of the 
Magellan spacecraft. Use a smallscale index 
map to select areas between latitude 52" 
north and 52" south to examine the planet 
in detail (at maximum magnification 1 inch 
equals approximately lo). Adjust brightness, 
color, and contrast, and search for named 
features. 

Binary S t a ~  CLaud Lacy (Gemini Software, 
502 Holly, Fayetteville, AR 72703). Software 
for fast Macintosh computers. $3750. Site li- 
censes available. 

Examine binary star systems by changing 
any of 15 orbital parameters and seeing the 
results in six animated diagrams (view from 
Earth, view from orbital pole, brightness ver- 
sus phase, radial velocity versus phase, lumi- 
nosity versus temperature, and radius versus 
mass). Work with real stars o r  experiment 
with imaginary systems to gain an intuitive 
understanding for binaries. Intended for c01- 
lege laboratory use. @ 

INFRARED VIEWER 

Plctured above b the Shemr O M o r Y ,  m- 
ed on the w m p  of fastem Midr ip l  UnivemISItutu 
in Ypu7anU, Mich@n. The 6 Meter ObembDOM& 
houses an h h d % p h  1 0 ' t ' e f i X f o ~ O n  a 6 F  
mount. The Shener Ohtrvatory b used by & 
dents in intmductow astmrrorny c o m e s  and by 

kom the ends *f.&k earth 
to the bqhingp of bfinity. 
0bserva-Dome' there. 

1 
As the country's old& dome manu- 

facturer, Observa-Dove'has developed an 
expertise unmatched'in the industry. Our 
clients are world-wide,frorn the United 
States government to the amateur 
astronomer. Defense, eking ,  research, 
communications. No mattet'what the use. 
the dimate. the Wlation the design. 
0bservd)ome meets the Walenge. 

For further information call or write 

LABORATORIES, INC. 
n7We advanced studinh &iqg in met- 
Lrlc photometry o f  variable stars. The ObKrva- 

Commerce Park /-- MS s9213 

WME chosen it f&Ued the a# W (601 ) 982-JJJS -Toll f@2 (81W) 6-17-U61) 
rax (60 1) 982-3335 . .' , t d s  for fit and ffnirh. 
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COMMISSIONS 27 AND 42 OF THE IAU 
IIVFORMATION BULLETIN ON VARIABLE STARS 

Number 4194 

Konkoly Observatory 
Budapest 
18 May 1995 

HTT ISSN 0374 - 0676 

TIMES OF MINIMA OF EIGHT ECLIPSING BINARIES 

We report times of minima of eccentric eclipsing binaries derived from photometric 
observations made at Ege University Observatory in Turkey and at Cerro Tololo Inter- 
american Observatory (CTIO) in Johnson B and V filters, and at the High Altitude 
Maidanak Observatory in Uzbekistan in Johnson U,B,V,R filters. Heliocentric times of 
minimum were estimated for each filter by using the method of Kwee and Van Woerden 
(1956) as adapted to a Macintosh computer. The adopted time of minimum was then the 
average over all filters. In all cases the times of minimum in different filters was concor- 
dant. Uncertainties in the times of minima were estimated from the values of standard 
error computed by the method and'frorn the differences in times derived from the various 
filters used. Primary eclipses are designated as type 1 eclipses, and secondary eclipses as 
type 2. 

We would like to acknowledge financial support of our work by the American Astro- 
nomical Society through the Edith J. Woodward Award and from the Margaret Cullinan 
Wray Charitable Lead Annuity Trust. 

