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and fast methods were developed and applied to actual data which would enable the
measurement of these parameters for large numbers of stars. Newly developed algorithms
include a directed vector-autocorrelaion (DVA) technique for eliminating the 1800 quadrant
ambiguity inherent in speckle interferometric measurements of the astrometry of binary
stars.

DVA is a simple extension of normal vector-autocorrelation and requires orders of mag-
nitude less computing time that standard image reconstruction methods when applied
to binary stars. The second new algorithm is know as the fork method and provides a
means for a statistically based determination of the intensity ratio of a binary at any se-
lected wavelength, thereby providing color information through the comparison of any two
wavelengths. (2) Super Diffraction-Limited Detection - The very high accuracy of speckle
astrometry provides a leveraging method for detecting close companions whose spatial sep-
arations are far less than the diffraction limit. In principle, this accuracy is sufficient to
detect brown dwarf stars and high-mass planets in orbit around one component of a wide
binary system. Very large amounts of data pertaining to this problem were collected at
LO and analyzed for their limiting astrometric accuracy. The limiting accuracy with the
presently available instrumentation would permit the detection of brown dwarfs but is not
likely to detect Jovian planets within the sample of some 65 nearby binary systems.
Work will continue in this area and will include the development of new filtering and cen-
troiding algorithms to push to higher accuracy. For the first time, a submotion due to the

'esence of an otherwise unseen companion has been detected by speckle observations in
e case of a new star in the system ADS 784. This detection has also been independently

-- J by a submotion in the residuals to spectroscopically obtained radial velocities

1. (3) Atmospheric Turbulence Studies - The very extensive data accumu-
lated under this project at the two observing sites now extends over a period of seven
years. These data have been analyzed for spatial information and lend themselves to the
followup determination of the atmospheric turbulence related parameters r., iarc, and the
isoplanatic patch size. A principle difficulty of this analysis has been the removal of local
seeing effects produced by dome and other structures, and particularly affected by local
thermal sources such as electronic instrumentation, from the intrinsic "seeing" conditions
affo;ded by the atmosphere. A series of measurements obtained outside the dome of the
1.8-m telescope provided an estimate of the mean seeing conditions at the Flagstaff site of
1.2 arcseconds, a quantity equivalent to ro - 10 cm.
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* SUPER-DIFFRACTION LIMITED MEASUREMENTS
THROUGH THE TURBULENT ATMOSPHERE3BY SPECKLE INTERFEROMETRY

*- A. RESEARCH OBJECTIVES

During the interval 15 May 1986 through 14 November 1989, speckle observations

with the GSU speckle camera. system were obtained at the 1.8-meter Perkins telescope of

the Lowell Observatory near Flagstaff, Arizona and at the 4-meter telescope of the Kitt
IPeak National Observatory near Tucson, Arizona. This Final Technical Report describes

the results of an AFOSR sponsored program of research involving the collaborative efforts

of astronomers within GSU's Center for High Angular resolution Astronomy (CHARA)

and Lowell Observatory Astronomer Dr. Otto G. Franz. This collaboration was directed3 towards the following scientific problems:

1. Speckle interferometry has been widely applied to the measurement of astrometric3parameters of binary stars, i.e., in determining the relative separation and orien-

tation of the components of these objects. Observations accumulated at Kitt Peak3 and Lowell Observatories were used to determine not only the astrometry of bina-

ries, but were analyzed with a variety of algorithms in order to measure the relative

intensity ratios of two stars in a binary system as well. The primary objective here

has been to refine the algorithms in order to set up, for the first time, a program in

which the differential photometric properties of a large number of binary stars are

measurable using speckle interferometric methods. No other means currently exists
for routinely determining such properties. Pilot applications of these techniques

* have been applied to several binary star systems of astrophysical interest.

2. The high accuracy of spatial separation measurements of the components of wide

binary star systems by means of speckle interferometry has been used to continue
a long-term program with the goal of detecting possible submotions in such sys-3 tems that might arise from the presence of low-mass planetary or brown-dwarf

companions. Sixty-one binary stars with distances less than 25 parsecs from the3 suti-constitutc-thc-observing program carried-out at nearly monthly intervals at the

Perkins telescope. A submotion has been detected from speckle data for the first3 time-in the case of the visual binary star ADS 784.

3. The large amount of data collected in the course of activities described in objec-

*2
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tives i and 2 provides a unique opportunity to measure the atmospheric properties

over northern and southern Arizona. The analysis of these data in order to sys-

tematically characterize atmospheric turbulence by measuring the so-called Fried

parameter (a measure of the scale size of turbulence cells), the isoplanatic patch

size (a measure of the angular extent o,'er which high spatial correlation exists),

and the atmospheric redistribution time (a quantity dependent upon the altitude

and velocity of the primary layer of turbulence) will continue beyond the term of

AFOSR support. Of particular concern has been the difficulty of separating the lo-

cally induced turbulence associated with the telescope and dome from that inherent

in the atmosphere. The local " seeing" effects may ultimately limit the usefulness

of these data for atmospheric turbulence studies.

I B. RESEARCH ACCOMPLISHMENTS

1. Observing Opportunities

Observing time on the 1.8-meter telescope was provided by the Lowell Observatory3 on a guaranteed basis in response to the scientific programs outlined above. Opportunities

at the 4-meter telescope on Kitt Peak were provided also on a conti, ..ng basis as a result

of KPNO's designation of long-term status awarded to a complementary program of binary

star astrometry carried out under the sponsorship of the National Science Foundation. We

arei ;us currently guaranteed 4-meter time through the end of 1991. During the interval of

this period of AFOSR support, some 35 observing runs totalling more than 150 nights were

scheduled on the 1.8-m telescope in Flagstaff. Weather and/or inferior seeing conditions3 caused a loss of approximately 20% of these nights. Seven runs for a total of 33 nights were

scheduled at the 4-m telescope, and only five nights during this time were not useful for5 observing. These observing opportunities permitted the acquisition of an extraordinary

amount of data.

I 2. The CHARA Image Processing Laboratory

3 The primary facilities in the CHARA "speckle lab" have been described in the final

report to AFOSR Gant 83-0257 and resulted from a grant through the DOD-University

Research Instrumentation Program. The hardware consists of a VAX 11/750 computer,

with 6 megabytes of core memory and an International Imaging Systems Model 70F image

processor connected to the VAX Unibus. This configuration has provided the workhorse

capability needed to extract the astrometry from speckle observations of binary stars in

3 3I!__



I
efforts supported by the AFOSR and by the NSF. It has been critically important t.- the

success of all aspects of the GSU/CHARA programs of speckle interferometry. The speckle

lab equipment was moved into new quarters adjacent to the astronomy offices in the fall

of 1986. The new lab provides an environmentally controlled room for computer hardware

and data archival and a spacious area for users. The remodeling of this new laboratory

was carried out completely with state funding. For speckle photometry experiments and

algorithm development a video digitizing capability was provided with a small grant from

the U.S. Naval Observatory through the Office of Naval Research. A commercially available

frame grabber board and auxilliary image processing board were purchased along with a3 Wyse pc-286 computer with 10 megabytes of expanded memory. This new system is

allowing us to fully digitize large numbers of speckle frames that can be used for the

development of algorithms for reconstructing images of binary stars, and the relatively

inexpensive equipment is playing an important role in objective 1 and 3 of this AFOSR

sponsored research. The system is being used not only for photometric applications of

speckle interferometry, but it is also serving as a potential replacement to the now aging

hardwired vector-autorrelator, a one-of-a-kind device that is becoming less competitive3 with software based processing. A grant from NSF provided for the replacement of the

ICCD detector used since 1981 in the speckle camera as well as for an upgrade of CHARA

computing facilities. The ICCD is losing gain dramatically through the decay of the

microchannel plate intensifier stage, and the strong fixed pattern of the COD has prevented

us from undertaking observations of faint objects. At the time of this writing, the ICCD

is being replaced with a PAPA camera built in a collaborative effect with Peter Nisenson
of Harvard University. The new detector hardware was delivered to OHARA in February3 1990, and is expected to be fully operational by the fall of 1990. In early 1989, several

DECstation 3100 workstation type computers were delivered to CHARA and configured via

ethernet to provide a significant enhancement of computer power. The new computers are

some 20 times faster that the VAX 11/750, and the VAX will be retired (through donation

to the Department of Physics, Astronomy and Geology at Valdosta State College) in the

spring of 1990.

3 3. Binary Star Intensity Ratios

New algorithms were developed at CIIARA for recovering intensity information

from speckle data for binary stars. GSU/CHARA astronomers W.G. Bagnuolo, Jr., J.R.

Soweliand graduate students Donald Barry and Brian Mason have optimized various image

I reconstruction methods for near real-time application with the video digitizing systems. A

!4I! _ ___ _ _ ____ _ _



I
3 first application has been the elimination of the 1800 quadrant ambiguity for many speckle

binaries, an ambiguity inherent in standard speckle interferometry algorithms. Bagnuolo's

new algorithm, known colloquially as the "fork" method, possesses excellent linearity over

a wide range of intensity ratios.

The first scientific results forthcoming from the binary star photometry program, an

effort for which we have coined the term "speckle photometry", is the determination of the

magnitude differences of the stars comprising the system 70 Tauri and Capella. The results

I as well as analyses of the individual components of the Capella system were published in

THE ASTRONOMICAL JOURNAL. Those papers are attached as an appendix to this

* report.

4. Search for low-Mass Companions to Stars

The v-ry large volume of data that we have accumulated since 1981 at the Perkins

telescope continues to be processed by our graduate student Ali Al-Shukri. Al-Shukri the

analysis of these data, measuring the autocorrelation functions of the speckle series and

has eliminated data obtained during poor seeing conditions from further consideration.

The calibration of the Lowell data in a manner which allows their tie-in to the Kitt Peak

data was performed. Al-Shukri is expected to publish these results in the form of his Ph.D

3 dissertation prior to June 1990.

The procedure followed has been to determine which data sets have the highest

signal-to-noise in their astrometric potential and then to calculate new, accurate visual

orbit solutions in order to subtract out those motions. The residuals have then been3 analyzed for systematic effects indicative of submotions. In general, the results have been

negative, i.e. except in the case of ADS 784 we set upper limits to the presence of unseen

companions. This result has important consequences on the formation of stellar systems

and on the frequency of low mass objects, including brown dwarfs and planets.

The system ADS 784 is a quadruple star system in consisting of a visual binary

with a separation of approximately 0.2 arcsec and a period of 83 years. The secondary of

this system was known to be a spectroscopic binary having a period just over 4 days. Our3 data has for some time indicated a sinusoidal set of residuals to the visual orbit, with a

period of some 2000 days. Dr. Frank Fekel of Vanderbilt University independently noticed

a long-period residual motion in his radial velocity measures of the 4-day system. Through

a combined analysis of Dr. Fekel's spectroscopic data and our speckle data, we conclusively

detect a fourth component with period of 1700 days. This is the first time that such an

object has been found due to submotions in both astrometric (in this case, speckle) and

I!I!__ __ _



spectroscopic data.

5. Measurement of Atmospheric Seeing Properties

The newly acquired video digitizing system provided-the means for carrying out the

proposed methods for measuring three properties of atmospheric seeing: Fried's param-

eter, isoplanatism, and correlation times. Graduate student Wean Tsay is pursuing the

measurement of these properties at Kitt Peak and Anderson Mesa, the site of the Perkins

telescope and the proposed site for the CHARA long-baseline telescope array. Tsay spent

eight weeks on Anderson Mesa during the spring of 1988 measuring image profiles and

motions using a CCD camera on a 14-inch Celestron telescope. These results were an-
alyzed along with micro-thermal data taken simultaneously by Dr. Fred Forbes of the

National Optical Astronomy Observatories. A joint paper discussing Anderson Mesa as

an interferometer site has resulted from this collaboration and is included in this report.
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ABSTRACT

A survey of a sample of 672 stars from the Yale Bright Star Catalogue has been carried' out using
speckle interferometry on the 3.6 m Canada-France-Hawaii Telescope in order to establish the binary
star frequency within the sample. This effort was motivated by the need for a more observationally
determined basis for predicting the frequency of failure of the Hubble Space Telescope (HST) fine-
guidance sensors to achieve guide-star lock due to duplicity. This survey of 426 dwarfs and 246 evolved
stars yielded measurements of 52 newly discovered binaries and 60 previously known binary systems.
While the implications for HST operations are described elsewhere, we show that the frequency of close
visual binaries in the separation range 0.04-0725 is 11%, or nearly three-and-one-half times that pre-

I; viously known.

I. INTRODUCTION ferometric survey for duplicity among a large sample of
e fstars. This survey was motivated by the need for a moreIThe frequency of binary and multiple stars has wide-rang- directly established estimate of the binary star frequency in

ing implications within astrophysics, and even relates to the the range of separations (0.18.-02) for which theHubble

question of the frequency of life in the universe. The observa- SpaceaTelescopeparaTio fine-guidance2sesor w ouldtfailbto
tionl lmittios o th vaiou tehniuesfordisoveing Space Telescope (HST) fine-guidance sensors would fail to

tionai limitations of the various techniques for discovering achieve lock. This frequency distribution could potentiallybinary stars give rise to selection effects which, if well under- lead to- significant dead time for HST when all guide-star
stood, permit reasonable estimates of the number of over- pad to- sigifi ed tin fo riHS The li ar

looked binary stars within a specific sample. For visual bina- pairs for a given field contain resolved binaries. The implica-
ries thse eletioneffctsaretiedto he ppaent tions of this survey for the HST are discussed elsewhereI t~ies, these selection effects are tied to the apparent (hr tl 97adw ilrsrc u osdrto

magnitude of the binary star, the angular separation of the (Shara et al. 1987) and we will restrict our consideration
system, and the magnitude difference within the system. In here to the purely astronomical results derived from the ob-

their analysis of the Index Catalogue of Visual Double Stars servations.

* (IDS) (Jeffers, van den Bos, and Greeby 1963), Poveda, II. SURVEY SAMPLE AND OBSERVATIONAL RESULTS
Allen, and Parrao (1982) find that after eliminating more All of the speckle measurements published prior to this
than one-fourth of the IDS entries as either optical or spur- paper as a result of the Georgia State University program
ious pairs, it can be concluded that practically every field have been based upon a photographic speckle camera em-
star is a potential visual binary. Most of these pairs remain to ploying analog techniques for data processing (McAlister
be discovered. 1977). The data for our new survey were obtained using the

Speckle interferometry undertaken at the largest tele- GSU ICCD speckle camera (McAlister et al. 1982, 1987;
scopes provides an extension of the methods of visual binary Hartkopfand McAlister 1986) in which speckle pictures are
star astrometry routinely down to below 0'04 in angular re- initially processed digitally with a hardwired vector-

solution and to magnitude difference as large as 1.5-2.0 mag. autocorrelator and then finally reduced and measured with a
Concerted efforts can increase the Am sensitivity significant- VAX 11/750-based image-processing system. The speckle
ly. The accomplishments of binary star speckle interferome- camera has been used regularly at the 4 m KPNO telescope
try prior to 1984 have-been cataloged by McAlister and and 1.8 m Perkins telescope at the Lowell Observatory since
Hartkopf (1984). These accomplishments include the first late 1981. Approximately 2700 measurements of one thou-
direct resolution of some 120 bright binary stars and the sand binary stars, including some 60 newly resolved systems,
accurate measurement of many previously known systems at have bcen- rcduccd from the data gathered to date, and a
separations difficult or impossible for other techniques. Al- detailed discussion of these collected results is to be present-
though speckle observations have tremendous potential for ed in Paper II of this series. The ICCD data gathered at
discovering new pairs, no extensive survey programs exploit- KPNO between July 1982 and January 1985 were recorded
ing this potential have been undertaken. This has been due to on videocassette tapes and post-processed through the hard-
the limited amount of time available on large telescopes to wired vector-autocorrelator. The desirability of producingIspeckle observers and to the obvious priority given to the vector-autocorrelograms in real time, and thereby eliminat-
resolution of known spectroscopic and close visual binaries vetruocregasineltmadthebeiia-frteltion om os p and luminososydeterm ialbins.eret ing the effects of tape noise, compressed dynamic range, etc.,for stellar mass and luminosity determinations. We reportin our experience with the new camera,
here the first systematic attempt to carry out a speckle inter- and provision was made for terys in time for the HST-related

"Guest Observer. Canada-France.Hawaii Telescope. observations discussed here.
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Following experiments with potential HST guide stars tion or correlation time, found to be comparable to that we
(most with V= 12-14) at the 2.5 m Hooker telescope of have experienced on many nights over the years on Kitt
Mount Wilson and Las Campanas Observatories and the 3.0 Peak. There was certainly no indication of the very "fast
m Shane telescope of the Lick Observatory in early 1985, we seeing" that is occasionally mentioned for Mauna Kea. Al-
decided to restrict further speckle observations to bright though four nights are certainly insufficient for site compari-
stars from which we could statistically extrapolate the bina- son, we can unequivocably state that the seeing conditions
ry frequency to HST guide stars. Experience to date has encountered at the CFH telescope on these four nights were
shown that speckle observations can resolve systems with the best we have ever seen anywhere in nearly ten years of
combined magnitudes as faint as V = + 15, but these have speckle observing.
invariably been for objects which have a priori evidence for A total of 763 separate objects were observed at the CFH
duplicity. The speckle measurements of the Pluto-Charon telescope. Seventy-two of these objects were previously
system as recently summarized by Tholen (1985) are a case known visual or occultation binaries included in the final
of particular interest and clearly demonstrate the method's sample for calibration purposes, as well as a variety of ob-
ability to measure faint double objects. Autocorrelograms or jects in miscellaneous categories. In 13 cases, the primary
power spectra produced from speckle data for faint objects and secondary components of wide binaries that could not be
are unavoidably of lower signal-to-noise than those for observed together in our field of 274 square were observed
bright objects and are far more subject to the interpretation separately to search for close companions. Data for six ob-
of noise fluctuations as features indictive of duplicity. In jects were not included in the final analysis because of instru-
principle, long integration times and subsequent confirming mental effects or other peculiarities in the autocorrelograms-
observations can increase the confidence of a discovery, but which could not be removed. We thus obtained observations
both require a significant increase in the investment of tele- of 672 of the 1191 survey candidates. This represents an in-
scope time. The reliability of speckle interferometry in dis- spection of 7.4% of all BSC members for duplicity at a reso-
covering faint binary stars thus remains to be established, lution limit of 07038, corresponding to the Rayleigh limit of
although we believe that great potential exists in this area. a 3.6 m aperture telescope. All observations consisted of 60 §
On the other hand, speckle interferometry has now provided of video data (equivalent to 1800 individual speckle pic-
the first direct resolution of nearly 200 binary stars (McAlis- tures) taken through a Str6mgren y filter and with 10 ms
ter and Hartkopf 1984; McAlister et al. 1987), most of exposure times. Integrated vector-autocorrelograms were
which have been confirmed by subsequent observation. Only stored on floppy disks for subsequent reduction and analysis
a few spurious cases of resolution are indicated by lack of at GSU in Atlanta. Calibration for scale and position-angle
confirmation, and most of these might be the result of clo- origin was obtained from the measurements of nine visual
sure below resolution limits at the epochs of subsequent ob- binaries that have been routinely observed in our program at
servations rather than outright errors in interpreting speckle the KPNO 4 m telescope and were in fact observed on Kitt
autocorrelograms. Peak with the same equipment during a run that ended just

The sample of stars used in defining the survey was ob- five days before the Mauna Kea observing run began. The
tamined by selecting all stars from the Yale Bright Star Cata- effect of orbital motion on this calibration is therefore totally
logue (BSC) (Hoffleit 1982) with equatorial coordinates insignificant. The spatial calibration procedure employed at
ranging from 15h to 23h in right ascension and - 20" to KPNO continues to utilize a double-slit mask in the pupil
+ 60' in declination along with a visual-magnitude con- plane as described by McAlister (1977). This method pro-

straint such that 5.0 < V< 6.5 (BSC limit). The positional vides a truly external calibration procedure independent of
constraints ensured that all objects observed would be within any standard or reference binaries. The scale on the detector
40' of the zenith of Mauna Kea during the scheduled observ- for the CFHT data was thus indirectly determined to be
ing. Complete compensation for atmospheric dispersion us- 0:00951 per pixel with an uncertainty indicated by the scat-
ing the Risley prisms in the GSU speckle camera requires ter for the nine calibration stars of approximately ± 0.5%.
zenith angles no larger than approximately 60°.The survey- The observational results of this survey are presented in Ta-
sample results are thus free of dispersion effects that might bles I-III.
otherwise mimic duplicity. These criteria resulted in 1191 Table I contains measurements of 52 newly resolved bina-
stars, or 13% of the BSC, as candidate objects for the survey. ry stars. The measured angular separation ranged f'rom
No selection criteria involving prior knowledge of duplicity 0'040, just above the CFHT diffraction limit, to 0'965. The
were imposed, and all data were reduced blindly with respect mean separation for this sample is 0."162, reducing to 07 140
to existing visual micrometer or speckle Lesults for any of the when the two systems with separations exceeding 0'50 are
visual binary stars that happened to be observed. As will be excluded. Since autocorrelated speckle data cannot discern
discussed in Sec. III, we emphasized the observations of the true quadrant in which the secondary star lies, position
dwarf over giant stars in this candidate sample in order to angles inherently have a 180' ambiguity. In Table I we adopt
have a distribution of luminosity classes more closely related 0 < 180'. Some of these new binaries have already been con-
to that expected for faint HST guide stars. firmed by speckle observations obtained at the KPNO 4 m

Speckle observations were obtained on the four nights of telescope during November 1985. These confirmed objects
7-10 July 1985 UT using the GSU ICCD speckle camera at are indicated by an asterisk preceding the HR number in
the Cassegrain focus of the 3.6 m Canada-France-Hawaii Table 1. Lack of confirmation at the present time is by no
telescope on Mauna Kea. Seeing conditions were generally means an indication of decreased confidence in Table I, as
excellent with FWHM seeing disks estimated to be typically only a minority of the new binaries wete reobserved in No-
less than 0'7, occasionally less than 075, and only 270 under vember 1985. The conservative approach we have continued
the worst seeing conditions encountered during part of the to apply in the inspection of autocorrelograms for duplicity
night of 8 July 1985 UT when occasional cirrus clouds ap- gives us a very high confidence in the reliability of the results
peared. Of particular interest is the atmospheric redistribu- in Table I.
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TABLE I. Newly resolved systems.

HR HK V Epoch 8 p (pc) au) (r)

5612 F61V 6.65 1985.5171 85!4 0'166 100 17 94
5715 AV 5.66 1985.5172 155.4 0.217 85 19 78
5818 A2V 5.74R 1985.5172 14.9 0.514 120 61 420
5858 AOV 6.14 1985.5198 98.9 0.130 180 24 91
5895 A3Vn 5.11 1985.5199 25.3 0.126 75 9 26
6123 A5V 5.52R 1985.5200 174.3 0.195 75 15 56
6194 A3IV 6.93 1985.5146 96.3 0.145 250 36 198
6213 F21II 5.92 1985.5173 95.7 0.126 125 16 72
6286 K2111 6.00 1985.5173 121.1 0.292 215 63 360
6317 A7V 6.59 1985.5201 100.6. 0.128 100 14 48

6383 AIV 6.46 1985.5173 72.3 0.168 185 32 IY0
6412 A2V 6.17 1985.5201 70.1 0.136 135 18 72
6571 A2Vn 5.62R 1985.5220 74.0 0.080 105 9 24
6641 A2Vs 6.43 1985.5228 109.0 0.142 160 23 95
6656 A2V 5.02 1985.5228 112.8 0.120 80 9 26
6781 A3V 5.86 1985.5228 173.8 0.106 100 11 32
*6851 85V 6.30 1985.5231 46.2 0.054 430 24 65

6906 B9V 6.37 1985.5148 100.0 0.118 225 27 110
*6928 B81II-IV 5.73 1985.5148 131.2 0.078 200 16 30
*6941 B2V 6.69 1985.5148 172.8 0.149 1240 186 1165
6956 A4V 6.37 1985.5149 41.4 0.040 125 5 11

*6977 AOVn 5.78. 1985.5146 31.5 0.151 145 23 85
*6984 5Vne 6.10 1985.5229 75.8 0.241 395 95 540
6987 F3V 5.45 1985.5148 97.0 0.141 45 7 19
7053 A8Vn 5.14H 1985.5176 66.6 0.184 50 9 30
7091 A1V 6.59R 1985.5175 124.2 0.219 185 41 215

*7109 B8Vnn 6.14 1985.5231 99.3 0.104 250 26 95
7110 AVn 6.34 1985.5231 89.6 0.178 90 16 68

7263 F3V 6.23 1985.5233 63.8 0.177 60 11 45
*7272 G1V 6.74 1985.5232 173.0 0.089 40 3 10
7307 B9.5V 5.63 1985.5204 56.2 0.051 145 8 16
7386 F7V 6.19. 1985.5233 71.5 0.181 45 8 31
*7436 A3Vn 6.61 1985.5233 173.8 0.137 160 21 95
7480 A3IV 5.67 1985.5149 41.4 0.084 120 10 30

*7554 B2.5IVe 6.51 1985.5149 82.9 0.057 1300 75 300
*7571 AOV+F8IV 6.48 1985.5150 8.9 0.291 200 59 370
*7677 A5Vn 6.45R 1985.5177 55.6 0.050 110 6 12

7684 A2IV 6.01R , 1985.5178 23.4 0.340 180 61 42U
7752 AIV 6.27 1985.5177 57.1 0.176 165 29 130
*7755 A2Vn 6.31R 1985.5178 13.5 0.176 140 25 110
7767 09V 5.84 1985.5177 7.7 0.047 1720 80 240
7994 G1V 6.38 1985.5205 2.3 0.169 35 6 20
8246 AOV 5.75 1985.5179 64.2 0.043 145 7 13
8257 FOIV 6.31 1985.5178 110.4 0.184 100 19 90
8274 G9II 6.16 1985.5178 20.2 0.099 200 19 145
8507 F3V 6.39 1985.5208 108.5 0.104 70 7 24
8553 82V 6.14 1985.5208 60.3 0.185 940 175 1060
8574 B9.5V 5.63 1985.5208 64.1 0.155 140 21 85
8581 F7V 6.14 1985.5151 84.8 0.094 40 3 10
8603 2Ve 5.73 1985.5182 127.0 0.042 780 33 85

*8617 G2111+A4V 6.408 1985.5181 115.5 0.113 180 20 85

8690 B31V:e 5.92 1985.5154 124.0 0.965 650 630 7800

*Confirmed Nov 65 at KPNO 4-m telescope. IModeled, not observed, parameter.

Table II contains 76 measurements of 74 previously seen. As might be expected from our conservative approach
known binary stars. Fourteen of these measurements, indi- to interpreting autocorrelograms, it is mainly the increased
cated by an asterisk preceding the system identification, are resolution rather than a gain in magnitude-difference sensi-
for binaries observed for calibration purposes and are not tivity that is responsible for the new binaries in Table I.
systems that were part of the survey sample. All stars in the Table III contains the HR numbers of 560 stars that were

l l survey sample were checked against the Washington Double observed in :he survey and for which no convincing evidence
Star Catalog (WDS) maintained by C. E, Worley at the U.S. of duplicity was detected in the autocorrelograms. The effec-
Naval Observatory. Three of the survey stars turned out to tive field of view was determined by the size of the autocorre-
be binaries previously first resolved by speckle interferome- lator address window and was limited to a rectangle with
try (HR6469, 8059, 8704),and threewerediscoveredeither dimensions 1'22x2"44 centered-on the primary star and
by W. S. Finsen or R. H. Wilson using visual interferometry with the long dimension parallel to a position angle of ap-
(HR 6676, 7441, 8355). The remaining 66 systems in Table proximately 30 on the sky. Thus the upper limit to any an-
II were all resolved with visual micrometer methods by a gular separation that would be-detected in the survey was
variety of observers. The-mean separation for the known between 0'61 and V136 depending upon position angle. A
binaries among the survey sample is 0'504, increasing to search of the WDS for known binaries in Table III having
0"562 when the six interferometric pairs are excluded. When separations falling within this window was made, and a list
compared with the mean separation for the measurements in of such systems is presented in Table IV. From the com-I Table I, the anticipa:ed gain from the increased sensitivity of ments accompanying Table IV, we can conclude that there is
speckle interferometry to small angular resolutions is clearly every indication that this survey has co tipletely detected

!1_
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TABLE II. Measures of previously known systems.

HR/HD/BD ADS/Disc. MK V Epoch 9 P

*RD 2880 ADS 450 Al xOV 8.89 1985.5236 149*6 07125
*HR 142 ADS 490 AB F8V 5.20 1985.5236 286.9 0.264
*HR 5472 HcA 40 Cov 6.05R 1985.5226 79.9 0.061
*HR 5477-8 ADS 9343 AB A2111 3.86 1985.5145 304.0 0.965
*HR 5504 Fin 309 F7V 6.40 1985.5145 292.0 0.238
*HfD 130669 ADS 9397 YV 8.6 1985.5226 152.2 0.148
HR 5654 Cou 189 M41IIab 5.89 1985.5171 143.2 0.454
HR 5728 ADS 9617 G3V 6.08H 1985.5171 9.7 0.827
HR 5774 ADS 9688 AB ASV 5.02 1985.5172 169.2 0.040
HR 5915 ADS 9834 B5V 5.94 1985.5199 122.0 0.556
HR 6255 ADS 10230 A2Vs 5.51 1985.5146 341.6 0.235
HR 6329 ADS 10312 A A4V 6.33 1M85.5201 186.8 1.246
HR 6367 ADS 10355 A1V+F3V 6.06 1985.5201 12.8 0.444

*HR 6377 ADS 10360 Al ASm 5.39 1985.5228 122.6 0.127
HR 6469 NcA 47 F9Vn: 5.51 1985.5228 228.8 0.045
HR 6488 ADS 10531 AB F8V 6.49 1985.5228 289.8 0.069
HR 6516 ADS 10598 G9IV-V 5.31 1985.5203 156.9 0.932
HR 6560 Mir 571 A5VG5II 6.17 1985.5228 349.0 0.140

*+27 2853 Kul 83 Al dMOp 9.2 1985.5228 305.0 0.225
HR 6627 ADS 10795 AV 5.72R 1985.5203 266.4 0.552
HR 6676 Fin 381 F5Vn 6.38 1985.5203 279.3 0.102

*8D 163640 MPcA 49 AOIII 7.4 1985.5229 67.9 0.083
HR 6689 ADS 10912 A3V 5.97 1985.5203 92.7 0.313
HR 6733-4 ADS 11005 AB FSV 4.78 1985.5204 278.2 1.831
HR 6795 ADS 11111 AL F2V 5.73 1985.5204 320.2 0.369
HR 6798 ADS 11127 A4V 6.36 1985.5204 193.9 1.261
HR 6803 ADS 11123 AB B9V+F7III 6.09R 1985.5231 221.8 1.166
HR 6814 ADS 11149 AB A3V 5.88R 1985.5229 64.1 0.098
HR 6898 ADS 11324 A9111+F61II 6.15 1985.5148 355.2 0.836
HR 6904 ADS 11334 AB AOV+A4V 6.24R 1985.5229 128.5 0.639
HR 6981 ADS 11483 AB G2V+G2V 6.21 1985.5148 160.5 1.697
HR 6999 ADS 11520 AS F91V 6.49 1985.5149 349.0 0.141
HR 7002 ADS 11524 KUIIIM6IIIe 6.4 H 1985.5148 135.9 0.453
R 7017 Cou 1607 B9V 6.25 1985.5229 115.1 0.175
HR 7033 ADS 11593 An B5V 6.47 1985.5175 303.3 0.145
HR 7048 A ADS 11640 As A1V.AIV 5.83 1985.5231 129.9 0.141
HR 7048 B ADS 11640 lb A1V+A1V 5.83 1985.5231 139.6 0.137
HR 7090 8et 72 AV 6.40R 1985.5176 215.8 0.489
HR 7305 ADS 12239 Al 38V 6.54 1985.5233 158.1 0.863

*HR 7362 Fin 327 As 5.03 1985.5231 84.5 0.081
HR 7441 Vrh AOV+F811I 5.38 1985.5233 266.2 0.053
HR 7486 Kui 93 BSV 6.01 1985.5149 309.1 0.17E
HR 7546 ADS 12973 AB A3V 5.00 1985.5149 177.6 0.180
HR 7599 ADS 13104 Al F2V 6.51 1985.5149 296.0 0.173
HR 7637 Ho 276 I8V 5.88 1985.5150 295.6 0.233
HR 7657 ADS 13277 F2111 5.22 1985.5177 120.5 0.851
HR 7737 ADS 13572 AB B9IV-V 6.71 1985.5177 169.7 0.908
Hi 7784 ADS 13728 Al AV 6.23 1965.5234 108.9 0.329

*8D 195481 ADS 13944 Al A3V 6.85 1985.5232 213.4 0.058
HR 7840 A ADS 13946 An 38V 7.11 1985.5205 126.8 0.341
HR 7840 1 ADS 13946 BC B8V 7.11 1985.5205 295.2 0.108

*HR 7889 ADS 14099 Al B611I 5.22 1985.5232 111.7 0.345
HR 7958 Kui 101 A3V 6.30 1985.5234 109.6 0.374

*RR 7963 ADS 14296 Al M5Ve 4.53 1985.5232 15.7 0.793
HR 7982 ADS 14360 AB FSV+F7V 5.99 1985.5205 12.9 0.982
OR 8038 Kul 102 FlVp 5.99 1985.5151 52.1 0.296
OR 8056 ADS 14573 Al FSV 6.25 1985.5151 125.3 1.344
R 8059 McA 66 A& G4111 5.89H 1985.5208 232.6 0.045
HR 8116 ADS 14761 A7Vn 6.27 1985.5150 58.8 0.090

*HR 8123 ADS 14773 AB FSV+GOV 4.49 1985.5234 13.8 0.202
HR 8258 ADS 15115 A4V 6.11 1985.5178 298.4 0.295
HR 8355 Fin 358 39V 6.59 1985.5208 91.2 0.093
HR 8355 Pin 358 B9V 6.59 1985.5234 92.7 0.090
HR 8407 ADS 15578 Al AOIV 5.60 1985.5179 3.4 0.939
HR 8532 ADS 15896 AB F7V 6.04R 1985.5208 4.1 0.296
HR 8533 ADS 15902 AB A0V 5.78 1985.5151 217.7 0.121
HR 8545 ADS 15934 Al GIV 6.35H 1985.5153 340.8 2.495
HR 8612 ADS 16130 GOIIZ+FOV 6.23 1985.5151 136.9 0.136
HR 8629 Kui 114 F6V 6.31 1985.5153 124.9 0.184
HR 8631 ADS 16173 AB G3V+G8V 5.71 1985.5153 97.7 0.216
HR 8652 ADS 16214 Al AIV G: 6.39 1985.5154 306.2 0.492
HR 8704 McA 73 39111 5.80 1985.5153 284.3 0.073
HR 8704 McA 73 R9111 5.80 1985.5234 283.3 0.074
HR 8708 ADS 16345 AB A3mF6V 5.81 1985.5154 210.8 0.910
HR 8737 ADS 16417 AB G2V+G4V 6.43 1985.5153 345.7 0.290
HR 8739 ADS 16428 A8V+F6V 5.75 1985.5153 306.2 0.563

• indicates those binaries observed but not on survey list
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TABLE III. Negative results for bright stars.
HR MK V HR K V

5610 TOV 6.50 6140 G2-6i 5.68
5613 G8I1I-IV 6.59 6158 B9.5111 5.635627 AlV 5.57 6162 A4Vn 5.655630 F8V 6.35 6169 A2V 6.41
5635 G7.5ICN-O.5Fe-l 5.25 6171 K2V 5.755640 KIIIM 5.81 6181 PSV 6.26R
5648 KOllI 6.39 6184 89.5Vn 5.535656 A3Vn 6.08 6185 89V 5.5685659 GSV 6.68 6186 AlVnn 6.5895665 A2V 6.30 6189 ?3V 6.355676 A2V 5.26 6195 AIV 5.775677 M211Ia 6.13 6201 A7MI 6.245679 AV 5.63 6202 ?41V-ZlI 5.575692 GSIIIaBaO.3 5.70 6203 A3Vn 6.08
5706 KOV 6.35 6205 F2-4111-IV 5.74I5709 KOIII 5.51 6222 ?2-3III-IV 5.99
5716 F3-4IVs 6.19 6224 B9.511I 6.03b717 AOV 6.28 6227 531I1ab 5.56
5718 D9Vn 5.37 6228 15II 5.155721 FOV 6.12 6230 M4IX 6.055732 K2III 6.01 6232 A3V 6.105734 GIV 6.50 6235 ACVn 6.035740 GOIV-V 6.27 6239 G511 6.355741 AMII 5.46 6240 A5V 6.085748 A2IV 6.45 6246 Air 5.91
5752 AmtA3-FOV: 6.15 6248 F11Z1-IV 6.32
5758 F4V 6.57 6256 KOIV 6.13

5760 A4IV 6.46 6258 MlUZU 5.72
5763 K2III 5.02 6259 KOMI 6.135764 D2Vn 5.50 6270 KO.5IIIaCaO.5 5.04
5769 F61II 6.38 6277 rOV 6.25
5770 B9V 6.22 6278 A2IV 6.575779 F7V 6.51 6279 F4-2V 5.325800 2111Iab 5.11 6280 K2117 5.255804 F3V 5.93 6284 KOIV 6.37
5813 TSV: 6.51R 6287 G8111 5.41
5815 F9V-V 6.50 6292 GSlOT 6.085816 7V 6.08 6293 K41II 5.355817 M4lp 6.74 6294 86V+B7V 6.275823 G81II-IV 5.24 6296 G0-KOIII-IV 6.195830 ?2V 5.75 6301 IOV 6.375833 9V 6.45B 6302 731V 6.595834 B7V 5.078 6306 Numb 6.62R5835 G811I 5.34 6307 KOMI 6.325841 KIIII 6.45 6313 M1INI 6.345853 G5V 5.88 6332 AIV 5.255859 AOV 5.58 6341 AIV 5.93
995870 A7VW3 5.71 6346 M41II~b 6.69R

5964 AM 6.29 6349 F8.SIV-V 6.015924 MO 5.4 6351 AV 6.04R5927 A7V: 6.37 6361 A9V 6.385932 73IB&.3 5.37 6362 A31V 6.4305936 pOV 5.45 6363 KII 6. 95949 AOV 6.31 6372 Al-8iV-V 6.365954 FSV 5.47 6376 A21V 6.28R5959 AOVs 5.55 6391 A8V 6.195964 AOIV 6.05 6395 B9V 6.295968 G2V 5.41 6399 AII 6.04R6002 8g.5Vnn 5.78 6406 M51b-11 3.48H
6004 AN V 5.63 6407 G5III+F2V 5.3986012 F4V 6.47 6414 34Vnn*BSV 5.886013 A0Vnn 6.14 6417 K2111 5.966026 B8VBgVpSi 6.30 6432 AV 6.006033 AV 5.43 6434 PO-2IV-Vn 6.516035 AOV 6.08 6435 A2Vnn 6.026036 AIV 6.33R 6443 KOI 5.656041 AIV 6.25 6457 A2V 5.126050 K411+F6-8V 5.87 6458 GOV 5.396052 FV 6.50 6467 F4V 6.436060 G2M! 5.50 6573 A8V 5.44
6061 AOV 6.09 648 A3V 5.81
6063 GOVCaI 5.64 6482 A9V 6.35
6064 GIV 6.668 6484 AOVn 5.47Hm6067 AM~ 6.18 6489 ?3V 6.44
6074 A3V 5.78 6496 T7V 6.216091 F31V-V 5.49R 6497 B9.5V+GOV 6.066096 B9V 6.23 6502 D5V 5.546110 AMV 6.40 6506 AOV 5.94i6121 G8III 6.11 6507 AOV 5.44
6124 GunI 6.07 6509 A4V 5.8096128 H2.S1II 5.23 6514 M4V 6.51
61.36 K41IIp 5.39 6533 AIV 5.62R6137' F2V 6.48 6534 A5V 5.62I
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TABLE III. (continued)

HR M V HR MXK V

6538 G5V 6.56 7057 FOIv 5.73
6541 F6V 5.64 7059 A2VM 5.90
6544 88Vn 5.55 7060 A2IV 6.11R
6548 A2V 5.81 7071 G5111 6.23
6551 ASn 6.40R 7073 D6V 6.04
6570 ASV 5.76R 7079 F8V 6.15
6589 AIV 6.34 7080 A21V 6.52
6592 KIII+F4V 6.36 7081 B31Vp 6.06
6594 F4Vv 5.52 7084 12.5Ve 5.88
6600 FOV 6.39 7085 AIV 6.25
6601 81.5V 6.30 7086 A1V 5.88
6609 A1IV-V 6.17 7096 A7MIf 6.13
6610 AOV 6.56 7098 AOVs 6.64
6618 A2V 5.75 7100 331V 5.91
6626 K3III+F7V 6.68 7102 A3V 5.25
6633 9.sv 6.22 7115 B61V 6.09
6642 A1V 6.12 7123 G9IVa 5.51
6655 A9V 5.98R 7126 F1V 5.79
6670 F3-SIV-V 5.77 7131 32.5V 5.58
6679 M4V 6.52 7132 141U 5.62
6681 LIV 5.89 7140 G8111+A2 6.02
6684 B21V-V 5.82 7154 131 5.77
6696 AlV 6.36 7162 ?9V 5.22
6697 G2V 6.30 7171 171ii-IV 6.50
6720 seVne 6.50 7172 FSV 5.23
6732 D9V 6.76 7173 32Vp 6.75
6741 I3Vn 6.21 7174 B71V 5.89
6744 AOV 6.50R 7179 D3V 6.22
6753 A2V 6.21 7181 X211I 5.27
6754 F0lV-V 6.34 7183 H3.511ab 6.29
6764 17V 6.52 7185 B51V 6.41
6775 7V 5.04 7196 G8111 6.30
6776 A2Vn 6.63 7200 82IV-V 6.69
6782 A3V 5.90 7202 85V 5.69
6792 A2V 6.32R 7207 A4V 6.40R
6797 FSV 5.69 7209 A1V 5.42
6806 K2V 6.40 7214 AV 5.83
6830 A4V 6.36 7215 AV 5.01
6831 reV 6.56 7231, F1V 6.53
6843 Aev 6.31 7251 AOVn 5.38
6844 72V 6.63 7258 13V 6.49
6847 G2V 6.29 7260 05V 6.07
6849 F1V 6.37 7261 POV 5.23
6852 89V 5.99R 7267 F51V-V 6.48
6873 3Ve 6.13 7269 D5Vn 6.34
6877 A7N 5.12 7279 23V 5.34
6878 59.5V 6.33 7284 A3V 6.18
6881 BBlV-Vg 5.73 7286 A2Vn 5.93R
6883 A2V 6.001 7288 A3V 6.49
6885 131II 5.25 7293 04V 6.75
6890 16111-IV 6.38 7294 G4V 6.57
6900 39V 6.74 7301 A4V 5.64
6902 GBIII-IV+AOV 5.65 7313 A1Vn 6.19
6918 GOIlI*A6V 5.21 7324 A3V 6.68
6919 BeV 6.20 7332 A2V 6.02
6924 53V 6.53 7345 G8V 6.31
6925 K311I 6.07 7346 a9V 6.31
6935 Wi0l 5.39 7351 A1V 6.26
6944 AOVn 5.14 7364 39.5V 6.40
6946 32V 5.72 7368 GOV 6.37
6955 A2V 5.77 7384 A0V 6.31
6957 A411I 5.94 7390 A0V 5.63
6962 A2V 5.76 7403 3Ve 6.34
6967 D8IIlpSiSr: 6.42 7457 38Vne 6.05
6970 G8I 5.14 7466 I5V 6.43
6971 W4Ve 6.59 7476 K21148V 6.2
6974 D9.5V 6.56 7516 B311I 6.48
6975 A3V 6.461 7519 A3IV 5.91
6976 A1V 6.40R 7541 K5III 6.04
6985 P5I1i 5.39 7553 FOV 5.39
6992 19V 6.42R 7559 KSIN 6.13
6995 G8IV 6.29 7569 GOV 6.13
7000 ?lIV-V 6.66 7572 B7V 6.54
7003 foY 6.26R 7580 B9.SVn 6.53
7010 MiI1 6.28 7593 87Vn 5.71
7030 BeV 6.41 7594 8V 6.49
7034 F7V 6.31 7596 A0111 5.61
7040 89V 5.02 7598 A2V 6.15
7044 F1IIIIV 5.70 7610 AIIV 5.28
7047 F6V 6.31 7622 89111 5.33
7051 M4V 5.068 7636 G8I1 6.17
7052 F1V 6.02H 7649 A3V 5.71
7054 FOVn 5.37H 7655 K0111 6.20
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TABLE I1. (continued)

iR NK V ER HK V

7656 84V 5.88 8166 48IV 5.68
7670 G61V+M6V 5.71 8169 AIy 6.04
7672 G1V 5.80 8170 ?8V 6.40
7675 AlVn 6.55 8178 A3V 5.16
7683 GSIV 6.17 8182 017II 6.05
7687 MI.Ia 6.14 8186 AD,' 6.63
7688 B3V 5.07 8187 6iV 5.49
7689 KOIV 5.36 8190 FlilV 5.71
7693 F3V 6.43 8194 A2V 6.15
7697 ?SV 5.85 8197 KOII 6.32
7700 B3V 6.31 8198 ASIII 5.68
7705 F5IV 6.48 8205 FSV 6.13

7709 siV 6.49 8212 F3V 6.61
7711 A3II 5.52 8215 B3V 5.31
7715 F7V 5.85 8217 A1V 5.41
7719 7Ve 5.92 8220 FOV 5.80
7721 B7V 6.92 8222 FOV 6.57
7731 A7IVn 5.18 8231 D9.SV 6.08
7733 K4MI 6.14 8250 f7V 6.47
7734 AOV 6.45 8261 G8III-IV 6.361
7743 KOIhI 5.66 8263 A2V 6.25
7746 KiIII 6.13 8265 A2V 6.18
7753 8IIN 5.32 8266 ASV 5.01
7756 FSV: 5.91 8267 FINV 5.45
7757 86111 6.48 8270 A9IV-Vn 5.67

7760 G91II 6.22 8272 A7MII 6.20
7769 A2V 5.58 8276 2V 5.85
7777 B2V 6.45 8283 G1V+GOV 5.18
7782 AOIII 6.57 8302 FOV 5.99
7793 F8V 6.17 8307 AOV 5.65R
7803 89V 6.15 8310 G2V 6.08H
7807 2Ven 5.90 a314 GOV 5.94
7821 39V 6.13 8319 AIV 5.58
7829 A7V 6.74 8328 AIV 5.64
7830 A3Vn 5.94 8330 F3V 6.21
7855 F6V 6.13 8332 A7V 6.17
7857 A2Vnn 6.56 8338 BeV 6.12
7865 A7V 6.19 8341 32V 6.29
7880 B9V 5.59 8343 AIVs 5.04
7883 A2V 5.43 8354 F61V-Vvv 5.53
7887 FOV 6.49 8356 3Ve 5.08

7899 33V 5.961 8358 AOVs 5.68
7914 GSV 6.45 8372 KSV 6.38
7917 A2V 6.08R 8373 A2Vnn 5.54
7927 821V-Ve 6.66 8382 K2V 6.22
7947 F7V 5.14 8391 51II1 6.40k
7953 AOV 5.58 8396 A2V+KOIII 6.37
7954 AOVn 6.40 8403 35111 5.78
7973 FSV 5.98 8404 39.5V 5.80
7974 A1Ms 6.33 8406 09V 5.56
7981 AlVs 6.52R 8415 Y21II 5.78
7983 W4Ve 6.33 8419 D9Vn 5.63R
8004 AlV 6.66 8421 MSIIIab 6.13

8006 A9Vn 6.55 8422 AOV 6.44
8009 BBVnne 6.70 8424 KSIII 5.14
8012 A4V 5.58R 8427 82V 6.27
8014 D8Vn 6.57 8429 A3V 6.19
8023 O6Ve 5.96 8434 AOIII 6.39
8041 O1V 6.21 8438 7Yne 5.78
8044 M3UIlab 5.65 8441 1IlV 6.11
8054 B6V 6.50 8442 G61l 6.32
8057 MIIII 6.31 8445 KmImI 6.428
8058 A3V 7.318 8448 G21V KOIII 6.11
8066 KIII 5.61 8451 AlVnn 6.27
8077 F8V 5.94 8455 GOV 6.18
8083 AOV 6.17 8459 A3II1 6.46
8085 KSV 5.21 8460 A81V 6.32
8086 K7V 6.03 8462 F2V 6.03
8088 K21V 6.42R 8463 ASV 5.40
8090 KSIII 6.15 8467 ?7V 6.39
8094 39V 5.59 8472 FV 5.24
8095 SIV 6.45 8476 KOIII 6.30
8098 A2Vs 6.07 8482 K2111 5.89
8101 AIV 6.68 8487 AOIII 5.53
8105 BIVp 6.54 8489 A2Vnn 5.68R
8121 MlII 6.38 8491 AlVn 6.21
8134 A2V 6.40 8495 ASVn 6.15
8139 F2V 7.05 8503 G9111 6.37
8141 3SV 5.82 8506 GBIII 5.88
8144 B7Vn 6.19 8510 A9IIrp 6.17
8149 KSIII 5.96 85"2 sSIlIpMn:Hg: 5.37
8158 861V 6.29 8513 BSV 5.37
8165 KIIII 5.57 8514 F6V 6.17

I
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TABLE II. (continued)

HR i V HR NK V

8320 B2IV-Ve 5.01 8654 X5III+K2III 5.95
8528 BSV 6.41 8656 tOIII 5.08
8530 G61I1BaII 5.93 8666 F0III-IV 5.76
8534 G6.5III 5.76 8670 G711I 5.26
8535 B81II-IV 6.16 8673 AOV 5.66
8548 F7V 5.75 8676 A91II-IV 6.19
8549 B2V 6.46 8677 B9.5IV 6.36
8554 B5111 6.57 8681 ?OIV-V 6.54
8562 K5IIIa 5.58 8682 I5Vne 6.12
8565 F3IV 6.40 8688 KIIIi 5.43
8567 B8Vs 6.17 8697 F7IV 5.16
8569 A2V 6.56 8705 B8V 6.46
8575 K211I 6.40 8706 B7U1:-IV 6.34
8583 A8III 6.38 8710 K3111 6.19
8586 F1V 6.24R 5711 K2.5I11b 5.56
8588 A6V 5.79R 8712 t0III 5.81
8589 G8111 6.35R 8715 A7IIX 6.11
8594 G8III-IV 5.71 8716 KOIII-IV 5.72
8605 AIIII 6.40 8723 B711I 5.74
8606 h3V 6.29 8724 A3Vs 6.51
8607 A3V 6.38 8725 B21V 5.59
8610 X2111 5.03 8727 G9111 6.31
8621 H4II 5.21R 8729 G2.5IVa 5.49
8624 A2V 6.21R 8730 XIIII 6.28
8633 KOIII 5.93 8731 B4IIIep 5.43
8640 B2111 5.25 8733 B21V-V 6.18
8643 G91II 5.94R 8734 G8IV 6.16
8645 ASV 6.45 8735 F0-2V 6.37
8647 AOVn 6.41 8738 A1V 6.33
8651 BIV 6.43 8741 X5III 6.07
8653 G81V 6.51 8745 39111 6.43

those previously known visual binaries having geometries binary star systems that would otherwise by overlooked by
and magnitude differences falling within the survey window traditional visual micrometry surveys using large refractors
of resolution. Previously known systems that were missed by or even by attempts to detect variable radial velocity. Al-
the survey can be invariably excused on the basis of their though the direct resolution of spectroscopic binaries con-
currently exhibiting unresolvable separations and/or pos- tinues to be a majorjustification for binary star speckle inter-
sessing very large magnitude differences. ferometry, the great majority of radial-velocity amplitudes

that have and can be measured lead to semimajor axes too
Ill. DISCUSSION small to encourage direct resolution. This situation could be

The limiting resolution of speckle interferometry when improved substantially if precision radial-velocity methods,
carried out at 4 m class telescopes permits the detection of such as those summarized by Campbell and Walker '1985),

TABLE IV. K- -isuel binaries not resolved in survey.

BR ADS Disc. Epoch Comaent*

6388 - McA 1985.5174 1
6484 10526 McA Ap 1985.5227 2
6697 - McA 1985.5228 3
6918 11353 Stf 2316 Ap 1985.5148 4
7059 11667 IcA Ap 1985.5231 5
7209 - A 3195 1985.5204 6
7466 12696 VRH Z3 Ap 1985.5234 7
7953 14293 Bu 65- 1985.5206 8

*Comuents - Unrefereced dates of speckle observations refer to
the catalog of McAlister and Hartkopf (1984):

1. Unresolved at 10 epochs betveEn 1977.49 and 1981.47 vith
separation of 0:'039 on 1980.48.

2. A companion with a separation of 0"29 seen only on 1981.47;
unresolved on 1985.25 by !onneau et a1 (1985)

3. Rapidly moving pair closing from 07114 to 07065 betveen
1981.5 and 1984.3.

4. A companion vith a separation of 0"25 seen only on 1976.61;
unresolved at four other epochs betveen 1976.3 and 1979.5.

5. A companion vith a separation of 0713 seen only on 1980.48;
unresolved on 1976.30.

6. Consistently unresolved at five epochs between 1977.48 and
1981.47.

7. Consistently unresolved at eight epochs betveen 1976.45 and
1981.70.

8. This system vith an estimated Am of 3.6 magnitudes is probably
also shoving A separation just outside the survey vindov.
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were routinely applied to long-period binary systems. Thus alter the depression in the frequency distribution for B stars
speckle interferometry using large reflectors can realistically shown in Fig. 2 of Abt (1983).
be considered as a technique that begins to bridge the gap Heintz (1978) defines an index C = 0.22Am - log p as a
between classical visual and spectroscopic detection of bina- "measure of difficulty" for visual detections based upon
ry stars and provides important overlaps into the regimes of magnitude difference and angular separation. He states that
these two complementary methods. Among the 52 newly for stars brighter than magnitude 9.5 binaries for which
resolved binaries in Table I, there are 13 which are designat- C< 0.5 have been completely detected by surveys, while
ed as spectroscopic binaries by the BSC. The longest spectro. those for which C> 1.0 are "virtually unknown." In the sep-
scopic orbital period in this subgroup is just over 13 days, aration range of 0'038 to 0'25, in which 47 of the 52 newly
and it can be concluded that none of the newly resolved sys. resolved binaries fall, the value of C ranges from 1.4 to 0.6 if
tems can be associated with previously known spectroscopic we assume that the average Am within this sample is approx-
orbits. There are ten stars in Table I for which the BSC desig- imately 0.5 mag. The majority of these new binaries thus
nates the radial velocity as being variable and nine additional have very small likelihood of ever contributing to duplicity
stars with suspected variable velocities. Whether or not these surveys employing visual methods.
velocity variations can be attributed to the speckle compan- We can conclude that the great majority of the binaries
ions remains to be established. Two of the stars in Table I newly resolved in this survey fall into an orbital-period re-
show composite spectra: HR 7571, AO V + F8 IV, and gime not generally detectable by other methods and have
HR 8617, G2 III + A4 V, and it is likely that these spectral thus not contributed to previous studies of the stellar duplic-
types correspond to the individual components now resolved ity frequency. Furthermore, these systems would not be dis-
by speckle interferometry. It is also interesting to note that covered if this same sample were to be surveyed by classical
we have discovered a new close companion to component C spectroscopic and visual methods. If we estimate that the 47
of the famous visual multiple system e Lyrae (HR 7053). new systems in Table I with separation less than 0725 are

A few of the stars we have observed have been included in uniquely discoverable by speckle interferometry at large
other surveys for the purpose of estimating duplicity fre. telescopes, then we can conclude that duplicity surveys in
quencies. In their study of solar-type dwarfs, Abt and Levy the past have typically overlooked at least approximately
(1976) found a constant radial velocity for HR 6987, a star 7% of the actual binaries because they fall into the selection
which we find to be double with a separation of 07141. We regime between spectroscopic and visual methods. This ad-
estimate that HR 6987 would have a period of theorderof 15 dition to the overall frequency of binary stars must be con-
yr, with a maximum possible radial-velocity variation of ap- sidered a minimum value to the true increase because
proximately 10 km/s, a value that would be decreased ac- speckle interferometry does not completely bridge the gap
cording to the actual orbital inclination. The long period and between spectroscopy and micrometry. Although this sur-
likely small velocity amplitude are not inconsistent with the vey is not intended to provide the means for independently
conclusion of Abt and Levy (1976). Three stars for which modifying across all spectral types the binary frequencies
we failed to detect companions but for which Abt and Levy that have been summarized by Abt (1983), the breakdown

(1976) determined spectroscopic orbits are HR 5954 in frequency as shown in Table V offers comparisons suppor-
(P = 3100 days), HR 7261 (P = 49.1 days) and HR 8283 tive of the high frequency of duplicity and its variation with
(P = 13.2 days). In the case of HR 5954, the 8.4 yr period spectral type.
system could conceivably be resolvable by speckle interfero- Our sample of 672 bright stars is not generally representa-
metry at maximum angular separation, provided that the tive of the luminosity-class makeup of the BSC because this
magnitude difference is not too large for this single-lined observed sample includes 424 dwarfs and 246 stars of lumi-
system. The shorter periods for HR 7261 and HR 8283 give nosity class IV or brighter as indicated in Table V. Two stars,
no hope for direct resolution by single-aperture interfero-
metric techniques. In nine other cases (HR 5968, 6091,
6458, 6594, 6775, 7172, 7947, 8472, 8697), Abt and Levy

I (1976) found constant velocities for stars which we also see
as single while they suspect variable velocity for HR 6985, a TABLE V Summary of duplicity results by pnmary spectral type (no. of

star that is unresolved to us. The only star we have in com- stars observed/no, of stars resolved/% resolved).

mon with the s:udy of B type dwarfs by Abt and Levy (1978) Luminosity class
is HR 8520, an object for which neither spectroscopic nor
speckle analysis find evidence of duplicity. The observa- Spectral

tional selection effects of spectroscopic methods and speckle Type V IV III II

methods do overlap some in their sensitivity to binary star
discoveries, but in the case of bright-star duplicity surveys 0 3/ 1/33

the two approaches serve primarily as complementary rath- 8 104/17/16 18/ 3/17 15/ 2/13 -
* er than redundant means for discovery.

The complementary nature of speckle interferometry with A 193/45/23 18/ 4/22 21/ 1/ 5 -

spectroscopic and visual surveys for duplicity is exemplified F 87/16/18 28/ 4/14 13/ 2/15 -

in the case of the B stars. Abt (1983) discusses the duplicity G 31/ 7/23 12/ 1/8 38/4/11
frequency for a sample of 114 B2-B5 dwarfs, pointing out an

absence of such binaries with periods between approximate- K 8/ 0/ 0 4/ 0/ 0 59/ 2/ 3 1/ 0/ 0
ly 1/3 yr and 270 yr. Our Table I includes two stars in this -- 17/ / 6 1/ o/ 0

spectral range that have estimated periods of less than 100 yr
and three more stars with periods less than 1000 yi. Even
these few binaries in this period range would significantly All 426/86/20 80/12/15 163/12/ 7 2/ 0/ 0

I
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HR 7048 and HR 7840, contribute two systems each to Ta- -

ble II, but the primary spectral types are included only once , am,, .... ,
each in Table V. Thus there were 670 different primary spec- L1 ,., k-,,..,, , ~,, ,,,
tral types available for the 672 stars observed. Dwarf primar-
ies accounted for 63.5% of the survey sample, whereas ,,
dwarfs comprise approximately one-third of the complete in
BSC. Our selection of dwarfs over giants was based upon the 0

need to extrapolate to the apparent-magnitude range ,
(V= 9.0-14.5) characteristic of HST guide stars in which
dwarfs dominate over giants. For the 424 luminosity class V
stars in our sample, 86 were found to be double with an
overall frequency of occurrence of 20% . Forty of these 0" "0 M "" ." .20 

"
2 ." .32 "3 " "4 " .

""  
M

dwarf binaries are newly discovered. There were 164 lumi- AI,,LAR SEPARATION t&rc.U.*Of)

nosity class III stars observed, of which 12, or 7%, were
found to be double. Five of the giant binaries are newly re- FIG. I. The histogram ofangu!ar separations from 93 measurements of
solved. It is interesting to note that the fraction of observed binary systems clearly shows the increase in newly resolved systems at
binaries previously unknown is similar across all luminosity separations less than 0.25 arcsec. An additional 22 measures of systems

with separations exceeding 0.65 arcsec are not shown herc. Thosetypes and confirms the anticipated decrease in detected du- "wide" binaries include only one newly resolved system.,
plicity rate for evolved stars, owing to significant increases in
magnitude difference when one star leaves its companion
behind on the main sequence. The 9.4% increase in the over-
all fre.qiency of dwarf binaries found for the survey sample 53 previously known systems. For "close" binaries with sep-
leads to the prediction that another 250 binary stars would arations less than 0725, our results nearly triple the incidence
be discovered in a complete speckle interferometric survey of of duplicity by finding 47 new binaries compared with 26
BSC dwarfs. Our results would also imply the existence of an previously known systems.
equal number of newly resolvable giants and subgiants. This The sensitivity of speckle interferometry as a tool for the
is a substantial increase in the incidence of close visual bina- discovery of close binaries is made even more apparent when
ries among the bright stars. Discovery and continued speckle it is realized that three of the 26 previously known binaries
measurement of these objects would eventually result in a were originally first resolved by speckle rather than by visual
significant increase in the number of binary stars for which micrometer methods and that another three were discovered
fundamental determinations of masses and luminosities can by visual interferometry. Table VI lists for comparison the
be made. The routine observation of these stars by modem separations at both the survey epochs and the epochs of dis-
programs of high-accuracy radial-velocity measurement is covery for the ten visual binarie with current separations
extremely important to this potentially rich harvest. less than 0'150, In nearly every case, the discovery separa-

Estimates of the orbital periods for the newly resolved tion was substantially larger than what we measured at
binary systems in Table I were calculated by assuming that 1985.5, when the average separation was 0'109 compared
Am is typically 0.5 mag, that the total mass of each system is with 0'230 at discover. It is likely that systems with separa-
1.8 times the mass of the primary for which the mass and tions less than 0.12 would be overlooked by even the best
absolute magnitude can be estimated from Allen (1973), micrometer observers so that another four visual binaries
that the unknown inclinations are randomly distributed and that we have measured would probably not have been pre-
result in a mean projection factor of 0.64, and that the orbits viously resolved had their orbits not presented wider separa-
have a mean eccentricity of 0.5. The estimated values for the tions at earlier epochs. This discussion would lead to the
distances, orbital semimajor axes, and periods are given in conclusion that only approximately 14 of the 72 bright close
the last three columns of Table I. Seventeen of the new bina- visual binaries we have observed would be detectable by vi-
ries have periods in excess of a century, while 17 systems sual observers were the argument not biased by the lack of
have periods of less than 40 yr. Five systems (HR 6956, separation histories of the new binaries and by the fact that
7272, 7677, 8246, 8581) have periods of 15 yr or less. Al- bright stirs have not been systematically surveyed for many
though the period estimates are based upon a model and thus decades. We can only state in summary that, within our sur-
are highly uncertain, they can serve as a guide for those ob- vey sample, 52 new binaries have been found by speckle in-
jects that should be routinely measured by speckle observers terferometry in the separation regime of 0704-0'25, com-
and/or offer a possibility for the determination of spectro- pared with 22 previously known visual binaries. This implies
scopic orbits. a 240% increase in the known incidence of close visual bina-

Figure 1 is a histogram of angular separations smaller ries among the bright stars.
than 0"64 measured for the survey sample. The sample is We can estimate the number of binary stars that have been
subdivided in Fig. I according to whether or not tJ;e system overlooked in any separation interval owing to the finite low-
is newly resolved, and furthermore, whether previously er lim;t of resolution imposed upon speckle interferometry
known binaries were discovered visually or with speckle in- by diffraction principles. For the CFHT, we take the diffrac-
terferometry. The fign-re omits 22 systems with angular sepa- tion limit as defined by the Rayleigh criterion and adopt a
rations exceeding 0765, including the newly discovered wide limiting resolution of 07038. A simple model from which we
pair comprising HR 8690. Inspection-of Fig. I leads to the can then estimate discovery incompleteness is provided by
conclusion that for separations exceeding 0.25 visual sur- considering a sphere whose radius equals the upper limit R
veys have reached a completeness which cannot be substan- to an observable separation interval. The sphere then con-
tially improved by speckle interferometry. For this "wide" tains all possible -vector separations which we assume to be
separation regime, five new binaries were found compared to randomly distributed and which would project onto the
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TABLE VI. Visual binaries with observed separations less than 0.150 aresec.

1985.5 Discovery Discovery
nR ADS Disc. Separation Separation Year

5774 9688 A 1634 AS 07040 0"09 1907

6488 10531 Hu 1179 AS 0.069 0.23 1905
6560 - Mir 571 0.140 0.18 1979
6814 11149 B 2545 Al 0.102 0.11 1958
6999 11520 A 88 AS 0.141 0.14 1900
7033 11593 B 2546 Al 0.145 0.2 1958
7840 B 13946 Da 1 BC 0.108 0.5 1841
8116 14761 Hu 767 0.090 0.17 1904
8533 15902 Bu 172 Al 0.121 0.46 1875
8612 16130 A 2695 0.136 0.22 1913

plane of the sky bisecting the sphere to present the distribu- the 3.6 m Canada-France-Hawaii telescope, we detected and
tion of angular separations we attempt to observe. The frac- measured the duplicity of 52 stars not previously directly
tion of the vector separations that would be unresolvable is resolved. The separations and position angles of 60 addi-

then given by the intersection of a cylinder of radius r, the tional, previously known visual binaries have been measured
diffraction limit, with the sphere such that the cylinder's with high accuracy. For 560 stars, our observations showed

long axis is perpendicular to the plane of the sky and passes no indications of companions within a resolution window
through the center of the sphere. The fraction of the binaries whose lower limit is approximately 0.038 and magnitude
that would then be unresolved can be shown to be given by difference Am<2. From these observations we conclude

f= (2rH + 3Rh 2 - h 3)/2R 3, that:
(I) About 500 previously unresolved binary stars can beSwhere expected to be discovered from a complete speckle interfero-

H-R cos (arcsin r/R) metric inspection of all the stars in the BSC.

and (2) These new binaries primarily fall into orbital-period
regimes likely to be overlooked in traditional radial-velocity

h-R -H. and visual-micrometry surveys for duplicity and conse-

With the limitations of this simple model in mind, we show quently serve to increase the known overall duplicity rates

in Table VII the resulting incompleteness for observed sepa- for stars. Without regard to spectral type, this overall in-

ration intervals beginning at the CFHT diffraction limit, crease of duplicity frequency is approximately 7%.

where everything is unresolved, to a separation of I arcsec, (3) The number of visual binaries in the separation range

where an insignificantly small percentage will be over- 0'038-0'25 is found to be 11% of our sample. This more

looked. In the range of separations out to 0712, 10% of the than triples the value based upon previously existing statis-

binaries will be unresolved due to their orbital inclinations, tics for classically resolved binaries.
This implies that approximately three close systems were (4) Continued'discovery and measurement by interfero-

overlooked in the survey sample due to this effect. The effect metric means of binaries among the bright stars can result in

of nonzero orbital eccentricities will be to increase the prob- a substantial increase in the collection of fundamental data
ability of a given system being resolved because of the result- for stellar masses and luminosities, as well as in a significant
ing bias, arising from Kepler's second law, toward larger refinement in our knowledge of the frequency of binary and

separations. This effect is complicated and somewhat nulli- multiple star systems.
flied by the distribution of the longitudes of perihelion. In the
present estimate, we expect that a more realistic incomplete-
ness model would not alter the conclusion that three close
systems have been overlooked due to the distribution of the This project was made possible with the generous support
orbital elements i, e, and w0. of the Space Telescope Science Institute, and we thank R.

I. CGiacconi, P. Stockmann, and R. Milkey for their encourage-
IV. CONCLUSIONS ment and for providing contingency funds for the project.

From a survey of 672 stars selected from the Yale Bright We thank STScI staff members P. Garnevich and M. Potter

Star Catalogue and observed with speckle interferometry at for providing observing lists and finder charts, and J. Russell
-for her comments on the manuscript. We are especially

grateful to G. Lelievre for providing Director's discretionary
TAB~e VII, Estimated incompletenes% fractions, time on the CFHT, to B. McLaren for his-advice and assis-

tance at the telescope, to K. Barton for his sv ' I job in

R f R f R t operating the telescope, and to the entire CFHI , "ff for
their kind assistance in adapting our instrumentatioi Lt. the

:07038 1.000 07065 0.327 0"140 0.073 telescope and in helping with a tight shipping schedule. The
- 0.040 0.829 0.070 0.284 0.160 0.056

0.042 0.748 0.075 0.249 0.180 0.044 task of handling the shipping with only five days between
0.045 0.655 0.080 0.219 0.200 0.036 observing runs was skillfully managed by W. G. Robinson.
0.048 0.581 0.085 0.195 0.300 0.016 Research activities in speckle interferometry at Georgia
0.050 0.538 0.090 0.174 0.400 0.009
0.055 0.450 0.095 0.157 0.500 0.006 State University are supported by grants from the National
0.058 0.407 0.100 0.142 0.600 0.004 Science Foundation and the U.S. Air Force Office of Scien-
0.060 0.381 0.120 0.099 1.000 0.001 tific Research.
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ABSTRACT

This paper represents the continuation of a systematic program of binary star speckle interferometry
initiated at the 4 m telescope on Kitt Peak in late 1975. Between 1975 and 1981, the observations were
obtained with a photographic speckle camera, the data from which were reduced by optical analog
methods. In mid-1982, a new speckle camera employing an intensified charge-coupled device as the
detector continued the program and necessitated the development of new digital procedures for reduc-
ing and analyzing speckle data. The camera and the data-processing techniques are described herein.
We present 2780 new measurements of 1012 binary and multiple star systems, including the first direct
resolution of 64 systems, for the interval 1982 through 1985.

I. INTRODUCTION and provide a baseline of almost ten years in the measure-

This paper is a summary of observational results from a ment of orbital motion for many systems. We continue to
program of binary star speckle interferometry carried out at place on our observing program objects which can benefit
the Mayall 4 m telescope on Kitt Peak during the interval most from the high angular resolution and high accuracy
June 1982 through November 1985. These observations obtainable from speckle observations at large telescopes.

were obtained with a speckle camera that incorporates an Such objects include potentially resolvable spectroscopic bi-
intensified charge-coupled device (ICCD) as the detector. naries; known visual binaries with small angular separations
All data were reduced digitally using a combination of hard- and rapid motions; occultation and astrometric binary stars;
ware and software specifically developed for the efficient stars that indicate possibly resolvable duplitity through
processing of large volumes of speckle data. Paper I in this composite spectra, suspected variable radial velocity, and
series (McAlister et al. 1987) presented the results from this abnormal colors and luminosities; and survey samples of
camera and analysis system for a survey of bright stars with such groups as the bright stars, the nearby stars, Hyades
the 3.6 m Canada-France-Hawaii telescope on Mauna Kea. cluster members, and high-velocity stars. Our observing pro-
Our binary star speckle-interferometry program is a second- gram currently is comprised of some 3000 stars. Although
generation continuation of an effort carried out between the ICCD speckle camera has been found to be capable of
1975 and 1981 on Kitt Peak, in which a photographic observing stars as faint as V= + 16, most of the program
speckle camera was used to produce nearly 2800 measures of objects are brighter than V= + 10. This routine limiting
more than one thousand binary star systems. Those results magnitude still represents a gain of 3 mag over the limit of
appeared in a series of I I papers, the last of which is that of the previously used photographic speckle camera.
McAlister et al. (1984). 11. THE SPECKLE CAMERA SYSTEM

A catalog of all modem interferometric observations of
binary stars has been compiled by McAlister and Hartkopf The camera system employed in the speckle program of
(1984) with a completeness date of January 1984. Speckle the Center for High Angular Resolution Astronomy
observations dominate the catalog; more than 3200 mea- (CHARA) at Georgia State University has been described
surements had been accumulated by several groups since in its developmental stage by McAlister et al. (1982). For
Gezari et al. (1972) first observationally demonstrated the the sake of completeness and to provide an updated descrip-
applicability of Labeyrie's method to binary stars. The mean tion of the equipment in its actual operational configuration,
separation of the catalog entries is 0732, while the median we present here a comprehensive discussion of the instru-
separation is 072 1. Approximately 700 of these measures, or mentation for collecting and reducing speckle data.
21% of the data, are for systems with angular separations The heart of the camera is an RCA SID 53601-XO all-
between 0'021 and 07100. Thecatalog contains 118 systems buried channel "thick" CCD for which RCA had modified
first-resolved interferometrically, and there can be no doubt its TC 1160 camera in order to provide a standardRS 170
that speckle interferometry has become a major contributor video output from the chip. The RCA camera operates the
to modern binary star astrometry. chip in a frame-transfer mode, shifting an "A" register im-

We present here 2780 measures of 1012 binary stars, in- age into a covered "B" register for readout while another
cluding the first direct resolution of 64 systems. These new "A" image is being accumulated. The effective photosensi-
observations double the overall contribution of our program tive area of the CCD is thus reduced by 50% to an array of

244 X 248 pixels. The readout-noise problem is completely
"Visiting Astronomer. National Optical Astronom) Observatories. eliminated by intensifying the CCD; this was accomplished
NOAO is operated by the Association of Universities for Research in As- by fiberoptically coupling an ITT F-4144 dual microchan-
tronomy, Inc., under contract with the National Science Foundation. nel-plate intensifier to the CCD. The MCP tube was pro-
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_ vided by ITT with an 18 mm diameter photocathode. A D- fielding, such as the vector autocorrelation we use, and di-
14 fiberoptic plug was bonded by RCA directly to the "A" minishes the detector's effectiveness on faint objects. We
register of the CCD in order to provide for coupling to the hope to secure a cleaner chip at a future date.
MCP intensifier. Our early experience with this method was A schematic of the CHARA speckle camera system is
disheartening in that the first CCD failed irretrievably dur- shown in Fig. 1. The camera-head assembly contains optics
ing its testing phase and the second device failed in a similar for increasing the effective focal length in order to produce a
manner in January, 19&3, after working flawlessly for one highly magnified field of view and for collimating the beam
year. With the assistance of RCA, who provided us with the in order to eliminate focusing variations due to variable
last research-quality CCD of its type in stock, we traced both thickness of filters and dispersion-compensation prisms. At
failures to differential expansion between the CCD substrate the Mayall telescope, a choice from among three microscope
and the bonding material for the input fiberoptic that result- objectives provides scales on the detector of 0.0161, 0.0087,
ed in the failure of the chip preamplifier circuit. Successful 0.0051 arcsec per pixel corresponding to fields of view of
bonding using a specially prepared ceramic collar was car- 3.96, 2.14, and 1.25 arcsec square. We normally use a 20X
ried out for us by Lyle Broadfoot and his colleagues at the microscope objective corresponding to the middle level of
Earth and Space Sciences Institute in Tucson, Arizona, and magnification. For object acquisition at telescopes not pos-
the third device has operated continuously since late 1983. sessing an independent acquisition capability, the camera

The overall characteristics of the ICCD include a maxi- head was designed so that the microscope objective and colli-
mum gain of one million, with peak sensitivity at 2 500 nm mating lens can be removed from the beam while an addi:
and 50% of peak sensitivity still available at A 400 and 2 670 tional acquisition lens is inserted to provide a field of view
nm. The pixels are 30/u square and are contiguous. The de- with a diameter of nearly I arcmin. At the 4 m telescope, this
tector is electronically shuttered by gating the photocathode capability is only used at the beginning of an observing run
voltage in synchronism with the video camera. This provides when it is necessary to provide a fiducial mark on the tele-
exposure times between 1 and 15 ms, a useful feature when scope television acquisition monitor for the small speckle
confronted with rapidly varying seeing. The detector has field of view. A filter wheel assembly provides Strfmgren u,
high mechanical stability, is free from image distortions as- v, b,y filters, an inter. nediate-bandwidth filter centered ony,
sociated with other types of image tubes, and is capable of and a clear position. T.,,ta are routinely obtained through the
detecting single photon events. It is ideally suited to binary Stromgreny filter. Design considerations for the atmospher-
star astrometry requiring an accuracy of better than 1%, and ic-dispersion-compensating Risley prisms are discussed in
its sensitivity and near linearity make it an effective detector the description of the original photographic speckle camera
for photometric purposes. Unfortunately, the CCD. has a used at Kitt Peak (Breckinridge et al. 1979). The prisms
prominent fixed pattern involving some 15 pixels that con- were designed to permit complete dispersion compensation
tributes to autocorrelation algorithms not employing flat for zenith angles of up to 65* over bandwidths of 15 nm.

IGSU SPECKLE CAMERA SYSTEM

FOCAL FILTER RE-IMAGING
PLANE LENS

- - - - DETECTOR

a ICCD

RISLEY

MICROSCOPE COLLIMATING PRISMS

OBJECTIVE LENS ACQUISITION VIDEO
LENS (RS-170)

ICONTROL I

IVECTOR RECORDER
VIIAUTOCORRELATOR

* MONITOR

FiG. I. The GSU ICCD speckle camera system is shown here in schematic form.I
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All camera-head functions including filter selections, Ris- different telescopes during some 200 nights without suffer-
iey-prism setting, speckle or acquisition field selection, expo- ing any mechanical or electronic failures that could not be
sure times, integration times, detector gain, and the starting/ repaired prior to the start of the next night's observing.
stopping of the videotape recorder are completely controlled
by a Motorola 6809 microprocessor under the direction of an II1. AUTOCORRELOGRAM REDUCTION TECHNIQUES
Osborne 1 host computer. This arrangement permits the Techniques developed for reduction of autocorrelograms
rapid and accurate setup of the camera from the control (ACGs) have been outlined by Hartkopf (1984) and, more
room for each object to be observed. As a backup to the recently, by Hartkopfet al. (1985). The methods described
Osborne 1, the microprocessor can read/write a Burr- here have been developcd with two major objectives in mind.
Brown hand-held control/display panel that is otherwise Foremost, of course, is accuracy; our goal is to derive astro-
used for local control of the camera head when necessary. metric information accurate to + 0.0003 or better for bina-
This is especially useful during camera installation and test- ry stars ranging in separation from a few seconds of arc down
ing in the telescope observing cage. to the Rayleigh limit (0'025 for a 4 m telescope). We have

The videotape recorder selected for recording speckle succeeded in reaching accuracies of this order for brighter
frames is a version of a VHS recorder marketed by RCA and binaries and accuracies of approximately 0'001 for all but
extensively modified by Gyyr Corporation. The modifica- the faintest pairs. Our second major objective is, of necessity,
tions included replacing the capstan drive motors with mi- speed. As mentioned above and shown in Table I, observing -
croprocessor-driven stepper motors and tape servo, changes has been streamlined to the point where 200 or more objects
to the recording heads, and the provision of a variable tape can be observed in a single night; as many as 1200 observa-
canting system. The recorders we purchased were then tions may be obtained in one Kitt Peak observing run. The
further modified to include an RS 232 interface port for re- speckle camera is also used in separate projects at other facil-
mote operation by means of the camera-head microproces- ities, including observing runs averaging five nights per
sor. These modifications of the recorder allow data taking at month on the Perkins 72 in. reflector at Lowell Observatory.
normal video rates, playback at various rates inlcuding still It is essential, therefore, that data reduction be streamlined
field, and complete computer control for automated data as well, in order to keep up with the continual influx of new
recording as well as possibly for automated data processing. observations. Most of the reduction steps described below

A typical observing sequence involves the acquisition of are, in fact, carried out in a batch process, with human inter-
an object by the telescope operator, who then centers it in the action usually-needed only for selecting the binary peaks to
speckle camera field of view. Speckle data are then accumu- be fitted. Alternatively, the entire reduction process may be
lated typically for 60 s; during this time 1800 speckle frames carried out interactively for "problem" ACGs resulting
will be recorded on video tape. An example of one such from poorer observing conditions and/or fainter stars. All
speckle frame is shown in Fig. 2 [Plate 43 ]. This entire cycle data reduction is carried out with the CHARA VAX 11/750
lasts approximately two to three minutes, permitting an ob- computer and image-processing system at GSU.
serving rate of at least 20 objects per hour. The storage of our The memory of our VAC is limited to 16 bits (65K, and
3000-star observing list on the telescope-control computer
gives some relief to the otherwise harried telescope operator.

Processing of the vast volume of data generated by the TABLE I. Observing run statistics.
speckle camera is critically dependent upon a hardwired vec-
tor autocorrelator (VAC) built to our specifications by Di- Number
gital Television Imagery, Inc., of Tucson, Arizona. The Dates of of resolved
VAC operates by digitizing an incoming video frame and Run included nights observations measures Notes
storing the (x, y) coordinates of only those pixels whose in-
tensities are above an adjustable threshold level. A two-di- Jun 82 1982.5027- 3 244 83

1982.5088mensional histogram of all coordinate-pair differences is Oct 82 1982.7542- 5 S18 219
then calculated and stored in a 128 X 128 X 16-bit autocorre- 1982.7661 (+56)

Jan 83 1983.0471- 2 254 112logram memory. Autocorrelograms from individual frames 1983.0511 ( +53)
are continuously coadded, and the result is displayed to the 1983.0610- 4 512 167 ISIT
operator. This windowed autocorrelogram can be offset 1983.0703 (+ 29)

Ju 31983.4141- 8 750 334from the origin in order to measure known binaries. As de- 1983.4342 (+ 57)
scribed in Paper I, the autocorrelator was incorporated into Sep 83 1983.7097- 3 460 3021983.7163 ( +28)
the observing activities in the spring of 1985, following con- Jan84 1984.0520- 5 692 251
struction of an interface that enables the autocorrelograrr 1984.0636 (+ 48)
memory to be read by a DEC Pro 350 computer that stores '4ay 84 1984.3724- 6 866 339

1984.3870 C + 165)the autocorrciograms on floppy diskettes for further pro- Sep 84 1984.7007- 5 454 229
cessing. Prior to that time, the VAC could only be operated 1984.7129 (+ 65)
in conjunction with a Perkin-Elmer 3220 minicomputer at Dec/Jan 1984.9965- 6 460 100

84/85 1985.0114 (+356)Georgia State University, and all data processing required Jun 85 1985.4729- 1 3 3 Lowell
the playback of data recorded by the video cassette recorder, 1985.4730 24"
a device that now only serves for data archival purposes. Jun/Jul 1985.4812- 6 369 206

85 1985.4985 ( + 383)
The CHARA speckle camera, whose detailed design and Nov 85 1985.8350- 8 856 435

construction was carried out by Technical Development 1985.8545 (+ 359)
Corp., of Tucson, Arizona, has proved to be an extremely Total 62 6438 2780
reliable instrument that has fulfilled our specifications in all (+ 1599)
respects. The camera has been transported to and used at six
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65 535 counts); any pixel exceeding this limit will "burst" tect very faint peaks against high background levels), but it
and reset to zero. The central spike of an ACG will often has proved a very efficient and dependable means for pro-
burst one or more times; for a very bright star, less than a cessing some 15 million speckle frames containing nearly
minute's worth of data may cause the entire central portion one terabyte of information.
of the ACG to burst many times. The first step in reduction,
therefore, must be to "deburst" the data-i.e., to add 65K IV. CALIBRATION

counts to each pixel as many times as is necessary to restore it Calibration of our speckle data is accomplished by two
to its correct value. Each row of pixels is scanned from both different methods. The primary calibration continues to be
ends toward the center to look for the sudden drop of > 65K made by placing a double-slit mask over the entrance aper-
that indicates bursting. This pixel is increased by n X 65K, ture of the telescope and observing a bright single star-in
then the next inner pixel is compared to it, etc. The entire effect turning the telescope into a Michelson interferometer
process is repeated for each column in a similar manner. (see McAlister 1977). The ACG of one such calibration ob-
Safeguards added to the reduction program recognize and servation is shown in Fig. 4 [Plate 45]; the background has
correct most noise spikes and dropouts as well. been removed by the boxcar technique described in Sec. III.