Claud H. SANDBERG LACY 
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University of Arkansas 
Fayetteville, Arkansas 72701 
USA 

Cafer IBANOGLU 
Z. TUNCA 
S. EVREN 
C. AKAN 
V. KESKIN 
Ege University 
Bornova- Izmir 
Turkey 

Mamnun ZAKIROV 
G.  ARZUMANYANTS 
R. ISHANKULOV 
V. KHARCHENKO 
High Altitude Maidanak Observatory 
Astronomical Institute 
Tashkent 700052 
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COMMISSIONS 27 AND 42 OF 'THE IAU 
INFORMATION BULLETIN ON VARIABLE STARS 

Number 4009 

Konkoly Observatory 
Budspat 
24 March 1994 

HU ISSN 0324 - 0676 

TIMES OF MINIMA OF NINE ECLIPSING BINARIES 

We report times of minima of eclipsing binaries derived from photometric observations 
made with the 0.4 m reflector at Droke Observatory near Fayetteville, Arkansas, and 
with the 0.6 rn Lowell Telescope at  Cerro Tololo lnteramerican Observatory in Chile. 
70th photometers used pulse-counting techniques and the observations were corrected 

system deadtime and atmospheric extinction. Heliocentric times of minimum were 
ev timated by bisecting chords drawn across the minima. Uncertainties were estimated 
from differences in the timings in the two filters used - V and R at Droke Observatory 
and B and V at CTIO - and also differences between independent estimates of the times 
of each eclipse. Primary eclipses are designated as type 1 eclipses, secondary eclipses as 
type 2. 

Table 1 

Star 

EK Cep 

v477 Cyg 

V1143Cyg 

DI Her 

FS Mon 

GG Ori 

V530 Ori 

DR Vul 

Observatory 

cno 
cno 
Droke 

Droke 

Droke 

Droke 

CTIO 

cno 
cno 
cno 
Droke 

Lacy 

Lacy 

Fox 

Fox 

Fox 

Fox 

Lacy 

Lacy 

Lacy 

Fox 



tification of the Islamic star and crescent symbol with a conjunction of the moon 
and Venus (Ahmad 1989, B.A.A.S., 21,1217) has been expanded to consider lu- 
nations other than June-July 610. We find that a conjunction in the July-August 
lunation is muchcloser than that observable from Mecca in the preceding month. 
Further, the July-August lunation occurred in the Islamic month of Ramadan, 
in line with tradition. Because the traditions state that the event occurred on 
an odd numbered date of the month, the issue of lunar visibility is critical and 
bears on the historically important issue of calibrating the Islamic calendar (Ah- 
mad, 1988, B.A.A.S., 19, 101 1). We consider the possible dates of an actual 
lunar sighting and its implications for the date of the Islamically important date 
of "the Night of Power." We report the results of preliminary calculations of 
the astronomical configurations in the dawn sky of possible dates. Our earlier 
conclusion that caution must be exercised in imputing astronomical conclusions 
from mythological, literary, and religious sources is confirmed. 

Session 34: HAD 
Oral Session 

34.03 
Back To The Future 

David H. DeVorkin (Smithsonian) 

'INS talk reviews how astronomers responded to the prospect of government 
funding in the decade following Wodd War 11. Specifically I relate how as- 
tronomers organized themselves in response to an invitation by the Office of 
Naval Research to advise the Navy on the needs of American astronomy. 1 will 
also address how leaders of the American astronomical community envisioned 
the future of their discipline as they expressed their needs first to ONR. and 
then to NSF; and, above all, examine their fears as they faced the prospect of 
governmental patronage. 

34.04 
Creating a Network of Astronomical Couples: The Harvard 
College Observatory 1920-1940 

P.A. Kidwell (Smithsonian) 

Under the administration of Harlow Shapley, the Harvard 
College Observatory became a center of an international 
network of astronomers who wed one another. This paper 
traces the origins of this network in the graduate 
programs at Radcliffe College and Harvard University, 
and outlines some of its ramifications. 

Bull. Am. Astron. Soc., Vol. 26, No. 1, p. 790 
Session 88: Teaching Astronomy 
Display Session 

88.11 
Teaching Dinary Star Concepts 

I will summarize the currently available resources for teaching elementary 
to advanced binary $tar concepts to college students. Some of these concepts 
are: orbit, ccnter of mass, orbital period, orbital phase, stellar eclipse, time 
of minimum, light curve, radial velocity curve, angular separation, position 

angle, and various orbital parameters. Sources incla 
videos, and pnnt materials. New computer programs g 
of computers will be described which have been written@ 
use In introduclory astronomy laboratories. TheseincludLa 
finding tool, and Mac.chart. a visualization tool to accomkr 
distributing these programs through the CLEA Anonyma 
describing how to acquire the programs may be obt&, 
clacy@uafsysysb uark.edu. . . 

88.12 
Why are Star Images Round? 

Stephen M. Pompea (Steward Observatory, Universty o f 4  
Stephen M. Pompea, Steward Observatory, Unir 

William G. Weller, Gemini %Meter Telescopes Rojecl 

The observation that stars look circular when viewed tfu 
often taken by students as conclusive evidence that stan, 
the round appearance is evidence that the telecope aperl 
oroduces the characteristic diffraction pattern of a circular 
bemonstration shows students the na& of diffraction pab _ 
shaped apenures, and provides a good introduction to diffradj 

Session 89: HEAD I-ASCA . ?. 

89.03 
ASCA Observations of Binaries 

N. E. White (LHEAIGSFC) ,, 
@ 

The fist results from the JapanesefllS X-ray astronomy sale@ 
merly Astro D) on binary stars are presented. The improved 
and collecting area of l s  mission have revealed many new 3 
from both coronally active stars, and accretion powered X-ray ?~JJ$ 
observation of the RS CVn system AR Lac shows an X-ray e~lll)8i 
keV band. The X-ray spectrum can be well fit by a two-tempPd 
model, but only if the abundances of the medium-z elemeatd_8 
third the solar photospheric value. Observations of the 4.8 hrx-t. 
X-3 reveal Helium-like and Hydro~en-like iron K lines, 4 1  @ . - 
species from Sulphur and silicon. Red and blue shiRe 
lines are clearly resolved from the iets of SS433. These 
will be presented. 8 '., '6 

Session 96: HEAD 11-SN 19935 

96.01 
X-Ray Observations (ROSAT, ASCA and OSSE) of 

W. H G. Lewin (M.I.T.), () 1 
X-ray Observations (ROSAT, ASCA and OSSE) of SN 1993J. % 

Abstract. X rays were observed from SN 19933 as soon as the obssh 
started, only 5 days after the "explosion". I will revlew the results 
the flux changes and the spectral changes as observed with ROSAT '? 
OSSE, and I will make a modest attempt to interpret these data i 



il 182nd AAS MEETING, BERKELEY, CALIFORNIA 809 
m 
0 
0 

did not spedfy any of the U l e d  conventions required to convey thecomplex- 10.02 
ru ities of actual image projections. Building on conventions in wide use within 
m astronomy, this paper proposes changes to the simple methods for describing “The Aciive Sun": EducPtlonrl Mdeot.ps on War Wyslcr for C d b p  

: coordinates and proposes ddalled conventions for descrlblng most of the meth- Astmwmy 
' ods by which sphuical coordinate3 may be pmjMed onto a twodlmensional 

$ plane. simple mekhods for convating h r n  the eUni.g coordinate conventiom N. ~ u ~ l b w ,  A. ntle, T.  MI, Z.  ran^. K. n p ~ a  and R shine mocnra~ 

m are descrfbed. This paper does not attempt to addre~s the polltically sensitive Solar and Astophysics Laboratory) 
a questions of frequency/velobty coordinates, nor does it address varlous other 
d types of coordinates, such as time. We present a series of brt,  educational documentslies on solar phy& 

aimed at college-level general astronomy courses. lbae topes hlghllgbt 
advances in high-molution solar asmnomy and in t h e o d d  and corn* 
Uonal modeling of solar physics wilh parricular focus on dynamlcal phen0-p 
l& relevant phydcal m m a m s .  Ulmdcal lnterpmations and 0b95'atl~M 
techniques sre discussed. lbesc include granuletion, the h r y  of m ~ v w p g .  
five-minute oscillations. mpots ,  magnetic fields, s&ing and dopplergr?(yl. 
VHS tapes are available m meaxhen and educators through a vllriety of 411' 
niburn. 