This debursting technique seems to work quite well at re- The separations of these well-defined peaks depend only on
storing nearly all pixels to their correct value. It can, how- the geometry of the telescope/camera system; that is, on the
ever, break down for those pixels encompassing the central focal lengths of the optical components, the physical separa-
spike of the ACG; here the pixels have often burst so many tions of the slits in the mask, and the location of the mask in
times that it is impossible to correct them. This is not usually the beam. Thus a scaling factor can be determined that is
of major concern, however, since these pixels typically corre- limited only by the accuracy to which these quantities are
spond to separations within the Rayleigh limit. Part (a) of known. Calibration accuracies of + 0.6% in separation andFig. 3 [Plate 44] illustrates an autocorrelogram of ADS + 0.2 in position angle have been obtained (McAlister
7158 after debursting. The central spike has been somewhat 1977). Variations in calibration occur from one observing

clipped in order to show the secondary peaks rr.)re clearly, run to the next owin cai n the precise placement of

The second reduction step consists of removing the broad the speckle camera at the Ritchey-Chretien focus of the

seeing-induced background slope from the ACG. Its pur- KPNO 4 m telescope. The range of these variations amounts

pose is twofold. First, this Gaussian-like background can to approximately 2% in angular separation and 0s5 in posi-

noticeably alter the measured centroid of a secondary peak, tion angle. It is therefore neu;essary to secure calibration data
even for a wide binary. The background slope varies greatly at least once during every observing run.

with distance from the center of the ACG, often in a nonra- A secondary calibration of our speckle data is made by

dial manner owing to incomplete correction for atmospheric observing bright binary systems whose orbits are either very
dispersion or to turbulence-induced asymmetry in the atmo- well determined or of extremely long period (see McAlister
spheric point-spread function. Second, removal of this and Hartkopf 1983 for a list of suggested binary "stan-
bright background is often necessary to permit detection of dards"). These observations give us a useful check on the
secondary peaks as faint as 1% of the background level, double-slit calculations. More importantly, they also pro-

Several background-fitting methods have been tested, in- vide scaling factors when the speckle camera is used on tele-
cluding FFT's, radial least-squares polynomials, and a ro- scopes not equipped with calibration masks, or for which
tate-and-subtract algorithm. The technique now in use is a focal lengths, etc., are not known to sufficient accuracy. Be-
simple "boxcar" smoothing algorithm, which, in addition to cause of orbital motion, use of binary stars as a primary cali-
being the most straightforward to calculate, seems to give bration can be risky, and we strongly recommend that an
the most consistently reliable results. A "smoothed" version external primary calibration procedure be used in order to
of the ACG is created by replacing each pixel's value with fully exploit the high precision inherent in speckle interfero-
the average value of an array centered on the pixel. The size metry.
of this array is adjustable; typical boxcar sizes are 9 X 9 or
11 X 11 pixels. This smoothed ACG is then subtracted from V. THE MEASUREMENTS
the original-the result is shown in Fig. 3(b).

The next step is to identify features thought to be second- The observational material incorporated in this paper was
ary peaks arising from duplicity and to determine their cen- accumulated on 61 nights at the 4 m Mayall telescope
troid positions. A cursor is moved to each peak; the program between June 1982 and November 1985. In Table I we sum-
then (I ) scans about that position for a local maximum, (2) marize the observing statistics. All data were obtained with
picks an array of points centered on that maximum, typically the ICCD camera as described in Sec. II, except those
3 x 3 or 5 x 5 pixels in size, (3) calculates a least-squares between 1983.06 and 1983.07, for which an ISIT acquisition
paraboloidal fit to these points, and (4) plots cross-sectional camera borrowed from KPNO was used in place of the failed
slices through that paraboloid, indicating the centroid posi- CCD. We suspect that the ISIT measures may be of some-
tion. The operator can then ( I ) accept the fit, (2) try fitting what degraded accuracy in comparison with the ICCD val-
a different size array of points about the peak, (3) record an ues due to the spatial distortions inherent in ISITs. We in-
"eyeball-fit" cursor position (usually necessary only for very dlude in this paper three measurements obtained at the 24 in.
weak peaks or noisy data), or (4) reject the peak altogether. refractor of the Lowell Observatory during an experimental
Measured (X, Y) centroid positions are finally converted to exercise aimed at demonstrating the practicability of speckle
(p,O) using scaling factors determined by the calibration interferometry at refracting telescopes. While the measure-
techniques described in Sec. 'V. ment of HR 7417 (/3' Cyg = McA 55 Aa) for 1985.4729

This rather simple reduction and analysis procedure may does show a systematic departure from the 4 m measure-
not provide the maximun, sensitivity to large magnitude dif- ments that bracket it, we find that speckle interferometry
ferences (we arc currently experimenting with ways to de- works quite well at refracting telescopes. The fourth column

I
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in Table I lists the number of stars for which speckle data negative results, it also produced the first resolution of 116
were obtained in the observing interval. Numbers shown in binary stars with the new camera.
this column in parentheses indicate additional observations Binary stars are traditionally given a designation based
that were secured in separate efforts, such as for minor plan- upon the name of the discoverer. This'practice works well in
_t duplicity, and, primarily, a sample of potential HIPPAR- visual micrometry programs where a single person is respon-
COS targets, that have been reduced and analyzed but have sible for the entire effort. Speckle-interferometry programs
not been incorporated in the present paper. The number of tend to be dependent on a group of people, and our program
actual binary star measurements extracted from the data and has evolved into a team effort since the retirement of the
given in colum five of Table I shows that only 43% of the original photographic speckle camera. We have therefore
data actually resulted in detection and measurement of dou- chosen to give the designation "McA" to the 76 binaries first
ble stars. This yield fraction is due to the exploratory nature resolved by the photographic system, and "CHARA" to the
of much of the program, in which we attempt to resolve 116 new systems detected with the ICCD speckle camera.
systems never previously measured as "visual" binaries. Al- Table II is a collection of basic information for the McA
though this approach inevitably leads to a large collection of stars, while such parameters are given in Table III for the

TABLE II. Binary stars first resolved by the KPNO photographic speckle camera.

McA HR/DM Name HD SAO ADS 4,6 V Spectral Disc. Binary
Number Number Number Number Number (2000) Mag Classif. Sep. Type

I A& HR 132 51 Psc 2913 109262 449 00323+0657 5.7 39.5V 0:271 Occn
2 HR 233 4775 11424 00507+6415 5.4 9.5V+GOIII- 0.045 Spm,$B
3 KR 439 9352 22389 01334+5820 5.7 KOIb+89V 0.133 Spa
4 +08 0316 ------ 12483 110295 ----- 02026+0905 7.8 GSIV 0.224 Occn
5 HR 649 t' Cet 13611 110408 02130+0851 4.4 G611-IIICN 0.056 SB,Occn
6 HR 640 55 Cas 13474 12180 02145+6631 6.1 B9V+GOII-III 0.077 Spa
7 HR 763 31 Ari 16234 93022 ----- 02366+1226 5.7 F7V 0.078 SB,Occn
8 HR 788 12 Per 16739 55793 02422+4012 4.9 F9V 0.055 SB
9 HR 825 17378 23637 02495+5705 6.3 ASia 0.186 Spm,Var

10 Aa HR 838 41 Ari 17573 75596 2159 02500+2716 3.6 B8Vn 0.298 SB
11 Aa HR 1043 21427 24062 2563 03301+5922 6.1 A2V 0.325
12 HR 1129 23089 12891 03461+6321 4.8 GO1II+A3V 0.045 Spa
13 A& HR 1252 36 Tau 25555 76425 2965 04044+2406 5.5 G01II A4V 0.041 Occn,Spm
14 Aa HR 1331 51 Tau 23176 76541 04185+2135 5.7 FOV 0.080 SB,Hyad
15 HR 1411 el Tau 28307 93955 04286+1557 3.8 KO1IIbFe-0.5 0.116 sB,Occn,Hyad
16 HR 1497 T Tau 29763 76721 ----- 04422+2257 4.3 B3V 0.173 Occn,SB
17 HR 1569 6 Or 31283 94197 04548+1125 5.2 A3V 0.334 Var
18 Aab,c HR 1788 0 Ori 35411 132071 4002 05244-0224 3.4 BIV+B2e 0.044 SB,Var
19 Aa HR 1808 115 Tau 35671 94554 4038 05271+1758 5.4 BSV 0.095 Occn
20 HR 1876 *' Or 36822 112914 ----- 05348+0929 4.4 BO0:1 0.053 SB
21 +38 1250 ------- 37614 58334 05415+3811 8.3 A+G 0.141 Spa
22 HR 2001 38735 150814 05474-1032 6.0 A4V 0.159 SBoVar
23 HR 2002 132. Tau 38751 77592 05490+2445 4.9 G8111v 0.043 Occn
24 HR 2130 64 Ori 41040 95166 06034+1942 5.1 B8111 0.066 Occn,SB
25 +26 1082 ------- 41600 77980 06074+2640 7.0 B9.SV 0.097 Occn
26 HR 2304 44927 78349 06256+2320 6.1 A2Vn 0.054 Occn
27 HR 2425 53 Aur 47152 78571 06383+2859 5.8 B9npEu 0.064 Occn
28 HR 2605 40 Gem 51688 78947 06595+2555 6.4 88111 0.080 Ocen
29 +37 1645 ------- 52823 59741 07043+3734 6.6 AOV 0.158 Spa
30 Aa HR 2846 63 Gem 58728 79403 6089 07277+2127 5.2 FSV+FSV 0.044 Occn,SB
21 Am HR 2861 65 Gem 59148 79434 6119 07298+2755 5.0 K21II 0.030 sO
32 HR 2886 68 Gem 60107 97016 07336+1550 5.3 AlVn 0.184 Occn
33 HR 3109 53 Cam 65339 14402 08017+6019 6.0 A2pSrCrEu 0.044 SB,Var
34 HR 3880 19 Leo 84722 98767 09474+1134 6.4 A7Vn 0.046 Occn
35 HR 4365 73 Leo 97907 99525 11158+1318 5.3 K3111 0.068 SB
36 HR 4544 ------- 102928 138445 11510-0520 5.6 K011ICN-0.5 0.173 Occn,$8
37 HR 4689 h Vir 107259 138721 12199-0040 3.9 A2IV 0.118 SB,Occn,Var
38 Aa HR 4963 e Vir 114330 139189 8801 13100-0532 4.4 AIIVs+Am 0.485 SB,Occn
39 +16 2642 ------- 126269 101011 14241+1617 6.8 75V+A2 0.053 Spa
40 HR 5472 ------- 129132 83458 14403+2158 6.1 GOV 0.057 s8
41 -14 4182 ------- 136406 159188 15210-1522 7.5 K01h 0.365 Occn
42 CE HR 5985 32 Sco 144218 159683 9913 16054-1948 4.9 B2V 0.127 Occn
43 -21 4279 ------- 144641 184141 16077-2124 7.9 G5 0.115 Spa
44 HR 6237 ------- 151613 30076 16453+5647 4.8 F2V 0.041 SD
45 HR 6388 -------- 155410 46524 17095+4047 5.1 K3111 0.039 SB
46 -19 4547 ------- 155095 160326 17103-1926 7.0 B8.5V 0.127 Occn
47 HR 6469 ------- 157482 46664 17217+3958 5.5 FgVn: 0.036 SB
48 Aa HR 6485 p Her 157779 66000 10526 17237+3709 4.1 89.si 0.286
49 Aa +18 3500 ------- 163640 103226 10905 17564+1820 6.6 AOIII 0.088
50 HR 6697 ------- 163840 85575 17572+2400 6.3 G2V 0.110 SB
51 -20 5068 17 Sgr 167570 186575 18167-2032 7.1 G51V+A5 0.260 Occn.Spm
52 -17 5245 ------- 171347 161631 18351-1653 7.0 A2V 0.156 Spm
53 Aa HR 7059 5 Aq1 173654 142606 11667 18464-0058 5.9 A2Vm 0.127 Sp,SB
54 +12 3812 ------- 178452 104515 19083+1215 7.5 GSIV+A2 0.118 Spm
55 Aa HR 7417 6' Cyg 183912 87301 12540 19307+2758 3.1 X3hI+B0.SV 0.444 SB,Spm
56 +58 1929 ------- 184467 31745 19311+5835 6.6 KIV 0.117 SB
57 HR 7478 # Cyg 185734 68637 19394+3009 4.7 G8II-V 0.030 SB
58 -18 4252 ------- 187321 105288 19487+1852 7.1 GO1+A 0.408 SpM
59 A& +35 3930 ------- 190429 69324 13312 20035+3602 6.6 o5.8 0.118
60 AaB HR 7744 23 Vul 192806 88428 20158+2749 4.5 K3111CI-1 0.241
1 49 3310 ------- 196089 49782 20331+4950 6.7 AO+GOV 0.055 SpM
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TABLE II. (continued)

Hc/DA Name ND SAO ADS 4,6 v Spectral Disc. Binary
Number Number Number Number Number (2000) Hag Classif. Sep. Type

62 HR 7922 ------- 197226 70367 20410+3905 6.5 :6111 0.121 SB

63 Aa HR 7963 X Cyg 198183 70505 14296 204743629 4.5 SV*e 0.048 SB

64 HB 7990 p Aqr 198743 144895 ----- 20527-0859 4.7 A3m 0.049 SB

65 Aa BR 8047 59 cyg 200120 50335 14526 20598+4732 4.7 Bln. 0.215 SBVar

66 Ac HR 8059 12 Aqr 200497 145064 14592 21041-0549 7.3 A3V 0.071

67 Aa HR 8119 I Cep 202214 33210 14749 21118+6000 5.6 BOIl 0.052
68 HR 8264 & Aqr 205767 145537 ----- 21377-0751 4.7 A7V 0.033 SB,Occn
69 Ac HR 8417 & cep 209790 19826 15600 22037+6437 4.4 A3m 0.055 SB

70 Ab HR 8485 ------- 211073 72155 15758 22139,3944 4.5 X3111 0.524 SB

71 HR 8572 5 Lac 213310 52055 ----- 22295+4743 4.4 MOII+B8V 0.122 SB,Spm

72 +80 0731 ------- 215319 3769 ----- 22394+8123 6.9 F8+A5V 0.170 Spa
73 HR 8704 74 Aqr 216494 165359 ----- 22535-1137 5.8 B9111 0.071 Occn,SB
74 Ac HR 8866 94 Aqr 219834 165624 16672 23191-1327 5.1 GSXV 0.212 SB
75 Aab HR 9003 * And 223047 53355 ----- 23460+4625 4.9 GSIb+AOV 0.265 Spa
75 Aac HR 9003 * And 223047 53355 ----- 23460+4625 4.9 G5Ib+AOV 0.145 Sp
76 BR 9064 * Peg 224427 91611 ----- 23578+2508 4.7 M3111 0.191I

TABLE III. Binary stars first resolved by the GSU ICCD speckle camera.

CHARA HR/DM Name HD SAO ADS C9, & V Spectral Disc.. Binary

Number Number Number Number Number (2000) Hag Classif. Sep. Type

I Ac +52 0019 --------- 761 21202 148 00122+5337 7.0 tO 07403

2 +83 0020 --------- 5621 171 01037+8436 6.7 FSV 0.139 Sp

3 +67 0131 --------- 9015 11787 01308+6722 9 2 KO 0.247

4 A& HR 526 --------- 11031 37536 1438 01492+4754 5.8 A3V 0.141 SB

5 HR 643 60 And 13520 37867 ----- 02132+4414 4.8 K3.51IIBaO.5 0.187 SB

6 Ap HR 707 1 Cas 15089 12298 1860 02290+6724 4. A5pSr 0.496 SB,Var

7 +43 0576 --------- 17245 38335 .----- 02475+4416 6.7 rSV+A 0.159 Spa

HR 952 --------- 19789 93327 ----- 03114+1303 6.1 KOZIp 0.533 Occn
9 +28 0532 UX Ar. 21242 75927 03266+2843 6.5 G5IV/V+KOIV 0.432 SB,Var

10 11R 1036 --------- 21335 93436 ----- 03271+1845 6.6 A3V C.076 Occn,Hyad

11 +23 0496 --------- 23157 76103 03437+2339 7.9 A9V 0.232 Occn

12 +23 0523 --------- 23489 76173 03465+2415 7.4 A2V 0.230 Occn

13 +19 0662 --------- 25811 93759 04063+1952 8.6 F0 0.07C Occn

14 +23 0635 --------- 284163 ----------- 04119+2338 9.4 KO 0.138 SB,Hyad

15 Ross 29 G1 165 - ----------- ----- 04120+5016 15.5 M5 0.989 Nearby Star

16 HR 1375 --------- 27742 76585 04235+2059 6.0 B1IV-V 0.182 Occn

17 +14 0721 vB 96 285931 94009 04340+1510 8.7 KI 0.147 SB,Hyad

18 As HR 1458 88 Tau 29140 94026 3317 04357+1010 4.4 A3 0.104 SB

19 HR 1528 --------- 30453 57444 04493+3235 5.9 A$m 0.041 Spm,SB

20 +14 0770 vB 120 30712 94159 04506+1505 7.7 05 0.072 SB,Hyad

21 +43 1315 --------- 36948 40487 ----- 05373+4404 7.5 t8+AOV 0.3.25 Spa

22 HR 2273 7 Mon 44112 133114 06197-0749 5.3 B2.SV 0.055 SB

23 +23 1346 --------- 44926 78348 ----- 06255+2327 6.8 GSIV 0.104 Occn

24 +16 1273 ------------ 48954 96097 ----- 06468+1646 6.7 FS+ASV 0.489 Occn,Spm

25 +02 1483 --------- 51566 114692 06580+0218 7.7 A2+GOV 0.910 Spa

26 HR 2837 61 Gem 58579 79391 ----- 07269+2015 5.9 F2Vn 0.030 SB,Occn
27 +08 1791 --------- 59604 115545 07309+0833 7.2 A2+GOV 0.261 Spa

28 +20 2159 40 Cnc 73666 80336 08402+2001 6.6 AIV 0.425 Overlum

29 +54 1323 --------- 233666 27352 09423+5328 9.3 GO 0.354 Halo

30 HB 3973 14 Sex 87682 118111 10068+0537 6.2 K1111 0.132 Occn

31 +13 2274 --------- 91498 99185 10341+1222 7.7 A3V 0.192
32 +12 2266 --------- 93993 99321 10511+1135 6.8 KO1II 0.429 Occr.

33 HR 4291 58 Leo 95345 118610 11006+0337 4.8 K1IIICN-0.5 0.235 Occn
34 As +30 2097 --------- 95515 62361 11018+2952 7.2 KOhII 0.242
35 +22 2411 ---- 1151+2207 9.3 0.176 Halo
36 -04 3155 TY Vir 103036 138451 11518-0546 8.2 82 ..234 Halo
37 HR 4668 --------- 106760 62928 12165+3304 5.0 80.5111b 0.248 SB,Var
38 HR 4891 38 Vir 111998 139022 12532-0333 6.1 t5V 0.442 Occn

39 A& HR 4921 44 Vir 112846 139086 8727 12597-0348 5.8 A3V 0.107 Occn

40 BR 5298 96 Vir 123630 158385 14090-1020 6.5 G8111 0.287 Occn
41AC R"" 5323 1 1 Co 124570 10 925 1414125 5.5 F6!:V 0.190 SB
42 A& +02 2844 --------- 128563 120569 9323 14373+0217 6.6 F8V 0.210
43 HR 5612 --------- 133484 45348 15031+4439 6.7 F61V 0.166

44 -12 4227 --------- 135681 159146 15168-1302 7.1 A2V 0.193 OccnSBVar
45 A& +27 2477 ------ 136176 83756 9578 15183+2649 6.6 F3V 0.333 Astrom,Var
46 HR 5715 - ----- 136729 29487 15201+5158 5.7 A4V 0.217
47 HR 5818 ---------. 39493 29588 ----- 15360+5438 5.7 A2V 0.514
48 -19 4165 --------- 139364 159402 15384-1955 6.8 F2V 0.271 Occn
49 HR 5858 26 T Ser 140729 101712 15447+1716 6.1 AOV 0.130 * SB
50 A& HR 5856 --------- 140722 183772 9775 15462-2804 6.5 r21V 0,216
51 HB 5895 36 Ser 141851 140801 15513-0305 5.1 A3Vn 0.126

52 Ac .13 3091 49 Ser 145958 102018 9969 16133+1333 6.7 08V+KO 0.209
53 As HR 6103 & CrB 147677 65254 16221+3053 4.9 KOIII 0.153 Hyad
54 -16 4280 --------- 147473 159388 16229-1701 6.7 FOV 0.081 Occn

55 HR 6123 25 Hor 148283 65290 16254+3724 5.5 A5V 0.195I.
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TABLE Ill. (continued)
CHARA HR/DM Name HD SAO ADS m.6 V Spectral Disc. Binary

Number Number Number Number Number (2000) Mag Classif. Sep. Type

56 Ba HR 6194 36 Her 150379 121774 10149 16406+0412 6.9 A31V 0.145 *
57 HR 6213 39 Her 150682 84543 ----- 16416.2655 5.9 F2111 0.126 * SB
58 HR 6286 --------- 152812 46349 ----- 16533+4725 6.0 K21zi 0.292 *
59 HR 6317 --------- 153653 121995 ----- 17005+0635 6.6 A7V 0.128 SB
60 Aa HR 6383 --------- 155328 30262 10369 17083+5051 6.5 AIV 0.168
61 HR 6412 --------- 156208 122224 17162+0211 6.2 A2V 0.136
62 Aa +68 0946 --------- ----------17568 17365+6823 9.2 NB 0.292 Astrom
63 HR 6571 79 Her 160181 85264 17375 2419 5.6 A2Vn 0.080
64 HR 6641 --------- 162132 46954 17471+4737 6.4 A2Vs 0.142 * SB
65 HR 6656 30 Dra 162579 30591 17491+5047 5.0 A2V 0.120
66 -19 4777 --------- 163680 160947 ----- 17582-1916 8.7 K2 0.392 Occn
67 Aa HR 6781 100 Her 166045 85753 11089 1S078+2606 5.9 A3V 0.106 * Var
68 HR 6851 --------- 168199 103578 18180+1347 6.3 BSV 0.054
69 -16 4836 --------- 168701 161385 18218-1619 7.9 KOIII+A 0.089 Spm
70 HR 6906 --------- 169820 103709 ----- 18259+1458 6.4 B9V 0.118 *
71 HR 6928 --------- 170200 123516 ----- 18280+0612 5.7 B81II-IV 0.078 * SB
72 A& HR 6941 --------- 170580 123571 11399 18301+0404 6.7 B2V 0.149
73 HR 6956 --------- 170902 161580 18323-1439 6.4 A4V 0.040
74 HR 6977 --------- 171623 103879 18352+1812 5.8 AOVn 0.151 * SB
75 HR 6984 --------- 171780 67134 18352+3427 6.1 BBVne 0.241 * SB,Var
76 Aa HR 6987 --------- 171834 123693 11496 18367+0640 5.5 F3V 0.141 SB
77 Ca HR 7053 c' Lyr 173607 67315 11635 18444+3937 5.1 A8Vn 0.184 * Var
78 HR 7035 --------- 173117 187216 ----- 18448-2501 5.8 B5:V 0.084 Occn
79 HR 7091 --------- 174369 86462 ----- 18492+2503 6.6 AlV 0.219 SB
80 HR 7109 --------- 174853 104196 ----- 18520+1358 6.1 B8Vnn 0.104
81 HR 7110 --------- 174866 142741 ----- 18530-0935 6.3 A7Vn 0.178
82 Aa HR 7165 FF Aql 176155 104296 11884 18582+1722 5.4 FSIb 0.154 SB,Var
83 HR 7263 --------- 178476 86843 19081+2142 6.2 F3V 0.177
84 A& HR 7272 --------- 178911 67879 12101 19091+3436 6.7 G1V 0.090
85 Aa HR 7307 --------- 180555 104668 12248 19164+1423 5.6 B9.SV 0.051
86 Aa HR 7386 --------- 182807 87190 19254+2455 6.2 F7V 0.181
87 HR 7436 --------- 184603 68499 19336 3846 6.6 A3Vn 0.137 *
88 Aa HR 7480 45 Aql 185762 143678 12775 19407-0037 5.7 A31V 0.84
89 HR 7554 V1339 Aql 187567 125116 ----- 19503+0754 6.5 B2.SIVe 0.057.* Var
90 HR 7571 V505 Sgr 187949 163080 ----- 19531-1436 6.5 AOV+F$IV 0.291 * SB,Var
91 HR 7684 --------- 190781 49152 ----- 20045+4814 6.0 A21V 0.340
92 HR 7677 --------- 190590 88163 ----- 20050+2313 6.5 A5Vn 0.050
93 HR 7755 --------- 192983 32400 20157+5014 6.3 A2Vn 0.176
94 Aa HR 7744 23 Vul 192806 88428 20158+2749 4.5 K311ICN-1 0.067
95 HR 7752 --------- 192934 69720 20161+3854 6.3 AIV 0.176
96 Aa HR 7767 --------- 193322 49438 13672 20181+4044 5.8 09V 0.04797 HR 7801 --------- 194215 189264 20254-2840 5.8 X3V 0.121 SB
98 -2416056 --------- 194810 189321 20285-2410 6.9 GOV 0.234 Occn
99 Aa HR 7840 --------- 195482 106195 13946 20312+1116 7.1 88V 0.325

100 Aa HR 7949 c Cyg 197989 70474 14274 20462+3358 2.5 KOIIl 0.067 SB
101 HR 7994 --------- 198802 163953 ----- 20531-1134 6.4 GIV 0.169 *
102 HR 8246 --------- 205314 51019 21329+4959 5.8 AOV 0.043 * SB
103 HR 8257 --------- 205539 89815 21353+2812 6.3 FOIV 0.184 * SB
104 HR 8274 --------- 206027 89870 ----- 21387+2530 6.2 G9111 0.099 *
105 +08 4714 EE Peg 206155 126971 21400+0911 6.8 A4V+FSV 0.252 SB,Var
106 HR 8455 --------- 210460 107706 ----- 22103+1937 6.2 GOV 0.465
107 HR 8507 --------- 211575 146004 ----- 22181-0014 6.4 F3V 0.104 *
108 HR 8538 0 Lac 212496 34395 ----- 22236+5214 4.4 G8.5!IIbCal 0.219
109 HR 8553 --------- 212978 72358 ----- 22274+3949 6.1 B2V 0.185 *
110 HR 8574 38 Peg 213323 72406 ----- 22300+3234 5.6 B9.SV 0.155
111 HR 8581 --------- 213429 146135 ----- 22313-0633 6.1 F7V 0.094
112 A& HR 8603 8 Lac 214168 72509 16095 22359+3938 5.7 B2Vo 0.042 * SB,Var
113 +68 1319 --------- 214606 20179 ----- 22373+6913 7.5 A3+GOV 0.487 Spa
114 HR 8617 --------- 214558 52211 ----- 22383+4511 6.4 G2r5I+A4V 0.114 *
l15 HR 8690 14 Lac 216200 52412 ----- 22504+4157 5.9 B31V:e 0.965 * Var
116 HR 8734 --------- 217107 146412 ----- 22583-0224 6.2 G81V 0.457 Occn

CHARA stars. References to the discovery papers for the of V for the McA stars. Even though we can now detect faint
McA stars can be found in the catalog of McAlister and binaries, as demonstrated by the discovery of the new com-
Hartkopf (1984). The CHARA stars include 52 objects re- panion to Ross 29, the ICCD speckle camera continues to be
solved in our bright-star survey (Paper I) and 64 systems productively used on brighter stars.
appearing in this papcr. An asterisk by the discovery sepata- The new speckle measurements of binary stars are pre-
tion in Table III indicates the stars from Paper I. The last sented in Table IV, where we continue the format used it,
column in Tables II and III shows whether the object is a previous papers and the catalog of McAlister and Hartkopf
spectroscopic (SB), composite spectrum (Spm), occulta- (1984) except that we give HD numbers on the identifica-
tion (Occn), or astrometric (Astrom) system, or whether it tion line, omitting SAO numbers. The coordinates are for
is a member of the Hyades cluster (Hyad), a variable star, an equinox of 2000.0, but the position angles have not been cor-
overluminous star, or a halo-population star. The halo stars rected for precession and hence are based upon the equinox
were selected from the sample of extreme metal-poor stars of for the epoch of observation shown as the fractional Besse-
Bond (1980). The average V magnitude of the CHARA !ian year. The reader should also keep in mind that autocor-
stars is 6.8 when the bright star sample of Paper I is ex- relation analysis of speckle data leads to a 180" quadrant
cluded. This value is 1. 1 mag fainter than the average value ambiguity in position angle. We have selected the appropri-
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TABLE IV. Binary star speckle measurements.

ADS 32 STP 3056 AD 225220 00046+3416 ADS 434 STT 12 2772 00318+5432

1983.7104 143?2 07695 1982.7545 18598 07474
1984.7069 143.0 0.695 1982.7576 185.8 0.473
1985.8429 142.5 0.704 1983.7104 187.1 0.461

ADS 61 STF 3062 AD 123 00062+5826 1984.0547 187.1 0.456
1982.7601 292.5 1.399 1984.0602 186.8 0.461
1983.7104 294.6 1.420 1984.7015 187.3 0.457
1984.7069 296.6 1.415 1984.9991 187.4 0.455
1985.8483 298.7 1.426 1985.8402 187.3 0.457

ADS 102 STY 2 431 00091+7943 +26 0072 Cou 547 2854 00320+2740
1982.5087 24.8 0.606 1984.0627 247.2 0.131
1982.7576 25.0 0.616 1985.8455 198.3 0.054
1983.0688 24.2 0.603 ADS 449 McA 1 Aa 2913 00323+0657
1984.0547 24.8 0.616 1983.7104 92.6 0.1.68
1984.7015 25.2 0.621 1984.7014 08.4 0.138
1985.8429 24.0 0.636 1984.9991 87.4 0.130

ADS 143 ST? 7 709 00116+5558 1 1985.8429 82.9 0.104
1985.8483 212.6 1.290 1 ADS 463 No 3 2993 00335+4006

ADS 147 Bu 255 744 00119+2825 A 1985.8401 124.8 0.2641983.7104 77.4 0.524 1 ADS 490 No 212 AS 3196 00)52-0336
1985.8429 76.0 0.525 11982.7603 243.9 0.255

ADS 148 Du 1026 761 00122+5337 1 1982.7657 244.6 0.257

1982.5060 34.7 0.127 1 1983.7104 260.7 0.287
1982.7576 33.6 0.135 1 1984.7014 273.7 0.287
1983.7104 43.3 0.117 1 1984.9991 277.3 0.280
1984.0547 53.2 0.129 1 1985.4985 285.7 0.269
1984.7015 55.6 0.084 1 ADS 493 STT 15 3210-1 00358+4901
1985.8455 86.2 0.053 1 1983.7104 317.7 0.209

ADS 148 CHARA 1 Aa 761 00122+5337 1 1984.0547 316.5 0.210
1982.7576 0.0 0.403 1 1984.7015 317.8 0.211
1983.7104 3.9 0.322 1 1984.9991 318.5 0.210
1984.0547 27.5 0.210 1 1985.8401 317.5 0.212

ADS 197 A 1256 AD 1082 00152+4406 ADS 504 A 914 3304 00366+5608
1982.5088 62.7 0.137 1983.7104 34.7 0.433
1983.7104 67.1 0.126 1984.7015 34.6 0.430
1984.7015 65.7 0.114 1985.8402 33.4 0.433
1985.8401 67.8 0.110 I R 178 URH 3883 n0416+2438
1985.8455 67.9 0.110 1982.7601 16.1 0.172

ADS 207 STY 13 1141 00163+7657 1 1984.9991 29.4 0.142
1982.5088 59.8 0.892 1 ADS 684 Bu 232 AD 4777 00504+5038
1982.7600 58.6 0.893 1 1985.8403 241.4 0.836

1983.0688 58.5 0.886 1 HR 233 McA 2 4775 00507+6415
1984.0547 58.4 0.885 1 1984.7015 342.8 0.028
1985.8429 57.8 0.902 1 1984.9993 329.8 0.049

ADS 238 A 1803 AS 1317 00173+0852 ADS 701 A 1808 4934 00516+2238
1985.8429 142.4 0.051 1983.7106 169.8 0.079

ADS 243 A 803 1360 00182+7256 1984.9993 168.3 0.093
1983.0688 272.0 0.180 1985.8457 171.5 0.101
1983.7104 276.7 0.189 1985.8538 173.5 0.102
1984.0547 275.8 0.176 ADS 732 A 2307 5143 00532+0406
1984.7015 278.1 0.192 1983.0690 40.1 0.311
1985.8402 279.1 0.196 1983.7106 43.8 0.325

1985.8456 278.5 0.198 1985.8313 44.0 0.326
ADS 323 Hu 506 1976 00243+5201 +42 0196 Cou 1654 5178 00542+4318

1983.7104 46.1 0.172 1983.0690 108.6 0.159
1984.0547 45.6 0.173 1983.7106 109.6 0.19
1984.7015 47.0 0.169 1985.8403 105.6 0.165
1984.9991 47.2 0.168 ADS 746 STT 20 AD 5267 00546+1912
1985.8402 47.8 0.168 1982.7601 216.9 0.448
1985.8455 47.6 0.168 1983.0690 215.6 0.444

HR 108 3 1909 2475 00283-2020 1983.7106 216.3 0.448
1982.7657 175.7 0.071 1984.9966 214.2 0.447

ADS 382 A 1504 AD 2471 00287+3718 1 1985.8484 212.4 0.455

1983.7104 38.5 0.525 1 ADS 749 Hu 802 5259 00549+4924
1984.7014 38.3 0.521 1 1983.0690 217.4 0.336
1985.8401 38.0 0.529 1 1983.7106 219.0 0.350

19Z4.7017 219.2 0.3
1984.9965 218.1 0.345
1984.9993 217.5 0.349
1985.8456 218.7 0.345

! __ __

I
U
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TABLE IV. (continued)
ADS 755 STF 73 AS 5286 00550+2338 ADS 955 Su 303 6886 01096+2348

1982.7601 263?5 07633 1983.0690 29103 0"643
1983.0690 265.9 0.630 1983.7159 290.8 0.651
1983.7159 268.3 0.644 1984.7043 290.7 0.649
1985.8484 274.5 0.671 1985.8374 290.3 0.652

ADS 784 Su 1099 AS 5408 00566+6022 1 1985.8484 290.3 0.652
1982.5088 314.1 0.205 I ADS 950 Egg 1 Aa 6843 01100+5202
1982.7601 312.0 0.201 1 1984.7045 150.6 0.058
1983.0690 312.7 0.217 I 1985.8403 152.0 0.058
1984.0547 315.6 0.210 1 ADS 1039 fu 520 7695 01178+4946
1984.7015 317.4 0.213 1 1983.0690 164.3 0.290
1984.9965 318.2 0.219 1 1983.7106 165.6 0.294
1984.9993 317.8 0.214 1 1984.7043 165.6 0.296
1985.8402 319.8 0.228 I 1985.8430 164.4 0.302

ADS 819 A 1902 5781 00593-0040 I ADS 1040 STF 102 AS 7710 01178+4901
1983.7106 176.5 0.285 1 1983.0690 279.0 0.485
1985.8403 179.3 0.302 I 1983.7106 280.0 0.489

ADS 832 A 926 5851 01011+6021 1 1984.7043 279.8 0.487
1983.7104 321.2 0.376 1 1984.9966 280.1 0.492
1985.8402 322.5 0.375 1 1985.8430 279.2 0.492

+34 0164 Cou 854 3955 01014+3535 1 +32 0229 Cou 663 7854 01187+3245
1983.7106 14.6 0.131 1 1983.0690 173.9 0.313
1985.8457 7.4 0.132 I 1983.7106 175.5 0.302

ADS 836 A 2901 5839 01015+6921 1 1984.7043 175.2 0.306
1982.7600 52.2 0.395 1 1985.8430 174.7 0.311
1983.7104 54.2 0.398 1 ADS 1081 STY 113 ASC 8036 01198-0029
1984.0547- 53.2 0.394 1 1982.7629 14.5 1.588
1984.7015 53.7 0.398 1982.7657 14.4 1.580
1984.9965 56.2 0.397 J 1983.7106 15.9 1.548
1985.8402 54.0 0.404 1 1985.8430 16.2 1.560

ADS 859 Bu 1161 6084 01029+5148 1 ADS 1081 Fin 337 BC 8036 01198-0029
1983.0690 2.3 0.359 1982.7629 127.8 0.132
1983.7106 5.3 0.355 1 1982.7657 127.6 0.121
1984.7015 5.2 0.352 1 1983.7106 132.6 0.102
1985.8403 5.2 0.352 1 1985.8430 246.6 0.115

ADS 862 STT 21 6114 01030+4723 1 ADS 1087 3 2036 8071 01199-1548
1985.8483 174.1 0.980 1 1982.7629 345.0 2.077

+62 0191 MLR 87 6129 01036+6341 ADS 1105 STF 115 AS 8272 01233+5801
1983.0690 100.8 0.305 1 1983.0690 125.1 0.113
1983.7104 101.0 0.306 1 1983.7107 120.5 0.067
1984.0547 99.8 0.306 1984.7045 326.2 0.032
1984.7015 100.4 0.306 1 1985.8430 311.4 0.081
1985.8402 95.1 0.308 1 ADS 1123 fu 1163 8556 01243-0655

ADS 871 mu 517 01037+5026 1 1982.7629 213.0 0.353
1983.0690 25.5 0.542 1 1982.7657 212.9 0.354
1983.7106 27.4 0.541 1 1983.7106 213.3 0.334
1985.8403 27.0 0.547 1 1984.9966 211.2 0.295

CNARA 2 5621 01037+8436 1 1984.9994 211.2 0.297
1984.0547 90.3 0.139 1 1985.8429 208.9 0.269

ADS 873 No 213 6264 01039+3528 1 ADS 1183 A 1910 AD 9071 01296+2250
1983.0690 94.5 0.286 1 1983.7106 102.4 0.029
1983.7106 95.6 0.291 1 +67 0131 CHA A 3 9015 01308+6722
1984.7017 96.3 0.290 1 1983.0691 344.2 0.247
1984.9966 96.5 0.290 I SR 439 XcA 3 9352-3 01334+5820
1985.8457 96.9 0.290 1 1984.7045 117.8 0.125

ADS 916 A 931 6553 01070+4744 1 1985.8430 113.6 0.119
1985.8456 90.4 0.079 1 ADS 1226 A 816 9454 01357+7226

ADS 918 A 1516 AS 6586 01071+3839 1 1983.0663 307.4 0.791
1985.8456 62.7 0.145 1 1983.7107 308.1 0.785

ADS 936 AC 13 AS 6757 01088+4512 I 1985.8430 307.6 0.798
1983.0690 263.0 0.584 1 ADS 1263 A 817 9841 01371+4843
1983.7106 264.0 0.591 1 1983.0662 30.6 0.456
1985.8484 263.1 0.595 1 1983.7106 31.7 0.457

ADS 940 STT 515 6811 01093+4715 1 1985.8430 30.5 0.464
1983.0690 134.7 0.470 1 1985.8485 30.2 0.462
1983.l159 135.7 0.465 BR 466 Kul 7 10009 01376-0924
1984.0602 135.8 0.463 19S2.7657 49.7 0.070
1984.9966 134.6 0.467 1985.8429 2.2 0.096
1985.8484 133.4 0.475 UV Cet GL 65 -i6-756

1982.7548 52.4 1.971
ADS 1264 Hu 1030 9721 01389+7644

1983.0663 319.2 0.736
1983.7107 320.2 0.728
1985.8430 319,7 0.739
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TABLE IV. (continued)

ADS 1266 A 1266 10031 01392+5436 1 ADS 1630 STT 38 BC 12534 02035+4223
19:3.0663 235T0 0"221 1982.7605 108?8 07578
1983,7130 236.0 0.224 1 1983.7159 108.8 0.575
1984.7045 235.7 0.219 1985.8485 107.6 0.579
1985.8430 236.6 0.220 +69 0129 MLR 375 12300 02038+7013

ADS 1309 A 1267 10146 01405+5457 1983.0663 207.9 0.264
1983.0663 0.0 0.258 1983.7107 210.8 0.255
1983.7107 2.1 0.261 1985.8430 209.0 0.240
1984.7045 2.3 0.261 +34 0379 Cou 1067 13102 02090+3541

1985.8430 1.8 0.265 1985.8486 14.0 0.101
ADS 1316 Kr 12 10196 01415+6240 1 ADS 1682 T 216 13196 02114+6222

1983.0663 294 3 0.431 1 1983.7107 13.4 . 0.212
1983.7107 294.6 0.433 MR 649 MCA 5 13611 02130+0651
1985.8430 293.8 0.427 1985.8375 42.2 0.047

ADS 1345 A 1 10508 01424-0646 HR 643 CHARA 5 13520 02137+4414.
1983.7106 242.3 0.762 1983.7130 180.4 0.187

ADS 1359 Du 870 10543 01443+5732 ADS 1709 STF 228 13594 02141+4729
1985.8430 0.9 0.845 1983.0663 269.7 1.048

ADS 1438 ClARA 4 Am 11031 01492+4754 1984.7070 271.3 1.054
1984.7070 14.0 0.141 1985.8538 271.7 1.062

+25 0311 Cou 452 11245 01510+2551 aR 640 McA 6 13474 02145+6631
1983.7106 181 6 0.271 1982.7657 28.3 0.073
1984.7046 181.6 0.267 1983.7107 33.6 0.078
1985.8375 179.6 0.291 1985.8430 61.5 0.057

ADS 1461 A 951 11126 01512+6021 HR 657 Cou 79 13872 02157+2503
1983.0663 217.4 0.426 1982.7577 253.0 0.154
1983.7107 218.8 0.431 1982.7659 252.3 0.159
1984.7045 218.9 0.431 1983.0663 253.4 0.166
1985.8431 218.5 0.438 1983.7107 247.5 0.159

ADS 1473 go 311 11284 01512+2439 1984.0630 245.4 0.151
1985.8538 290.3 0.065 ADS 1729 A 2013 13959 02158+0638

ADS 1490 I 450 11435 01519-2309 1982.7577 127.1 0.294
1984.7070 219.4 0.506 . 1983.7131 123.4 0.323

ADS 1509 A 953 11472 01547+5955 1985.8538 117.7 0.390
1983.0663 67.6 0.777 1 +40 0476 Cou 1670 14137 02183+4120
1983.7107 68.7 0.787 1 1983.7131 49.6 0.149
1985.8431 67.7 0.793 1 1984.7045 48.6 0.144

ADS 1522 STF 163 AD 11671 01551+2847 1985.8486 51.7 0.148
1983.0662 175.4 0,264 ADS 1763 Egg 2 Aa 14169 02186+4017
19837131 175.0 0275 19$5.84A6 106.0 0.112
1984.7046 173.3 0.279 +69 0144 MLR 377 14362 02231+7021
1985.8375 171.2 0.289 1983.0663 152.5 0.565

ADS 1538 T 166 11803 01558+0151 1983.7107 153.4 0.563
1982.7629 56.8 1.259 1984.9967 153.2 0.586
1982.7657 56.8 1.255 1985.8541 152.6 0.586
1983.7131 58.0 1.242 ADS 1913 A 660 02314+4234
1984.7070 57.8 1.230 1983.0663 309.6 0.470
1984.9967 58.0 1.219 1983.7131 310.5 0.458

ADS 1548 A 619 AD 11849 01570+3101 ADS 1865 A 2329 15285 02277+0426
1983.0662 194.3 0.352 1982.7577 270.0 0.372
193.7131 198.6 0.352 1983.0663 273.5 0.402
1984.7045 200.3 0.346 1983.7131 276.3 0.427
1985.8375 202.1 0.331 1985.8375 288.0 0.475

ADS 1554 A 1526 11869 01576+4433 HR 719 Kul 8 15328 02280+0158
1983.0662 254.9 0.138 1982.7577 33.9 0.494
1983.7130 260.4 0.138 1982.7659 33.6 0.496
1984.7045 259.9 0.134 1983.0663 33.7 0.483

ADS 1598 Du 513 AD 12111 02019+7054 1983.7131 35.4 0.490
1983.7130 213.9 0.729 1984.0575 35.0 0.489
1984.9966 217.9 0.747 1984.9967 35.0 0.490
1985.8430 220.3 0.765 1985.8375 34.8 0.499

ADS 1615 5?? 202 12446-7 02020+0246 ADS 1860 CHARA 6 Ap 15089 02290+6724
1982.7549 283.1 1.910 1982.7576 173.5 0,.4961983.7131 282.7 1.903 1985.8540 160.4 0.414
1984.7070 282.1 1.886 ADS 1938 5TT 42 AD 15703 02333+5218
1984.9966 281.8 1.382 1982.7604 282.2 0.149

ADS 1613 A 1813 AD 12376 02022+3643 1982.7657 282.2 0.159
1985.8486 4.9 0.159 1983.0663 281.3 0.160

+08 0316 McA 4 12483 02026+0905 1983.7107 282.6 0.153
1982.7603 139.6 0.215 1984.7046 284.0 0.147
1983.0662 138.2 0.204 1985.8540 284.5 0.142
1983.7131 139.5 0.216
1985.8538 140.5 0.223
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TABLE IV. (continued)

+79 0075 MLll 449 15416 02361+7944 1 ADS Z200 Bu 524 An 17904 02337+3820
1983.0663 192?9 0"255 1 1982.7605 295t0 0'183
1983.7107 195.0 0.267 1 1982.7659 294.2 0.195
1985.8541 195.5 0.266 1 1983.0636 293.1 0.198

MR 763 McA 7 16234 02366+1226 1 1983.7131 289.8 0.191
1983.7107 143.6 0.084 1984.0521 288.4 0.189
1983.7159 142.9 0.093 1 1985.8?78 279.0 0.190
1984.0575 131.3 0.058 1 MR 854 T Per 17878 "02543+5245
1985.8376 130.6 0.063 1 1982.7657 92.7 0.053

ADS 1992 A 1278 16283 02383+4604 1 1985.8378 99.8 0.067
1983.7133 160.5 0.112 1 +59 0567 XLR 520 17911 02552+5950
1984.7046 158.1 0.117 1 1983.7133 354.2 0.121
1985.8540 154.8 0.119 1 ADS 2246 Bu 1173 As 18442 02586+2408

ADS 2005 A 450 16453 02384-0125 1 1983.0635 85.0 0.210
1983.7131 198.7 0.354 1 1983.7131 86.3 0.219
1985.8539 196.6 0.357 1 1984.0521 85.8 0.220

ADS 1985 ST 278 16096 02389+6918 1 1985.8403 86.7 0.226
1983.0663 34.5 0.495 1 ADS 2253 Bu 525 18484 82589+2137
1983.7107 37.5 0.504 1 1982.7549 258.7 0.493
1984.7070 37.0 0.502 1 1982.7577 258.9 0.493
1985.8541 37.3 0.500 1 1983.0635 259.3 0.488

HR 781 Fin 312 16620 02396-1153 1 1984.0521 259.7 0.492
1982.7578 235.3 0.097 1'984.7070 260.3 0.49R
1982.7659 239.1 0.086 1 1984.9967 260.3 0.497
1983.0471 273.1 0.104 1 1985.8403 260.3 0.506
1983.7131 59.4 0.100 1 ADS 2257 STF 333 AS 18519-0 02592+2120
1984.0575 92.7 0.120 1 1982.7550 208.1 1.432
1985.8539 140.0 0.071 1 1982.7577 208.1 1.433

ADS 2028 A 1928 16619 02398-0009 1 1983.0635 207.5 1.430
1982.7577 238.6 0.199 1 1984.7070 209.1 1.415
1983.0663 238.8 0.199 1 1984.9967 208.9 1.404
1983.7131 245.1 0.205 1 1985.8350 208.6 1.416
1985.8539 255.1 0.174 1 ADS 2271 A 1529 18549 03006+4753

ADS 2044 So* 19 16753 02405-2408 1 1983.7133 165.9 0.177
1984.7070 291.9 0.299 1 1984.0520 166.4 0.179

+38 0536 Cou 1371 02409+3905 1985.8378 170.3 0.180
1985.8540 305.2 0.067 1 ADS 2276 A 827 18424 03024+7236

+40 0568 Cou 1511 16656 02415+4053 1983.0636 252.4 0.221
1982.7605 66.6 0.152 1 1983.7133 251.2 0.225
1982.7659 67.0 0.141 1 HR 915 T Per 18925 03048+5330
1983.7131 58.9 0.133 1 1982.7578 64.3 0.237
1984.7046 50.4 0.115 1 1982.7660 64.7 0.240
1985.8540 31.2 0.103 1 1983.0471 65.i 0.243

HR 783 McA 8 16739 02422+4012 1 1983.7107 65.? 0.247
1982.7659 166.7 0.049 1 1983.7133 65.$ 0.246,
1983.7131 151.4 0.056 1984.0602 65.3 0.245
1984.0576 94.6 0.038 1 1985.0049 65.3 0.247
1984.0602 95.9 0.047 1 1985.8378 65.3 0.239
1984.7046 143.8 0.051 1 ADS 2336 ST? 346 An 19134-5 03055+2515
1985.8376 106.1 0.048 1 1982.7609 62.7 0.214

HR 793 p Ari 16811 02424+2000 1983.0635 64.3 0.221
1982.7659 105.3 0.052 1 1983.7131 64.6 0.228

+43 0576 CHARA 7 17245 02475+4416 1 1984.0521 64.* 0.230
1984.0576 104.1 0.159 1 1985.8403 65.: 0.248

ADS 2159 MCA 10 A& 17573 02500+2716 1 +61 0520 MLR 35 18990 03062+614(
1984.7046 1.8 0.122 1 1983.7133 339.: 0.215

+01 0502 Vou 36 17780 02513+0141 1 1985.8431 338.? 0.220
1983.7131 9.1 0.386 1 ADS 2334 Bu 1175 19091-2 03062+4342
1985.8375 9.3 0.386 1 1983.7131 274.- 0.606

ADS 2185 A 2906 AD 17743 02529+5300 1985.8378 274.! 0.613
1983.0636 146.0 0.158 1 HR 952 CHARA 8 19789 03114+1303
1983.7133 136.6 0.150 1 1982.7632 24.: 0.533
1985.8540 136.0 0.164 I +17 0515 Cou 359 --- 03143+1821

ADS 2185 STP 314 AB,C 17743 02529+5300 1 1983.7134 171.* 0.162
1982.7576 309.8 1.563 1 1985.8403 171.: 0.164
1983.0636 310.0 1.577 1 ADS 2440 Bu 84 '0319 03161-0555
1983.7133 310.0 1.543 1 1982.7634 10.5 0.940
1984.0520 310.0 1.531 1 1985.8351 11.1 0.950
1985.8540 309.9 1.552 1
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TABLE IV. (continued)

ADS 2436 5? 52 ASt 20104 0317S+6539 ADS 2799 ST? 65 23985 03504+2536
1982.7578 72T4 0*456 19d4.0521 209T6 0?4921983.0636 73.6 0.435 1984.9998 210.2 0.474
1983.7133 72.9 0.456 1985.8351 210.4 0.4481984.7070 72.2 0.455 MR 1199 Kui 15 24263 03519+0633
1984.9967 71.9 0.455 1982.7632 208.8 0.6471985.8378 71.5 0.461 1982.7660 208.6 0.645ADS 2463 See 23 20610 03184-2231 1983.0472 208.9 0.6471982.7632 62.1 0.233 1984.0521 209.3 0.6401983.0664 66.9 0.209 1984.7072 209.3 0.646

IR 1005 Cou 259 20756 03212+2109 1984.9967 209.2 0.6461983.7134 234.4 0.732 1985.8351 208.4 0.656GL 140 Wor 4 ------ 03241+2348 ADS 2911 Hu 27 25034' 03591+09481983.7134 349.2 1.999 1984.0521 296.6 0.295
1985.8431 347.9 2.046 1984.9996 302.5 0.)05+28 0532 CUARA. 9 21242 03266+2843 1985.8433 300.0 7.302
1985.8431 63.0 0.432 ADS 2928 A 1937 25248 04001+0505HR 1036 CNA3A 10 21335 03271+1845 1985.8433 200.5 0.134
1985,8403 109.4 0.076 +19 0662 CBARA 13 25811 04063+1952+19 0537 Cou 260 21437 03280+2028 1985.8406 66.1 0.0741982.7632 22.5 0.217 1 ADS 3000 Hu 1363 26087 04069-22001983.0636 23.3 0.220 1983.0636 115.2 0.412
1983.7134 23.7 0.219 1984.7072 117.0 0.4261984.0521 22.9 0.221 1 +33 0795 Cou 1082 25976 04041+34071985.8431 23.1 0.223 1984.0522 61.8 0.290

ADS 2538 A 900 21203 03283+6015 1 1985.8405 60.5 0.2851983.0471 21.4 0.249 1 ADS 3007 A 998 25987 04089+4614
1983.7133 19.8 0.249 1983.0472 256.4 0.177
1985.84;1 14.1 0.261 1933.0637 268.3 0.170ADS 2563 STP 389 AD 21427 03301+5922 1984.0521 265.3 0.1691982.7578 70.5 2.663 1935.8405 261.0 0.165

ADS 2616 STF 412 AS 22091 03345+2428 1 ADS 3032 A 469 26294 04094-07561982.7609 4.1 0.586 1983.0636 105.2 0.1461983.0636 2.4 0.581 1985.8406 109.8 0.166
1983.7134 4.5 0.580 +42 0904 Cou 1702 26139 04100+4235
1984.0521 3.7 0.581 1985.8405 123.5 0.1671964.7072 3.7 0.586 1985.8488 124.6 0.1751984.9967 3.6 0.586 1 ADS 2963 STY 460 25007-8 04101+80421985.8351 2.7 0.589 1 1982.7632 114.1 0.785

ADS 2628 Su 533 22195 03356+3141 1983.0472 114.4 0.7771982.7609 43.5 1.082 1984.0521 114.9 0.1621983.7134 44.4 1.070 1984.7072 116.5 0.770
1984.7072 44.4 1.068 1985.8351 116.7 0.7751984.9967 44.1 1.061 +31 0718 Cou 880 26385 04117+3133
1985.8433 43.6 1.078 1984.7072 45.5 0.694

ADS 2630 A 1535 22193 03361+4221 1984.9968 45.1 0.6871983.7134 315.0 0.583 1985.8406 44.3 0.7001984.0521 315.1 0.586 1 +23 0635 CHARA 14 284163 04119+23381984.7072 316.3 0.594 1985.8406 86.3 0.1381984.9967 316.3 0.594 Ross 29 CHARA 15 04120+5016
1985.8433 37.0 0.609 1982.7579 77.2 0.989

ADS 2668 STP 425 22692 03400+3408 1983.0637 153.1 1.2191982.7605 73.5 1.942 ADS 3053 STT 74 26547 04123+09391985.8541 72.3 1.962 1984.0522 276.2 0.274+31 0637 Cou 691 ------ 03423+3141 1984.0603 277.0 0.274
1983.7134 91.3 0.138 1984.7072 275.4 0.2621984.0521 91.0 0.120 1984.9968 275.8 0.2561985.8405 91.7 0.110 1985.8488 275.8 0.246+23 0496 ClARA 11 23157 03437+2339 ADS 3064 A 1938 26690 04136+0743
1983.7134 173.1 0.232 1982.7551 356.8 0.073+23 0512 Cou 560 23387 03456+2420 1982.7661 356.5 0.066
1982.7609 0.8 0.242 1984.0522 143.1 0.0971983.7134 1.3 0.238 1984.0603 142.6 0.0941984.0521 0.5 0.241

1984.9996 1.6 0.243
1985.8405 0.4 0.238

+23 0523 CARA -12 23489 03465+2415
1983.7134 51.6 0.230

ADS 2765 SiTT 62 23406 03488+6445
1983.7133 310.7 0.311
1984.0521 310.9 0.329
1985.8405 314.0 0.328

I
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TABLE IV. (continued)

ma 1331 NcA 14 Aa 27176 04185+2135 HR 1391 Pin 342 Aa 27991 04256+1557
19:2.7550 191?8 07134 1982.7661 209?8 0*052
1982.7579 192.6 0.136 1983.0474 191.5 0.092
1982.7605 190.4 0.132 1983.7108 169.7 0.093
1982.7633 192.9 0.138 1983.7135 170.8 0.074
1982.7661 193.4 0.131 1984.0522 159.1 0.086
19:3.0472 186.2 0.133 1984.0577 159.6 0.088
1983.0637 187.2 0.150 1984.0604 157.4 0.081
1983.7108 182.1 0.146 1985.8379 111.4 0.093
1983.7135 179.6 0.148 1985.8406 112.2 0.096
1984.0522 175.0 0.145 ADS 3230 Bu 311 28312 04269-2405
1984.0576 174.8 0.145 1983.0500 119.2 .0.467
1984.0603 172.7 0.135 1983.7161 118.7 0.457
1984.9998 160.5 0.138 1984.0577 120.6 0.467
1985.8378 145.7 0.114 1984.7072 120.2 0.465
1985.8406 144.5 0.120 1985.8351 121.3 0.468
1985.8541 145.7 0.120 ADS 3228 au 1156 23217 04275+1113

ADS 3105 STT 75 26882 04126+6029 1 1983.0500 131.7 0.221
1983.0472 178.2 0.413 1 1983.7162 131.4 0.207
1984.0521 179.7 0.403 1 1984.0522 130.5 0.205
1985.8405 178.7 0.405 1 1984.7072 129.5 0.201

ADS 3135 STT 79 27363 04187+1632 1 1984.9968 128.9 0.199
1982.7551 109.2 0.229 1 1985.8488 126.6 0.194
1982.7606 109.0 0.221 1 ADS 3247 bu 164 21396 04279-2130
1982.7661 110.1 0.227 1 1983.0500 251.8 1.720
1983.0472 111.2 0.222 1 HR 1411 NcA 15 25307 04286+1557
1983.7162 123.3 0.186 1 1983.7135 356.6 0.148
1984.0522 130.4 0.173 1 1984.0522 355.4 0.164
1984.0576 132.2 0.173 1 1984.0577 354.6 0.165
1985.8378 178.6 0.147 1 1965.8379 353.7 0.216
1985.8406 177.5 0.149 1 1985.8406 353.1 0.217
1985.8488 177.9 0.148 1 ADS 3248 Hu 1080 28363 04290+1610

ADS 3159 Su 744 AS 27710 04215-2544 1 1982.7551 260.7 0.402
1983.0500 140.6 0.589 1 1982.7606 260.8 0.400
1983.7162 142.2 0.570 1 1982.7661 260.7 0.404
1984.7072 143.9 0.567 1 1983.0500 260.8 0.406
1984.9968 143.5 0.539 1 1984.0522 260.7 0.424

ADS 3169 STT 82 AS 27691 04228+1504 1 1964.0577 261.0 0.421
1984.7072 355.2 1.303 1 1985.8406 259.8 0.451
1984.9968 355.0 1.296 1 +17 0735 Cou 567 28436 04298+1741

NR 1375 CSARtA 16 27742 04235+2059 1 1983.7162 23.3 0.152
1985.8514 9.4 0.182 1 1984.0522 22.5 0.149

ADS 3172 STT 80 27650 04236+4226 1 -24 2401 ST 2347 28845 04318-2406
1982.7579 158.6 0.356 I 1983.0500 327.6 0.194
1983.0472 158.2 0.361 1 ADS 3283 A 1839 04324+3350
1984.0522 157.9 0.349 1 1983.7163 271.6 0.604
1985.8406 156.6 0.348 1 +14 0721 ClARA 17 285931 04340+1510

ADS 3182 Hu 304 27820 04239+0928 1 1985.8514 38.6 0.147
1982.7551 67.3 0.207 1 ADS 3317 CNARA 18 Aa 29140 04357+1010
1982.7633 67.7 0.207 1 1985.8486 16.4 0.104
1983.0500 67.9 0.203 I ADS 3326 A 1840 AS 04361+0813
1983.7162 70.9 0.193 1 1983.0500 112.1 0.178
1984.0522 71.7 0.187 1 1985.8459 103.0 0.166
1984.0604 72.3 0.187 1 ADS 3329 5T1 86 29193 04366+1945
1985.8488 78.1 0.162 1 1983.0503 16.8 0.460

ADS 3191 Bu 1235 27832 04245+2245 1 1983.7162 17.0 0.451
1983.0474 59.8 0.330 1 1984.0548 16.2 0.451
1983.7162 60.5 0.334 1 1984.7072 16.0 0.451
1984.0522 60.8 0.333 1 1985.8434 14.8 0.452
1985.8379 62.3 0.313 1 HR 1481 Kul 16 29503 04382-1418
1985.8514 60.3 0.327 1 1982.7634 138.0 0.349

ADS 3210 fu 1155 27989 04256+1852 I 1983.0500 141.1 0.359
1982.7579 7.5 0.109 1 ADS 3371 Bu 1044 29562 04398+1632
1982.7606 8.3 0.113 1 1983.0503 211.1 0.667

1982.7661 6.4 0.104 1 1985.8434 212.4 0.649
1983.0499 5.5 0.114 1 ADS 3358 fu 1295 AB 29316 04399+5329
1985.8406 229.8 0.068 1 1983.7163 134.2 0.182

1 194.0522 13.2 0 .175
1 1984.7072 129.4 0.162

I 1984.9968 127.3 0.155
1 1985.8434 120.6 0.136

ADS 3358 ST 566 AC 29316 04399+5329
1984.9968 221.3 0.728
1985.8434 220.7 0.727
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TABLE IV. (continued)

ADS 3387 A 2353 29727 04J:641643 ADS 3659 A 1023 32416 05054+4655
1983.0503 154?9 ..169 1983.0637 6090 0*353
1983.7162 160.0 0.164 1984.0524 62.5 0.331
1985.8434 162.4 0.165 1985.8516 61.9 0.331

MR 1497 MCA 16 29763 04422+2257 ADS 3672 STT 95 32642 05055+1948
1982.7551 4.8 0.185 1982.7634 303.3 0.923
1982.7633 4.1 0.186 1983.0503 303.4 0.918
1982.7661 5.4 0.186 1984.0549 302.7 0.913
1983.0474 2.1 0.187 1984.7073 303.0 0.915
1983.7163 357.7 0.184 1984.9969 302.8 0.910
1984.0524 354.6 0.187 1985.8351 301.6 0.900
1985.8380 340.1 0.193 +22 0818 STT 97 32641 05056+2304

-21 0953 Don 75 29961-2 04425-1059 1982.7634 152.0 0.354
1983.0500 77.1 0.168 1983.0503 152.5 0.348ADS 3391 A 1013 29606 04432+5932 1 1984.0524 152.1 0.347

1985.8434 58.9 0.107 1 1985.8516 151.1 0.353
+39 1054 Cou 1524 29911 04445+3953 1 +22 0829 Cou 155 32864 05072+2224

1982.7579 196.1 0.178 I 1985.8516 325.0 0.244
1982.7660 196.1 0.176 1 ADS 3711 STT 98 33054 05074+0830
1983.0664 195.1 0.190 1 1982.7607 12.8 0.639
1985.8434 197.8 0.184 j 1983.0638 11.2 0.631

+42 1045 Cou 2031 30090 04465+4220 1 1984.7073 6.2 0.636
1985.8434 311.0 0.054 1 1984.9969 5.7 0.624

ADS 3445 A 2 04466-0437 I 1985.8516 2.5 0.632
1985.8435 178.7 1.524 I +37 1053 Cou 1531 32949 05085+3755

MR 1528 CBARA 19 30453 04493+3235 1982.7607 89.9 0.329
1984.0576 147.8 0.041 1 1983.0503 87.5 0.331

ADS 3465 A 2621 30636 04496+0213 1 1985.8516 84.8 0.320
1983.0502 75.4 0.150 I ADS 3728 A 2636 33236 05089+0313
1985.8459 80.4 0.150 1 1982.7634 154.5 0.260

+14 0770 ClARA 20 30712 04506+1505 1 1985.8516 156.2 0.266
1985.8459 109.6 0.072 1 ADS 3748 A 484 33507 05103-0735

ADS 3475 BU 883 AD 30810 04512+1104 1 1985.8514 150.5 0.096
1982.7551 69.6 0.243 1 ADS 3734 STF 644 33203 05104+3718
1982.7633 70.0 0.242 1 1982.7606 222.5 1.602
1983.0502 73.4 0.235 1 1983.0503 222.4 1.599
1984.0549 85.5 0.219 1 1985.8516 222.6 1.597

ADS 3483 Du 552 AD 30869 04518+1339 ADS 3755 DU 885 33546 05109-0146
1982.7606 118.6 0.261 1983.0638 195.4 0.584
1983.0503 119.9 0.264 1984.7073 197.1 0.594
1984.0549 133.3 0.298 1984.9969 197.1 0.587
1985.8434 146.6 0.346 1985.8516 197.0 0.598

C' 8 RST 5501 31297 04545-0313 ADS 3767 Hu 33 33647 05117+0031
1982.7634 45.9 0.285 1982.7634 10.4 0.100
982.7661 45.7 0.289 1985.8516 7.2 0.108
.983.0502 45.5 0.287 ADS 3764 STI 652 33646 05111+0102
1984.0549 45.0 0.280 1985.8542 181.0 1.607
1985.8489 42.0 0.272 ADS 3799 STT 517 AN 33883-4 05134+0158

ADS 3558 A 2624 31622 04573+0100 1982.7634 235.1 0.512i1985.8S43 5 a304 .6 0;319 1983.0638 235.9 0.501

ADS 3588 Bl 314 AD 31925 04592-1622 1984.7073 236.4 0.522
1982.7634 160.5 0.249 1984.9969 236.3 0.523
1983.0500 160.3 0.277 1985.8516 236.0 0.537
1984.0604 156.3 0.321 MR 1708 a Aur Aa 34029 05167+4601

ADS 3573 A 1303 31578 04599+5328 1983.0474 192.2 0.047
1984.0524 314.3 0.206 1984.0524 11.3 0.047
1985.8434 311.6 0.204 1984.0604 0.6 0.043
1985.8489 311.4 0.199 1 1985.8542 57.3 0.053

+69 0238 MLR 399 AD 31264 05001+6958 1 +39 1272 Cou 2037 34807 05219+3934
1985.8433 168.6 0.259 1 1982.7607 140.3 0.348

ADS 3608 A 1544 32092 05017+2640 1 1983.0503 140.6 0.346
1985.8434 9.7 0.323 1985.8516 140.1 0.352

ADS 3662 A 481 32622 05043-0602 1 ADS 3991 WHC 2 A,BC 35317 05239-U053
1983.0500 302.5 0.447 1 1983.0692 159.3 2.)50
1985.8514 300.9 0.454 1 +32 0966 Cou 1090 35132 05240+3238

+21 0754 Cou 154 AD 32481 05044+2139 1 1983.0504 230.8 0.235
1983.0503 308.2 0.253 1 1985.8516 229.8 0.234
!985.:516 306.5 0.254 ADS 4002 Da 5 Aa,5 35411 05244-6224

MR 1589 STT 89 31590 05046+7404 1984.9969 78.4 1.6381982.7633 297.9 0.467 1985.8542 77.6 1.660

1982.7660 297.9 0.465 ADS 3997 A 2703 35365 05246+0910
i1984.0524 298.1 0.451 1985.8516 104.6 0.223

19 891984.9969 2985 0454

1985.8407 298.0 0.458

I
I
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TABLE IV. (continued)

ADS 4020 A 848 35548 05255-0033 ADS 4323 STT 115 LB 35182 05445+15031982.7634 158!2 0*207 1984.7073 119?1 0!4701985.8516 161.1 0.214 1984.9969 119.1 0.466ADS 4078 Da 6 36058 05290-0318 1985.8542 118.1 0.4661985.8516 200.9 0.136 ADS 4324 A 496 38161 05449+2620ADS 4072 Hu 217 35921 05297+3523 1983.0475 7.4 0.2751983.0503 253.1 0.608 1983.0665 4.7 0.2761985.8516 253.6 0.602 1985.8407 7.0 0.271-01 0918 MST 4781 36219 05301-0145 +28 0C71 Cou 762 38153 05450+28121983.0638 197.9 0.376 1983.0665 66.4 0.1661985.8516 199.6 0.396 1985.8407 62.2 0.176ADS 4115 STr 728 36267 05307+0556 HR 2001 XCA 22 38735" 05474-10321984.7073 49.4 0.985 1983.0665 102.3 0.1621985.8516 49.4 1.005 1984.0605 111.2 0.161ADS 4123 STF 729 AS 36351 05312+0317 1985.8544 108.6 0.1751984.7073 28.4 1.802 ADS 4390 STF 795 38710 05480+06271984.9969 28.6 1.809 1983.0665 215.2 1.1701985.8542 28.0 1.835 1984.9969 216.7 1.151ADS 4134 Doi 42 Aa 36486 05320-0018 1985.8352 216.4 1.1611982.7552 141.3 0.224 ADS 4396 A 2657 38769 05482+01371982.7634 141.5 0.224 1 1983.0665 157.9 0.1791983.0638 141.6 0.226 1985.8542 167.9 0.1771984.0605 140.2 0.230 1 ADS 4392 STT 118 AB 38670 05484+20521985.8542 139.3 0.242 1982.7607 316.7 0.250ADS 4076 A 1034 35598 05325+7049 1 1983.0665 313.9 0.2371983.0503 144.4 0.711 1985.8542 316.4 0.2141985.8517 143.0 0.735 1 ADS 4376 STF 3115 38284 05491+6248MR 1891 Fin 345 37016 05353-0425 1982.7634 352.0 0.8591983.0665 89.9 0.343 1983.0665 351.6 0.872ADS 4208 STF 749 AD 37098 05372+2656 1 1984.0552 351.6 0.8361982.7607 326.5 1.089 1984.7074 351.4 0.8361983.0692 326.2 1.100 1 1934.9971 351.2 0.8361984.7073 326.3 1.076 1 1985.8517 350.3 0.8441984.9969 326.0 1.075 1 +29 1028 Cou 898 39303 0552P429071985.8352 325.3 1.091 1985.8407 156.6 0.152+43 1315 CEHAA 21 36948 05373+4404 1 +28 0933 Cou 900 39451 05539+28571985.8407 60.8 0.125 1985.8407 83.1 0.169ADS 4203 A 1562 36928 05373+4339 1 ADS 4532 Hu 1235 30924 05573+36011983.0665 348.6 0.403 1983.0665 102.0 0.1861985.8407 350.2 0.389 1 +24 1043 Cou 905 40132 05580+2437+43 1315 ------ 36947-8 05373+4404 1985.8517 15.8 0.1861982.7607 62.9 0.145 1 ADS 4562 ST? 124 40369 05589+1249ADS 4229 Du 1240 As 37269 05386+3030 1982.7607 297.5 0.4e21982.7607 60.1 0.082 1983.0665 298.0 0.496
1983.0475 49.8 0.094 1985.8542 297.4 0.4991985.8407 31.5 0.102 1 ADS 4617 A 2715 AD 40932 06024+0939ADS 4241 Du 1032 As 37468 05387-0235 1 1984.0632 283.0 0.167
1982.7552 152.3 0.245 1985.8544 212.6 0.086
1982.7634 152.7 0.246 1 MR 2134 Iui 23 AS 41116 06041+23161983.0692 150.6 0.235 1 1982.7635 20.9 0.1011984.0605 149.2 0.242 1983.0475 35.1 0.093
1985.8544 144.6 0.246 1 1984.0605 113.2 0.093ADS 4236 A 1564 37265 05394+4343 1984.0632 108.0 0.098
1985.8407 135.9 0.143 1 1985.8380 157.4 0.204ADS 4243 ST? 112 37384 05398+3758 1 ADS 4660 A 1951 41379 06052+0708
1983.0665 52.2 0.831 1983.0667 43.2 0.433
1985.8407 53.2 0.845 1 1985.8435 44.5 0.441ADS 4249 Ru 825 37405 05400+3601 1 ADS 4603 STT 121 40225 06053+7400
1983.0665 343.9 0.389 1 1984.0552 243.5 0.252ADS 4265 Du 1007 37711 05411+1632 1 +18 1095 Cou 471 41658 06073+18481982.7607 239.0 0.333 1983.0693 168.8 0.2821983.0665 239.3 04345 1 1985.8435 166.3 0.300
1985.8352 240.1 0.331 1 +26 1082 RcA 25 41600 06074+2640ADS 4279 Bu 1052 37904 05417-0254 1 1985.8380 220.3 0.0631983.0692 20.6 0.331 1 ADS 4696 5?, 130 41541 06078+42401985.8544 18.7 0.383 1983.0667 199.7 0.386

ADS 4299 A 494 AR 38089 05428-0649 1 1984.0551 202.0 0.3921983.0692 104.8 0.181 1 1985.8380 200.6 0.4C11985.8352 124.2 0.133 1985.8435 201.2 0.399ADS 4304 A 117 38068 05436+1259 1 ADS 4750 A 54 AD 42033 06098+29141983.0665 249.9 0.786 1983.0667 335.2 0.5271984.7073 251.8 0.782 1985.8353 335.2 0.5411985.8542 250.7 0.791 1 1985.8380 336.2 0.532
_ 1985.8435 335.2 0.538
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TABLE IV. (continued)

I t 2156 RST 3442 42443 06098-2246 1 HR 2425 McA 27 47152 06383+2859

1983.0475 29919 0"175 1 1982.7552 356T0 01085
1983.0667 301.1 .0.168 1 1982.7635 356.8 0.086

ADS 4768 au 1055 42216 06105+2300 1983.0475 352.5 0.092
1982.7635 238.1 0.237 I 1984.0552 342.0 0.107
1983.0667 242.9 0.220 1 1984.0605 340.2 0.099
1985.8407 237.1 0.229 1 1984.0634 344.8 0.101HR 2214 nki 24 42954 06144+1754 1 1985.8381 327.7 0.132

1983.0693 138.5 0.492 1 ADS 5289 STT 152 47395 06395+2816
1984.0579 139.2 0.479 1 1984.0552 36.8 0.863
1984.9971 139.4 0.483 1 1984.9971 36.8 0.857

ADS 4866 A 668 43362 06154-0902 1 1985.8408 36.0 0.861
1985.8544 42.1 0.079 ADS 5332 A 218 47812 06416+3041

HR 2236 3T 5225 43358 06159+0110 1985.8381 69.9 0.181

1983.0667 220.4 0.203 1 +70 0410 MLR 405 46979 06425+7035
1984.0579 224.4 0.215 1 1984.0552 245.5 0.540
1985.8544 238.1 0.200 1 1985.8407 245.2 0.549

ADS 4890 Fin 331 As 43525 06171+0957 ADS 5407 A 2825 48688 06450+1045
1982.7552 326.5 0.071 1984.9998 3.8 0.190
1983.0475 347.5 0.066 1985.8381 5.7 0.197
1984.0605 254.8 0.044 ADS 5429 no 238 484 06463+1812
1985.8544 322.9 0.069 1985.8353 172.4 0.361

HR 2273 CHAA 22 44112 06197-0749 ADS 5400 STF 948 An 48250 06463+5927
1985.8544 55.5 0.055 1983.0668 80.3 1.794

ADS 4929 Bu 895 AD 43885 06200+2826 1985.8435 79.3 1.803
1982.7635 124.8 0.223 1 +16 1273 CHARA 24 48954 06468+1646
1984.0552 126.6 0.232 1 1983.0695 37.1 0.409
1985.8407 128.5 0.242 1 ADS 5447 STT 156 49059 06474+1812

ADS 4951 A 2719 44109 06203+0744 1 1983.0667 239.8 0.406
1983.0667 61.1 0.445 1 1984.0605 238.9 0.400
1984.0579 62.4 0.450 1 1985.8353 236.3 0.401
1985.8352 63.2 0.462 HR 2521 Fin 322 49643 06492-0217

ADS 4971 A 2667 44333 06214+0216 1983.0475 61.5 0.157
1984.0579 172.5 0.288 1 1983.0667 57.0 0.155
1985.8544 178.4 0.278 1 1984.0579 59.5 0.154

ADS 4950 STr 181 AD 43812 06221+5923 1 1984.9998 58.3 0.155
1983.0665 130.3 0.682 I 1985.8381 55.3 0.159
1984.0552 132.0 0.680 I +36 1511 Cou 1738 49472 06502+3625
1984.7074 132.9 0.682 1 1984.0525 101.0 0.110
1984.9971 132.3 0.673 1 1984.9999 104.8 0.105
1985.8407 132.5 0.691 f 1985.8409 106.2 0.111

ADS 5023 au 568 44953 06235-1947 I +24 1417 Cou 768 49622 06503+2410
1983.0693 154.3 0.808 1984.9999 259.7 0;078

NR 2312 Fin 343 45050 06252+0130 1 1985.8409 256.9 0.096
1983.0475 8.8 0.170 1 ADS 5514 STF 963 AD 49618-9 06532+5928
1984.0579 5.7 0.159 1 1982.7634 259.3 0.270
1985.8381 0.6 0.169 1 1983.0476 259.0 0.273

+23 1346 CHAXA 23 44926 06255+2327 1983.0668 259.7 0.265
1965.8408 150.9 0.104 1 1984.0525 261.5 0.267

R 2304 XcA 26 44927 06256+2320 I 1984.9999 263.6 0.263
1985.8381 141.1 0.054 1 1985.8545 264.9 0.262

+24 1276 Cou 914 45428 06283+2441 1 DR 2541 Cou 1877 50037 06532+3827
1983.0667 115.2 0.212 1 1983.0475 149.0 0.502

ADS 5103 3TZ As 45542 06289+2014 1 1984.0525 151.0 0.456
-- 1982.7552 135.9 0.080 1 1984.9972 152.3 0.480

1984.0579 140.3 0.049 1 1985.8409 153.0 0.484
1984.0634 144.8 0.055 1 ADS 5557 ST 987 50700 06541-0552

Ross 614 GL 234 06294-0249 1 1984.9972 174.7 1.293
1982.7581 215.6 0.486 1 1985.8435 174.3 1.314

+52 1088 Wor 6 06323+5225 ADS 5571 A 2833 50722 06549+1158

1983.0668 276.6 0.447 1985.8408 262.9 0.058
ADS 5218 A 506 46610 06357+2816 ADS 5586 STT 159 AN 50522 06573+5825

1983.0667 32.3 0.250 1983.0668 46.6 0.494
1984.0552 34.1 0.249 1984.0525 47.3 0.466
1985.8381 34.2 0.241 1984,9972 48.5 0.427

ADS 5224 A 1051 45655 06367+4415 1985.8545 49.3 0.394
1984.0552 224,9 0,691 1 ADS 5625 A 2681 51449 06575+0253
1984-7074 225.4 0.6$9 1985.8381 140.9 0.298
1985.8408 224.5 0.687 +02 1483 CHARA 25 51566 06580+0218
1985.8435 224.4 0.692 1985.8408 40.7 0.910

i+65 0550 MLR 133 50452 06592+6516

1985.11545 20.5 0.112

I
I
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TABLE IV. (continued)

Ma 2605 McA 28 51688 06595+2555 1 ADS 6185 TT 175 AS 60318 07352+3058

1982.7635 3395 07082 1 1983.0476 32899 0'182

1904.0525 43.1 0.073 1 1984.0526 329.3 0.190

1984.0605 40.8 0.072 1 1985.8491 328.2 0.206

1984.9999 44.5 0.059 1 -25 4775 B 729 61071 07365-2520

1985.8544 48.5 0.064 1 1983.0504 171.8 0.116

ADS 5660 A 2461 AS 51911 06598+1557 1 ADS 6244 No 245 AD 61343 07387-0127

1983.0476 328.0 0.311 1 1983.0504 184.8 0.602

1985.8408 326.3 0.316 1 1984.9972 185.6 0.602

ADS 5671 Su 1022 AS 267648 07007+2716 I 1985.8436 185.1 0.01

1985.8409 68.3 0.321 ADS 6245 A 535 61344 07387-0459

ADS 5689 5TT 163 AD 52309 07011+1146 1 1983.0504 172.1 0.357

1984.0580 57.6 0.113 1 ADS 6263 STY 1126 AN 61563 07401+0515

1984.9998 56.0 0.113 1 1903.0504 165.0 0.941

i985.8408 63.1 0.120 1 1985.8353 165.6 0.926

ADS 5707 A 3042 AS 52590 07015-0942 ADS 6313 A 2534 AD,C 62264 07431+0012

1985.8381 204.4 0.324 1 1985.8353 231.1 0.817

ADS 5712 Du 573 52694 07018-1053 1 ADS 6347 No 247 62720 -07462+2108

1985.9544 294.5 0.854 I 1984.0525 231.8 0.386

+37 1645 McA 29 52823 07043+3734 I 1985.8409 233.3 0.397

1983.0476 176.2 0.169 1 -03 2065 RST 4375 63263 07478-0332

1984.0581 179.4 0.165 1 1983.0504 344.3 0.121

1985.8409 178.9 0.171 1 ADS 6354 Hu 1247 62522 07479+6019

ADS 5814 A 3043 54336 07079-1542 1 1983.0476 291.8 0.226

1983.0476 292.6 0.200 1 1984.0526 283.1 0.235

ADS 5857 A 2122 55118 07113-1033 1 -19- 2068 D 1077 AD 63395 07480-1924

1985.8544 83.3 0.137 1 1983.0504 298.7 0.535

+20 1729 Cou 925 54985 07118+1953 1 ADS 6378 WRH 15 AD 63208 07486+2309

1985.8408 80.2 0.496 1 1984.0525 50.8 0.268

ADS 5866 AG 07123+1839 1 1984.0607 50.3 0.268

1985.8436 194.4 0.636 1 1985.8409 49.3 0.272

ADS 5571 STY 1037 AD 55130 07128+2714 1 ADS 6405 A 2880 63799 07508+0317

1983.0668 318.4 1.262 I 1983.0504 280.2 0.122

1983.0695 318.7 1.243 I 1985.0000 292.7 0.102

1984.0581 319.3 1.207 1 ADS 6412 DU 1195 63976 07513-0925

1984.9972 318.5 1.213 . 1983.0504 90.6 0.198

1985.8436 317.5 1.225 1 ADS 6420 BU 101 64096 07513-1352

ADS 5918 aU 1023 55726 07151+2553 1 1983.0504 84.8 0.265

1984.0525 302.7 0.438 1 R 3072 Yin 325 64235 07528-0526

1985.8409 302.1 0.443 I 1983.0504 180.6 0.354

ADS 5956 A 2123 AD 56593 07171-1201 1 1985.0000 184.4 0.296

1985.8545 149.9 0.291 1 1985.8353 186.8 0.264

+24 1600 Cou 585 56462 07181+2405 1 +24 1805 Cou 929 64704 07561+2342

1905.8436 154.3 0.378 1 1983.0476 113.7 0.126

ADS 5975 Su 619 AS 56627 07202+4820 1 1985.8409 142.8 0.135
1985 8491 1.8 0.366 1 ADS 6483 STT 185 65123 07573+0108

ADS 5996 STY 1074 AD 57275 07205+0024 1 1983.0504 65.1 0.179

1984.0525 168.1 0.634 1 1985.0000 74.7 0.162

1984.9972 168.3 0.636 1 MR 3109 McA 33 65339 08017+6019

1985.8436 168.1 0.642 1 1983.0476 282.8 0.114

-20 1935 DON 181 58763 07262-2024 1 1984.0526 298.8 0.091

1983.0504 132.2 0.501 1 ADS 6538 STT 186 66176 08033+2616

+69 0422 MLM 409 57308 07264+6929 I 1984.9972 74.9 0.951

1985.8545 345.2 0.379 I 1985.8436 74.4 0.965

+20 1805 COARA 26 58579 07269+2015 1 ADS 6554 Bu 581 AD 66509 08043+1218

1984.0607 127.1 0.030 1 1983.0476 266.6 0.544

1985.0000 163.4 0.049 1 1985.8436 274.3 0.556

ADS 6059 McA 30 A& 58725 07277+2127 1 ADS 6578 A 1333 66610 08070+5407

1983.0476 166.1 0.110 1 1983.0476 208.4 0.360

1985.0000 166.8 0.099 I 1984.0526 208.8 0.350

ADS 6126 STY 1104 AD 59438 07294-1459 1 1985.8436 208.1 0.361

1983.0504 14.6 1.945 1 ADS 6623 STY 1187 67501 08095+3213

ADS 6138 A 2869 59473 07305+0743 1 1985.8436 26.2 2.762

1983.0504 26.6 0.153 1 ADS 6650 STY 1196 AS 68255-7 08122+1740

1984.0525 25.0 0.135 1 1983.0476 254.1 0.673

1285.8545 16.9 0.129 1 1984.0526 245.4 0.642

+08 1791 COARA 27 59604 07309+033 !9!4.9973 736.0 0.616

1983.0504 59.7 0.261 1 1985.0028 236.3 0.619

MR 2886 McA 32 60107 07336+1550 1 1985.8353 226.3 0.601

1983.0505 89.8 0.195 1 +29 1712 Cou 1114 68254 08126+2849

1984.0525 90.3 0.189 1 1983.0476 227.0 0.219

1984.0607 90.9 0.186 1 1984.0526 229.1 0.221

1985.0001 91.1 0.183 I 1985.8409 226.9 0.207

1985.8491 89.5 0.183
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TABLE IV. (continued)