'Ihis work suppotted by Lockheed Indcpmdent Research Funds. 

'Ibe Menti6c V d z a t i o n  Shwllo It the NASAlGoddad Space Flight 
Center 

RA. White, JE. Shong. DE. Pape. H.G. Mitchell (NASAJGSFC). A. Mc- 
Connell WGSFC), J.M. Cavallo. RL. 'IMddy (HSTWGSFC), H. Ra~s 
WSSCIGSFC) 

?he Sdenrific ~sualizaiion S ~ d i o  Is a pan of the Scienhc AppUcPtlons 
and V ~ s u m o n  Branch of the Space Data and Computing Division at the 
NASAJGaddard Space Flimt Cenra. It is TBSkal to provide advanced data 
visualization support to users of the NASA Cents for the CompuIaUonal Sd- 
ences and other NASA funded sdentlfic researchers h both the space and Eanh 
Maces. Such support includes providing both soflware and expertise in vi- 
suallzing large, mmplex, multidlmenslonal data m, and in oertlag videos. 
6lms, and other fomu of hardcopy of the results. Hardware and software 
tools include a Cray YIMP, a Convex C3240, a MasPar MP-I, a family of SGI 
worksWm, video disks and recorders in all the inmatlord slandards, color 
printers. photographic and movie hansfa mls, and IDL, AVS, and FAST. 

We demomuace the% capabilities, as applled to various Earth and space 
sdence datn sets, through a variety of amotnted images and a video. 

Session 10: Teaching of Astronomy 
Display Session 
Pauley 

Bull. Am. Astron. Soc, Vol. 25, p.809 
10.0% 

A Penod-Finding Tool 

C.H. Sandberg Lacy (U Ark) 

My first real research 'ob in astronomy was finding the orbllql 
periods of ecbpsing binary stars. I worked for ~ a ~ o u r  
Whitney as  a n  undergraduate research assistant a t  thl 
Universi of Oklahoma Observatory in 1%7. We used h 4 -  
drawn p?bk of eyeball estimates of the brightness of sfw 
images o n  astrogra h plates and calculated orbital phases frw 
trial estimates of 8 e  period by using a Merchant mechanical 
calculator to do the 10-digit arithmetic (Balfour wore out  3 gf 
these calculators in his time). It was a slow and  exac* 
process, and getting a good period took many h o w  of work, f 
did learn a lot about binary stars and real data in the pmc(ss, 
however. The task of period-finding is sti l l  a good way @ 
introduce studenk to binarystar astronomy. The processq pf 
light curve calculation and display can be accom lished by I )  
modem microcomputer x, rapidly that many triafperiods 
be checked quickly, and a numerical measure of the quality of 
the trial penod (the "scatter") allows quantitative selection of 
the best trial period. The tool I have developed has an 
interactive graphical user interface and is very easy to use - 1 
have develo e d  a lab exercise that employs i t  in my 
inmductory gberal-arts astronomy class -- yet i t  is powqfUL 
enough to be used for research as well. The program show8 (Is 
greatest advantage in determining periods from unequally 
sampled data when the period is shorter than the aver@## 
sampling interval. I will demonstrate the program Q ~ I  8 
Uacintosh computer. 

10.01 
Astronomy Day at n Science Museum 

C. M. Brunello 

On May 1st. 1993, the Don Harrington Discovery Center in 
Amarillo. Texas, and the Amarillo Astronomy Club celebrated 
Asinnomy Day. Many activities w m  planned f a  children, and 
there was a variety of information on asmnomy available for 
adults. A star party was planned for that evening, with a back-up 
date in the event of bad weather. Information on the event was sent 
out to the mtdia one month in advance. 

This paper will discuss the day's events--its shining successes and 
dismal failuns--bared on attendance, media response, and public 
evaluation. Visuals ud descriptions of the day's &vines will be 
presented, along with sug cstlons on how they could haw been 
improved. Our main g o d  is to increase the public's interest in 
asinnomy; an attempt will be made to evaluate how succnsful we 
W a c .  

'Ibe UCSB Remote A a i s  Astmnomg Prom: h a g e  Rocessiag for 
School md Undeqmdute Stodcnts 

Jattla van da Veen (ACHS). Erin O'Connor (UCSBSBCC). 784, 
Smltll (UCSB), Chis Bosso (UCSB). Carlos Alemdre wueapak 
( U C S B . W ( s r P z i l ) ~ d ) ) ,  phlltp (UCSB,WA) 

The Ranote A m  Astronomy Project 0 a the Unlvdty of Cal- 
ifornia Santa Barbrw fs a mmputcdzed image data bare. wotdy-oparUlrq 
telescop= with CCD camera, and elemmnlc mad1 system. SMentS and 
can download Mgh quality lmagea and cunieula for phydcs, astronomy, cqppl. 
Istry, and eanb sdence cwrses, as well as exchange idepp and emall ovg @c 
bulletin b o d .  'Ibe telesmpe Is now available on a limIW baxia for 910@ 

O American Astronomical Society Provided by the NASA Astrophysics Data System 
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THE PHOTOMETRIC ORBIT AND APSIDAL MOTION OF V526 SAGITTARII 
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ABSTRACT 

Improved photometric orbits and apsidal motion parameters are derived from new observations of V526 
Sgr (B9.5+A2). The new orbits are consistent with previous work on this system, but have much 
higher accuracy. Further improvement in our knowledge of this system must await completion of 
spectrographic work. 

I .  INTRODUCTION 

The history of observations and analysis of V526 Sgr 
( H D  177994, COD -31°16374, CPD -31'5894, SAO 
2 10970) now spans almost a century. It was one of the first 
binaries recognized to show the effects of apsidal motion in 
the times of its eclipses. The early history of work on this 
binary was summarized by O'Connell (1967, hereafter re- 
ferred to as OC), who was the first to analyze photoelectric 
light curves for it. He fitted a photometric orbit and also 
estimated the apsidal motion. My own work on this system 
began in 1983 August with the detection of double lines in 
the binary's spectra with a dual-array Digicon detector on 
the coudC spectrograph of the 2.7 m reflector at McDonald 
Observatory. This discovery was amounce-d by Lacy 
(1985). A program of differential and all sky photometric 
measurements of this binary was also begun in 1988 with 
the Lowell 0.6 m telescope at Cerro Tololo Inter-American 
Observatory (CTIO). Results of the photometric program 
are discussed below. The spectroscopic analysis is not yet 
completed. 

2. PHOTOMETRIC OBSERVATIONS AND ANALYSIS 

Photometric observations of V526 Sgr began 1988 Au- 
gust 5 with a pulse-counting photometer on the 0.6 m Low- 
ell telescope at CTIO. All observations were made with 
this equipment during the northern-hemisphere summers 
of 1988-1990. Photomultipliers of the ITT FW130 type 
with S-20 photocathodes were used with a UBV filter set. 
Typically, a diaphragm of 25 arcsec was used in good see- 
ing conditions. The differential observations consisted of 30 
s integrations per filter through the V and B filters. The 
variable star, its comparison star, and blank sky near the 
variable were observed at zenith distances corresponding to 
less than 2.0 airmasses of extinction. Observations of blank 
sky were made only every 2&30 min. The comparison star 
showed no detectable sign of night-to-night variability in 
the observations of OC, so no check star was used. 

The interpretation of all photometric data for V526 Sgr 
is complicated by the presence of two significantly bright 
companions within 14 arcsec of the eclipsing binary itself 

'Visiting Astronomer, Cerro Tololo Inter-American Observatory, oper- 
ated by AURA, Inc. under contract to the National Science Foundation. 