HR 3269 Fin 346 70013 08199+0357 1 ADS 7158 A 1585 77327 09036+4709

1983.0476 72?4 07266 1 1983.0642 280!1 0?259
1984.0526 72.4 0.266 1 1984.0554 280.4 0.257
1985.8545 70.8 0.269 1 1984.0609 280.8 0.257

ADS 6762 STF 1216 70340 08214-0136 1 1985.0001 279.5 0.248
1985.8436 280.9 0.525 1 1985.8353 278.0 0.238

ADS 6796 Hu 856 70$03 08253+3723 1 Hn 3650 Fin 347 Aa 79096 09123+1459
1984.0526 257.9 0.252 1 1984.0527 141.1 0.157

ADS 6811 A 1746 DC 71153 08267+2433 I 1984.0582 144.3 0.161

1984.0526 154.5 0.148 ADS 7284 STP 3121 79969 09180+2835
-20 2538 a 2179 71581 08276-2051 1983.0643 203.5 0.473

1983.0477 212.2 0.397 1984.0527 209.0 . 0.495
ADS 6828 A 551 AD 71663 08285-0230 +19 2194 Cou 384 80082 09183+1847

1984.0553 74.4 0.182 1984.0527 53.4 0.116
ADS 6862 1 489 72310 08315-1934 +77 0361 Kui 39 09184+7716

1983.0476 5.5 0.205 1983.0642 186.5 0.764
1984.0607 2.4 0.200 ADS 7286 STF 1333 80024 09185+3522

ADS 6914 ;u 208 AB 73752 08391-2240 1 1983.0642 48.5 1.824
1983.0477 11.8 0.360 1 1984.0582 49.9 1.811

1984.9973 21.0 0.548 1 ADS 7307 ST? 1338 AS 80441 09210+3812
+20 2148 Cou 47 73574 08397+2005 1 1983.0642 259.0 1.024

1983.0476 141.6 0.515 1 1984.0527 260.8 1.016

1984.0553 142.8 0.508 1 1984.9974 262.4 1.016
1985.8436 141.1 0.521 1 ADS 7341 A 2477 81163 09245+1808

+20 2159 CHARA 28 73666 08402+2001 1 1984.0527 332.7 0.376
1983.0477 126.7 0.425 RR 3750 a 2530 81809 09275-0604

ADS 6924 A 1749" 08412+4352 1984.3859 314.1 0.120
1985.8436 106.6 0.625 ADS 7390 STF 1356 81858 09285+0904

ADS 6930 Du 585 73871 08412+2028 1984.0527 33.2 0.428

1984.0526 88.2 0.492 1984.0609 33.0 0.429
1984.9973 87.5 0.487 1984.3777 34.4 0.429
1985.8436 87.1 0.488 +58 1192 MLR 549 51772 0M299+5809

ADS 6993 SP AD 74874 08468+0625 1 1984.0526 120.3 0.223
1984.0553 196.0 0.255 HR 3794 Fin 349 82543 09326+0151
1984.0608 195.7 0.259 1 1984.0527 161.6 0.162

ADS 6999 Bu 586 75098 08473-1703 1 1984.3777 161.9 0.158
1984.0553 105.6 0.177 1 1984.3859 162.3 0.160

+00 2392 RST 5306 75012 08476+0005 1 ADS 7456 STP 1372 83190 09371+1614

1984.0553 36.6 0.167 1 1984.0527 76.8 0.151
ADS 7012 A 2552 75207 08486+0057 1 1984.9974 80.0 0.131

1984.0553 144.6 0.149 1 ADS 7457 A 1765 83158 09379+4554
ADS 7039 A 2473 75470 08507+1800 1 1984.0527 185.9 0.124

1983.0641 46.3 0.297 1 +54 1323 CHAJA 29 233666 09423+5328
1984.0553 47.3 0.305 1 1983.0642 54.7 0.354

+20 2232 Cou 773 75974 08539+1958 ADS 7487 XLR 323 Aa 83661 09432+6708

1983.0641 41.8 0.206 1 1983.4196 43.9 0.277
1984.0553 42.8 0.216 1 1984.0603 29.0 0.500
1985.0001 43.3 0.218 1 R 3871 Pin 326 84367 09442-2746

ADS 7074 A 2554 76050 08539+0149 1 1984.3777 192.4 0.070
1984.0553 20.5 0.181 1 HR 3880 HcA 34 84722 09474+1334

AD5 7071 lTr 1291 AD 75959 08542+3034 1984.0527 229.5 0.070
1984.0554 313.0 1.451 1 1984.3778 233.0 0.061
1934.9974 313.0- 1.448 1 +21 2108 Cou 284 84739 09477+2036
1985.8436 312.2 1.471 j 1984.0527 64.0 0.153

ADS 7082 A 2131 AD 76095 08549+2613 1 1984.0555 63.9 0.154
19t3.0479 183.6 0.360 I 1984.3750 63.7 0.152
1984.0553 188.1 0.361 1 1984.3832 63.4 0.150
1985.0001 192.4 0.364 1 HR 3889 Kui 44 85040 09498+2111

ADS 7067 STF 1280 AS 75632 08557+7048 1 1983.0698 209.6 0.243

1983.0642 126.6 1.189 1 1984.0527 210.9 0.231
1985.0436 138.8 1.089 1 1984.3750 210.8 0.231

ADS 7054 A 2132 76117 08557+4141 1 1984.3832 210.8 0.230
1934.0554 198.7 0.171 1 1985.8353 206.4 0.234

+36 1889 Cou 1897 76595 08585+3548 1 ADS 7541 Ho 369 AD 85177 09512+3629
1984.0554 165.4- 0.170 1 1983.4196 100.5 0.390
1985.0001 169.0 0.165 1 1984.0529 101.0 0.392

HR 3579 Kui 37 AD 76943 09008+4148 ADS 7545- STT 208 85235 09521+5404
1984.0554 348.2 0.587 1983.0699 124.7 0.200
1984.9974 335.7 0.533 1983.4196 127.2 0.193

1984.0529 132.6 0.191-

1984.3750 135.1 0.189
1984.3833 135.4 0.188

I 1985.0084 141.0 0.182

I
I
. .. . . . .. . ..I . .
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TABLE IV. (continued)

ADS 7555 AC 5 AD 85558 09525-0806 ADS 7929 sTT 229 93457 10481+4107

1984.0554 80t1 0"510 1983.0671 279?7 07776

1984.3777 79.5 0.516 1983.4277 279.3 0.766

ADS 7635 I 293 87556 10052-2812 198.3860 278.9 0.769

1984.0554 324.6 0.168 ADS 7936 ST7 1476 93742 10493-0401

+34 2079 Cou 1569 87473 10059+3412 1 1983.4277 13.3 2.265

1984.0527 80.7 0.146 1 +12 2266 CsARA 32 93993 10511+1135

NZ 3973 CHARA 30 87682 10068+0537 1 1983.4277 9.9 0.429

1984.3832 139.5 0.132 1 tR 4291 CEARA 33 95345 11006+0337

ADS 7651 KuL 48 AD 87822 10083+3137 1 1983.4196 33.8 0.235

1983.0698 171.7 0.157 1 1984.3860 36.2 0.177

1984.0527 175.4 0.122 +29 2110 Cou 960 95342 11008+2913

1984.3778 177.9 0.109 1 1984.3833 86.6 0.088

ADS 7662 A 2145 88021-2 10093+2020 1 +30 2097 CKARA 34 As 95515 11018+2952

1983.0698 179.7 0.124 1 1983.4277 102.5 0.242

1984.0527 177.8 0.112 ADS 8035 Su 1077 95689 11037+6145

1984.0555 177.0 0.120 1 1985.0029 297.0 0.775

1984.3750 176.9 0.108 1 R 4314 in 47 96202 11053-2718

1984.3778 176.1 0.110 1 1983.4277 223.7 0.090

1984.3832 175.1 0.108 1 1964.3805 197.3 0.058

+75 0403 Kul 47 10111+7508 1 1984.3833 200.7 0.064

1984.3860 116.7 1.223 1 ADS 8064 Hu 886 11088+7626

ADS 7674 Zu $74 86355 10117+1321 1 1984.3660 169.5 1.097

1984.0527 288.4 0.138 LFT 771-2 GL 9351 ------ 11114+4327

1984.3750 288.6 0.127 1 1983.0671 78.3 3.851

1984.3778 289.6 0.125 1 ADS 8086 Bu 220 97411 11124-1830

1984.3832 289.2 0.124 1 1983.4169 332.4 0.310

ADS 7675 no 44 88478 10121-0613 1 1984.0529 328.8 0.267

1984.0554 206.9 0.515 1 1984.3605 328.6 0.280

ADS 7704 STT 215 86987 10163+1744 1 1984.3833 328.5 0.262

1983.0698 181.5 1.347 AUS 8092 A 1353 5455 11136+5525

1964.0555 182.9 1.315 1 1983.0671 227.4 0.400

1984.3860 182.8 1.312 1 1983.4167 226.4 0.367

1984.9974 182.8 1.313 1 1984.0529 227.8 0.417

ADS 7769 A 2570 90361 10260+0256 1 1984.3$33 227.4 0.421

1984.0554 307.2 0.335 ADS 6094 STr 1517 97561 11137+200S

1984.3832 307.1 0.337 1983.4167 326.8 0.407

+20 2486 Cau 292 90460 10269+1931 1964.0583 327.0 0.415

1984.0527 271.3 0.098 1984.3724 325.9 0.430

1984.3750 264.6 0.117 1984.3833 326.2 0.424

1984.3832 264.7 0.115 ADS 8104 Eu 639 97773 11154+4728

ADS 7775 TT 217 90444 10270+1713 1983.0699 87.0 0.083

1983.0645 142.0 0.458 1984.0529 86.2 0.083

1984.0527 143.1 0.474 1984.0610 86.7 0.079

1984.0610 143.1 0.470 1984.3C33 85.6 0.088

1964.3750 143.6 0.470 +43 2096 Cou 1904 97857 11158+4227

1984.3778 141.3 0.473 1983.0671 195.1 0.252

ADS 7780 Nu 879 90537 10279+3643 1964.3833 196.9 0.293

1983.0645 231.1 0.463 ADS 8119 ST 1523 AD 98230-1 11182+3133

1983.0698 230.5 0.462 1983.0673 96.7 2.655

1983.4196 231.4 0.450 1983.4277 95.7 2.557

1984.0529 232.0 0.437 1984.3724 91.9 2.347

1984.0557 232.0 0.435 ADS 8145 A 2776 AD 98914 11231+0408

1984.3750 232.3 0.430 1983.0507 99.8 0.152

1984.3860 232.2 0.433 1984.3778 103.8 0.128

1984.9974 232.9 0.413 1 1984.3601 102.0 0.132 ,

+13 2274 CRAlAA 31 91498 10341+1222 -00 2442 RST 4944 9965i 11279-0142

1963.4277 180.8 0.192 I 1963.0508 293.6 0.242

ADS 7844 A 2055 AS 91751 10366+4430 1 1983.0699 293.8 0.247

1983.0671 162.0 0.329 1 1984.0529 293.5 0.246

1984.0583 160.5 0.322 1 1984.3605 292.0 0.237

1984.3833 162.1 0.327 1 1984.3633 291.7 0.241

ADS 7852 I 857 91955 10366-2846 1 ADS 6189 STT 234 100018 11308+4117

1964.3805 272.0 0.262 1 1983.4167 124.9 0.291

ADS 7896 A 2768 92749 10427+0335 1 1984.0529 129.7 0.300

1983.0507 335.4 0.204 1 1984.3751 129.9 0.305

1984.0529 329.5 0.214 1984.3833 130.3 0.307

1984.3778 322.9 0.223 1 ADS 8198 Hu 1134 100235 11322+3615

1984.3805 323.3 0.220 1 1984.3$33 125.9 0.057

1984.3859 324.9 0.225 1 ADS 8197 STT 235 100203 11324+6105

ADS 7915 Do 532 ------ 10453+3831 1 1983.4169 241.6 0.451

1983.4277 131.9 0.371 1 19$4.0529 247.4 0.469

1984.0557 247.6 0.468

1 1984.3750 250.2 0.477
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TABLE IV. (continued)

ADS 8210 Hu 727 233841 11332+4928 1 ADS 8535 STT 249 AD 107922 12238+5410
1984.0530 2312 1?161 1193.0508 267t4 0!406

ADS 8231 STF 1555 AD 100606 11363+2747 1 1983.4141 266.9 0.411
1983.0482 143.1 0.578 1 1984.0530 266.5 0.407
19:3.4279 142.9 0.573 1 1984.3726 266.6 0.3931984.3726 143.3 0.579 11944.3778 266.0 0.401

19849977 143.5 0.587 1 1985.4812 266.0 0.415
19A5.4894 143 .4 0.599 1 ADS 8540 ST 250 108005 12244+4306

ADS 8249 ST 1559 101150 1138+6421 1983.0482 343.6 0.376
1983.0501 322 6 1.957 1963.4141 342.5 0.372
1984.9974 322.5 1929 1985.4812 345.0 0.374

-03 3167 RST 5524 101969 11441-0448 ADS 8539 ST 1639 AS 108007 12244+2535
1983.4141 354.9 0.340 1983.0482 326.0 1.539

+22 2411 41DA 35 11516+2207 1983.4279 325.3 1.521
1983.4279 142.1 0.176 ADS 551 A 78 10320 12267-0535-04 3155 CNAR 36 103036 11518-0546 1963.4141 141.5 0.179

1983.4277 55.2 0.234 1984.3862 142.5 0.160ADS 8347 A 1777 AD 103483 11551+4629 ADS 8555 3 228 108410 12274-2843

1983.4141 157.2 0.107 1984.3779 138.5 0.222
1994.0530 162.2 0.105 HR 4789 W 1094 5 12348+223
1984.3751 164.2 0.107 1983.0699 9.4 0.327
1984.3834 163.9 0.103 1983.4169 11.4 0.3201985.4894 167.9 0.109 1984.0531 10.3 0.319

ADS 4387 A 1082 104288 12005+6912 1984.0613 10.1 0.314
1983.0508 280.0 0.140 1984.3727 9.0 0.305
1983.4141 21.2 0.140 1945.4894 8.2 0.303
1984.0530 22.4 0.130 +27 2158 Cou 596 110297 12409+2708
1984.3834 284.8 0.131 1983.0699 194.5 0.125
1985.4812 28.9 0.127 1984.3834 193.5 0.099+48 1992 Cou 1752 ---- 12018+4728 1985.4813 193.3 0.090

1984.0530 71.7 0.172 1 ADS 630 STP 1670 A 110379-0 12417-0127
1984.3834 69.1 0.162 1 1983.4279 292.6 3.461ADS 8419 STI, 3123 AS 105122 i2061+6642 Nat 4891 CHAJRA 3$ 111998 12532-0333

1983.0508 319.7 0.140 1984.3752 164.0 0.4421983.0699 317.) 0.143 ADS 8708 3TT 256 112398 12364-0057

1983.4141 3140 0.142 193.4279 958 0.955
19:4.0530 310.4 0.143 1984.3727 95.0 0.971
193490557 310r8 02146 !984.3761 95.5 0.968
1984.3726 305.3 0.159 1984.9978 95.6 0.9601984.3778 306.7 0.149 1 +09 2696 Fin 380 112503 12572+04186

1984.3834 307.1 0.147 1983.0699 150.4 0.112
1985.4894 296.3 0.150 1963.4199 152.6 0.117

801 9392 Wor 22 --0- 12101+0526 1984.0531 152.9 0.118
1984.3861 318.1 1.439 1984.3727 154.1 0.136

A1 9392 Wr 22 AC? 12101+0526 1984.3779 153.2 0.124
1984.3861 69.9 0.363 1984.3834 154.8 0.125

ADS 8463 221 106271 12137-2719 1985.4813 155.5 0.138
1983.482 17.6 0.350 1 1985.4894 153.0 0.138

ADS $461 4A 92 106612 12158-2321 I L 491 5 2541 112758 12591-0951
1984.9976 300.2 1.604 1983.4280 109.9 0.768

ADS 9486 ST 1621 3 5 12160+0539 ADS 8727 CuRA 39 Aa 112846 12597-0340
1983.4141 0.4 0.607 1984.0558 19.5 0.10
9R 4668 4.R 37 206760 0165+3304 1984.3779 32.5 0.103

1983.0482 171.6 0.248 1984.3862 28.9 0.092MR 4689 MCA 37 107259 12199-0040 1 AD,9 8757 Bu 341 113415 13038-2035

1983.0482 346.3 0.149 1 1983.4304 311.9 0.796
1983.0699 348.2 0.140 1 1984.0531 311.8 0.790
1983.4141 352.5 0.146 1 ADS 8759 u 929 113459 13039-034019:3.4169 351.7 0.140 11983.4280 202.1 0.6$6

1985.0529 23 0.136 1984.0558 201.7 0.685
1984.0557 2.4 0.137 1 1984.3779 201.7 0.6871984.0583 2.9 0.138 11984.3861 201.9 0.687
1984.0612 2.2 0.132 11984.9978 201.8 0.680
1984.3726 7.2 0.135 11985.4894 201.4 0.681

i1943751 70 0.132 1 GL 497 War 23 ---- 13048+5555
1985:0004 18.1 0.120 11983.0508 151.6 1.448
1985.4812 30.6 0.112 1983.4279 141.6 0.687

ADS 8525 B 727 107539 12216-2716 +61 1335 MLR 154 113810 13052+6052
1983.4141 156.5 0.150 1984.0530 86.8 0.069

ADS 6785 A 1605 234012 13069+5200
1984.3862 165.9 0.938

I
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TABLE IV. (continued)

ADS 6301 MCA 38 Aa 114330 13100-0532 1 ADS 8987 Bu 612 AD 118889 13396+1044
1983.0699 326?4 0:481 1 1983.0510 20213 0!276
1984.0532 328.7 0.454 I 1983.0701 201.1 0.280
1984.3752 327.9 0.466 1 1984.0532 208.0 0.285
1984.3807 327.4 0.459 I 1984.3727 207.9 0.284
1985.4840 327.9 0.472 1 1984.3752 208.7 0.290

ADS 8804 STF 1728 As 114378-9 13100+1731 1 1984.3835 209.1 0.289
1983.0699 191.8 0.627 1 1985.4813 213.8 0.299
1983.4199 193.0 0.610 1 ADS 8988 Hu 897 13400+3759
1984.0558 193.1 0.613 1 1984.0559 30.7 0.378
1984.0586 193.0 0.609 1 ADS 8994 Fin 352 AS 119086 13415-2327
1984.3727 193.0 0.612 1 1983.4307 323.0 0.184
1984.3807 193.2 0.611 1 1984.3779 320.1 0.177
1985.0031 192.8 0.600 1 1904.3862 321.6 0.184
1985.4813 192.9 0.588 1 HR 5178 Kui 65 120033 13472-0943

RR 4978 Fin 305 114576 13117-2633 1 1983.0701 243.0 0.333
1984.3779 116.3 0.100 1 1983.4332 242.4 0.335

ADS 8614 STT 261 114723 13120+3205 1 1984.0531 243.5 0.333
1983.0508 339.5 2.325 1 1984.3779 243.2 0.323

ADS 831 Fin 297 AS 114993 13145-2417 1 1984.3807 241.4 0.330
1983.4332 134.9 0.183 1 ADS 9031 STr 1785 120476 13492+2659
1984.3779 136.8 0.187 1 1983.0510 164.8 3.288

ADS 8843 ST 263 13167+5034 1 -13 3786 RST 3852 121136 13539-1439
1984.3864 134.4 1.$20 1 1983.4307 137.1 0.154

13 5014 Fin 350 115486 13175-0041 1 1984.3862 132.8 0.137
1983.0701 349.1 0.078 1 GL 9465 Ald 112 14019+1530
1983.4332 355.3 0.089 1 1983.0510 182.3 1.579
1984.0532 1.2 0.119 1 ADS 9094 Du 1270 122769 14037+0829
1984.3752 5.9 0.109 1 1984.3754 58.5 0.153
1984.3807 5.6 0.110 1 1984.3781 58.0 0.158
1984.3835 6.2 0.111 1 1984.3835 59.2 0.153
1985.4840 14.2 0.122 1 HR 5298 CHARA 40 123630 14090-1020

ADS 8863 A 2166 115955 13202+1747 j 1983.4307 31.6 0.287
1983.0510 190.3 0.113 ADS 9158 STT 277 AS 124346 14124+2843
1983.0701 191.9 0.102 1983.0510 40.0 0.309

ADS 8864 STF 1734 115995 13207+0257 1984.0559 41.2 0.301
1983.0510 178.6 1.100 1984.3728 41.4 0.302
1983.4332 178.4 1.087 1984.3754 41.4 0.302
1984.3779 178.7 1.080 1985.4813 42.4 0.302
1984.3807 178.6 1.076 ADS 9174 ST 1816 124587 14139+2906

ADS 8887 Ho 260 116495 13236+2914 1983.0510 88.6 0.751
1984.0558 74.3 1.180 1984.3728 88.8 0.741
1985.4840 74.9 1.230 1984.3781 88.9 0.737

ADS 8903 51? 267 117173 13253+7559 HR 5323 ClARA 41 AC 124570 14141+1258
1964.3754 15.3 0.100 1984.3754 120.3 0.190

ADS 8901 A 1609 AD 116878 1325$+4430 ADS 9182 STF 1819 124757 14153+0308
1985.4866 284.0 0.219 1984.3754 234.0 0.857

ADS 8904 AG 187 117009 13272+2028 1 +27 2367 DAN 125709 14205+2634
1964.0558 123.7 1.588 1 1984.3754 170.6 0.054
1985.4840 123.5 1.620 1 ADS 9247 au 1111 SC 126128 14234+0327

+31 2500 Wor 24 13320+3109 1 1984.3754 45.9 0.273
1984.3781 302.7 0.180 1 ADS 9264 A 2069 126695 14266+1625
1984.3807 302.3 0.174 1 1984.3754 262.4 0.179

YS 144 AD VW Con 13328+1649 1 1984.3781 265.5 0.174
1983.0510 37.9 3.065 1 1985.4841 258.5 0.200
1984.3865 39.6 3.060 1 HR 5435 y Boo 127762 14321+3619

ADS 8939 STT 269 AD 117902 13328+3454 1 1984.3835 177.5 0.177
1983.0511 243.3 0.140 1 ADS 9301 A 570 127726 14323+2641
1983.0701 242.1 0.130 1 1983.0701 340.0 0.161
1984.0532 255.8 0.127 1 1983.4307 334.2 0.155
1984.3728 259.0 0.114 1 1984.0559 324.8 0.151
1984.3754 248.0 0.104 1 1984.3728 320.5 0.155
1984.3835 247.7 0.102 1 1984.3754 318.6 0.151
1985.4840 254.0 0.080 1 1984.3835 318.6 0.151

ADS 8954 Du 932 AD 116054 13348-1313 1 1985.4813 298.7 0.152
1983.4304 50.9 0.342 1 ADS 9323 CHARA 42 Aa 128563 14373+0217
1984.0558 51.0 0.344 1 1984.3865 161.0 0.210
1704.3727 51.0 6.343 I ADS 9329 STF 1863 128941 14381+5135
1984.3807 51.1 0.345 1 1983.0701 67.5 0.643

ADS 6964 AG 190 13357+4939 1 1984.3754 68.4 0.636
1984.3864 12.8 2.540 1 1984.3809 68.4 0.638

ADS 6980 Is 606 13380+4808 1 1985.4813 68.1 0.651
1984.3864 306.1 2.273 _
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TABLE IV. (continued)

MR 5472 McA 40 129132 14403+2158 1 -12 4227 CHARA 44 135681 15168-1302
1983.0701 267?1 0:070 1 1933.4199 175?6 07192
1984.3835 244.4 0.048 1 ADS 9578 STF 1932 AD 136176 15183+2649

-21 3946 RST 2917 129065 14411-2237 1 1983.4281 253.0 1.431
1984.3755 187.4 0.364 1 1984.3865 253.4 1.457
1984.3781 187.5 0.374 1 ADS 9578 CHARA 45 A& 136176 15183+2649

ADS 9343 STr 1865 AD 129246-7 14411+1344 1 1984.3837 66.3 0.333
1984.0532 303.8 0.961 1 +24 2847 Cou 103 15200+233819$4.3781 303.5 0.961 11983.4200 282.4 0.538
1984.3837 303.0 0.965 ADS 9617 STF 1937 AS 137107-8 15232+3018
1985.4895 302.8 0.969 1 1983.0702 355.4 0.663

ADS 9352 Eu 575 AS 14426+1930 I 1983.4281 359.1 0.669
1983.0702 338.5 0 .501 11984.3729 5.3 " 0.7441985.4895 323.3 0.427 1 1984.3782 5.0 0.743

ADS 9378 STT 285 130188 14455+4222 1 1985.4896 10.6 0.829
1983.0701 331.3 0.276 1 +40 2878 Cou 1441 15233+4022 -
1984.3729 325.1 0.287 1 1984.3782 14.9 0.226
1984.3782 326.3 0.285 1985.4841 16.7 0.248
1985.4814 321.4 0.301 1 ADS 9626 STF 1938 SC 137392 15245+3721
1985.4896 320.8 0.307 1 1983.4200 15.2 2.096:R 5504 in 309 129980 i4462-2110 ADS 9628 Bu 149 137588 2S246+54131984.3755 274.8 0.186 1983.4281 273.6 0.593

i1984.3781 274.4 0.187 1984.3729 273.6 0.599

ADS 9389 ;Tr 1884 130603 14485+2422 +42 2601 Cou 1443 137896 15272+41331984.3782 56.3 2.036 1983.4200 178.6 0.474
ADS 9392 $Tr 1113 130604 144$9+0557 1984.3782 178.1 0.417

1963.0702 291.8 0.445 1985.4841 178.3 0.498

1984.3729 289.7 0.475 1 MR 5747 P CrB 137909 15278+2906
1985.4814 289.3 0.511 1 1983.0511 163.7 0.200

ADS 9395 au 141 130558 14492-1050 1 1983.0702 162.3 0.205
1983.0702 109.9 0.289 1983.4200 160.6 0.2211983.4199 109.9 0.285 11983.7150 158.0 0.243

ADS 9396 DU 106 AM 130559 14493-1409 1 1984.0587 156.2 0.263
1984.3755 1.0 1.l420 11984.3756 153.8 0.276

ADS 9400 A 1110 AD 130726 14497+0800 1 1984.7007 153.1 0.285
1983.0702 246.8 0.615 1985.4814 148.2 0.306
1984.3729 248.7 0.618 1 1985.4841 148.4 0.306
1985.4814 248.4 0.637 1 ADS 9682 Hu 1163 138439 15307+3810

ADS 9425 STT 288 131473 14534+1543 1 1984.3782 28.4 0.113
1984.3837 171.1 1.316 1 1985.4814 39.4 0.110
1984.3865 170.9 1.315 J ADS 9688 A 1634 AD 138629 15318+4053ADS 9453 Bu 239 132219 14587-2739 1 1984.3756 198.6 0.055
1984.3755 350.3 0.557 1 MR 5778 Cou 610 138749 15329+3121

1984.3781 350.5 0.534 1 1983.4281 203.4 0.671
+47 2190 Cou 1760 14593+4649 1 1984.3756 203.0 0.678

1984.3755 202.2 0.187 1985.4814 202.8 0.696
1985.4841 204.4 0:195 1985.4896 202.7 0.694

ADS 9480 Bu 340 AD 132933 15018+0008 I +27 2513 Cou 798 15347+2655
1983.4200 109.2 0.502 1983.4200 57.2 0.154
1984.3729 109.5 0.505 1 1985.4841 64.1 0.1391985.4814 109.0 0.511 ADS 9716 T 298 AD 139341 15361+3948

ADS 9494 5?? 1909 133640 15039+4739 1 1983.4281 230.5 0.470
1983.4200 41.7 1.151 1 1984.3756 237.0 0.420
1984.0532 42.7 1.193 1 1984.3782 237.1 0.419
1984.3729 43.3 1.210 1 ADS 9731 STF 1964 CD 139691 153.2+3614
1984.3782 43.2 1.216 1 1983.4281 18.9 1.532
1985.4841 44.7 1.314 1 -19 4165 CHARA 48 139364 15384-1955

ADS 9515 iST 4534 AD 134213 15089-0610 1 1983.4308 165.9 0.271
1983.4199 11.6 0.356 1 +26 2712 Cou 612 139749 15390+2545ADS 9530 A 1116 134827 15116+1008 1 1983.4200 275.3 0.170
1983.0702 46.0 0.742 1984.3756 267.7 0.179
1983.4200 47.3 0.738 1 1985.4843 261.6 0.186
1984.3729 46.9 0.729 1 ADS 9735 Su 122 139628 15399-19471984.3781 46.5 0.740 1983.4308 223.5 1.785MR 5654 Cou 189 134943 15121+1858 1 ADS 9742 A 2076 139939 15405+1841
1983.4281 143.2 0.442 1 1983.4200 180.1 0.632
1984.0532 144.8 0.446 1 1984.3757 180.4 0.635
.964.3755 143.5 0.443 1 1985.4843 180.5 0.647
1984.3781 144.1 0.441 1 ADS 9744 HU 580 AD 140159 15416+1941
1985.4895 143.2 0.453 1 1983.0702 74.7 0.156

ADS 9532 B 2351 As 134759 15123-1947 1 1983.4281 77.8 0.138
1983.4308 6.0 0.154 1984.3757 84.1 0.087
1984.0587 1.6 0,167
1984.3755 358.1 0.150

I
I!
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TABLE IV. (continued)

+42 2629 Ccu 1445 140432 15420+4204 1 HR 6032 Pin 354 145589 16115+0943
1983.4200 222 3 0"139 1 19a3.4200 8312 0*124
1985.4841 223.4 0.113 1 1983.7151 85.8 0.126

ADS 9757 STY 1967 140436 15428+2618 1 1984.3730 84.0 0.130
1983.4200 120.7 0.425 1 1984.3757 84.3 0.124
1984.3756 120.4 0.448 1 1985.4843 84.3 0.127
1985.4843 119.4 0.486 ADS 9951 Du 120 145501-2 16120-1927

ADS 9758 au 619 140438 15431+1340 1 1983.4282 2.0 1.219
1983.4282 3.6 0.655 1 ADS 9969 CHARA 52 A& 145958 16133+1333
1983.4308 3.3 0.658 1 1983.4281 123.7 0.209
1984.3757 3.1 0.660 1 ADS 9971 RST 3936 AS 145996 16143-1024
1985.4843 3.5 0.675 1 1983.4200 267.9 0.,302

+22 2878 Cou 106 140629 15440+2220 1 1984.3729 267.6 0.302
1983.4200 272.8 0.392 1 -3012986 I 1586 146177 16161-3037
1985.4843 272.3 0.400 1 1983.4254 257.4 0.321

ADS 9775 Bu 620 AD 140722 15462-2804 ADS 10006 STT 309 147275-6 16192+4140
1983.4282 170.6 0.534 1983.4200 284.0 0.318
1984.3783 170.8 0.528 1984.3730 286.0 0.310
1985.4978 170.8 0.543 1985.4814 287.0 0.322

ADS 9775 CHARA 50 A& 140722 15462-2804 ADS 10005 B 1808 AS 147104 16205-2008
1983.4282 71.7 0.216 1984.3783 173.9 0.117
19C4.3783 108.3 0.199 MR 6084 v Sco A 147165 16212-2536

a1 9529AB Cou 66 ------ 15465+1956 1983.4254 92.9 0.377
1985.4896 144.2 0.876 1984.3783 92.3 0.384

ADS 9783 A 2077 ------ 15469+1904 HR 6103 CHARA 53 A& 147677 16221+3053

1985.4843 233.1 0.544 1984.3783 74.7 0.153
ADS 9794 A 1127 141730 15474+5929 -16 4280 CHA A 54 147473 16229-1701

1983.4200 286.7 0.316 1984.3783 91.6 0.081
1984.3729 287.9 0.312 1985.4978 89.9 0.105
1985.4841 288.0 0.324 I ADS 10052 STP 2054 148374 16238+6141

ADS 9806 Hu 912 142089 15492+6032 1 1983.4309 352.6 1.009
1983.4200 280.9 0.169 1 1984.3784 352.5 1.008
1984.3729 286.3 0.168 1 1985.4844 352.4 1.019
1984.3756 286.8 0.155 1 ADS 10068 au 814 148552 16272+3952
1985.4841 295.5 0.134 I 1983.4202 352.8 0.312

ADS 9812 Hu 153 141898 15519-1232 "1985.4814 353.5 0.310
1983.4200 71.9 0.410 -15 4324 RST 3950 148394 16286-1613
1985.4923 74.1 0.408 1983.4254 70.8 0.261

ADS 9834 Hu 1274 142378 15550-1923 1984.3783 69.2 0.267
1983.4254 120.6 0.556 ADS 10075 STF 2052 Am 148653 16289+1825

ADS 9836 I 977 142456 15557-2645 1983.4309 131.6 1.535
1983.4254 151.4 0.248 1984.3730 130.9 1.561
1984.3783 152.3 0.178 1985.4844 130.1 1.617

MR 5953 8 Sco 143275 16003-2237 ADS 10087 ST 2055 AS 148857 16310+0159
1983.4254 172.6 0.173 1983.4308 15.3 1.216
1984.3783 174.7 0.171 1984.3730 16.4 1.227

ADS 9909 5T? 1998 AS 144069-0 16044-1122 ADS 10092 ST 3105 148931 16318-0702
1983.4282 27.5 0.981 1983.4308 202.9 0.331
1984.3783 29.4 0.954 19S4.3729 202.3 0.342

ADS 9913 Du 947 AS 144217 16054-1948 1985.4869 201.1 0.347
1983.4282 132.9 0.379 HR 6168 a Her 149630 16341+4227
1984.3783 132.9 0.376 1984.7007 204.0 0.083
1985.4868 134.9 0.368 1985.4844 198.9 0.102

ADS 9913 McA 42 CE 144218 16054-1948 ADS 10129 STY 2078 AN 150117-8 16363+5255
1983.4226 68.7 0.108 1983.4309 105.5 3.213
1984.3783 85.2 0.087 +74 0680 MLR 198 151746 16420+7353

ADS 9931 A 1798 144935 16079+1425 1983.4309 186.7 0.209
1983.4200 25.9 0.156 1983.7151 185.4 0.204
1983.7151 27.3 0.157 1984.3730 183.6 0.194
1984.3730 25.4 0.155 1985.4844 177.9 0.183
1985.4844 24.0 0.159 ADS 10189 Mu 664 151267 16437+5132

ADS 9935 Su 355 AS 145246 16081+4524 1983.4202 301.8 0.464
1983.4200 280.5 0.281 1984.3730 301.7 0.463
1984.3730 281.3 0.275 1984.3784 301.7 0.467
1985.4844 281.0 0.270 1985.4814 302.6 0.479

ADS 9932 Bu 949 144892 16085-1006 ADS 10184 TP 2094 AS 151070 16442+2331
193.42!2 194.3 0,105 19!3.4309 74.8 1.230
1984.3729 194.2 0.417 1984.3784 74.9 1.229
1985.4869 194.6 0.428 +72 0751 MLR 182 152027 16446+7145

-3012880 I 557 144926 16094-3103 1983.7151 41.9 0.164

1983.4254 226.6 0.199 1984.3784 29.0 0.153
1985.4844 20.0 0.151

. . . . . . . . . ' . . . . .. . . . . . . . . . . . . . . . . . ...i --- i 
. .
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TABLE IV. (continued)

+29 2876 Cou 490 151236 16450+2928 1 ADS 10459 Bu 628 17164+3239
1983.4200 26?6 0?191 1 1984.3732 284?8 0*462
1984.3784 25.0 0.197 ADS 10465 Du 126 AB 156717 17198-1745
1985.4045 21.2 0.197 1983.4310 262.9 2.296

ADS 10229 STF 2106 152113 16511+0925 I R 6469 MCA 47 157462 17217+3956
1983.4309 180.3 0.545 1982.5027 154.5 0.106
1984.3784 180.5 0.550 1983.0702 161.6 0.108

-2412876 B 2397 151902 16514-2450 1983.4202 165.4 0.101
1984.3812 336.3 0.097 1983.7151 171.0 0.102

ADS 10230 STT 315 152127 16515+0113 1984.3732 180.2 0.095
1983.4200 352 9 0.186 1984.3760 181.5 0.083
1984.3784 347.8 0.207 1984.3840 181.6 - 0.082
1984.3840 346.8 0.201 1984.7009 188.6 0.072
1984.7009 345.6 0.213 1985.4816 225.4 0.051
1985.4845 342.4 0.235 1 +23 3092 Cou 415 157392 17221+2310 -

ADS 10252 ; 323 152535 16550-2431 1 1983.4202 67.1 0.157
1983.4254 92.5 0.475 1 1984.3759 54.5 0.146

ADS 10257 Bu 241 152655 16555-2134 1 1984.3813 55.4 0.148
1983.4282 8.8 0.368 I -09 4546 RST 3972 157498 17240-0921
1984.3785 9.0 0.362 1983.4202 83.4 0.227
1984.3812 9.6 0.369 1 1984.3757 93.0 0.219

ADS 10279 ST 2118 153697 16563+6502 1984.3812 93.3 0.219
19:3.4309 70.2 1 ill ADS 10531 Etu 1179 157553 17241+3834
1984.3730 70.3 1.099 1984.3840 294.3 0.051
1984.3784 70.5 1.111 1984.7009 294.8 0.056

ADS 10265 Bu 1117 152.49 16568-2309 ADS 10573 Su 1201 158867 17263+6746
1983.4282 297.7 0.953 1983.4202 343.4 0.195
1984.3785 297.6 0.955 1984.3732 341.8 0.178

ADS 10287 Ru 162 153305 16593-1655 1984.3760 342.4 0.181
1984.3785 215.9 0.624 ADS 10561 A 2244 159122 17223-205$

ADS 10312 STF 2114 153914 17019+0827 1984.3785 88.2 0.232
1983.4308 186.9 1.229 1985.4843 85.7 0.245
1984.3785 187.5 1.230. ADS 10585 A 351 17294+2924

ADS 10345 STF 2130 AB .154905-6 17054+5427 1982.5027 242.5 0.535
1982.5027 42.8 2.034 1983.4202 243.9 0.584
1983.4309 42.2 2.044 ADS 10598 STF 2173 155614 17303-0103

+30 2885 CoU 1291 155039 17075+3810 1983.4309 160.6 0.770
1984.3784 217.8 0.108 1984.3757 159.0 0.837

i 1985.4 12285 0.0 1984.3812 159.0 0.837
ADS 10360 u 17 A. 155103 17081+3555 +933 o 9 596 13310

1982.5027 347.1 0.069 11984.3813 60.6 0.150

1983.0702 315.6 0.067 1 ADS 10624 Hu 1181 159304 17326+3445
1984.3784 144.5 0.074 1983.4202 8.6 0.116
1984.7008 134.7 0.095 1983.7152 9.6 0.113
1985.4816 120.6 0.129 1984.3759 18.5 0.083

ADS 10355 A 1145 154895 17082-0105 1984.3840 18.9 0.080
1983.4200 17.8 0.412 UR 6560 Mir 571 159870 17335+5734
1984.3785 16.4 0.424 1982.5027 359.3 0.149
1984.3840 15.6 0.423 1983.0702 352.6 0.147
1985.4845 14.1 0.440 1983.4202 356.1 0.142

-19 4547 McA 46 155095 17103-1926 1983.7151 355.6 0.144
1984.3785 115.0 0 123 1984.3732 355.3 0.143
1984.3812 115.0 0.122 1984.3760 353.1 0.140

ADS 10374 fu 1110 As 155125 17103-1544 1984.3840 353.3 0.141
' 1984.3785 260.2 0.383 1 +68 0946 CNARA 62 Aa ..... 17365+6823

1984.3812 260.1 0.385 1 1984.3760 1.3 0.292
1985.4860 258.1 0.403 1 +45 2566 Cou 1595 160214 17365+4543

ADS 10385 Hu 169 155317 17115-1629 1 1982.5027 250.4 0.414
1983.4254 43.5 0.165 1983.4309 252.9 0.408
1984.3785 35.4 0.153 ADS 10659 A 1156 159857 17366+0722
1984.3812 34.7 0.147 1 1984.3759 3.8 0.084

+45 2505 Xui 79 AD 155876 17121+4544 1 1984.3813 3.8 0.079
1982.5027 254.9 1.008 1985.4869 2.1 0.084
1984.3784 241.9 1.120 ADS 10657 Hu 751 159663 17368-2058
1985.4644 234.0 1.127 1985.4843 240.7 0.090

ADS 10423 A 2592 156034 17157-0949' +27 2853 Kul 83 AB 17370+2753
1983.4202 227.7 0.357 1982.5028 10.3 0,241
1984.3785 224.9 0.360 1983.4202 349.7 0.2291984.3811 224.9 0.361 1983,4309 349.7 0.224
1985.4869 223.1 0.340 1984.3813 329.9 0.220

-3013996 Pu 1119 156184 17173-3010
1983.4255 83.2 0.341
1984.3812 86.0 0.321

I
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TABLE IV. (continued)

ADS 10696 Bu 631 160435 17399-0039 1 ADS 10599 A 2159 163471 17563+0259
193.4202 14083 0"085 1 1984.3787 339!0 0*112
1983.7152 140.3 0.091 1 1984.3842 342.2 0.121
1984.3757 135.4 0.093 1 ADS 10905 McA 49 Aa 163640 17564+1820
1984.3812 135.2 0.092 1 1983.7097 69.1 0.069
1984.7007 131.8 0.093 1 ADS 10905 STF 2245 Aa,B 163640 17564+1820
1985.4816 130.1 0.106 1 1982.5028 292.9 2.534

+21 3188 Cou 114 160935 17418+2130 1 1983.7097 291.6 2.609
1982.5028 30.6 0.288 1 ADS 10912 5T 2244 163624 17571+0004
1983.4312 32.2 0.286 1 1983.4312 88.3 0.278
1984.3759 32.5 0.284 1 1984.3787 90.8 0.294
1984.3813 32.4 0.283 1 1984.3842 92.0 0.295
1985.4816 32.7 0.290 1 -19 4777 CHARA 66 163680 17582-1916

ADS 10743 mu 1285 161258 17436+2237 1 1983.4312 110.0 0.392
1983.4203 224.2 0.546 1 +04 3562 Xut 84 ------ 17584+0427
1984.3759 223.7 0.551 1 1985.4872 100.7 0.142
1984.3813 223.7 0.550 1 +24 3298 Cou 115 ------ 18000+2449
1985.4869 223.1 0.553 1 1983.4203 111.0 0.271

ADS 10786 AC 7 BC 161797 17465+2745 1 1983.7098 114.6 0.267
1983.4312 49.6 1.475 I 1984.3787 112.9 0.272
1985.4978 55.8 1.610 1 ADS 11005 STY 2262 AS 164764-5 18030-0811

MR 6641 CHARA 64 162132 17471+4737 1 1983.4312 276.6 1.860
1985.4924 110.4 0.144 1 +40 3270 Cou 1785 165311 18035+4032

ADS.107;5 STF 2215 161833 17472+1742 1 1983.4227 57.7 0.156
1983.4255 266.4 0.558 1 1984.3760 54.7 0.142
1985.4869 265.6 0.563 1 +42 2995 Cou 1786 165503 18043+4205

+37 2949 Cou 1145 162338 17490+3704 1 1984.3840 129.6 0.084
1982.5027 7.4 0.105 1985.4978 144.5 0.085
1983.0703 0.2 0.108 1 ADS 11060 STT 341 AD 165590 18059+2126
1983.4227 357.4 0.114 1 1982.5083 89.7 0.364
1983.7152 352.7 0.117 1 1982.7650 90.1 0.384
1984.3759 345.5 0.117 1 1983.4203 89.1 0.406
1984.3840 346.6 0.117 1983.7098 90.6 0.427
1935.4816 335.7 0.128 1984.3787 90.7 0.443

ADS 10828 STT 337 162405 17505+0715 1985.8423 90.5 0.478
1983.4203 178.6 0.380 ADS 11071 flu 1186 18063+3824
1984.3759 178.4 0.385 1983.4227 102.1 0.441
1984.3813 177.9 0.382 1983.7098 101.3 0.451
1985.4869 177.4 0.401 ADS 11080 STT 524 165886 18075+1939

+36 2956 Cou 1146 162667 17505+3651 1983.4203 227.1 0.282
1983.4227 151.9 0.249 1983.7097 227.6 0.288
1983.7152 152.4 0.245 1984.3787 225.9 0.291
1984.3759 152.2 0.247 ADS 11098 Hu 314 166157 18086+1839

ADS 10846 A 1164 162670 17519+0724 1 1583.4203 96.5 0.287
1983.4203 42.8 0.361 1 1984.3787 96.9 0.288
1984.3757 43.1 0.371 1 ADS 11111 STY 2281 AS 166233 18095+0401
1984.3812 43.5 0.363 1 1982.5083 330.7 0.345
1985.4869 43.2 0.363 1 1982.7650 326.6 0.342

ADS 10850 STT 338 AD 162734 17520+1520 1 1983.4312 325.0 0.343
1982.5028 352.6 0.812 1 1983.7097 324.2 0.346
1983.4255 351.4 0.798 1 1984.3787 322.2 0.349
1984.3759 351.4 0.798 1 ADS 11128 Hu 674 166820 18097+5024
1984.3813 351.3 0.795 1 1983.4203 228.7 0.692

ADS 10866 AC 8 163032 17528+2941 1 1983.7152 229.8 0.699
1983.4227 274.6 0.202 1 1984.3732 229.0 0.699
1984.3785 273.3 0.202 1 1985.4869 228.0 0.712

ADS 11006 STT 349 167101 17530+8354 I -2314005 AST 5104 166107 18101-2346
1983.4227 45.2 0.355 1 1983.4227 165.0 0.218
1983.7153 46.2 0.369 1 ADS 11149 B 2545 AU 166968 18117+3327
19t4.3732 47.0 0.358 1 1982.7651 57.3 0.099

ADS 10871 A 235 163077 17533+2500 1 1983.0703 54.1 0.102
1983.4312 77.0 0.373 1 1983.4203 58.4 0.094
1984.3787 78.6 0.384 1 1983.7097 60.3 0.107

MR 6676 Fin 381 163151 17543+1108 I 1984.3785 60.4 0.102
1983.4255 326.6 0.117 1 1984.3840 60.4 0.102
1983.7152 325.7 0.117 1 1985.4816 62.2 0.104
1984.3787 303.7 0.106 1 -20 5068 NcA 51 167570 18167-2032
1984.3842 305.1 0.106 1 1982.7650 135.2 0.256

+41 2928 Cou 1601 A ------ 17556+4108 1983.4227 133.2 0.249
1982.5027 65.1 0.515 1 ADS 11228 Bu 246 167815 18177-1940
1983.4312 66.6 0.535 1 1983.4227 112.3 0.475

+25 3381 Cou 503 163529 17556+2508 1 HR 6851 CBARA 68 168199 18180+1347
1983.4203 88.3 0.368 1985.8423 41.1 0.055

1984.3787 89.1 0.361
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TABLE IV. (continued)
+20 3741 Cou 202 168743 18205+2055 ADS 11520 A 88 AD 172088 18384-0312

1983.4203 26795 07245 1984.3842 12t6 0?108
1985.4845 272.3 0.249 1985.4899 350.1 0.139

MR 6927 X Dra 170153 18208+7245 ADS 11530 no 87 AD 172246 18386+16321983.0703 224.8 0.149 1983.4203 33.3 0.215
1983.7152 211.9 0.119 1984.3760 36.4 0.226
1984.7009 233.5 0.118 1985.4845 41.0 0.242
1985.4846 238.4 0.115 ADS 11558 STF 2368 AD 172712 18389+5221

+23 3312 Cou 418 169030 18217+2356 1983.4312 321.1 1.857
1983.4203 70.C 0.193 SR 7017 Cou 1607 172671 18395+4056
1985.4845 69.8 0.191 1982.7650 114.0 0.179

-16 4836 CHARA 69 168701 18218-1619 1983.0703 114.3 - 0.179
1985.4899 11.0 0.089 1983.4312 114.2 0.177

ADS 11324 AC 11 169493 18249-0135 1984.3760 114.2 0.175
1983.4312 356.3 0.814 1984.3842 114.2 0.176

ADS 11334 STF 2315 AD 169718 18250+2723 1984.7035 114.6 0.176
1982.7650 129.3 0.631 1985.4846 114.0 0.178
1983.4312 128.3 0.627 ADS 11566 Do 437 AD 172729 18406+3138
1984.3787 128.3 0.626 1983.4203 130.1 0.413
1984.7117 128.5 0.626 1984.3787 130.4 0.411
1985.4871 127.6 0.639 1 1984.7117 130.8 0.411

ADS 11344 Nu 66 AD 170109 18253+4845 1 1985.4846 130.7 0.415
1983.4203 253.0 0.318 1 ADS 11574 A 2988 172743 18410+2450
1983.7153 253.0 0.324 1984.7009 172.5 0.134
1984.3787 252.5 0.319 ADS 11579 STF 2367 AS 172865 18413+30181984.7035 251.7 0.324 1983.0703 113.9 0.059
1985.4846 251.4 0.322 1983.7153 101.0 0.097

ADS 11344 ST 351 AC 170109 18253+4845 1984.3787 99.1 0.091
1983.4203 18.0 0.670 1984.3842 .100.1 0.093
1983.7153 18.8 0.673 1984.7009 98.8 0.101
1984.3787 18.4 0.671 1985.4845 95.7 0.119
1984.7035 19.0 0.671 ADS 11593 8 2546 Aa 173087 18421+3445
1985.4846 18.5 0.683 1982.7650 295.5 0.153

ADS 11339 Du 1203 169725 18261+0046 1983.4204 296.8 0.147
1983.4312 142.9 0.393 1984.3787 299.2 0.144

MR 6928 C ARA 71 170200 18280+0612 1984.7117 300.2 0.144
1985.8424 130.8 0.077 1985.4846 301.3 0.146

ADS 11399 CEARA 72 Aa 170580 18301+0404 +18 3786 Cou 816 229303 18433+1847
1985.8424 176.0 0.142 1983.4204 302.1 0.262ADS 11454 Hu 322 AD 171365 18338+1744 1983.7153 301.3 0.257
1983.4203 87.4 0.216 1985.4845 300.7 0.260
1983.7153 88.5 0.219 ADS 11614 A 859 173160 18439-0013
1984.3760 90.1 0.230 1983.4203 13.6 0.2551984.3842 91.8 0.225 1985.4899 14.7 0.255

i1985.4845 $8.0 0.229 ADS 11635 STF 2382 AS 173582-3 18443+3940

ADS 11468 A 1377 AD 171779 18340+5221 1985.4729 354.6 2.501i1982.765 96.0 0.260 1985.4872 354.2 2.496
1983.4312 98.0 0.260 1 ADS 11635 STF 2383 CD 173607-8 18444+39371984.3760 99.1 0.261 1985.4729 89.0 2.353
1984.7035 99.4 0.261 1 1985.4872 89.3 2.358
1985.4846 99.7 0.264 1 MR 7035 CEARA 78 173117 18448-2501

MR 6977 CEARA 74 171623 18352+1812 1 1983.4227 3.1 0.084
1985.8424 31.1 0.156 1 ADS 11640 Fin 332 Aab 173495 • 18455+0530

AR 6984 CEARA 75 171780 18352+3427 A 1983.4203 131.4 0.1531985.8I4245 76. 0.253 11985.4816 129.7 0.137
ADS 11479 TT 35 i171745 10355+2336 11985.8424 128.2 0.1381984.3787 9.9 0.619 1 ADS 11640 Fin 332 Bab 173495 18455+0530

1985.4845 9.6 0.633 11985.4816 140.3 0.138
ADS 11483 STT 358 AD 171746 18359+1659 1 1985.8424 139.4 0.138

1983.4312 161.4 1.666 1 ADS 11640 STF 2375 AS 173495 18455+0530
1984.3787 161.1 1.659 1982.5029 119.p 2.440

+21 3492- Cou 206 342628 18363+2143 1 1982.7650 118.1 2.512
1983.4203 123.9 0.143 1 ADS 11640 Fin 332 Aa,Bb 173495 18455+0530
1985.4845 123.7 0.120 1 1982.5029 120.3 2.580ADS 11584 STT 363 173831 18374+7741 1982.7650 119.2 2.651
1982.5029 156.1 0.131 ADS 11640 Fin 332 Ab,Ra 173495 18455+0530
1933.4204 153.3 0.124 1982.5029 118.3 2.319

1983.7153 157.7 0.111 1962.7650 117.0 2.382
1984.3787 159.3 0.102 -08 4701 RST 4597 173611 18466-0807
1984.7009 162.0 0.083 1983.4203 321.1 0.4361985.4846 171.6 0.065 1984.3813 321.4 0.438

ADS 11524 Hu 198 172171 18383+0850 1984.7036 321.6 0.440
1983.4312 136.1 0.438 1985.4872 320.5 0.442
1985.4871 134.9 0.450I

I
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TABLE IV. (continued)
ADS 11698 Du 971 Al 174343-4 18475+4926 1 -05 4884 RST 4618 178286 19082-0520

1982.7650 37?1 0"286 1 :985.4872 137t9 0"081
1984.3787 36.0 0.291 +12 3818 XcA 54 178452-3 19083+1215
1984.7009 37.6 0.292 1 1982.5056 188.2 0.177
1985.4846 37.9 0.304 1 1983.4176 181.2 0.182

-18 3070 1ST 3198 173805-6 18480-1814 1 1983.7125 185.7 0.170
1984.3815 153.6 0.396 1 1984.3813 185.8 0.168

MR 7072 Kui 88 173928 18487-1836 1 1984.3843 186.6 0.164
1983.4229 165.3 0.370 1 1984.7035 186.4 0.165
1984.3815 165.5 0.403 1 1985.4872 185.1 0.171
1984.7036 165.9 0.409 1 1985.8424 184.7 0.168
1985.4900 165.4 0.411 1 ADS 12101 ClARA 84 Aa 178911 19091+3436

NR 7109 CNAXA 80 174853 18520+1358 1 1985.8424 155.9 0 .084
1985.8424 97.5 0.101 1 ADS 12126 A 95 179002 19110-0725

+24 3555 Cou 510 174932 18521+2431 1 1982.7651 70.9 0.290
1983.4204 154.4 0.189 1 1983.4230 69.9 0.289
1983.7153 154.1 0.188 1 1984.3733 69.3 0.284
1985.4872 156.8 0.190 1 1984.7037 68.9 0.291

ADS 11803 A 1891 175060 18541-1352 1 1985.4872 67.4 0.295
1983.4203 258.4 0.353 1 ADS 12147 Hu 1204 AS 179343 19120+0237
1984.3813 258.4 0.355 1 1983.4230 185.3 0.247

ADS 11842 A 2192 175543 18558+0327 1 1983.7125 186.4 0.246
1983.4229 93.5 0.261 1 1984.3815 186.3 0.245
1984.3813 89.9 0.262 1 1984.7037 185.9 0.242
1934.7035 89.7 0.262 1 1985.4873 185.6 0.245
1985.4872 87.9 0.265 1 +20 4076 Cou 320 179528 19123+2113

ADS 11897 STF 2438 176560 18575+5814 1 1983.4176 114.5 0.195
1983.4204 3.4 0.795 1 1983.7125 115.2 0.198
1984.3787 3.3 0.798 1 1984.7037 113.8 0.194
1984.7117 3.4 0.801 1 1985.4873 112.2 0.203
1985.4871 2.8 0.814 1 ADS 12160 Du 139 AD 179588 19126+1651

ADS 11884 CUARA 82 A& 176155 18582+1722 1 1983.4176 136.1 0.655
1984.3843 174.7 0.154 1 1984.7037 136.0 0.655

NR 7166 Kul 89 176162 18594-1250 1 1985.4873 135.7 0.660
1982.7650 264.5 0.174 1 ADS 12214 8 430 179950 19155-2515
1983.4229 265.9 0.159 1 1982.5056 103.2 0.176
1984.3813 271.0 0.154 1 1983.4230 104.2 0.191
1984.7036 273.4 0.151 1 1984.3732 104.0 0.199
1985.4872 279.4 0.144 1 1984.7036 107.1 0.199

+39 3606 Cou 1933 176869 19006+3951 1 ADS 12261 A 1392 181044 19158+5458
1983.4204 203.4 0.477 1 1983.7125 74.0 0.203
1983.7125 202.1 0.473 1 1984.7037 73.7 0.185
1984.3788 201.1 0.477 1 1985.4900 74.5 0.166
1984.7117 201.4 0.477 1 ADS 12239 STT 371 AN 180553 19159+2727
1985.4899 201.5 0.488 1 1983.4313 158.1 0.846

ADS 11950 NDO 150 AD 176687 19026-2953 1 1984.7091 158.5 0.845
1983.4313 86.8 0.349 1 1985.4873 158.1 0.863
1984.3815 77.1 0.384 1 ADS 12248 CRARA 85 Aa 180555 19164+1433

ADS 11989 N 126 177166 19043-2132 1 1985.8533 40.0 0.055
1983.4313 204.6 1.157 1 ADS 12329 M 47 181527 19206+0256
1984.3815 204.5 1.155 1 1983.4230 309.3 0.507

ADS 12032 No 95 177i36 19056+2717 1 1984.3733 309.1 0.501
1983.4204 179.0 0.173 1 1985.4873 309.0 0.516
1983.7125 180.4 0.177 1 ADS 12366 fu 1129 182353 19216+5223
1984.3788 178.5 0.173 1 1982.5083 0.5 0.150
1984.3842 180.0 0.173 1 1983.4175 1.3 0.140
1984.7009 178.6 0.172 1 1983.7125 0.9 0.142
1985.4871 177.0 0.172 1 1984.7037 0.2 0.145
1985.8424 176.9 0.176 1 1985.4847 358.5 0.151

ADS 12055 MLR 217 Aa 178634 19058+591d ADS 12501 A 160 183458 19288+2304
1984.3787 78.9 0.171 1984.7009 72.9 0.301

MR 7262 1 Lyr 178475 19073+3606 1985.4873 73.1 0.304
1984.3788 52.9 0.074 ADS 12552 A 712 184195 19303+5639
1984.3842 53.5 0.078 1982.7568 95.3 0.128
1984.7009 53.4 0.079 1983.4175 95.9 0.135
1985.4899 50.5 0.081 1983.7126 94.2 0.139

ADS 12061 Kui 90 Ca 178449 19074+3230 1984.7037 97.1 0.147
1985.4899 176.5 0.315 1985.4900 95.9 0.151

ADS 12079 Ho 98 AD 178617 19081+2705
1983.4175 87.4 0.266
1983.7125 89.2 0.266
1984.3788 88.4 0.261
1984.7009 88.4 0.262
1985.4899 86.9 0.263
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TABLE IV. (continued)

ADS 12540 McA 55 Aa 183912 19307+2750 ADS 12808 STT 360 AD 186203 19426+1149
1962.7542 172?8 0?407 1982.7651 77 1 0"443
1982.7651 173.3 0 407 1983.4230 77.4 0.438
1983.4175 171.9 0.395 1985.4901 77.4 0.444
1983.7098 171.4 0 .398 ADS 12850 Bu 656 186516 19441+2708
1984.3733 169.7 0.394 1983.4258 283.6 0.353
1985.4729 169.5 0.359 1984.7010 284.4 0.354
1965.4816 166.7 0.400 1985.4647 283.8 0.358

ADS 12567 A 713 184242 19313+4729 ADS 12864 AGC 10 An 186587 19450+1046

1983.4175 270.3 0.357 1983.4230 136.8 0.238
1983.7126 271.0 0.365 1983.7126 139.4 0.239
1985.4$47 271.8 0.360 ADS 12889 STP 2576 AD 16658 19456+3336

+56 1929 McA 56 1:4467 19311+5835 1983.4313 354.5 2.115
1983.4175 46.9 0.112 1963.7126 354.7 2.123
1984.7039 236.7 0.109 ADS 12906 A 1404 AD 166996 19459+3953
1985.4900 141.4 0.065 1983.4231 296.9 0.165

ADS 12600 no 108 134470 19332+3329 1983.7126 299.5 0.168.
1983.4175 30.4 0.240 1984.7039 298.1 0.166
1983.7098 29.9 0.230 1985.4900 297.8 0.170
1984.7010 30.2 0.226 1985.8370 295.5 0.148
1985.4846 28.2 0.230 1 -01 3824 RST 5143 186774 19466-0123
1985.8424 28.0 0.230 1 1983.4230 130.9 0.228

ER 7436 ClARA 87 184603 19336+3846 1 1983.7126 131.9 0.228i 1965.8424 175.7 0.138 I 1985.8534 133.9 0.233
ADS 12623 TT 375 164591 19347+1808 ADS 12911 A 108 18647 19471-0610

1983.4176 176.0 0.594 1983.4230 82.6 0.251
1983.7100 176.3 0.586 1983.7126 87.3 0.271
1984.7037 177.1 0.593 1985.8425 88.5 0.269
1985.4873 177.1 0.600 HR 7536 & Sg 187076 19474+1632
1985.8369 177.0 0.595 1983.4340 123.3 0.060

HR 7441 9 Cyg 184759 19346+2928 1985.4846 81.3 0.058
1965.8369 257.4 0.049 1 ADS 12962 STY 2583 AD 187259 19487+1148

ADS 12631 A 162 164739 19351+2328 1 1983.4313 107.4 1.422
1983.4176 254.8 0.237 1 1985.4901 107.3 1.445
1983.7100 254.2 0.245 1 +18 4252 MCA 58 187321-2 19467+1652
1984.7010 256.5 0.241 1 1983.4313 97.7 0.405
1985.4873 256.2 0.245 1 1984.7010 98.7 0.405
1985.8369 256.6 0.233 1 1985.4900 97.8 0.414

+23 3711 Cou 1033 165056 19365+2400 1 1985.8369 98.1 0.408
1983.4231 189.7 0.226 1 ADS 12973 AGC 11 AD 187362 19489+1908
1983.7100 187.7 0.220 1 1982.5056 193.9 0.109
1984.7010 189.7 0.220 1 1982.7651 191.4 0.119
1985.4873 189.3 0.230 1 1983.4231 187.7 0.131
1985.8369 186.1 0.224 1 1983.4258 187.9 0.132

+63 1544 MLR 56 AD 185977 19376+6344 1 1983.4340 187.8 0.132
1983.4231 91.9 0.122 1 1983.7155 186.8 0.139
1985.4900 100.1 0.102 1 1984.7010 181.6 0.162

ADS 12743 I 656 115447 19400-2203 1 1985.8369 176.9 0.186
1983.4258 119 0.116 1 ADS 12986 A 716 SC 167613 19490+4423

+26 3631 Cou 522 185819 19400+2712 1 1985.4900 37.3 0.214
1983.4258 143.6 0.236 1 HR 7554 CHARA 69 187567 19503+0754
1964.7010 144.7 0.231 1 1985.8534 70.8 0.078
1985.4900 145.1 0.236 1 +23 3798 Cou 1034 187689 19504+2409

NR 7466 Xui 93 185936 19412+1349 I 1983.4231 207.7 0.248
1983.4231 307.4 0.168 11983.7155 208.6 0.2461983.7126 307:9 0.172 1 1984.7039 209.1 0.252

1964.7010 308.2 0.175 1 1985.4900 209.4 0.253
1985.4900 308.1 0.179 ADS 13048 8 454 187858 19531-2520

+65 0337 RLR 229 191079 19418+8552 1983.4258 340.4 0.279
1985.4900 5.4 0.115 HR 7571 CHARA 90 187949 19531-1436

ADS 12796 STT 382 186179 19419+2723 1985.8425 190.0 0.301
1962.5084 328.5 0.308 ADS 13135 Hu 667 188871 19549+5049
1982.7651 329.5 0.313 1983.4231 341.7 0.127
1983.4231 328.9 0.304 1983.7155 344.0 0.123
1983.7126 329.1 0.307 1984.7039 347.2 0.121
1984.7010 328.7 0.307 1985.4900 349.0 0.126
1965.4900 327.8 0.310 1985.6372 355.7 0.129

GR 7499 Rui 94 106307 19419+4015 ADS 13104 STF 2597 10405 19553-0644
1983.4258 143.4 0.162 1982.7651 303.1 0.135
1983.7126 142.2 0.162 1983.4230 303.4 0.137
1984.7039 135.9 0.137 1984.7010 298.5 0.156
1965.4900 130.5 0.124 ADS 13191 Ru 689 189451 19577+5119

1983.7155 330.4 0.085I1
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TABLE IV. (continued)

ADS 13176 AC 16 As 189214 19579+2715 DR 7744 ClARA 94 Aa 192506 20158+2749
1983.7155 235?9 0*418 1985.4901 90?6 0"067
1984.7039 235.9 0.415 ADS 13660 BAR 11 AD 193238 20180+7311

ADS 13186 STT 392 AS 189377 19579+4215 1983.4176 198.6 0.383
1983.4176 222.7 0.107 1983.7156 199.4 0.37f
1983.7155 220.3 0.095 1984.7012 198.4 0.36\
1984.7012 217.1 0.096 1 ADS 13686 A 1425 AD 193443 20119+3917
1985.8425 213.9 0.097 1 1983.4176 270.2 0.135

ADS 13198 STF 2609 189432 19586+3807 1 1983.7155 270.2 0.139
1983.4286 24.0 1.909 1 1984.7012 268.6 0.140

DR 7637 No 276 189340 19599-0957 1 1985.4901 267.1 0.140
1983.4258 228.7 0.141 1 ADS 13777 A 288 194113 20232+2052

ADS 13277 ST? 395 190004 20018+2456 1 1983.7156 198.8 0.110
1982.7542 119.2 0.855 1 +23 4004 Cou 125 194359 20244+2417
1983.4258 119.0 0.845 1 1982.7596 115.2 0.364
1984.7039 119.7 0.842 I 1983.4231 114.8 0.359
1984.7117 119.9 0.843 1 1983.7156 114.7 0.363

ADS 13312 STr 2624 AD 190429 20035+3602 1 +54 2344 MLR 588 194719 20246+5527
1982.7596 173.8 1.901 1 1983.4259 234.5 0.194
1983.4286 173.7 1.875 1 1983.7128 236.0 0.195

MR 7677 CHARA 92 190590 20050+2313 1984.7012 234.9 0.200
1985.8425 48.6 0.050 -09 5457 RST 4062 194233 20247-0846

ADS 13449 ST 2652 191940 20090+6205 1983.4231 357.6 0.263
1982.5056 222.6 0.289 +60 2125 MLR 503 194932 20250+6118
1982.7651 222.4 0.296 1983.4259 33.2 0.169
1983.4231 222.1 0.290 1983.7126 32.6 0.171
1983.7155 223.0 0.294 ADS 13850 A 730 194882 20251+5935
1984.7012 222.9 0.295 1982.7651 324.5 0.221
1985.8370 221.5 0.300 1983.4287 323.2 0.216

ADS 13461 S?? 400 191854 20102+4357 1 1984.7012 322.5 0.218
1982.5056 56.1 0.176 1 +59 2231 MLR 433 194933 20253+6001
1982.7653 53.7 0.179 I 1983.4259 147.3 0.233
1983.4258 47.7 0.179 1 1983.7126 147.3 0.228
1983.7155 45.7 0.181 1 1984.7012 147.9 0.232
1984.7012 36.2 0.191 HR 7801 ClARA 97 194215 20254-2840
1985.8425 27.3 0.212 1 1983.4258 9.9 0.121

ADS 13508 A 282 AD 192124 20121+3429 I +33 3914 Cou 1956 195102 20281+3353
1983.7155 23.8 0.096 1983.4259 235.6 0.305
1984.7012 24.9 0.086 1983.7128 236.8 0.310
1985.8425 25.8 0.078 1984.7013 236.5 0.310

ADS 13493 Du 1205 191841 20123-0805 -2416056 CHARA 98 194810 20285-2410
1983.4177 233.7 0.290 1983.4258 81.8 0.234

+22 3963 Cou 123 346003 20123+2248 ADS 13887 53 323 AD 194943 20289-1750
1983.7155 240.6 0.251 1983.4258 26.5 0.754
1985.4901 239.8 0.245 +26 3915 Wor 9 AD 20302+2651

ADS 13506 STY 2644 191984 20126+0052 1982.7596 316.1 1.007
1982.7598 207.3 2.708 MR 7837 Fin 336 195330 20309-1503
1983.4286 208.0 2.664 1982.5057 214.4 0.109

3R 7735 31 Cyg 192577 20137+4644 1983.4231 212.1 0.108
1985.8425 110.8 0.026 1 ADS 13944 A 1675 195481 20311+1548

ADS 13564 A 1204 192559 20143+3129 1 1985.8479 206.0 0.065
1983.7155 138.1 0.348 ADS 13946 CLARA 99 As 195482 20312+1116
1984.7039 138.9 0.352 1983.7128 124.9 0.324
1985.4901 138.4 0.352 ADS 13946 DA 1 SC 195482 20312+1116
1985.8425 137.4 0.351 1983.4231 289.0 0.117

ADS 13572 STT 403 AD 192659 20143+4206 ADS 13989 Bu 671 196065 20317+6227
1983.4258 170.7 0.887 1983.4259 319.1 0.469
1984.7012 171.1 0.885 1983.7126 318.8 0.471

+63 1608 MLR 60 193215 20153+6412 1 ADS 13961 See 195536 20325-1636
1983.4176 341.4 0.206 1 1983.4231 123.9 0.242
1983.7126 343.8 0.205 I +49 3310 McA 61 196089 20331+4950
1984.7012 344.3 0.184 1 1984.7012 102.9 0.041
1985.8370 337.4 0.172 1 HR 7866 WtRH AD 196093 20339+3515

ADS 13611 A 2095 AD 192911 20156+4339 I 1982.5057 96.1 0.264
1983.7155 159.7 0.170 1 1983.7128 97.2 0.280

Dl 7755 ClARA 93 192983 20157+5014 I 1984.7013 98.1 0.281
1965.8370 196.3 0.170 1 1985.4847 97.2 0.283

HR 7744 McA 60 As&, 192806 20158+2749 ADS 14073 Bu 151 AD 196524 20375+1436
1982.5057 141.6 0.240 1982.5057 18.1 0.401
1983.4176 140.0 0.247 1982.7596 20.1 0.387
1983.7156 140.1 0.250 1983.4259 25.7 0.345
1984.7039 140.4 0.258 1985.4929 57.7 0.211
1985.4901 140.3 0.266 1985.8479 67.7 0.191
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- iTALE IV. (continued)

ADS 14099 Hu 200 AS 196662 20393-1457 1 ADS 14493 A 756 AD 199937 20577+5050

1962.5057 111o 0 328 1 1983.4177 21681 0532
1982.7598 110.8 0.343 I 1985.4849 215.3 0.548
1983.4258 110.2 0.339 1 1985.8396 214.9 0.550

4t4 4510 lui 99 196795 20396+0458 1 ADS 14504 STF 2741 AN 199955 20586+5026
1982.7598 122.9 0.356 1 1982.7543 26.8 1.891
1983.4258 114.6 0.417 1 1983.4287 27.1 1.866
1985.4929 124.6 0.632 1 ADS 14499 T 2737 AD 199766 20591+0413

ADS 14126 ;TT 410 AD 197018 20396+4036 1 1983.4287 285.3 0.964
1983.4259 6.9 0.800 1 ADS 14526 McA 65 As 200120 20598+4732
1984.7012 7.4 0.799 1 1982.7651 56.9 0.211

OR 7906 £ D&I A* 196867 20397+1556 1 1983.4340 55.6 - 0.204
1985.4929 301.6 0.120 1 1964.7040 54.5 0.201
1985.8534 292.3 0.132 1 HR 6038 Kui 102 199942 21002+0731

ADS 14141 A 747 AS 197117 20397+4735 1 1982.5057 65.0 0.255
1983.4259 108.7 0.295 1 1982.7598 62.7 0.273
1983.7156 109.7 0.297 1 1983.4287 60.6 0.283

1984.7012 109.4 0.309 1 1985.4902 53.1 0.307
1985.8396 108.7 0.301 ADS 14543 A 1438 200222 21010+4000

ADS 14148 A 2795 197075 20406+2156 1 1983.4177 248.3 0.294
1983.4231 254.5 0.214 1 1984.7013 248.9 0.299
1983.7128 254.8 0.219 1 +23 4216 Cott 128 200290 21019+2340
1985.4902 253.6 0.229 1 1982.7596 135.4 0.188

MR 7922 MCA 62 197226 20410+3905 1 1983.4232 135.5 0.184
1982.5056 97.2 0.102 1 ADS 14575 57T 2751 200614 21022+5640
1984.7013 100.4 0.086 1 1983.4287 353.5 1.561
1985.4247 98.4 0.081 1 ADS 14565 So* 435 200245 21032-2744

+18 4585 Cou 226 AD 197229 20419+1931 J 1983.4314 297.6 0.256

1983.4231 21.1 0.298 1 ADS 14592 McA 66 A& 200497 21041-0549I 1983.7128 22.1 0.298 1 1983.4340 173.2 0.057
-06 5567 RST 4679 197436 20440-0557 1 MR 8060 Fin 328 200499 21044-1951

1983.4231 358.6 0.300 1 1982.7627 149.0 0.306
1983.7128 359.1 0.309. 1983.4259 144.0 0.316
19854902 358.6 0.315 1 1985.4902 133.8 0.364

ADS 14238 Du 64 AD 197683 20451+1244 ADS 14617 Hu 590 200927 21048+4902
1983.4231 162.9 0.605 1983.7100 88.3 0.252
1983 7128 163.5 0.608 1984.7014 86.9 0.248ADS 14274 BARA 100 Aa 197989 20462+3358 ADS 14648 DU 368 AD 201038 21075-0814

1983,4340 10.0 0.067 1982.7627 272.5 0.240
R 7958 gui 101 198151 20466+4632 1983.4159 19.2 0.237

1985.8396 10.5 0.377 j ADS 14666 STT 527 201221 21060+0509
ADS 14296 STT 413 Aa,B 198183 20474+3629 1 1983.4232 139.9 0.203

1982.5056 15.9 0.795 1 1983.731 138.8 0.210
1902.7571 16.1 0.797 1 19$4.7040 137.1 0.2141983.4232 16.4 0.790 1 +57 2295 MLR 590 202107 21114+5737

1 1 334340 16 5 077 1 1983.7118 19.2 0.175
1983,7128 17.1 0.790 ADS 14749 STF 2780 Aa,S 202214 21118+6000
1984.7013 17.2 0.801 1982.5057 216.4 1.016

ADS 14306 Bu 267 198253 20476+4204 1982.7599 216.3 1.023
1983.4177 202.9 0.422 1983.4341 216.8 1.016
1984,7013 204.1 0.413 1983.7100 217.7 1.010

ADS 14333 194 A . 20494+1124 1984.7118 217.2 1.019
1942.7596 199.7 0.750 1 ADS 14749 MCA 67 Aa 202214 21118+6000

ADS 14360 S3F 2729 A4 190571 20514-0537 1982.5057 60.4 0.040
1983.4314 12.9 0.97a 1983.4341 37.1 0.048

R7 1984.718 14.0 0.986 5 1983.7100 50.0 0.043
1985.492,9 13.7 0.967 1984.7118 40.0 0.048

ADS 14379 go 144 199810-1 20523+2008 1 ADS 14761 u 767 20212 0 21135+1359
1983.4232 348.1 0.317 1 1982.5057 21.7 0.113
1983.7128 348.6 0.319 1 1982.5085 21.2 0.107

AR 7990 McA 4 198743 20527-08591 1982.7626 24.7 0.105
1983.712. 123.3 0.196 1 1983.4259 30.2 0.07

ADS 14404 S 146 199071 20536+3514 1983.4314 32.9 0.101
1983.4232 50.8 0.350 1983.4341- 33.4 0.096
1984.7013 51.1 0.338 I 1983.7101 37.2 0.103

ADS 14412 A 751 199306 20538+5919 11984.7040 49.1 0.091
i5Y .054 6. 0.134 1965.4640 56.2 0.094

19 82.:76 51 156.8 0.132 ADS 14783 H 48 202582 21137+6425
1983.4177 152.8 0.134 1982.7599 255.1 0.470
1983.7156 152.2 0.135 1983.4341 256.1 0.445
1984.7013 147.4 0.137 1983.7156 256.8 0.441

1985. 4849 143.7 0.142 1984.7040 257.6 0.413
1985.8396 142.0 0.144
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TABLE IV. (continued)

ADS 14784 STF 2783 202519 21141+5818 ER 8238 0 Cep Aa 205021 21288+7034
1982.7599 7T1 0'734 1982.5031 49?6 0"156
1983.4341 7.0 0.735 1982.5057 50.8 0.151
1984.7013 6.9 0.727 1982.7599 51.5 0.159

ADS 14773 ST" 535 AS 202275 21145+1001 1983.4259 51.4 0.151
1982.5059 38.2 0.132 1985.4341 50.9 0.144
1982.7600 32.5 0.184 1983.7100 52.1 0.146
1983.4232 27.6 0.281 1984.7013 51.5 0.129
1983.4341 27.4 0.283 1985.4849 51.8 0.121
1983.7101 26.8 0.304 ADS 15007 ST 2799 AS 204509 21289+1105
1984.7040 21.8 0.299 1983.4314 268.6 1.744
1985.4849 15.6 0.210 ADS 15058 A 771 205085 21315+4817
1985.4929 15.5 0.210 1983.7129 69.2 0.079

ADS 14775 A 883 AD 202260 21146-0050 ADS 15070 A 2290 205064 21328+0200
1983.4314 59.3 0.128 1983.7129 262.4 0.482
1985.8535 46.9 0.120 ADS 15103 STT 442 205599 21340+6148

ADS 14787 AGC 13 AD 202444 21147+3802 1983.4341 328.1 0.269
1982.7599 120.0 0.653 1983.7130 327.6 0.263
1983.4314 113.0 0.610 ADS 15115 Hu 371 205541 21354+2427
1983.7101 110.2 0.600 1982.5057 297.0 0.277

ADS 14793 A 1692 202642 21152+5531 1982.7572 295.5 0.289
1983.4315 154.1 0.326 1982.7626 295.3 0.286
1983.7100 155.8 0.314 1983.4314 295.8 0.288

+30 4393 Cou 1183 202882 21180+3049 1 1983.7129 296.3 0.289
1983.4259 22.7 0.194 1 1984.7014 296.9 0.291
1983.4314 20.5 0.200 1 1985.8480 297.3 0.298
1983.7100 20.7 0.204 1 ADS 15131 Ho 463 205731 21362+4253
1984.7014 20.8 0.201 1 1983.7129 174.8 0.433
1985.4902 20.8 0.206 1 ADS 15176 BU 1212 AB 206058 21395-0003

ADS 14839 Du 163 As 202908 21187+1134 1 1982.7627 243.3 0.351
1982.5031 247.9 0.261 1 1983.7129 246.9 0.371
1982.7600 245.0 0.261 J 1985.8480 252.2 0.403
1983.4314 245.3 0.213 1 +08 4714 CHARA 105 206155 21400+0911
1983.7156 246.5 0.197 1 1983.7129 131.6 0.252
1984.7040 242.5 0.125 1 ADS 15236 Hu 280 206512 21423+0554
1985.4929 230.0 0.124 1 .1983.7129 133.6 0.197

MiR 8164 203338 21193+5838 1 1984.7040 135.4 0.196
1984.7013 117.1 0.092 1985.8480 136.7 0.199

ADS 1489 SI' 437 AD 203358 21208+3228 HR 8300 Kul 108 206644 21425+4106
1982.5057 25.0 2.202 1982.5057 53.5 0.156
1982.7626 25.0 2.213 1982.5084 53.5 0.163

ADS 14894 STT 435 203323 21214+0254 1982.7599 50.6 0.163
1983.4314 233.2 0.642 1983.4341 46.2 0.166
1983.7101 234.1 0.643 1983.7129 44.6 0.169
1984.7040 234.3 0.655 1985.4904 31.2 0.187
1985.8480 235.2 0.624- 1985.8479 28.0 0.188

ADS 14893 A 617 203345 21214+1021 1 ADS 15251 fu 688 An 206656 21426+4103
1982.5032 273.4 0.162 1 1983.7129 206.4 0.315
1982.5059 272.7 0.167 1 1985.4904 205.1 0.330
1983.4259 265.5 0.165 1 1985.8479 204.9 0.334
1283.4314 269.2 0.161 ADS 15281 mu 989 AD 206901 21446+2539
1983.7101 264.6 0.157 1 1982.5057 241.1 0.105
1984.7040 255.8 0.107 1 1982.5085 234.1 0.101

ADS 14944 A 765 AD 203938 21238+4710 1 1982.7544 221.2 0.090
1983.4314 30.5 0.420 1 1982.7600 225.0 0.098
1983.7100 31.0 0.421 1 1983.4341 177.4 0.091
1984.7040 30.4 0.425 1983.7129 163.7 0.104

ADS 14954 Su 164 AD 203943 21251+0923 1 1984.7014 137.2 0.167
1983.4314 211.1 0.183 1 1985.4929 125.8 0.219
1983.7101 213.9 0.179 1 1985,8480 122.7 0.237
1984.7040 212.8 0.173 1 +34 4540 Cou 1484 207663 21498+3455
1985.8480 208.7 0.168 1 1983.7129 354.2 0.331

+17 4577 Cou 430 203991 21252+1828 1 1984.7014 353.4 0.336
1982.7626 234.8 0.610 ER 8344 Cou 14 207652 21502+1718
1983.4314 234.8 0.598 1982.5057 26.8 0.248
1984.7040 236.4 0.603 1982,5085 26,1 0.248

+28 4085 Cou 940 204051 21253+2928 1982,7600 27.9 0.252
12!3.4259 1,77.4 0.330 19;3.7129 36.; 0.2G7
1983.4314 276.9 0.324 t984.7041 43.0 0.310
1983.7101 276.0 0.328 1985.4902 46.8 0.322
1984.7040 277.1 0.334 1985,8372 48.0 0.319
1985.8480 275.3 0.327 ADS 15375 No 170 207782 21505+3925

1983.7129 239.2 0.307
1984.7014 239.5 0.306
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TABLE IV. (continued)

AD 15407 STr 2843 AS 208132-3 21516+6545 ADS 15988 STr 2912 213235 22299+0425
1983.4341 144?8 1:494 1984.7068 116?5 0*712

-- 1983.7130 144.8 1.496 1985.8483 116.6 0.682

1984 .f7118 145.3 1.480 ADS 16011 Hu 981 213530 22306+6138
-- HR 8355 rin 350 208008 21535-1019 1982.5059 222.9 0.315

1985.$535 94.2 0.091 1982.7654 222.6 0.313
-- ADS 15435 A 620 208341 21540+4403 1983.7157 223.4 0.309

1983.7129 278.2 0.336 +17 4759 Cou 234 213392 22307+1758
ADS 15478 A 622 208610 21572+1047 1984.7041 327.2 0.147

19:3.7129 301.8 0.162 1985.4904 324.6 0.151
1984.7041 299.5 0.153 1985.8425 322.7 • 0.152

ADS 15499 Bu 2"25 208905 21573+6117 +53 2911 Kui 112 Aa 22327+5347
1982.7599 172.1 0.404 1984.7069 225.0 0.557
1983.4341 172.3 0.398 ADS 16057 STr 2924 AS 213973 • 22329+6954
1983.7130 172.5 0.397 1982.7654 90.3 0.444
1983.7157 172.3 0.398 11983.7157 91.3 0.433
1985.8481 171.1 0.402 1 1984.0573 91.2 0.424I ADS 15530 Hu 774 209103 21598+4908 1 1985.8535 92.4 0.407
1983.7129 136.5 0.167 1 ADS 16072 Hu 983 214051 22339+6550
1984.7041 139.2 0.167 1 1985.8535 214.2 0.083

ADS 15549 A 1451 209260 22012+3915 1 ADS 16073 A 1468 213990 22342+5405
1985,4849 7.0 0.307 1 1983.7157 256.1 0.275

ADS 15578 fu 694 AB 209515 22030+4439 1 1984.7042 256.7 0.273
1985.11461 4.9 - 0.933 11985.8481 254.6 0.276ADS 15600 MCA 69 Aa 209790 22037+6437 ADS 16098 A 1470 214222 22357+5312
1983.4341 213.9 0.041 1985.8481 290.9 0.117

ADS 15599 Bu 696 AB 209622 22045+1552 ADS 16111 Bu 1092 As 214511 22361+7252
1984.7041 4.1 0.171 1983.7157 234.6 0.274

1985.8372 4.0 0.183 1984.7042 238.0 0.257
+81 0767 MLR 257 210979 22062+8240 1985.8536 239.3 0.239

1983.7157 244.1 0.206 +68 1319 CHARA 113 214606 22373+6913
+25 4571 Cou 537 22077+2622 1983.7158 3.1 0.487

1984.7041 29.3 0.168 HR 8617 CHARA 114 214558 22383+4511
+22 4563 Cou 136 210444 22100+2308 1985.8535 119.9 0.114

1982.7654 44.5 0.398 ADS 16130 A 2695 214448 22384-0754
1984.7041 44.3 0.409 1984.7068 134.6 0.139
1985.4904 42.1 0.421 ADS 16138 no 295 214608 22387+4418
1985.8372 42.4 0.420 1982.5059 334.0 0.109

NR 8455 CHARA 106 210460 22103+1937 1982.7654 332.0 0.221i 1985.8373 9.0 0.465 1983.7102 332.8 0.244
ADS 15746 Hu 695 22129+5058 1984.0573 333.0 0.271

1983.7157 15.4 0.788 1984.7042 333.8 0.293
ADS 15756 fu 991 211113 22136+5234 1985.4904 333.1 0.312

1983.7157 138.5 0.643 1985.8425 333.4 0.330
1984.7041 138.4 0.638 +80 0731 McA 72 215319 22394+0123
1985.8481 137.9 0.648 1983.7102 98.2 0.149

ADS 15756 RcA 70 Ab 211073 22139+3944 1985.8373 94.9 0.151
1982.5059 7.8 0.463 ADS 16164 go Ill$ 214807 22402+3731
1985.4849 8.7 0.471 19$4.7042 202.9 0.317

ADS 15758 gnu Aa 211073 22139+3944 1985.8425 203.4 0.326

1982.5059 54.0 0.188 I R 8629 Kui 114 214810 22408-0333
+20 5138 CoU 139 22236+2051 1982.7653 102.2 0.057

1985.4904 70.1 0.390 1983.7101 120.2 0.121
ER 8538 CARA 108 212496 22236+5214 1 1984.7041 122.9 0.153

1984.7041 167.4 0.219 1 1985.8425 124.3 0.197
ADS 15896 ST? 2900 AS 212395 22237+2051 ADS 16173 Ho 296 AS 214S50 22408+1432

1 1985.8481 5.0 0.303 1982.5059 329.4 0.121
ADS 15902 fu 172 AS 212404 22241-0451 1982.7654 308.7 0.106

1982.5060 258.4 0.162 1983.7157 213.0 0.075
1982.7653 253.7 0.169 1984.7041 115.3 0.141
1985.8425 212.2 0.122 1985.8481 92.8 0.248-

+39 4837 Cou 1642 212900 22268+4034 ADS 16214 STT 476 AS 215242 22431+4709
1985.8425 76.1 0.159 1982.7654 307.0 0.489

ADS 15971 rTY 2909 AD 213051-2 22288-0002 1983.7157 306.8 0.482
1982.5059 218.6 1.600 1984.0573 306.3 0.489
1982.5085 218.7 1.632 1984.7042 305.9 0.487
19 2.7544 21s.4 1.664 1985.8425 304.8 0.493

1 1982.7654 218.5 1.657 I ADS 16214 Hu 91 BC 215242 22431+4709
1985.8483 212.3 1.728 1985.8425 56.4 0.034

Sit 8572 MCA 71 213310 22295+4743 J ADS 16249 Hu 783 215590 22453+5128
1982.5059 43.3 0.132 1983.7102 181.8 0,193
1985.4849 46.3 0.119 I 1984.7042 182.3 0.195

-I 1985.8481 182.2 0.195

lI,
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TABLE IV. (continued)

ADS 16314 So 452 AD 216255 22514+2624 ADS 16576 Ho 197 AB 218917 23115+3813
1982.7654 37t5 0:347 1983.7103 31715 07294
1983.7157 37.5 0.348 1984.7043 317.1 0.287
1984.7042 36.3 0.352 1985.8536 313.6 0.299
1985.4904 35.3 0.363 ADS 16591 A 2298 219015 23126+0242
1985.8427 34.7 0.361 1985.8536 99.8 0.136

sR 5704 McA 73 216494 22535-1137 I ADS 16638 Su 992 219633 23164+6408
1985.4849 280.6 0.076 1 1983.7102 43.2 0.258
1985.8536 279.4 0.079 1 1984.0573 44.0 0.263

+22 4742 Cou 240 216579 22564+2257 1 1984.7042 41.1 0.261
1982.7544 289.8 0.712 1 ADS 16650 HU 400 219675 .23176+1819

+23 4640 Cou 542 A& 216963 22570+2441 1 1983.7103 128.0 0.345
1985.4904 142.8 0.119 1 ADS 16672 MCA 74 Am 219834 23191-1327
1985.8536 150.3 0.117 1 1982.5060 131.7 0.180

xR 8734 CEARA 116 217107 22583-0224 1 1982.7654 148.9 0.193
1982.5060 164.0 0.457 1 +41 4751 Cou 1646 23198+4243

ADS 16417 STT 536 AD 217166 22585+0922 1 1983.7158 46.2 0.171
1982.5059 346.5 0.284 1 +27 4530 Cou 439 219963 23199+2845
1982.7654 346.3 0.320 1 1983.7103 209.1 0.216
1983.7101 347.0 0.313 1 1985.8427 214.4 0.218
1984.0573 346.9 0.311 1 +33 4690 Cou 742 219q82 23199+3444
1984.7041 346.6 0.300 1 1983.7103 29.8 0.268
1985.8427 345.9 0.279 1 1984.7069 30.0 0.265

ADS 16430 A 192 22589+4617 1 1985.8427 29.6 0.267
1983.7157 . 236.4 0.529 ADS 16708 Hu 295 220275 23226-1503
1984.7069 236.8 0.524 1982.5087 103.8 0.370

ADS 16428 STT 483 217232 22592+1144 1985.8428 108.6 0.303
1982.5085 303.3 0.552 ADS 16731 STT 495 220562 23241+5732

ADS 16469 STT 487 217992 23013+8046 1982.5060 120.1 0.275
1983.7102 198.9 0.227 1982.7655 119.0 0.289
1984.0573 201.6 0.221 1983.7158 119.6 0.292
1984.7042 197.1 0.242 1984.7043 119.4 0.295

sm 5762 a And Aa 217675 23019+4219 1985.8373 119.1 0.301
1984.7042 44.8 0.058 ADS 16748 Ho 489 AS 220723 23259+2742

33 8762 o And AS 217675 23019+4219 I 1983.7103 229.3 0.533
1982.5059 358.6 0.280 1984.7069 228.9 0.530
1982.7654 358.1 0.291 1985.8427 227.5 0.533
1983.7102 357.1 0.275 +22 4835 Cou 338 220794 23266+2342
1984.7042 356.4 0.268 1985.8427 38.9 0.110
1985.4904 355.0 0.266 +41 4791 Cou 1847 221102 23281+4225

ADS 16457 A 194 217712 23020+4800 1 1983.7103 40.1 0.113
1983.7102 292.2 0.123 1 1984.7043 38.5 0.097
1984.7043 292.5 0.124 1 1985.8374 33.0 0.099

ADS 16467 Su 1147 AD 217782 23026+4245 ADS 16800 Du 1266 AD 221264 23305+3050
1982.5087 335.3 0.396 1982.5060 91.6 0.251
1982'.7655 337.0 0.385 1982.7655 89.6 0.251
1983.7102 337.7 0.387 1983.7158 87.2 0.259
1984.0601 335.9 0.385 1984.7043 84.1 0.268
1984.7069 338.4 0.385 1984.7043 83.8 0.262

+63 1925 Mlt 70 218179 23045+6405 1 1985.8427 80.3 0.263
1983.7102 252.4 0.563 1 ADS 16806 Du 774 221333 23307+6420

ADS 16497 A 417 AS 218060 23052-0742 1 1983.7102 338.6 0.600
1985.8536 19.6 0.165 1 1984.7069 338.8 0.593

ADS 16505 A 196 218196 23055+4643 1 1985.8373 338.1 0.593
1984.7069 315.7 0.462 1 ADS 16819 Eu 298 221445 23322+0705

GL 411 Wor 13 23060+4220 1 1983.7103 115.1 0.147
1983.7157 156.7 0.835 1 1985.8427 146.9 0.127

ADS 16518 Du 180 AD 215439 23072+6049 1 +22 4860 Cou 144 23339+2342
1983.7102 144.0 0.559 1 1985.8427 57.0 0.329
1984.7043 143.6 0.553 1 ADS 16836 Bu 720 221673 23340+3120

ADS 16530 lu 994 218537 23078+6338 1 1982.5060 261.5 0.490
1982.5060 310.4 0.200 1 1982.5087 261.2 0.491
1982.7655 308.3 0.202 1 1983.7158 262.7 0.511
1983.7157 308.3 0.207 1 1984.7069 263.2 0.509
1984.0573 308.3 0.212 1 1985.8427 263.6 0.518
1984.7042 308.6 0.210 I ADS 16858 Bu 721 AS 221925 23363-0707

DR 5517 I5T 3320 218640 23099-2227 1 1983.7103 133.4 0.226
1982.7655 318.1 0.270 1 1985.8428 135.0 0.240

ADS 16561 Du 385 AD 218767 23103+3228
1983.7102 92.9 0.631
1984.7069 92.0 0.632
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TABLE IV. (continued)

ADS 16877 STT 500 AS 222109 23375+4426 ADS 17050 ST 510 AS 223672 23516+4205
1982.5087 358•3 07487 1983.7103 305.8 0.533
1982.7655 357.6 0.484 1984.0574 305.9 0.5231983.7158 358.4 0.474 ADS 17052 A 2700 223688 23517-0637

1984.0574 358.7 0.476 1985.8427 114.6 0.134
1984.0601 359.5 0.479 HR 9041 rin 359 223825 23529-0313
1984. 7069 358.8 0. 472 1902. 5060 42.7 0. 106

1985.8374 358.5 0.479 1982.7655 44.3 0.089
ADS 16904 A 643 222326 23392+4543 1983.7103 37.0 0.084

1983.7103 165.2 0.226 1985.4930 14.7 0.069
1985.8373 156.5 0.220 1985.8428 10.8 0.059

+45 4301 MLll 4 222516 23412+4613 +42 4792 Cou 1498 224167 23557+4318
1983.7103 277.8 0.159 1983.7103 39.9 0.164
1984. 0574 278.2 0.156 1985.8428 39.0 0.164
1985.8373 298.4 0.132 ADS 17104 Hu 500 224219 23561+2327

BR 9003 RcA 75 Aab 223047 23460+4625 1985.8428 87.7 0.165
1982.5060 107.3 0.279 ADS 17111 A 2100 224315 23568+0443
1982.7655 104.1 0. 291 1983.7103 179.1 0.181
1983.7103 104.5 0.284 1985.8428 163.7 0.146
1985.8373 103.1 0.295 1 ADS 17116 A 900 224395 23574+7251

+35 5106 Cou 944 23485+3608 1 1983.7104 127.1 0.329I 1985.8536 98.1 0.187 1985.8429 127.2 0.337
ADS 17019 8 2547 AN 223331 23485+3617 -14 6558 RST 4136 AS 224512 23586-1408 -

1983.7103 358.0 0.247 1983.7158 29.6 0.149
1985.8536 358.8 0.237 1985.8428 24.5 0.172

ADS 17020 ;TT 507 AS 223358 23486+6453 ADS 17151 A 1498 224646-7 23594+5441
1982.5085 308.3 0.702 1983.7104 84.5 0.386
1984.0574 307.2 0.700 1984.n574 85.1 0.3891984.7069 306.6 0.709 1985.8428 84.3 0.389

+18 5223 Cou 343 223402 23492+1915
1983.7103 115.3 0.211
1985.8427 117.0 0.206

ADS 17030 A 424 223486 23498+2740
1982.7655 103.7 0.170
1983.7103 106.6 0.173
1984.0574 108.9 0.166
1985.8427 110.3 0.171

Notes to TABLE IV,

The brief notes given below are presented primarily in connection with the newly resolved stars. The "binary types" indicated in Tables II and III are from a
variety of sources, including the Bright Star Catalog (Hofleit 1982), the catalog of spectroscopic binary star orbits of Batten etal. (1978), the catalog of
composite spectrum stars compiled by Hynek (1938), and the catalog of lunar-occultation binaries of Evans (1983). Additional occultation binary
candidates were added to the observing program from lists published by the International Occultation Timing Association (IOTA) and from the list of stars
exhibiting anomalous occultations published by Appleby (1980).
HD 761=CHARA 1: This pair is confirmed by Tokovinin (1985),and is steadily closing in separation.
HD 8272 =ADS 1105: STF 115 AB, first measured by F. W Struve in 1836 at an angular separation 0'68, had opened to 12 by 1910, then steadily closed to
0*35 at the time of the first speckle measurement in 1978 (McAlisterand Hartkopf 1984). Based on a preliminary visual/speckle orbit, the pair reached an ap-
parent minimum separation ofO'0l in the spring of 1984.
HD 11031=CHARA 4: Although this new component is indicated as Aa, we have not yet firmly established whether it is associated with the A or B
component of the 1'9 system comprising ADS 1438.
HD 13520=CHARA 5: The five negative results obtained during 1976-1980 (McAlister and Hartkopf 1984) are apparently due to a large magnitude
difference.
HD 15089=CHARA 6: Heintz (1962) foundasubmotion tothc visualorbitofADS 1860AB (P= 840yr, a = 2727) with aperiodof52yrand an amplitude
of 0' 1. The component reported here may coincide with Heint,'s astrometric component.
HD 21242=CHARA 9: This is UX Art, an RS CVn type binary that is not eclipsing. The spectrum shows three components (Fekel, private communica-
tion), two of which are identified with the 6.44 day system described by Carlos and Popper (1971) while the third is possibly the new component reported
here.
Ross 29=CHARA 15: Van Maanen ( 1941) suspected this star to be a binary, but these are the first measurements of a companion.
HD 58728= MeA 30: Fekel (private communication) has detected this system as a third component in the spectrum and makes a preliminary estimate of the
period of 760 days.
HD 106760=CHARA 37: A spectroscopic orbit with a period of 1300 day was determined by Christie (1936) This star has been observed by speckle
interferometry on ten occasions d oring 1976-1981 at which no companion was seen. A large or variable magnitude difference may be present.
HD 1141378-9=ADS 8804: Nearly 40 speckle measurements have now been published for STF 1728 AB. A preliminary orbit for this nearly edge.on pair,
based solely on speckle data, indicates that one of the F5 V stars may partially eclipse the other in early 1990. Observations over the next few years will permit
a more accurate statement concerning this possibility.
HD 157482=McA 47: Fekel (private Communication) has an unpublished spectroscopic orbi for this system with a oeriod of55 wr
HD 173495=ADS 11640: This is a quadruple system consisting oftwo close (04) pairs ofrsmar position angle discovered yFinsen with his eyepiece
interferometer Our 1982 speckle observations were made at a lower magnification and included all four stars :n the fic!d1 The rcsulting oveflapping
autocorrc[aton peaks precluded us from measuring the Aab and Bab pairs directly but did permit the measurement of the AB; Aa-Bb and Ab-Ba
configurations In later observations made at a higher magnification. we observed the A and B components separately enabling the measurement of Aab and
Bab but not AB.
HD 176155=CHARA 82: Abt (1959) reported a spectroscopic orbit with a period of 1435 days for the primary component ofthe visual binary ADS 11884.
The primary is a Cepheid variable with a period of4.47 days. Continued observation of this system interferometrically and spectroscopically could permit the
determination of the mass and distance for a Cepheid variable star.
HD 192806=McA 60 Aa.B+CHARA 94 As: Speckle interferometry has now found two components to HR 7744 = 23 Vul.
HD 194215=CHARA 97:The correspondence ofthis newly resolved component with the 377.6day spectroscopic system reported by Boppetal. (1970) can
only be established by further observations.
HD 206155=CHARA 105: Lacy and Popper (1984) discovered a previously unknown companion to the eclisping binary EE Peg through its effects on
radial velociy and times of primary eclipse. They find the hird component to have a period of 1464 days and a mass ratio MA. ,/Mc = 5-12. Their
component would be expected tc exhibit a separation from the primary of approximately 0"03. a valuejust resolvable by speckle interferometry. It thusseems
likely that the object seen in ourspeckle observations is yet another long.period member of this system.
HD 221264=ADS 16800: Fekel (private communication) reports that he has now detected four components in the spectrum of this star.

__ __
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500

400 FiG. 5. The distribution of measured an-z gular separations is shown for all mod.
ern incerferometric observations of bina.
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30 logued by the authors. For the 6910

- 300 measurements represented here, 2908
are from our ICCD camera (light shad-

* ing), 2780 are from our original photo-
graphic speckle program (dark shad-

-. 200 ing), and 1222 measurements have been
O accumulated by other programs of bina-

ry star interferometry (unshaded). The
overall mean angular separation in the
collected data is 0'35, while 17% of the

l00 measurements are for binary stars with
separations less than or equal to 0710.
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Binary Star Separation, in arcseconds

ate quadrants for known visual binaries, but we arbitrarily reliability and efficiency are testimony to a superb job. The
adopt 0< 180" for newly resolved pairs. vector autocorrelator, designed and constructed by Peter

The 2780 measurements of 1012 systems in Table IV corn- Vokac, has made it possible to reduce efficiently nearly one
bine with the same number of measurements published from terabyte of data. The cooperation and enthusiasm of the
our photographic speckle program and the 128 measure- KPNO LTOs have been particularly important to the effi-
ments from Paper I to give a total of 5688 speckle measure- cient use of telescope time, and we thank Hal Halbedel, Bar-
ments of binary stars resulting from the GSU program. At bara Schaefer, Dean Ketelson, George Will, Bret Goodrich,
the time of submission of this paper, we are aware of another Annie Shaw-Hansen, Randy Bergeron, and Dean Hudek for
1222 measurements from other modern interferometric pro- keeping their good spirits during many nights of 3 min re-
grams giving a total of 6910 interferometric observations of pointing cycles. We have also benefitted greatly from the
binary stars. granting of long-term observer status at the KPNO 4 m tele-

The mean angular separation of the observations in Table scope during the course of these observations and express
IV is 07409. This compares with a mean value of 0'333 for our appreciation to several understanding TACs who con-
our earlier photographic results. The larger mean is at least tinued to grant time while we were developing the reduction
partly due to the exclusive use of the microscope objective and analysis procedures. Assistance in gathering data at the
giving a scale of 0.0161 arcsec per pixel during our first few telescope or in handling the data in the laboratory has been
observing runs with the new camera at the 4 m telescope, given by Barbara Gaston, Dick Miller, Phillip Lu, Ed Dom-
Such a scale gives only slightly more than 2 pixels per Airy browski, Mike Carini, and Alex Rosen. Assistance in corn-
disk, a sampling interval too small to reach the diffraction puter matters at GSU has been given by Paul Schmidtke,
limit. This approach was corrected for later observations, Mike Lucas, Duke Windsor, and Steve Lasseter. We are
and we now use the IOX microscope objective only when -grateful to Wayne H. Warren, Jr., of the Astronomical Data
seeing conditions are very poor or when binaries with angu- Center at the NASA Goddard Space Flight Center for pro-
lar separations of the order of 1 arcsec or wider are being viding information incorporated in object identification. We
observed. In Fig. 5 we show the distribution of observed thank Frank Fekel for his many suggested candidate stars
angular separations for the data from this paper and Paper I, and for his comments on this paper. Occultation binary can-
from the GSU photographic speckle series, and from all oth- didates have been kindly recommended by Nat White and
er contributors known to us. The mean angular separation in David Dunham. We thank Art Hoag for making time avail-
these collected measurements is 0"349, and 17% of the re- able on the Lowell 24 in. refractor, and Ralph Nye for quick-
suits are for angular separations no larger than 0'10. ly preparing a mounting bracket so that our camera could be

used experimentally on that telescope. Finally, we are espe-
cially indebted to Charles Worley, who, in addition to pro-

Many people have made invaluable contributions to this viding valuable advice over the years, proofread our entire
program, and we wish to acknowledge their efforts here. The list of measures and pointed out a number of identification
detailed design and construction of the new speckle camera errors. Our new measurements are already incorporated in
was carried out by William G. Robinson, and the camera's the Washington Double Stars Catalog maintained by Mr.
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Worley at the U.S. Naval Observatory. The ICCD speckle Research Instrumentation Program grant administered by

*camera system was funded by the National Science Founda- the Air Force Office of Scientific Research as grant AFOSR
tion through grant AST-79-24576, while the continuing re- 83-0257. O.G.F.'s participation in this effort has been made
search effort has been supported by NSF grants AST 80- possible through a subcontract with GSU funded by the Air
15781 and AST 83-14148. The image-processing and Force Office of Scientific Research through grant AFOSR

computer system was purchased through a DOD-University 81-0161.
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PLATE 43

FiG. 2. A single speckle firame of the visual binary stars ADS 7158 (K UMa) obtained at the 4 m KPNO
telescope with the GSU ICCD speckle camera on 1985.835 is shown. The field of view is approximately
2.0 arcsec square.

McAlister et aL (see page 690)
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PLATE 45

FIG. 4. A vector autocorreloVra of calibration data obtained on 1984.387
for the single star Kr CrB observed through a double-slit aperture mask
shows the high-signal-to-noise row of peaks used to determine the image
plane scale and pole orientation.

McAlister et al (see page 69 1)
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ABSTRACT

A survey program to identify binary candidates among high-velocity dwarf stars using the GSU speckle
camera has been carried out. The purposes'of this study are: (1) to determine the binary frequency of
the halo population to provide information on the star-formation processes in the galactic halo; and (2)
to eventually derive the orbital elements of the newly discovered binaries. Our angular-resolution limit
of 0.03" corresponds to a linear separation of 3 AU at a distance of 100 pc. If a sufficient number of halo
binaries are found, then the halo mass-luminosity relation can be derived. Finally, with the help of
stellar-interior models, it may be possible to determine the helium abundance of the component stars.
Such determinations would set an upper limit to the primordial helium abundance. In this paper, we
report speckle interferometry data that have been obtained and analyzed for a sample of 182 stars.
Based on these data, ten stars are found to be binary. Of these ten, four are newly resolved systems and
six are rediscoveries of previously known binaries. These data imply a duplicity frequency of 6% for the
stellar sample in our list. However, this frequency must be corrected for observational selection effects
which limit binary detection to stars with V< 10.5, with angular separation between 0.03" and 1", and

Am < 3.0 mag. After applying these corrections, we find that our data are compatible with a total
frequency for high-velocity long-period doubles as large as for low-velocity stars. Distances have been
estimated for the ten binary stars using their spectroscopic parallaxes and visual magnitudes. Of these
ten stars, all are within 100 po of the Sun and eight have linear separations < 20 AU. Using the mass-lu-

minosity relation and assuming circular orbits, four stars are found to have periods less than 20 yr.
These ten candidates will be monitored to determine their orbital elements.

I. INTRODUCTION Matteucci and Chiosi 1983; Peimbert 1983; Searle 1984).
Finally, the observations would also provide a test of theThe nature of the binary population among halo stars has frequency of binary systems among halo-population stars.

been the subject of interest for numerous investigations. This frequency remains uncertain in comparison to that o

Through the study of these systems, one can determine their the frequenc tas uf in oity.
orbits and the masses of the components. Currently, there is e main-sequence stars of lo sp velocity.
no available direct mass measurement for a single stara study of the frequency of spectroscopic binaries
aon avil deocty mas, mesurmenty fo plasion s among Population II stars, Abt and Levy ( 1969, 1976) con-
among high velocity (and, presumably, halo population) cluded that short-period binaries are rare among all high-

Sstars. A knowledge of the mass-luminosity relation for velocity dwarfs and metal-poor stars. Crampton and
main-sequence stars in the galactic halo would first enable Hartwick (1972) have confirmed the low frequency of
us, with the help of appropriate stellar models (Mengel et il. short-period spectroscopic binaries in the halo population.
1979), to evaluate the helium abundances and provide a reli- On the other hand, Partridge (1967) investigated nearby
able upperlimit to the primordial helium abundance u rp high-velocity stars and concluded that if visual and spectro-
(Demarque 1966; Demarque and McClure 1977; Carney scopic binaries are considered, the duplicity rate is indepen-
1983b; Cole, Demarque, and Green 1983). dcnt of stellar velocity. Based on uvbyUBVR1JHKphotme-

i Secondly, a determination of the dependence of the mass- try, Carney ( 1983a, 1984) has suggested that the halo dwarf
* luminosity relation for halo dwarfs upon metallicity would, binary frequency may be as high as 20%-25% using metalli-

in principle, yield the enrichment ratio A Y/AZ due to Popu- city-insensitive blue versus infrared color indices.
lation III stars within the galactic ha!o prior to the formation -For giant stars, Gunn and Griffin (1979) first studied the
of the currently observed Population II stars. This quantity globular cluster M3 using a high-precision radial-velocity
is of fundamental importance for the study of galactic chemi- spectrometer and found no spectroscopic binaries. Subse-
cal evolution and enrichment (Larson and Tinsley 1978; quently, Harris and McClure (1983) reported their finding

Visiting Astronomer, Kitt Peak National Observatory, National Optical of a fairly high frequency of binaries (15%-20%) in a DAO
Astronomy Observatories, which is operated by the Association ofUmver- survey of field giants. Spectroscopic binaries are now being
sities for Research in Astronomy, Inc., under contract with the National found in the field halo population by numerous investiga-
Science Foundation. tors: Mayor and Turon (1982), McClure et al. (1985), Ar-
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deberg and Lindgren (1985). In the globular cluster M3, the sults of this survey have been reported earlier (Lu et al.

giant von Zeipel 164 has also been identified as a binary by 1986). This study has shown that ten stars (six with two

Latham, Hazen, and Pryor (1985). Finally, a speckle-inter- speckle observations) are definitely halo binaries.

ferometry survey of 672 stars (426 dwarfs and 246 evolved Tables I and II contain measurements of four newly re-

stars) from the Yale Bright Star Catalogue (Hoffleit 1982) solved and six previously known binary stars, respectively.
by McAlister et al. ( 1987a, Paper I) has shown a frequency Newly resolved stars have been given a "CHARA" designa-
of 11% in the separation range 0.04"-0.25'. tion consistent with the naming procedure initiated in Paper

The multiplicity fraction of other stellar populations is II. The measured angular separations range from 0.035' to
typically between 10% and 40% for the field F3-G2 dwarf 0.302" for the newly resolved stars and 0.147" to 1.088" for
and giant stars (Abt 1979, 1983). This includes the Hyades the known binaries. The position angles in Tables I and II are
main-sequence stars (Mathieu, Stefanik, and Latham subject to a 180" ambiguity, since autocorrelated speckle ob-
1985), the giants in open clusters (Mathieu 1985; Harris and servations cannot provide the true quadrant in which the
McClure 1985), and the supergiants (Burki and Mayor secondary star lies.
1984). From a survey of 900 F, G, and K stars selected from Table III contains 172 stars that were observed in the sur-
the Lowell Proper Motion Catalog, Carney and Latham vey, many with two speckle observations, for which no con-
(1987) recently reported a frequency of 25% for these stars. vincing evidence of duplicity was detected in the autocorre-

A new survey program to identify binary candidates lograms. The effective field of view of the autocorrelator
among high-velocity dwarf stars using the Georgia State address window was limited to a rectangle of 1.22" X 2.44"
University (GSU) speckle camera has been carried out. A centered on the primary stars. Thus the upper limit to an-
list of approximately 700 dwarf stars whose radial velocities angular separation in the survey was about 1"; the lower
are larger than ± 65 km/s was selected from Roman limit of the angular separation was about 0.035', the diffrac-
(1955), Eggen (1964), and Abt and Biggs (1972). Various tion limit of the 4 m Mayall reflector. Those stars with nega-
other lists of radial velocities published since 1972 were also tive results may belong to one or more of the following three
searched. Since the lists are numerous, the references quoted cases, namely: (a) their separations are either less than the
hereafter are for the major and latest publication only. These diffraction limit of 0.035" or greater than the address win-
lists include Andersen and Nordstrom (1983a,b), Andersen dow of the autocorrelator, thus being undetectable using
et al. (1985), Beavers et al. (1977,1979), Fehrenbach and current speckle data; (b) the magnitude difference is more
Burnage (1982,1984), Lu (1983), Lu and Lee (1983), than 2.5 mag; or (c) they are single stars.
McClure et al. (1985), and Carney and Latham (1987).
Although the list initially included all stars of luminosity II. DISCUSSION
class V, only 452 stars north ofdeclination - 20' and magni- a) Binary Frequency
tude brighter than 10.5 were included in an observing list
used at the 4 m Mayall telescope at Kitt Peak. The ten stars listed in Tables I and II lead to a binary

Binary survey programs for halo-population stars cur- frequency of about 6%. This binary frequency of 6% is not,
rently in progress, other than this study, are those by Carney however, representative of the total binary frequency among
(1983b, 1984), using photometric metallicity indicators, high-velocity stars. The GSU speckle interferometer only
and Carney and Latham (1987), based primarily on high- detects binary s th V< 10.5 in r ern
proper-motion objects with the digital stellar speedometer of beten candidates with V< 10.5 and angular separa-
theCfA (Latham 1985). between 0.035" and 1". The magnitude difference Am

between primary and secondary must also be less than about

11. SPECKLE OBSERVATIONS 2.5 mag. We must therefore correct for each of these selec-
tion effects.

Speckle-interferometry data have been obtained for 182 (1) The first selection effect (V< 10.5) changes the maxi-
high-velocity stars in this program, of which 39 stars were mum distance reached by our survey for stars of different
observed twice, using the GSU speckle camera at the 4 m absolute magnitudes. If we consider only dwarf stars, this
telescope at KPNO. Reviews of speckle interferometry have distance is a function of spectral type only, and can easily be
been published by Labeyrie (1970, 1978) and Worden evaluated.
(1977). The camera system and observational procedures (2) The second selection effect concerns the restriction
employed in this survey are identical to those described by that the angular separation must bebetween0.035" and 1.0"
MeAlister et al. (198T, Paper II). All data reduction and for stars to be detected. Given an angular separation, the
analysis was carried out at the Center for High Angular Re- corresponding detectable orbit size depends linearly on dis-
solution Astronomy (CHARA) at GSU. Preliminary re- tance. Therefore, given the distance of a star, one can calcu-

TABLE I. Newly resolved systems.

CHARA Nase iD 09,6 V Spectral Epoch Theta Rho

Number Number (2000) Nag. Classif.

117 +57 0730 21794 03337+5752 6.36 F7V 1985.8433 154.5 0.099

118 +09 4369 189711 20011+0931 8.43 NOV 1985.4928 199.5 0.221

1985.8372 174.4 0.302
119 +17 4708 G 126-62 22115+1806 9.48 F6VI 1985.8372 126.7 0.205
120 Aa +57 2787 222794 23434+5804 7.1 GO 1985.8536 154.3 0.057
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I TABLE II. Measures of previously known systems.

ADS Disc. RD a,& V Spectral Epoch Theta Rho
Number Name Number (2000) Magnitudes Classifications

5469 A 2731 49409 06486+0738 8.4 9.0 GOV 1985.8408 58.1 1.088

9397 A 2983 130669 14493+1014 9.2 9.2 K2V 1985.4895 152.4 0.150
- 1985.4978 152.1 0.147

9716 STT 298 An 139341 15361+3948 7.5 7.6 K2V 1985.4841 247.0 0.370
1985.4895 247.0 0.370

10598 STF 2173 158614 17303-0103 6.0 6.1 G91V-V G91V-V 1985.4869 157.4 0.923

1985.4871 157.3 0,920

12961 A 1658 187283 19487+1503 8..2 8.5 P5V F6V 1985.4928 212.3 0.204
1985.8341 209.5 0.196

15215 STT 448 206373 21410+2921 8.4 9.4 00 1985.4983 199.5 0.429
1985.8480 198.5 0.4,3

late the range of orbit sizes that are detectable by the speckle 4' 1 and .2, respectively, we must then have.4e2 > 0.5,41.
technique. According to Kepler's law, this translates into a In order to evaluate the importance of this effect, we need to
range of detectable orbital periods. This range covers only a know the likely distribution of mass ratios among the bina-
portion of the total period distribution for binary stars. Our ries in our sample. Abt (1979) has reviewed this topic and
task here is to evaluate the fraction of stars in the total distri- has pointed out that binary systems can be divided into twobution that are expected to be in the detectable portion of the groups according to their orbital period: bifurcation dou-

period distribution. bles, whose frequency is proportional to ./,2 °4, and the in-
These two selection effects are best analyzed together. Be- dependent-condensation doubles, which follow a van Rhijn

cause the range of binary periods that can be detected by the distribution peaked toward low masses for .k/2. Since the
speckle technique is a function of distance, consider concen- binaries in our sample have periods much longer than the
tric shells in space, each with a thickness corresponding to a transition period from one group to another (which is 100
distance modulus difference of A( V- M) = 1.0. Shell A days or less), we expect that the van Rhijn distribution
includes all observed stars with distance moduli between 5 (shown in Fig. I in Abt 1979) may apply, particularly in
and 6, shell B between 4 and 5, and so on, as shown in Table view of Partridge's (1979) conclusion that the frequency of
IV. Next, since main-sequence stars of different spectral long-period binaries is the same for high- and low-velocity
types have different absolute magnitudes, let us divide the stars. In this case, and using .2 > 0.5.4 1, Abt's Fig. I sug-
sample into three groups according to spectral class, i.e., F, gests that, for each pair that we have observed, there could be
G, and K. To each group, we assign an average M , i.e., between two and five times (depending on the spectral typesI M, (F) = 4.0, M, (G) = 5.0, and M, (K) = 6.0. Let us con- of the primary) as many secondaries that are too faint to be
sider next the distribution of each spectral-class group as a detected because their masses are below 0.5.W1. This correc-
function of distance. Table IV lists the number of stars ob- tion factor should then be applied to the frequencies derived
served and of identified binaries in each space shell for each in the previous paragraph, and could lead to a very high total

i spectral class. Also listed are the ranges in physical separa- frequency of binaries for halo stars.
tions and orbital periods in the observable window, set by the In summary, taking into account the large uncertainties
range of angular resolution detected by the speckle photom- due to the small size of our sample, and correcting for the
eter. selection effects introduced by our survey technique, we con-

- We see that there is complete overlap of all three spectral- dlude that our data are compatible with the conclusion that
class groups for shells C, D, and E and will therefore consid- the total frequency of long-period pairs among high-velocity
er here thes ,hree shells only. We note that in C, D, and E, stars is very high, and may not differ frcm that observed for
which together cover a range of detectable periods from 0.9 low-velocity stars.
to 258 yr, the frequency of observed binaries is, within the
uncertainties, nearly uniform and averages to about 8%.
This is consistent with the nearly flat distribution derived by b) Speckle Binaries

Abt ( 1979, Fig. 6) for disk binaries in the same period range;
Using Abt's period distribution function, we find that the The angular resolution of speckle interferometry when
period range detectable in our survey includes somewhere carried out at the 4 m telescope allows the detection of halo-between 30% and 50% of the total number of physical pairs population binary stars that would generally not be seen by
in the volume of space surveyed. If we could detect all bina- visual double star or variable radial-velocity surveys. Visual

U ries in this period range, our observed frequency of 8% double star surveys detect generally large separations and
would then translate into a total binary frequency in the longer periods; they therefore-do not supply the needed orbi-
range of 16%-28%. The total binary frequency may in fact tal elements and the mass-luminosity function in a reasona-
be much larger than that, however, because a third selection ble length of time. The resolution of spectroscopic binaries
effect must also be taken into account. using radial-velocity observations, on the other hand, leads

(3) The third restriction on our search is that Am < 2.5 to the detection of short periods and small semimajor axes.
mag. If L c -9, and the primary and secondary masses are Thus speckle interferometry-can provide important data in

I__
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TABLE II. Negative results.

Name HD/BD M,6 Spectral V Epoch
Number (2000) Classif. Maq.

-03 5751 224959 00021-0250 RO 9.9 85.4985
+85 0412 245 00085+8647 G2 V 9.2 85.4985

85.8402
+26 0043 1795 00224+2700 VAR 8.2 85.8401
+49 0073 00251+5006 dK3 8.6 85.4985
+74 0014 2520 00300+7515 dM0 8.2 85.4985

85.8402
0 242-65 +71 0031 00437+7211 sdA9 10.23 85.8402
+39 0167 4174 00446+4041 M2e 7.4 85.4985

85.8401
+29 0141 4744 00499+3027 65 XV 7.6 85.4985

85.8403
+62 0161 4842 00514+6255 M6 9.1V 85.4985

85.8402
RV CaN 5016 00526+4725 16. 7.6-15 85.4985
+23 0123 5223 00542+2404 R3 8.8 85.8403
HR 321 6582 01079+5457 GSVp 5.17 85.4985

85.8456
+01 0212 6734 01080+0200 K0 IV 6.7 85.8403
G 243-63 6755 01096+6133 GO V 7.73 85.8402
+57 0227 236672 01146+5755 86 9.0 85.8430
+47 0485 10465 01432+4831 MA 7.0 85.8430
a 245-32 +72 0094 01472f-7328 sdG3 9.92 85.8430
+50 2360 232534 01485+5107 33 9.5 85.8430
-19 0369 12655 02036-1837 B9 V 8.3 85.8375
+51 0527 13738 02155+5231 K4 7.2 85.8431
+57 0525 13716 02157+5746 31 IV 8.5 85.8431
+24 0330 13913 02161+2503 MD 7.3V 85.8375
+57 0570 15024 02274+5751 G5 V 9.7 85.8376
+61 0416 15069 02283+6213 G1 V 7.9 85.8377
+59 0515 15862 02355+5948 G5 V 8.93 85.8377
G 73-67 +04 0415 02346+0527 K3 V 9.78 85.8376
+57 0608 236982 02408+5829 X0 9.8 85.8376
+60 0585 02533+6051 K5 V 9.5 85.8377
+59 0562 237019 02535+6028 67 V 9.0 85.8377
+01 0509 18012 02536+0158 G8 V 6.6 85.8404
+00 0495 18682 03003+0058 KO 8.4 85.8403
+05 0435 18702 03006+0559 K0 V 8.2 85.8404
+27 0478 19165 03058+2741 GO V 8.6 85.8378
G 37-26 19445 03084+2621 G5 VI 8.06 85.8378
-14 0646 20622 03187-1415 K0 IV 7.9 85.8432
+59 0639 20688 03228+6002 G5 V 8.6 85.8431
X 4974 03257-0815 K3 V 8.5 85.8403
O 246-38 +66 0268 03312+6644 sdS 9.91 85.8377
+35 0701 21567 03301+3540 VAR 7.9V 85.8377
-03 0592 22879 03403-0313 8 V 6.7 85.8487
+51 0798 24341 03548+5225 01 V 7.9 85.8433
-23 1619 24616 03540-2308 dG0 6.8 85.8432
+22 0626 25532 04042+2325 F6 V 8.2 85.8406
-16 0793 26298 04091-1624 F2 V 8.1 85.8405
+47 0977 04214+4820 K8 9.1 85.8514
+31 0769 281989 04232+3212 F8 8.8 85.8378
+06 0676 27821 04238+0623 A7 V 8.6 85.8488
+24 0659 283668 04279+2427 K3V(F0) 9.42 85.8378
+43 1029 04392+4417 K0 V 9.2 85.8380
+41 0931 29587 04416+4207 G2 V 7.2 85.8380
+34 0911 30443 04493+3500 R8 9.0 85.8380
+00 0916 32023 05003+0100 F8 V 9.1 85.8435
+31 0846 282707 05018+3138 GO 8.9 85.8380
+15 0726 05027+1520 N6 9.4 85.8488
+55 0960 237354 05085+5526 G2 V 9.3 85.8542
+39 1248 34411 05191+4007 GO V 4.7 85.8516
+28 0965 40440 06000+2845 F5 V 8.8 85.8381
+27 0962 250684 06031+2726 B8 V 9.7 85.8380
+19 1185 250792 06032+1922 GO V 9.0 85.8380
+26 1067 251383 06059+2634 X2 V 9.44 8.8380
-12 1470 44996 06243-1258 B5 V9 6.1 85.8381
+10 1301 50060 06519+1048 F9 V 7.8 85.8382
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TABLE II. (continued)

Name HD/BD Mth Spectral V Epoch
Number (2000) Classif. Mag.

-10 1774 51480 06572-1049 B5p 6.9 85.8382
-08 1641 51478 06572-0904 VAR 8.4V 85.8382
-04 1806 53452 07050-0433 83 9.0 85.8408S+47 1419 55575 07158+4715 GO V '.5 85.8409
-01 1677 57678 07222-0152 KO 8.8 85.8545
+11 1592 59180 07292+1135 KO 7.0 85.8436
+19 1749 59374 07305+1858 8 V 8.5 85.8491
+25 1709 60298 07348+2458 G2 V 8.0 85.8491
+31 1684 64090 07535+3038 GO VI 8.28 85.8409
+33 1694 08252+3237 dK6 9.2 85.8409
+75 0512 119227 13387+7419 M4 7.7V 85.4977
+77 0521 13445+7714 9.4 85.4977
+25 2782 126991 14283+2431 G2 V 8.2 85.4895
+72 0674 135694 15115+7150 dKO 8.9 85.4894
+40 2903 139323 15360+3950 K3 V 7.8 85.4895
-10 4149 140283 15431-1056 r3 VI 7.24 85.4924
+40 2929 141826 15495+3934 NB 6.9V 85.4894
+28 2503 143291 15586+2744 K0 V 8.0 85.4895+47 2291 144205 16027+4714 M6e 5.$V 85.4894+67 0950 149880 16327+6645 VAR 6.4 85.4870
+25 3115 150580 16410+2452 K2 6.0 85.4870

i-19 4431 151504 16485-1917 Gs 8.4 85.4870

+62 1520 153344 16548+6206 G5 IV 7.08 85.4870
+25 3182 154049 17020+2502 K2 7.9 85.4870
+59 1783 154712 17033+5935 K4 V 8.6 85.4870
-07 4427 156802 17200-0801 G2 V 8.0 85.4870
+01 3421 157089 17211+0126 GO V 7.0 85.4871

85. 4922
+32 2896 157214 17206+3229 G2 V 5.3 85.4870
+06 3412 157809 17253+0606 sF9 7.0 85.4871
+31 3025 -- 17267+3104 G7 V 9.1 85.4870I ;+31 3027 158226 f7267+3105 Go v 8.1 85.4870

ADS 10598 158614 17304-0104 G9IV-V 5.31 85.4870
+06 3455 159482 11347+0601 GO'V 8.5 85.49240 170-56 +18 3423 17383+1834 F6 V 9.78 85.4925

G 20-8 +02 3375 17398+0225 sdr5 9.98 85.4924
+25 3344 161817 17467+2545 A2 V 6.9 85.4925-09 4604 161770 17478-0936 sdG 9.6 85.4924I +04 3509 161848 17477+0457 K1 V 8.5 85.4924
-07 4517 162756 17530-0755 GO V 7.6 85.4924
A 10937 B 17565+5813 10.0 85.4925
-13 4807 163810 17587-1305 sdF8 9.63 85.4924
+04 3589 165401 18056+0440 G2 V 6.8 C5..4980i +30 3137 166382 18091+3101 MD 6.9 85.4925
+30 3142 166601 18100+3050 F5 V 8.1 85.4980
+36 3066 167740 18149+3640 MD 8.8 85.4925

85.8423
+45 2684 168009 18155+4513 G2 V 6.3 85.4925

85.8423
+03 3656 167766 18166+0342 MD 8.7 85.4927
TX Lyr 17383 18180+0407 M2e 10.4-13 85.4927
+45 2716 170357 18267+4605 G1 V 8.3 85.4925I +43 3030 18370+4357 9.5 85.4925
-06 4859 173093 18439-0649 F7 V 6.3 85.4927
-00 3555 173883 18477-0014 GO V 8.4 85.4981

as.424
+23 3477 174623 18504+2406 K5 7.1 85.4927I -05 4811 175518 18559-0544 G5 V-IV 8.2 85 .4927+17 3842 177459 19042+1733 r5 6.6 85.4927-08 4836 177399 19048-0839 KO 7.5 85.4927

+25 3719 177830 19053+2555 K2 7.6 85.4927m 65.8424
+25 3780 181047 19179+2522 K5 8.8 85.4927

85 8533G 125-4 +41 3306 19190+4139 K0 V 8.86 85.8424
+10 3873 181882 19219+1055 K2 7.3 85.4927
HR 7373 182572 19249+1156 G8IV 5.16 85.4928
+42 3338 182989 19255+4247 TS(V) 6.9 85.4927
+19 4026 231475 19274+1953 K0 9.1 85.4927
+26 3578 338529 19325+2624 sdF4 9.36 85.4927
+56 2257 239124 19325+5623 A2-IV 9.1 85.4928

85.8533
+32 3474 184499 19335+3312 GO V 6.63 85.4927

I
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TABLE II. (continued)

Name HD/BD cc,6 Spectral V Epoch
Number (2000) Classif. Mag.

85.8424
AGK+212007 +21 3829 19344+2143 B8 V 9.3 85.4928
ADS 12664 184860 19368-1026 K2V,K5 8.23 85.4928
+85 0332 187216 19243+8522 R3 9.2 85.4982
+48 2922 185657 19379+4917 G6 V 6.3 85.4928

85.8370
+48 2942 186686 19436+4847 M3 6.4 85.4928

85.8370
+38 3801 188326 19530+3846 G8 IV 8.0 85.4928

85.8370
+30 3806 188669 19551+3041 K0 V 7.1 85.4928
+34 3846 227196 20021+3428 K5 8.9 85.4982
+28 3639 191445 20090+2841 K5 V 9.2 85.8371
AGK+302052 +30 3915 20091+3033 Al V 9.5 85.4929
+25 4124 191615 20100+2532 K0 IV 8.0 85.4928
+64 1427 193030 20142+6446 G5 IV 7.2 85.4929
+05 4481 20219+0611 G V-VI 10.1 85.4930
G 186-26 20248+2503 sdF8 10.82 85.8534
+09 4529 194598 20262+0927 F5 V 8.36 85.4930

85.8479
+18 4505 195019 20283+1846 G5 V 6.9 85.4930
+01 4304 195275 20303+0153 M5e 9.2 85.4930

85.8479
+36 4095 195407 20298+3659 B5 V 7.7 85.4929

85.8479
-09 5491 195636 20328-0922 G8? 9.54 85.4930
+39 4260 196790 20382+3933 G0 7.9 85.4929
-00 4084 197623 20449+0018 dG5 7.4 85.4930
C 2711 +74 0891 20524+7435 dG5 7.81 85.8534
+06 4741 200779 21053+0705 Ks V 8.9 85.4930

85. 8396
-06 5683 201099 21077-0534 GO 7.6 85.4982
+28 3996 201346 21082+2837 KO IV 8.4 85.8398
+26 4091 201626 21100+2637 K2 8.0 85.8398
+23 4264 201889 21120+2410 F8 V 7.9 85.8398
+14 4556 202017 21129+1535 d?8 8.4 85.4982
X Peg 21208+1427 M2e 9.0-14 85.4983
+15 4404 203631 21231+1630 K5 7.5 85.4983

85. 8480
-13 5945 204587 21300-1230 MO V 9.3 85.4983

85. 8535
+18 4947 210483 22104+1848 GO V 7.9 85.4983

85. 8371
+25 4691 210925 22132+2557 G5 V 6.8 85.4982

85. 8372
+54 2745 235807 22212+5533 B IV 9.4 85.8399
+39 4851 213191 22290+4019 VAR 7.6 85.4983

85.8425
+56 2818 214419 22369+5654 OB/WN 8.9 85.4983

85.8398
BH Peg 22529+1547 10-10.7 85.4984
+49 3965 216534 22530+4952 B4 V 8.0 85.4983
+29 4940 221170 .23295+3026 K2 V/IV 7.68 85.4984

85.8426
+30 4982 221830 23354+3101 GO V 6.7 85.4984

85.8426
+57 2787 222794 23434+5804 G2 V 7.0 85.8537
-08 6177 222766 23461-0739 dG4 9.7 85.4985

85.8427
+01 4774 ---- 23492+0225 M2 8.9 85.4984

85.8427
M 74 23525+6252 GO V 9.5 85.4984

85.8428
+58 2676 224424 23578+5943 80 7.8 85.4984

85.8428
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I TABLE IV. Calculated binary frequency.

Number of stars

Shell Observed Binaries found d a(min) P(min) J(max) P(max)

F G K F G K (pc) (AU) (yr) (AU) (yr)

A 6 - - I - - 129 4.6 6.9 129 1029
B 8 10 - 1 0 - 82 2.9 3.5 82 527

iC 4 16 9 0 2 1 51 1.8 1.8 51 258D 4 15 18 1 1 0 32 1.2 0.9 32 128IE 0 8 12 0 1 1 20 0.8 0.5 20 63
Binaries in shell C 3/29

D 2/37
E 2/20

Total 7/86 =8%

I
the regime where visual and spectroscopic detection of bina- distributions in both figures suggest a similar distribution
ry stars is less effective, between the observing list and the binary system found in the

All of the newly resolved and a majority of the previously sample.
known binaries in this survey fall into an orbital-period re- Distances were estimated for the stars listed in Tables I
gime not generally detectable by spectroscopic and visual and II using their spectral types and visual magnitudes. Ab-
methods. They would, therefore, not be discovered without solute magnitudes were obtained from the MK spectral
the application of speckle interferometry. This selection ef- types according to Keenan's calibration (Keenan 1963).
fect has also been pointed out in Paper I in connection with Among these ten binaries, only four stars have trigonometric
bright stars. An extension of our survey to magnitudes parallaxes listed in the new edition of the Yale General Paral-
fainter than 10.5 would increase the number of newly detect- lax Catalog (YPC, van Altena 1987). A comparison of the
ed halo binaries. However, since those fainter stars would be, trigonometric and spectroscopic parallaxes for these four
on the average, more distant than the brighter ones, we stars shows excellent agreement. Of the ten stars, all are
would be finding binaries with increasingly longer periods. within 100 pc of the Sun and eight systems have linear sepa-
Since we are interested in determining masses in a reasonable rations < 20 AU. Using the mass-luminosity relation given
length of time, the extension to fainter magnitudes is not by McAlister and Hartkopf (1984), and assuming circular
very productive. orbits, four stars are found to have periods less than 20 yr

The distributions in spectral type and visual magnitude (Table V).
are shown in Figs. 1 and 2, rcspectively, for all stars ob- These halo binary candidates will be monitored in the fu-
served, and also for the binary candidates found in this sur- ture for additional confirmation and to determine their orbi-
vey (dark area). Using this limited data, the peaks of the tal elements using the GSU/CHARA speckle camera.I

* 
30 .

22

10.

d. SO.WM 2*. 
9 10 ii

• A F a K M
Swvsl To V magmft

FIG. I. Distribution in spectral type for all stars observed (light FIG. 2. Magnitudc distribution for all stars observed (light area)
area) and binary candidates found (dark area), and binary candidates found (dark area),
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TABLE V. Estimated mass, distance, linear separation, and period for the halo binaries.

R.v. d a P
HD p (km/s) V Spt. M, Mass .. (pc) (AU) (yr)

21794 0.099 -71 6.36 P7 V 3.9 1.2 30 3.4 4.0
49409 1.088 -83 8.4 GOV 4.4 1.0 0.0l17 59 64.2 363.7

130669 0.150 -91 9.2 K2 V 6.3 0.7 38 5.7 11.5
139341 0.370 -71 7.5 K2 V 6.3 0.7 0'048 21 7.8 18.4
158614 0.923 -80 6.0 G9 V-IV 5.7 0.8 01052 19 17.5 57.9
187283 0.204 -65 8.2 F5 V,F6 V 3.4 1.3 91 18.6 49.7
189711 0.221 - 168 8.43 NO V 9 .2 1, 0.4 32 7.1 21.2

+ 1747081 0.205 -295 9.48 P6 VI 4.7c 1.2 - 0:016 63 12.8 29.6
206373 0.429 -91 8.4 GO V 4.4 1.0 63 27.0 99.2
222794 0.057 -71 7.1 GO V 4.7 1.0 35 2.0 2.0

+ 174708 = G126-62.
'Set MO V for NO V (Jaschek 1985).
cAbsolute magnitude for F6 VI set = F6 V(3-7) + 1.0 (Sandage 1970).
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the Harvard-Smithsonian Center for Astrophysics for pro- by grants from the Connecticut State University system to
viding us radial-velocity data before publication. Thanks are WCSU, and from the National Science Foundation to Yale
also due to Wean Shan Tzay (GSU) and Otto Franz (LOW- University. Research in speckle interferometry at Georgia
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ty (WCSU) helped to compile the observing list of Research.

REFERENCES

Abt, H. A. ( 1979). Astron. J. 84. 159 1. Fehrenbach. Ch., and Barunge, R. (1984). Astron. Astrophys. Suppl. 58,
Abt, H. A. (1983). Annu. Rev. Astron. Astrophys. 21. 343. 435.
Abt, H. A., and Biggs, E. S. (1973). Bibliography ofStellar Radial Velocities Gunn, J. E., and Griffin.-R. F. (1979). Astron. J. 84, 752.

(Kitt Peak National Observatory, Tucson). Harris, H. C., and McClure, R. D. (1983). Astrophys 1. Lett. 265, L77.
Abt, H. A., and Levy, S. G. (1969). Astron. J. 74, 908. Harris, HC., and McClure, R. D. (1985). In StellarRadial Velocities, IAU
Abt, H. A., and Levy, S. G. (1976). Astrophys. J1. Suppl. 30, 273. Colloquium No. 88, edited by A. G. D. Philip and D. W. Latham (Davis,
Andersen, J., and Nordstrom, B. (1983a). Astron. Astrophys. Suppl. 52, Schenectady,, p. 257.

471. Hoffleit, D. (1982). The Bright Star Catalogue (Yale University Observa-
Andersen, J., and Nordstrom, B. (1983b). Astron. Astrophys. Suppl. 53, tory, New H1aven).

287. .Jaschek, C. (1985). In Cool Starstvith Excess Heavy Elements, INACCol.
Andersen, J., Nordstrom, B., Ardeberg, A., Benz, W., Imbert, M., Martin, loquium, edited by C. Jaschek and P. C. Keenan (Reidel, Dordrecht).

N., Maunice, E., Mayor, M., and Prevot, L. (1985). Astron. Astrophys. Keenan, P. C. (1963). In Basic Astronomical Data, edited by K. Strand
Suppl. 62, 355. (University of Chicago, Chicago), p. 78.

Ardeberg, A., and Lindgren, H. (1985). In Stellar Radial Velocities, IAU Labeyrie, A. ( 1970). Astron. Astrophys. 6. 85.
Colloquium No. 88, edited by A. G. D. Philip and D. W. Lathami (Davis, Labeyrie, A. (1978). Annu. Rev. Astron. Astrophys. 16, 77.
Schenectady), p. 371. Larson, R. B., and Tinsley, B. M. (1978). Astrophys. J1. 219, 46.

.Beavers, W. I., and EttterJ 1 (1977). PubI. Astron. Soc. Pac. 89. 733. Lathamn, D. W. (1985). In Stllar Radial Velocities, IAU Colloquium No.
Beavers. W I ,Eitter,1 J., Ketelsen, D. A., and Cesper, D. A. (1979). PubI. 88, edited by A. G. D. Philip and D. W. Latham (Davis, Schenectady). p.

Astron. Soc. Pac. 91, 698. 21.
Burki, G., and Mayor. M. (1984). Astron. Astrophys. 124, 256. Latham. D. W., Hazen-Liller. M. L., and Pryor, C. P. (1985). In Stellar
Carney, B. W. (1983a). Astron. J. 88. 623. Radial Velocities. IAU Colloquium No. 88, edited by A. G, D. Philip and
Carney. B. W, (1983b). In £50 Workshop on Primordial Helium, edited by D. W. Lathamn (Davis, Schenectady), p. 269.

P Shaver. D Kunth. and K. Kjar (ESO, Garching). p. 179. Lu, P. K. (1983). In The Nearby Stars and the Stellar Luminouet' Function,
Can-y, B %1 N14) Publ. Astron. Soc. Pac. 96, 0341. IAU Cuiloquium No. 76, edited by A. G. D. Philip and-A. R. Upgren
Carney, B. W,. and Latham. D. W. (1987). Astron. 1. 93. 116. (Davis, Schenectady), p. 35.
Cole. P W . Demarquc. P.. and Green. E. M (1983). In £50 Workshop on Lu. P. K.. Demarque. P., van Altena, W., McAlister. H. A., and Harskopf.

Primordial Helium. edited by P. Shaver. D. Kunth. and K. Kjar (ESO, W. I. (1986). Bull. Am. Astron. Soc. 17. 904.
Garching). p. 235. Lu, P. K.. and Lee. J. T. (1983). In The Nearby Stars and the Stellar Lumi-

Crampton. D.. and Hanwick. F. D A. ( 1972). Astron. 1. 77. 590. nosity Function. IAU Colloquium No. 76, edited by A. 0, D. Philip and
Demarque. P. (1966). In Stellar Evolution, edited by R. P. Stein and A. G. A. R. Upgren (Davis. Schenectady), p. 447.

W. Cameron (Plenum. New York). p. 231. Mathieu, R. D. (1985). In Stellar Radial Velocities. IAU Colloquium No.
Deinarque, P., and McClure, R D ( 1977) Astrophys. J. 213, 716. 88. edited by A. G. D. Philip and D. W. Latham ( Davs, Schenectady). p.
Eggen. 0.1., (1964). R. Obs. Bull. No. 84. 249.
Fehrenbach. Ch.. and Barunge. R ( 1982) Astron. Astrophys. Suppl. 49. Mathieu. R. D., Stelanik. R. P.. and Lathamn. D. WV. (1985). In Stellar

483. Radial Velocities, IAU Colloquium No. 88, edited by A. G. D. Philip and



1326 LU ETAL: SPECKLE OBSERVATIONS OF BINARIES 1326

D. W. Latham (Davis, Schenectady), p. 263. Astrophys. J1. Suppl. 40. 733.

Matteucci, F., and Chiosi. C. ( 1983). Astron. Astrophys. 123, 12 1. Partridge. R. B. ( 1967). Asiron. J. 72.,713.
Mayor, M., and Turon, C. ( 1982). Astron. Astrophys. 110, 241. Peimbert. M. (1983). In ESO Workshop on Primordial He'lium. edited by P.
McAlister, H. A., and Hartkopf. W. 1. (1984). CHARA Contrib. No. 1. Shaver. D. Kunth. and K. Kjar (ESO, Garching). p. 267.
McAlister. H. A.. Hartkopf. W. I., Hutter. D. J.. and Franz. 0.0G. (1987b). Roman. N. (1955). Astrophys. 3. Suppl. 2. 195.I Astron. J. 93, 688. Sandage. A. R. (1970). Astrophys. J1. 162. 841.
McAlister, H. A., Hartkopf. W. I.. Hutter, D. J., Shara, M. M., and Franz. Searle. L. (1984). In Structure and Evolution of the Magellanic Clouds,

0. G. (1981a), Astron. J1. 93. 183. IAU Symposium No. 108. edited by S. van den Bergh and K. S. de Boer
McClure, R. D., Fletcher. M. J.. Grundman, W. A.. and Richardson. E. H. (Reidel. Dordrecht), p. 13.I(1985). In Stellar ~adial Velocities. IAU Colloquiuim No. 88, edited by van Aliena. W. ( 1987). Yale General Parallax Catalogue (Yale University

A. G. D. Philip and D. W. Latham (Davis, Schenectady), p. 49. Obsirvatory, New Haven).
Mengel, 3. G.. Sweigart, A. V., Demarque, P., and Gross, P. G. (1979). Warden. S. P. (1977). Vistas Astron. 20, 301.



THE ASTRONOMICAL JOURNAL VOLUME 94, NUMBER 3 SEPTEMBER 1987

GAMMA PERSEI-NOT OVERMASSIVE BUT OVERLUMINOUS

DANIEL M. POPPER
Department of Astronomy, University of California. Los Angeles, California 90024

HAROLD A. MCALISTERa )

Center for High Angular Resolution Astronomy, Georgia State University, Atlanta, Georgia 30503
Received 15 April1987; revised 22 May 1987

ABSTRACT

Measurement and analysis of the set of Michigan spectrograms of the 106 binary y Per shows that the
masses of the A3 and G8 III stars are 2.0QA and 3.&W 0 rather than the abnormally large values for
the types found by McLaughlin, 2.8 and 4.9. The decreases are primarily lue to an upward revision of
the large orbital eccentricity. Speckle interferometric observations of high quality covering nine years
with the components resolved are analyzed. Agreement of the elements in common between interfero-
metric and spectrographic orbits is excellent. The orbit is seen nearly edge-on. The well-determined
parallax, 0.014, obtained by combining linear and angular sizes of the relative orbit, along with Bahng's
evaluation of the magnitude difference between the components, leads to absolute magnitudes My of
+ 0.3 and - 1.1 for the A star and G giant, respectively, values more than a magnitude more luminous
than "standard" values for the spectral types. Thus, each star appears to be in a state of rapid evolution,
a situation not permitted by evolutionary theory for stars of such different mass if they have a commonorigin.

I1 . INTRODUCTION both directions. There are numerous sharp lines from the
Gamma Persei has long been known to have a variable cool component, but, as noted by McLaughlin, only the Ca it

radial velocity and composite spectrum, The only available K line of the hotter star is measurable. This line is so muchanalysis of radial velocities is that published in abstract form sharper than the K line of the cooler star that there is no
by McLaughlin (1948) on the basis of prismatic spectro- confusion between the two. On all well-exposed plates, the K
bymMcbagind (98 ichigan. The basiof pism4 Eatch of line of the A star appears sharp and symmetrical. It appearsgrams obtained at Michigan. The period is 14.6 yr. Each of unlikely that the 0.6 A displacement between the centers of

McLaughlin's minimum masses, 4.9.A4, for the G8 giant unlies a the 0odponent eteen cnters o

and 2.8-.4/0 for the early A star, is considerably larger than the K lines of the components near peniastron can cause aand .8 /® or he arl A taris onsderblylarer han systematic effect in the position of this sole line of the A star
any other well-determined mass for a star of the spectral type tati effed in t poities thi line of the A

(e.g., Popper 1980). McAlister (1982) has analyzed the as- that is employed for its velocities. The Ca it H line of the Astar is not resolved from the broad He line. All the hydrogen
trometric observations of y Per, primarily his own speckle lines of the A star are so chopped up by sharp lines of the

es available in 1981. He concluded that not only are the cooler star as to be unmeasurable. The appearance of the

luminosities.spectrum near the K line is shown in Fig. 1.

In the present contribution, we discuss the Michigan spec- Velocities of the cool star ( V ) are based on lines in'the

I an ew rswell asnthtioweics tobservations now wavelength range ,, 3888-4167 A. Most of the spectro-

available in order to derive nearly definitive properties of the grams are weak at shorter wavelengths, and the dispersion
svstem. decreases markedly at longer wavelengths. Furthermore,

this range includes the Ca ii K line, so that possible system-
II. SPECTROGRAPHIC ORBITS atic effects in the-velocities of the components are mini-

mized. Twenty lines of the cool star were found to give con-
The velocities of the 34 spectrograms employed by sistent velocity variation. Their wavelengths were taken

McLaughlin (1948) in his analysis of the orbits of y Per have from the solar list (Moore et al. 1966) and were adjusted for
not been published. Through the good offices of A. P. Cow- systematic differences in velocity. The average internal stan-
ley and W. A. Hiltner, one of us was able to obtain the Michi- dard deviation of a velocity of the cool star is 1.0 km s-.
gan collection of one hundred measurable prismatic spectro- Some of the lines are indicated in Fig. 1.
grams obtained between 1937 and 1951 plus one critical The velocities are listed in Table I. The quantities Vh areobservation in 1932. The plates from 1932 to March 1941 the K line measures for the A star, Vc the G star velocities. Aand from August 1943 to March 1949 form a homogeneous somewhat uncertain curvature correction of - 1.0 km s'

one-prism set (78 plates) having a scale of 26.4 A mm at has been applied.
the Ca it K line and 31.9 A mm - at H. The two other InTableI, dateswithonlyonedecimalgivenareforobser-
groups of plates have slightly higher dispersions from a two- vations with the time of exposure not readily available. Be-
prism configuration. All the plates have been measured with cause of the long period, the uncertainty of 0.1 day is unim-
a Grant Instrument Co. oscilloscopic scanning device in portant. The phases are fractions of the period after perias-

tron in the adopted orbital solution, to which the residuals in
the table also relate. In carrying out the solutions (Table II),

Visiting Astronomer. Kitt Peak National Observatory, National Optical it is found that the velocities from the 22 two-prism plates are
Astronomy Observatories. operated by the Assoctation of Universittes for systematically more positive than those from the 78 one-
Research in Astronomy, Inc., under contract with the Nattonal Science prism plates. The differences for the two components and for
Foundation. the two epochs (1941-1943 and 1949-1951) average 2.5

700 Astron. J. 9413), September 1987 0004.6256/87/030700.12500.90 0 1987 Am. Astron. Soc. 700
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Abv:amihga rsmtcspcrgm m

l °i

m ployed in this investigation; original scale 26.4
A. mm" - at K. Lines marked are used for radial

ll velocities except for H + He. Below: a Lick grat-
ing spectrogram, o.iginal scale. 10.9 A m
The core of the relatively sharp K line of the A
star appears uninfluenced by the broad K line of
the G giant.

TABLE I. Radial velocities of r Per.

3D-2400000 Phase MM O-0

26996.76 0.00837 -19.7 - 1.4 -35.8 - 2.3
28823- 23 0.35002 - 6.1 - 2.4 1.0 - 3.1
28868.73 0.35854 - 4.4 - 0.6 4.0 - 0.2
29109.89 0.40365 - 5.6 - 1.6 4.8 + 0.3
29119.90 0.40552 - 5.8 - 1.8 2.5 - 2.0
29140.80 0.40943 - 7.8 - 3.8 2.1 - 2.5
29170.82 0.41504 - 5.0 - 1.0 5.6 + 1.0
29198.80 0.42028 - 4.1 0.0 6.6 + 2.0
29223.54 0.42490 - 4.6 - 0.5 8.4 + 3.7
29313.65 0.44176 - 0.1 + 4.0 8.2 + 3.4

29455.89 0.46837 - 3.0 + 1.2 8.4 + 3.5
29479.89 0.47286 - 3.9 + 0.3 7.5 + 2.6
29514.74 0.47938 - 5.2 - 0.9 5.6 + 0.7
29548.71 0.48573 - 3.8 + 0.5 4.0 - 1.0
29578.71 0.49134 - 5.6 - 1.3 2.0 - 3.0
29609.70 0.49714 - 3.4 + 0.9 5.2 + 0.2
29637.69 0.50237 - 4.2 + 0.1 7.0 + 2.0
29675.54 0.50945 - 2.8 + 1.5 5.6 + 0.6
29936.66 0.55830 - 5.7 - 1.3 5.8 + 0.6
29954.59 0. 56165 - 6.2 - 1.8 3.0 - 2.2
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TABLE I. (continued)

v~V_
JD-2400000 Phase -0 -hn O-C

29978.67 0.56616 - 5.3 - 0.9 4.7 - 0.5
30023.70 0.57458 - 3.7 + 0.7 8.2 + 3.0
30058.54 0.58110 - 4.4 0.0 6.0 + 0.8a30286.67 0.62379 - 4.3 + 0.2 7.4 + 1.8

a30317.6 0.62916 - 4.2 + 073 8.4 + 3.2

a30373.60 0.64003 1.8 + 6.3 9.2 - 4.0
a30379.53 0.64114 - 0.9 + 3.6 8.4 + 3.2
a30404.64 0.64584 0.4 + 4.9 9.9 + 4.7
a30438.54 0.65218 0.3 + 4.8 --- -

a30 5 92.91  0.68105 - 1.1 + 3.3 9.2 + 4.0

a30602.85 0.68291 - 4.8 - 0.4 7.3 + 2.1
a30652 .74 0.69224 - 3.8 + 0.6 4.4 - 0.8
a30730.65 0.70682 0.0 + 4.4 9.1 + 4.0
a3075 3.56 0.71110 0.4 + 4.8 12.5 + 7.4
a307 78 .57 0.71578 - 2.7 + 1.7 3.4 - 1.7
a30807.57 0.72121 - 3.3 + 1.0 5.3 + 0.2

30964.80 0.75062 - 2.1 + 2.1 3.4 - 1.5
30985.79 0.75454 - 5.5 - 1.3 3.3 - 1.6
31006.72 0.75846 - 3.4 + 0.8 1.5 - 3.4
31057.67 0.76799 - 5.4 - 1.2 3.2 - 1.6

31107.56 0.77732 - 5.2 - 1.1 3.4 - 1.3
31342.89 0.82134 - 2.0 + 1.8 ----
31770.68 0.90136 - 1.8 + 0.3 2.6 + 0.9
31834.56 0.91331 - 2.0 0.4 - 1.0 - 1.9
31887.54 0.92322 - 3.7 - 2.6 - 2.1 - 2.2
31907.60 0.92697 - 1.9 - 1.1 - 1.6 - 1.3
32013.88 0.94685 2.8 + 1.8 - 2.5 + 0.6
32027.87 0.94947 - 0.2 - 1.6 - 1.6 + 2.0
32039.87 0.95172 3.5 + 1.8 - 3.6 + 0.5
32046.79 0.95301 4.2 + 2.3 - 2.4 + 2.0

32119.68 0.96664 7.8 + 3.1 - 3.6 + 5.1
32168.68 0.97581 9.8 + 1.9
32236.65 0.98852 17.8 + 2.0 - 24.4 + 1.0
32243.54 0.98981 17.4 + 0.6 - 27.5 - 0.6
32243.56 0.98982 18.4 + 1.6 - 28.3 - 1.4
32245.56 0.99019 19.6 + 2.5 - 25.3 + 2.1
32249.57 0.99094 20.2 + 2.5 - 25.0 + 3.4
32256.55 0.99225 16.3 - 2.5 - 25.8 + 4.2
32271.55 0.99505 21.7 + 0.7 - 33.6 - 0.3
32272.58 0.99525 20.3 - 0.8 - 29.8 + 3.7

32279.56 0.99655 22.8 + 0.8 - 38.6 - 3.8
32290.56 0.99861 23.8 + 0.8 - 39.0 - 2.7
32370.88 0 01363 18.1 - 0.4 - 25.7 + 2.7
32371.89 0.01382 18.7 + 1.1 - 31.0 - 2.8
32378.89 0.01513 18.2 + 1.4 - 24.4 + 2.6
32386.86 0.01662 15.2 - 0.7 - 26.6 - 1.0
32391.84 0.01755 14.1 - 1.3 - 23.8 + 1.0
32392.91 0.01775 14.5 - 0.8 - 25.0 - 0.4
32398.86 0.01887 15.5 + 0.8 - 23.8 - 0.1

32400.90 0.01925 11.4 - 3.0 - 22.2 - 0.8

I
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TABLE I. (continued)

-c0- V.
JD-2400000 Phase Vc O-C 0 O-C

32406.89 0.02037 14.4 + 0.5 - 26.4 - 3.9
32407.82 0.02054 15.7 + 1.9 - 17.8 + 4.6
32410.85 0.02111 11.8 - 1.7 - 24.6 - 2.7
32445.75 0.02764 9.5 - 1,2 - 16.2 - 1.5
32446.71 0.02782 10.8 + 0.2 - 17.4 + 0.2
32452.71 0.02894 11.7 + 1.5 - 18.6 - 1.6
32458.73 0.03007 9.0 - 0.8 - 18.2 - 1.8
32465.8 0.03138 9.5 + 0.1 - 14.6 + 1.1
32473.8 0.03288 8.6 - 0.3 - 13.8 + 1.2
32483.73 0.03474 9.3 + 0.9 - 15.0 - 0.8

32501.7 0.03809 8.0 + 0.5 - 13.8 - 0.9
32529.7 0.04334 5.2 - 1.1 - 14.5 - 3.4
32541.7 0.04559 5.7 - 0.2 - 11.5 - 1.0
32573.7 0.05156 3.7 - 1.2 - 10.0 - 1.1.
32601.6 0.05679 3.9 - 0.2 - 7.2 + 0.6
32839.8 0.10134 1.6 + 1.1 - 1.0 + 1.3
32846.8 0.10265 0.6 + 0.1 - 4.4 - 2.2
32867.8 0.10657 2.6 + 2.3 - 1.3 + 0.6
32908.8 0.11424 0.5 + 0.6 1.0 + 2.4
32956.6 0.12319 2.2 + 2.6 - 2.2 - 1.3

a33229.7 0.17427 1.0 + 2.8 4.2 + 3.0
a33255.7 0.17914 0.0 + 1.9 3.0 + 1.7
a33370 .5  0.20062 1.6 + 3.9 7.2 + 5.3
a335 54.7  0.23507 - 0.6 + 2.2 8.4 + 5;8
a33 6 03 .7 1  0.24424 - 1.9 + 1.0 4.6 + 1.8
a33631.70 0.24948 - 2.3 + 0.6 2.4 - 0.5
a33700.5 8  0.26236 - 2.2 + 0.8 5.6 + 0.5
a33730.55 0.26797 - 1.7 + 1.4 4.8 + 1.6
a33 948 .7 4  0.30878 - 4.4 - 1.0 3.0 - 0.7

aTwo-prism spectrograph; otherwise one prism. Similar dispersions. Two-prism

velocities omitted in most solutions. See text and Table 2.

km s -'. The two-prism velocities have been omitted except ity. The early velocities of the cool giant (Lord 1905;
for solution (2), in which the differences V - Vh are em- Kiistner 1908; Campbell and Moore 1928) do not cover suf-
ployed. ficient ranges of velocity to be helpful in resolving the ambi-

With the exception of the first spectrogram, obtained in guity in period.
1932, the Michigan observations cover less than one orbital In each of the solutions for the orbital elements in Table
cycle of 14.6 yr. The 1932 observation, obtained near the II, the two values of the period are listed. The differences in
time of maximum velocity separation of the components, is a the values of the other elements, as dependent on the choice
crucial one. Determination of the orbital period depends of period, are in all cases much less than the mean errors of
heavily upon this single plate, obtained one cycle earlier than the elements, and average values are listed. Since the period
the numerous plates from 1947, when the stars passed rapid- is so strongly dependent on the one observation, the statisti-
ly through periastron, close to the nodal epoch (w being near cal uncertainty of the period is not properly evaluated in the
zero). It has not been possible to determine clearly whether least-squares analysis. Additional solutions have been car-
the 1932 observation was obtained before or after periastron ried out in which the velocities of the 1932 plate are changed
passage. Thus, there is an ambiguity in the period. This un- by one standard deviation -(1.5 km s ' for V0, 2.2 km s -
certainty is less than 100 days, or 2%, since the 1932 plate for Vh ). The effect on the period is 14 days, and this value is
was, fortunately, obtained close to maximum orbital veloc- listed in Table II for the uncertainty in the period. The effects
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of these lo- variations on the other elements are negligible. panded timescale. Since the solutions represented by the
The uncertainties in theorbitaldimensions and in the masses curves in the figures (solutions 6 of Table II), are compro.

resulting from the dichotomy in the period are considerably mises, differing from the individual best-fit solutions (solu-
less than those resulting from uncertainties in the orbital tions 1), systematic runs in the residuals may be seen. The
eccentricity and in the values of K, the amplitudes of velocity two phases for the encircled 1932 velocities correspond to
variation. the two periods, 5346 days (larger phase) and 5277 days. In

The basis for each of the solutions in Table II is given in the best-fit solutions, the 1932 velocities fall almost precisely
the notes following the table. Values of P, T, e, and co are on the predicted curves, since nearly all the weight of the
usually best determined from the differences in the velocities derived period lies upon them. It is unfortunate that no ve-
of the components (solution 2 in Table II) when the two sets locities are available from either of the periastron passages in
of velocities are of comparable weight, as they are in this 1963 or 1976. The next occurs in 1991. Not only are im-
case. It is, nevertheless, possible that the values of Vh are, proved periods desirable, but so are more nearly definitive
despite the apparent symmetry of the core of its K line, sub- spectroscopic elements.
ject to systematic effects as a consequence of distortion by That the minimum masses derived by McLaughlin (4.9
the broad K line of the cool star (Fig. 1). The difference in and 2.9 _' ) are considerably greater than those obtained
the eccentricities for the two components in solution (1) of by us (3.0 and 2.0.,W, ) is not owing to any systematic effect
Table II could be caused in part by such an effect. Solutions in McLaughlin's measures. His value of Kc + Kh, 34.6
(4) and (5) employ different assumptions about possible km s - ', is close to our value, 35.2. The reason is, rather, the
systematic effects, which may be expected to be greatest difference between the orbital eccentricities in the two inves-
when the velocity difference is a maximum, near periastron. tigations, to which the masses are very sensitive for such
The effects on the masses (.4) and orbital dimensions (a) large eccentricities. In his analysis, McLaughlin employed
are less than their statistical uncertainties. In the adopted only 34 of the 78 plates used in this investigation. Further-
solution (6), the estimated uncertainties, particularly in the more, only 12 of the 33 plates obtained during the period of
eccentricity, have been increased over their formal values to most rapid velocity variation in 1947 were included, and of
allow for these effects. these, none covers the later phases of the rapid variation.

The difference of 2.5 ± 0.8 km s- between the systemic
velocities of the two components may be a consequence, at I1. ASTROMETRIC ORBITS
least in part, of the scheme used for adjusting the wave-
lengths of the lines employed for the velocities of the cooler The history of the resolution of Gamma Persei has been
star. presented by McAlister (1982). The measurements made in

The residuals listed in Table I are relative to the preferred 1939 by Wilson (1941) with a visual Michelson interferome-
solution (6) in Table II for the longer period. The difference ter are the result of Wilson's attempt to resolve stars of com-
between the velocities predicted for the two periods never posite spectra and predated McLaughlin's orbit analysis by a
exceeds 0.2 km s-t and is much less in the mean. The ob- decade. Although Wilson's results cannot contribute to the
served velocities (one-prism results only) and curves based analysis of the visual orbit when combined with the consid-
on the preferred elements are shown in Figs. 2 and 3. In the erably more accurate speckle observations now available, it
latter, the variation through periastron is shown with an ex- 'is almost certain that Wilson did indeed detect duplicity in

1936.0 1938.0 1940.0 1942.0 1944.0 1946.0 1948.0 1950.0
/I I IIIIII

+20

U FiG. 2. Velocities of the components of r
..z0
-1 0 Per from Michigan pl.tes. Dots: the G
W --------- I- giant; pluses: the K line of the A star.
_J* The encircled points are for the 1932

A l plate for two periods. See the text. Theacurves are from the adopted solutions
(6) in Table ii. Ph.ses are fractions of

-20 the period after periastron passage.