[see Fig. 1 (Plate 58)]. Only the brightest and closest of 
these was recognized by OC. On 1990 June 27 (JD 
2448069.531, orbital phase 0.846), at the author's request, 
Elizabeth D. Siciliano obtained CCD (TEK i : I . ,  irn?:(?s 
of V526 Sgr with the 0.9 m Yale reflector at CTIO i'1;c 
filters were meant to mimic Johnson V and 8. The IKAF 
QPHOT routine was used to measure the magnitudes and 
positions of the variable and companion stars on the re- 
duced frames. The results are summarized in Table 1 .  IMY 
results for stars A and B are consistent with those of OC. 
OC states that star B was included in his observations, but 
it is not known whether star C was included as well. Star I) 
is probably a physical companion of the eclipsing biliary; 
star C probably is not a physical companion of the '4526 
Sgr (A+ B) system. The orbital period of the AB systcm is 
probably on the order of lo5 yr. Two previous measurzs of 
positions of AB were given by OC. These measures and my 
own (6=8.81 arcsec, P.A.=8!2 at 1990.5) probabli, are 
not inconsistent with the assumption of no detectable or- 
bital motion during the last 80 yr. 

All sky photometry on the UBV system was also ob- 
tained for V526 Sgr and its comparison star. Details af h e  
observations and reductions have been discussed by Lacy 
(1992a). The diaphragm included stars A, B, and C. The 
results are shown in Table 2. The comparison st . ( . -  : li : I  
(COD -31'16384) is the same one used by OC. The p k ~ . .  
tometric indices have-been dereddened with the Q mithod 
of Johnson and Morgan (1953). and the photometrically 
estimated spectral types are shown in parentheses. 

In 1989 August, at the author's request, Charles L. 
Perry included V526 Sgr in his extensive program of 4ubyD 
observations with the 1.0 m reflector at CTIO. His results 
(Perry 1989) for observations outside eclipse are: 

with standard errors of about 0.008 mag for the color 1x1- - 
dices. Previous estimates of the spectral type of V51-o Sgr 
based on classification-dispersion spectrograms from the 
HD (AO) and by Houk (1982) (A0 V) are consistent w~tti  

both sets of color indices. 
The differential photometric observations were reduced 
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ABSTRACT 

Improved photometric orbits and apsidal motion parameters are derived from new observations of V523 
Sgr (FO + FO). The new orbits are consistent with previous work on this system, but have much higher 
accuracy. Further improvement in our knowledge of this system must await additional spectrographic 
work. 

1 .  INTRODUCTION 

The history of observations and analysis of V523 Sgr 
(HD 176754, COD -29'15641, CPD -29'5846, SAO 
187605) now spans almost a century. It was one of the first 
binaries recognized to show the effects of apsidal motion in 
the times of its eclipses. Jones ( 1938) was one of the first to 
study it, and she recently published the first photoelectric 
light curves and summarized the history of this system 
(Woodward & Koch 1989, hereafter referred to as WK). 
My own work on this system began in May, 1983 with 
observational attempts to detect double lines in the binary's 
spectra with a dual-array Digicon detector on the coudt 
spectrograph of the 2.7 m reflector at McDonald Observa- 
tory. Because of very poor luck with the weather initially, 
and because of its very shallow and moderately broad ab- 
sorption lines, double lines were not detected unambigu- 
ously until observations taken in May, 1989 with the coudt 
spectrograph of the coudt-feed telescope at Kitt Peak Na- 
tional Observatory (Lacy 1990). A program of differential 
and all sky photometric measurements of this binary was 
also begun in 1988 with the Lowell 0.6 m telescope at 
Cerro Tololo Inter-American Observatory (CTIO). Re- 
sults of the photometric program are discussed below. Not 
enough spectrograms are available yet for a definitive spec- 
troscopic analysis. 