-40

0.3 0.5 0.7 0.9 1.1
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W Fic. 3. Velocities of the components of y
>I Per during their passage through perias-< • iron. Explanation as for Fig. 2.
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his visibility estimates as evidenced by the residual to his does not provide error estimates for P, T, and e. We have
position-angle measure. This is an impressive feat consider- decided to base our conclusions for y Per solely on the obser-
ing the magnitude difference in the system and the small vations by McAlister and his colleagues (the GSU/
aperture ( 18 in.) of the telescope he employed in his observ- CHARA data). They form a homogeneous set and have
ing program. much smaller scatter than the other observations, as seen in

The number of speckle observations has nearly tripled Table III and Figs. 4 and 5. Systematic differences between
since the last astrometric analysis (McAlister 1982), so that the-two sets are also apparent. These differences are prob-

35 such measures are now available. The collected measure- ably due to the lack of absolute calibration for scale and
ments of position angles and angular separations along with position angle. The GSU/CHARA observations are, on the
the original sources are shown in Table III. They give the other hand, well calibrated by raeans of the double-slit maskposition of the A star relative to the G star. The majority of scheme described by McAlister et al (1978b).
these observations were obtained at the 4 m telescope on Kitt In the analysis of the GSU/CHARA data, the values of P
Peak as a part of the ongoing Georgia State University and Tare adopted from the spectroscopic results (solutions
speckle program. The GSU speckle data prior to 1982.0 were 6 of Table II) because of the considerably greater time inter-
obtained with a photographic speckle camera, while those val covered by the spectroscopic than by the interferometric
after 1982.0 were produced by an ICCD-based speckle cam- observations. The results of the analysis are given as solu-
era. In the case of these observations, the two sets of data are tions 1 and 2 of Table IV. Also given is a solution (solution
of comparable accuracy. The single measurement by Toko- 3) in which the most deviant GSU/CHARA observation is
vinin (1985), a fine observation with small residuals, was omitted. Finally, we list a solution (solution 4) in which all
made with a "phase grating" interferometer on a telescope elements, including P and T, are derived from all the speckle
with an aperture of 1 m. By contrast, an aperture as large as 6 observations. In this solution, each GSU/CHARA is given
m was employed by Dudinov et al. (1982) and Balega and twice the weight of each of the others. Although only 63% of

I Balega (1985). It is our experience that for separations ex- an orbital period is covered and periastron is outside the time
* ceeding two or three times the diffraction limit, the accuracy interval, the good coverage around the apastron passage ofi of the measurement is more dependent upon the quality of 1983.67, along with the highly eccentric orbit, gives the ob-

the calibration than on an increase in aperture. In general, servations leverage in determining the elements P, T, and w.
we find that the early observations from any particular The period derived is only 0.3% shorter than the longer of
speckle group have large errors in both position angle and the two spectroscopic periods. It is on this basis that we pre-
angular separation, and that these errors are significantly fer the 1.3% longer of the spectroscopic periods. In fact, all
diminished in subsequent observations as calibration tech- the elements in common between the completely indepen-
niques are improved. dent astrometric and spectroscopic solutions agree within

The elements of the "visual" orbit for r Per were calculat- their uncertainties, a result indicating a very high level of
ed with a computer program developed by Hartkopf (Hart- consistency between the two complementary approaches to
kopf et a!. 1987). This method permits the assignment of orbit determination.

formal errors to the geometric quantities a', i, w, and fl, but The observations recorded in Table III are shown in Figs.I
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TABLE III. Interferometric observations of r Per.

t O(°) PC") Ae(°) Ap(") W Source

1939.77 49.4 0.07 -15.4 -0.178 0.0 Wilson (1941)
1973.450 59.0 0.193 - 5.8 +0.014 0.0 Labeyrie et al. (1974)
1975.629 83.0 0.052 +18.7 -0.002 0.0 Blazit et al. (1977).
1975.782 51.0 0.041 -13.1 +0.001 0.0 Blazit et al. (1977)
1975.956 --- <0.033 (63.8) (0.024) -- McAlister (1978)
1976.857 <0.035 (244.1) (0.017) -- MeAlister (1978)
1976.860 <0.035 (244.0) (0.017) -- Hartkopf and McAlister (1980)
1976.923 <0.035 (243.2) (0.012) --- McAlister (1978)
1977.087 ---- <0.035 (75.4) (0.003) -- McAlister (1978)
1977.734 67.0 0.054 + 1.2 -0.003 1.0 McAlister and Fekel (1980)
1977.742 65.4 0.058 - 0.4 +0.001 1.0 McAlister and Fekel (1980)
1977.919 65.8 0.066 + 0.2 -0.004 1.0 McAlister and Henry (1982a)
1978.149 66.5 0.091 + 1.0 +0.005 1.0 McAlister and Fekel (1980)
1978.616 64.8 0.114 - 0.6 +0.000 1.0 McAlister and Fekel (1980)
1978.618 64.7 0.115 - 0.7 +0.001 1.0 McAlister and Fekel (1980)
1979.036 64.2 0.133 - 1.2 -0.003 1.0 McAlister and Hendry (1982b)
1979.533 65.2 0.157 - 0.1 -0.002 1.0 McAlister and Hendry (1982b)
1979.771 64.2 0.168 - 1.1 -0.001 1.0 McAlister and Hendry (1982b)
1980.153 64.9 0.181 - 0.4 -0.002 1.0 McAlister et al. (1983)
1980.724 64.7 0.200 - 0.5 -0.001 1.0 McAlister et al. (1983)
1980.726 65.1 0.207 - 0.1 +0.005 1.0 McAlister et -. (1983)
1980.729 61.8 0.202 - 3.4 +0.000 1.0 McAlister et al. (1983)
1980.775 63.3 0.200 - 1.9 -0.003 0.0 Dudinov et al. (1982)
1980.893 64.6 0.209 - 0.6 +0.003 1.0 McAlister and Hartkopf (1984)
1980.896 64.3 0.216 - 0.9 +0.010 1.0 McAlister and Hartkopf (1984)
1981.671 53.0 0.284 -12.2 +0.059 0.0 Balega et al. (1984)
1982.758 64.8 0.237 - 0.4 -0.004 1.0 McAlister et al. (1987b)
1982.766 64.7 0.240 - 0.5 -0.002 1.0 McAlister et al. (1987b)
1983.047 65.6 0.243 + 0.5 -0.002 1.0 McAlister et a-. (1987b)
1983.711 65.9 0.247 + 0.8 -0.001 1.0 McAlister et al. (1987b)
1983.713 65.8 0.246 + 0.7 -0.003 1.0 McAlister et al. (1987b)
1983.824 61.3 0.262 - 3.8 +0.013 0.0 Balega and Balega (1985)
1983.931 64.0 0.270 - 1.1 +0.021 0.0 Bonneau et al. (1984)
1983.937 65.0 0.260 - 0.1 +0.011 0.0 Bonneau et al. (1984)
1983.958 63.4 0.253 - 1.7 +0.004 0.0 Balega and Balega (1985)
1984.060 65.3 0.245 + 0.2 -0.004 1.0 McAlister et al. (1987b)
1984.786 64.5 0.254 '- 0.6 +0.007 0.0 Tokovinin (1985)
1984.934 62.5 0.258 - 2.6 +0.012 0.0 Bonneau et al. (1985)
1985.005 65.3 0.247 + 0.2 +0.001 1.0 McAlister et al. (1987b)
1985.838 65.0 0.239 - 0.1 +0.002 1.0 McAlister et al. (1987b)
1986.886 64.7 0.219 - 0.3 +0.003 1.0 McAlister et al. (1987a)
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ues of e and w are used in analyzing the velocities. The uncer-
tainties listed are intended to be realistic values: While the
values of K, and Kh are sensitive to the adopted value of e,0the values of the critical quantity, a sin i, are very insensitive

0to e over the range of values of e in the tables.I The value of the parallax, 070135 + 0'0007, obtained by
combining astrometric and spectrographic results, is in rea-
sonable, though not particularly significant, agreement with
the directly determineO value, 070 11 + 07006. The corre-I . o.sponding distance _nmodulus is 4.35 + 0.1 mag. The com-

oOO bined apparent magnitude is V= 2.93 (Johnson etal. 1966).
0 In his multifilterphotometrir' study of stars with compos-

ite spectra, Bahng (1958) discussed the case of y Per in con-
--" siderable detail. He concluded that the best fit was to stars of

0 spectral types G8 III and A3 V, with a magnitude difference
N AM, = 1.4, the G star being more luminous. As a partial

test of this value, one may employ the B - V and U - B
FIG. 4. Astrometric observations of y Per. Dots: GSU/CHARA obser- indices of y Per, + 0.70 and + 0.45 (Johnson et aL. 1966),
vations; light circles: other speckle observations; plus: Wilson's (1941) and of the standard stars used by Bahng in fitting the radi-
visual observation. The curve is from solution (I) of Table IV. The ation of y Per (A Gem, A3 V; K Gem and 7 Psc, G8 III).upper branch is for the interval preceding apastron passages. The largecross represents the primary (cooler) component. Differences of 1.3 and 1.5 mag between the components of-y

Per reproduce the values of both B - V and U - B for the

star within 0.02 mag, while values outside this range do not,
in agreement with Bahng's result. We adopt 4Mv
= 1.4+-0.2 mag and obtain My =-1.1 +0.25 and

4 and 5, along with the corresponding curves from the pre- + 0.3 4 0.3 for the G and A stars, respectively.

ferred solution. The iiclination of the orbital plane even per- Published estimates of the spectral types in Per are
mits the possibility of an eclipse at minimum angular separa- G8 III: + A3 (W. W. Morgan in Stebbins and Kron 1956)
tion. There is a high probability of observing some level of a K III + A (W e 16 n tebis o exmia

eclise henmen atthenex ties f peditedminmum and KO III + A2 (Cowley 1976). On the basis of examina-
eclipse phenomena at the next times of predicted minimum tion of two Lick 16 A mm ' spectrograms of y Per, the cool
separation around 1990.89 and 1991.70. star cannot be as early as G5 nor as late as KO, and its lumi-

IV. PROPERTIES OF THE STARS nosity is less than class II and greater than class IV. From the
appearance of the K line of the hotter star (Fig. I ), its type is

The agreement between the independently determined in the range A2-A3. These estimates are in excellent agree-
values of P, T, e, and w from spectroscopic (solution 6 of ment with those from Bahng's analysis and lend further cre-
Table II) and interferometric (solution 3 of Table IV) ob- dence to them.
servations is very good. The adopted orbital parameters are In order to obtain the luminosities, radii, and surface gra-
listed in Table V. The period and first value of Tare from the vities of the components, we require effective temperatures
spectroscopic results, upon which the second value of T is T, and bolometric corrections B.C. As the basis for these
based. It is not determined precisely enough from the speckle quantities, we adopt the color indices of the stars employed
observations alone for an improved determination of the pe- by Bahng (1958) as the counterparts of the components of
riod. The adopted values of e and w are compromises. The y Per. His A3 V standard was A Gem, having B - V
values ofa", K, Vo and a are derived with , T, e, and w held = + 0.12, leading to log T = 3.919, B.C. = -0.1 mag
fixed. The adopted values of K, Vo and a differ slightly from (Popper 1980, Table I). The G8 III standards were x- Gem
those of solution (6) in Table II since slightly different val- and - Psc. For cool giants, Ridgway et aL. (1980) have

I0
0.25 0

U0
W 0.15 FIG. 5. Separationsp ofthe components of

y Per. Symbols as in Fig. 4. The curve is
from solution (1) ofTable IV.

0.05

1978.0 1980.0 1982.0 1984,0 1986.0

I!
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TABLE IV. Solutions to the visual orbit.

Sc' "ion

Element 1 2 3 4

P(y) 14.637 14.448 14.637 14.593

T(y) 1976.579 1976.579 1976.579 1976.548

e 0.784 0.792 0.784 0.782

a" 0.140 + 0.002 0.140 t 0.003 0.140 + 0.002 0.142 ± 0.003

ii(0 ) 90.49 ± 1.14 90.49 ± 1.14 90.22 + 0.92 90.23 ± 1.22

W(C) 355.3 ± 1.1 353.0 + 1.1 355.2 ± 1.0 353.2 ± 1.2

S(I) 245.2 ± 1.1 245.2 ± 1.1 245.2 ± 1.0 244.7 ± 1.2

±Ox") 0.0034 - 0.0034 ± 0.0026 ± 0.0041

cy")+ 0.0033 ± 0.0033 ± 0.0032 ± 0.0033

Solutions:

1. P(longer) and T adopted from spectroscopic solution no. 6. CHARA

observations only. Preferred solution.

2. P(shorter) and T adopted from spectroscopic solution no. 6. CHARA

observations only.

3. As solution 2, with observation in 1980.729 omitted.

4. Based upon speckle observations since 1977.0.

shown the Johnson V- K index to correlate well with T,. in the temperature scales themselves, which we are unable to
The values of this index are 2.11 and 2.19 for K Gem and -q estimate.
Psc, respectively (Johnson et al. 1966). The adopted value of
log T. is 3.715, based on the re-examination by Wing et aL. V. DISCUSSION
(1985) of the Ridgway et al. (1980) scale,* The correspond-
ing bolometric correction is - 0.3 mag. The cool giant in, Per takes its place along with those in a

The properties of the components are compiled in Table Aur (.4 = 3.3-fD, Shen et al. 1985) and 0 Cyg
VI. The uncertainties in the temperatures, and consequently (., = 2.5-',, McAlister 1982) as having directly deter-
in the radii R and surface gravities g, include effects from mined masses. Both components of y Per have masses well
uncertainties in the color indices, but not from uncertainties within the ranges found for other stars of their spectral types

and are not overmassive, as had appeared to be the case with
McLaughlin's minimum masses. On the other hand, as not-

*The temperature scale for cool giants in Popper (1980) was prepared ed by Bahng (1958) on the basis of the trigonometric paral-
before the work of Ridgway etal (1980) became available. Popper's values lax and by McAlister (1982), the stars appear to be consid-
ofT, are lower than the values of Wing etaL (1985) by several hundred K. erably more luminous than expected from the spectral types.
Discussions of binaries (e.g., Popper 1976), as well as of other topics in According to a recent discussion by Keenan (1985), the
which the lower scale was employed, require re-evaluation, average absolute magnitudes M, for A3 V and for G8 III
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TABLE V. Adopted orbital parameters. the observational uncertainties, the observed luminosities
are not completely unreasonable.

One might expect to obtain an estimate of the luminosity
P(y) 14.64 ± 0.05 class of the A star from the confluence of the higher

members of the Balmer series. However, in that region of the
T(y) 1947.30 ± 0.02 spectrum, the flux from an early A star falls with decreasing

wavelength more rapidly than the flux 6f a G8 giant. For
1976.6 ± 0.1 example, the Strbmgren index v-b is'about +0.8 for

G8 III and + 1.2 for A3 V, and the hydrogen lines of the A
e 0.79 ± 0.02 star are lost in the welter of strong metallic lines of the G star.

Satellite ultraviolet observations should be free of this diffi-
I( 0) 353 ± 1.5 culty. The components of the visual binary Cyg have ap-

j(0) 90.5 ± 1.3 proximately the same temperature class as the cool star in y
Per, and its mass and luminosity are also well determined
(McAlister 1982). Its surface gravity is approximately 0.8

245.2 ±1 2 dex ereater than that of the more luminous cool giant in y
Per. .i difference should be testable through differentiala"0. 140 0.004 analysis of high-resolution spectra of the stars as a further

check on the luminosity of the - Per giant.K (km s- 1) 13.7 ± 0.5 The closest counterpart to the A star in y Per among bina-
ries with well-established properties is the hotter component

(km s-1) 20.5 ± 1.0 of the evolved A type binary SZ Cen (Popper 1980),
_f = -2.3,,e', R = 3.6 RD. The G giant is over one magni-Vo C(kmn s- 1)  - 0.7 + 1.0 tude more luminous than its counterpart of comparable

( s- 1+2. ±10 mass in a Aur.
oh 2.0 1.0 While it is possible to fit the properties of each component

of y Per reasonably well to published post-main-sequencea (a.u. 4.17 ± 0.15 evolutionary tracks, the ages of the two stars evaluated in
S(a.u. 6.18 ± 0.30 this way differ by a factor of 2 or more. This discrepancy was

a. .0pointed out by McAlister (1982). The fundamentel diffi-
culty is that each star would appear to be in a short-lived
stage of post-main-sequence evolution, but the more massive
star should have completed its passage through all phases of
the giant configuration before the less massive star became

are + 1.2 and + 0.3, respectively. Thus, the stars (Table appreciably evolved. The rate of evolution is so highly mass
VI) are more luminous than these standard values by 1.0 dependcnt that, even with the uncertainties in the masses
and 1.4 mag. The uncertainties in Table VI are realistic ones, and other properties taken into consideration, as well as inavd the observations do not permit the luminosities to oe as evolutionary calculations, the serious discrepancy remains.

t as the standard values for the estimated types. While the For example, according to ben's (1967) tracks, the A star is
r c. ture classes of the components of y Per are well es- starting to move rapidly acrosr the Hertzsprung gap at an
, , I: 1, some uncertainty exists in the luminosity classes, age of 8 X los yr, while th, G giant has completed its rise to-

The standard 4solute magnitudes for A3 III and G8 Ilia, -the first giant up, has left the giant branch, and is approach-
for example, are + 0.3 and - 0.8, respectively (Keenan ing it for the second time, with an age of 3 X 10t yr. No
1985). If we take into consideration cosmic scatter as well as rational treatment of the observations can alleviate the dis-

TABLE 'tI. The components of y Per.

A star G giant

M +0.3 0.3 -1.1 ± 0.25

log L(Le) +1.80 ± 0.20 +2.44 ± 0.15

log T (K) 3.92 + 0.02 3.715 ± 0.015"-e

3.9 0.3 21 ±4

_ 2.03 ± 0.15 3.06 ± 0M30

log g 'cm s-2) 3.6 ± 0.2 2.3 ± 0.2

..' - "ONNOu4"Mm,
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crepancy significantly. In order for the A star to remain well //, stars would be more nearly equal, with the G giant in a
within the main-sequence band, at Mv = + 1.2, for exam- more advanced stage. Owing to the speculative nature of
pie, the parallax would have to be increased from 0.014 to these hypotheses, we refrain from further attempts to specify
0.022. Conformity to available evolutionary tracks would the evolutionary history. An observational test of the triple-
require an even greater parallax. However, the observed par- star hypothesis would be to look for shorter period variation
allax, 0011 + 0*006, is in good agreement with the value in the velocity of the G giant. Another possible test would be
derived from the binary star analysis. Much more signifi- the surface gravity of the G giant, evaluated by spectroscopic
cantly, the ratio of the angular semimajor axis of the relative analysis. The gravity would be less than the value in Table
orbit a' to the linear value a would have to be increased by VI.
nearly 60%. With cos w close to unity, the value of a" is We point out, finally, that all our understanding of the
given simply bypms,/(l + e). As seen in Fig. 5 ,pmax cannot rate of stellar evolution through the giant region, as depen-
exceed 0726, and even with e as small as the unacceptable dent on mass, comes exclusively from model calculations,
value 0.7, a" is increased by less than 10% over the adopted with almost no direct tests of the kind that appear to fail us in
value. With respect to the linear value a, as noted earlier, it is the case of y Per. A dilemma of the same kind, although not
insensitive to the adopted value of e. It is not possible for the so severe because the masses are more nearly equal, exists for
velocity variation of either star to be decreased significantly a Aur (e.g., Shen et al. 1985). We have previously noted
from the adopted results. Any systematic effect resulting (Popper 1980; McAlister 1982) another potential disagree-
from distortion of the profile of the K line in the A star ment between observations and generally accepted theory, -
spectrum by the profile in the G star could only require an namely that, on tl" - basis of the small number of masses of
increase in the size of the orbit over that derived, a change in cool stars of luminosity class Il1, the expected concentration
the opposite sense from that required. of masses below 2.4'/ is not found.

Of the various possible escapes that might be imagined
from this dilemma in the timescales (e.g., the A star is in a
state of pre-main-sequence contraction; the components are The work of both authors is supported by grants from the
not the same age and became gravitationally bound some National Science Foundation, while that of H. A. M. has
time after their formation; the A star has suffered mass loss received additional support from the Air Force Office of Sci-
recently; rapid rotation in the interior of the G giant has entific Research. D. M. P. is indebted to W. A. Hiltner and
slowed its evolution, etc.), the most plausible might be that A. P. Cowley for assistance in obtaining the Michigan pris-
the G star has an undetected close companion of mass, say, matic spectrograms of y Per. H. A. M. thanks his colleague
0.7.. Then the timescales for evolution of the 2.0 and 2.3 W. I. Hartkopf for assistance in calculating the visual orbit.
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ABSTRACT

One thousand five hundred and fifty measurements of 1006 binary star systems observed mostly during
1986 through mid-1988 by means of speckle interferometry with the KPNO 4 m telescope are present-
ed. Twenty-one systems are directly resolved for the first time, including new components-to the coolsupergiant a Her A and the Pleiades shell star Pleione. A continuing survey of The Bright Star Cata-logue yielded eight new binaries from 293 bright stars observed. Corrections to speckle measures from
the GSU/CHARA ICCD speckle camera previously published are presented and discussed.

I. INTRODUCTION for the 1983-1984 data is due to the somewhat lower quality
This paper presents further results from a continuing pro- of the calibration data available for that particular time peri-

gram of binary star speckle interferometry carried out at the od. We now adopt a calibration based upon the mean of all
4 m Mayall telescope at Kitt Peak National Observatory.gm o the scale and orientation measurements that we have deter-
detailed description of the observational technique and in- mined since the initiation of our ICCD speckle-camera sys-
strumentation, and of the methods of data reduction, analy- tem.

sis, and calibration, can be found in Paper II (McAlister et Using a laboratory spectrometer, we have carefully deter-
al. 198T) of this series. We have employed those same mined the effective wavelength of the Strbmgren y filter used

for the calibration observations. A correction for the tem-methods to derive the results presented here. peratures of the individual calibration stars was-also deter-
II. CALIBRATION REVISIONS mined by convolving the filter response against blackbody

curves appropriate to the stars we observed. Although theIn the course of the reduction of the observations obtained shift in the y effective wavelength is small, amounting to an
for this paper and in a series of analyses of binary star orbits overall difference in scale of 0.1%, we did fn the scatter to
based upon all of our previously published speckle data, we be measurably reduced among the collected scale valueshave found it necessary to revise the calibration basis for the once this temperature effect was included. We point out that
measurements published in the three earlier papers of this there ij no corresponding temperature effect for the program
series (McAlisteretal. 1987a,b; Lu etal. 1987). The calibra- stars; thus it is not necessary to apply a temperature correc-
tion of our speckle observations continues to be based upon tion for stars other than calibration stars.
the insertion of a double-slit mask at a pupil to produce a Residuals to newly determined double star orbits for some
fringe pattern within speckle images and is carried out exact- two dozen binaries showed a consistent discontinuity at the
ly in the manner described in McAlister (1977), the initial transition between the old'photographic speckle data andpaper from the speckle program begun by the first author in the new ICCD data. A thorough investigation of this effect1975. The mask is aligned E-W and the speckle camera is showed that the cause of this step distribution of the residu-
mounted at the Cassegrain focus so that north is in the Y als is due to the effective pixel geometry as determined by theI direction; thus the fringe pattern produced by the double-slit autocorrelator. Although the CCD has pixels that aremask provides a spatial calibration in the Xcoordinate. This square, the final pixel shape is determined not by the chip butmethod of determining the scale and orientation calibration by the redigitization done by the autocorrelator. The CCD
has served very well as a truly external means of converting camera electronics reids out the chip and converts the digi-
the linear measures from speckle power spectra or autocor- tal information into an analog video signal, specifically into
relograms into angular measures on the sky. The revision we standard RS- 170 video. The autocorrelator then digitizesdescribe here has three distinct causes. the video into approximately the same format as exists on the

The greatly expanded collection of calibration data now CCD, but, we discovered, with a slight timing mismatch so
available to us shows that the scale value at the speckle focal that one unit in Y is not exactly equal to one unit in . The
plane of the ICCD camera has been remarkably constant precise mismatch was measured simply by rotating the cam-since the digital camera was first used in 1982 at the 4 m era 90'-and taking calibration and binary star data in the
telescope. This has enabled us to determine a mean scale that orthogonal direction. Analysis of these data gave a correc-
has the primary effect of increasing the angular separations tion factor for the nonsquare pixelation such thatfor our data obtained during 1983-1984 by 1.5%, changes toother epochs being insignificantly small. The larger change Y/X = 1.0351 + 0.0030.

" Visiting Astronomer. National Optical Astronomy Observatories. This effect is therefore position-angle dependent.NOAO is operated by the Association of Universities for Research in As- In Fig. I we show residuals for two binary star systemstronomy, Inc., under contract with the National Science Foundation. before and after the combined calibration effects discussed
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0.450 ....... . . . -.-. proximate scales of 0.0052 or 0.00881 arcsec per pixel were
""4 normally used, except during the rare periods of very poor

o.'.3 : seeing (average stellar profile FWHM in excess of 3 arcsec)
0.430 - when a lowest magnification of 0.016 arcsec per pixel is used

+ .and then only for more widely separated and brighter bina-
.ies. Vector autocorrelograms were produced in real time atMCA 55 (19307+2748) a0.4903 7 * the telescope and subsequently reduced and analyzed in the

8 " CHARA image-processing laboratory at GSU in Atlanta.
0.4W Table I contains observational and catalog information

- 0.390 for the 21 newly resolved stars presented in this paper. As
.I a was initiated in Paper II, we assign each newly resolved star

0.380 " a CHARA number that continues from the last number as-
0.370 °signed in Paper III. Two hundred fifteen systems have been

newly resolved to date in this continuing program. The last
0.360 ADS 11111 (18095+0401) - column in Table I shows whether the system is a spectro-

03. • o scopic (SB), composite spectrum (Spm), or occultation
0,0 o (Occ) binary, a third component discovered in the course of
0.340 observing a previously known visual binary (Tri), a newly
0.330 " discovered binary resulting from a survey of The Bright Star
0.330 " Catalogue (Hoffleit 1982), or a Ba i star discovered as a

0.320 , ,,, result of our attempts to find binaries among this class of
1976 1978 1980 1902 193 1986 1988 stars. Two stars in the Pleiades cluster have been newly re-

Epoch of Ob,.qaton solved, the first (HD 23568) being indicated as double fromoccultation observations and the second being the famous
FIG. 1. The effect of the correction for nonsquare pixelization result- shell star Pleione, which The Bright Star Catalogue notes as

ing from the digiti7ation by the vector autocorrelator is shown for two beg st d long-priod pect biar e ha
binary star systems. In both cases, the plus signs are for angular-sepa- being a suspected long-period spectroscopic binary. We have
ration measures determined from speckle data obtained prior to 1982 observed Pleione on several occasions during the last few
using a photographic speckle-camera system, light squares are mea- years without having detected this companion. These nega-
sures from the ICCD camera and autocorrelator before scale correc- tive results do not contradict the present observation in
tion, and dark squares are the corrected measures. The scale correc- which the weak autocorrelation peak indicates a large mag-
tion clearly eliminates the discontinuity apparent in uncorrected data. nitude difference, a situation in which seeing and instrumen-
During the observation interval, McA 55 decreased in position angle tal parameters make detection problematic.
from 190' to 160', while ADS 1111 changed from 340 to 315: We also report a new companion to the M5 lb-I star a

Her A, the brightest member of the system ADS 10418. The
B component of the previously known system is itself a com-

above are applied to the data. The agreement between the posite-spectrum star. Reasonable assumptions regarding the
older photographic material and the more recent ICCD data mass of the cool supergiant and the distance to the star lead
is greatly improved by correcting the data for the effects to a rough estimate of 100-150 yr for the period of the newly
described above. The average change in angular separation is discovered companion. We have learned from Dr. Myron A.
approximately an increase by 2.5%, while the average Smith (private communication) that his radial-velocity
change in position angle is about 05. The corrected values of measures for a Her A during the last 4 yr have shown an
our earlier ICCD data can be obtained upon request from the increase in velocity by about I 1 km/s during a 3 yr interval,
authors in the form of a Second Catalog of Interferometric with an apparent turnover in velocity during the fourth year.
Measurements of Binary Stars (McAlister and Hartkopf This suggests yet another component with a period of the
1988) or from the Washington Double Star Catalog (WDS) order of a decade. Thus this system may, in fact, have five
maintained by Charles Worley at the U. S. Naval observa- physicJ co-.;ponents.
tory. We chose to disseminate the revised measures in this The ne:v speckle measurements of binary stars are pre-
manner rather than by publishing somewhat complicated sented in Table II, where we continue the format used in
correction formulas or by republishing complete tables of Paper 11. This collection contains several measurements
the earlier results because most users ofdouble star measures from 1985 that were omitted in Paper II, including the two
request a complete listing of all measures of a given system, newly resolved Ba it stars (CHARA 129 and 140) that were
regardless of their technique of origin, from the WDS. observed as a supplement to the survey of high-velocity stars

Ill. NEW MEASUREMENTS for which details have been published in Paper III. Two mea-
surements are also given for HR 6168 (a, Her) from 1977

The GSU ICCD speckle camera was scheduled for 25 that were obtained with the photographic speckle camera,
nights during five observing sessions between May 1986 and the instrument used to collect data for the series of speckle
May 1988. On these nights, 3636 series oi'observations were observations that ended with the paper by McAlister et al.
accumulated during 221 hr suitable for speckleinterferome- (1984). The HR 6168 result for 1977.1781 is a previously
try. The average observation rate was thus 16.4 stars per hr. unpublished measure, while that for 1977.3284 is a correc-
A typical observational sequence consists of 90 s of data ac- tion of the position-angle value that was originally pub-
quisition at standard video rates, the individual exposures lished. While the coordinates in Table II are for equinox
controlled by gating the high voltage on the microchannel 2000.0, the position angles have not been corrected for
plate tube to 15 ms. The Strrmgren y filter is usually used, precession and are thus based upon the equinox for the ep-
except for fainter objects, when a wider-bandwidth filter och of observation shown as the fraction of the Besselian
centered on y is employed. Magnification optics yielding ap- year.
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TABLE I. Newly resolved binary stars.

CHARA a, 6 Spect. Disc. Binary

I Number HR/DM Name HD SAO ADS (2000) V Class. Sep. Type

121 9097 - 225094 10942 - 00034+6339 6.24 B3Iae 0.196 BSC

122 Aa 9105 - 225218 36037 30 00046+4206 6.01 B9111 0.110 BSC

123 63 0 And 1280 53777 - 00171+3841 4.61 A2V 0.057 BSC

124 +240562 - 23568 76183 - 03470+2431 6.81 B9.sV 0.208 Occ.,Pleiad

125 1180 28 Tau 23862 76229 - 03492+2408 5.09 B8Vpe 0.217 Pleiad

126 1176 - 23838 39134 - 03501+4458 5.66 G21II+F2:V 0.031 SB

127 Aa - - 31033 76811 3501 04536+2522 7.2 AO 0.075 Tri.

128 Aa 2257 4 Lyn 43812 25678 4950 06221+5922 5.94 A3V 0.187 Tri.

129 2392 - 46407 151625 - 06328-1110 6.24 KOIII:Ba3 0.161 BalI3 130 +1902069 - 73712 98019 - 08402+1921 6.78 A9V 0.088 0cc.

131 3635 - 78661 98400 - 09098+1134 6.48 F2Vp 0.089 Occ.

132 Aa -2309339 - 91172 178922 7809 10311-2411 7.5 F3+A5 0.110 Spm.

133 4380 55 UMa 98353 62491 - 11191+3811 4.78 A2V 0.068 BSC

134 4528 4 Vir 102510 119058 - 11479+0815 5.32 Al 0.259 BSC

S135 4632 3 Co 105778 99973 - 12105+1649 6.39 A4V 0.262 BSC

136 4642 - 106022 82181 - 12120+2832 6.49 F5V 0.209 BSC

137 5372 - 125632 29098 - 14189+5452 6.53 A5Vn 0.103 BSC

138 Aa 6130 - 148374 17073 10052 16238+6142 5.67 G8III 0.211 Tri.

139 Aa 6406 a Her 156014 102681 10418 17146+1423 3.48 M5Ib-II 0.192 BSC

140 +1003801 - 178717 104535 - 19094+1014 7.10 K41II:Ba4 0.250 Ball

141 +0004982 - 219420 128069 - 23157+0119 6.8 F5 0.061 Occ.

I
We emphasize that speckle interferometry does not, shown motion since their first measurement requiring a val-

through autocorrelation or power-spectrum analysis, reveal ue of 0> 180 °.
the true quadrant of the secondary. Therefore all quadrants The 1550 measurements of 1006 systems in Table It corn-
are potentially ambiguous by 180" in position angle. Speckle bine with all previous measurements from this program to
images preserve the true quadrant information as well as the give a total of 7252 speckle measurements of binary stars
intensity differences of the component stars, but other pro- resulting from the GSU speckle program as carried out at
cessing algorithms more sophisticated than simple autocor- Kitt Peak National Observatory. In the Second Catalog of
relation methods are required to extract this information. Interferometric Measurements of Binary Stars (McAlister
Such methods certainly exist, and a major emphasis of the and Hartkopf 1988) there are 8976 measurements from all
CHARA program is to develop an image-reconstruction al- interferometry groups known to the authors as of July 1988.
gorithm that efficiently and reliably permits the determina- Many stars first resolved earlier in our program, the
tion of the photometric properties of the components at sep- "McA" and "CHARA" stars, have been confirmed as bina-

U arations down to the diffraction-limited cutoff. Examples of ries in the present series of measurements. Six McA stars
first results for speckle photometry, as we call such methods (nos. 13, 17, 31, 39, 50, and 59) that had not been previously
to distinguish them from the primarily astrometric applica- cffirmed by us and 50 CHARA stars are measured here
tions ofspeckleinterferometry, can be found in newstudies of following their initial resolutions. While some of these sys-
Capella (Bagnuolo and Sowell 1988) and the Hyades binary tems have shown little orbital motion during the years fol-
70 Tauri = Finsen 342 (McAlisteretal. 1988). In Table II, lowing their first resolution, others are exhibiting very rapid
we adopt quadrants consistent-with micrometer measures motion. Such objects include CHARA 18 = HR 1458 (88
for known visual binaries, but we-arbitrarily adopt 0,1180* Tau), with 100" of position-angle change in 2.4 yr, and
for objects for which true quadrant determinations are not CHARA 26 = HR 2837 (61 Gem), with 108" of motion in
available. The exception to this rule is for those objects that 4.2 yr.
have been first resolved by speckle interferometry and have The mean angu!ar separation of the observations in TableI
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TABLE II. Binary star speckle measurements.

HR 9097 CHARA 121 225094 00034+6339 +6100159 MIr 26 4116 00444+6210'

1986.8967 344 0".196 1987.7695 48.2 0.210

ADS 30 CHARA 122 Aa. 225218 00046+4206 ADS 684 Bu 232 AB 4777 00504+5038

1986.8967 94.9 0.110 1986.8887 240.9 0.848
ADS 32 STF 3056 AB 226220 00046+3416 1987.7570 241.5 0.850

1987.7696 143.6 0.718 ADS 701 A 1808 4934 00516+2238
ADS 61 STF 3062 AB 123 00062+5826 1986.8860 173.8 0.107

1987.7595 303.6 1.448 1987.7623 177.3 0.113
ADS 102 STF 2 431 00091+7043 ADS 732 A 2307 5143 00532+0406

1987.7596 22.7 0.672 1987.7596 45.3 0.325
+1800003 Cou 247 489 00095+1907 +4200196 Cott 1654 5178 00542+4318

1987.7542 356.0 0.419 1086.8860 103.1 0.159
ADS 124 Bu 253 570 00104+5831 1987.7543 104.6 0.160

1987.7695 35.0 0.611 ADS 746 STT 20 AB 5267 00546+1912
ADS 143 STF 7 709 00116+5558 1986.8940 208.8 0.443

1987.7595 211.5 1.331 1987.7596 209.0 0.472
ADS 147 Bu 255 744 00119+2825 ADS 749 Hu 802 5259 00549+4924

1986.8940 75.1 0.506 1986.8887 216.7 0.358

1987.7595 75.2 0.519 1987.7543 216.4 0.360

ADS 148 CHARA 1 Aa 761 00122+5337 ADS 756 STF 73 AB 5286 00560+2338
1987.7543 59.8 0.071 1986.8887 277.2 0.685
1987.7622 61.5 0.066 1987.7544 280.1 0.692

ADS 161 STT 2 AB 895 00134+2659 ADS 768 Bu 500 5315 00554+3040
1986.8966 184.5 0.286 1986.8887 299.0 0.510

ADS 197 A 1256 AB 1082 00152+4406 1987.7644 299.7 0.600
1986.8859 68.8 0.105 ADS 777 Hu 1207 5398 00561+3352

ADS 207 STF 13 1141 00163+7657 1987.7543 184.7 0.329
1987.7596 56.5 0.913 ADS 773 A 1259 232319 00561+5406

HR 63 CHARA 123 1280 00171+3841 1987.7596 91.0 0.123
1986.8969 141.6 0.057 ADS 784 Bu 1099 AB 5408 00568+6022

ADS 238 A 1803 AB 1317 00173+0852 1986.8860 323.0 0.244
1986.8859 142.6 0.088 1987.7570 325.8 0.249

ADS 243 A 803 1360 00182+7256 ADS 795 Hid 4 5502 00576+5424
1986.8859 280.6 0.201 1987.7596 227.5 0.125

1987.7596 283.0 0.204 ADS 805 Bu 302 5641 00583+2124
ADS 281 Bu 1015 1634 002061219 1986.8887 165.7 0.427

1987.7542 78.5 0.340 1987.7596 167.2 0.420
ADS 293 STT 6 AB 1658 00214+6700 ADS 819 A 1902 5781 00593-0040

1987.7596 154.8 0.561 1987.7596 182.8 0.319
ADS 295 Cou 347 Aa 1688 00214+2744
ADS 328 .u 506 1976 00243+5201 1986.8860 136.6 0.206

AD H16. 197 0 23+ 0 ADS'832 A 926 5851 01011+6021
1986.8859 48.5 0.168 1987.7570 325.2 0.379

ADS 332 A 908 236401 00245+5632 ADS 828 Bu 867 5 988 01014+1155
1987.7595 239.7 0.421 987.7596 6.7 00

ADS 382 A 1504 AB 2471 00287+3718 1987.7696 6.7 0.390
1987.7595 37.6 0.544 +3400164 Cou 854 5955 01014+335

ADS 397 A 649 2549 00298+6905 1986.8860 0.7 0.132

1987.7596 319.1 0.428 1987.7596 354.0 0.131
ADS 4!6 Bu 394 1675 00308+4732 ADS 836 A 2901 5839 01015+6921

1086.8859 303.2 0.152 1986.8887 53.4 0.411

1987.7595 309.4 0.111 1987.7570 53.9 0.414

ADS 434 STT 12 2772 00318+5432 ADS 854 A 2003 6094 01023+0552

1086.8940 187.5 0.468 1987.7596 308.4 0.178

1987.7595 188.2 0.464 ADS 859 Bu 1161 6084 01029+5148

+2600072 Cou 547 2854 00320+2740 1986.8887 6.0 0.366

1986.8859 204.8 0.070 1987.7543 5.3 0.368

ADS 450 A 111 AB 2880 00321-0511 ADS 862 STT 21 6114 01030+4723

1987.7542 138.8 0.171 1987.7596 174.6 1.035
ADS 463 Ho 3 2993 00335+4006 ADS 871 Hu 517 - 01037+5026

1987.7543 119.8 0.262 1986.8887 26.0 0.564

+2900099 Cou 654 - 00345+3015 1987.7543 26.7 0.668
ADS 873 Ho 213 6264 01039+3528

1986.8859 213.9 0.235 1987.7543 00.5 0.291
ADS 490 Ho 212 AB 3196 00352-0336 ADS 884 A 2310 6387 01048+0135

1985.8401 292.0 0.250 1087.7596 325.1 0.290
1986.8859 331.5 0.118 ADS 883 A 1515 - 01049+3649
1987.7542 7.9 0.149 1986,8860 288.6 0.242

ADS 493 STT 15 3210 00358+4901 1987.7543 288.6 0.246
1086.8859 318.4 0.220 ADS 916 A 931 6553 01070+4744
1987,7595 310.5 0.217 1986.8887 90.3 0.074

ADS 504 A 914 3304 00366+5608 1987.7623 95.0 0.073

1987.7595 31.3 0.447 ADS 918 A 1516 AB 6686 01071+3839
ADS 559 Bu 257 3700 00402+4715 1086.8014 6 5.6 0.144

1987.7595 247.3 0.644 1987.7596 76.7 0.140
+3500117 Cott 1051 3742 00405+3627 1987.7623 75.3 0.141

1087.7505 81.0 0.442
ADS 597 A 2205 - 00429+2047

1987.7622 207.8 0.247

U- 
Po-.
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TABLE 11. (continued)

ADS 936 AC 13 AB 6767 01088+4512 +2800295 .Jc - 01465+2936
1986.8914 262.9 0.601 10 69.9 0.272
1987.7543 263.1 0.590 ADS 1410 ,L 1523 - 01472+4212ADS 940 STT 515 6811 01093+4716 1986.8887 64.1 0.3§9
1986.8915 133.5 0.486 1987.7571 64.9 0.4021987.7543 133.4 0.487 ADS 1438 STF 162 AB 11031 01492+4754ADS 955 Bu 303 6886 01096+2348 1086.8042 202.5 1.993
1986.8914 290.8 0.657 ADS 1438 CHARA 4 A29 11031 01492+47541987.7544 291.0 0.654 1986.8887 24.9 0.151ADS 963 Bu 235 As 6918 01106+6101 1987.7671 29.9 0.150

1987.7570 126.9 0.982 ADS 1437 A 950 AB 236885 01495+5646ADS 993 A 1260 7255 01131+2942 1987.7625 226.9 0.1631987.7568 46.5 0.225 +2500311 Coll 452 11245 01&10+2551
ADS 1006 Hu 803 - 01151+3416 1986.8888 119.8 0.2941987.7570 206.3 0.849 1987.7572 180.1 0.292
ADS 1039 Hu 520 7695 01178+4946 ADS 1461 A 951 11126 " 01512+60211986.8915 164.6 0.314 1987.7571 218.2 0.4451987.7570 165.4 0.316 ADS 1473 Ho 311 11284 01512+2439
ADS 1040 STF 102 AB 7710 01178+4901 1987.7625 312.0 0.097

1986,8915 278.5 0.489 ADS 1509 A 953 11472 01547+5955
1987.7570 278.9 0.490 1987.7571 66.8 0.800ADS 1045 A 937 7759 01181+4707 ADS 1522 STF 183 AB 11671 01551+28471987.7570 218.4 0.292 1986.8888 170.3 0.303

+3200229 Cou 663 7854 01187+3245 1987.7572 169.0 0.30G1986.8914 174.9 0.323 ADS 1538 STF 186 11803 01568+0151
1987.7670 174.4 0.323 1987.7572 57.6 1.217ADS 1081 STF 113 A,BC 8036 01198-0029 1987.7651 57.2 1.2121987.7668 16.4 1.604 ADS 1637 A 1524 AB 11748 01563+4251ADS 1081 Fin 337 BC 8036 01198-0029 1986.8887 235.6 0.344
1987.7568 267.0 0.114 1987.7571 238.0 0.350ADS 1105 STF 115 AB 8272 01233+5808 ADS 1548 A 819 AB 11849 01570+31011986.8861 303.4 0.090 1086.8888 203.5 0.3311987.7544 296.9 0.073 1987.7572 205.7 0.319
1987.7625 295.4 0.081 ADS 1549 A 818 11826 01573+4812ADS 1123 Bu 1163 8556 01243-0655 1987.7571 206.1 0.308
1986.8887 205.4 0.219 ADS 1554 A 1526 11869 01576+44331987.7623 201.8 0.151 1987.7625 252.8 0.120+2600235 Cou 666 - 01258+2733 +4000426 Cott 1510 - 02016+41071986.8914 154.5 0.314 1986.8888 130.2 0.377
1987.7568 154.3 0.331 1987.7571 131.4 0.360

ADS 1183 A 1910 AB 9071 01296+2250 ADS 1598 Bu 513 AB 12111 02019+70541986.8887 298.6 0.057 1986.8942 222.6 0.7871987.7625 287.3 0.069 ADS 1615 STF 202 12446 02020+0246
+4500359 Cou 1659 9031 01298+4647 1986.8942 280.2 1.9001987.7570 24.1 0.296 ADS 1613 A 1813 AB 12376 02022+3643+6700131 CHARA 3 9015 01308+6722 1986.8888 13.2 0.142

1986.8861 320.5 0.205 1987.7625 28.0 0.097HR 439 McA 3 9352 01334+5820 +0800316 McA 4 12483 02026+0905
1986.8861 115.5 0.124 1986.8888 141.2 0.225
1987.7544 115.6 0.119 1987.7572 142.0 0.2291987.7625 112.9 0.109 ADS 1030 STT 38 BC 12534 02035+4223ADS 1224 A 1912 AB 9532 01342+3611 1986.8887 107.7 0.531
1987.7570 1.6 0.199 1987.7571 108.1 0.5741987.7625 1.1 0.199 +6900129 MIr 375 12 300 02038+7013ADS 1263 A 817 9841 01371+4843 1987.7571 206.6 0.232
1986.8915 28.5 0.476 +3800401 Cou 1365 12592 02043+39241987.7570 29.5 0.477 1986.8888 129.7 0.196+3900367 Cou 1214 - 01373+4015 1987.7625 129.7 0.194
1987.7570 175.9 0.310 +2900357 Cou 455 - 02055+3018HR 466 Kui 7 10009 01376-0924 1986.8888 97.2 0.456
1986.6887 354.6 0.120 1987.7571 98.0 0.449
1987.7623 349.1 0.126 +3400379 Cott 1067 13102 02090+3541ADS 1286 A 1266 10031 01392+5436 1986.8888 13.1 0.1181986.8916 235.2 0.221 1987.7625 16.0 0.131* 1987.7570 235.9 0.214 ADS 1680 A 2325 - 02097+0048

ADS 1309 A 1267 10146 01405+5457 1 020
1..3 + 1987.7672 119.3 0.2551986.8861 2.9 0.273 +4300436 Cou 1667 - 02107+44261987.7570 2.6 0.274 18.65 7. .5

ADS 1327 A 1268 10273 01417-5323 ADS 1701 Ho 497 13496 02128+3722
1987.7625 265.0 0,126 1986.8888 83. 6 0.541

ADS 1341 B 2550 B - 01425+5000 1987.7571 82.9 0.529
1987.7570 274.1 0.227 HR 643 CHARA 5 13520 02132+4414ADS 1359 Bu 870 10543 01443+5732 1987.7571 186.6 0.221
1987.7571 359.5 0.861 HR 640 McA 6 13474 02145+6631ADS 1375 A 2322 - 01449+1951 1986.e889 75.7 0.054198'7.7625 121.8 0.087

I
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TABLE II. (continued)

HR 667 Cott 79 13872 02157+2503 HR 936 f Per Aa 19356 03082+4057
1986.8888 64.9 0.086 1986.8861 133.7 0.104
1987.7626 54.6 0.147 1986.8917 133.7 0.099

+4000469 Cott 1669 13844 02160+4046 +1700515 Cott 359 - 03143+1821
1986.8889 173.0 0.223 1986.8889 170.6 0.165
1987.7626 171.6 0.236 ADS 2429 Hu 1055 - 03161+1618

+4000476 Cott 1670 14137 02183+4120 1986.8889 84.9 0.206
1986.8916 46.3 0.150 ADS 2436 STT 52 AB 20104 03175+6539
1987.7626 48.9 0.146 1986.8945 69.2 0.465

ADS 1763 Egg 2 Aa 14189 02186+4017 1987.7653 69.4 0.465
1986.8888 112.8 0.136 +2800532 CHARA 9 21242 03266+2843
1987.7626 120.3 0.148 1986.8889 62.4 0.438

+2400344 Cou 357 14918 02250+2529 1987.7651 62.3 0.438
1986.8888 135.9 0.281 HR 1036 CHARA 10 21335 03271+1845

ADS 1833 STF 257 14817 02257+6133 1986.8862 127.4 0.076
1986.8943 49.7 0.346 ADS 2546 Cou 260 21437 03280+2028
1987.7653 51.8 0.349 1986.8889 22.3 0.232

+4400500 Cou 2011 15174 02279+4523 1987.7572 22.5 0.233
1986.8942 68.3 0.344 ADS 2538 A 980 21203 03283+6015

HR 719 Kul 8 15328 02280+0158 1986.8944 11.8 0.271
1986.8915 33.6 0.614 1987.7545 10.2 0.280

ADS 1860 CHARA 6 Ap 15089 02290+6724 +3400678 Cou 1079 AB 278801 03333+3522
1987.7651 150.1 0.347 1987.7572 36.8 0.313

ADS 1938 STT 42 AB 15703 02333+5218 +5700730 CHARA 117 21794 03337+5752
1986.8916 285.8 0.135 1986.8862 180.5 0.096
1987.7627 286.8 0.130 1987.7654 201.0 0.097

+7900075 MIr 449 15416 02361+7944 ADS 2616 STF 412 AB 22091 03345+2428
1987.7653 196.0 0.278 1986.8889 1.8 0.625

+3900577 Bas 16097 02363+4012 1987.7545 1.9 0.630
1986.8888 71.5 0.310 ADS 2627 Cou 688 Aa 22181 03353+2651

HR 763 McA 7 16234 02366+1226 1986.8889 194.0 0.462
1986.8888 169.6 0.051 1987.7545 197.1 0.479
1987.7626 131.1 0.065 ADS 2628 Bu 533 . 22195 03356+3141

ADS 1992 A 1278 16283 02383+4604 1986.8943 41.6 1.095
1986.8916 152.5 0.127 1987.7545 42.6 1.095
1987.7626 149.1 0.129 ADS 2630 A 1535 22193 03361+4221

ADS 1985 STF 278 16096 02389+6918 1987.7545 321.0 0.645
1986.8943 36.7 0.495 +4400T47 Cott 1862 22209 03364+4518

ADS 2010 A 2023 16486 02393+2552 1987.7546 16.1 0.308
1986.8888 226.6 0.593 +3100637 Cou 691 - 03423+3141

HR 781 Fin 312 16620 02396-1153 1987.7654 111.9 0.087
1986.8888 289.6 0.126 ADS 2746 A 1828 23403 03450+0504
1987.7626 12.7 0.103 1987.7572 13.4 0.154

ADS 2028 A 1928 16619 02398+0009 +2300512 Cott 560 23387 03456+2420
1986.8915 269.2 0.158 1986.8889 0.2 0.243

HR 788 McA 8 16739 02422+4012 1987.7572 0.4 0.238
1986.8862 69.4 0.042 1987.7628 0.9 0.239
1986.8888 69.1 0.041 +2400562 CHARA 124 23568 03470+2431
1987.7626 79.8 0.047 1987.7628 4.1 0.208

HR 793 p Ari 16811 02424+2000 ADS 2776 Bit 1184 23743 03483+2223
1986.8888 253.4 0.042 1986.8889 270.2 0.503
1987.7626 266.8 0.052 1987.7544 270.5 0.50",

+4700717 Cou 2013 17670 02520+4831 ADS 2765 STT 62 23406 03488+6445
1986.8917 96.6 0.208 1987.7546 319.5 0.363
1987.7653 92.4 0.206 HR 1180 CHARA 125 23862 03492+2408

ADS 2185 A 2906 AB 17743 02529+5300 1987.7628 54.9 0.217
1986.8916 134.2 0.169 HR 1176 CHARA 126 23838 03501+4458
1987.7653 134.4 0.180 1986.8862 62.0 0.031

ADS 2200 Bu 524 AB 17904 02637+3820 ADS 2799 STT 65 23985 03504+2536
1986.8917 273.7 0.189 1986.8945 209.3 0.434

ADS 2246 Bit 1173 AB 18442 02586+2408 1987.7545 210.1 0.407
1987.7653 87.8 0.228 ADS 2811 A 1830 24104 03513+2621

ADS 2253 Bu 525 18484 02589+2137 1986.8862 194.1 0.118
1986.8943 259.0 0.512 1987.7654 194.9 0.145

ADS 2257 STF 333 AB 18519 02592+2120 HR 1199 Kuil 15 24263 03519+0633
1986,8943 207.5 1.459 196.9590 207.7 0,681

ADS 2271 A 1529 18549 03006+4753 1986.8945 207.6 0.679
1987.7653 163.4 0.209 1987.7546 207.8 0.683

ADS 2276 A 827 18424 U3024+7236 +2700582 Cou 696 "82993 03520+2801
1987.7653 247.1 0.230 10 8 6 6 53.4 02

HR 915 "y Per 18925 03048+5330 I986.8862 55.4 0.221
1986.8861 63.9 0.221 1987.7572 52.0 0.219
1987.7653 64.3 0.194 ADS 2815 STT 66 24117 03521+4048ADS 2336, STY 346 A 19134 03055+2515 1987.7545 143.0 0.9571986.8943 63.9 0.260 ADS 2911 Hu 27 25034 03591+00481987.7546 302.3 0.305
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TABLE II. (continued)

ADS 2928 A 1937 25248 04008+0505 ADS 3210 Bu 1185 27989 04256+1852
1987 1,599 202.5 0.155 1986.8864 216.9 0.128"

+3500785 Cou 1081 279230 04009+3618 1987.7600 212.6 0.167
1986.8862 21.2 0.187 1988.2600 209.1 0.176
1987.7599 23.2 0.186 HR 1391 Fin 342 A. 27991 04266+1557

+1500571 Hei 34 285332 04022+1532 1986.8864 89.7 0.094
1987.7599 23.7 0.360 1986.8890 8813 0.096

ADS 2965 McA 13 An 25555 04044+2406 1987.7655 65.4 0.087
1986.8862 6.0 0.036 ADS 3211 Hu 609 27961 04262+3443
1987.7655 339.2 0.036 1987.7600 2.5 0.188

+1900662 CHARA 13 25811 04063+1952 ADS 3228 Bu 1186 28217 04275+1113
1986.8862 59.9 0.074 1986.8890 124.3 0.188
1986.8890 60.6 0.079 1987.7600 122.6 0.181
1987.7655 66.9 0.074 HR 1411 McA 15 28307 04286+1557

+3900930 Cou 1394 276063 04070+3934 1986.8864 354.7 0.221

1987.7545 119.4 0.247 1986.8890 354.7 0.221

+4500876 Cou 2025 25891 04081+4535 1987.2689 353.3 0.104
1987.7600 352.2 0.203

1986.8862 331.8 0.287 ADS 3227 Bu 745 28062 04287+63551987.7545 332.7 0.27819680 10.043

+3300795 Cou 1082 25976 04081+3407 1086.8800 110.4 0.4031987.7600 111.1 0.404

1986.8862 59.5 0.288 ADS 3248 Hu 1080 28363 04290+1610
1987.7546 59.4 0.288 1986.8890 258.8 0.458

ADS 3007 A 908 25987 04089+4614 1987.7546 258.9 0.455
1986.8862 258.1 0.16218.20 253 044
1987.759 255.2 0.159 ADS 3246 A 1713 - 04294+4407ADS 3032 A 469 26294 04094-0756 1986.8890 205.3 0.430
1986.8889 112.5 0.166 197.7600 205.9 0.45

+4200904 Cott 1702 26139 04100+4235 +1700735 Cott 67 128436 04298+1741

1986.8862 126.6 0.167 1986.8917 19.4 OC151
1987.7599 128.1 0.169 1987.7600 19.9 0.143

ADS 2963 STF 460 25007 04101+8042 ADS 3264 STF 554 2849 5 04301+1538
1986.89451987.7600 18.8 1.664
1987.7545 119.7 0.772 81400721 CHARA 17 28931 04340 1610

+3100718 Cou 880 26385 04117+3133 1987.7600 60.4 0.169
1987.7646 43.9 0.718 ADS 3300 A 1714 28803 043444241

+2300635 CHARA 14 284163 04119+2338 1987.7600 252.8 0.393

1987.7546 96.0 0.113 ADS 3317 CHARA 18 Aa 29140 04357+1010
ADS 3053 STT 74 26547 04123+0939 1986.8865 66.2 0.089

1986.8864 273.7 0.225 198.7656 102.6 0.11s

1987.7546 274.4 0.210 1987.2601 116.8 0.136
ADS 3064 A 1938 26690 04136+0743 ADS 3326 A 1840 AB - 04361+0813

1986.8406 236.7 0.062 1986.8918 101.2 0.166
1086.8864 290.8 0.110 1987.7601 98.5 0.163
1986.8890 290.3 0.108 ADS 3329 STT 86 29193 04366+1945

1987.7655 308.4 0.146 1986.8917 13.5 0.471
1988.2600 316.8 0.153 1987.7574 13.3 0.469

ADS 3098 STF 511 26839 04179+5847 +3000697 Cou 883 282310 04378+3116
1986.8890 101.5 0,488 1987.7573 50.0 0.264
1987.7545 100.5 0.488 ADS 3332 A 1010 29180 04378+4442

HR 1331 McA 14 A& 27176 04185+2135 1986.8892 341.3 0.507
1986.8865 111.3 0.089 1987.7573 341.5 0.511
1986.8890 112.5 0.086 ADS 3360 A 2035 286952 04387+1011
1987.7656 67.4 0.078 1987.7574 111.4 0.228

ADS 3105 STT 75 26882 04186+6029 ADS 3371 Bu 1044 29662 04398+1632

1986.8890 178.9 0.414 1987.7574 210.8 0.651
1987.7646 181.3 0.416 ADS 3358 Bu 1295 AS 29316 04399+5329

ADS 3135 STT 79 27383 04187+1632 1987.7601 91.1 0,073I 1986.8864 204.0 0.186 ADS 3358 STF 566 AC 29316 04399+5329
1987.7546 219.3 0:206 1987.7601 219.5 0.719
1988.2600 225.6 0.217 ADS 3370 Hu 442 29638 04400+2301

ADS 3169 STT 82 AB 27691 04228+1504 1987.7574 568 0.145
1987.7600 352.6 1.358 ADS 3387 A 2353 29727 04416±1643

HR 1375 CHARA 16 27742 04236+2059 1986.8917 162.6 0,159
1986.8865 1.0 0.233 1987.7574 162.5 0.155

ADS 3112 STT 80 27650 04236+4226 HR 1497 McA 16 29763 04422+2257
1986.8890 156.6 0.356 1986.8365 33',.6 0.197
19!7.7548 156.6 0.355 1987.2f1i ?45.8 0.215

ADS 3182 Hu 304 27820 04239+0928 1987.7573 '325.9 0.196
1986.8890 83.5 0.142 1988.2001 323.4 0.194

ADS 3191 Bt 1235 27832 04245+2245 ADS 3389 A 1014 20509 04460+5712
197+7600 60.5 0.316 1987.7573 .324.9 0.280

ADS 3184 A 834 AB 27696 04254+5623 ADS 3391 A 1013 29606 04432+5932
1986,8890 219.4 0.638 1986.8892 245.6 0.128
1987.7601 220, 0.642 1987.1601 251.7 0.144

+3901054 Cott 1524 29911 04445+39535 1987.7R01 199.5 0.195

I
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TABLE 11. (continued)

+4201045 Cou 2031 30090 04465+4220 ADS 4032 Ho 226 AB 35586 C5270+2737

1986.8802 321.0 0.094 1986.8838 261.3 0.763
ADS 3447 A 1645 AB 30245 04477+4014 ADS 4038 McA 19 Aa 35671 05271+1758

1087.7573 95.7 0.421 1086.8803 281.6 0.060
+4301060 Cou 2033 30255 04480+4339 1987.2717 274.3 0.069

1986.8892 136.3 0.211 1988.2490 275.7 0.083
1987.7673 130.3 0.206 ADS 4078 Dn 6 36058 05290-0318

ADS 3465 A 2621 30636 04496+0213 1988.2546 211.1 0.137

1986.8918 81.6 0.161 .0100918 Rot 4781 36219 06301-0145

1987.7601 81.9 0.149 1986.8838 199.0 0.403

+1400770 CHARA 20 30712 04506+1505 1986.8892 199.1 0.405
1988.2601 120.5 0.085 ADS 4115 STF 728 36267 05307+0556-

ADS 3475 Bu 883 AB 30810 04512+1104 1986.8838 47.8 1.031
1986.8918 142.7 o.iS, ADS 4134 Hei 42 As. 36486 05320-0018
1987.7574 182.9 0.107 1986.8892 139.7 0.253

ADS 3483 Bu 552 AE 30869 04618+1339 1988.2545 139.7 0.261
1986.8837 15C.2 0.373 HR 1891 Fin 345 37016 0535-0426

1987.7601 162.0 0.401 1986.8838 92.8 0.362

1988.2600 166.7 0.403 +2001009 Cou 270 36880 05357+2054
ADS 3488 Hu 819 30884 04529+3548 1986.8918 45.0 00428

1987.7573 278.8 0.441 ADS 4208 STF 749 AB 37098 052+266
ADS 3501 A 1843 AB 31033 04536+2522 1986.8918 325.6 1.122

1987.7573 290.0 0.519 +43O0i15 CHARA 21 36948 05373+4404
ADS 3501 CHARA 127 Am 3!033 04536+2522 1986.8893 50.4 0.127

!987.7573 109.9 0.075 1988.2601 69.2 0.124
ADS 3490 Hu 818 30807 04539+5603 HR 1853 MIr 314 36496 06375+6642

1987.7573 72.6 0.E48 1986.8837 141.8 0.107
HR 1669 McA 17 31283 04548+1125 ADS 4203 A 1562 36928 05373+4339

1987.7574 309.5 0.207 1986.8893 350.0 0.403
ADS 3522 A 1019 AB 31356 04651 -0033 ADS 4220 Bu 1240 AB 37209 05386-t3030

1987.7601 122.9 0.161 1986.8893 24.4 0.112
ADS 3642 ST-T 91 31466 04562+C311 lI.8.2490 18.2 0.122

1987.7601 227.5 0,408 1988.2545 18.3 0.122
ADS 3536 D 5 31278 04573+545 ADS 4241 Bu 1032 Ab 37468 05387-0235

1987.7673 227.9 0.483 1086.8918 142 6 0.253
ADS 3558 A 2624 31622 - 04573+0100 1988.2546 140.6 0.253

1987.7601 306.9 0.330 ADS 4247 -A 2709 37477 - 05390+1150
+2600767 Cou 758 284006 04581+2618 1986.G9018 56.8 0,270

1987.7573 143.7 0.375 ADS 4236 A 1564 37265 05394+4343-
+4001114 Cou 1717 31519 04585+4047 1986.8893 138.1 0.154

1987.7673 118.2 0,252 ADS 4243 STT 112 37384 05398+3768
ADS 3673 A-1303 31578 04699+5328 1986.8858 51.9- 0.857

1957.7573 309.6 01198- ADS 4249 Hu 825 37406 05400+3601
+6900288 Mir 399 AB 31264 -05001+6958 1986.8838 345.9 0.394

1987.7573 169.2 0.266 ADS 4269 Bu 1007 37711 05411+1632

+4101027 Cou 1886 31759 05004+4158 1986.8838 239.8 0.334

1987.1573 70.4 0.308 1988.545 240.5 0.327

+2100754 Cou 154 AB 32481 05044+219 ADS 4279 Bu 1052 37904 05417-0254

1986,8837 307.2 0.262 1986.8838 17.2 0390

ADS 3659 A 1023 32416 05054+4655 ADS 4277 A 2110 AD 37801 06421+2115

1986.8837 60.7 0.332 1986b.8918 122.3 0.457

ADS .7728 A 2636 33235 05089+0313 ADS 4301 A 2436 38037 04385+1642 -

1987.7601 158.3 0.282 1908.8918 134.6 0.235

ADS 3734 STF 644 33203 05104+3718 +2900972 Cou 895 24674. 05430+2937

1986.8837 221.4 1.630 1986.8803 54.2 0.155

ADS 3765 Bu 885 33645 05100-9146 ADS 4323 STT I1-AB 38182 0544b+1503

1986.8838 195.8 0.612 1906.8838 119.2 0.470
ADS 3767 Hu 33 33647 05117+0031 ADS 434- A 406- 38161 05449+2620

1988.8892 4.6 -0;111 1986.8893 6.2 0.281
ADS 3799 STT 517 AB 33883 05134+0158 +2800371" Cou 762 38153 05640+2812

1986.883b 235.3 0,552 -1986.8893 60.5 0.181
986.6892 236.4 0.649 ADS 4373 Hu 39 38493 05472+2153

1987.7601 236.8 0.652 1986.8018 48,1 0-197

+3601049 Pop 140 33749 06140+3665 ADS 4390 STF 795 38710 05480+0627

1986.8837 158.8 -0,266 1986.8918- 215.2 1187

HR 1708 a Aur As 3401 - 05167+4601 ADS 4392 STT 118,AD 38070 -05484+2052

1986.8892 22.2 0.051 -1080,1918 316.8 0.205

1967.271V M4 0.51 7 43?C SF3115 824 04gi6246
0.04 " 1980,8838 349.4 0.871

1987.7656 355.0 0.044 ADS-4464 out 907 CD 39274 06528+2946
1088.2545 259.8 0.048 10803 230,7 0,22S

+30"1272 CoM-20 37 34807 05219+3934 -d o'80.898 30.7 05
19 EM 14. ,0+290 1028 (o(Bps9 39303 05529+2900t1980.8F.3f 141.4 0.300 1986.8893 157.8 0.158

ADS 4002 McA-18 Aab c 35411 05244-0224 + 009 ,8 o 90 39451 06

1086.8092 126.9 0.060 _+280093 Cou O00 39461 06539+28S7
1988;8893 83,2 0.1681988 2546 lI N 0 0 . 52 - A D 4 06 S T 1 23969 7 0 68 56(]

ADS-402O A 848 35648 06255-0033 ADS 4505 -TT 2 627
-1086.8802 161.613 0.222 1986.8603 258.7 0,285
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TABU~ 1I. (continued)

+2401043 Cou 905 40132 05580+2437 ADS 4950 CHARA 128 As 4812" 06221+5022
1986.8920 16.4 0.192 1986.883" 109.5 0,187

ADS 4543 A 1725 - 05689+4510 HR 2312 Fin 343 46050 06252+0130
1966.8920 212.2 0.344 1987.2744 0.1 0.173-

ADS 4562 STT 124 40369 05506+1249 +23"1346 CHAA , 23 44926 -06255+2327
1986.8920, 297.7 0.513 1986.8865 16.5 0.112
!987.'4744 298.4 0.508 19811.2062 154.3 0.114

ADS 4576 A 2441 40427 06694+1344 1988.2491 153.9 0.115
1086.8920 272.7 0.7f6 HR-204 -McA 26 449'7 36256+2320

ADS 4053 A 110 40628 06013+2027 1986.8865 142.0 0.07.
1980,8920 202.1 0,570 1987.2662 144.4 0.074

ADS 4617 A275S AB 40932 00024+0939 1988.2491 145.1 0.079
1986.8866 208.4 0.218 +2401276 Cou 914 45428 06283+2441
1987.2744 205.6 0.248 1986.8865 119.6 0.2.9
1988.2545 204.7 0.316 HR 2392 CHARA 129 46407 06328-1110

ADS 4623 3 60 40982 06027+0801 1985.8381 54.3 0.161
198.8921 233., 0.561 ADS 5218 A 506 46610 06357+2816

HR 2130 McA 24 41040 06034+1942 1980,8866 33.5 0.250
1086.8865 84.7 0.053 1987.2662 34.4- 0.250
i988.2491 77.4 0.066 HR 2423 McA 27 47152 06383+2859

HR 213f Kul 23 AB -41116 06041+2316 "1926.8865 323.0 0.161
1986.8806 108.1 0.252 1987.2662 3221- 0.150
1987.2717 171.8 0.260 *988.291 318.3 0.171
198.2491 179.0 0.270- ADS $280 STT 10 47193 06393+4200ADS 4660 A 1961 41379 06052+0709 1986.8866 211.8 0.088
1086.8021 43.6 0.466 ,kDS 5289 "*TT,162 47395 06306+P2810
1987.2744 43.7 0.44C 1986.35,.8 34.9 0.687ADS 4603 STT 121 40226 0053-r7400  ADS 5296 STF 945 47412 06404+4068

1986.8918 238.9 0.260 1986.88538 312.2 0.493
ADS 4881 A 2i44 4127 06085+1832 1061.1271 312.4 0.489

1986.8920 180.3 0.284 ADS 6332 A 18 47312 o-,418+3041
ADS 4687 STF 840 130 41580 08065+104& 1986.8865 67.8- 0.194

1986.8921 134.3 0.425 47000410 MIr 403 46979 06425+7035
+1801095 Cou-471 41658 06073+1848 1988.257.1 245.6 0.552

1986.8920 W67.1 0.311 ADS 5408 A 122 48591 06455+2922
+2001082 MeA 2G 41600 060?4+2640 1986.8866 49.8 0.246

1986.8865 218.4 0.068 ADS 5447 STT 1756 49059 06474+ 1812
1987.2717 224.3 0.06$ 1086.8839 233.5 0.397
1988.2491 228 7 0.070 1967.2745' 233.2 0.397

ADS 4696 STT 130 41541 06078+4240 1988.2S48 231.3- 0.380
2986.920 200.1 0.418 ADS 5455 STT 17 49294 06478+0020

ADS 4752 A-2514 252561 06097+1630 1986.88m9 202.2 0.343
1986.8010 00.7 1 0,300 HR 2521 Fin ,22 4P643 06402-0217

ADS 4760 A 54 Al 42033 06098+2914 1987.2744- 529 0.158
1986.8920 336.1 0.669 1988.2546 60.4 0.153

ADS 4769 Bu 1058 42216 961054-2300 ADS 5466 A-2360 -- 06494+4037
198,.89"0 235.4 0,228 1986.8866 273.5 0.130

ADS 4786 A 55 AB 42*96 - 06117+!C46 +8601511 Cou;1738 49472- 06502-.-3625
1986.81;20 20.0 0.424 1986.8866. 110.3 0.107ADS 4788 Hu 701 423068 06120+3531 42 4

014. 7  Cots 768 49622 06503+2410
1986.8920 241.6 0,183 1986,8866 243.C 0.117

HR-2214 Kui-24 42964 06144+1754- + 1 866 243 51 0 52+2

1986.8920 139.6 91404" 1424 Coui562 65119 06525+3248

1987.2744 140.6 0.488 1986.8366 313.8 0.248
ADS 4843 A 2044 AB 253926 06150+164- ADS 8514 STF 963 AD 49618 0632+592C

1986.820 31.4 0.400 1986.866 267.- 0.258
HR *&216 R06 5225 43358 06159+0110 1987.2719 268.4 0.252

19868921 244.7 0.193 .988.2548 270.6- 0.246
1987.2744 248.7 0.186 HR 2541 Cou 12377 50037 06532+3827

ADS 4890 Fin 331 A& 43525 06171+0937 19U,8839 154.4 0.498-
1986.886.' 3.9 0.058 19ET,2719 1566 0.479-
1987.274v 27.5 0.062 +3201#4i Gju 1412 51023 06571+3217
1988.2491 69.9 0.067 1986.8j36 96.j 0.242

HR 2273 CHARA 22 44112 - 06197-0749 ADS 9586- STT 159 AB t3622 fl6573+5825
1988.2491 55.8 0.063 1986.8839 S0.Z 0.349

ADS 4929 Bu 895 AB 43886 06200+2826 1987.,719 516- 0.328
1986.b566 130. - 0.254 1988,2.48 54.1 0.273 -

ADS 4051 A 2719 ;,410 06203+0744 1099.15"12 54.8 0.272,
1986,8838 .(2.0 0.470 ADS5621 A-2459 266945 0657741935

ADS 4971 A 2667 44333 06214+0216 1988.2574 - 270.8 0.359
1987.2745 184.2 0.286 +0201483 CHARA 25 61560 06580+0218

(.2501232 Cou 718 44211 06216+2500 1987,2717 30.8 0.947
106.885- 139.6 0.220 +2401481 Cou 921 267067 06584+2443

ADS 4950 STF 881 AB 43812 06221+5922 19861866 - 56.0 0.104-
198f.8829 13..1 0.700
1981.2719 134.2 0.697
..... .... +1+ + + _ _ - - - --__ _+

U!



519 McALISTER ETAL: BINARY STARS 519

TABLE 11. (continued)

HR 2605 McA 28 51688 06595+2555 +2001855 Cott 381 - . 07370+2025
1986.8866 52.4 0.060 1986.8895 107.8 0.322
1987.2719 66.2 0.069 +2801427 Cou 1247 61034 07385+281()
1088.2491 67.1 0.055 1986.8804 124.4 0.133

+3101463 Cou 1241 267337 06598+3141 ADS 6245 A 535 61344 07387-045V
1986.8866 3089 0.154 1987.2745 170.7 0.349

ADS 5660 A 2461 AB 51911 06598+1557 ADS 6276 STT 177 61600 07417+3726
1986.8839 327.6 0.319 1986.8921 162.7 0.411
1988.2548 328.4 0.312 ADS 6347 Ho 247 62720 07462+2108
1988.2574 327.7 0.316 1986.8921 233.7 0.408

ADS 5689 STT 163 AB 52309 07011+ 1146 1987.2745 234.3 0.408
1986.8866 64.9 0.120 +1901832 Cou 772 62947 07471+1847

ADS 5724 A 1324 AB - 07041+5627 1086.8895 72.7 0.246
1988.2573 178.4 0.333 .0302065 Rat 4375 63263 07478-0332

+37e1646 McA 29 52823 07043+3734 1986.8895 R36.8 0.112
1986.8867 179.1 0.181 1987.2745 330.8 0.108
1988.2491 180.8 0.183 ADS 6354 Hu 1247 62522 07479+6019

ADS 5752 A 519 53299 07044-0303 1986.8894 261.4 0.236
1988.2574 274.9 0.418 .1902068 B 1077 AB 63395 07480-1924

+3601567 Cou 2063 53816 07080+3552 1987.2745 303.8 0.592
19G6.8867 4.5 0.192 ADS 6378 WRH 15 AB 63208 07486+2300
1986.8894 2.8 0.192 1986.8805 47.3 0.277

+1601395 He[ 125 54128 07083+1638 +2001920 Cou 926 - 07506+1944
1986.2866 220.0 0.217 1986.8896 256.3 0.293

+2001729 Cott 925 54985 07118+1953 ADS 6406 A 2880 63709 07508+0317
1986.8921 79.0 0.490 1986.8895 303.1 0.085
1988.2574 77.3 0.499 1987.2745 307.8 0.079

ADS 5867 A 2847 55163 07121+0622 ADS 6412 Bu 1195 63976 07513-0925
1988.2574 130.1 0.418 1987.2745 90.9 0.179

ADS 5918 Bu 1023 55726 07151+2553 ADS 6420 Bu 101 64096 07518-1352
1986.8893 302.9 0.449 1987.2745 103.1 0.365
1988.2573 301.6 0.432 HR 3072 Fin 325 64235 07528-0526

ADS 6940 A 2853 56153 07164+1227 1987.2745 191.6 0.175
1988.2674 320.8 0.480 +1401778 Hei 55 - 07540+1346

ADS 5949 A 2855 56361 07168+0059 1986.8895 351.2 0.163
1988.2574 272.4 0.390 ADS 6444 Cou 1111 An 64350 07545+2610

+3701696 Cou 1883 - 07173+3744 1988.2574 165.9 0.512
1986.8894 50.4 0.648 ADS 6443 " A 675 64326 07546+3100

ADS 5952 A 2856 56444 07175+1324 1986.8894 157.4 0.193
1988.2574 302.6 0.509 ADS 6445 A 1072 64123 07556+5831

+2401600 Cou 585 56462 07181+2405 1986.8894 348.3 0.206
1986.8893 155.0 0.396 +2401805 Cot 929 64704 07561+2342

ADS 5975 Hu 619 AB 56627 07202+4820 1986.8895 150.7 0.147
198e.8894 0.6 0.319 1988.2520 159.0 0.163

ADS 5996 STF 1074 AB 57275 07205+0024 ADS 6483 STT 185 65123 07573+0108
1986.8921 168.6 0.660 1986.8895 86.5 0.146
198.2574 169.5 0.671 1087.2745 88.1 0.143

+1401649 Hol 128 57675 07227+1417 +2701521 Cot 1112 - 08001+2659
f186.8866 49.3 0.179 1986.8894 97.2 0.266

WR 2837 CHARA 26 58679 07269+2015 ADS 6511 A 2954 AB 69738 08005+0955
1986.8867 202.6 0.060 1988.257 344.0 0.707
1988.2520 235.5 O.Oso ADS 6526 A 1680 66094 08017-0836

ADS 6089 McA 30 Aa 55728 07277+2127 1986.8895 261.1 0.247
1986.8867 166.8 0.103 1987.2745 265.4 0.239
1986.8893 167.1 0.104 ADS 6538 STT 186 66176 08033+2616

1987.2689 163.3 0.094 1986.8839 13.2 0.946
1988.2520 100.2 0.089 1088.2574 7-4.1 0.967

ADS 6114 A 2868 59151 07292+1253 ADS 6549 STT 187 66299 08043+."02
1986.8921 10.0 0.868 1986.8867 352.7 0.363

ADS 6119 McA 31 As 59148 07298+2755 1987.2664 353.3 0.362
19C6.8867 198.5 0.041 1988.2574 352.9 0.384
1986. 894 197.6 0.033 ADS 6554 Bu 581 AB 66509 08043+1218

ADS 6138 A 2869 59473 07305+0743 1987.2664 279.5 0.551
1986.8921 11.6 0.126 ADS 6578 A 1333 66610 08070+5407

ADS 6137 A 673 AB 59372 07309+3034 1986.8839 206.8 0.377
1986.8804 350.6 0.388 1986.8888 207.1 0.375

HR 286 McA 32 60107 07336+1550 1987.2665 20Q.0 0.366
1986.8891, 91.1 0.168 ADS 6650 ST" U196 AB 68255 08122+1740
1987;-3746 91.1 0.166 1986.8839 213.3 0.662
1086.2491 93.2 0.151 1987.2664 200.2 0.594

ADS 6185 STT 175 AB 60218 07352+3058 1988.2576 197.9 0.588-
1986.88D4 328.2 0.212 +2001712 Cou 1114 00254 08126+2849
1987.2690 328.7 0.214 1986.8867 225.7 0.209

ADS -3200 A 2874 60634 C7.^62+ 1815 1987 2664 223.6 0.196
1. -6.8922 55.1 0.270
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TABLE 11. (continued)

ADS 6681 Hu 1123 68660 08148+3630 +1902194 Cou 384 80082 09183+1847
1986.8867 156.7 0.430 1986.8895 42.6 0.073
1988.2574 157.8 0.416 1987.2637 44.2 0.062

ADS 6733 A 2362 69680 08193+4052 ADS 7286 STF 1333 80024 . 09185+3522
1988.2574 172.1 0.588 1988.2576 48.4 1.905

HR 3269 Fin 346 70013 08199+0357 ADS 7307 STF 1338 AB 80441 09210+3812
1986.8922 68.2 0.275 1986.8923 264.6 1.033
1987.2664 69.7 0.271 1988.2548 267.2 1.024

ADS 6762 STF 1216 70340 08214-0136 ADS 7334 A 1342 AB 81009 09229-0951
1986.8839 282.2 0.524 1987.2692 30.5 0.162
1988.2676 283.5 0.518 ADS 7352 STF 1348 81212 09245+0621

ADS 6776 Ho 525 AB 70492 08231+2001 1988.2577 316.2 1.996
1986.8867 136.1 0.316 ADS 7341 A 2477 81163 09245+1808

ADS 6796 Hu 856 70803 08253+3723 1986.8840 335.8 0.4041986.8867 261.5 0.262 1987.2720 336.1 0.405
1987.2665 262.9 0.259 1988.2548 338.2 0.403U ADS 6811 A 1746 BC 71153 0826 +2433 1988.2A77 338.5 0.400
1986.8867 13.9 0.154 ADS 7382 A 1588 AD 81728 09273-0913

ADS 6825 A 550 71499 08278-0425 1987.2692 194.4 0.376
1986.8806 185.7 0.137 1988.2522 194.7 0.363

ADS 6828 A 5 B1 AD 71663 08285-0230 HR 3760 B 2530 81809 09278-0604
1986.8895 70.0 0.112 1987.2692 324.6 0.306
1987.2745 80.4 0.104 1988.2522 325.8 0.360ADS 6862 1 489 72310 08315-1934 ADS 7390 STF 1366 81858 09285+09041988.2520 346.9 0.230 1986.8840 42.5 0.450

+2801625 Cou 1115 - 08352+2811 1987.2692 44.7 0.450
1986.8867 19.7 0.299 1988.2522 47.7 0.457

+2002148 Cou 47 73574 08397+2005 +5801192 MIr 549 81772 09299+5808
1986.8839 143.4 0.540 1987.2637 123.1 0.246
1987.2664 143.9 0,520 HR 3794 Fin 349 82543 09326+0151
1988.2576 143.3 0.533 1986.8895 172.9 0.162

+1902069 CHARA 130 73712 08402+1921 1987.2692 174.7 0.158
1987.2664 163.9 0.088 1988.2522 179.5 0.157ADS 6930 Bu 585 73871 08412+2028 ADS 7456 STF 1372 83190 09371+1614
1986.8840 86.4 0.488 1986.8895 85.1 0.091ADS 6993 SP AB 74874 08468+0625 ADS 7457 A 1765 83158 09379+4554
1986.8868 225.7 0.251 1987.2637 164.2 0.131
1987.2692 230.7 0.247 ADS 7490 Hu 629 83887 09429+5035

ADS 7012 A 2552 75207 08486+0067 1987.2692 19.8 0.3701987.2720 110.4 0.163 1988.2576 19.2 0.360
ADS 7039 A 2473 75470 08507+1800 HR 3880 McA 34 84722 09474+1134S1986.8840 48.8 0.311 1987.2638 11.9 0.069

ADS 7054 A 1584 75553 08531+5458 1988.2521 22.2 0.078
1986.8868 346.0 0.121 +2102108 Cou 284 84739 09477+2036

+2002232 Cou 773 76974 08539+1958 1987.2638 59.0 0.145
1986.8923 43.7 0.221 1988.2521 56.9 0.141I1988.2521 43.9 0.226 +0002564 Rat 5339 85096 09496+0017

ADS 7074 A 2554 76050 08539+0149 1988.2677 194.8 0.7241987.2602 317.2 0.242 HR 3889 Kui44 85040 09498+2111ADS 7071 STF 1291 AD 799 08542+3034 1987.2637 208.9 0.215
1986,8923 312.8 1.50119 8 3 220 .0 .0

ADS 7082 A 2131 AD 76095 8 4 +2 1 D 8 1 203 9 B 8.6 7 0 232

1986,8839 200.3 0.394 6 4 0 10 1.4 3
ADS 7084 A 2132 76117 08657+4141 1986.8840 101.4 0.403

1986.8922 201.6 0.186 1987.2665 101.5 0.399
1988.2521 201.7 1988.2576 101.1 0.395
i60188 . 18 0 765 0.189 0ADS 7545 STT 208 85235 09521+5404I 36 1889 Cou 1897 76595 08585-3548 1987.2637 161.9 0.184* 1986.8922 170.6 0.176 1988.2495 171.2 0.183
1988.2521 175.3 0.168 1988.2521 171.3 0.182

HR 3579 Kui 37 AB 76943 09008+4148 ADS 7555 AC 5 AB 85558 09525-0806
1986 .8839 30 1.8 0 463 1 8 . 8 07 . . 3
1987.290198. 75.2 0.53

ADS 7158 A 1585 77327 09036+4709 1987.2710 72.2 0.543
1986.8868 276.1 0.223 1988,2522 74.0 0.649
1988.2521 273.7 0.196 1988.2577 74.6 0.545

HR 3635 CHARA 131 78661 09098+1134 +3102066 Cou 1258 85708 09544+3041
1986,8895 71.0 0.089 1987.2637 54.8 0.174

HR 3650 Fin 347 Aa 79096 09123+1469 +4401931 Pop 151 85973 09566+4359
1986.8895 317.4 0.164 1987.2665 78.9 0.4971987.2637 303.7 0.140 +3902295 Cou 2086 86237 09581+3856
1987.2692 303.5 0.139 1987.2637 65.7 0.185
1988.2521 289.9 0.059 +3402079 Cou 1569 87473 10059+3412

ADS 7284 STF 3121 79969 09180+2835 1987.2637 85.2 0.113
1986.8840 221.0 0.423 ADS 7651 Kul 48 AB 87822 10083+3137
1987.2692 224.2 0.402 1987.2637 334.2 0.043

1988.2577 232.2 0.328 1988.2522 345.9 0.083I
I
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TABLE II. (continued)

ADS 7662 A 2145 88021 10093+2020 ADS 8104 Hu 639 97773 11154+4728

1987.2638 161.3 0.082 1986.4066 86.7 0.100
ADS 7674 Hu 874 88365 10117+1321 1988.2523 89.6 0.115

1987.2638 276.8 0.052 1988.2549 89.5 0.112

1988.2622 277.0 0.092 +4302096 Cou 1004 97857 11158+4227
ADS 7675 Ho 44 88478 10121-0613 1986.4038 199.6 0.338

1086.8840 204.8 0.555 1987.2639 200.4 0.348
1987.2719 205.8 0.540 ADS 8117 A 2168 98087 11174+4146

1988.2577 205.0 0.548 1987.2693 359.1 0.463
ADS 7769 A 2570 90361 10260+0256 1988.2578 359.6 0.456

1986.8840 306.1 0.333 HR 4380 CHARA 133 98353 11191+3811

1987.2638 307.4 0.336 1987.2721 145.4 0.068
+2002486 Cott 292 90460 10269+1931 ADS 8145 A 2776 AB 98914 11231+0408

1987.2638 242.0 0.192 1987.2638 106.2 0.120

ADS 7775 STT 217 90444 10270+1713 .0002442 Rat 4944 99651 11279-0142

1086.8840 144.0 0.640 1987.2638 288.5 0.235
1987.2665 144.3 0.543 1988.2523 287.8 0.229
1988.2577 144.9 0.551 ADS 8189 STT 234 100018 11308+4117

ADS 7780 Hu 879 90537 10279+3643 1986.4039 137.2 0.352
1986.4038 233.3 0.384 1987.2640 138.8 0.365
1986.8840 233.2 0.370 1988.2523 141.3 0.383
1987.2665 233.8 0.356 ADS 8198 'Hu 1134 100235 11322+3615

1988.2496 235.1 0.322 1986.4066 124.9 0.093

1988.2549 235.3 0.321 1987.2640 124.1 0.103
ADS 7788 A 2152 90698 10290+3452 ADS 8197 STT 235 100203 11324+6105

1988.2577 42.1 0.417 1986.4039 264.7 0.536

ADS 7809 CHARA 132 As 91172 10311-2411 1086.8842 267.7 0.543
1987.2719 176.1 0.110 1987.2667 269.3 0.556

ADS 7844 A 2055 AB 91751 10366+4430 1988.2549 272.9 0.664
1986.8840 163.9 0.348 ADS 8210 Hu 727 233841 11332+4928

1987.2667 163.2 0.343 1087.2693 22.4 1.243
1988.2577 164.4 0.341 1988.2578 21.7 1.264

+3502166 Cou 1417 91949 10376+3446 +4801954 Cot: 1573 - 11336+4729
1987.2693 205.4 0.299 1988.2578 89.3 0.584
1988.2577 206.3 0.300 ADS 8231 STF 1555 AO 100808 11363+2747

ADS 7896 A 2768 92749 10427+0335 1986.4039 144.7 0.621
1987.2638 304.9 0.289 1986.8842 144.0 0.622
1988.2522 301.7 0.312 1987.2667 144.7 0.627

ADS 7000 A 2769 92812 10432+0440 1988.2523 145.0 0.633
1988.2577 217.3 0.501 1088.2578 146.0 0.630

+2602131 Cou 591 - 10472+2605 ADS 8249 STF 1559 101150 11388+6421

1988.2577 7.2 0.423 1987.2693 323.1 2.002
ADS 7926 STT 228 93392 10473+2235 HR 4501 62 UMa 101606 11415+3145

1986.8840 172.9 0.644 1987.2640 55.5 0.047
1987.2666 172.4 0.634 1988.2523 50.8 0.040
1988.2577 173.5 0.632 .0303167 Rt 5524 101969 11441-0448

ADS 7929 STT 229 93457 10481+4107 1988.2578 51.8 0.080
1986.8840 277.3 0.769 HR 4528 CHARA 134 102510 11479+0815
1987.2667 277.5 0.763 1987.2694 78.7 0.259
1988.2549 277.1 0.760 +3802283 Cou 1129 - 11499+3754

1988.2577 276.0 0.754 1988.2605 145.4 0.560
ADS 7952 A 2373 94120 10520+1606 ADS 8347 A 1777 AE 103483 11551+4629

1987.2638 89.3 0.096 1986.4066 179.6 0.103
+2902110 Cou 960 95342 11008+2913 1987.2695 186.3 0.102

1986.4093 101.6 0.198 1988.2623 196.1 0.095
ADS 8047 Ho 378 96016 11050+3825 ADS 8387 A 1088 104288 12005+6912

1987.2693 55.6 0.970 1986.4039 292.0 0.132
1988.2578 55.3 0.967 ADS 8419 STF 3123 AB 105122 12061+6842

ADS 8051 A 2378 96130 11053+1635 1986.4039 293.1 0.164
1988.2578- 136.7 0.507 1986.4066 295.2 0.170

HR 4314 Fin 47 96202 11053-'2718 1987.2640 288.7 0.173
1987.2720 227.5 0.170 1988.2550 284.6 0.180
1988.2550 222.1 0.178 ADS 8433 A 1998 105369 12080+4242

ADS 8086 Bu 220 97411 11124-1830 1988.2605 357.0 0.373
1987.2720 326.4 0.297 HR 4632 CHARA 135 105778 12105+1649
1988.2549 324,1 0.291 1987.2694 176.9 0.262

ADS 8092 A 1353 97455 11136+5525 ADS 8446 STF 1606 105824 12108+3954

1986.4039 224,5 0,459 1986.4039 243,1 0.300

1988.2578 223.0 0.472 1086.8842 238.7 0.285
ADS 8094 STF 1517 97561 11137+2008 1987.2640 238.0 0.289

1986.8840 325.5 0.467 1988.2496 232.5 0.289
1987,2638 325.2 0.462 1988.2550 231.6 0.280
1988.2578 325.7 0.465 HR 4642 CHARA 136 106022 12120+2832

ADS 8102 STT 232 97731 11150+3735 1987.2695 176.3 0.209
1987.2666 59.0 0.622
1988.2578 58.4 0.620

m . •Plop
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I TABLE I1. (continued)

ADS 8485 Hu 736 106689 12160+4807 ADS 8863 A 2166 15955 13202+1747
1987.2693 219.9 0.261 1986.4067 327.7 0.058
1988.2605 217.8 0.263 1987.2642 340.2 0.083

HR 4689 McA 37 107250 12190-0040 ADS 8864 STF 1734 115995 13207+0257
1986.4067 57.1 0.093 1986.4095 178.6 1.144
1987.2640 92.2 0.088 1987.2723 178.1 1.129
1987.2667 91.3 0.088 1988.2579 178.4 1.139
1988.2496 129.4 0.103 +4302324 Cou 1581 116377 13225+4242
1988.2550 132.5 0.099 1987.2642 159.6 0.266

ADS 8535 STT 249 AB 107922 12238+5410 1988.2606 159.1 0.263
1986.4039 266.0 0.411 ADS 8887 Ho 260 116495 13236+2914
1987.2694 265.7 0.405 1988.2S79 76.9 1.266

oADS 540 STT 250 108005 12244+4306 ADS 8901 A 1609 AB 116878 13258+4430
1987.2668 345.3 0.384 1987.2642 303.8 0.255

ADS 8551 A 78 108320 12267-0535 +3302337 Cou 787 - 13266+3235
1987.2722 158.8 0.148 1988.2606 150.3 0.334

HR 4789 WRH 109485 12348+2238 +3102500 Wor 24 -- . 13320+3109
1986.4041 7.5 0.303 1988.2606 272.6 0.2241987.2642 6.6 0.291 VW Corn Giiee 516 AB - 13328+1649
1988.2496 5.9 0.273 1988.2579 42.7 2.909
1988.2650 6.1 0.272 +3102508 Cou 600 - 13343+3044

+2702158 Cou 696 110297 12409+2708 1988.2579 56.0 0.558
1986.4067 194.0 0.076 ADS 8954 Du 932 AB 118054 13348-1313

ADS 8635 A 1851 110465 12422+2622 1986.4095 52.4 0.3581988.2579 266.2 0.502 1987.2722 53.1 0.367
+4302270 Cou 1579 - 12533+4246 1988.2524 50.5 0.366

1988.2606 33.0 0.244 ADS 8964 AG 190 - 13357+4939
ADS 8695 STF 1687 AB 112033 12533+2115 1988.2581 12.2 2.387

1986.4041 170.2 1.017 ADS 8980 ES 608 - 13380+4808
1986.8842 170.5 1.018 1988.2581 309.8 2.258

ADS 8708 STT 256 112398 12564-0057 ADS 8987 Bu 612 AB 118889 13396+1044
198S.2579 96.1 0.980 1986.4069 216.9 0.308

+0902696 Fin 380 112603 12572+0818 1987.2642 220.0 0.305
1986.4067 155.6 0.148 1988.2498 224.3 0.297
1987.2642 154.8 C.156 ADS 8988 Hu 897 - 13400+3759
1988.2496 156.8 0.161 1988.2581 31.7 0.390
1988.2524 156.8 0.171 ADS 9019 STF 1781 119931 13461+0507

+2502578 Cou 397 112572 12575+2457 1986.4095 147.5 0.4341987.2668 64.5 0.621 1987.2642 150.1 0.456
1988.2550 64.7 0.626 1988.2550 153.9 0.484
1988.2579 63.9 0.622 1988.2581 154.1 0.480

ADS 8751 STF 1711 113322 13029+1328 HR 6178 Kui 65 120033 13472-0943
1988.2579 340.0 0.519 1987.2642 239.5 0.311ADS 8757 Bu 341 113415 13038-2035 1928.2550 237.0 0.300
1987.2722 312.4 0.823 -1303786 Rat 3852 121136 13539- 1439
1988.2524 311.9 0.819 1987.2722 133.8 0.168

ADS 8750 Bu 929 113459 13039-0340 ADS 9066 STF 1792 - 13571+1227
1987.2722 200.4 0.700 1988.2681 291.2 2.184

Gliee 497 Wor 23 - 13048+55 ADS 9071 A 1614 121995 13576+5200
1988.2678 163.4 1.592 1988.2581 129.9 1.289

ADS 8785 A 1605 234012 13069+5200 Gliese 9465 Aid 112 - 14019+1530
1988.2579 167.6 0.978 1988.2581 179.4 1.667

ADS 8801 McA 38 Aa 114330 13100-0532 ADS 9089 A 1097 AB 122740 14020+5713
1986.4067 331.3 0.490 1988.2581 229.8 0.414
1987.2642 329.9 0.475 +1402691 Hei 65 122654 14029+1417
1987.2723 330.8 0.477 1988.2581 19.9 0.472
1988.2498 330.9 0.467 ADS 9094 Bu 1270 122769 14037+0829

II A 8804 STF 1728 AB 114378 13100+1731 1986.4069 81.4 0.140
1986.4041 192.8 0.534 1987.2670 98.6 0.126
1987.2668 192.4 0.418 1988.2606 111.9 0.117
1988.2496 192.3 0.215 ADS 9121 STT 276 AB 123670 14082+3645

HR 4978 Fin 305 114576 13117-2633 1088.2581 205.7 0.492
1987.2722 98.3 0.169 ADS 9159 STT 278 124399 14120+4411ADS 8825 A 1607 115002 13134+5252 1987.2670 309.6 0.322
1988.2578 21.2 0.477 ADS 9158 STT 277 AB 124346 14124+2843

ADS 8831 Fin 297 AB 114993 13145-2417 1986.4042 42.1 0.306
1987.2722 145.9 0.224 1987.2670 42.6 0.297

ADS 8843 STT 263 - 13167+5034 1988.2600 41.4 0.294
1988.2579 135.6 1.854 ADS 9169 A 1100 124492 14138+0859

HR 5014 Fin 350 115488 13175-0041 1987.2670 173.8 0.298
1986.4067 20.3 0.127 1988.2606 172.9 0.304
1987.2642 26.2 0.117 +3102506 Cott 606 - 14138+3100
1988,2524 36.8 . 0.080 1986.4069 187.4 0.119

ADS 8862 Hu 644 115953 13197+4747 ADS 9174 STF 1816 124587 14139+2906
1988.2579 265.0 1.169 1987.2670 89.5 0.721

1988.2581 89.8 0.700

I
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TABLE 11. (continued)

ADS 9182 STF 1819 124757 14153+0308 1 ADS 9425 STT 288 131473 14534+1543
1988.2579 224.3 0.881 1986.4043 170.9 1.357

ADS 9220 A 1102 125725 14180+6914 Gliese 568 Ross 52 - 14639+2333
1986.4041 102.0 0.392 1088.2582 75.3 0.611

+6400993 Mir 168 - 14187+6409 ADS 9443 A 2172 131964 14665+0255
1988.2581 115.1 0.228 1988.2607 176.5 0.085

ADS 9215 STF 1832 AB 125377 14189+0354 ADS 9453 Bu 239 132219 14587-2739
1988.2581 151.7 0.431 1987.2725 351.9 0.665

HR 5372 CHARA 137 125632 14189+5452 ADS 9469 A 2173 - 14590+0059
1987.2698 13.5 0.103 1988.2607 131.2 0.271

+3102612 Cou 482 - 14213+3050 +4702190 Cou 1760 - 14593+4649
1988.2581 120.A 0.608 1986.4070 206.8 0.212

ADS 9238 A 148 126126 14220+6107 1988.2609 209.2 0.203
1988.2681 5.5 0.630 +1802966 Cou 188 - 15006+1753

ADS 9247 Bu 1111 BC 126128 14234+0827 1988.2607 227.1 0.2385
1987.2668 58.7 0.257 ADS 9480 Bu 348 AB 132933 15018+0008
1988.2499 68.2 0.255 1986.4042 109.6 0.508
1988.2526 62.1 0.244 HR 5612 CHARA 43 133484 '15031+4439

+1602642 McA 39 126269 14241+1617 1986.4070 91.0 0.168
1987.2670 158.4 0.048 1988.2527 105.0 0.115
1988.2526 153.8 0.065 ADS 9494 STF 1909 133640 16039+4739

ADS 9264 A 2069 126695 14268+1625 1986.4095 44.9 1.397
1986.4070 354.0 0.211 1988.2500 46.3 1.514

+2102659 Cou 97 - 14304+2255 +4002866 Cou 1271 134303 15078+3956
1988.2607 244.5 0.350 1988.2582 166.2 0.388

ADS 9301 A 570 127726 14323+2641 1988.2609 166.7 0.382
1986.4070 283.2 0.155 +4002859 Cou 1272 - 15088+4013
1987.2670 268.0 0.161 1988.2609 51.4 0.284
1988.2498 252.5 0.169 ADS 9515 Rot 4534 AB 134213 15089-0610
1988.2624 252.5 0.169 1987.2726 12.4 0.367

ADS 9313 AGC 6 128042 14339+2949 1988.2582 12.0 0.369
1988.2582 134.9 0.772 ADS 9530 A 1110 134827 15116+1008

ADS 9318 Bu 941 AB 128233 14358+0015 1986.4098 47.1 0.759
1988.2607 150.6 0.250 1987.2671 47.1 0.749

ADS 9324 A 347 128718 14369+4813 1988.2582 46.9 0.767
1987.2671 266.8 0.565 HR 5654 Cou 189 134943 15121+1858
1988.2581 266.4 0.567 1986.4098 144.7 0.460

ADS 9323 CHARA 42 AR 128563 14373+0217 1987.2671 143.6 0.459
1986.4042 165.6 0.201 1988.2499 146.5 0.473
1987.2643 169.5 0.197 ADS 9532 B 2351 Ao 134759 16123-1947
1988.2526 173.1 0.172 1987.2725 330.0 0.138

ADS 9329 STF 1863 128941 14381+5135 ADS 9547 Ho 60 135365 15136+3453
1986.4043 67.4 0.651 1988.2607 170.8 0.087
1987.2671 67.0 0.651 .1204227 CHARA 44 135681 15168-1302
1988.2581 66.6 0.648 1986.4098 173.9 0.156

ADS 9334 A 1107 129006 14401+0504 ADS 9578 STF 1932 AB 136176 16183+2649
1988.2582 86.0 0.456 1988.2499 254.1 1.601

HR 5472 McA 40 129132 14403+2158 ADS 9589 A 1630 15192+4329
1986.4070 91.5 0.048 1988.2582 248.5 0.775
1987.2643 82.2 0.066 +2402847 Cou 103 - 15200+2338
1988.2526 68.5 0.064 1988.2582 281.7 0.536

ADS 9343 STF 1865 AB 129246 14411+1344 HR 5715 CHARA 46 136729 15201+5158
1986.4095 303.9 0.962 1987.2644 92.2 0.166 .
1987.2671 303.4 0.968 ADS 9600 Hu 146 136596 16210+2104
1987.2751 303.5 0.955 1988.2582 128.6 0.633
1988.2499 303.5 0.930 ADS 9617 STF 1937 AB 137107 . 16232+3018

ADS 9352 Hu 575 AB - 14426+1930 1986.4044 14.4 0.914
1986.4043 316.7 0.392 1988.2499 20.2 0.992
1988.2682 294.0 0.325 1988.2526 20.5 0.990

ADS 9378 STT 285 130188 14465+4222 +4002878 Cou 1441 - 15233+4022
1986.4043 318.4 0.325 1986.4043 17.1 0.250
1987.2642 316.1 0.336 1988.2609 16.6 0.256

+2402770 Cott 100 - 14459+2343 +6101505 MIr 346 - 15259+6032
1987.2643 295.7 0.148 1988.2582 31,6 0.273
1988.2607 289.0 0.137 HR 5747 0 CrB 137909 15278+2906

HR 5504 Fin 309 129980 14462-2110 1986.4044 145.6 0.306
1986.4070 298.5 0.258 1987.261. 140.7 0.202
1987.2725 306.6 0.280 1988.2499 134.1 0.220

ADS 9392 STF 1883 130604 14489+0557 1988.2526 134.1 0.221
1986.4042 289.4 0.535 ADS 9682 Hit 1163 138439 15307+3810
1987.2671 288.7 0.558 1987.2644 50.7 0.109
1988.2551 288.2 0.588 ADS 9688 A 1634 AB 138629 16318+4053

ADS 9400 A 1110 AB 130726 14497+0800 1988.2609 33.0 0.050
1986.4042 247.2 0.639 HR 6778 Cou 610 138749 15329+3121
1987.2671 247.1 0.635 1986.4044 202.3 0.719

1988.2499 201.2 0.737
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m TABLE 11. (continued)

ADS 9694 STF 1966 138884 16333+4149 ADS 9932 Bu 949 144892 16085-1006
1988.2582 34.0 0.347 1987.2726 194.6 0.457

+2702513 Cou 798 - 16347+2655 1988.2556 194.5 0.465
1986.4097 65.9 0.133 ADS 9952 A 1799 145648 16115+157
1988.2607 69.4 0.123 1988.2556 123.1 0.677

ADS 9716 STT 298 AB 139341 15361+3948 HR 6032 Fin 354 145589 16116+0943
1986.4043 257.3 0.329 1986.4098 84.0 0.127
1988.2500 287.8 0.283 1987.2726 84.9 0.125

ADS 9730 Hu 1168 139905 15370+6426 1988.2501 83.3 0.122
1988.2609 180.5 0.121 1988.2527 83.2 0.118

ADS 9731 STF 1964 CD 139691 15382+3614 ADS 9971 Rat 3936 AB 145996 16143-1024
1986.4043 18.6 1.584 1987.2726 269.6 0.290

+2602712 Cou 612 139749 15390+2546 1988.2556 267.2 0.285
1986.4044 255.0 0.188 ADS 10006 STT 309 147275 16192+4140
1987.2643 250.6 0.193 1986.4044 286.6 0.317

ADS 9735 Bu 122 139628 15399-1947 1987.2644 288.3 0.314
1988.2582 222.8 1.840 1988.2500 288.5 0.306ADS 9742 A 2076 139939 15405+1841 HR 6084 o Sco Aa 147165 16212-2536
1986.4098 180.9 0.674 . 1987.2726 84.5 0.407
1988.2582 181.4 0.680 HR 6103 CHARA 53 Aa 147677 16221+3053

ADS 9756 STF 1969 140590 15413+5959 1986.4098 93.0 0.163
1988.2582 23.4 0.642 -1604280 CHARA 54 147473 16229-1701

ADS 0744 Hu 580 AB 140159 15416+1941 1987.2726 81.2 0.127
1986.4097 48.1 0.047 ADS 10052 STF 2054 AB 148374 16238+6142
1987.2643 58.8 0.099 1986.4044 352.9 1.053
1988.2527 63.9 0.149 1088.2529 352.5 1.044

+4202629 Cou 1445 140432 15420+4204 ADS 10052 CHARA 138 Aa 148374 16238+6142
1986.4071 227.8 0.107 1986.4044 174.0 0.211
1987.2644 22!.2 0.104 HR 6123 CHARA 65 148283 16254+3724
1988.2527 22218 0.087 1986.4099 175.7 0.168

ADS 9707 STF 1967 140436 15428+2618 1987.2645 172.4 0.128
1986.4097 120.0 0.507 ADS 10068 Bu 814 148552 16272+3952
1988.2500 119.1 0.347 1986.4044 354.6 0.327

ADS 9758 Bu 619 140438 15431+1340 -154324 Rt 3950 14834 16286-1613
1986.4098 4.7 0.703 1987.2726 19.4 0.285

+22278 Cou 106 140629 16440+2220 ADS 10075 STF 2052 AB 148653 16289+1825
1986.4097 272.7 0.394 1986.4044 130.8 1.661
1988.2556 272.1 0.392 1987.2728 130.0 1.689

+300270. Cou 614 140889 15451+2936 ADS 10078 A 2084 - 16296+1635
1988.2656 38.8 0.336 1988.2556 144.3 0.494

ADS 0783 A 2077 - 15469+1904 ADS 10085 Hu 1173 148909 16300+3364
1988.2583 229.4 0.657 1986.4098 43.6 0.190

.kDS 9794 A 1127 141730 16474+6929 1987.26T2 42.5 0.193
1986.4043 290.4 0.326 ADS 10087 STF 2055 AB 148857 16310+0159

1988. 582 289.0 0.314 1986.4098 17.7 1.306
::Ou 1918 234262 15486+4949 1987.2727 18.2 1.314

83 7.5 0.335 1988.2501 19.2 1.329
.609 8.7 0.347 ADS 10092 STF 3106 148931 16318-0702

A.JS - Hu 912 142089 15492+6032 1987.2727 198.8 0.375
1986.4071 311.1 0.136 1988.2566 197.9 0.3851987.2644 316.4 0.076 HR 6168 a' Her 149630 16341+4227

HR 5895 CHARA 51 141851 15513-0505 1977.1781 24.9 0.079
1987.2726 194.8 0.112 1977.3284 22.5 0.080
1988.2527 186.2 0.101 1986.4099 194.1 0.115

ADS 9812 Hu 163 141898 15519-1232 1987.2672 188.8 0.102
1987.2726 70.2 0.428 1988.2529 182.9 0.080
1988.2556 70.4 0.416 ADS 10140 Bu 953 AB 150631 16367+6948

ADS 9834 Hu 1274 142378 15560-1923 1986.2556 101.6 0.310
1987.2726 121.0 0.563 ADS 10149 CHARA 56 Ba 150379 16406+0412

ADS 9836 1 977 142456 15557-2645 1988.2501 88.9 0.212
1987.2726 175.3 0.237 ADS 10169 STF 2091 150903 16422+4112
1988.2556 178.3 0.229 1988.2566 318.1 0.574

HIc 5953 6 Sco 143276 16003-2237 ADS 10189 Hu 664 161267 16437+5132
1987,2726 183.6 0.167 1986.4044 303.0 0.480ADS 9909 STF 1998 AB 144069 16044-1122 1988.2556 303.0 0.475
1987.2726 1.8 068912 ADS 10184 STF 2094 AB 151070 16442+2331

I 1988.2528 37.0 0.322 1986.4099 74.4 1.233
ADS 9918 Fin 384 As 144362 16067-0617 1988.2556 74.2 1.228

1988.2527 177.8 0.060 +2902876 Cou 490 151236 16450+2928
ADS 9931 A 1798 144935 16070+142S 1986.4099 18.1 0.211

1986.4098 26.1 0.191 ADS 10229 STF 2106 152113 16511+0925
ADS 9936 Bu 356 AB 145246 16081+4524 1986.4045 179.9 0.593

1986.4044 281.2 0.269 1987.2672 178.7 0.603
1986.4099 281.6 0.262 1988.2501 179.1 0.6111987.'.644 281.0 0.267

1988.2527 282.6 0.269

___
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TABLE II. (continued)

ADS 10230 STT 315 162127 16515+0113 +2603022 Colt 498 - 17276+2624
1987.2672 337.9 0.277 1988.2583 47.5 0.416
1088.2501 336.9 0.304 ADS 10589 Ho 417 158756 172b3+3758
1988.2528 335.5 0.301 1988.2583 136.2 0.363

+2602916 Cott 492 - 16539+2647 ADS 10585 A 361 - 17294+2924
1988.2536 92.3 0.562 1988.2583 246.9 0.686

ADS 10253 A 350 162747 16540+2906 ADS 10598 STF 2173 168614 17303-0103
1988.2566 146.7 0.564 1986.4100 336.7 0.993

ADS 1025 B 323 162535 16650-2431 1988.2583 336.8 1.066
1988.2556 89.2 0.464 +1903336 Cott 499 168956 17313+1901

ADS 10257 Bu 241 152665 16665-2134 1086.4100 59.5 0.169
1987.2727 8.7 0.363 HR 6560 MIr 571 169870 17336+5734
1988.2556 11.1 0.372 1986.4102 346.1 0.144

ADS 10279 STF 2118 153697 16563+6502 +4502566 Cott 1595 160214 17365+4543
1986.4044 69.8 1.133 1988.2583 254.6 0.441
198d.2529 69.5 1.127 ADS 10659 A 1156 159857 17366+0722

ADS 10268 Hu 160 152995 16566+1014 1986.4100 355.9 0.091
1988.2656 205.4 0.467 +2702863 Kul 83 AB - 17370+2763

ADS 10276 A 1143 AB 153495 16566+6711 1988.2583 244.8 0.245
1988.2566 303.0 0.475 1988.2610 244.9 0.248

ADS 10265 Bu 1117 152849 16568-2309 ADS 10669 Bu 1121 160058 17374+1233
1987.2727 299.0 0.982 1988.2583 207.4 0.602

ADS 10287 Hu 162 153305 16593-1655 HR 6571 CHARA 63 160181 17376+2419
1988.2566 213.6 0.6.7 1986.4100 65.0 0.101

ADS 10294 STT 321 153499 16594+1419 1987.2700 58.9 0.097
1988.2557 12.4 0.582 1988.2611 51.0 0.087

ADS 10295 Bu 1298 AB 153475 16595+0942 ADS 10696 Bt 631 160438 17399-0039
1988.2557 124.2 0.427 1986.4100 129.4 0.114

ADS 10312 STF 2114 153914 17019+0827 1988.2610 118.0 0.133
1986.404 188.1 1.294 +2103188 Cou 114 160935 17418+2130
1987.2727 188.1 1.2940.289

ADS 10340 A 1146 166090 17052-16947 1987.2700 32.7 0.284
1988.2556 123.3 0.379

ADS 10345 STF 2130 AB 154905 17054+5427 ADS 10743 Hu 1285 161258 17436+2237
1986.4044 37.4 2.122 1986.4045 222.1 0.562
+3802 86 37. 229103 1 1088.2583 221.4 0.563

+3802885 Cou 1291 155039 17075+3810 ADS 10794 Hu 924 - 17449+6628
1987.2673 234.9 0.116 1988.2583 206.1 0.301

ADS 10360 Hit 1176 AB 155103 17081+3555 ADS 10773 Ho 70 161675 17456+3032
1986.4099 110.3 0.137 1988.2583 93.3 0.431
1987.2673 99.0 0.127 ADS 10800 A 697 162051 17471+4215
1988.2531 82.2 0.104 1988.2583 116.7 0.535

HR 6396 " Dra 165763 17088+6543 HR 6641 CHARA 64 162132 17471+4737
1987.2673 22.9 0.095 1987.2700 116.0 0.170

.1904547 McA 46 155096 17103- 1926 1988.2611 117.5 0.179
1987.2699 111.8 0.132 ADS 10706 Hit 1288 161819 17472+1502

+4902600 Cott 1775 - 17115+4914 1988.2583 152.4 0.425
1988.2557 81.5 0.469 ADS 10795 STF 2215 161833 17472+1742

+4502506 Kui 79 AB 155876 17121+4544 1986.4046 265.2 0.561
1986.4045 226.3 1.109 1987.2699 265.3 0.559
1988.2567 209.5 0.020 1988.2583 265.0 0.549

ADS 104108 CHARA 139 An 156014 17146+1423 ADS 10814 Hiu 1182 - 17480+3536
1986.4100 85.8 0.192 1988.2583 324.6 0.603

ADS 10464 Hu 669 234420 17182+4952 ADS 10815 J 754 AB - 17490+2450
1988.2557 81.2 0.834 1988.2583 49.3 !.801

ADS 10469 Swi 167103 17183+5338 ADS 10822 A 2187 162262 17501+0214
1988.2557 166.6 0.513 1988.2557 322.1 0.482

ADS 10459 Bu 628 - 17184+3239 ADS 10828 STT 337 162405 17505+0716
1986.4045 283.1 0.476 1986.4045 177.1 0.413
1988.2557 281.1 0.470 1988.2583 176.5 0.420

ADS 10495 A 232 157256 17212+2542 ADS 10848 Hu 1183 - 17512+3821
1988.2567 117.3 0.461 1988.2583 188.4 0.449

HR 6469 McA 47 167482 17217+3968 ADS 10846 A 1164 162670 17619+0724
1987.2673 140.9 0.080 1986.4045 42.8 0.373
1988.2629 157.5 0.107 1988.2557 42.5 0.376

+2303092 Cou 415 157392 17221+2310 ADS 10850 STT 338 AB 162734 17520+1520
1986.4100 25.6 0.124 1986.4045 351.3 0=.3,

ADS 10504 Ho 414 AB 157429 17222+2605 ADS 10866 AC 8 163032 17528+2941
1988.2557 100.8 0,798 1986.4102 273.9 0.202

+2103107 Cott 201 AB 157430 17224+2056 +4202942 Cou 1599 - 17530+4212
1088.2557 255.0 0.545 1988.2583 127.4 0.603

ADS 10523 STF 2163 - 17233+4209 ADS 11006 STT 349 167101 17630+8354
1988.2557 80.1 1.470 1986.4047 46.1 0.401

ADS 10531 Hit 1179 157853 17241+3834 1987.2700 44.5 0.395

1986.4102 285.9 0.092 1988.2584 44.8 0.398
1987.2673 285.9 0.103 ADS 10871 A 235 163077 17533+2500
1988,2529 284.5 0.117 1986.4045 81.4 0.403
1988.2610 284.1 0.118 1988.2583 83.9 0.401
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TABLE if. (continued)

HR 6676 Fin 381 163151 17543+1108 ADS 11454 STF 2339 AB,C. 171365 18338+1744
1986.4100 257.9 0.099 1987.7562 276.1 1.6671987.2700 231.8 0.082 ADS 11454 Hu 322 AB 171365 18338+1744
1988.2611 190.5 0.063 1987.7562 89.0 0.226

+4102928 Cott 1601 As - 17666+4108 ADS 11468 A 1377 AB 171779 18340+6221
1986.4045 66.3 0.533 1987.7563 102.2 0.262
1988.2584 64.6 0.535 HR 6977 CHARA 74 171623 18352+1812

I t +2503381 Cou 503 163529 17556+2508 1981.2728 26.9 0,149
1986.4045 90.4 0:368 1987.7537 24.7 0.164

HR 6984 CHARA 75 171780 18352+34271988.2584 92.2 0.362 18.577. .3
ADS 10905 McA 49 As 163640 17564+1820 1987.7537 79.3 0.239

1988.2610 67.3 0.085 ADS 11479 STT 359 171746 18356+2335
I ADS 10905 STF 2245 Aa,B 163640 17564+1820 1986.4048 9.4 0.659

1987.2755 291.9 2.627 1987.7562 8.8 0.666
ADS 10912 STF 2244 163624 17571+0004 +2103492 Cou 206 342628 18363+2143

1986.4100 92.7 0.343 1987.7590 127.1 0.105
HR 6697 McA 50 163840 17572+2400 ADS 11496 CHARA 76 As 171834 " 18367+0640

1988.2612 336.6 0.085 1987.2728 91.4 0.169ADS 11005 STF 2262 AB 164764 18030-0811 ADS 11502 Hu 247 171929 18370+1016
1988.2584 279.4 1.861 1987.7562 13.2 0.473

ADS 11060 STT 341 AB 165590 18059+2126 ADS 11520 A 88 AB 172088 18384-0312
1986.4047 91.3 0.494 1987.2728 322.1 0.135
1987.2700 91.3 0.497 1987.7589 313.4 0.128ADS 11071 Hu 1186 - 18063+3824 ADS 11630 Ho 87 AB 172246 18386+1632
1986.4047 104.0 0.436 1987.7535 45.8 0.279
1988.2584 104.4 0.423 ADS 11568 STF 2368 AB 172712 18389+5221

ADS 11080 STT 524 165886 18075+1939 1986.4048 322.2 1.921
1986.4047 223.5 0.314 HR 7017 Cou 1607 172671 18395+4056
1987.2700 221.8 0.321 1987.7537 115.2 0.174
1988.2584 222.0 0.322 ADS 11566 Ho 437 AB 172729 18406+3138

ADS 11089 CHARA 67 As 166045 18078+2606 1986.4048 131.8 0.418
1987.7617 112.4 0.127 1987.7562 131.8 0.411

ADS 11111 STF 2281 AB 166233 18095+0401 ADS 11574 A 2988 172743 18410+2450
1986.4047 318.4 0.382 1987.7537 166.1 0.121
1988.2584 316.2 0.392 ADS 11679 STF 2317,iB 172865 18413+3018

ADS 11128 Hu 674 166820 18097+5024 1987.7537 89.0 0.160
1986.4047 226.8 0.722 1987.7590 89.4 0.1641988.2584 225.9 0.727 ADS 11593 B 2546 Aa 173087 18421+3445

ADS 11123 STF 2289 166479 18102+1628 1987.7537 306.5 0.144
1986.4047 221.9 1.219 +1803786 Cott 816 229303 18433+1847
1988.2884 72.0 1.207 1987.7562 300.7 0.251

ADS 11144 A 238 166822 18113+2519 ADS 11640 Fit 332 Asb 173495 18455+0630
1988.2584 77.1 0.615 1987.7618 129.2 0.117

ADS 11149 B 2545 AB 166988 18117+3327 ADS 11640 Fin 332 Bnb 173495 18465+0530
1986.4047 66.0 0.102 1987.7618 137.8 0.146
1987.7617 69.6 0.096 ADS 11683 Hu 584 229505 18475+1537A 1987.7562 13.6 0.401ADS 11170 Bu 1091 - 18126+3836 ADS 11698 Bu 971 AB 174343 18475+49261988.2584 326.8 0.602 18.08 3. .2

2068 c611986.4048 37.2 0.326
.2075068 McA 51 167570 18167-2032 ADS 11637 Hu 252 173923 18477+0916

1987.2700 134.1 0.258 1987.7562 135.4 0.461HR 6851 CHARA 8 168199 18180+1347 HR 7090 Hei 72 174366 18477+4905
1987.2728 39.7 0.058 1986.4048 217.5 0.515
1987.7617 41.9 0.058 1987.7562 218.3 0.523

ADS 11388.260 42.8 1.057 -1805070 Rot 3198 173805 18480-1814AS131986.4047 277.4 0 80.3 7 +7 1988.2584 166.4 0.404

HR 8927 X Dra 170153 18208+7245 ADS 11709 Hu 326 343146 18486+2330
1987.7617 226.4 0 .129 11987.7590 176.7 0.0961987.7617 226.4 0.129 HR 7109 CHARA 80 17483 182 r 

-138
ADS 11324 AC 11 169493 18240-0135 1987.7592 87.0 0.063

1986.4047 356.3 0.868 ADS 11897 STF 2438 176660 18576+5814
ADS 11344 Hu 66 AB 170109 18253+4845 18 48 10 1198.4047 249.6 0.3180.841986.4047 249.6 0.318 1987.7563 2.4 0.844

1987.7562 248.2 0.311 D 114 AA82A 1615 18212
ADS 11344 STT 351 AC 170109 18253+4845 ADS 11884 CHARA 82 Aa 176155 18582+1722

1986.4047 18.4 0.705 1987.7592 182.2 0.233
1987.7562 18.2 0.708 HR 7166 Kid 80 176162 18594-1250

ADS 11339 Bu 1203 169725 18261+0046 1987.7592 294.9 0.129
1986.4047 146.5 0.415 +300306t Cott 1933 176669 19006+3951

HR 6928 CHARA 71 170200 18280+0612 1987.7563 200.1 0.408ADS 12033 Hu 040 - 19055+33521987.2728 114.9 0.0801987.738 113.2 0.075 1987.7563 202.7 0.5621987.758 112.9 0.082 +3503478 Cott 1614 - 19060+3549

ADS 11399 CHARA 72 As 170580 18301+0404 1087.7563 126.3 0.605
1987.2728 178.1 0.152 HR 7262" t Lyr 178475 12073+36061987.7590 39.4 0.079ADS 11458 8o 86 - 18335+3510 HR 7263 CHARA 83 178476 19081+2142
1987.7562 188.9 0.327197503. 023I ;1987.7500 3.2 0,213

I-
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TABLE 11. (continued)

ADS 12079 Ho 98 AB 178617 19081+2705 ADS 14126 STT 410 AB 197018 20396+4036
1987.7563 86.2 0.263 1986.8856 6.1 0.841

+1203818 McA 54 178462 19083+1215 1986.8966 6.3 0.841
1987.7565 179.8 0.165 ADS 14121 WCK Aa 196867 20397+1556
1987.7592 183.6 0.170 1086.8965 269.7 0.160

+1003801 CHARA 140 178717 19094+1014 19087.7620 257.1 0.178
1985.4927 29.2 0.250 ADS 14148 A 2795 197075 20406+2156

HR 7362 Fin 327 182369 19253-2431 1986.8965 252.1 0.245
1988.2612 90.5 0.087 HR 7922 McA 62 197226 20410+3905

ADS 12540 McA 55 Aa 183912 19307+2758 1987.7620 100.8 0.055
1986.8883 163.2 0.410 +3404117 Cou 1963 AB - 20411+3516
1987.7618 161.2 0.407 1986.8856 3.7 0.257

+5801929 McA 56 184467 19311+683r, ADS 14238 Bit 64 AB 197683 20451+1244
1986.8883 128.5 0.065 1987.7620 165.6 0.653
1987.7618 172.7 0.067 ADS 14296 STT 413 Aa,B 198183 20474+3629

ADS 12567 A 713 184242 19313+4729 1986.8856 14.7 0.862
1986.4048 272.6 0.354 ADS 14306 Bt 268 198253 20476+4204

HR 7436 CHARA 87 184603 19336+3846 1986.8856 202.3 0.427'
1986.8883 177.8 0.141 ADS 14379 Ho 144 198810 20523+2008

1987.7618 183.2 0.139 1986.8965 345.3 0.335
HR 7441 9 Cyg 184759 19348+2928 ADS 14404 Ho 146 199071 20536+3514

1987.7620 12.1 0.043 1987.7566 50.5 0.361
ADS 12973 AGC UAB 187362 19489+1908 ADS 14412 A 751 199306 20538+5919

1987.7620 171.7 0.221 1986.8966 139.3 0.147

+2903867 Cots 1473 333412 20027+2939 1987.7565 135.7 0.154

1986.8855 355.4 0.501 ADS 14493 A 756 AB 199937 20577+6850
ADS 13312 McA 59 Aa 190429 20035+3602 1986.8856 213.6 0.566

1986.8855 65.4 0.206 1987.7565 213.9 0.565
HR 7684 CHARA 91 190781 20045+4814 ADS 14504 STF 2741 AB 199955 20586+5028

1986.8855 205.7 0.352 1987.7565 26.1 1.944
HR 7677 CHARA 92 190590 20050+2313 ADS 14499 STF 2737 AB 199766 20591+0418

1986.8884 70.6 0.039 1986.8910 285.3 0.977
ADS 13384 Bu 428 100887 20067+1256 1987.7566 285.7 0.971

1985.4928 353.7 0.789 ADS 14505 STT 424 AB 199839 20593+1534
ADS 13564 A 1204 19260 20143+3129 1986.8910 306.3 0.627

1986.8855 139.7 0.359 1987.7666 308.0 0.527
ADS 13572 STT 403 AB 192659 20143+4206 ADS 14526 McA 65 As 200120 20598+4732

1986.8855 170.4 0.931 1986.8910 48.3 0.207
ADS 13611 A 2095 AB 192911 20156+4339 1987.7565 47.4 0.207

1987.7537 158.1 0.201 HR 8038 "Kui 102 199942 21002+0731
HR 7755 CHARA 93 192983 20157+5014 1986.8910 46.9 0.324

1987.7537 186.5 0.165 1987.7566 44.1 0.329
HR 7744 McA 60 AaB 192806 20158+2749 ADS 14543 A 1438 200222 21010+4000

1986.8884 142.4 0.274 1987.7566 248.4 0.29
1987.7538 141.9 0.279 ADS 14575 STF 2751 200614 21022+5640

ADS 13660 BAR 11 AB 193238 20180+3311 1987.7565 354.0 1.633
1986.8855 197.3 0.383 ADS 14617 Hu 590 200927 21048+4902

ADS 13672 CHARA 96 As 193322 20181+4044 1987.7565 86.2 0.246
1986.8884 198.7 0.049 +3904427 Cou 2135 200890 21050+4021

ADS 13686 A 1425 AB 193443 20189+3817 1987.7566 355.9 0.216
1987.7537 266.1 0.139 ADS 14634 Hu 765 BC 201267 21055+6210

ADS 13728 A 1427 AB 193702 20202+3924 1987.7565 30.5 0.754
1986.8R;, 109.3 0.332 ADS 14644 Hu 691 201155 21067+3455

+1904380 Cou 327 AB 103797 20216+1930 1987.7568 312.8 0.346
1987.7538 67.1 0.065 ADS 14666 STT 527 201221 21080+0509

ADS 13777 A 288 194113 20232+2052 198.8910 134.4 0.232
1987.7538 223.6 0.117 1987.7566 133.4 0.237

ADS 13820 A 1428 194523 20239+5232 +2804003 Cott 1332 - 21091+2922
1986.8855 209.6 0.323 1987.7566 18.7 0.211

ADS 13834 A 290 194540 20249+3404 +3904463 Cot 1968 - 21098+4013
1987.7538 131.8 0.448 1987.7566 97.9 0.179

+3504115 Cou 2130 As 104760 20262+3547 ADS 14749 STF 2780 Aa,B 202214 21118+6000
1987.7537 56.4 0.153 1986.8856 215.3 1.052

+3303914 Cou 1956 196102 20281+3353 1987,7620 215.5 1.054
1987.7538 236.6 0.334 ADS 14749 McA 67 As 202214 21118+6000

ADS 13944 A 1675 195481 20311+1548 1986.8856 29.7 0.050
1987.7539 189.6 0.070 1987.7620 25.4 0.057

ADS 13946 OHARA 99 Aa 195482 20312+1116 ADS 14761 flu 767 202123 21134+4-9
1987.7620 126.6 0.350 1986,8910 75.1 0.096

ADS 13939 Bu 671 196069 20317+6227 1987.7621 85.4 0.103
1986.8855 318.6 0.485 ADS 14783 H 48 202582 21137+6425

+4003310 McA 61 196089 20331+4050 1986.8856 257.7 0.346
1987.7620 149.6 0.033 ADS 14784 STF 2783 202519 21141+5818

HR 7866 WRH AB 196093 20339+3515 1986.8856 . 4.8 0.757
1986.8966 96.2 0.282 1987.7565 4.9 0.765

ADS 14073 Bu 151 AD 196524 20375+1436
1987.7620 136.0 0.200
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I TABLE II. (continued)

ADS 14773 STT 535 AB 202275 21146+1001 ADS 15530 Hu 774 209103 21598+4908
1986.8910 211.1 0.112 1987.7593 146.1 0.178
1987.7592 111.5 0.032 ADS 15578 Bu-694 AB 209515 22030+4439
1987.7621 104.2 0.034 1986.8857 4.4 0.966

ADS 14798 A 1692 202642 21152+5531 ADS 1599 Bu 696 AB 209622 22045+1552
1987.7565 167.6 0.326 1987.7594 5.5 0.150

ADS 14824 A 401 202810 21171+4312 ADS 1515 Hu 977 - 22048+6539
1987.7566 142.2 0.424 1986.8857 312.3 0.278

+3004393 Cou 1183 202882 21180+3049 ADS 15613 A 1453 - 22054+3858
1987.7540 25.6 0.229 1986.8856 326.3 0.527

ADS 14839 Bu 163 AB 202908 21187+1134 ADS 15633 A 183 - 22059+4522
1986.8910 76.4 0.061 1986.8857 244.8 0.735
1987.7593 58.0 0.056 +2504677 Cou 537 - 22077+2622

ADS 14864 STF 2790 An 203338 21192+5837 1986.8856 41.3 0.166
1986.8911 118.6 0.103 ADS 15670 STF 2872 BC :10432 22086+5918
1987.7593 120.0 0.100 1986.8857 301.4 0.830

ADS 14876 A 1695 203379 21199+5319 ADS 15726 A 625 AB 210875 22117+5743
1986.8856 198.4 0.475 1986.8857 73.9 0.501

ADS 11879 A 295 203302 21206+2743 ADS 16748 A 626 239892 22127+6013
1986.8856 243.7 0.360 1986.8857 101.9 0.748

ADS 14893 A 617 203346 21214+1021 ADS 15746 Hu 695 - 22129+5058
1986.8910 108.2 0.121 1986.8857 15.1 0.837
1987.7539 100.8 0.162 +A304153 Cou 1829 - 22131+4437
1987.7593 98.7 0.163 1986.8857 114.4 0.178

ADS 14944 A 765 AB 203938 21238+4710 ADS 15756 Bu 991 211113 22136+5234
1986.8856 28.1 0.443 1986.8857 137.9 0.682

ADS 14954 Bu 164 AB 203943 21251+0923 ADS 15794 Ho 180 211405 22158+4354
1987.7539 207.6 0.163 1986.8857 237.0 0.755
1987.7593 207.4 0.161 +1604707 Hei 192 211542 22175+1649

+2804085 Cou 940 204051 21253+2928 1987.7594 145.2 0.140
1980.8856 274.7 0.331 ADS 15846 A 185 - 22201+4625
1987.7539 274.8 0.337 1986.8867 313.0 0.779

ADS 14960 A 2289 AB 203993 21256+0203 ADS 15867 A 411 212163 22214+4148
1987.7539 22.4 0.088 1986.8857 223.2 0.284

HR 8238 6 Cep As 205021 21288+7034 +4204396 Cou 1986 - 22263+4308
1986.8910 52.5 0.100 1986.8857 10.8 0.448
1987.7593 55.1 0.090 +3904837 Cou 1042 212000 22268+4034

ADS 15058 A 771 205085 21315+4817 1987.7594 75.9 0.155
1986.8911 54.8 0.058 ADS 16011 Hu 981 213530 22306+6138

HR 824-3 CHAR.A 102 205314 21329+4959 1986.8857 221.4 0,319
86.89118 0.048 +1704759 Cou 234 213392 22307+1758

1987.7593 100.9 0.047 1987.7594 317.5 0.153
ADS 15111; Hu 371 205541 21354+2427 +5302911 Kul 112 As - 22327+5347

1987.7539 300.0 0.301 1986.8857 231.5 0.609
ADS 15131 Ho 463 205731 21362+4253 ADS 16057 STF 2924 AB 213973 22329+6954

1986.8856 174.9 0.455 1986.8857 93.4 0.392
ADS 15176 Bu 1212 AB 200058 21395-0003 ADS 16072 Hu 983 214051 22339+6550

1987.7539 254.5 0.445 1986.8911 220.8 0.068
+0804714 CHARA 105 206155 21400+0911 ADS 16073 A 1468 213990 22342+5405

1987.7539 97.2 0.257 1986.8911 254.1 0.274
ADS 15236 Hu 280 206512 21423+0554 ADS 16098 A 1470 214222 22357+5312

1987.7539 141.5 0.204 1986.8911 300.8 0.103
HR 83C0 Kul 108 206644 21425+4106 ADS 16096 CHARA 112 Aa 214168 22359+3938

1986.8911 21.0 0.199 1986.8885 128.7 0.044
1987.7540 16.2 0.202 1987.7594 134.0 0.045

ADS 15251 Bu 688 AB 206656 21426+4103 ADS 16111 Bu 1092 AB 214511 22361+7252
1986.8856 203.9 0.348 1986.8911 235.9 0.221
1987.7540 203.5 0.354 HR 8617 CHARA 114 214658 22383+4511

ADS 15281 Bu 989 AB 206901 21446+2539 1986.8911 126.6 0.110
1986.8938 115.3 0.269 1987.7622 133.7 0.104
1987.7593 109.7 0.261 ADS 16138 Ho 295 214608 22387+4418,

ADS 15315 Hu 970 207369 21455+6745 1986.8911 334.5 0.321
1986.8857 273.9 0.359 -1 8000731 McA 72 215319 22394+8123

ADS 15339 Hu 971 AB 207577 21478+6203 1986.8911 98.7 0.152
1986.8857 200:2 0.305 ADS 16164 Ho 188 214807 22402+3731

+3404540 Cou 2484 207663- 21498-3455 1986.8885 203.3 0.341
1986.8856 354.0 0.360 HR 8629 Kui 114 214810 22408-0333

HR 8344 Cou 14 207652 21502+1718 1986.8884 125.5 0.236
1986.8938 53.3 0.311 1987.7622 126.4 0.264
1987.7621 59.7 0.272 ADS 16173 Ho 296 AB 214850 22408+1432

ADS 15375 Ho 170 207782 21505+3925 1086.8884 82.0 0.320
1986.8856 239.6 0,317 1987.7622 77.3 0.369

ADS 15435 A 620 208341 21540+4403 ADS 16214 STT 476 AB 215242 22431+4709
1986.8566 278.4 0.342 1986.8911 304.8 0.497

ADS 15499 Bu 27I 208905 21673+6117 ADS 16214 Hu 91 BC 216242 22431+4709I1986.8857 171.1 0.422 1986.8911 51.4 0046
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TABLE II. (continued)

ADS 16249 Hu 783 216590 22463+5128 ADS 16760 A 1485 220869 23268+5434
1986.8911 182.6 0.204 1986.8912 212.2 0.575

ADS 16314 Ho 482 AB 216285 22514+2624 1987.7567 212.8 0.558
1986.8884 32.6 0.378 ADS 16800 Bu 1266 AB 221264 23305+3050

HR 8704 McA 73 216494 22535-1137 1986.8885 77.1 0.261
1986.8884 289.2 0.079 1987.7567 75.1 0.259

ADS 16380 A 416 - 22563+4247 +18051r3 Cou 340 - 23322+1942
1986.8911 342.7 0.383 1987.7567 61.2 0.262

HR 8762 o And AB 217675 23019+4219 ADS 16819 Hu 298 221445 23322+0705
1986.8911 353.4 0.258 1986.8885 166.8 0.119
1987.7622 352.7 0.249 +2204860 Cou 144 - 23339+2342

ADS 16457 A 194 217712 23020+4800 1927.7567 55.2 0.33 3
1986.8912 291.3 0.140 ADS 16836 Bu 720 221673 23340+3120

+6301917 MIr 69 217848 23024+6413 1986.8939 264.0 0.523
1986.8914 116.6 0.287 1987.7567 264.9 0.524

ADS 16467 Bu 1147 AB 217782 23026+4245 ADS 16858 Bu 721 AB 221925 23363-0707
1986.8912 340.2 0.398 1986.8912 134.4 0.251

ADS 16497 A 417 AB 218060 23052-0742 ADS 16873 Fox 102 AB 222068 23374+0737
1986.8912 31.8 0.193 1987.7566 311.7 0.232
1987.7622 41.4 0.202 ADS 16877 STT 600 AB 222109 23376+4426

ADS 16505 A 106 218196 23055+4643 1986.8914 358.9 0.494
1986.8912 314.7 0.473 1987.7567 359.6 0.495

ADS 16518 Bu 180 AB 218439 23072+6049 ADS 16904 A 643 222326 23392+4543
1987.7568 143.3 0.577 1986.8914 156.4 0.225

ADS 16530 Hu 994 218537 23078+6338 1987.7540 155.2 0.229
1986.8914 309.754 055221521987.7968 309.7 0.21 +4504301 MIr 4 222516 23412+46131987.7568 310.4 0.22018.88 36. 0.0

HR 8817 Rot 3320 218640 23099-2227 ADS 1986.8885 316.1 0.105
196892 36. .46AS16928 Hu 858 AB 222529 23413+32341986.8912 305.9 0.246 1987.7568 229.4 0.828

ADS 16561 Bu 385 AB 218767 23103+3228 HR 9003 McA 75 Aab 223047 23460+46251986.8912 91.5 0.64419754 10.026
ADS 16576 Ho 197 AB 21891? 23115+3813 1987.7540 101.9 0.29619681 132 031187.7622 102.9 0.299

1986.8912 313.2 0.311 ADS 16995 Bar 19 223139 23470+05151987.7567 313.4 0.31619.7604 107
ADS 16591 A 2298 219018 23126+0242 1987.7S68 0.4 1.077

1986.8912 96.5 0.129 +3605106 Cou 944 - 23485+3608
ADS 16610 A 1481 - 23137+3931 1987.7540 96.8 0.194

1987.7567 170.8 0.198 ADS 17019 B 2547 AB 223331 23485+3617
ADS 16621 A 200 219334 23147+4116 1986.8885 360.0 0.236

1987.7567 79.9 0.546 1987.76 W0 1.5 0.234
+0004982 CHARA 141. 219420 23157+0119 ADS 17020 STT 507 AB 223358 23486+6463

1986.8912 38.5 0.061 1986.8914 307.6 0.732
ADS 16638 Bu 992 219633 23164+6408 1987.7668 307.9 0.724

1986.8914 41.1 0.272 ADS 17030 A 424 223486 23498+2740
1987.7568 37.6 0.275 1986.8885 113.1 0.169

ADS 16650 Ht 400 219675 23176+1819 1987.7542 113.8 0.168
1986.8912 122.9 0.344 ADS 17036 A 792 - 23505+4703
1987.7567 122.0 0.344 1987.7540 265.4 0.702
+270430 4391993 0 31 4 ADS 17039 A 793 - 23506+4705+2704630 Cou 439 219963 23199+2845 1986.8914 129.3 0.126
1986.8912 214.2 0.216 ADS 17050 STT 510 AB 223672 23516+4205
1987.7567 218.9 0.219 1986.8914 305.3 0.648

+3304690 Cou 742 219982 23199+3444 1987.7540 305.5 0.551
1986.8912 26.8 0.268 HR 9041 Fin 359 223825 23529-0313
1987.7567 28.0 0.270 1986.8885 351.1 0,040

+1504809 Hei 88 220077 23209+1643 1987.7622 322.8 0.042
1987.7567 213.8 0.250 +4204792 Cou 1498 224167 23557+4318

ADS 16708 Hu 295 220278 23226-1503 1986.8885 36.8 0.174
1986.8912 113.6 0.253 1987.7540 37.0 0.179

+3404916 Cou 1346 - 23239+3456 ADS 17104 Hit 500 224219 23561+2327
1987.7567 84.8 0.232 1987.7542 89.4 0.171

ADS 16731 STT 495 220562 23241+5732 ADS 17111 A 2100 224315 23568+0443
1986.8912 119.8 0.307 1986.8885 165.6 0.132
1987.7667 120.6 0.310 -1406588 Rot 4136 AB 224612 23586-1408

ADS 16748 Ho 489 AB 220723 23259+2742 1986.8912 22.3 0.178
1986.8912 226.6 0.541 ADS 17151 A 1498 224646 23594+5441
1987.7567 226.2 0.541 1986.8914 83.9 0.388

+2204835 Cou 338 220794 23266+2342 1987.7540 84.3 0.389
1986.8912 41.1 0.105
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11 is 0.372 arcsec, while the median value is 0.285 arcsec. A
100 histogram of the measured angular separations is shown in

Fig. 2. The limiting magnitude of our system is currently
so determined by the detector properties and by the thresh-

olding properties of the hardwired vector autocorrelator
(VAC). The microchannel plate intensifier is showing a

60 cvery strong loss of sensitivity over the region typically illumi-
nated by speckle patterns, a degradation amounting to near-

0ly a factor of 3 decrease in sensitivity relative to the edge ofI - the tube. The CCD itself shows a rather strong fixed pattern
that correlates randomly with each event tagged by the VAC
so that the noise contribution to autocorrelograms is in-
creased and, in the faint limit, prohibits application of thisI . detector in a sparse, single photon domain. We expect to

00 02 0, 06 08 ,0 1,2 ,, 4replace the detector during 1989 and to immediately retire
A s,,.,, (,,, the VAC in favor of a commercially available frame-grabber

board operating in conjunction with ifficient software on a
FiG. 2. The distribution of measured angular separations from Table PC/AT type computer.
11 is shown. Separations range from 0.031 to 2.91 arcsec, with mean As opportunities arose from well-observed portions of the
and median valuesof0.372 and 0.285 arcsec, respectively, for the 1550 primary program, we obtained data for the 293 stars from
measures of 1006 systems. The Bright Star Catalogue (Hoffleit 1982) that are listed in

TABLE III. Bright stars inspected for duplicity.

Hit HiR HR HR HRt it HRt Ht

1 135 4052 4184 4351 4620 5388 5581
4 144 4054 4187 4357 4632' 5392 5588
7 146 4057 4191 4358 4633 5394 5589

8 153 4062 4195 4359 4641 5402 5596'
15 603 4064 4202 4362 - 4642* 5405 5608
17 620 4067 4203 4366 4643 5411 5609

19 1593 4070 4215 4371 4650 5414 6039
21 1594 4072 4232 4378 4654 5415 6047
26 1603 4075 4235 4380* 4659 5416 6057
27 1622 4077 4236 4381 4663 5420 6065
28 1623 4078 4241 4386 4663 5422 6068
26 1624 4079 4243 4528 46687 5423 6067

38 1644 4081 4246 4533 4672 5424 6093
39 1647 4084 4248 4535 4673 5430 6095
40t 1668 4085 4256 4536 4676 S434 6107
41 1675 . 4088 4258 4543 5317 5436 6108
44 1678 4090 4259 4545 5330 5437 6111
45 4004 4096 4260 4555 5331 5441 6152
49 4004 4097 4265 4559 5333 5442 6154

u 4008 4103 4267 4560 5335 5445 815952 4012 4106 4269 4681 5343 S448 $176

53 4014 4108 4270 4562 5345 5451 9078
56 4016 4113 4277 4564 5340 5452 907
60 4021 4121 4278 4566 5347 5464 9080
62 4024 4124 4281 4569 5350 5467 9083I ,63 4026 4126 4285 4572 5351 5468 9085
65 4027 4127 4288 4574 5352 5479 9086
70 4030 4131 4294 4575 5360 5492 9092
75 4032 4137 4300 4550 S363 5493 9D93

82 4039 4150 4310 4584 5369 5529 9100

93 4041 4165 4319 4585 5370 5533 9105'
96 4044 4166 4322 4593 5372*' 5537 9109
104 4046 4168 4332 4594 5373 5541 9110
113 4047 4176 4333 4602 5374 5552
124 4048 4178 4341 4610 5384 5563
128 4051 4181 4345 4626 5387 5569

Stars with HR numbers lets than 2000 or greater than 9000 were observed during November 1986, the
remaining Bright Stars were observed during April 1987. Asterisks indicate those stars for which newI i companions have been discovered, a.s reported in Ttble I. Daggers indicate known binaries, listei in Table
11 under their ADS designations (HR 40 = ADS 161, 1R 4560 = ADS 8347),I! _ _ __ _
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Table III. We are continuing the survey of bright stars begun over dwarfs in this newest sample, in which no preference
in Paper I as observing time permits at the Mayall telescope was made ior dwarfs, in constrast to the selection of candi-
and by follow-up runs at the 3.6 m Canada-France-Hawaii dates in, Paper L
telescope on Mauna Kea. The second CFHT run occurred in
February-March 1988; the results will be published as a con-
tinuation to Paper I. Our approach in this long-term effort is We wish to thank KPNO telescope operators John Booth,
to use only times of good seeing that are available, .after the Dave Chamberlain, Hal Halb edel, Dean Hudek, Don Mar-
primary programs have been observed at Kitt Peak, and to tin, and George Will for their wonderful efficiency in keep-
employ the intcrmediate magnification of 0.0088 arcsec per ing the observing pace a rapid one. We are grateful to
pixel along with the Str6mgren y bandpass. At the Mayall Charles Worley for his continued interes, a'd encourage-
telescope, the survey is defined by a rectangular box centered ment in this work. Research in speckle interferometry at
upon the bright star with a north-south dimension of 2.25 Georgia State University is supported by grants from the
arcsec and an east-west dimension of 1. 13 arcsec. As in Pa- National Science Foundation (AST 83-14148 and AST 86-
per I, we consider our approach capable of detecting angular 13095) and from the Air Force Office of Scientific Research
separations down to the diffraction limit of 0.035 arcsec, (AFOSR 81-0161 and AFOSR 86-0134). O.G.F. also ac-
with the further condition that the magnitude difference knowledges the partial support of the Space Telescope
does not exceed about 2 mag. Eight new binary stars, for Science Institute through STScl grant no. CW-0005-85,
which identifications are listed in Table I, were discovered in which also provided funding for his participation in the ear-
the sample of stars listed in Table III. The lower discovery lier papers in this series. We are grateful to Lars Furenlid for
frequency here compared with the results from the CFHT in providing us with transmission curves for our interference
Paper I is consistent with the prevalence of evolved stars filters.
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ABSTRACT

We test the conclusion of Peterson and Solensky (1987) that the motion of the Hyades binary Finsen
342 is best represented by a 6 yr eccentric orbit rather than by a 13 yr circular orbit assumed in most
previous analyses. Through the digital processing of four sets of speckle observations obtained between
1975 and 1986 to unambiguously determine the quadrant of the secondary star at those epochs, we
show conclusively that the orbit is indeed the short-period one, with a period of 6.264 yr. A new orbital
solution, based solely upon speckle coverage of two revolutions, is shown to give an overall better fit to
all the available visual, occultation, and interferometric data than any previously determined orbit for
Fin 342, even though we exclude visual and occultation observations from the orbital solution. An
initial estimate of the magnitude difference is determined from the speckle observations.

1. INTRODULI IoN 1982.766, and 1982.847 that have very large negative residu-

The orbit of the Hyades binary star Fin 342 (70 Tauri als in angular separation, residuals that are nearly an order
= HR 1391 = HD 27991: R.A. = 4h2 6m, Dec. of magnitude greater than would be expected from speckle
- + 1557', for equinox 2000) has presented the possible data. The observed motion, when the longer period is as-

ambiguity of long period, low eccentricity versus short peri- sumed, has a very pinched appearance about an axis passing

od, high eccentricity since shortly after the duplicity of the through these three measures. This suggests that the axis of
star was discovered by William S. Finsen in 1959. The subse- the pinch in the motion might define a line about which
quent history of the system's measurement by visual inter- approximately halfofthe data should be given 180 position-
ferometry and micrometry, by lunar occultation observa- angle projections. It is also interesting to note in Fig. 1 that
tions, and by speckle interferometry has been extensively the position angles of the visual measures, including the visu-
reviewed by Peterson and Solensky ( 1987, hereafter referred al interferometer observations of Finsen, tend to generally
to as PS), who argue the short-period case for the system, a avoid the axis of the apparent "pinch" in the speckle obser-
possibility first suggested by Eggen (1963) on the basis of vations.
the inordinately small masses resulting from the 13 yr pen- The goal of this study is to finally lay to rest the controver-
od. PS present the results of a period search showing that a 6 sy surrounding the orbital period of Fin 342 by definitively
yr period is as acceptable to the data as the 13 yr period establishing the true quadrant of the secondary at critical
found by Finsen (1978) in his final analysis of the observa- orbital epochs. Through the analysis of four sets of speckle
tional material, most of which at that time had been accumu- observations obtained at the Kitt Peak 4 m telescope during
lated by him. PS support their conclusion by presenting 1975-1976 and 1985-1986, we conclusively settl.. the issue
spectroscopic data obtained photographically at the Kitt of the true orbital period of this important Hyades binary.
Peak coudi-feed telescope and spectrograph. Their sp,:ctro-
grams never resolved the lines from the individual compo- II. THE SPECKLE OBSERVATIONS

nents, but the blended line profiles werejudged by inspection Fin 342 was observed by the first author during his first
to be broader at the epoch of maximum velocity separation speckle observing run at the Kitt Peak 4 m telescope in Sep-
predicted by the 6 yr orbit. On the basis of this highly sugges- tember 1975 and continues to be a high-priority object on the
tive evidence, PS adopt the 6 yr period, calculate the ele- GSU/CHARA program of binary star speckle interferome-
ments of the visual orbit, and reanalyze McClure's (1982) try. The system has now bezn observed at some 23 epochs byU deduction of the Hyades' distance modulus. us with an additional six observations from other speckle

* Another suggestive piece of evidence against the longer observers. The collected speckle measurements are present-
period can be seen from simple inspection of the speckle ob- ed in Table I, where the position angles have been precessed
servations plotted against the elliptical orbit. In Fig. 1, we to the equinox for 2000.0. Thesnall corrections to the GSU/
show the speckle measures along with the 12.51 yr orbit re- CHARA observations between 1982 and 1985 discussed by
cently published by Couteau (1987). Arrows in Fig. 1 indi- McAlister et al. (1988, in preparation) have been included
cate three speckle measures with epochs of 1975.716, in the measures in Table I. The coverage fails to complete
i_ _ _one long-period orbital cycle by just under one month and is
"Visiting Astronomer, National Optical Astronomy Observatories. just five days short of encompassing two of the short-period
NOAO is operated by the Association of Universit's for Research in As- cycles.
ttonomy, Inc., under contract with the National Science Foundation. PS calculated the orbital elements given in Table II for the

1431 Astron. J. 96 (4). October 1988 0004.6256/88/041431.08$00.90 0 1988 Am. Astron. Soc. 1431
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70 Tau = Fin 342 (12.5-yr Period)

++4

.M + C38 FIG. 1. The collection of existing measure-
197.6 6ments of Finsen 342 is shown here, where

2 + plus signs represent the visual interferom-
9 + etermeasuresofW. S. Finsen and the visu.

al micrometer measures of van den Bos,
+ - 290@ 1975.716 0 + + Couteau, and Morel. Dark squares are

2- t those speckle observations from the GSU/
CHARA program, while light squares are

I from other modem interferometric pro-
2 b 1986.890 grams. Each speckle data point is identi-

6 1fled by the observation number from Ta-
+ + ble I. Also shown here is the line of nodes13 + for which the :dentification of the true as-14 * + cending node remains ambiguous. Quad.

1985.841 1rants are adopted here in order to be con-
++2 151 .istent with a presuned long-period orbit.

16 Theorbit ofCouteau (1987) fora 12.51 yr
period is shown against these measure-

+ ments. The speckle observations for which
2 3 19 true quadrant determinations have been

+ 20 made are circled. Of these, only the mea-+ 2 221Ni s 117 sure for 1976.860 does not require a quad.
rant reversal. The "pinched" appearance
of the data when plotted against the long-

* period orbit is apparent in the observa-
tions shown with arrows and indicates
rather clearly where the possible 180' posi-
tion-angle reversals could yield a plausible
6 yr orbital motion.

F- E 
o.o

0'!05
N

6, 9, and 13 yr periods frund in their period search. The tion-angle residuals. The 13 yr orbit of Couteau (1987) does
quadrants adopted for the position angles in column 3 of a better job of fitting the position angles with comparable
Table I are based upon the 13 yr orbit and are consistent with dispersion in the separation residuals to the orbits of PS.
the quadrants determined from occultation observations. As has been pointed out by Evans (1984), the speckle
Superscripts next to the position angles in Table I indicate angular separations are all systematically smaller than the
quadrant reversals as called for by the three possible periods separations obtained by Finsen with his eyepiece interferom-
found by PS. We also include in Table 11 the elements deter- eter, and we would thus expect that the orbit of Finsen would
mined by Finsen (1978), Evans (1984), and Couteau not represent these modem measures at all well. Indeed, the
(1987). The residuals to these elements are listed in Table average residuals of the GSU/CHARA speckle measures to
III. the elements determined by Finsen (1978) are

The 9 yr orbit is obviously inappropriate to the observa- (AO ) = - 14.1 ± 12.7 and (Ap) = - 0.026 ± 0.009. In
tions, showing position-angle residual:; of 90" for the most his important revision of the Hyades distance modulus,
recent speckle observations not available to PS. The 13 yr McClure (1982) recognized the discrepancy between Fin-
orbit (solution I of PS) shows average residuals and their sen's observations and the modem results, but he considered
rms dispersions of (A0) + + 5.0' ± 7.0" and Fin 342 as providing one of the best mass determinations of
(Ap) = - 0.001 + 0.011 arcsec, while the 6 yr orbit (solu- the Hyades visual binaries. In the correspondence between
tion III of PS) leads to (AO) = + 5.5" + 7.2" and Finsen and one of us (HM) during the years preceding Fin.

Ap) = + 0.004 + 0.009 arcsec. The dispersions in the re- sen's death in 1979, it is clear that Finsen considered this last
siduals do not favor either of these two solutions over the orbit as being short of definitive, and he was keenly interest-
other, and both solutions show systematic effects in the posi- ed in seeing continued speckle coverage of this system. It is
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astrometry that has been published from the GSU/CHARA
Speckle Epoch speckle program has been performed using a hardwired vec-

Obs. No. 1900.0 + 0 p Source tor-autocorrelator (VAC) that gives a 1 bit (on/off) digiti-
I 75.716 228.3" 0.060 GSU zation of two-dimensional speckle frames. The VAC then
2 76.860 190.8 0.071 GSU calculates a histogram of all separations among the sample
3 76.923 188.1 0.076 GSU
4 77.087 182.9 0.085 GSU of "on" pixels, an operation that can be quickly carried out
5 77.742 161.6 0.093 GSU in hardware, and provides autocorrelograms from which theI .6 78.149 148.6 0.094 GSU7 78.618 138.3 0.108 GSU relative positions of the two components can be accurately
8 78.876 129.7 0.123 (1) extracted, albeit with the quadrant ambiguity inherent in
9 79.857 118.1 0.104 (2) this process.

10 79.926 112.6 0.095 (2)
11 80.153 99.2 0.106 GSU In order to eliminate this ambiguity, and even more im-
12 80.729 87.1 0.095 GSU portantly, to determine the magnitude difference in the sys-13 80.882 83.4 0.100 GSU tem, it is necessary to digitize each speckle frame to at least 6
14 80.939 79.6 0.093 (3)
i5 82.766 29.0" 0.053 GSU bits and preferably to 8 bits in intensity. High-speed digitizer
16 82.847 28.56 0.058 (4) boards are now available at modest cost for microcomputers
17 83.047 13I.2 0.095 GSU
18 83.711 350.36 0.097 GSU that give 8 bit digitization with 512X512 pixel frames at
19 83.714 351.16 0.078 GSU video frame rates. The real bottleneck in the processing-of
20 83.934 323.66 0.094 (5) these data, coming in from the speckle camera at a potential-
21 84.052 339.86 0.090 GSU
22 84.058 340.36 0.092 GSU ly prodigious rate of 62 megabytes per second, is the imple-
23 84.060 338.16 0.085 GSU mentation of the several possible algorithms to reconstruct
24 85.838 292.26 0.094 GSU the binary star image at a rate sufficiently efficient so as not
25 85.841 293.0" 0.097 GSU
26 86.886 269.86.9  0.094 GSU to waste telescope time. The augmentation of these methods
27 86.890 268.4 .9 0.096 GSU for routinely processing high volumes of speckle data for
28 87.766 245.5 .9 0.087 GSiJ
29 88.165 230.96.9 0.066 GSU bright objects is far from being a simple extensioa of current

methods. Fortunately, of the nearly 1500 binary stars on our

U Notes to TABLE I program, no more than 20 suffer from the ill eXects of quad-
Superscripts indicate quadrants to be reversed in considerng alternative rant ambiguity, as the great majority of our program stars
periods of 6 and 9 yr. All position angles have been precessed to equinox are visual binaries with quadrants unambiguously deter-
2000.0.
Sources: GSU-fron catalog of McAlister and Hartkopf (1988) mined by the visual observers or are spectroscopic binaries
(1)-Morgan et al. (1982) (4)-Tokovinin (1983) with existing orbits.
(2)-Hegeet al. (1981) (5)-Bonneau el al. (1984) The most pressing justification for introducing new tech-
(3)-Ebersberger et al. (1986) niques for processing binary star speckle data lies with the

essentially complete absence of accurate photometry for the
individual components of close visual binary stars. Never-
theless, the occasional problem presented by such systems as

therefore particularly pleasing to present such coverage at Fin 342 is a fascinating challenge to speckle observers. It
the present time. might also be pointed out that the quadrant ambiguity in this.

Il T system would not exist if its angular separation were some-
SIl. THE QUADRANT AND MAGNITUDE-DIFFERENCE what larger than the maximum it presents of just over 0.10ANALYSIS

arcsec. The classic quadrant-ambiguity case holds for visual
PS point out that the confusion with regard to the true binaries with zero magnitude differences (see Heintz 1978),

orbital period of Fin 342 would be easily set aside were it not but Fin 342 has been shown from occultation observations to
for the 180 position-angle ambiguity inherent in speckle in- have a magnitude difference of about 0.4 mag. If the star
terferometry. They urge speckle observers to take the next could be explicitly resolved by visual observers, then the

- step by modifying reduction algorithms in such a way as to quadrant problem would have been eliminated. Indeed, if
eliminate this ambiguity, a sentiment with which we are in the magnitude difference were really zero, then speckle
complete accord. It should be emphasized, however, that the methods could not be used to settle the issue. It is also inter-
step from simple autocorrelation analysis of speckle data to esting to reiterate the opinion of the eminent double star

i analyses that effectively reconstruct a diffraction-limited im- observer W. H. van den Bos (as privately communicated to

TABLE II. Published orbits for Fin 342.

Finsen Evans Couteau Peterson and Solensky (1987)
(1978) (1984) (1987) I 1 III

P (yr) 13.15 11.4 12.51 12.54 9.48 6.045
T(BY) 1962.84 1976.3 1986.52 1981.956 3974.750 1976.250
a (arcsec) 0.133 0.108 0.100 0.1001 0.0827 0.0941
e 0.073 0.073 0.01 0.066 0.280 0.701

132.6 132.6 146.9 138.5 152.0 127.0
O 97.1 90.1 14.6 243.3 281.9 91.6
node 321.4 310.1 289.o 284.5 219.7 33.8

0.60 0.43 0.28 0.29 0.28 1.00

Normalized to unity for PS orbit IIl.I
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TABLE I11. Speckle residuals to published orbits.

Speckle Finisen Evans Couteau Peterson and Solensky (1987) New Speckle Final
"bs. Nc. (1978) (1984) (1987) 1 If III Orbit . eight

I - -0.024 -21.6 -0.013 -0.9 -0.026 0.8 -0.026 -5.4 -0.007 -1.8 -0.006 3.6 -0.003 1
'I5.0 -U.0 -0.3 -0.002 f0.5 -0.013 +0.4 -0.008 fl.8 -0.011 -0.6 +0.002 -0.2 -0.002 1

3 +4.3 -0.024 -0.1 +u.002 -..1 -0.008 -0.1 -0.003 f1.2 -0.007 -0.4 +0.005 -0.2 .001 1
4 4.3 -0.019 t1.9 .0.008 +.2 0.000 +0.3 +0,005 i1.1 +0.001 +1.2 +0.008 +1.0 +0.005 1
5 0.2 -0.026 3.7 #0.001 -0.1 +0.004 +0.3 +0.010 -0.7 +0.005 +1.0 f0.004 +0.6 *0.003 1
6 -4.0 -0.032 f1.7 -0.006 -1.2 +0.001 -0.6 #0.007 -2.4 +0.004 -0.8 +0.002 -1.1 0.000 1
7 -5.0 -0.023 f2.4 +0.002 +1.1 +0.012 +l.7 f0.016 -0.2 +0.016 +1.0 +0.013 +0.8 0.012 1
8 -8.7 -0.009 -0.5 +0.016 -0.9 +0.025 -0.5 +0.029 -2.1 +0.031 -1.2 +0.027 -1.3 +Q.025 0
9 -1.3 -0.022 f9.3 +0.000 f1l.1 +0.003 i1O.8 +0.007 +10.9 0.009 +11.2+0.008 .10.7 +0.004 0
1. -5.4 -0.030 +5.4 -0.008 +7.2 -0.006 +6.8 -0.002 7.1 +0.000 +7.4 -0.001 6.8 -0.005 0
H1 -14.0 -0.016 -2.6 +0.006 -0.8 +0.006 -1.3 +0.010 -0.7 +0.011 -0.5 +0.010 -1.2 .0.006 1
I2 -12.5 -0.018 +1.0 +0.004 11.2 -0.003 +0.6 +0.003 #1.3 +0.001 +2.1 +0.003 +0.6 -0.002 1
13 -12.2 -0.010 +2.0 .O.011 +1.4 +0.003 f0.9 +0.010 +1.4 #0.006 +2.5 +0.009 +0.8 +0.004 1
14 -14.4 -0.017 +0.1 .0.005 -0.9 -0.003 -1.4 +0.004 -1.0 -0.001 +0.3 +0.003 -1.6 -0.002 1
15 -5.2 -0.046 118.6 -0.031 +4.0 -0.031 #14.2 -0.017 #2.7 -0.021 +10.3 -0.009 -2.8 -0.000 1
16 -3.0 -0.042 +20.9 -0.027 6.3 -0.026 +17.2 -0.013 +5.4 -0.015 +14.2 -0.008 +2.7 -0.001 1
f7 -13.8 -0.007 .10.3 +0.007 -4.2 +O.011 +8.4 +0.024 -3.1 +0.026 +6.1 +0.021 -3.3 +0.025 0
18 -16.0 -0.015 +8.4 -0.002 -3.1 +0.011 +13.0 +0.018 +14.1 0.041 +7.3 f0.009 f0.3 +0.010 1
19 -14.9 -0.034 9.4 -0.021 -2.0 -0.008 +14.1 -0.001 +15.3 +0.022 +8.4 -0.010 f1.4 -0.009 1
20 -3S.9 -0.022 -12.6 -0.007 -22.5 +0.006 -6.1 +0.012 f4.0 f0.041 -12.9 +0.004 -19.5 +0.004 0
21 -17.9 -0.028 +6.5 -0.013 -2.6 +0.002 +13.8 +0.006 f29.5 +0.037 +6.6 -0.001 ;0.1 -0.001 1
22 -17.2 -0.026 +7.1 -0.012 -1.0 +0.003 14.5 +0.008 +30.4 +0.039 +7.2 O.001 +0.8 +0.001 1
23 -19.4 -0.033 .5.0 -0.019 -4.0 -0.004 112.4 +0.001 +28.4 +0.032 t5.1 -0.006 -1.3 -0.006 1
24 -30.3 -0.040 -1.3 -0.006 -2.0 -0,005 +8.8 -0.009 +85.7 +0.017 +3.7 -0.002 -2.0 -0.006 1
25 -29.5 -0,037 -0.4 -0.003 -1.1 -0.002 -9.7 -0,006 +86.6 +0.020 +4.5 +0.001 -1.1 -0.003 1
26 -32.0 -0.027 f9.7 tO.017 +l.8 -0.002 +8.0 -0.006 -82.3 +0.008 +7.8 +0.003 +0.6 -0.004 1
27 -33.4 -0.025 +8.4 +0.019 +0.5 #0.000 +6.7 -0.004 -83.6 +0.010 +6.5 #0.005 -0.7 -0.002 1
28 -33.0 -0.014 f29.1 +0.018 +2.0 -0.003 +4.4 -0.004 -81.9 -0.003 +13.3 +0.018 .0.4 f0.002 1
29 -33.5 -0.026 35.2 -0.005 -0.3 -0.021 +0.7 -0.021 -85.9 -0.026 +32.1 +0.030 .1.7 -0.002 1

Average Residuals with respect to data of non-zero weight:
(Delta Theta) (Delta Rho)

Finsen (1978) -14.1+ 12.7 -0.026 f 0.009

Evans (1984) +6.0 + 11.3 -0.003 1 0.013

Couteau (1987) -070 + 2.2 -0.005 + 0.011

Peterson I Solensky(1987)
Orbit I +5.0 + 7.0 -0.001 + 0.011
Orbit 11 - +0.007 + 0.018
Orbit 111 +5.5 7.2 +0.004 +0.009

New Speckle Orbit +0.1 + 1.5 -0.000 + 0.005

us by C. E. Worley) that when one-is confronted with the capability for extracting differential magnitudes and colors
choice between a long-period, small-eccentricity orbit and a from speckle frames of binary stars obtained i'ith the ICCD
short-period, large-eccentricity r-it, the short period is speckle camera. A description of experiments carried out
more likely to be the valid one because truly circular orbits with simulated speckle data aimed at discriminating amongare rare among visual binaries, the various methods appropriate to the problem is presented

Methods for performing binary star "speckle photome- by Bagnuolo (1988). These methods include variations of
try" have been under extensive scrutiny and development at the "shift-and-add" (SAA) method first proposed by Bates
GSU/CHARAsince 1985 Ourgoal has been to develop the and Cady (1980) and modified by Bagnuolo (1982), the
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"triple correlation" method of Weigelt and Wirnitzer of the SAA results that the secondary star was in the first
(1983), and the"fork" algorithm of Bagnuolo (1988). Bag- quadrant (i.e., northeast of the primary) in 1975 and the
nuolo finds that his "fork" method is the most linear of the third quadrant (southwest of the primary) in 1976. The tri-
techniques across a large range of magnitude differences, pie correlation and "fork" results confirmed this conclusion.I Bagnuolo and Sowed (1988) have also applied the new algo- A preliminary report of the results from the photographic
rithm to a high-precision determination of the Str6mgren y data (Bagnuolo and Sowell 1986) mistakenly placed the sec-
and (b - y) values for the individual components of the Ca- ondary in the third quadrant for both epochs due to an error
pella system. made by the first author of this paper in establishing the

We selected the speckle-data samples for the four epochs north-south orientation for the 1975 data. The nature of this
1975.716, 1976.860, 1985.841, and 1986.890 as being capa- error is well understood, and we now have no doubt that a
ble of discriminating between the long- and short-period or- quadrant reversal occurred between 1975 and 1976, a con-
bits. The short-period orbit calls for a periastron passage and clusion consistent only with the 6 yr orbital period.
resulting quadrant reversal between 1975 and 1977, while The ICCD results clearly showed that the secondary was
the long-penod orbit keeps the components in the same to the east of the primary during 1985-1986, a result consis-
quadrant during this interval. Both orbits call for no quad- tent with the quadrant determinations from the earlier data-
rant change between the 1985 and 1986 observations, but the sets only in the case of the 6 yr orbit. A summary of the SAA
common quadrant is reversed for the two periods. The four results for the four selected epochs is given in Table IV, in
sets of data permit 16 possible quadrant combinations, only which the intensities of the SAA peaks are shown for the two
four of which correspond to the two possible orbital periods. possible position angles at each epoch. The peaks have been
A further check on the validity of the deduced set of quad- normalized to unity for the brighter peak.
rants is provided by the comparison with the quadrants de- The "fork" analysis of the ICCD data yielded a ratio of the
termined by the lunar occultation results, a comparison to be intensity of the secondary star to that of the primary star
made later. equal to 0.73 + 0.04, corresponding to a magnitude differ-

The datasets for 1975 and 1976 consisted of approximate- ence at Str6mgren y of 0.34 + 0.06 mag. The uncertainty in
ly 50 exposures in each set that were originally recorded on the magnitude-difference determination is limited by the ab-
Tri-X film and subsequently contact printed on high-con- sence of appropriate bias and flatfield data for the two ep-
trast copy film for analog reduction in the coherent image- ochs, and we suspect that saturation effects among the
processing system described by McAlister (1977). The brightest speckles in the ICCD frames are tending to de-
original negative for the 1975 data could not be located, and crease the magnitude difference in the SAA and "fork" anal-
the positive copy was used in its place. The two sets of expo- yses. We therefore choose not to adopt the magnitude differ-
sures were scanned with the PDS microdensitometer of the ence determined here, preferring to add its accurate
Lowell Observatory with a format sufficient to provide five determination to an ongoing speckle-photometry project in-
resolution elements across an Airy disk. The absolute north- volving all Hyades binaries within the reach of speckle inter-
south orientation was established for both film sets by locat- ferometry. We note that our determination of the magnitude
ing wide visual binaries that had been observed on the same difference in the Fin 342 system is in good agreement with
nights as Fin 342. The objects used have nonzero magnitude that of Hege et al. ( 1981 ), who found a value of 0.31 + 0.02
differences, and their true quadrants have long been estab- mag at 5000 A. The systematic effects that we suspect exist
lished by visual observers. in the present determination of the magnitude difference by

The two more recent sets of speckle observations of Fin no means alter our conclusions with regard to the true quad-
342 consisted of 1800 images, recorded on VHS format video rant occupied by the secondary star at the four epochs we
cassette tapes, taken with the GSU/CHARA ICCD speckle have analyzed.
camera using the methodology described by McAlister et al. We thus find that the speckle interferometric observations
( 1987). These data were digitized using a high-speed video- of Fin 342 conclusively show that a quadrant reversal oc-
digitizing system based upon a Data Translation DT-2851 curred between 1975 and 1976 and that a subsequent rever-
frame grabber board installed in a Wyse pc-286 personal sal must have occurred sometime between the second and
computer with 8 MBytes of expanded memory. When an third datasets in order to place the secondary east of the

* [ image is grabbed by the DT-2851 board, the central primarystarasitwasinthefallof1975.Themostlikelytime
256 x 256 pixel area is averaged in software to a 128 x 128 for the second reversal can be seen from simple inspection of
pixel array. This gives a resolution equal to the limiting reso- the entire set of speckle measurements to be between the
lution of the speckle-camera detector and, as in the case of 1980.939 and 1982.776 observations, a period during which
the photographic data, amounts to approximately five reso- the system was not ibserved due to lost coverage resulting
lution elements per Airy disk. Sets of 256 speckle images from the transition from photographic to digital speckle
were digitized in this manner for the 1985 and 1986 observa- cameras. A second reversal during that time also turns out to
tions. The absolute north-south orientation was determined be consistent with the 6 yr orbit solution we have deter-U in the same manner as with the earlier datasets. mined.