2. PHOTOMETRIC OBSERVATIONS A N D  ANALYSIS 

Photometric observations of V523 Sgr began 5 August 
1988 with a pulse-counting photometer on the Lowell tele- 
scow at CTIO. All observations were made with this 
equipment during the Northern-hemisphere summers of 
1988-1990. Photomultipliers of the ITT FW 130 type with 

near the variable were observed at zenith distances corre- 
sponding to less than 2.0 airmasses of extinction. Usually, 
observations of the check star were made only during a few 
cycles near the beginning of the night, and observations of 
blank sky were made oily every 20-30 min. The compar- 
ison and check stars showed no detectable sign of night- 
to-night variability at a level of 0.01 mag standard error. 

All sky photometry on the UBV system was also ob- 
tained for V523 Sgr and its comparison stars. Details of the 
observations and reductions have been discussed by Lacy 
(1992a). The results are shown in Table 1. The compari- 
son stars I used were not the same as those used by WK. 
The photometric indices have been dereddened with the 
Q-method of Johnson & Morgan (1953), and the photo- 
metrically derived spectral types are shown in parentheses. 

In August 1989, at the author's request, Charles L. 
Perry included V523 Sgr in his extensive program of uvby/3 
observations with the 1.0 m reflector at CTIO. His results 
(Perry 1989) for observations outside eclipse are 

with standard errors of about 0.008 mag for the color in- 
dices. These data imply a slightly larger value for the in- 
terstellar reddening 'than do my UBV observations or 
those of WK, but also point to an average spectral type of 
FO for the binary. Previous estimates of spectral type based 
on classification-dispersion spectrograms from the HD 
(AS) and by Houk (1982) (A3/5 II/III) are inconsistent 
with all three sets of photometric values for unknown rea- 

TABLE l .  Photometric data for V523 Sgr and comparison 
S-20 photocathodes weie used with a UBV filter set. Typ- stars. 

ically, a diaphragm of 25 arcsec was used in good seeing 
sw V O.V U-B n Q (8-Vb Sp 

conditions. The differential observations consisted of 30 s 
integrations per filter through the V and B filters. The VJ11 Spr 9.370 U.111 0.131 10 -0.168 0.31 (FOI 

i0.M M.WZ M.W5 m.a)6 m.01 
variable star, its comparison and check stars, and blank sky -19'ISMV 9.101 0.071 .0.1)47 I U  -OW9 .O.OJ (89.51 

(compuiuln) M(XI3 M.OO2 fO.W mm5 m.01 
-19'1~65s 10.166 uun U O X ~  I I  - e m  mlr (FII 

'Visiting Astronomer, Cerro Tololo Interamencan Observatory, operated 
(chrck) M.W6 M.W3 M.W& M . m  M.01 

by AURA. Inc. under contract to the National Science Foundation. 
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Ultra-High Accuracy Masses of Eclipsing 
Binary Stars 

CLAUD H. LACY 
Physics Department, University of Arkansas, Fayetteville, AR 72701, USA 

New observational spectroscopic methods have made it possible to obtain 
radial velocities of eclipsing binary star components with unprecedented accu- 
racy. Most of the improvement in accuracy is due to two techniques: (1) The 
use of optical fibers to scramble the spatial distribution of stellar brightness at 
the input end of the spectrometer, and to allow the spectrometer to be located 
off the telescope where its temperature and position can be stabilized. (2) The 
simultaneous exposure of the comparison emission-tube light through a separate 
fiber or pair of fibers adjacent to the stellar fiber continuously during the stellar 
exposure. Any changes in the response of the spectrometer during the exposure 
then affect the stellar and adjacent comparison spectra in almost exactly the 
same way. 

I have used these techniques to obtain radial velocities with typical accuracy 
of 0.2-0.3 km s-l per observation and have in hand data projected to yield 0.1- 
0.2 kms-l when fully analyzed. Simulation studies done recently (Lacy 1992) 
in the Robotic Observatories Symposium.have shown that the observations now 
in hand should likely yield masses of 0.05-0.10% accuracy. This accuracy is an 
order-of-magnitude better than what has been achieved before. 

6400 6420 6440 6460 

FIGURE 1. Spectrum of ZZ Boo, from the 1-m coudi-feed spectrograph at KPNO 
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