The four sets of digitized speckle observations of Fin 342
were reduced using SAA and "fork" algorithms, with the
input astrometry being provided by vector autocorrelation. TABLE IV, Shift-and-add peak intensities.
Triple correlation analyses were also performed on the first
two datasets. The two earlier observation sets yielded lower Epoch Position.angie possihilities/SAA peak intensities
signal-to-noise because only 50 exposures were available for 1975.716 48.3/1.00 228.3/0.78
processing. Furthermore, the photometric nonlinearity of 1976.860 10.8/0.82 190.8/1.00

theht~ dtasev t e t dm~1985.841 112.3/1.00 292,3/0.87the photographic data served to compress the dynamic range 1986.890 88.4/1.00 268.4/0.73in intensity so that the contrast in the SAA spots has de- _19_6._90 __8.4/_.0__2__.4/0.73

creased. In spite of these effects, it was obvious by inspection 'Normalized to uni y for the highcr of the two peak intensme,.I
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IV. THE ORBIT OF FINSEN 342 and by Peterson and Solensky (1987). A determination of

PS calculated orbits fo: the three periods that they found the mass ratio at nodal passage would be an extremely valu-
to be represented by the data, using the position angles from able addition to the problems of the distance to the Hyades
the visual interferometer and micrometer results along with and the masses of its member stars.
the complete sets of occuitation and speckle data. They cal- he orbital period we find is some 0.22 yr, or 3.6% longer,
culated weights based upon published error estimates and and the semimajor axis is 3.4 mas, or 3.6% larger, than the
assigned errors of + 20* to the visually determined position corresponding values determined by PS. This results in a

posiionvalin- for the total mass of the system at a given distance,angles. The visually measured separations were not included vall 2, proimate systeat an tance,
by PS in their orbit solutions, as they were considered to be given by a3/p 2, approximately 3.6% greater than that idi-
significantly systematically large in comparison with occul- cated by the orbit of PS.
tation and speckle separations. This bias is no doubt due to V. COMPARISON WITH OCCULTATION AND VISUAL
the fact that Fin 342 is never completely resolved at the tele- OBSERVATIONS
scopes used by Finsen and the two micrometer observers (P. Evans (1984) has summarized the occultation observa-
Couteau and P. Morel) who have measured the system. The tions, and PS concur with Evans in his altering of the eventsvery existence of these measures is testimony to the skill of reported by the first two occultation observers. (See Table
the few visual observers who have ever detected the duplicity IC of PS for the collected occultation results.) The six pub-
of Fin 342. lished occultation measurements place the secondary to the

We chose to determine the orbit of Fin 342 based only east of the primary at four epochs between 1978.72 and
upon the speckle observations. The speckle data now cover 1980.60. This alone does not contribute to the discrimina-
another half revolution compared to that available to PS, tion between the short- and long-period orbits, but it is en-
and are of uniformly high quality compared to the visual tirely consistent with the quadrant behavior determined
observations. We also believe that it cannot be established from the speckle cbservations.
without doubt that the position angles determined by visual Evans (1984) concluded from the collection of magnitude
interferometry are not without systematic effects as are the differences derived from occultation traces that the magni-
separations. Rather than risk biasing the orbit by including tude difference at 4472 A. is 0.39 mag. There is considerable
data that are not well understood, we incorporated only the
homogeneous and well-understood collection of speckle ob- tude differences in the blue, but there is no indication of any
servations. An initial solution, in which all observations are inconsistency between the photometric results from the
given unit weight, is calculated using a grid-search routine speckle and occultation data.
around input values for P, T, and e in which the remaining The residuals of the occultation observations gathered in
four elements are determined by least-squares evaluation of Table lC of PS to the 6 yrorbit obf PS and to our new orbit
the Thiele-Innes elements at each grid point. A second solu- have average values of + 0.0002 0.0042 arcsec for the PS
tion is then performed in which observations exhibiting re- orbit III and - 0.0018 + 0.0049 arcsec for our orbit. The
siduals in excess of three standard deviations in either p or residuals to the two earliest occultation observations are
p X AO are given zero weight. The grid search minimizes the rsdast h w aletoclainosrain r

comparable between our orbit and PS orbit III, but the fourvariance in the residuals and continues until the stepsizes later events, three of which were collected by Peterson and
converge to some arbitrarily small value. The orbital ele- his collaborators, are better represented by the PS orbit. We
ments for Fin 342 were calculated in this manner and arepresented along with their error estimates in Table V, where consider the occuttation measurements to be well represent-
preseoted oitalhei elemetiates i S abe Vaedf re ed by our new orbital solution, and particularly so in light ofthe short-period orbital elements of PS are repeated for com- the fact that they were not included in the data sample from
parison. The residuals to the speckle observations from the which the solution was calculated.
newly determined orbital elements are given in Table III We have also calculated the residuals for the two 6 yr
along with the weights assigned to the individual measure- orbits that are derived from the visual interferometer and
ments in the final solution. The newly determined orbit is micrometer measures tabulated in Table IAofPS.Theaver-
shown with the speckle observations in their correct quad- age reasures tablate (Ai) = - 11.8T al 19.2 and
rants in Fig. 2. An ephemeris of the expected motion during (Ap)= + 0.034 ± 0.019 arcsec to PS orbit III and
the next revolution is given in Table VI, in which we indicate (AO) = - 5.0" + 15.4' and (Ap) = + 0.027 + 0.015 arc-
the epochs ofperiastron and nodal passage, events that occur sec to our new orbit. Thus, the average residuals and their
during the fall and early winter of 1988. It is expected that dispersions are smaller for our new orbit than for PS orbit
radial-velocity measurements and further speckle observa- III, even though the visual observations were completely ig-
tions during those months will confirm the conclusions by us nored in our solution, with PS incorporating the visual posi-

tion angles in theirs.
TABLE V. Elements of the short.period orbit. We thus conclude that the newly determined orbit for Fin

-_ 342 fits all the observational material, except for four of the
Peterson and Solensky Newly determined elements six occultation observations, better than any previously de-

(1987)-orbit III from speckle observations termined orbit for the system. Complete coverage of perias-
P (yr) 6.045 . 0.027 6.264 + 0.025 tron passage using speckle interferometry at a 4 m telescope
T'(BY) 1976.250+ 0.057 1976.164 T'0.017 will be impossible because the predicted angular separation
a (arcsec) 0.0941 0.0030 0.0975 ±0.0008 is below the diffraction limit for some 150o of position angle.

0 0.701 .0.013 0.691- +0.009
127.0 + 1.9 126.87 0.4 The speckle observations have eliminated any questions as to

CO 91.6 .± 1.5 93.4 .+ 0.9 the true period of Fin 342 and have produced an orbit that
node 33.8 ± 3,7 36.5 0.09 can be considered definitive, within the limits of accessible

- 006periastron coverage, under the criteria defined by Worley
0Normalized to unity for PS orbit Ill, and Heintz (1983).
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70 Tau = Fin 342 (6.26-yr Period)
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10,41 21r\  Fio. 2. The newly determined 6.264 yr or-
24 bit is shown against the interferometric

measurements following the required
quadrant reversals. The data symbolism is
the same as in Fig. 1.
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TABLE VI. Orbital ephemeris for Fin 342. VI. DISCUSSISON

I e o ch 9 P epoch 9 P The 3.6% increase in the total mass of Fin 342 that we find
1988.50 23.6 0.040 1992.25 110.9 0.100 in comparison with the recent mass determination by PS

88.60 2.3 0.027 92.50 105.1 0.100
88.692' 315.4 0.018 92.75 99.1 0.100 results in an increase in log (mass) by 0.014. This will have
88.70 310.6 0.018 93.00 93.1 0.099 some effect on the cluster distance determination cirried out
88.80 245.8 0.028 93.25 87.1 0.098 by McClure (1982) and modified by PS. We believe it pre-
88.90 225.7 0.041 93.50 80.8 0.095
88.979b 216.5 0.049 93.75 74.0 0.092 mature to perform another revision of this calculation until
89.00 214.5 0.051 94.00 66.6 0.086 we complete work in progress on the refinement of the orbits
89.25 197.6 0,067 94.25 57.8 0.078 of several other Hyades binaries, including the resolved sin-
89.50 186.4 0.077 94.40 51.5 0.070
89,75 177.2 0.083 94.50 46.4 0.065 gle-lined spectroscopic binary 51 Tauri.
90.00 169.2 0.087 94.60 39.9 0.057 It is possible to (i eck for consistency between the new
90.25 161.7 0.090 94 .646b 36.5 0.053
90.50 154.7 0.093 94.70 31.5 0.048 orbit and what might be expected for the masses of the com-
90.75 147.9 0.094 94.80 17.9 0.036 ponents of Fin 342 according to the best present estimate of
91.25 13541.5 0.096 94.956 31548.3 0.01823 the cluster distance. Following McClure (1982), we use the
91.50 128.9 0.098 95.00 272.1 0.021 proper-motion results that indicate that Fin 342 is cnly 2%
91,75 122.8 0.099 95.10 236.9 0.033 beyond the mcan cluster distance, although it might be noted
92.00 116,9 0.099 95.25 215.6 0.050 that proper-motion determinations may suffer a bias when

I 'Epoch of peraron passage. an unresolved photocentric motion is superimposed uponEpoch of nodal passage t maiXmum velocity separation), the space motion of a star. Small magnitude differences, such
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as that of Fin 342, tend to make such a bias rather small, motion of ADS 3248 (vB 75) leads to a total mass that is
however. If we assume the cluster distance modulus given by 27% smaller than implied by the catalog orbit (see Worley
PS of 3.36 mag, then Fin 342 has a distance of approximately and Heintz 1983), causing vB 75 to shift significantly closer
47.9 pc. Furthermore, using our newly determined magni- to the mean cluster mass-luminosity relation. We are also
tude difference of 0.34 mag at 5500 A and the composite endeavoring to determine accurate snagnitude -differences
apparent magnitude of V = + 6.46, we find for the individ- through "speckle photometry" of the set of Hyades binaries
ual components of Fin 342 the following photometric pa- accessible to speckle interferometry. These results should
rameters: shed further light on the seemingly endlessly unfolding ques-

ma = + 7.06, M, = + 3.66; tions of the distance to the Hyades cluster.

m = + 7.40, Mb = +4.00.

These correspond to spectral types for the two components We are grateful to Jay Gallagher, Tobias Kreidl, and
of F6-7 and F8, for which one expects approximate masses Larry Wasserman of the Lowell Observatory for making the
of 1.24 and 1.17 WD', respectively, for a total mass of 2.4 Lowell PDS microdensitometer available to us. The GSU/
Iwo (Allen 1973). The star 70 Tauri is most often classified CHARA program of binary star speckle interferometry is
as having spectral type F7. At a distance of 47.9 pc, the new supported by the National Science Foundation through
orbital elements imply a semimajoraxis of4.7 AU and a total NSF grant no. AST 86-13095 and the Air Force Office of
mass of 2.6 ",o, a value in reasonable agreement with the Scientific Research through AFOSR grant no. 86-0134. We-
photometrically expected masses. This system can now be gratefully acknowledge this support. The video-digitizing
considered a well-behaved member of the central region of hardware was purchased through grant no. N14-87-6-0160
the Hyades cluster, from the Office of Naval Research, and we thank Gart Wes-

Preliminary results from orbit revisions to other Hyades terhout and Charles Worley of the U. S. Naval Observatory
binaries that are now being carried out by us are indicating for their interest in our speckle efforts. One of us (O.G.F.)'
the possibility of substantial changes in mass determinations acknowledges the support of the Space Telescope Science
for several systems. For example, our new analysis of the Institute.
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ABSTRACT

Sets of speckle-interferometry frames of Capella taken in the Str6fngren y, b, and v filters have been
analyzed by means of the "Fork" algorithm to produce the intensity ratios of the components. The
results show that the magnitude differences in y, b, and v are MA - mAb = 0.09, 0.23, and 0.55,
respectively. Thus, contrary to accepted beliefs, the more luminous star in these wavebands is the hotter
Capella Ab, which is the spectroscopic secondary and the less massive component. The photometric
indices are consistent with spectral types of GO III for the secondary and G8/KO III for the primary.

I. INTRODUCTION from the fields of speckle, visual, and spectroscopic binary

A major goal of the GSU/CHARA program of binary research along with that of photometric photometry. A case

star speckle interferometry has been to develop methods for in point is the designation of the "primary" component. The

accurately determining the magnitudes and colors of the in- primary star in visual binaries is the brighter star (usually in

dividual components of binary stars with angular separa- the Vbandpass). For spectroscopic binaries, the primary is

tions down to the diffraction limit. This paper is the first of a usually the star with the more prominent spectral lines, al-

series of such "speckle photometric" analyses. In the present though the argatfe singleen cses wre t
application, speckle observations provide a new, direct primary is the brighter star, even though its lines are not

means for measuring the temperatures and luminosities of measurable. Other parameters can be used to define the pri-

the components of the well-known spectroscopic star Ca- mary, such as the more massive or the hotter. Obviously,

pella o these definitions are all correlated.
Capella (a Aur, HR 1708) was independently recognized We have chosen to adopt the convention of the visual bi-C (nary research, because speckle interferometry is its logical

to be a spectroscopic double by Campbell (1899) and by extension. Therefore, in the future, "primary" will generally
Newall (1899). Because both stars are close in spectral type, refer to the brighter star in V. An exception will be made for
the identification of the spectra of the two components and Capella (and similar binaries), where the spectroscopic us-
the estimation of the magnitude differences have been diffi- age has been established by custom. Therefore, throughout
cult. A spectrophotometric analysis by Wright (1954) ap- ahs ee the y com . Therefore tough
peared to settle the issue: The spectroscopic primary (Ca- this paper the Capella components will be referred to as theIel a mle ailvlct mltd;lre as Aa and Ab stars. (They have also been referred to as the "G"
pella An; smaller radial-velocity amplitude; larger mass) and "F" stars, respectively, in the older literature, but be-
was approximately type G5 III, and the secondary GO II, cause our photometric indices give spectral types closer to
with a magnitude difference at 5500 A of about 0.25. For the "K" and "G" we will not use this designation.)
past 34 yr, most work on Capella has taken these values as
the starting point, although possibly assigning types G6-G8 II. OBSERVATIONS AND DATA REDUCTION
to the primary. Recently, however, Griffin and Griffin
(1986) have questioned Wright's assignment of relative Speckle-frame data were collected in the Str6mgren y, b,
magnitudes based on their integrated radial-velocity pro- and v filter bandpasses in 1984 and in subsequenty filter runs
files, in which the spectrum was correlated with a mask. The in 1985, 1986, and 1987 with the GSU/CHARA speckle
most recent spectroscopic orbit has been determined by Shen camera at the 4 m KPNO telescope (see Table I). The scale
et al. (1985). Further astrophysically important quantities for the 1985 data was 0.008794"/pixel, whereas the other
can be found in the RS CVn catalog by Strassmeier et al. frames were at 0.005181 "/pixel. The observing procedure
(1988).

Capella naturally is an attractive target for speckle inter-
ferometry with apertures greater than 2.5 m; McAlister TABLE I. Capella magnitude differences.

(1981) has published a high-precision orbit. Various pub- Date Filter Am
lished and unpublished luminosity estimates have put the D_ _ e_ FilterA_
intensity ratio in Vat between 0.6 and 0.9. Even the nodal
quadrant recently was in dispute (see Griffin and Griffin 1984.0604 y 0.08-0.02
1986; Bagnuolo and McAlister 1983). The latter paper and b 0.22±0.02
Bagnuolo ( 1982,1983) estimated that the intensity ratio was
0.82-0.89 in V.

Clearly, it would be desirable to obtain intensity ratios in v 0.54-0.03
several standard filter bandpasses. In this way, the question 1985.8542 y 0.15±0.02
of the spectral types of the primary and secondary could be
settled and the physical parameters of the system obtained 1986.8892 y 0.09±0.02
via photometric indices.

Difficulties in nomenclature may arise since speckle pho- 1987.7655 y 0.10±0.02
tometry incorporates various techniques and descriptions

1056 Asi ron. J. 96(3). September 1988 O'04-6256/88/0310605500.90 , 198? Am. Astron. Soe. 1056
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has been described by McAlister et aL. (1987). These frames ............................... ..... ... .* .t,........................... ...... ... ......*.............., . ....... ....... ........ *,... ', ". '.
were recorded on videotape for later analysis ......... .... .'

The frames were digitized at GSU by a PC-Vision Plus ........... ......................... ...."..:. "................................ ...
frame grabber (Imaging Technology, Inc.) on an IBM-XT . ......
compatible host. By means of FORTRAN and 8088 Assembler ....... ......

programs, a central 128X 128 pixel region ofthe 256X240 . ... ... 
frame was stored in the "real" memory. Every other pixel ......
was sampled from the original 512 X 480 frame. Thus, sets of .........
up to 24 frames over intervals of 2 s were obtained. An 8 :...: :
megabyte board in an IBM-AT compatible now allows up to h:'.."'" ..

The flatfield data for the 1987 data showed a Gaussian- ,.,.: t'.
shaped "bowl" sensitivity decrease at the center of the frame ............. :'*
due to gain losses in the microchannel-plate intensifier from
the tube's extensive use. This loss has amounted to as much ....
as 50% of the sensitivity at the edge of the original field,,..,. ......... .

where relatively few photons have been detected. The Ca- ,.:,:,€

pella data were flatfielded, and the estimated uncertainty in . :::...,
the result was improved by 30% via the Fork histogram A'::.".::A E"

analysis (see the discussion below). However, the omission .. ..
of the flatfielding process did not lead to a significant bias in . ............. N
the result. Although the 1984 data were not flatfielded, the
bias and increase in uncertainty were probably small since FiG. l.A64X64pixelareaofaspeckleframe (1986,yfiiter) witha22
the microchannel plate was new at that time. With the as- level grey scale. A "favorable occurrence" for the Fork algorithm is
sumption of linear wear, the data for 1985 and 1986 were indicated. The separation is0.050, the intensity ratio is 0.91, and the
flatfielded by 50% and 75% of the value for 1987. position angle is 20y, as is indicated by this example.

Four sets of frames, comprising 80 frames total, were ob-
tained for each data entry in Table I, except the b and v data
from 1984, for which one hundred frames were obtained.
The frames were analyzed via the Fork algorithm, which is where the background level is given by B = (I, + Ih)/2.
described in more detail elsewhere, e.g., Bagnuolo These are referred to as "uncorrected estimates" below.
(1988,1983) and Bagnuolo and McAlister (1983), in which A better way is to estimate the two "contamination" terms
it was referred to as "SSAA." in Eqs. (I.) for 12 and 13, i.e., ril and i3. A straightforward

In brief, the Fork algorithm arises from the intuitive pro- calculation shows that
cedure of an observer viewing a double star frame-one = - (/Q),
looks for isolated speckle pairs, true replicas of the double

star. Suppose that If, 12, 13, and 14 are observed intensities at 1 4 = 1,R, - (l/Q), (2)
Fork points (like tine.of a table fork) separated by the dou-
ble star separation. Because the atmosphere is nearly iso- 13 = (4 - 4)/r

planatic over Capella-like separations, the observed double where
star intensities are produced by a single star pattern (psf) Q = (l1r) - 1,
with intensities of 1o,...,4 shifted by the double star separa-
tion, multiplied by the intensity ratio r, and added to itself and
Thus R, =e"'/(e"' - 1).

It = if + rio, The above estimates were obtained by assuming that the

12 = '2 (1 riprobability of intensity i is given approximately by an expo-
S=i2 i, nential distribution, and by integrating appropriate proba-

13 = i3 + ri2, bility distributions. Therefore, the "corrected estimate" of

14 = 14 + ri3. the intensity ratio for this occurrence is

Obviously, there are too many unknowns to solve for r, ra 13- T =_b.

but suppose that by chance i2 is an isolated "glint" (i.e., '2 - r it a
i2 ) it and i3). Then, 12 and 13 form a nearly isolated pair and The corrected estimates can also be appropriately weight-
r=13/I,. Figure 1 is the central 64X64 pixel region of a ed by their estimated uncertainties. The uncertainties in i t
framc from the 1986 data. Note thc indicated four intensities and i3 lead to an uncertainty in the estimate for r and of a
and the isolated speckle pair where r=13/1 2. Other speckle related quantity f= r/( I + r), the fraction of intensity in
pairs are also visible. Thus, the Fork algorithm selects nearly the lesser component. It turns out that
isolated pairs by requiring that Max (12,j.)> C, A = (b 2Aa 2 + a2Ab 2)/(a + b)',
Max (I,14), and > C2I, where "Max" means "the greater,"
C, and C, are chosen constants, and 7is the average intensity where
of the speckle frame where the Fork algorithm was per- Aa 2 = r[I ( - R,)R1 + (r/Q 2)] -A' (3)
formed. The last condition applies when photon or detector
noise is present. An estimate of the intensity ratio from each
such "favorable occurrence" is r=(13 - B)/(I,-B), Ab 2 = (/r)[I(1 -R)R 4 +(I/Q 2 )] Ir.



1058 W. G. BAGNUOLO, JR. AND J. R. SOWELL: THE CAPELLA STARS 1058

600,

* No.

FIG. 2. Histogram for the 1987 y filter (cor-
rected) data for 80 frames. The number of oc-
currences is plotted as a function of the inten.I sity fraction.
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E 1One can compute an estimate off for each occurrence, possible systematic biases, we thus find for the Ab star
weight it by l/Af 2 , and store it in a histogram. Uncertainty b - y = 0.451, v - b = 0.655, mI = 0.204; and for the Aa
estimates can also be modified for estimated modest photon star b - y = 0.586, v - b = 0.980, and mI = 0.394. Figure 3
or detector noise by incorporating an additional term in Eq. is a plot of the Capella components against standard G and
(3). K. giants from Crawford and Barnes ( 1970). The best agree-

Figure 2 shows as an example a histogram of the correct- ment is for GO III and G8/KO III components. Also plotted
ed, unweighted estimates of y filter results from the 1987 in the figure are sets of models from Kurucz (1988) and Bell
data. According to the autocorrelation data and the orbit, and Gustafsson,(1978).
the separation in pixels (x,y) was ( - 1,9), which puts the
fainter star almost due south of the brighter one. Parameters III. DISCUSSION
C, and C2 were set at 2.25 and 1.3, respectively, for the Fork
algorithm, and the average digitized intensity over the area It is evident that Capella Ab is almost 40% brighter com-
in which the Fork code operated was about 45 in they filter pared to Capella Aa than was previously thought. Besides
(in a 0-255 digitization range). the work by Griffin and Griffin (1986), is there any other

I Table I lists the results for the Capella Am values that support for this in the literature?
have not yet been transformed to the standard Str3mgren At first sight, the integrated broadband colors might be
system. Somewhat surprisingly, the magnitude difference different. Suppose we compare two models: Model I (stan-
risesasonegoesfromytov (5470to4100A).Therefore, the dard model) with G6 III and GO III stars having
brighter component is the hotter Ab star (the spectroscopic Am., = 0.25, and Model II (this paper) with G8/KO III and
secondary), and not the Aa star, contrary to the result of GO III stars having Am, = - U J.0 (i.e., GO star brighter).
Wright k 1954). Synthetic broadband colors can be computed from the John-

Note the basic agreement of they measurements in Table son (1966).standards,.incorpozating some results from Bell
I. The most discrepant point had data with the lower scale, and Gustafsson (1978). Table II (top) shows that the differ-
which may account for th edifference. The errors are ob- ences between these models are very small. The largest dif-
tained from the internal differences in the data and do not ference, in U- B, is only 0.04 mag.
reflect possible systemaic errors (e.g., detector nonlineari- Another approach is to look at the difference in the far UV

* ties). and in the narrow IR bands. In the former, the earlier-type
On two other points of interest: First, the sense of the true star (which dominates) will be 0.18 mag -bnghter in Model

position angle is determined by whether or not , > I3.On all II than in Model I. In an analysis of JUE Capella data at
four dates, the position-angle quadrants were determined to critical orbital phases, Ayres, Schiffer, and Linsky (1983)

* be in the same sense, that given previously by Bagnuolo and stated that the "rapidly rotating F9 III secondary star in the
McAlister (1983). Second, we do not see any sign of photo- system i. ;onsiderably brighter than the more slowly rotat-
metric variability in this system. ing G6 I-primary in the ultraviolet emission lines charac-

The individual star colors now can be obtained from the teristic of the chromosphere (T-6000 K) and higher tem-
integrated Capella colors, which were determined by Hauck perature (T< 2 x 101 K) plasmas." They remarked about
and Mermilliod (1975) tobeb -y=0.513andm, =0.278 "the extraordinary brightness of the Capella secondary in
mag. Taking the 1984 magnitude differences to minimize the far ultraviolet." This ul:raviolet excess is perhaps less
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remarkable if Capella Ab is 0.2 mag brighter in the visual quadrant to Capella that appears to be 180' in error (see
than previou3ly thought. Bagnuolo and McAlister 1983). The CERGA group's meth-

Some data in five IR photometric bands between 1.25 and od involved observing spectrally dispersed fringes between
3.25 pm from NASA's Lear Jet Infrared Observatory were 5000 and 6500 A; they assumed a magnitude difference of
presented by Nordh, Olofsson, and Augason (1978). In this 0.25-in these wavebands. However, our observed intensity
filter system, the bands "Fl" to "F5" were centered at 1.2, ratios and colors imply that the cooler Capella Aa is the
1.5, 1.75, 2.4, and 3.3 ym, respectively. The authors noted brighter longward of about 6400 A, which could explain
that by assuming the spectral classification and the light ra- their error (Vakili 1988).
tios given by Wright "after normalizing at filter Fl the mod- To conclude, there does seem to be support in the litera-
el predicted too much flux at the positions of the filters F2, ture that the hotter Capella Ab is the-brighter star.
F3, and F5 (18%, 8%, and 14%, respectively), whereas the
fluxes at the position of filter F4 were in agreement." They IV. SUMMARY
acknowledged that the data, especially in filters F2 and F3, Assuming that the new spectral types are correct (G8/
were inconsistent with the spectral classification and magni- KO III and GO III), the intrinsic parameters for Capella
tude differences given by Wright (1954). This discrepancy (listed in Table III) have been obtained. Orbital parametersmight be resolved by having the hotter, spectroscopic sec- (itdi al I)hv enotie.bbtlprmtr
midaht be reolve by haer the ottenetsc c were taken from McAlister (1981). The stellar tempera-ondary be the brighter of the two components.

Finally, Koechlin et al, (1979) assigned a tnie nodal

TABLE I1. Derived quantities ftr the Capella components.

Spectral Type Mv log T, B.C. log(L/LO) log(R/Re)
TABLE II. Synthetic colors for two models. GO III- 0.12 3.744- -0.04 1.844 0.958

Model U-B B-V V-R V-I V-J V-K V-1, V-M V-N (3.763) (-0.13) (1.880) (0.938)

1 0.54 0.82 0.64 1.06 1.3, 1.88 1.97 1.85 1.88 G8/KO 111 0.23 3.681 -0.25 1.884 1.104

11 0.58 0.83 0.04 1.07 1.38 1.91 2.00 1.88 1.90 (3.649) (.0.40) (1.944) (1.198)
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tures were based upor the models ofKurucz (1988) and Bell acquisition of the Capella data. We thank W. Hartkopf and
and Gustafsson (1978) for temperatures of 4800 and 5500 H. McAlister for critiquing the manuscript. We also thank
K, respectively. Values using the temperatures and bolomet- D. Barry for sharing his computer expertise, and T. Meylan
ric corrections from Popper (1980) are given in parentheses for supplying stellar model data and useful criticism. The
in Table III. GSU/CHARA program of binary star speckle interferome-

Finally, it is interesting to note that our new spectral type try is supported by the National Science Foundation
for the brighter star is identical to that assumed by Edding- through NSF grant no. AST 8613095 and the Air Force
ton (1926). Sometimes the more things change, the more Office of Scientific Research through AFOSR grant no.
they stay the same. 860134. We gratefully acknowledge this support. The video

digitizing hardware was purchased through grant no. N14-
87.6-0160 from the Office of Naval Research, and we thank

We wish to acknowledge W. Hartkopf, H. McAlister, 0. Gart Westerhout and Charles Worley of the U. S. Naval
Franz, P. Lu, and E. Dombrowski for their time spent in the Observatory for their interest in our speckle efforts.
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Seeing Stars with
Speckle Interferometry

Harold A. McAlister

Astronomers view the universe through an atmospher- on Mt. Palomar would be capable in space of resolving
ic veil surrounding the earth that obscures a large part of angular detail as small as 0.025 sec, equivalent to the
the electromagnetic spectrum and distorts much of the angular size of a dime seen from a distance of some 80
remainder, including most visible and infrared wave- km. The actual limiting resolution on Mt. Palomar is
lengths. Irregularities within atmospheric layers create degraded by a factor of nearly 100, to somewhere around
small convection cells of air with slightly different tern- 2 sec. Thus this great telescope, capable of gathering one
peratures and densities from the air in neighboring cells, million times the light of a single human eve, can
and the differential refraction induced by this condition outperform the eye by a factor of only about 30 in
changes rapidly as winds blow the cells across lines of angular resolution, doing no better than a department
sight to celestial objects. This results in an image from a store telescope in this regard. The Hubble Space Tele-
po.int source such as a star that is scope, with its 2.5-m diameter objec-
greatly blurred, changing in appe .. tive mirror, will yield images with
ance on time scales of a few hi, New techniques unprecedented sharpness of detail
dredths of a second. when it is orbited by the space shut-

For nearly a century, greal . enable astronomers tIe, surpasshig even the best viewing
servatories have been located oi' to overcome from Mauna Yea by at least an order
mountaintops selected after exhau-t of magnitude.
tive searches for sites with the most aimospheric distortions As the scientific momentum be-
transparent and stable air above of teecpcimages, hind the Space Telescope was build-
them to minimize atmospheric effects ftelescopic i eagingin the middle and late 1960s, a
on seeing. The latest effort at survey- revealing, among other young French astronomer named
ing sites was completed in April 1987 unexpectedly Antoine Labeyrie was developing
with the announcement by the Na- things, an novel but not particularly difficult
tional Optical Astronomy Observa- large number of methods of observation and analysis
tories that the 16-m National New to surpass the atmospheric seeing
Technology Telescope would be lo- binary stars limit and, for certain types of objects,
cated on the Hawaiian volcano Mau- to reach the full diffraction-limited
na Kea. Mauna Kea is well known for resolution expected from theory. La-
its excellent seeing conditions, with astronomers often beyrie gave this new approach the name "speckle inter-
reporting the blurring of stellar images-called "seeing ferometry" (Labeyrie 1970).
disks"-to less than half a second of arc, compared to Speckle interferometry works by recording images
two to four times that amount at good sites in the using exposure times between 1/30 and 1/100 sec. During
continental United States. these brief instants, the distribution of turbulence can

To resolve detail finer than the seeing limit imposed change by only a fraction of a typical convection cell's
by the atmosphere, astronomers have long dreamed of diameter, so that the pattern of blurring is effectively
putting large telescopes in space or on the moon, where frozen. The aperture of a large telescope like the 4-m
no gaseous medium can blur or filter out light from Mayal reflector on Kitt Peak will at any given instant
astronomical objects. The finest resolution of such tele- contain hundreds of refractive cells, which create a
scopes would be the ultimate limit imposed by the random distribution of interference fringes in the image
diffraction of light, a limit inversely proportional to the produced by the telescope; following Labeyrie's pioneer-
diameter of a telescope's objective mirror. Thus a tele- ing work, an individual fringe in the image is called a
scope such as the 5-m aperture (200-inch) Hale telescope "speckle." Because each speckle contains contributions

from locations distributed throughout the telescope'saperture, they aHl have characteristic sizes, which are
Harold A. McAhster is a professor of physics and astronomy and director of arrety ial have et s , ih e
the Center for High Angular Resolution Astronomy at Georgia State observed and inversely proportional to the aperture o
Unimversit. After receivig a Ph.D. in astronomyi, from the Untisty 1 o b serve and invers elsopiona l e dapetr
Virginia in 1975. he spent two years at Kitt Pea. National Obsentory m the telescope. For a 4-r telescope, speckle diameters
Tucson, Ari:ona. developing a program of hliih-resolution stuidies of binari, turn out to be approximately 0.030 sec in visible light.
stars that Lontinues today Address Depertneut ohtPiuis5 aitd Arstronoiny, Each speckle is actually a version of what the telescope
Georgia State University, Atlanta, GA 30303. would see if there were no atmosphere. Thus a speckle
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image is a kind of multiple exposure containing hun- diffraction-limited image of the barely resolved star. By
dreds of complete representations of the astronomical centering and stacking hundreds of individual speckles
object. in a computer to improve the signal-to-noise ratio, they

Cameras used to record speckle images at high produced a "picture" of the surface of Betelgeuse, the
magnfication typically have fields of view of only two or first of the surface of any star other than the sun. Much
three seconds compared to the many minutes of arc in of the structure in this intriguing imiage is smaller than
normal astronomical photographs. Because of the very the limiting resolution of the Kitt Peak 4-m telescope at
short exposure time required to freeze the pattern of which the data were obtained and must be attributed to
atmosphenc distortion, an) single exposure will have to residual noise following processing. Indeed, although
take advantage of as many of the incoming photons as it Betelgeuse is resolved at the telescope's diffraction limit,
can. The light is amplified by an image intensifier tube its disk is only about three times the diameter of the
and recorded by a highly sensitive electronic detector smallest disk resolvable by the telescope. No more than a
with very low noise. dozen supergiant stars in our galaxy are large enough

ling The speckle camera we have developed at Georgia and near enough to the sun to have angular diameters
e State University incorporates high magnification optics, resolvable by speckle interferometry at-the largest exist-

a spectral filter assembly, and prisms that correct for ing telescopes, and thus the applicability of the method
iws atmospheric dispersion as objects are observed at vary- to the measurement of stellar diameters is limidted atound ing distances from the zenith. The entire system is present.

e operated by computer. The camera produces 1,800
,n speckle images in one minute and can easily detect The ubiquitous binary stars

n objects as faint as tenth magnitude, some 40 times fainter
nent than can be detected by the unaided human eye. Longer Binary stars are the special objects of speckle interferom-

integration times have been used to reach objects such as etry. A binary star is actually a pair of stars bound by
Pluto that are several hundred times fainter still. Figure 1 their mutual gravity into elliptical orbits about their
shows a speckle image of a single star alongside a 4-sec center of mass. The determination of the orbital elements

letail exposure from the same data set. It is apparent from of a binary star-dynamical and geometric parameters
these two examples that exposure times exceeding the describing the relative motion of the two stars-provides
rate of atmospheric change blur the information camed the only means available for determining stellar masses
in the speckle exposures. (see Heintz 1978). These quantities are of fundamental

The analysis of speckle images involves measuring importance to astrophysics and to our understanding of
the average spatial information at the limiting scale-sizes the complete evolutionary history of stars, and yet they
of the speckles. In an early and conceptually simple are in short supply (Popper 1980). This is the last area in

S, a analysis of an image of the cool supergiant star Betel- which the human eye still makes direct measurements at

-n d geuse, Lynds and his co-workers (1976) treated each a telescope.
speckle as a distorted and noisy approximation to a Evidence painstakingly accumulated during the last

isi

La-

rin

4-in

t
are

IJ Figure 1. Speckle interferometry, a technology developed during the past 20 years, allows astronomers to overcome the distorting effects of

I1 the earth's atmosphere by photographing celestial objects at very short exposure times. A speckle image is a kind of multiple exposure, with
each individual speckle containing a complete representation of the object. The speckle image of a star on the left was obtained at the 4-m
telescope on Kilt Peak using an electronic camera with an exposure time of 130 second. The field of vie, is just under 3 sec of arc. In a four-

second exposure of the same star (right), the fine speckle detail has been biurred by the rapidly changing atmosphere. (All photographs are
by the author.)
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An efficient method for measuring the average
geometr, of a binary system from a series of SpQckle
images begins with what is known as a vector-autocorre.
lation, which measures all possible separations and
orientations between all of the pairs of speckles in a
single image. Imagine making a two-dimensional repre.
sentation in which you place each speckle in turn at the
origin and then plot the positions of all the speckles
around it. If an image contains a total of N individual
speckles, the vector-autocorrelation of the image is pro-
duced by N plottings. You continue adding to the
representation over many hundreds or thousands of
such images, and the geometry of correlated pairs shows
up as two peaks on either side of a bright central peak at
the origin, with the other random pairs contributing a
smooth background extending over an area equivalent tc
that of the seeing disk. The geometry is then measured
by eliminating the smooth background and determining
the separation between the two outer peaks. The central
peak arises from the superimposition of every speckle.
This processing method can easily be carried out with
specialized computer hardware as" the, data are taken at
thE telescope.

Figure 2. Speckle interferometry has proved particularly useful for Figure 3 demonstrates the method for a binary star
observing binary stars, apparently the great majority of stars in our with an angular separation of a few tenths of a second.
galaxy. It can resolve companion stars in binary systems at The seeing conditions under which the data were ob-
separations much too fine for the visual method to distinguish. As tained are typical of Kitt Peak, hth the result that the
long as the stars are separated by no more than a few seconds of individual speckle patterns of the two stars cover each
arc, their light undergoes the same atmospheric distortion and thus
can be resolved in a single speckle image. This image of the binary other. The vector-autocorrelogram on the right provides
star ADS 11483 with an angular separation of 1.6 sec was taken at very strong peaks that can easily be measured with a
the 3.6-m Canada-France-Hawaii telescope under the excellent precision better than 0.002 sec. A feature of this method
seeing conditions that prevail on the volcano Mauna Kea. of analysis is that the location of the fainter star with

respect to the brighter star of the pair is ambiguous by
1800 of position angle. This ambiguity is usually settled

half century indicates that most stars in our galaxy exist by visual observations of the system, as experienced
not as single objects but as companions bound in binary observers can make micrometer measurements of bina-
systems. This mutual association of stars carries on to ries with such small angular separations. Visual mea-
triple and higher order systems, pointing to our need to sures, however, are less accurate than speckle results by
understand why stars form in such groups rather than as at least an order of magnitude.
single objects. The only star that is conclusively known More sophisticated reduction techniques than vec-
not to be in a binary or multiple system is our own sun, tor-autocorrelation not only settle the ambiguity for the
and vet it is accompanied by the giant gaseous planet systems uniquely resolvable by speckle interferometry
Jupiter, a kind of near miss at being a star in its own but also provide a determination of the brightness ratio
right. Labevrie's method of speckle interferometry of- between the two stars. This additional information is
fered a revolutionary way of detecting new binaries and important for the complete astrophysical description of a
measuring thousands of known systems because of its binary star system. Labeyrie (1978) and I (1985) have
greatly increased resolution and accuracy in comparison both published reviews of methods and results from
with the classical methods. speckle interferometry as well as from other high-resolu-

Speckle interferometry provides a means for resolv- tion techniques.
Lig binary stars with angular separations down tr the
diffraction limit and for measuring their orbital motions A terabyte of data
with greatly improved accuracy m comparison with the
visual method Much of this increased accuracy depends The speckle program of the Center for High Angular
on a property known as isoplanatism, which results Resolution Astronomy has produced more than 85% of
from the equal distortion of the individual stars in a all high-resolution measurements of binary stars. Since
binary system as long as they are separated by no more 1975, our efforts have yielded some 6,300 measures of
than a few seconds. Figure 2 shows a speckle image of a nearly 1,200 binary star systems during about 120 nights
binary star system with an angular separation of approx- of observing at the Kitt Peak 4-m telescope, representing
imately 1.6 sec. The speckle patterns of the two compo- a terabyte of data. These results include the first resolu-
nent stars correlate highly, and the geometry of the tion of 192 stars as binary systems. The average angular
system is repeatedly preserved in the individually corre- separation is about 0.38 sec, with nearly 20% of the
lated speckle pairs The image was taken on Mauna Kea sample falling between 0.10 sec and the limiting resolu-
under superb seeing conditions, so the speckle patterns tion of 0.030 sec.
arising from each star are well separated. Many of the newly resolved pairs have orbital
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ierge"' 1  eriods of a decade or less rather than the maydecades
t eg that are typical for visual binaries. One particularly

:f speckle informative example is 51 Tauri (Fig. 4). This binaryf orre. system is a member of the Hyades cluster, a collection of
and stars of fundamental importance in calibrating the cosmic

It in a distance scale. Hyades binaries provide one way of
ial repre- determining the distance to the duster and also furnish
'jat the unique information about the way that evolutionary
*ckles effects in stars created at the same time with the same
i 'idual chemical abundances are dependent on the stars' mass-
;e is pro- es. Just observed through one complete revolution, 51
gao the Tauri promises to be one of the most important of the
s ds of Hyades binaries in settling a number of issues that have
rsshows been debated over the years.
I peak at Many other systems with relatively long periodsI ng a have been observed during so-called periastron pas-
I nt to sages, when the two stars approach closest to each other
ieasured and, as Kepler's second law dictates, their angular
!nerning velocities are greatest (Fig. 5). Many such systems areI fntral unresolvable by classical methods around periastron.

ckle The new speckle measures provide critical information
zut with about their orbital elements and hence their masses.
taken at The most important kind of bi-

snary system resolvable by speckle
r observations is that whose compo-

second. nent stars have never been directly
v'e ob- resolved but are revealed through
tt the their separate contributions to the

'U each system's spectrum. If their orbital
'rovides motions are sufficiently rapid, theI th a two sets of features will move oppo-

thod sitely through the spectrum in accor-
ith dance with the Doppler effect, and

ious by the velocities of each of the stars
filed along the line of sight can be mea-
xiced sured. The direct resolution of these

mna- "double-lined spectroscopic bina-
al mea- ries" permits the combination of an-
3 s by gular measures of separation with

linear measures of velocities to deter-
alvec- mine not only the masses of the
for the component stars but also the sys-
'etry tems' distances from the sun.
s atdo We have resolved a handful of
tin is such spectroscopic binaries, but the
on of a great majority of these systems have
;)Eave angular separations too small to be
Swom measured by current speckle meth-•rsolu- ods. Successfully resolved examples

include 12 Persei and Phi Cygni, the
former consisting of two stars only

.n Jular Figure 3. The binary star ADS 7158 has an

angular separation of 0.24 sec, so dose that3 of the speckle patients of the two component
price stars cover each other in an image taken

ires of with the Kitt Peak 4-m telescope (top). A
"rts vector-autocorrelog',am (bottom) gives ane ng accurate measure of the angular separation

and relative orientation of the two stars. The
l lu- two outer peaks in this computer-generated
ngular image represent the paired speckles in
oLflhe nearly 2,000 individual speckle frames like
lhl~- the one at the top. The bright central peak11 results from the superimposition of every

orbital speckle.
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slightly hotter and more luminous than the sun, the This phenomenon is in fact the basis for one
latter comprising two stars that are similar in tempera- of detecting planetary companions to stats. Since late
ture to the sun but have evolved to giant stars. Although 1982, we have been using the 72-in. Perkins telescope
our results for 12 Persei agree well with stellar evolution- near Flagstaff, Arizona, to take monthly observations of
arv theory, the luminosities for the stars in Phi Cygni are a collection of 65 binary stars that are known to be within
significantly greater than expected. We have also found 85 light-years of the sun. By taking repeated measure.
this departure from theory in two other spectroscopic ments over a decade or so, we hope to decrease the
binaries containing giant stars. observational errors so that departures from elliptical

There are many specific stars for which speckle motions as small as 0.0002 sec can be detected. As is
nterferometry has already provided new orbital ele- shown schematically in Figure 7, such small submotions
ments, and there are many more visual binaries with could reveal the presence of planets with masses equiva-
fairly long periods of revolution for which it will soon lent to Jupiter in orbit about one component star of a
improve calculations of orbits based until now entirely binary. Because planets are small and shine only by
on visual measures. These refinements can have very reflected light from their parent sun, they are hopelessly
large effects on measurements of masses, as total mass is lost in their sun's glare and can be found only by indirect
proportional to the cube of the major axis of the ellipse, means.
Thus a 15% change in the determination of the major Several search programs are in progress around the
axis causes a nearly 50% alteration in the calculated world, but ours is the only one involving binary stars.
mass. A typically large reassessment of stellar mass is Other methods of detecting planets are in fact not
shown in Figure 6. applicable to binary systems. Calculations have shown

that stable and even life-supporting orbits can exist in
Searching for extrasolar planets binary systems, and it is important that this dominant

class of stars not be overlooked in the search for extraso-
Tnple star systems have been discovered during measur- lar planets. At present, there is no confirmed evidence
ing of previously known visual binaries. Others havc for the existence of any planet outside our own solar
resulted from attempts to resolve spectroscopic binaries system. It will be several more years before we can
predicted to have angular separations at the diffraction determine if our approach will achieve the required level
linut of the 4-m telescope but having a companion with of accuracy, but the scientifically and philosophically
slower orbital motion than the previously known com- profound nature of this quest makes our efforts reward-
ponent. The star Eta Virginis is a binary with a spectro- ing.
scopically determined orbital period of 70 days and,
being relatively close to the sun, is a good candidate for How many binaries are there?
resolution by speckle interferometry. Continued speckle
coverage has indicated a period of just over 13 years due We have already noted the seemingly limitless number
to a previously unknown third stellar companion. It is of binary star systems. There are various ways to detect
possible that the 70-day period may yet reveal itself as such systems, but a particular binary is rarely detectable
the gravity of the unseen star causes the resolved system as a binary by more titan one. Speckle interferometry has
to depart from simple elliptical motion. pushed direct resolution into the realm of the spectrosco-

pic binaries-that is, speckle observations can search for
new systems that would have gone undetected in previ-
ous surveys.

/ sUnfortunately, surveys of stars require large
0 0amounts of telescope time, a need that cannot be met in

view of the stiff competition for very large telescopes.
The urgency of the situation was stressed in late 1984 by
Michael Shara of the Space Telescope Science Institute,
who pointed out that the frequency with which the fine
guidance sensors of the Hubble Space Telescope would
encounter binary stars was probably underestimated
because of the incomplete models of the galactic popula-

1986.9 tion distribution then available. The sensors cannot lock
1975.7 onto a binary star to provide a guiding and tracking

Figure 4. Many of the binary star systems that have been resolved+
by speckle intc,.cr..c,,y .... o .... al peiods much shctcr than
those previously observed by visual methods. Measurements of the
motion of the fainter member of the binary system 51 Tauri around
the brighter star (the latter represented as fixed in its location at the
large + sign near the center of the ellipse) have refined estimates of

3the orbital period to 11.31 years. Colored dots represent speckle
measurements; gray dots represent visual measurements. The new

0-rE estimates will play an important role in calibrating the cosmic
/ N distance scale, because 51 Tauri is a member of the Hyades cluster,

,7 a collection of stars that provides a basic outward step in the
hierarchical determination of distances in the universe.
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r0 Figure 5. The star ADS 1105 was discovered to be a binary system in
t e 1831; in that year its angular separation was 0.7 sec. When speckle

est" ,pe data were first gathered in 1978, orbital motion was increasing

on, rapidly because of the impending passage of the stars through their
of point of closest approach, or periastron, an event now known to

hi have occurred in the fall of 1984. The two stars were separated bys re. 0e no more than 0.01 sec, too dose to be resolved by visual methods.
se the The orbital motion, which has now been determined for the first

ji * time, shows not only the rapid and critical periastron passage of the
is . nearly 210-year orbit, but demonstrates as well the increased

it ns 4accuracy and resolution of the speckle measures (colored dots)
Juiva- / compared to the visual measures (gray dots).rmf a

b 120-in. Shane telescope of the Lick Observatory, and the
*i Sl , 3.8-m Canada-France-Hawaii telescope on Mauna Kea.

idirect . After observing faint guide stars at the two continental
*ttelescopes, we decided to switch to- observing bright

he stars. By selecting a sample containing the proper evolu-
I r.1978.6 tionary blend, we hoped to arrive at an accurate figure

ct not that could be used by planners of the Space Telescope. In
sjl~n four nights on Mauna Kea under wonderful seeing
A. in [-E conditions, we observed a sample of 672 bright stars,

ant discovering 52 previously unknown binaries. This result
xtraso- 1986.9 .2 sec more than tripled the estimated frequency of binary stars
vice in the separation interval from 0.04 to 0.25 sec; Shara

lar subsequently has predicted that nearly 20% of all guide
'-an f framework for observing another targeted object such as stars will be unsuited to their task (Shara et al. 1987). The
I level an extended galaxy. How often this might happen software for guiding the Space Telescope is now being
Vllyv cannot be known in advance, so not only would this 51.4 modified to minimize the impact of this situation.

rd- billion instrument fail to observe a preprogrammed Whereas the Space Telescope's planners regard theI object, but it might spend the entire integration time increased estimate of duplicity as a pestilence, we find it
collecting no useful data at all. scientifically intriguing. The survey of the more than

m Shara urged a reassessment of the frequency of 9,000 stars officially classified as "bright" is being contin-
binary guide stars, then regarded as a kind of celestial ued, a few hundred stars at a time, during breaks in ourkm er vermin. Scientists from the Center for High Angular regular program of measuring binary systems at Kittdetect Resolution Astronomy were enlisted on relatively short Peak and follow-up runs on Mauna Kea.

lbe notice to observe at several large telescopes, including We have also carried out a more limited survey
rias the historic 100-in. Hooker telescope on Mt. Wilson, the among stars in the Milky Way showing very high
rosco- velocities. Our results support anupward revision in the
ch for frequency of duplicity among older stars, which move

vi- differently from the population of younger stars like the
t 0sun. What was once thought to be a rare occurrence for
large . . the older generation of stars may actually be as common

* • as it is among the more recently formed stellar popula-
fS 0 tion.

tiIb'As a final group of objects in which new binary
titute, • systems might be sought, we have surveyed not another
l e 0 • collection of stars, but instead a sample of minor planets

Id in our own solar system. Reports of such binary aster-
ged * oids have appeared during the last decade, but in no
)pula- case has incontrovertible evidence been put forth. We
)tck have completed the most extensive search to date by

g " inspecting some 60 minor planets on two or more
10 occasions each. We have found no evidence for the

|lved existence of double asteroids and must conclude that
N 7  / they do not exist within the limits of detectability by

i d 9 Figure 6. Speckle interferometry has provided revised estimates of
at the 0 0 * 0 the orbital elements of many binary systems. The speckle measures

1985.5 (colored dots) and visual measures (gray dots) of the system ADS% 911520, whose period of orbit is 12.14 years, are shown along with

the orbit previously considered definitive (gray ellipse) and the newu FE orbit incorporating the speckle observations (colored ellipse). The
uster, N total mass of the system is now known to be less than one-half that

Ss- given by the previously accepted orbit, which was based solely on
visual data.
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speckle interferometry. Why our galaxy prefers binary le photometry" along with our well-established speckle
stars but the solar system prefers single asteroids re- interferornetry within a year or so.
mains a mystery. But what about the push for ever higher resolution?

The 10-m Keck telescope on Mauna Kea, which will be
Future efforts operated by Caltech and the University of California, is

now well under way. Even larger national facilities are
Speckle interferometry is far from exhausting its poten- being planned, including the National New Technology
tial. Other groups active in the field, such as those at Telescope in the United States and the Very Large
Harvard University and the University of Arizona, have Telescope, a European project to be located in the
emphasized the development of techniques for recon- Southern Hemisphere. These behemoths will become
structing high-resolution images from speckle pictures. the major observatories for the turn of the new century,
This is a difficult task, but once perfected, speckle designed to serve at the frontier of astronomical science.
techniques will be widely used in astronomy, joining Although not specifically intended for high angular
such standbys as photometry and spectroscopy. Imaging resolution astronomy, they will have some important
methods will be particularly important at infrared wave- applications to it.
lengths, because many cooler objects associated with star The real breakthrough in the quest for higher reso-
formation radiate in the infrared and could easily be lution is taking place in the development of arrays of
resolved at the diffraction limits of large telescopes. telescopes dedicated to interferometry, a technology

; Although speckle imaging will not be limited to perfected years ago at longer wavelengths by radio
objects such as binary stars that exhibit simple struc- astronomers. Arrays can be made to achieve the resolu-
tures, the study of binary stars will benefit tremendously tion of a single enormous telescope if their focal planes
from certain types of imaging algorithms that not only are brought together to relay a commonly intercepted
reveal positional information but permit the determina- wave front of light to a beam-combining location
tion of the individual bnghtresses and colors of both Achieving the necessary interference within the corn-
component stars of a system. This means that in addition bined beams requires that the light paths in the arms be
to determining the masses of the stars we can complete controlled to micron accuracies.
their astrophysical descriptions by extracting their lumi- The application of this long-baseline interferometry
nosities and temperatures. No other method now exists at visible wavelengths began early in the century at the
for accurately determining this intensity-related informa- Mt. Wilson Observatory, but the valiant attempts made
tion for binaries that are closer to each other than the there during the 1920s and 193Cs were generally frustrat-
seeing limit. We hope to be routinely performing "speck- ed by the lack of appropriate technology. The effort was

abandoned for over thirty years until several groups
began to develop multi-telescope interferomeers in the
early 1970s. Labeyrie built a two-telescope interferometer
in France and began work on a separate system employ-
ing an array of 1-m telescopes of a novel spherical design
(Labeyrie et al. 1986). Other projects around the world

/ include an interferometer on Mt. Wilson (Shao et al., in
+ press) and a linear array of 11 small telescopes on a 640-

m north-south baseline now under construction in Aus-

simple elliptical motion tralia (Davis and Tango 1985). The Australians have
already measured the diameter of the nearby star Sirius
using a prototype interfernmeter (Davis and Tango

v m1986). Several other projects aimed at infrared wave-observed motion lengths are in various stages of development (Anderson
center of mass 1987).

At the Center for High Angular Resolution Astrono-

my, we are planning a facility that will increase the
available angular resolution by more than two orders of
magnitude. Seven 1-m telescopes will be dispersed along
three baselines radiating at 120 ° intervals from a central

unseen planet station. The circle circumscribing this array will have a
diameter of up to 400 m, depending on the site at which
it is eventually located. The beams from the individual

Figure 7. Lnseen third companions of planetary mass in binary star telescopes %il be Larned through light pipes to the
systems can be detected if the orbital motion is measured with central station, where they will be directed into combin-
sufficient accuracy to reveal departures from simple elliptical ing optics and detectors.
motion. The complete elliptical orbit of a hypothetical binary Our configuration is modeled after the enormously
system is shown at the upper left; the enlargement of a portion of successful Very Large Array of radio telescopes located
the orbit shows the submotions of one of the stars, around which s
an unseen planet is presumed to orbit. The gravity of the unseen in New Mexico, but because of the resolution leverage of
planet causes the submotions; at the same time, the center of mass the short visible wavelengths, our interferometer will
of the system formed by the planet and the star follows the have more than a hundred times greater resolution. This
elliptical path. Evidence presented by speckle interferometry could wavelength advantage, however, quickly turns against
help determine whether extrasolar planets exist. us by imposing formidable mechanical and optical toler-
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ike 7ances. It will be a challenge to produce the kind of ReferencesI images of extended objects for which the Very Large Anderson, P H. 1987 Astronomers seek high resolution. P/kYs. Today
uri("a? Array has become justly renowned. At the outset, our 40(6s.119-23.

te project will be aimed primarily at measuring stellar Davis, J., and W Tango. 1985. A new high angular resolution stellar
,is properties through the resolution of very close binaries interferometer. Proc. Astron. Soc. Australia 6:38-42.
re and the surfaces of individual stars, but it has the -. 1986. New determination of the angular diameter of Sirius.

'oogy potential for imaging complex objects. Nature 323:234-35.
]lrge The new interferometer will have a limiting resolu- Heintz, W. D. 1978. Double Stars. Reidel.
athe tion of 0.0002 sec, compared to the 0.030 sec we are now Labeyne, A. 1970. Attainment of diffraction limited resolution in large
!Mme achieving by speckle interferometry on Kitt Peak. The telescopes by Founer analysing speckle patterns in star images.
nturv, dime that is now resolvable as a disk from 80 km will be Astron. Astrophys. 6:85-87.

e. measurable from a distance of 12,000 km! We can now 1978. Stellar interferometry methods. Ann. Rev. Astron. As-c'.maual rm itneo 200 m ecnnw trophys. 16:77-102.

lar expect to resolve a typical binary star at a distance of 80 troph a. 16.
6?Iat lghtyeas frm te sn i it pend o reoluion Labeyiie, A., et al. 1986. Fringes obtained with the large "boules"rtant fight-years from the sun if its period of revolution interferometer at CERGA. Astron. Astrophys. 162:359-64.

exceeds about 0.7 year; the instrument we hope to build Lynds, C. R., S. P. Worden, and J. W. Harvey. 1976. Digital image
*tso- will be able to resolve binaries at this distance with reconstruction applied to Alpha Orionis. Astrophys. 1. 207:174-80.

of orbital periods as short as 3 hours. It is now a rare and McAlister, H. A. 1985. High angular resolution measurements of stellar
ioogy celebrated occurrence when we successfully resolve a properties. Ann. Rev. Astron. Astrophys. 23:59-87."
.dio spectroscopic binary, but the new interferometer will Popper, D. M. 1980. Stellar masses. Ann. Rev. Astron. Astrophys.

• uresolve virtually all the more than 700 such objects now 18:115-64.
es known; it will increase the present handful of resolvable Shao, M., et al. In press. The Mark Ill stellar interferometer. Astron.

:epted stellar diameters by tens of thousands. A long-baseline Astrophys.

on. optical interferometer will be a revolutionary leap for- Shara, M. M., R. Doxsey, E. N. Wells, and H. A. McAlister. 1987. The
wno nhfraction of dose binaries among Hubble Space Telescope guide. stars
ward in fundamental observational astrophysics, fur- --operational consequences, workarounds, and suggestions for

r nishing a new perspective on the universe. it will cost designers of future space observatones. Publ. Astron. Soc. Pacific
about the same as a single 4-m telescope-around $8 99:223-33.itry million-but will provide 150 times

he the resolution.
de Where it was once considered

istrat- necessary to go into space to over-
tas come the limitations of atmospheric I..4oL, A

seeing, we can now make progress CLQ, c T AT
Mthe without leaving the ground. But Cg / .4 AL ?LA F
meter space still beckons with enticing

y- prospects, particularly the imaging of
n faint objects over very long baselines

rid and at extremely high resolution.
al., in Both NASA and the European Space

Agency are studying the technology
for large space-based interferome-
ters, and some feel that such an

3irius instrument would be the logical fol-
go low-up to the Hubble Space Tele- 70LDV " - v
e- scope. In space, an interferometer J0LL}v

erson could have a baseline of many hun- .r'e.

dreds of kilometers, providing an N, CL
0 almost microscopic view of the mac- At.., LS LL -0- -DA OV ,
he roscopic universe. Thus the current L V O

.rs of activity in ground-based interfeome-
along try can be seen as a step in the
ral development of a space interferome-

I ater.
N'hich For nearly four centuries, tele-
ilal scopes of ever increasing light-col-

- lecling area have pushed back the
frontiers of our knowledge by detect-
ing increasingly fainter objects in the

._0) -universe. The complementary ability
Sd of large telescopes to resolve fine
4f detail has been exploited for less than
w ill two decades. This is truly the begin-
'is lning of a new manner in which we

view and understand cosmic phe-
nomena.
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ABSTRACT

New orbital elements are presented for 28 close visual systems that have been observed and in some
cases discovered by speckle interferometry. Periods for these systems range from 2.7 to 213 yr, semima-
jor axes from 0706 to 0781. Three of these systems (ADS 1105 = STF 115 AB, ADS 1473 = Ho 311,
and ADS 14121 = Wck Aa) had no previously published orbital analyses, while elements for a number
of other systems have undergone major revisions.

I I. INTRODUCTION to tie down the period with considerable accuracy. In several

The technique of speckle interferometry, as first suggested ofthe calculations discussed below we have used all available

by Labeyrie (1970), has been in routine use by binary star data to determine the orbital period, then used only the
I observers for over 15 years now; in that time it has shown speckle data and this period to derive the remaining ele-

itsefr tor e r 5 r eliablemethodors obin hretoe t n ments. These "nonstandard" treatments of the visual dataitself to be a reliable method for observing heretofore unre- will be detailed in the individual star notes.
solvable systems (separations down to 0.025 at the Kitt
Peak 4 m) with unprecedented accuracy (down to + 0.001
for brighter stars with small magnitude differences). Over II. METHOD OF ORBIT CALCULATION
7600 measurements of 1371 systems have been published to
date by observers from institutions throughout the world. Programs for calculating orbital elements abound (see,
McAlister and Hartkopf (1988) have compiled a catalog of for example, Eichhorn 1985; Heintz 1978a; McAlister 1981;
all binary star measurements made by modern interferomet- Monet 1979, etc.), each with its own sensitivities. The pro-
tic methods and published to date; the median separation in gram developed at CHARA is flexible and relativelythe catalog is 0.23, and 16% of the measurements are for straightforward in its mathematical formulation.

systems closer than 0%. It can easily be shown that if the three elements P, T, and e
Some 75% of these measurements fall within the separa- are known, the four Thiele-Innes elements (A,FB, and G-

tion range 0705-075. At the typical distances of these stars, see Heintz 1978a for a definition of terms) and therefore the
these translate to periods ranging from, perhaps, 1 to 100 yr, geometric elements a', i, fl, and w can be determined by the
with the most common periods roughly 10 to 20 yr. Thus, method of least squares, as follows:
speckle interferometry has now reached the point where Given (P,T,e) and a set of observations (t1,x,y 1 ), the ec-
many of its target systems have completed one or more revo- centric anomalies E, are found via the equation
lutions and are ripe for orbital analysis. As will be seen, u(t, - 7) =E, - e sin(E,), (6)
speckle observations may occasionally cover a crucial por-
tion of a very long-period orbit, as well; two of the systems where
discussed in this paper have periods in excess of 200 yr. u = 360/P. (2)

m Speckle-based orbit analyses accompanied by extensive Normalized rectangular coordinates X and Y, are deter-
discussion have been published for a number of interesting mined by the equations
systems, including X Draconis (McAlister 1980; Tomkin et
al. 1987), yrPersei (McAlister 1982; Popper and McAlister X, = cos(E) - e, (3)

- I 1987), Capella (McAlister 1981; Bagnuolo and Hartkopf Yi = '17sin(El) (4)
1989), the Hyades binary Finsen 342 (McAlister et alT.
1988),,8 Per (Bonneau 1979), and several others. With this The four Thiele-lnnes elements are then found by a least-
second paper in our series we begin more large-scale harvests squares solution of the equations

i of those orbits for which speckle interferometry has pro- x, + erF , (5)
vided a significant contribution. The procedure used for de-

riving these orbits is described below, followed by a discus- y, BX1 + GY,. (6)
sion of otir weighting scheme, then new orbital elements and We perform a "three dimensional" grid search in the vi-
notes for 28 binary star systems. cinity of a set of input values of P, T, and e, in each grid step

Most of the systems in this paper were discovered to be calculating the remaining elements and determining an
binaries long before speckle interferometry was developed overall residual. Initial step sizes for the grid are adjustable;
(for example, ADS 9757 = STF 1967 was first resolved by step sizes of zero may be used for any of the three elements
F.G.W. Struve in 1826). These visual measurements, al- (when, for example, the period is determined by other meth-
though of lower accuracy than the speckle data, often pro- ods). After interpolating to arrive at a (P,T,e) set yielding
vide a baseline of several orbital revolutions that may be used minimum residuals, the grid spacing is reduced and the pro-
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.ess repeated. The search ends when grid step sizes decrease As a first step, separate orbits were calculated using the
below 0.01 yr in P and T, 0.001 in e. visual and the speckle data for each of the eight binaries. The

In the next step, rms residuals are determined separately "large" and "small" visual data were given initial weights of
for visual and CHARA speckle data. Visual observations 1 and 0.5, respectively, for the visual orbit. For the speckle
whose residuals exceed 3 times the visual rms are given zero orbit, CHARA observations were given unit weight, except
weight, as are any speckle observations exceeding 3 times the for the few Kitt Peak 2.1 m observations, which were given
CHARA speckle rms. The grid search is now repeated, this half weight. Other speckle data were given zero weight ir-
time running until step sizes fall below 0.0001 yr in Pand T, tially.
0.000 01 in e. The results are given in Table I. The derived weights

Formal errors for all the elements are determined from the shown are calculated for each category from the formula
covariance matrix of the final iteration. W = rmSlr-visul \ 2  (7)

III. THE WEIGHTING GAME \ rmS1 )

An essential aspect in the determination of binary'star i.e., I/variance, scaled to a value of I for the "large visual"

orbits is the decision on proper weights to be assigned each eight.

observation entering into those calculations. These observa- A new set of orbits was then determined from the com-

tions may span 100 yr or more and may have originated from bined visual and speckle data. Wishing to be a bit conserva-

dozens of observers of varied experience and competence, tive in our speckle weights, we chose vnalues of 0.5, 1, 20, and

usin mn obdiffeent telescopes of different aperture and 5 for the four categories "small visual," "large visual,"using many difrn eecpso ifrn pruead "CHARA speckle," and "other speckle," respectively. Half
quality, and subject to a host of other uncertainties. These wiht, ore10, and or the rAe2. daa

factors make the entire weighting procedure subject to the weight, or 10, was again used for the CHARA 2.1 m data.

inevitable personal prejudices of the orbit computer. Our The final results are similar to those earlier determined

effort is no exception. We have endeavored, however, to keep from the separate orbits. Again opting for a conservative

our procedure as objective as possible by grouping observa- weighting of the speckle data, we decided to adopt the earlier

tions into a minimum number of categories. chosen values of 0.5, 1, 20, and 5 for initial weights in the

Four basic categories were defined as follows: four categories.

(1) First, as Fig. I will attest, observations made by mod-
em interferometric techniques display a considerably IV. RESULTS
greater internal accuracy than do the body of visual
data. An obvious division of the data, then, is "visu- New combined speckle/visual orbital elements are given
al" versus "speckle." in Table II for 28 binary systems. P, T, and their errors are

(2) The GSU/CHARA speckle observations, made with given in years, a' in seconds of arc, and i, (I, and w and their
few exceptions on a single telescope by the same ob- errors in degrees. All orbits are equinox 2000. Ephemeris
servers and using the same calibration method (see tables (Table III) based on these orbits give predicted sepa-
McAlister et at. 1987) are more internally consistent rations and position angles for the next 5-40 yr, depending
than other interferometric data. We therefore further on the derived period.
subdivide these data into "CHARA speckle" and The figures below show the new orbits (solid lines) to-
"other speckle." gether with previously published orbits (dotted lines) and

(3) One would expect that visual observations made with all published data (including data eventually given zero
larger telescopes should be more accurate than those weight in the orbit calculations). Visual data from "small"
made using snaller instruments. Charles Worley telescopes are indicated by plus signs, those from "large"
(1987) has noted roughly a factor of 2 difference in telescopes by hash marks. CHARA speckle data are shown
variance between visual obr.rvations made with tele- as filled squares and other speckle data by open squares.
scopes of greater than versus less than 18 in. aperture. Notes to individual binary systems follow, sorted in order
This observation is borne out by our calculations, as of WDS designation (the 2000-epoch right ascension- and
will be shown. We therefore divide visual observa- declination-based designation used in the Washington Visual
tions into "small visual" and "large visual" bins. Double Star Catalog of Worley and Douglass 1984). A few

In order to determine the relative weights to be assigned of these systems have published orbits that are very similar
each of these four categories of observations, we calculated to the ones listed here. Although it may be argued that these
orbits for several well-observed systems and determined rms new orbits are therefore unnecessary, they are included as
residuals for data in each group. There is of course a bit of evidence that the method used by us for deriving orbital ele-
circular reasoning inevitable in this approach, since weights ments behaves properly and that the weighting scheme
must be assigned to the observations before calculating the adopted is not unreasonable.
orbits from which residuals, and eventually weights, are to WDS 00352-0336-ADS 490=Ho 212 AB. Speckle
be determined. We have tried to minimize this circularity by coverage of this system now covers nearly two full periods.
calculating orbits for various subsets of the data, as ex- The period was determined based on all visual and speckle
plained.below. data, covering nearly 15 revolutions; speckle data alone were

The eight ADS binaries chosen for this exercise range in used to determine the remaining elements. The plotted pub-
mean separation from 0.15 to 0774, or approximately the lished orbit is that of Gatewood er al. (1975).
middle range for all interferometric observations (McAlis- WDS 01233+5808=ADS 1105=STF 115. This system,
ter and Hartkopf 1988). They are all extremely well ob- first resolved by John Herschel in 1831 at 077, opened to I" 1
served, with a total of 2181 visual and 269 interferometric in 1904, then closed steadily for 80yr. By fortuitous timingit
observations for the group and visual observations going was first resolved by speckle in 1978 at 0'35, just as visual
back 162 years. measurement was becoming difficult. The separation de-
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TABLE 11. Orbital elements.

WDS ADS Name P a" i (1 T e w

00352-0336 490 Ho 2M2 AB 6%.89 0',240 49.0 149!2 1973.389 0.767 2835
±0.18 ±0.010 ±6.1 ±14.2 1 0.066 J0.090 ±E14.2

01233+5808 1105 STF 115 AB 209.5 0.805 99.6 138.7 1984.88 0.920 133.1
±7.8 ±0.018 ±5.7 ± 1.5 ± 0.18 ±0.007 ± 1.5

01512+2439 1473 Ho 311 119.3 0.2980 52.8 212.8 1982.72 0.888 142.0
±6.2 ±0 0062 ±1.7 ± 3.9 ± 0.40 ±0.016 ± 3.9

02157+2503 - Cou 79 24.54 0.2470 104.15 235.89 1986.182 0.684 82.57
±0.75 ±0.0014 ±0.97 ± 0.61 ± 0.057 ±0.006 ± 0.61

02396-1153 - Fin 312 2.654 0.1055 21.3 279.3 1956.603 0.228 31.1
±0.002 ±0.0012 ±1.4 ±18.4 ± 0.007 ±0.020 ±18.4

06383+2859 - McA 27 22.32 0.1463 112.1 115.86 1976.260 0.595 307.87
±0.15 ±0.0016 *1.0 ± 0.29 ± 0.043 ±0.002 ± 0.29

07352+3058 6185 STT 175 AB 213.1 0.5493 92.48 149.49 1979.11 0.693 313.22
±5.8 ±0.0029 ±0.48 ± 0.84 ± 0.21 ±0.007 ± 0.84

07518-1352 6420 Bu 101 23.34 0.573 79.68 102.5 1962.381 0.735 71.4
±0.17 ±0.010 ±0.06 ± 1.6 ± 0.039 ±0.016 ± 1.6

08468+0625 6993 SP AB 15.05 0.2543 49.92 108.1 1976.179 0.653 265.8
±0.20 ±0.0038 ±0.38 ± 1.8 ± 0.042 ±0.003 ± 1.8

09008+4148 - Kul 37 AB 21.783 0.6604 129.84 205.93 1972.318 0.153 39.25
±0.090 ±0.0018 ±0.0 t ± 0.54 ± 0.010 ±0.004 ± 0.54

09123+1459 - Fin 347 Aa 2.703 0.1161 124.1 317.0 1979.975 0.418 348.5
:0.022 ±0,0018 ±2.7 ± 5.2 t: 0.065 ±0.071 1 5.2

09474+t 134 - McA 34 15.167 ' 0.1120 76.57 203.80 1973.68 0.321 24.44
±0.090 ±0.0002 ±0.66 ± 0.48 : 0.25 ±0.010 ± 0.48

10427+0335 7896 .2768 80.56 0.3778 145.92 56.8 1976.674 0.546 355.3
±0.30 ±-0.0014 ±0.78 ± 1.9 ± 0.030 ±0.001 ± 1.9

13100+1731 8804 STF 1728 AB 25.804 0.6684 90.06 192.34 1963.468 0.497 101.08
±0.055 ±0.0013 ±0.05 ± 0.24 ± 0.021 ±0.012 ± 0.24

15318+4053 9688 A 1634 AB 8.484 0.0602 114.6 199.1 1965.94 0.021 3G2.6
±0.052 ±0.0002 ±3.0 ± 3.7 ± 0.21 ±0.046 ± 3.7

15428+2618 9757 STF 1967 92.94 0.7353 94.70 111.25 1931.66 0.484 105.24
±0.58 ±0.0041 ±0.84 ± 0.61 ± 0.23 ±0.020 ± 0.61

17081+3555 10360 Hu 1176 AB 8.129 0.1118 120.49 129.44 1975.483 0.539 235.69
±0.014 ±0.0001 ±0.09 ± 0.25 ± 0.007 ±0.003 ± 0.25

18117+3327 11149 B 2545 23.9 0.0620 37.9 244.1 1971.81 0.706 172.1
±1.0 ±0.0005 ±5.8 ±19.0 ± 0.81 ±-0.055 ±19.0

58.39 0.1155 66.6 234.4 1975.54 0.153 302.4
±0.52 ±0.0006 ±2.9 :L 1.2 ± 0.16 ±0.027 ± 1.2

18384-0312 11520 A 88 AB 12.133 0.1479 122.85 173.84 1970.801 0.249 81.22
±0.019 ±0.0001 ±0.01 ± 0.12 ± 0.007 ±0.002 ± 0.12

19489+1908 12973 AGC 11 AB 23.22 0.1359 133.19 340.7 1979.869 0.792 355.1
±0.96 ±0.0016 ±0.85 ± 1.4 ± 0.035 ±0.005 ± 1.4

20375+1436 14073 Bu 151 AB 26.598 0.4473 63.13 177.09 1963.225 0.328 351.32
±0.004 ±0.0001 ±0.01 ± 0.05 ± 0.009 ±0.002 ± 0.05

20397+1556 14121 Wck Aa 17.09 0.1595 161.6 279.4 1983.885 0.466 71.4
±0.16 ±0.0003 ±1.8 ± 4.0 ± 0.030 ±0.005 ± 4.0

20538+5919 14412 A 751 57.9 0.1782 126.7 179.2 1976.12 0.621 277.2
±1.5 ±0.0027 ±2.6 ± 3.4 ± 0.27 ±0.013 ± 3.4

21135+-1559 14761 Hu 767 33.75 0.2067 67.95 167.79 1944.55 0.618 120.19
=0.23 =0.0011 ±0.52 i: 0.87 = 0.11 ±0.007 - 0.87

21425+4106 - Kui 108 26.51 0.149 149.4 191.4 1975.23 0.361 359.7
±0.48 ±O.014 ±5.2 ± 9.7 ± 0.12 ±0.009 ± 9.7

21446+2539 15281 Bu 989 AB 11.60 0.2362 108.04 288.85 1979.207 0.313 304.17
±0.12 ±0.0004 ±0.50 ± 0.60 t 0.027 ±0.009 ± 0.60

215024-1718 - Cou 14 26.132 0.3664 70.30 231.80 1963.887 0,239 252.08
±0.056 ±0.0043 ±1.00 ± 0.11 i 0.025 ±0.003 ± 0.11

22408-1432 16173 Ho 296 AB 20.83 0.2907 140.12 252.37 1983.557 0.738 23.28
±0.15 :0.0002 ±0.02 i 0.23 ± 0.004 ±0.001 ± 0.23
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TABLE II. Ephem,:ds.

Date ADS 490 Fin 312 Fin 347 ADS 9688 ADS 10360

I 1989.00 2300.0 (Y!236 5303 0'!101 161.7 (Y!130 110.0 0'!058 62 .7 0M 086
- 1989.25 235.4 0.247 82.2 0.117 150.4 0.154 5.9 0.054 54.0 0.079
[ 1989.50 240.4 0.258 105.2 0.126 141.4 0.163 359.8 0.049 44.0 0.074

1989.75 245.0 0.267 126.3 0.128 132.6 0.157 352.1 0.043 32.7 0.071
1990.00 249.3 0.274 148.1 0.122 122.0 0.134 341.6 0.036 20.4 0.068
1990.25 253.4 0.281 173.0 0.112 104.4 0.094 326.4 0.030 7.5 0.068
1990.50 257.4 0.286 203.4 0.101 54.8 0.051 304.8 0.025 354.8 0.069
1990.75 261.2 0.290 241.1 0.02i 331.8 0.064 278.9 0.025 342.4 0.070

1,00 264.9 0.292 287*0 0.0811 278.9 0.060 2155.8 0,028 310,2. 0,070
1991.25 268.6 0.293 340.4 0.079 211.5 0.065 239.1 0.034 317.5 0.066

i . 1991.50 272.3 0.292 29.9 0.090 175.7 0.101 227.6 0.041 301.4 0.055
1991.75 276.1 0.289 65.4 0.107 159.2 0.135 219.3 0.047 271.3 0.036
1992.00 279.9 0.284 91.5 0.121 148.6 0.157 212.8 0.052 203.7 0.030
1992.25 284.0 0.276 113.4 0.128 139.8 0.163 207.4 0.056 162.0 0.051
1992.50 288.3 0.266 134.5 0.126 130.9 0.154 202.6 0.059 146.2 0.074
1992.75 293.0 0.251 157.2 0.119 119.5 0.128 198.1 0.060 137.6 0.093
1993.00 298.4 0.233 183.9 0.108 99.1 0.086 193.5 0.058 131.8 0.108
1993.25 304.9 0.208 217.0 0.096 37.4 0.048 188.6 0.056 127.2 0.119
1993.50 313.6 0.174 257.8 0.087 321.9 0.067 183.0 0.052 123.3 0.128

1993.75 327.9 0.124 307.0 0.080 266.6 0.058 176.3 0.046 119.9 0.134
1994.00 20.4 0.047 0.9 0.082 202.1 0.070 167.7 0.040 116.7 0.137
1994.25 151.3 0,087 45.1 0.096 171.8 0.108 155.9 0.034 113.6 0.139
1994.50 177.9 0.131. 76.2 0.113 157.0 0.140 139.3 0.029 110.5 0.139
1994.75 192.9 0.159 100.2 0.125 146.9 0.159 117.2 0.026 107.5 0.138
1995.00 203.9 0.181 121.5 0.128 138.2 * 0.163 93.0 0.026 104.3 0.136

i Date ADS 6993 McA 34 ADS 11520 ADS 14121 ADS 15281

1989.0 2540.9 01!215 2120.0 0 065 279.7 (Y!103 61.8 0'!202 9717 01185
1989.5 263.8 0.197 222.5 0.047 263.0 0.100 56.4 0.208 87.1 0.128
1990.0 274.9 0.171 248.9 - 0.027 246.1 0.102 51.4 0.214 57.0 0.067
1990.5 291.2 0.132 316.2 0.023 230.6 0.109 46.6 0.218 338.0 0.065
1991.0 328.9 0.074 352.9 0.042 217.2 0.118 41.9 0.221 305.5 0.122
1991.5 65.1 0.075 5.2 0.064 205.9 0.128 37.3 0.222 293.4 0.168
1992.0 101.6 0.136 11.3 0.084 196.1 0.136 32.8 0.223 285.5 0.186
1992.5 116.9 0.179 15.0 0.102 187.2 0.140 28.3 0.223 278.1 0.182

I1993.0 126.9 0.208 17.8 0.117 178.3 0.137 23.7 0,222 269.6 0.162

1993.5 134.8 0.229 20.0 0.128 168.7 0.128 19.1 0.220 257.9 0.134
1994.0 141.5 0.244 21.8 0.136 156.6 0.109 14.4 0.217 239.9 0.106
1994.5 147.6 0.254 23.5 0.141 138.2 0.085 9.5 0.212 212.4 0.090
1995.0 153.2 0.262 25.1 0.144 105.5 0.063 4.4 0.207 181.2 0.095
1995.5 158.6 0.267 26.7 0.143 60.7 0.065 359.0 0.201 158.2 0.119
1996.0 1638 0.271 28.3 0.140 29.8 0.087 353.2 0.19! 144.1 0.151
1996.5 168.9 0.273 30.1 0.135 12.6 0.113 347.0 0.186 135.0 0.184
1997.0 174.0 0.274 32.0 0.127 1.4 0.133 340.1 0.176 128.6 0.215
1997.5 179.0 0.274 34.2 0.116 352.7 0.146 332.5 0.166 123.7 0.240
1998.0 184.0 0.274 36,9 0.104 345.0 0.151 323.7 0,155 119.6 0.259
1998.5 189.1 0.272 40.4 0.090 337.5 0.150 313.5 0.142 115.9 0.269
1999.0 191.2 0.271 45.2 0.075 329.6 0,144 301.1 0.128 112.5 0.270
1999.5 199.4 0.269 52.8 0.058 320.8 0.135 285.7 0.114 108.8 0.258
2000.0 204.6 0.266 66.3 0.042 310.6 0.124 265.8 0.099 104.7 0.234I!_ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _



1033 HARTKOPF ETAL: VISUAL SPECKLE ORBITS 1033

TABLE II. (continued)

Date Cou 79 McA 27 ADS 6420 Kui 27 ADS 8804

1989 48.5 0'194 315.8 0:176 2880.5 0'!514 256.9 0'.487 190.4 0(Y0!1
1990 44.6 0.207 312.6 0.183 290.7 0.545 239.2 0.532 12.4 0.250
1991 40.9 0.209 309.5 0.186 292.7 0.554 224.2 0.569 12.3 0.423
1992 37.2 0.204 306.5 0.186 294.7 0.548 210.6 0.581 12.3 0.503
1993 33.1 0.194 303.4 0.180 296.9 0.529 196.6 0.556 12.3 0.519
1994 28.6 0.182 300.0 0.168 299.2 0.502 180.2 0.497 12.3 0.494
1995 23.4 0.167 295.9 0.149 301.8 0.466 158.4 0.423 12.2 0.442
1996 17.0 0.151 290.1 0.119 304.9 0.425 129.2 0,377 12.2 0.373
1997 9.1 0.135 278.9 0.076 308.7 0.379 97.8 0.398 12.2 0.292
1998 359.3 0.120 218.3 0.025 313.6 0.330 73.2 0.473 12.1 0".203
1999 346.9 0.108 123.7 0.060 320.3 0.279 56.1 0.565 11.8 0.110
2000 332.2 0.101 103.0 0.078 329.9 0.231 43.7 0.646 8.0 0.014
2001 316.3 0.100 85.2 0.074 344.2 0.188 33.7 0.704 193.1 0.082
2002 300.9 0.105 63.7 0.066 5.2 0.159 25.0 0.733 192.7 0.176
2003 287.5 0.115 38.8 0.064 30.7 0.156 16.5 0.735 192.6 0.267
2004 276.6 0.128 15.5 0.071 53.4 0.177 7.8 0.711 192.5 0.354
2005 267.7 0.141 357.9 0.084 69.7 0.214 358.2 0.665 192.5 0.434
2006 260.4 0.154 345.6 0.100 81.0 0.253 346.9 0.605 192.4 0.505
2007 254.0 0.162 336.7 0.117 89.6 0.280 333.0 0.541 192.4 0.566
2008 248.1 0.163 330.1 0.134 97.7 0.262 315.5 0.486 192.4 0.612
2009 241.6 O.148 324.9 0.149 120.5 0.078 294.7 0.457 192.4 0.641
2010 231.3, 0.097 320.6 0.162 279.2 0.253 272.8 0.462 192.4 0.646

Date ADS 11149 ADS 11149 ADS 12973 ADS 14073 ADS 14412
(Short Period) (Long Period)

1989 2540.6 0'090 2540.6 01!091 1690.2 01233 1610.5 • 01!271 1313 01!157
1990 258.9 0.083 258.8 0.085 167.0 0.239 175.4 0.300 127.6 0.158
1991 264.2 0.074 263.6 0.079 165.0 0.242 188.3 0.292 124.0 0.160
1992 271.1 0.063 269.1 0.073 162.9 0.243 203.8 0.253 120.3 0.161
1993 281.4 0.050 275.6 0.068 160.9 0.241 225.9 0.208 116.8 0.162
1994 300.1 0.034 283.3 0.062 158.8 0.236 256.8 0.187 113.3 0.163
1995 348.8 0.020 292.4 0.057 156.6 0.227 287.1 0.211 109.8 0.164
1996 84.6 0.019 303.0 0.054 154.1 0.216 308.0 0.266 106.4 0.165
1997 153.4 0.027 314.7 0.052 151.4 0.201 321.1 0.332 103.0 0.166
1998 183.0 0.041 326.9 0.051 148.1 0.183 329.9 0.396 99.7 0.167
1999 197.7 0.054 338.7 0.053 1t.1 0.160 336.3 0.454 96.3 0.168
2000 206.8 0.066 349.5 0.057 138.4 0.132 341.4 0.504 93.1 0.169
2001 213.3 0.075 358.8 0.061 129.1 0.097 345.6 0.543 89.9 0.170
2002 218.4 0.084 6.7 0.067 106.7 0.054 349.3 0.571 86.7 0.171
2003 222.7 0.091 13.3 0.073 357.7 0.028 352.7 0.587 83.5 0.172
2004 226.4 0.096 18.9 0.079 236.5 0.044 356.0 0.592 80.5 0.174
2005 229.7 0,100 23.6 0.086 204.3 0.084 359.4 0.584 77.4 0.175
2006 232.9 0.103 27.7 0.092 192.5 0.119 2.9 0.564 74.4 0.176
2007 235.8 0.105 31.2 0.098 185.8 0.148 6.7 0.531 71.4 0.177
2008 238.8 0.105 34.4 0.104 181.1 0.173 11.2 0.486 68.5 0.178
2009 241.7 0.105 37.3 0.109 177.5 0.193 16.7 0.429 65.6 0.180
2010 214.7 0.103 39.9 0.113 174.6 0.209 24.2 0.361 62.8 0.181
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TABLE II. (continued)

Date ADS 14761 KuLi 108 Cou 14 ADS 16173

1989 100.7 0121 87 0!203 720.9 0!200 711 0Y421
1990 109.0 0.133 2.7 0.200 97.2 0.125 67.2 0.451
1991 115.9 0.146 356.5 0.196 154.9 0.098 63.6 0.472
1992 121.7 0.160 350.0 0.189 197.2 0.157 60.3 0.485
1993 126.5 0.173 342.8 0.179 213.5 0.235 57.2 0.490
1994 130.7 0.186 334.8 0.168 222.0 0.301 54.0 0.489
1995 134.4 0.198 325.5 0.155 227.7 0.348 50.8 0.480
1996 137.6 0.210 314.4 0.141 232.3 0.375 47.4 0.464
1997 140.5 0.220 300.7 0.126 236.5 0.385 43.7 0.441
1998 143.2 0.229 283.6 0.113 240.6 0.379 39.5 0.411
1999 145.7 0.236 262.5 0.103 245.1 0.359 34.6 0.373
2000 148.0 0.242 237.9 0.097 250.1 0.329 28.5 0.328
2001 150.3 0.245 211.6 0.095 256.4 0.291 20.1 0.274
2002 152.5 0.247 184.9 0.095 264.8 0.248 7.1 0.211
2003 154.8 0.245 158.3 0.096 276.7 0.205 342.1 0.143
2004 157.0 0.241 132.7 0.099 294.4 0.169 279:1 0.088

2005 159.4 0.233 109.8 0.107 318.6 0.151 148.5 0.089

2006 162.0 0.221 90.8 0.119 344.5 0.159 103.2 0.189
2007 165.0 0.204 75.5 0.134 5.0 0.189 88.8 0.273
2008 168.6 0.180 63.2 0.148 19.0 0.229 80.7 0.338
2009 173.7 0. 47 53.1 0.162 28.8 .0.269 75.0 0.389
2010 182.4 0.103 44.4 0.174 36.2 0.303 70.4 0.427

I Date- ADS 1105 ADS 1473 ADS 6185 ADS 7896 ADS 9757

1990 2619 0'061 1444 0'!130 1470 0M206 293!0 0'!332 118.I 0587
1992 222.8 0.065 151.6 0.158 146.2 0.194 285.7 0.366 117.3 0.625
1994 197.3 0.090 156.7 0.185 145.3 0.180 279.6 0.399 116.6 0.659
1996 184.0 0.122 160.5 0.209 144.2 0.163 274.5 0.429 115.9 0.689
1998 176.4 0.157 163.6 0.233 142.8 0.144 269.9 0.456 115.3 0.713
2000 171.5 0.192 166.1 0.255 141.1 0.125 265.9 0.481 114.7 0.731
2002 168.2 0.227 168.2 0.275 138.6 0.104 262.2 0.503 114.2 0.741

2004 165.7 0.261 170.1 0.295 135.0 0.084 258.9 0.522 113.7 0.744
2006 163.8 0.294 171.7 0.313 129.0 0.063 255.7 0.539 113.1 0.738
2008 162.3 0.326 173.1 0.330 117.5 0.044 252.8 0.553 112.5 0.721
2010 161.0 0.357 174.4 0.346 91.4 0.029 249.9 0.564 111.9 0.692
2012 160.0 0.388 175.6 0.361 43.7 0.026 247.2 0.573 111.3 0.647
2014 159.1 0.418 176.7 0.376 11.1 0.039 244.5 0.579 110.5 0.586
2016 158.3 0.447 177.7 0.389 357.1 0.058 241.9 0.583 109.5 0.504
2018 157.6 0.475 178,7 0,401 350,1 0.078 239.3 0,583 108.0 0,399
2020 157.0 0.502 179.6 0.413 346.0 0.099 236.7 0.581 105.2 0.270
2022 156.5 0.529 180.5 0.424 343.4 0.121 234.1 0.577 96.0 0.120
2024 156.0 0.554 181.3 0.434 341.5 0.142 231.4 0.570 322.9 0.059
2026 155.5 0.580 182.0 0.443 340.1 0.162 228.6 0.560 298.5 0.211
2028 155.1 0.604 182.8 0.452 339.0 0.183 225.7 0.547 294.4 0.343
2030 154.7 0.628 183.5 0.459 338.2 0.204 222.7 0.531 292.4 0.441

I
I!
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creased to a predicted closest apparent approach of 07012 in WDS 09123+ 1459=Fin 347 Aa. A period of 2.703 yr
1985.15, and will remain under 071 until mid- 1994. was derived using all data. Speckle data alone [two measure-

WDS 01512+2439=ADS 1473=Ho 311. This 119 yr ments from 1983.9by Bonneauetal. (1984) were given zero
period system has completed nearly one full revolution since weight] were used to derive the other six elements. The re-
its discovery in 1890. It was first measured by speckle in 1978 sulting value of a' is somewhat smaller than that found by
at 0: 13 and reached periastron in 1982.7. The pair was unre- either Finsen (1966) or Heintz (1984). The latter published
solved by Bonneau et al. (1984) in 1983.9 (separation orbit is shown here.
<0707), at which time the orbit predicted a separation of WDS09474+1134=McA34.Thissolutionwasbasedon
0705. Although speckle data were able to bracket the time of data obtained over nearly one full orbital revolution (all
perastron passage, additional data are needed before a more speckle). Although the fit appears very reasonable, we mlt
definitive orbit can be derived, await several more years' worth of data before the orbi. in

WDS 02157+2503=Cou 79. Speckle data cover only be declared definitive. Tokovinin (1987a) found a per ,d of
half of this 25 yr period, but serve to define the orbit fairly 9.70 yr and a much higher eccentricity for this object.
well. The differences in this orbit compared to that of Cou- WDS 10427+0335=ADS 7896=A2768. Elements for
teau (1987-also plotted) are due to different weighting this object have been gradually refined over the last decade
methods and to additional speckle data in the first quadrant (see Heintz 1978b; Baize 1984; Heintz 1988). Heintz' most
not available to Couteau. recent orbit is shown in the figure. Unfortunately, the first

WDS 02396-1153 = Fin 312. This orbit was based solely speckle observation of this system occurred in 1978, about 2
on speckle data, which cover more than four revolutions. yr after periastron.
The visual data for this close pair, nearly all obtained by WDS 13100+ 1731=ADS 8804=STF 1728. In deriving
Finsen, differ quite noticeably from the speckle data; Finsen the orbital elements for this lovely edge-on system, visual
(1970) may have applied some systematic correction to his and speckle data were used to determine the period, then
data in calculating this published orbit, as evidenced by the speckle data alone for the remaining elements. The derived
disparity between his data and his published orbit. inclination is sufficiently close to 90' that the orbit predicted

WDS 06383+2859=McA 27. Tokovinin's (!986) orbi- a partialeclipse (Am=0.1 mag, eclipse duration 1.3 days) of
tal elements were derived before the last several data points one of the F5 V stars by the other in February 1989.
were obtained. While our orbit clearly fits these data better, Haffner's (1948) orbit is not distinguishable in this figure.
it must be considered preliminary until further observations WDS 15318 + 4053 = ADS 9688 = A1634 AB. This orbit
are obtained. is based on interferometric measurements only. One data

WDS 07352+3058=ADS 6185=STT 175. This long, point was obtained by Merrill (1922) in 1921; theother ob-
period, highly inclined system was discovered by Otto servations were made from 1975 to 1988 and cover about 1.5
Struve in 1842 at p =0'5. The separation was smaller by a revolutions. One unresolved speckle observation was made
factor of 10 by 1976.9, when first observed by speckle shortly in 1986.4, at which time the predicted separation was 0:026.
after closest apparent separation. Periastron occurred in Our determination of a' is about 10% smaller than that of
1979.1, then the system opened to 0:20 by early 1986. It is Baize (1985), whose orbit is also plotted here.
now starting to close in again; the orbital elements predict WDS 15428+2618 = ADS 9757 =STF 1967. This is the
that the pair will close to 07025 by the year 2010. The pub- "oldest" of the binaries in this paper, first observed by F. G.
lished orbit by Baize (1986) predicts a period of only 180 yr, W. Struve in 1826. The first speckle observation was made
while that of Tokovinin (1986-shown here) gives a period 150 yr later, in 1976. Thus far speckle data have had little
of 219.1 yr, close to our 213.1 yr period. Rms residuals for effect on the derived elements; ours are quite sinilar to those
both these published orbits are compared to our orbit in Ta- found by Baize (1953).
ble IV. WDS 17081+3555 =ADS 10360=Hu 1176. The orbital

WDS 07518-1352 = ADS 6420 = Bu 101. This system period was derived from all visual and speckle data, then the
was observed by speckle over the period 1975 through early remaining elements were calculated from the speckle data
1983, but unfortunately was largely skipped over until 1987. alone, using this period. Coverage by speckle data has been
The orbital elements given here were determined using the sufficient to resolve the 8 vs 16 yr period ambiguity of some
speckle data alone, after deriving a period based on all visual earlier published orbits. The published orbit shown here is
and speckle data. Periastron occurred in mid-1985, while a by Tokovinin (1984).
closest apparent separation of 0703 was predicted for 1985.9. WDS 18117 +3327 =ADS 11149 =B 2545. This pair was
By 1991, p should increase to its maximum value of 0:55. observed visually five times, from 1958 to 1962, then not
The published orbit of Wooley and Symms (1937) is shown again until McAlister observed it with speckle in 1975. Re-
also. cent quadrant determinations using our speckle data indi-

WDS 08468+0625=ADS 6993 =SP AB. All visual and cate that our observations fall in the same quadrant as the
speckle data, covering a baseline of nearly 100 yr, were used first visual data, the resulting orbit, of period 24 yr, is shown
to determine a period of 15.05 yr for this pair, identical to in the upper part of the figure. If the earlier data actually fall
that found by Heintz ( 1963), whose orbit is also plotted. The in the opposite quadrant (i.e., flipped by 180'), a much long-
remaining elements were determined using this period and er-period orbit would result. The 58 yr period orbitwe derive
the speckle data alone. The resulting semimajor axis yields a based on this assumption is also shown in the figure, together
mass sum 22% larger that that predicted by Heintz. with the 47 yr period orbit of Baize (1988). Both our orbits

WDS 09008+4148=Kui 37. The period was determined are listed in Table II; the situation will probably remain am-
from all visual and speckle data, the remaining elements biguous for some time, until the baseline of speckle measure-
from the speckle data alone. The result is a period and eccen- ments has increased.
tricity essentially the same as those found by Heintz (1967), WDS 18384-0312=ADS 11520=A88 AB. The corn-
but a semimajor axis about 7% larger and a slightly smaller bined visual/speckle orbit was used for the period, then
inclination. speckle alone was used to derive the remaining elements.
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The resulting orbit is signficantly smaller than the published was determined by a combned visual/speckle orbit, then the
orbits of van den Bos (1953) and Heintz (1988-plotted other elements were derived using speckle data alone. The
here), top portion ef the figure shows all visual and speckle obser-

WDS 19489 + 1908 =ADS 12973 = AGC 11. Visual and vations for this binary, the bottom portion only the speckle
speckle data were used to derive the period, then the speckle data. The dotted orbit in both cases is derived from the ele-
data were used alone to derive the other six elements. Visual ments of Tokovinin (1984).
data covering an additional two full revolutions, plus a good WDS 21502 + 1718= Cou 14. The visual/speckle orbit of
collection of speckle data, have allowed refinement of Fin- this system has a shorter period and a considerably smaller
sen's (1937) grade I orbit. Our elements are similar to those semimajor axis than any published in the last several years
recently published by Tokovinin (1984), whose orbit is also (see Heintz 1982, Docobo and Costa 1985; Baize 1986).
shown here. We each derive a value for a"-and thus a sum Baize's orbit is shown here.
of masses-considerably smaller than that found by either WDS 22408+1432=ADS 16173=Ho 296. The com-
Finsen or Heintz (1984). bined visual/speckle orbit yielded the period, used with the

WDS 20375+1436=ADS 14073=Bu 151. This system speckle data alone to generate the other elements. The result-

was discovered in 1874 and first observed by speckle in 1973. ing orbit is quite similar to that of Baize (1957) and essen-
This is yet another speckle orbit using a period defined by all tially the same as that of Heintz (1986a), which is plotted
the data. Couteau's (1962) orbit is shown in the lower right- here.
hand corner of the figure, together with our new orbit and all

published speckle data.
WDS 20397 +1556= ADS 14121 = WCK Aa. The two vi- We are grateful for the assistance of Charles Worley in

sual observations of this pair were given zero weight in the obtaining visual data for these binaries from the Washington
orbit program, as were two measurements made in 1983 and Visual Double Star Catalog, maintained by Worley at the
1984 by Tokovinin (1985). U.S. Naval Observatory. This service is invaluable to all

WDS 20538+5919=ADS 14412=A751. Three pub- computers of visual orbital elements. We also thank Wayne
lished orbits have appeared for this pair in the last few years Warren and the stafiof the Astronomical Data Center at the
(see Starikova 1983; Ling 1985; and Heintz 1986b--shown NASA Goddard Space Flight Center for providing us with

in the figure); here now is a fourth. magnetic tape versions of the WDS and other useful cata-
WDS 21135+1559=ADS 14761=Hu 767. The speckle logs. Finally, we thank the many observers at CHARA and

data refine Baize's ( 1961 ) elements, although unfortunately elsewhere who have assisted in collecting the large body of
speckle observations did not begin until shortly after perias- speckle data now available for orbit determination.
tron and the first speckle data point appears discrepant. The GSU/CHARA program of binary star speckle inter-

WDS 21425+4106=Kui 108. The orbits of Heintz ferometry is supported by the National Science Foundation
(1986a) and Baize (1985), as well as this one, indicate that through NSF Grant No. AST 86-13095 and the Air Force
a" is about 6% smaller than was found by Morel (1970). Office of Scientific Research through AFOSR Grant. No.
Our orbit is slightly more eccentric than those of Heintz and 86-0134. We gratefully acknowledge the continuing support
Baize, and we find a somewhat earlier time of periastron of these agencies. 0. G. F. also acknowledges the partial
passage. Heintz' orbit is plotted here. support of the Space Telescope Science Institute through

WDS 21446+2539=ADS 15281=Bu 989. The period Grant No. CW-0005-85.I
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ABSTRACT

A new orbit for Capella has been computed, incorporating the latest available speckle-interferometry
data. This, combined with van Altena's (1988) parallax data, gives a total mass of 4.58/, ± 9% for
the two components. The comparatively low mass found is more consistent with the "convective over-
shoot" models of Bertelli et al. (1986). The Strrmgren y, b, and v magnitude differences of the Capella
binary were estimated by Bagnuolo and Sowell (1988), and these data were converted into the spectral
types and temperatures of the two stars. These results, when compared to various stellar evolutionary
tracks, tend to support the belief that the "G star" (Capella Aa) is at the beginning of the red giant
branch (RGB), not at the core-helium-burning (CHB) phase in its evolution. Other available data for
or against the RGB hypothesis are discussed.

I. INTRODUCTION McAlister's analysis; the number of measurements listed in

In addition to determining accurate orbits, a goal of the the Second Catalog of Interferometric Measurements of Bi-

GSU/CHARA program of binary star speckle interferome- nary Stars (McAlister and Hartkopf 1988) now totals overGSU/HAR prgra ofbinry sar pecle nteferme- 100.
try has been to develop methods of determining the magni- We have calculated a new apparent orbit for Capella, in-
tudes and colors of the individual components of binary stars e aated a n g t orit s ea , in-
with angular separations down to the diffraction limit. The cluding data through 1988, using the "grid search" method

"Fork" algorithm (Bagnuolo 1988a) has provided a new, described by McAlister et at. (1988) and Hartkopf et at.

direct means of measuring the luminosities and tempera- (1989).The resulting orbital elements are shown in Table I,

tures of the well-known spectroscopic binary, Capella. together with the earlier results of McAlister. Differences

Capella (a Aur, HR 1708) was indepcndently recognized between the two orbits are minor. The semimajor axis in-

tlbe a spectroscopic double by Campbell (1899) and creased by 0.5 mas, or less than 1%, while the period de-

Newall ( 1899). Classification of stars with composite spec- creased by about 25 s, or 1 part in 360 000. (This excellent

tra is notoriously difficult, however (Bidelman 1984), espe- agreement in period is due in large measure to the excellent

cially if, as in the case of Capella, Am is small. Estimation of data of Anderson and Merrill, which give us a time span of

these stars' magnitude difference and mass ratio, as well as some 240 full revolutions.) The overall effect of these new

v sin iof the Ab component, has also been difficult, due to the elements is an increase in the derived mass sum of approxi-
combination of broad lines in Ab and numerous lines in the mately 2.9% at a given parail .

We have in addition obtained parallax data generouslylate spectral type primary Aa (Fekel et al. 1986). A spectro- provided by Van Altena (1988), based on trigonometric
photometric analysis by Wright (1954) appeared to settle parallax measurements produced by seveni observatories.
the issue: the spectroscopic primary (Capella An, larger Measurements of 0'0780 + 070042 for Capella A and
mass) was approximately of type G5 III and brighter than 070 163 ± 070028 for the fainter and better determined
the GO III secondary by about 0.25 mag at 550 nm. Recent- Capella H combine to give a weighted parallax of
ly, however, Griffin and Griffin (1986) reversed Wright's 0*0768 070023 for this system. The total mass of Capella is
assignment of relative magnitudes based on their integrated consequently ,u = 4.58 + 0.41 90 or about
radial-velocity profiles. Our data confirm the Griffins' result
and indicate that the secondary is brighter by 0.09,0.23, and 2.29 0.20 .4., each using a mass ratio of 1. For a mass

0.55 mag in Str6mgreny, b, and v, respectively. From this,
the spectral types have been estimated to be GO III and
G9 III. Similar results have been found in a recent spectro.
photometric analysis by Strassmeier and Fekel (1990). TABLE I. Orbital elements for Capella.

In this paper we first consider a revised orbit for Capella,
based upon the latest available speckle data, and estimate the McAlistet (1981) This paper
masses of the stars. We then discuss these data together with
the individual star photometry and their ;pla,.,ios for the P 10410237 + o0002 10440234 010017of the Capella stars. a 0*0547 ±0'0001 0'05523 -0700008
volutionary state o- 136064 10 136*63 -0:48

(1 220*22 0715 221'21 t;.52
II. MASSES AND ABSOLUTE MAGNITUDES T 1936.4581 - 0.0001 1936.5045 - 0.0008

e 0.0 (adopted) 0.005 - 0.008
McAlister (1981) derived an apparent orbit for Capella o*o (adopted) 59:44 - 152

based on 56 interferometric observations, including both Notes to TABLE 1. In the earlier set oforbital elements, the value ofW was
modern speckle data and visual Michelson interferometric increased by 180 to reflect the quadrant determinations of Bagnuolo and
measurements obtained at Mount Wilson by Anderson McAlister (1983). Also, our method of error determination is apparently

rather more conservative than that used by McAlisler, A derivation of ele-1920) and Merrill ( 1922). This system has remained a po. ments usig ourprogram wth McAlster's data yelded errors very smar
pular target for interferometric observation since the time of to those quoted for the new set ofelements.
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ratio of 1.05 (Wright 1954) thestars have masses of2.35 and and Bell and Gustafsson (1978), are as follows: for the G
2.24 .// , respectively. For comparison, Batten et al. star (spectral typeG9 III), T = 4800 Kand4/b',, =, "2,
(1978) give masses of 2.67 and 2.55 A/'0 for the compo- while for the Fstar (spectral type GO III), Te= 5500 K_ 1
nents, based on values of K, = 26.1 km/s and K2 = 27.5 -41, = 0.14. We have used Van Altena's trigonometric pa,-
km/s (Batten and Erceg 1975; Wright 1954) and i = 137!05 allax to convert to absolute magnitudes, and have assumed
(Finsen 1975). With our value for the inclination of 136*63 the A('j of the Sun to be 4.76.
their masses reduce to 2.61 and 2.49 A(0. These data can be compared with various theoretical evo-

In view of the uncertainties in radial-velocity determina- lutionary tracks. Five evolutionary tracks were chosen, each
tions, especially for the secondary (see Sec. IV), this 10% for stars having "solar" abundances (although the values
difference in estimated mass between the two methods is chosen for solar abundance differ slightly-see Table II).
probably not significant. We also believe that the trigono- Andersen et al. (1988) have shown the effects of varying Y
metric parallax method is more reliable at present. and Z in fitting the stars of the eclipsing binary AI Phoenicis,

whose masses were determined to be 1.24 and 1.20 .. Fits

II. THE EVOLUTIONARY STATE OF THE CAPELLA STARS of (Y,Z) = (0.312,0.0169) and (0.250, 0.0100) were essen-
tially equivalent, which suggests that VandenBerg's (1985)

The Capella stars are a rare example of two evolved giants, model should be comparable to the other three recent mod-
and their properties have been an important test for theoreti- els we considered. See also Popper et al. (1986) for a similar
cal models of stellar evolution. The Wright data led to the discussion.
interpretation by Iben (1965) that the G star had passed the Two particular points of interest in these evolutionary
red giant branch (RGB) phase and was in the core-helium- tracks are their overall luminosities (e.g., models with con-
burning (CHB) phase. Iben further noted that these data vective overshooting tend to be brighter for a given mass)
were compatible with Wallerstein's (1964) estimate that the and the difference in luminosity between a GO star at
lithium abundance ratio of the F and G stars was Li(F)/ log Te = 3.75 and the bottom of the CHB phase. This differ-
Li(G) = 100. ence in log L is referred to henceforth as AL CHB. Models

However, Boesgaard (1971) detected lithium in the G with a large AL CH8 can only explain the small observed lu-
star and revised this ratio to about 15, which would be more minosity difference between the G and F stars via the RGB
compatible with the G star on the RGB. She states that the hypothesis.
Li ratio would be 48:1 if the G star had reached even as far as Figure 1 is a plot of the Capella data with Iben's (1965)
point 11 on Iben's evolutionary track (i.e., about halfway up evolutionary tracks for a 3.0."G star of solar abundance.
the RGB); therefore, the actual position of the star should be Due to improvements in opacity estimates, model atmo-
considerably earlier than this. There was therefore a conflict sphere codes, and computers, this result is largely of historic
between the estimated lithium abundance, supporting the interest, as it was perhaps the first set of calculations to show
RGB interpretation, and the estimated temperatures and the basic "topology" of stellar evolution in this mass range.
colors of the stars, which support the CHB model. Using Wright's data, Iben concluded that the CHB interpre-

Our temperatures and absolute bolometric magnitudes, tation was correct. Our data have also been replotted with
based on the temperature scale and B.C.'s of Kurucz (1988) old calibrations of temperature and B.C. for comparison

2.5

13

2.4

2.3 1714

G - star Fio. I. Comparison of Capella star
H-R diagram positions with Iben's

2.2 -16 1 
3.0O.A evolutionary track. The solid
line and numbers represent evolution-
ary tracks, the large open squares posi-

b 2.1 12 tions of the G and Fstars according to
F - starIben's interpretation of Wright's

(1954) data. The small filled squares
2. -s10 a irdicte the prsitions of th stas ac-

(3 cording to Bagnuolo and Sowell
(1988), while the small open squares

1.9 - indicate the same data with the old
temperature and B.C. calibration.

1.8

1.7 jI

3.80 3.75 3.70 3.65 3.60
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(Allen 1973). The difference in log L between the two stars timates of the mass ratio have ranged from 1.18 (Shen et al.
is about 0.05, while AL CHB for this model is about 0.10. 1985) to Wright's value of 1.05, and will be discussed later.
Therefore, the relative location of the stars in (log T,log L) The change in luminosity of the two stellar evolutionary
favors the RGB hypothesis. tracks can also be estimated. Because L c mr'2 ,

Figures 2 and 3 compare the Capella data to the more A log L = - 3.2 A log m = 0.0046. This is only about 1/9
recent evolutionary tracks of VandenBerg (1985) and Ber- of the observed difference in luminosity, so that the two stars
telli et al. (1986), respectively. The values of AL ct in Fig. are racing along almost the same track, assuming the RGB
3 (and from the tabulated results) are 0.151 and 0.129 for 2 interpretation.
and 3 -. stars, respectively. Thus, the CHB hypothesis is The stellar evolutionary models can also be compared
an even poorer fit to the data for these theoretical models. with the estimated luminosities of the stars. The tracks by

Table II compares the three stellar evolutionary tracks Iben (1965), VandenBerg (1965), Bertelli et al. (1986),
previously discussed with two others by Maeder and Meynet Maeder and Meynet ( 1988), and Dearborn ( 1989) are con-
(1988) and Dearborn (1989). Both the latter models as- sistent with average masses for the Capella stars of about
sume some convective overshooting, but differ in assumed 2.67, 2.83, 2.37, 2.65, and 2.80 _4, respectively. The Ber-
opacities. The fourth column of Table II lists the luminosity telli et al model therefore appears to be most consistent with
at log T, = 3.75. Note that ALCHB is less than zero for the the 2.3./o masses found in Sec. II. Thus, although Ander-
Maeder and Meynet models; thus, both RGB and CHB are sen et al found than VandenBerg's models without convec-
compatible with the data for this model. tive overshooting fit the - 1.2.// 0 stars of Al Phe, perhaps

The color-magnitude data on the whole are more compa- convective overshooting does occur for more massive stars
tible with the RGB than CHB interpretation, but clearly the like Capella.
result is model dependent.

If the RGB interpretation is true, then the mass difference IV. OTHER DATA

of the stars must be small, as was noted by Ayres et al.
(1983). For example, the F and G stars are approximately at Other relevant data are the ultraviolet luminosity and the
points "9.5" and "10.3" on Iben's track (Fig. 1), which cor- observed mass ratios. According to Ayres et aL. (1983), the
respond to a time difference ofabout At=.7.1 X 106yr, orAt/ enhanced UV emission of the Capella giants compared to
tin, = 3.2 X 10-', where tn is the main-sequence lifetime, other yellow giants in IUE low-dispersion surveys supports

According to Iben (1988), tns ccm-2.2 or At/tins the RGB hypothesis. If the G star had evolved to the CHB
= - 2.2 Am/m. In other words, Am/m = - 0.455 At /t,,, stage, most of the observed strong chromospheric and cor-
= 0.00 145. Thus, this time difference corresponds to a mass onal emission would have been lost.

difference of only 0.004.4's. Of course, this analysis as- The observed mass ratios are contradictory. Shen et aL
sumes coevality and no differential mass loss. However, the (1985) have determined a mass ratio of the components of
analysis suggests the possibility that the stars may be even .'G 11F = 1.18 via spectroscopy. However, the previous
"more equal" in mass than previously measured. Recent es- result by Wright was a ratio of 1.05. As we have seen, stars

I
Ii 2.2

2.1

I 3.0 Me

o]- Fio. 2. Comparison of Capella data to

-- 1.9 2.8 M0  the evolutionary tracks of Vanden-
1Berg (1985).

I
1.7

3.85 3.80 3.75 3.70 3.65
log T,
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with a high mass ratio cannot both be on or near the RGB; Capella Ab and those of Struve near the 0.0 phase; at 0.5
the more massive must have evolved to the CHB stage. Thus, phase the latter are systematicallyhigher. One may tenta-
the Shen er al. data support the CHB interpretation (al- tively conclude that Shen et aL's R.V.'s are good near 0.5
though with this large a mass difference the more massive phase, but too high near 0.0 phase, while the Struve data are
star would probably have evolved beyond the CHB phase). uniformly too high. Thus, K2 and the mass ratio have quite

Because the Shen et aL. data provide the only major incon- possibly been overestimated.
sistency (i.e., clearly support the CHB hypothesis), their (2) Shen et aI's Figs. 1 and 2 show fitted Gaussians of
results must be especially scrutinized. (Admittedly, this is different widths -to the primary and secondary "dips" pro-
expost logic.) Their mass ratio depends upon their observa- duced from the cross correlation of the spectrum with a
tions of the broadened lines of the F star, Capella Ab, to mask spectrum of a similar star. However, the continuum is
which they have added at almost equal weight some 1939 not well fitted by their models. Griffin (1988) noted this
measurements by W. Struve. We feel their data may be bi- effect and has suggested that the radial-velocity difference
ased toward too high a value of the radial-velocity amplitude between the two components is considerably less than the
for this star K2 by the following effects: 27.5 km/s found by Shen et al for the 0.672 phase observa-
( 1) Shen et al.'s Fig. I shows a profile for the 0.749 phase tion shown in the. top portion of their Fig. 2. (See also their

which is dominated by the primary and is therefore almost Table III, which gives radial velocities of 15.6 and 43.1 km/s
an instrumental profile. Note that the continuum is fairly forAa and Ab, respectively.) Again, K2 may have been over-
smooth to the left, but has large features to the right. This estimated.
suggests that their results near 0.5 phase will be more accu- (3) The shape of the secondary dip shows superimposed
rate than those near 0.0 phase. Furthermore, the shape of features that change with phase. Griffin's (1982) data, taken
these features suggests that there will be a bias toward higher with a larger aperture, show a smooth dip with no such fea-
radial velocities measured at close to 0.0 phase. In their Fig. tures. The latter result suggests that the features in the sec-
3, there is good agreement between their radial velocities for ondary dip in Shen et al.'s data are mainly instrumental, and

/'" their variation with phase represents systematic instrumen-
ta! errors.

TtTo conclude, we feel that the radial-velocity question is
TALE II. Comparison of stellar evolution models. still open-and that a credible mass ratio by this method is yet

Author ..f'/.Av (YZ) L,.7, ALCHO to be determined. We do not wish to denigrate the great
Author____ /-_____ (_______ ._______ efforts of Shen et aL or earlier observers to resolve this diffi-

lben (1965) 3.0 0.272,0.02 2.04 0.10 cult problem. One of us has recently proposed (Bagnuolo
VandenBerg (1985) 3.0 0.25, 0.0169 1.97 - 1988b) using a method of pupil plane interferometry to ob-

2.8 1.85
Bertelli et a. (1980) 3.0 0.28. 0.02 2.32 0.151 tain the spectra ofstars like Capella separately, but it is likely

2.0 1.58 0.129 that existing techniques can determine a more accurate .n.s
MaederandMeynet (1988) 3.0 0.28, 0.02 2.10 -0.007 . Recently, p

2.5 1.79 -0.019 ratio reliminary radial-velocity measurements
Dearborn (1989) 2.5 0.28, 0.02 1.69 0.070 by Stassmeier and Fekel (1990) indicate that the mass dif-

ference may be quite small between the components.
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V. CONCLUSIONS leads to absolute luminosities and masses that are most con-
sistent with the models of Bertelli et al. (1986).

The available evidence tends to favor the red giant branch The authors would like to thank Icko Iben, Ingemar Fur-
(RGB) over the core-helium-burning (CHB) hypothesis enlid, and Hal McAlister for several interesting discussions
for the Capella stars. Additional observations are needed to relating to this topic. Doug Gies, Jim Sowell, and Tom Mey-
accuratelv determine both the mass ratios of the components Ian also provided useful criticism. The GSU/CHARA pro-
and the lithium abundance of the secondary to settle any gram of binary star speckle interferometry is supported by
remaining inconsistencies. The latter has not been redeter- the National Science Foundation through NSF Grant No.
mined in 18 yr and could clearly benefit from modem obser- AST 8613095 and the Air Force Office of Scientific Re-
vational techniques. search through AFOSR Grant No. 860134. We gratefully

Combining the best available orbital and parallax data acknowledge this support.

I
1REFERENCES

Allen, C. W. (1973).Astrophysical Quantittes (Universityof London, Lon- Griffin. R. F. (1982). Mon. Not. R. Astron. Soc. 201. 487.

don). Griffin. R. F. (31988). Private communication.
Anderson, J. P. (1920). Astrophys. J. 51, 263. Griffin, R., and Griffin, R. (1986). J. Astrophys. Astron. 7,45.
Anderson, J., Clausen, J. V., Gustafsson, B., Nordstrom, B., and Vanden- Hartkopr, W. I., McAlister, H. A., and Franz, 0. G. (1989). Astron. J 98,

Berg, D. A. (1988). Astron. Astrophys. 196, 128. 1014.
Ayres, T. R., Schiffer, F. H., Il1, Lins:y, J. L. (1983). Astrophys. J. 272, Iben, I., Jr. (1965). Astrophys. J. 142, 1447.

223. Iben, I, Jr. (1988). Private communication.
Bagnuolo, W. G., Jr. (1988a). Opt. Lett. 13,907. Kurucz, R. L. (1988). Private communication to T. Meylan.

Bagnuolo. W. G., Jr. (1988b). Internal CHARA memo. Maeder, A., and Meynet, G. (1988). Astron. Astrophys. Suppl. 76, 411.
Bagnuolo. W. G.. Jr., and McAlister, H. A. (1983). Publ. Astron. Soc. Pac. McAlister, H. A. (1981). Astron. J. 86,795.

95,992. McAlister, H. A., and Hartkopf, W. 1. (1988). Second Catalog oflnterfero-
Bagnuolo, W. G., Jr.. and Sowell, J. R. (1988). Astron. J. 96, 1056. metric Measurements of Binary Stars, CHARA Contribution No. 2.

Batten, A. H., and Erceg, V. (1975). Mon. Not. R. Astron. Soc. 171, 47p. McAlister, H. A., Hartkopf, W. I., Bagnuolo, W. G., Jr., Sowell, J. R.,
Batten, A. H., Fletcher, J. M., and Mann, P. J. (1978). Publ. Dom. As- Franz. 0. G., and Evans, D. S. (1988). Astron. J. 96, 143 3.

trophys. Obs. 15, No. 5. Merrill, P. W. (1922). Astrophys. J. 56,43.
Bell, R. A., and Gustafsson, B. (1978). Astron. Astrophys. Suppl. 34,229. Newall, H. F. (1899). Mon. Not. R. Astron. Soc. 60. 2.
Bertelli, G., Bressan, A., Chiosi, C., and Angerer, K. (1986). Astron. As- Popper, D. M. (1980). Annu. Rev. Astron. Astrophys. 18, 115.

trophys. Suppl. 66, 191. Popper, D. M., Lacy, C. H., Frueh, M. L., and Turner, A. E. (1986).
Bidelman, W. P. (1984). In The MK Process and Stellar Classification, Astron. J. 91, 383.

edited by R. F. Garrison (David Dunlap Observatory, Toronto), p. 45. Shen, L.-Z., Beavers, W. I, Eitter, J. J., and Salzer, J. J (1985) Astron J
Boesgaard, A. M. (1971). Astrophys. J. 167, 51. 90, 1503.
Campbell, W. W. (1899). Astrophys. J. 10, 177. Strassmeier, K. G., and Fekel, F. C. (1990). Astron. Astrophys. (in press).
Dearborn. D. (1989). Private communication, van Altena, W. (1988). Private communication.
Fekel, F. C., Moffett, T. J., and Henry, G. W. (1986). Astrophys. J. Suppl. VandenBerg, D. A. (1985). Astrophys. J. Suppl. 58, 711.

60,551. Wallerstein, G. (1964). Nature 204, 367.

Finsen, W. S. (1975). Circ. Inf. No. 66. Wright, K. 0. (1954). Astrophys. 1. 119,471.

!'I I
I
I
I!

I



ICCD SPECKLE OBSERVATIONS OF BINARY STARS. V.

MEASUREMENTS DURING 1988-1989 FROM THE KITT PEAK

AND THE CERRO TOLOLO 4-m TELESCOPES

I Harold A. McAlister a)

* and

William I. Hartkopf a)

Center for High Angular Resolution Astronomy

Georgia State University
Atlanta, GA 30303

and

Otto G. Franz a)

Lowell Observatory
Flagstaff, AZ 86001

aVisiting Astronomer, National Optical Astronomy Observatories. NOAO is operated

by the As.3ociation of Universities for Research in Astronomy, Inc., under contract with

the National Science Foundation.



I
ABSTRACT

One thousand one hundred and fifty eight measurements of 1,056 binary star systems

observed mainly during 1988 and 1989 by means of speckle interferometry with the 4-rn
telescopes on Kitt Peak and Cerro Tololo are presented. Eight systems are resolved for the

first time. This program, begun at Kitt Peak in 1975, has now been expanded to include

the southern hemisphere.

H I. INTRODUCTION

I This paper is a report of the continuing effort to provide high accuracy, high angular

resolution measurements of binary star systems by speckle methods. After nearly 14 years

of continuous activity in the northern hemisphere, this program has now been expanded to

the southern sky. We here present measurements from the 4-rm telescopes on Kitt Peak,

obtained during August, 1988 and March, 1989, and Cerro Tololo, obtained in April, 1989.

The CTIO results are the largest sample of speckle observations of binary stars yet to come

from the southern hemisphere, and we hope to be able to continue routine observations

over the entire sky. As demonstrated by the first results of extensive orbit calculations from

observational material accumulated in this program (Hartkopf et al. 1989), it is through

a continuing, long-term observing program that speckle interferometry will substantially

contribute to binary star studies.I
H. NEW MEASUREMENTS

The instrumentation and data acquisition and analysis procedures are identical to

those described in Paper IV (McAlister et al. 1989) of this series. Calibration measure-

ments using a double-slit pupil mask were obtained for the Kitt Peak observations. The

Cerro Tololo results were tied into the Kitt Peak "system" by observing binaries near

the celestial equator from both locations that would show no measurable orbital motions

during the month separating the spring 1989 observing runs.

The GSU speckle camera was scheduled for 10 nights during the two KPNO runs

and for four nights at CTIO. Altogether 1139 series of observations were obtained on Kitt

i Peak while perfect weat-her in Chile permitted us to collect an additional 775 data series

from the southern hemisphere. These data were reduced in Atlanta to yield a total of 1,158

measurements of 1,056 binary star systems.

Table I contains observational and catalog information for the eight new systems

* 2I



U
presented in this paper. Six of the newly resolved pairs were discovered as close companions

to wider visual binaries, thus representing six new triple systems. These are designated

as such in the last column of Table I. We have tentatively designated new components in

previously known binary systems as Aa even though the autocorrelation analysis does not
establish whether the additional star is associated with component A or B. We are now

working toward eliminating these ambiguities, as well as the 1800 quadrant ambiguity in-

herent in autocorrelation methods, using other techniques. Those results will be published3 separately, but examples of these speckle photometry techniques, as applied in studies of

the binaries Finsen 342 and Capella, can be found in McAlister et al (1988) and Bagnuolo

and Sowell (1988), respectively.

One of the new stars in Table I, CHARA 146 = HR 6027 = v Sco, is a member
of the Sco-Cen association. The remaining two newly resolved stars were observed due

to their known or suspected radial velocity variations, indicated by "SB" in Table I, but
are also third components in known systems. CHARA 145 = HD 86590 = DH Leo is

I. a third companion in a short-period spectroscopic binary whose observational history is

summarized by Barden (1984). From his spectroscopic observations, Barden was able to3 detect three stars of K spectral type of which the RS CVn nature of the system arises from

the secondary component in the 1.07-day system. The third component was detected in the

spectrum by Barden and has subsequently been observed by Fekel (private communication,

1989) who finds no velocity change in excess of -2 km/sec from 12 spectra obtained since
1984.0. It seems very likely that we have detected this third component in HD 86590.

I CHARA 148 = HD 167954 is a single-lined spectroscopic binary with a period of 120 days

(Bopp et al. 1970). With the observed angular separation of 0.31 arcsec, the component

we report here is probably not the known spectroscopic system.

We continue our practice of assigning "CHARA numbers" to these systems, and

I . the total number of 'McA" and "CHARA stars is now 224. Many of these systems show

very rapid orbital motion, and, if they were not already known as spectroscopic binaries,

are prime candidates for radial velocity observations. As examples of rapid motion, we

show in Figure 1 the collected speckle observations of four CHARA stars, all of which were
discovered after 1984.0. Twelve previously discovered CHARA stars have been confirmed

i here: #12 (HD 23489); #41 (HR 5323); #58 (HR 6286); #60 (HD 155328); #77 (HR

7053); #88 (HR 7480); #111 (HR 8581); #121 (HR 9097); #122 (HD 225218); #132

(HD 91172); and, #133 (HR 4380). Several of these systems have also shown significant

orbital motions since their discoveries. For example, CHARA 60 and 88 haved moved

through 730 and 610, respectively, in the 3.8 yr since their first resolution. CHARA 77, a

*3

U



m
newly discovered companion to E Lyrae C, moved through 36' and closed from 0.18 to 0.04I arcsec since its first resolution on 1985.518. Finally, reexamination of an autocorrelogram
obtained in November 1986 at the KPNO 4-meter has provided us with a "prediscovery"
confirmation of CHARA 149 (this observation is included in Table II).

The new measurements of binary stars are presented in Table II, where we con-
dense the format used in Paper IV. The coordinates in Table II, which also serve as the
Washington Double Star Catalog (WDS) number, are for equinox 2000.0, but the position

angles have not been corrected for precession and are thus based upon the equinox for

the epoch of observation shown as the fraction of the Besselian year. The measured angu-
lar separations in this sample range from a minimum value of 0.021 arcsec for the newly

m discovered third component in the visual binary HDO 207 = HD 79699 to 2.857 arcsec
for the visual companion to ce Sco. The median separation here is 0.238 arcsec compared
with the mean separation of 0.35 arcsec for the nearly 9,000 interferometric measurements

compiled in the catalog of McAlister and Hartkopf (1988). The lower limit in the observed
separation range is significantly below the Rayleigh limit for the 4-m telescope, but, as

is seen in Figure 2, the vector-autocorrelogram for HD 79699 clearly shows doubling of
the characteristic peak. The detection of triple systems such as this one is an application

(indeed about the only practical application) of "speckle holography" (cf Weigelt 1983),
in which the wide component acts as a reference point source for the deconvolution of the

* close pair.

Southern declinations have been virtually ignored in any systematic application of

binary star speckle interferometry. The 334 measures of systems with 6 < -300 in-Table

II represent a tenfold increase for this declination zone from the number of measurements
listed in the catalog of McAlister and Hartkopf (1988). Many of the objects we observed

have not been inspected by either visual or interferometric methods for several decades.
It is our goal to continue uniform speckle coverage in both hemispheres.

I As in all previous papers, we are indebted to the efforts of the telescope operators
in maintaining the highest observing efficiency. We thank Dean Hudek, Hal Halbedel, and

SDon Martin for their cheerful and dedicated cooperation on Kitt Peak. Our first experi-
ence on Cerro Tololo was all the more pleasing due to the gracious treatment we received
by every CTiO staff member. We particularly relied on Oscar Saa for his kind logistical

support and on Hernan Tirado for his expert job in operating the 4-m telescope. Clark

m Enterline, of the CTIO liason office in Tucson, provided valuable assistance in shipping

4
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our equipment overseas. Graduate student Don Barry assisted with the August observing

- run. We thank Charles Worley for again commenting on our results in advance of publi-

cation. Frank Fekel kindly provided us information about HD 86590 after alerting us to

its suitability for speckle observation. Research in speckle interferometry at Georgia State

University is supported by the GSU College of Arts and Sciences and the Office of the

Vice President for Research. The National Science Foundation (AST 86-13095) and the

Air Force Office of Scientific Research (AFOSR 86-0134) provided support for this effort

through grants to GSU. O.G.F. acknowledges the partial support of the Space Telescope

Science Institute (STScI Grant CW--0005-85).
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Figure Captions

Fig. 1. The motions of four rapidly moving CHARA systems are shown. (CHARA 18 =

HR 1458, 26 = HR 2837, 39 = HR 4921, 102 = HR 8246). HR 1458 is a member of the

Hyades group.

Fig. 2. The vector-autocorrelogram of the newly discovered companion to the visual

binary HD 79699 clearly shows the double peak characteristic of the close companion

designated as CHARA 144 Aa.
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TABLE I. Newly Resolved Binary StarsI
I CHARA HR/DM C, 6 Spectral Disc. Binary

Number Number Name HD SAO ADS (2000) V Claseif. Sep. Type

i 142 Aa +290 176 - - 74496 887 01070+3014 8.9 GO 0"089 Triple
143 Aa -4503892 - 68895 219602 - 08125-4616 6.7 B9V 0.045 Triple

144 Aa -6001353 - 79699 250485 - 09128-6055 6.1 B9V 0.021 Triple

I 145 +2502191 - 86590 81134 - 10000+2433 T.9 G5 0.216 SB
146 Aa HR 6027 v Sco 145502 159763 9951 16120-1928 4.12 B21V 0.063 Triple
147 Aa -5308153 - 150446 244095 - 16438-5330 9.2 B8/91V+F/G 0.043 Triple
148 -45"12390 - 167954 228906 - 18197-4542 7.5 F7V 0.306 SB
149 Aa +4404464 - 222326 53242 16904 23392+4543 7.4 A2 0.048 TripleI

I

I
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ANDERSON MESA, ARIZONA, AS A SITE FOR AN OPTICAL ARRAYI
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I Georgia State University, Atlanta, Georgia 30303
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3 ABSTRACT

From measurements of cloudcover, seeing profiles, and microthermal properties, An-
derson Mesa, near Flagstaff, Arizona, has been evaluated as a potential site for an optical

interferomet-r --ray. From satellite cloud measurements, northern Arizona was found to have

I experienc- 1I . skies than those of southern Arizona and New Mexico during 1984-87,

with an expected lower frequency and extent of monsoon related activity. Using a simple

and inexpensive syster for measuring instantaneous FWHM of stellar images, the seeing at

Anderson Mesa ', s determined to be well represented by the statistics at the nearby USNO

Flagstaff Station from which a median seeing of 1.2 arcsec FWHM has been reported. Limited

microthermal measurements indicate that Anderson Mesa is rather similar to Mt. Graam

where tree cover plays a significant role. Anderson Mesa is concluded to be a highly suitable

site for an optical array.

Key words: optical interferometry-site selection
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1. Introduction

The feasibility of a long-baseline, multiple-telescope interferometric array operating

at optical wavelengths has been under investigation at GSU/CHARA since early 1986. The
CHARA Array in its final design concept form has been described by McAlister (1989a,b) as
well as in the first paper in this series (McAlister et al. 1990). An important aspect of this study

has been the selection of a site at which the proposed array would be constructed. Criteria
for site selection were terrain, meteorology, darkness, geology, logistics, and seeing. Several

sites in the southwestern U.S. have been studied in the context of the CHARA Array. The

necessity that a site provide extensive two-dimensional placement of array elements eliminates

many developed sites from consideration. Logistical considerations weighed against several
other sites as well.

We assigned a relatively low weight to the criterion of darkness. At a dark site, the

background visual magnitude per square arcsec is typically M,, -22, which is 8 magnitudes

dimmer than the estimated ultimate limiting magnitude of m, -14 for the interferometer.

There is, therefore, some margin of safety for this criterion. Moreover, a recent estimate
(Garstang 1989) has shown that the light pollution in V at Anderson Mesa will be only 0.24
and 0.30 mag. above background at the zenith in 1990 and 2000 respectively, and this model

does not include any light pollution ordinance action in Flagstaff.

Seeing conditions affect interferometry in several ways. Firstly, in pupil plane interfer-
ometry poor seeing requires a greater number of detector elements (or optical fibers, etc.) to

adequately sample the fringe pattern and avoid loss of measured visibility. Because the number
of detector elements is proportional to r; 2 where r0 is the atmospheric transverse coherence

length, or Fried parameter (see the paper by Coulman in Millis et al. 1987) and because more
elements means more computing capability and data storage, it is desireable to have as good

seeing as possible.

Secondly, the signal to noise ratio (SNR) and the limiting magnitude are dependent
on seeing (Roddier and Lena 1984, Humphreys et al. 1984), where the limiting irradiance

L - rorAA where r is the atmospheric redistribution time and AA is the bandwidth. If the

frame time and bandwidth could be changed to take advantage of good seeing then L -ro7 , if

these are fixed for design reasons, then L-ro. Thus an improvement in seeing from r. = 10 cm
to 15 cm could improve the limiting magnitude by 0.45 to 1.25 mag. Note that if the seeing

deteriorates so that r is less than the detector frame time, the facility must shut down, as is
the case if r. is too small to be well resolved by the detector.

Finally, good seeing allows a better correction of wavefront if a compensated imaging

system with a small number of actuators (<15) is used (McAlister 1989b). Therefore, for these

general reasons and for the CHARA Array design in particular, it is desireable to have a high
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percentage of seeing with ro >7 cm or better than -.1.4 arcsec.

A low cloudcover is a requirement perhaps so obvious that recent cnnside'ration of it
have been relatively neglected. In a conference dealing with astronomical site selction held in

Flagstaff (Millis et al. 1987), consideration of cloudcover occupied less than 5% of the papers
given. Nevertheless, because the astronomical productivity of a site is at least proportional to
its cloudcover, this should be given a significant weight in site selection.

In this paper, we report a comparative analysis of relative cloudcover at these sites and
new measurements of seeing conditions from Anderson Mesa, near Flagstaff, Arizona, the site

proposed for the CHARA Array.

2. Comparative Cloudcover Analysis

I The five sites listed in Table 1 were examined as potential locations sites for the CHARA

Array. Although it does not possess suitable terrain, Kitt Peak was included for comparison

purposes. Satellite weather data were obtained from the National Climatic Data Center in

Asheville, North Carolina. These data include the interval January 1984 through September

1987, and describe the region within longi'ude 980 to 1140W and latitude 260 to 400°N. Weather

maps were encoded in gray-level scales according to relative cloudcover averaged with respect
to year, month, and hour. These weather data include 45 months of four measurements per

night (at UT = 0, 3, 6 and 9 hour). A satellite map distortion correction routine and a data

smoothing routine have been applied in this study. The locations of the five sites in Table 1I are shown as plus signs in the resulting maps and state boundaries are also drawn. On each
of the weather maps shown in Figures 1 through 5, the cloudiness levels are shown on the

top-left-hand side by 10% steps decreasing from top to bottom (,top white means 0% cloudy

and bottom black means 100% cloudy, respectively).

The last general mapping of cloudcover in the southwest for astronomical use was done

by Smith and McCrosky (SM) (1954), based on data from twenty weather stations. In com-

paring our results with SM, we note the following:

1.) The most prominent region in terms of low cloudcover in these maps is the region .jist to
the east of Flagstaff including the Painted Desert area. There is only a slight indication

of this feature on SM's map (their Fig. 12).

* 2.) The clearest region of SM's map is the desert area near Yuma. In our data, the west-

ern portion of this region (Yuma itself is truncated) shows good, but not outstanding

cloudcover conditions.

1 3.) The new data do not show the "peninsula" of clear weather up the Rio Grande valley

noted by SM.

3I
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4.) Both the older and newer data sets qualitatively agree on the characteristics of the

summer monsoon seasons.

5.) Both sets also agree on the general cloudiness associated with the mountains along the

Continental Divide. Our maps also extend this feature into Mexico.

The differences between our maps and the SM map no doubt largely result from natural,
short-term changes in climate. There must also be relative differences in airport versu.I satellite

measurements of cloudcover. Satellite data has the advantage of being uniform in its sensitivity
to relative cloudcover and is immune to the observer-to-observer variations inherent in airport

reports.

An annual average of the cloudcover statistics is shown in Figure 6 and indicates that

Aliderson Mesa was the clearest of the five sites during the data interval. The clearest months

at Anderson Mesa are January, May, September, and October with average cloudcover lower

than 20%. In Figure 1, the year-average weather maps for 1984, 1985, and 1986 near midnight

(UT = 7:30) are shown with the entire 45-month period included in the map on the lower right-

I hand side. Although the three year-average maps show variations from year to year, Anderson

Mesa still has the lowest year-average percentage cloudcover within the specific confines of
the 1984-1987 data set. Figure 2 is an example of average change at progressive night-time

hours (UT = 0, 3, 6, and 9 hours) for the 1986 data set. The Anderson Mesa area shows a

distinct improvement into the night-time hours. On the month-average maps, which are not

shown here, the improvement of cloudcover from early evening to' midnight is similar to that

indicated in Figure 2. Figures 3, 4, and 5 present month-average maps (at UT = 7:30) from

January through December. On these figures, Kitt Peak and the two New Mexico sites show

particularly strong monsoon (July and August) related cloudiness.

I4

I
I
I
I
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3. Seeing Measurements

3.1 Equipment

The CHARA/Lowell seeing monitor system used on Anderson Mesa is a portable and

inexpensive device designed by authors White and Bagnuolo. The detector is a standard

high-resolution miniature TV camera manufactured by Pulnix Corporation (their model TM-

I 540/R) and is based upon a Sony 018-L 510x492 interline transfer CCD chip with a format

of 17 x 13 Am pixels. This camera is mounted on a housing incorporating a Str6mgren y filter

and attached to an f/li, 14-in aperture Celestron telescope. The composite video signal is

digitized and processed by an Imaging Technology PC Vision Plus frame grabber installed in

3 an IBM/AT-type computer.

A Hartman mask and a focus mechanism designed by White, as shown in Figures 7 and

8, were used to determine precise focus. The Hartman mask has two 4-in diameter holes with

8 inchs of separation between their centers. The focus mechanism incorporates a micrometer

device attached to the telescope eyepiece tube. This device is initially set to within E3 mm3 of the focal plane. Then, with the Hartman mask attached to the entrance aperture of the

telescope, 60 frames of double-spot images (aligned in the Y-direction) at micrometer positions

5inside and outside of focus are recorded and analyzed to determine the precise focus.

3.2 Data Acquisiton and Processing

Each seeing measurement consisted of a series of 60 digitized* 32x32-pixel images of a
bright star within 200 of the zenith obtained at the standard video frame rate of 30 sec - '. The

X,Y image profiles, their full width at half-maxima (FWHM), and the image centroids were

I determined on-line.

The FWHM were calculated by a simple raw-data summation algorithm method in3 order to obtain high speed during the data acquisition period. Absolute image motion was

also calculated by using a simple first-mnment centroid routine on-line. Precise FWHM of X3 and Y profiles and image centroid motions were later calculated from disk files by using a 1-

dimensional Gaussian profile fitting routine after the detector linearity calibration was applied

to each frame. There were 60 X and Y profiles in each two-second measurement with 15 pixels

*of the raw data across the image center selected for the Gaussian fitting. The mean FWHM

of the 60 single profiles in each measurement was calculated as representative of the seeing at

that particular moment. The mean FWHM'of the 60 X and Y profiles with centroid motion

correction was also calculated for comparison with the mean FWHM. This provided a check
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3 on abnormal vibrational effects as well as monitoring low-frequency image motion.

The above procedures revealed that the X profiles were about. 0.6 arcsec broadcr than

the Y profiles. This was recognized as being dae to the chip geometry in which the interline

vertical register separates the pixels in the X direction. This can be corrected statistically to

some degree, however, the X direction was oriented parallel to the celestial equator so that the

I X profiles are also more affected by any telescope drive-induced errors. For these reasons, we

chose to base the final seeing measurements only on the Y profile data.I
3.3 CalibrationI

The plate scale calibration was determined from double star observations to be 0.80

and 0.64 arcsec per pixel in the X and Y directions, respectively. The intensity calibration for

detector non-linearity used a camera lens with an adjustable iris (from f/2.7 to f/16) to image

a small target at a distance of 6.7 m. The intensities of an effective point source and extended

source were recorded as a function of the f/number. The results of these measurements are

shown in Figure 9 and are characterized by a small toe in response, followed by a roughly linear

region extending to about 80 counts. At brigher intensities, the response roughly followed the

square-root of the intensity. In Figure 10, examples of data obtained under good and poor

3seeing conditions are shown before and after applying the linearity correction.

Because the Pulnix CCD camera automatic gain control (AGC) and standard gamma

(= 0.45) circuit were enabled during the observations, calibration tests using a LED light source

were carried out in the CHARA Lab in order to duplicate the high contrast situation presented

by a bright source on a dark background. A gamma <1 has the advantage of expanding the

dynamic range at a loss of contrast and thus enhances the ability to measure the peaks of a

Gaussian profile. For testing, the electronics of the Pulnix camera were modified to provide

a six-step manual gain control circuit. The tests were done at a laboratory temperature of

70°F as well as at a temperature of 321F similar to that encountered during the obervations3 on Anderson Mesa. The results were essentially the same as those from the first linearity

check, and the reponse curve at freezing temperature showed no significant differences from

3 that obtained at room temperature.

3.4 Results of Seeing Measurements

In order to ascertain the long-term seeing characteristics at Anderson Mesa, short-term

I quantitative measurements were related to the existing results of the long-term quantitative

seeing measurements at the U.S. Naval Observatory's Flagstaff Station site some 13 miles from

6-!



Anderson Mesa. The process was to compare measurements with the CHARA/Lowell system

at Anderson Mesa on nights when seeing was also being measured It, Ihe USNO with I heir
standard CCD procedures and to compare simultaneous measurements at the same site.

A comparison of seeing data from the two sites for the nighl n' "< May, 1988 is shown
in Figure 11. This comparison shows that the seeing on Anderson Mesa was approximately 0.3
arcsec poorer than at the USNO at this particular time. The observing log notes that the wind
was higher than normal on that night at Anderson Mesa, and it is possible that tree-induced

I turbulence as well as wind generated instrument shake, may account for some difference in
average seeing in Figure 11. The seeing monitor system, with an entrance aperture only 2
rm above the ground, was set up for practical reasons inside the fenced area surrounding the

72-in and 42-in telescope domes at Anderson Mesa near a small stand of trees. It thus seems

likely that the difference in measured seeing at the two sites may be partly attributable to

the less than ideal location of the CHARA/Lowell system on Anderson Mesa. There are no
trees in the immediate vicinity of the USNO 61-in telescope dome. We thus conclude that very3 localized conditions may possibly account for some modest systematic difference in the seeing
statistics for the two Flagstaff locations, but the general seeing characteristics at Anderson3 Mesa are very similar to the USNO site. It is important to note that the part of Anderson
Mesa where the CHARA Array would be located has a much lower density of trees than the

area immediately surrounding the Perkins telescope.

During 10 - 13 June, 1988, the CHARA/Lowell seeing monitor was placed about 30 m
west of the USNO 61-inch telescope dome in order to measure seeing simultaneously with the

61-inch telescope where seeing data are routinely acquired as a part of the USNO astrometry
programs. On the night of 10 June, only knife-edge measurements rather than direct CCD3 imagery were being performed on the USNO telescope. In Figure 12 is shown the correlation
of seeing measurements of the two systems. An empirical/theoretical factor of 3.5, provided

by D. Monet and C. Dahn, was adopted to correct the USNO knife-edge measurements to

FWHM values. The average inferred seeing disk profile measured from the USNO knife-edge

data is about 0.35 arcsec larger than the average seeing from the CHARA/LoweUl system on

this particular night.

On the nights of 11 and 13 June, the 12t" having been cloudy, additional simultaneous

measurements were obtained, but in these instances, the USNO measures were obtained with
a COD camera. The FWHM seeing measurements from the two systems throughout these

* two nights are plotted in Figure 13. The apparent large discrepancy around 8.0 hours on 13
June coincided witti an increased wind speed catside the 61-inch dome and was clearly due3 to wind shake. The discrepancy around UT=5:30 is attributed to a focus drift caused from

the steep temperature gradient during the early night hours. The CHARA/Lowell measures3 before 7.5 hours UT on both nights were obtained using a Str6mgren y filter, those after that
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time incorporated a Johnson B filter. There is no evidence for any systematic differeIce in the
two systems in excess of 0.1 arcsec.

Figure 14 presents the histogram of 161 measurements using the CHARA/Lowell system

during three nights at the USNO site from which the mean seeing was 1.20 arcsec with a median
value of 1.04 arcsec. The histogram shown in Figure 15 summarizes the 236 measurements

from the USNO 61-inch telescope CCD camera on 6 nights with mean and median seeing of

1.04 and 1.00 arcsec. Those data were obtained during the time when the CHARA/Lowell

seeing monitor was active on Anderson Mesa. Results from 364 image profile measurements
obtained at Anderson Mesa on 21. nights during May and June 1988 are shown in Figure 16.

The mean value of the seeing profile FWHM is 1.24 arcsec, and the median is 1.18 arcsec.

Finally, the long-term seeing statistics from the USNO program are shown in Figure 17. The

70 nights over which these 1,003 measurements were obtained from the USNO CCD camera

extend from April 1986 through July 1987. The mean FWHM of image profiles in this sample

is 1.34 arcsec and the median is 1.20 arcsec.

I The long-term USNO statistics are biased in the poor seeing tail due to the practice

instituted many years ago at the USNO of not taking astrometric data or seeing measurments3 when the seeing is worse than 2 arcsec. But no such bias against poor seeing is presented in the

CHARA/Lowell system measurements except for the general bias resulting from the limited
time sample of data, i.e. 21 nights during May and June 1988. From the above discussion

we conclude that the seeing described by the USNO COD measurements must be generally
representative of Anderson Mesa as well.

This result contradicts the conclusion by Walker (1971) that Flagstaff is a poor site in

the category of seeing. Walker's conclusion was based upon Polaris trail measurements using a3 6-inch refracting telescope mounted upon an existing pier outside the dome of the USNO 40-
inch telescope during 1966-68. Those data indicated that the seeing was typically poorer than

2.0 arcsec. A period of poor seeing was experienced during 1971-74 (private communication

from F. Vrba) and may have resulted from the placement of the jetstream. Walker's results

may also have been systematically affected due to the fact that Walker's seeing telescope looked

very nearly directly over the heated and uninsulated office building for the 40-inch Telescope.

U 4. Microt hermal Activity Measurement

* An 18-m high tower is situated between the 72-in and 42-in telescope domes all Anderson

Mesa. Three microthermal probe pairs were mountcd at 18.3, 12.4, and 7.1 m above the ground

to measure the vertical structure of microthermal activity. The microthermal probes were

developed at NOAO (Forbes et al., 1988) and consisted of 25 im nickel ballast wire wound on
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a nylon screw frame, protected by an easily removed screen cage. At each level, there were two
probes separated by about I m and connected to a bridge arnplifler electrnnic circuit.

Data from the thee levels were collected and stored in a Campbell Scientific CR 21

data logger at the first minute of every hour. The data system is equipped with a rechargeable
battery and could thus automaticlly record data in RAM for about two weeks. The collected.

I data were reduced to C2. (rms) for each observation. Calibration was obtained from the energy

spectra and the resultant power spectra were integrated. During June and July 1988, a two 9-

day series of iicrothermal measurements and ground temperature measurements were collected

and later analyzed at NOAO. The microthermal data has been combined in Tables 2 and 3

using nightly averages from 8 p.m. to 4 a.m. for each level as being representative of the site.

The results of the microthermal measurements on Anderson Mesa, indicated by,. sym-

bol, are shown in Figure 18 as a plot of the temperature structure parameter C'. versus ele-

vation. For comparison, the NOAO results for Mauna Kea and Mt. Graham are also shown.
Although the Anderson Mesa microthermal data are, at present, very limited, one can tenta-I tively conclude that the Flagstaff location is not very different from Mt. Graham, probably
due to the similarity of tree cover. We plan to see if conditions are improved at the sparsely3 wooded center of the array, particularly after a number of trees have been cleared during site

preparation.

5. CONCLUSION

I From the analysis of the satellite cloudcover data during the time interval from January

1984 to September 1987, the Flagstaff area is seen to compare very favorably with other
possible locations in the southwest. Such a clear distinction does not appear in the earlier

study by Smith and McCrosky (1954) for the period 1939-46 except for the relatively small

impact of the summer monsoons on north Arizona compared to more southerly sites. The

lack of precise similarity between our study and the SM study can easily be explained in

terms of natural weather pattern variations. Furthermore, we recognize that by the time an

array might be constructed in northern Arizona, the changes could completely eliminate the

cloudcover advantage we have found.

The results obtained with the CHARA/Lowell seeing monitor show a good correlation
to the long-term seeing measurements made at the USNO 61-inch telescope, and we conclude

Ithat the USNO seeing history is representative of Anderson Mesa as well. An interferometric
array on Anderson Mesa could thus be expected to encounter 1.1 to 1.2 arcsec seeing during1 50% of the cleer hours and seeing poorer than 2.0 arcsec during another 30% of clear hours.

Such seeing ,.onditions qualify Anderson Mesa as a potential site for an interferometric array.
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Better seeing may be found only at much higher elevations for continental sites or for coastal
or island sites where terrain and Igistics may have negative imparts ,,pn site selectinn.

Further testing is planned for Anderson Mesa in which very localized effects of tree

cover, elevation, and proximity to the steep western slope of the Mesa will be investigated.

I
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I
TABLE 1

Sites Considered for the CHARA Array

Potential Site Longitude Latitude Altitude

.Anderson Mesa, Arizona 111.54 W 35.10 N 7,211ft
Kitt Peak, Arizona 111.6U W 31.96 N 6,667 ft
Blue Mesa, New Mexico 107.17 IN 32.49 N 6,644 ft
Sunspot, New Mexico 105.82 W 32.79 N 9,200 ft
Flat Top, Texas 104.02 W 30.67 N 6,660 ft

I

* TABLE 2

NM1crothermal Data (AT In 0C) for June 1088

June top mid bot top r..jd bot top mid bot

date (avg) (avg) (avg) (min) (min) (min) (nax) (max) (max)

7 2.12 1.16 1.03 0.64 0.33 0.Z4 5.97 3.77 3.63
8 2.07 .L10 2.01 0.40 0.21 0.21 7.73 4.48 4.29
9 1.88 1.01 0.93 0.45 0.23 0.21 6.29 4.49 3.83

10 1.66 0.89 1.16 0.43 0.25 0.33 6.2', 3.55 4.21
11 1.98 0.94 1.02 0.51 0.23 0.!9 6.86 4.11 3.86
12 1.38 0.76 0.66 0.34 0.17 0.16 5.23 3.44 3.03
13 1.02 0.04 0.68 0.26 0.16 0.16 4.32 2.19 2.51
14 1.69 0.92 0.84 0.37 0.18 0.18 6.57 2.93 3.65
is 1.49 0.80 0.78 6.36 0.20 0.20 5.55 2.68 3.66

I
TABLE 3

3 1Mcrothermal Data (AT in 'C) for July 1988

July top mid bot top mid bot top mid bot
date (avg) (avg) (avg) (min) (min) (;nin) (max) (:max) (max)

5 1.09 0,42 0.79 0.28 0.34 0.16 3.74 0.511 3.10
6 1.88 0.36 0.AG 0.18 0.04 0.08 5.95 1.85 2.04
7 1.02 0.64 0.70 0.25 0.16 0.14 3.72 2.28 2.59
8 1.21 0.74 0.89 0.27 0.21 0.21 3.94 2.51 3.28
9 1.46 0.90 0.91 0.42 0.24 0.28 5.09 3.06 2.98

16 .27 0.76 0.96 0.23 0.18 0.23 4.37 3.11 3.74
11 1.33 0.87 0.96- 0.33 0.24 0.23 4.2 2.89 3.42
12 0.98 0.56 0.58 0.18 0.11 0.13 4.44 2.30 2.36
13 1.17 0.52 0.64 0.23 0.10 0.12 4.37 2.25 2.85
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FIGURE CAPTIONS

FIG 1-The year-average weather maps for 1984, 1985, and 1986 near midnight (UT = 7:30)
with the entire 45-mo period included in the map on the lower right-hand side.

FIG 2-An example of average change at progressive night-time hours (UT 0, 3, 6, and 9

hours) for the 1986 data set.

I FIG 3-The month-average maps at UT = 7:30 from January through April.

FIG 4-The month-average maps at UT = 7:30 from May through August.

FIG 5-The month-average maps at UT = 7:30 from September through December.

I FIG 6-Comparative cloudcover percentages are shown for five sites in the southwestern U.S.
The curves are based upon satellite measurements obtained from the National Climatic Data
Center and indicate that the Flagstaff site was the most favorable location during the period
1984-87 covered by the data sample.

I FIG 7-The schematic diagrams of the focusing mechanism and the data collection path of
the seeing monitor are shown.

FIG 8-Photographs of the Hartman mask and the focusing mechanism on the seeing monitor

are shown.

FIG 9-The laboratory measured linearity correction relation for the seeing monitor system is
shown as determined by a uniformly illuminated source and by a point source are shown.

FIG 10-Examples of measured profiles in the Y-direction before and after the non-linearity

correction are shown under good and poor seeing conditions.

FIG 11-Image profiles as measured at the USNO site from within the 61-in telescope dome3 the standard USNO CCD procedures (shown as open squares) and at the Anderson Mesa site

between the 72-in and 42 -in domes using the CITARA/Lowell system (shown as filled squmres)
are presented for the ,ught of 15 May 1988. A higher than normal wind on this night is a

possible reason for the 0.3-arcsec poorer seeing on Anderson Mesa.
I FIG 12-Image profiles as measured at the USNO site from within the 61-;n telescope using

the USNO kxWfe-edge procedures (shown as open squares) and from outside the dome using
the CHARA/Lowell system (filled squares) are presented for the night of 10 June 1988.- A

factor of 3.5 is F.dopted to convet the USNO knife-edge measurements to FWHM values.

II



I FIG 13-Image profiles as measured at the USNO Flagstaff site

FIG 14-The histogram of the seeing measurements obtained at the USNO Flagstaff Station3with the CHARA/Lowell seeing monitoring system during the nights of 9, 10, 11, and 13 June

1988 is shown.

3 FIG 15-The histogram of the seeing measurements obtained at the USNO Flagstaff Station

with the 61-in telescope CCD system during the nights of 12-15 May and 11 and 13 June 1988

* is shown.

FIG 16-The histogram of the seeing measurements obtained on Anderson Mesa with the

3 CHARA/Lowell seeing monitoring system during April-June 1988 is shown.

FIG 17-The histogram of the seeing measurements obtained at the USNO Flagstaff StationU with the 61-in telescope CCD system on 70 nights during April 1986 through July 1987 is

shown.

I FIG 18-Three average microthermal measurements reduced to the temperature structure

constant are shown (as circled dots) fvr Anderson Mesa as a function of height above groundU level. For comparison, the NOAO results for Mt. Graham and Mauna Kea are shown and

indicate a similarity between Anderson Mesa and Mt. Graham.
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3 Results in speckle photometry

W. G. Bagnuolo, Jr., D. J. Barry, B. Mason, E. G. Dombrowski

Center for High Angular Resolution Astronomy
Georgia State University, Atlanta, Georgia 30303

I ABSTRACT

Algorithms for reconstruction of isoplanically blurred point source pairs are consi4 :rably simpler and faster
than full-blown image reconstruction techniques. Traditional autocorrelation approaches suffer from a 180 degree
ambiguity, however, and only yield order of magnitude estimates for brightness ratios. A new asymmetric algorithm is
here presented: the "Directed Vector Autocorrelation" (DVA), which is a rapid alter.tative to vector autocorrelation.
Together with the "Fork Algorithm," a directional filter for estimating brightness ratios, the DVA algorithm has
been used to resolve ambiguous orbits and produce differential color photometry for several binary stars.

I 1. THE DVA ALGORITHM

Binary star speckle interferometry is traditionally analyzed with autocorrelation-based algorithms, which
suffer from an inherent 180 degree position-angle ambiguity. Our own extensive program of binary measurement has
principally been conducted with a vector-autocorrelation (VA) algorithm of this type implemented in hardware. ThisI device gives a 1 bit (on/off) digitization of two-dimensional speckle frames. The hard-wired VAC then calculates
a 2.d histogram of all separations among the sample of "on" pixels, an operation that can be quickly carried out
in hardware, and provides autocorrelograms from which the relative positions of the components can be accurately
extracted, albeit with the quadrant ambiguity inherent in this process.

All astrophysically significant quantities are independent of absolute orientation of orbit, so long as con-
sistency is maintained. Nevertheless, absolute quadrant determination is useful in referencing long-separated mea-
surements, or for comparing visual apastron to speckle periastron measures. For orbits with known periods or with
close time-coverage, each measurement can be incrementally referenced to the previous, or to a known orbit, which
reveals the true quadrant at epoch. But in a poorly measured orbit, a highly eccentric pair can masquerade as a
slow-moving nearly circular system of twice the period, since the rapid quadrant changes at periastron often cannot
be followed, by observing time constraints, even if the periastron separation permits measurement. This is the case
for a small but significant number of stars on our program (roughly 50 out of some 2000), which have been reanalyzed
to establish absolute orbital quadrant and to ensure consistency of quadrants at different epochs. For example, we
have shown (McAlister et aL 1988) that the motion of the Hyades binary Finsen 342 is consistent only with a 6 yr
eccentric orbit rather than with the 13 yr circular orbit assumed in most previous analyses.

In order to eliminate the 180 degree ambiguity the full complexity of imaging algorithms isneither necessary
nor desired. However, algorithms must use relative pixel brightnesses rathei than pure thresholding. Ech speckle
frame therefore should be digitized to a resolution of at least eight bits. Modest cost video hardware is now available

i that can return 512x512 pixel frames at nearly video rates with eight bits per pixel. Analysis can then-be performed
either with the primary CPU or with a dedicated coprocessor.

For quadrant determination, we have developed the Directed-Vector-Autocorrelation Algorithm (DVA), a
*simple modification of the VA. In this algorithm the digital intensities as well as the (z, y) locations of all thepixels in
3 a frame above a threshold (or the brightest n pixeli) are saved, so that we now require 3 bytes instead of 2 per pixel.

Suppose two pixels have intensities r, and 12 and locations (21, yi) and (z2, y2), respectively. The 2.d histogram of
the separation is incremented in location (z2 - zi, y2 - 111) if I > 12 and in location (z - 02, Y1 - Y2) if I1 _< 12.
That is, a direction is given to the separation, in tie sense of from brighter to dimmer pixel, hence the name of the
algorithm. Because the DVA is only a hit more complex than the VA, the software is easily implemented in C and
Assembler.

!
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Table 1. Partial List of Quadrant Determinations.

Star WDS Desig Epoch 9 p Quad S/N
McA 1 00323+0657 1984.9991 87.23 0." 1314 St 2.5
McA 7 02366+1226 1985.8376 311.67 0."0644 St 2.0
McA 7 02366+1226 1987.7625 131.10 0."0651 A't 2.0
McA 7 02366+1226 1988.8888 169.57 0."0505 At 2.8
McA 24 06034+1942 1988.6637 72.76 0."0544 A( 2.3
McA 40 14403+2158 1987.2643 82.15 0."0655 A( 3.1
McA 46 17103-1926 1989.3040 116.01 0."1370 AKt 2.3
McA 63 20474+3629 1984.7013 102.9 0."052 A"t 16.9
CHARA 7 02475+4416 1984.0576 104.45 0."1612 AYt 2.9
CHARA 10 03271+1845 1985.840 110.01 0."0767 S 2.2
CHARA 15 04120+5016 1983.0637 154.77 1."2609 S 2.9
CHARA 19 04493+3235 1984.0576 148.61 0."0423 AKt 25.6
CHARA 25 06580+0218 1989.3112 39.4 0."918 St 2.2
CHARA 45 15183+2649 1984.3837 65.46 0."3390 St 18.5
CHARA 55 16254+3724 1986.4099 175.74 0."1677 Att 2.7
CHARA 69 18218-1619 1985.4899 10.68 0."0913 St 2.1
CHARA 92 20050+2313 1983.8425 47.67 0."0506 St 2.8
CHARA 92 20050+2313 1985.5177 54.95 0."0516 A( 3.6
CHARA 98 20285-2410 1983.4258 81.41 0."2367 St 19.6
CHARA 142 01070+3014 1988.6661 110.99 0."0891 6 3.7
CHARA 143 08125-4616 1989.3057 159.04 0."0453 Art 2.2
ADS 755 00550+2338 1989.7118 285.56 0."3930 A"§ 8.6
ADS 1630 02035+4223 1989.7119 107.33 0."5715 55 7.5
ADS 2200 02537+3820 1989.7122 258.11 0."1808 55 5.2
ADS 3064 04136+0743 1989.7123 316.99 0."0572 Y§ 2.7
ADS 3135 04187+1632 1989.7123 62.27 0."2652 A/§ 2.7
ADS 3172 04236+4226 1989.7123. 155.82 0."3468 55 4.8
ADS 3210 04256+1852 1989.7123 26.15 0."2349 Ai§ 7.4
ADS 6993 08468+0625 1984.0553 195.4 0."266 S 4.1
ADS 6993 08468+0625 1984.0608 195.1 0."271 S5 3.4
ADS 8863 13202+1747 1986.4067 327.7 0."058 A 2.1
HR 657 02157+2503 1989.7122 45.14 0."1907 AK§ 2.7
HR 719 02280+0158 1989.7122 34.75 0."5146 A§ 5.4

tPublished quadrant is 1800 in error.

§No published quadrant.

The resulting DVA "autocorrelogram" for a binary star appears similar to that produced by "Shift-and-
Add" (Bates and Cady, 1980) with "center," "principal," and "ghost" spots. The true position angle is given by
the pnsition of the principal spot relative to the center spot. Analysis snftware has been developed for extract.ion of
these spots from a radial noise profile by boxcar subtraction, paraboloid boxcar subtraction, and smoothed radial
subtraction. In rectangular boxcar subtraction, an image is convolved with a small (n x n, 5 < n < 21, nt odd) kernel
with a center value of unity and an outlying rectangular area of uniform negative value summing to minus unity.
The effect is to measure the variation of the image from a smoothed version, thus subtracting the relatively even
and symmetric noise profile. Such a kernel is decomposable into z and y one-dimensional components for rapid
calculation. Parabolic boxcar subtraction uses a similar principle, with a weight of 1 - r3/r2,., again yielding a
decomposable kernel. Smoothed radial subtraction breaks the entire image up into radial zones over which an average
noise value is ascertained, and the resulting N(r) curve is used to subtract the background to reveal peaks. Peaks are
measured from an image filtered by the previous techniques by least squares fit of a biquadratic to a (n x n, n = 3, 5, 7)
window around a maximum value selected by a cursor. This is an elaboration of software used to reduce most of the
8,000 autocorrelograms previously measured and published by CHARA. Table 1 lists some quadrant determination
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Figure 1-a,b,c. Top, Left, Right: y Persei, Finsen.342, ADS 2200.

results, based on runs of 250 frames each. We plan to publish a more complete table of quadrants shortly.

* 2. THE FORK ALGORITHM

The Fork Algorithm (Bagnuolo, 1988) selects from speckle frames pixel quadruples (r1, 12, 13, 14) passing a
brightness threshold test 12 + 13 > K > k(11 + 14) and with separation and position angle like "tines of a fork,"
matching that of the target sytem. Each such quadruple can be viewed as a miniature recurrence of the resolved
pair (12, 13), with background level (11, 14) and is used to form an estimate of the brightness ratio. (The crude ratio
12/13 may be corrected by I, and 14 as described in the above reference.) A histogram of these ratios, summed over
many frames, yields an estimate of the brightness ratio, with greatly improved signal to noise for a given number
of frames over standard techniques (Shift and Add, Triple Correlation, etc.), as verified by competitive analysis ofI simulated frames. (Bagnuolo, 1988). (Other algorithms can of course be applied to more general objects.) Although
designed for differential photometry, the Fork Algorithm also provides quadrant information and can be used to
verify the DVA results for a system.I

I



1 1237-21

I IHR 3880 McA 34 WDS 09474+1134
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I Figure 2. Orbit of .McA 34. Dotted line- Tokovinin (1987), Solid line.CHARA (1989). Filed squares- CHARA

observations, Light squares, other observations.

I3. HARDWARE

I The two major bottlenecks in real-time processing are the 1/0 bus speed, necessary to transfer data from

video digitizing hardware to the CPU or coprocessor, and the frame-analysis time. A full video data feed may
represent 30 Mbyte/s. In our implementation, (8 Imaging Technologies PC-Vsion digitizing board records video

frames at 256 x 258 resolution, and of these, 128 x 128 windows are extracted for analysis. This represents only a 0.5
Mbyte/s load on the bus of the Intel 386-based PC. Processing of several hundred of the brightest pixels is performed
by the DVA algorithm, which can usually be done within-four frame times, dependent on the pre-threshold level
selected. This is approximately a quarter the speed of the hardware autocorrelator. We have f-,ul it usually more
convenient to post-process data which has been recorded on a Sony 8mm "Video 8" unit, removing the constraint
of real-time analysis. In this technique, up to 250 frames are digitized and stored in extended memory at ca.. 10
frame/s, and then analyzed after acquisition by both DVA and FORK. It is also possible to digitize selected frames,3such as those with momentarily superior seeing-and- better defined speckle-, due to the.-b:ty ,f the Sony's freeze
frame capability.

The vector-difference procedure will soon be performed by a slave Motorola DSP56001 processor mounted
on the PC bus. This algorithm, which is quadratic with pixel count, will operate on the pixel list provided by
the primary CPU. This should permit real-time processing of frames with up to 800 thresholded pixels. The Fork
algorithm, too, is amenable to implementation in real time, although it requires prior knowledge of position angle and3 separation. A planned system will utilize two coprocessors, in which the central proce, ior will generate thresholded

I
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70 Tau = Fin 342 (6.26-yr Period)
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Figure 3. Finsen 342 orbit of 6.264 yr. Data symbols as in Figure 2.

pixel lists, one of which will drive a DVA coprocessor. After a peak is detected and measured, the coordinates will
be fed to the FORK coprocessor, which will begin operating on the same thresholded pixel list used by the DVA
processor. This coprocessor will need to read auxiliary pixels from frame memory to complete the fork quadruples,
but the primary limitation will be from bus throughput considerations rather than processing speed.

Most of the data has been gathered with the CHARA intensified CCD camera (McAlister et at 1984). Flat-
fielding is necessary because of a gradual loss of sensitivity due to exposure of the micro-channel plate near the center
of the Field of view. A potentially more serious problem is detector non-linearity. In order to mbasure non-linearity

! effects, as well as check the performance of intensity-ratio algorithms in general, nwe have generated calibration speckle
frames by inserting a calcite crystal of either 25 or 4 mm thickness into the optical path of the speckle camera. The
birefringence of the calcite crystal produces two speckle patterns with a fixed offset and with orthogonal polarizations.

i The intensity ratio of the artificial binary can be varied by rotating a polarizing filter relative to the calcite crystal.
If there is the position angle for which the two "binary" components have equal intensity, then the intensity ratio
varies as -tan2(6 -8o). The thicker calcite crystal generates a clearly separated paired image typical of a 1.5 arcsecond
binary under normal seeing, whereas the thinner crystal produced a "binary" of 0.2 arcsecond effective separation.

1
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I Figure 4. Fork Algorithm intensity fraction histogram for It Persei.

These simulated binary stars with known intensity ratios permit calibration of a curve to compensate for camera
non-linearity effects.

Through a cooperative agreement with SAO, we anticipate receiving a PAPA camera by February. This
device, which is inherently linear and capable of a much fainter magnitude limit than our existing camera, will be
tested and integrated into observing programs during the next several months.

4. QUADRANT RESULTS

Figu_,res !a, Ib, and Ic arc DVA "autocorrelograms" for y Persei, Finsen 342, and ADS 2200 respectively
and illustrate how the position ambiguity can be removed. In each case the brightest 300 pixels of 200 frame,, of
data were used. The true position angles are in the direction of center to primary spots. Center spot removal and
parabolic boxcarring subroutines were used for each analysis.

Figure 2 shows the orbit for the star McA 34 (HR 3880, WDS 09474+1134). The published orbit by Tokovinin
(1987), shown by the dotted line, has a period of 9.70 years and semi-major axis a = 0.1075. However, by resolving
the quadrant ambiguity at two key points in the orbit with DVA, we obtain an orbit shown in solid line with a period

I
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of 15.167 years and a semi-major axis of a = 0."11120. Note that changes in period and semi-major axis can greatly
affect the computed masses of the stars.

Another example of a quadrant determination, taken from McAlister et at., 1988, shown in Figure 3, is of
the Hyades binary Finsen 342. We showed that the orbit was an eccentric one of 6.264 years, as proposed originally
by Peterson and Solensky (1987), and not the 13 year circular orbit assumed in most previous analyses.

Finally, Table 1 presents a list of the quadrant data determined to date.

I 5. FORK RESULTS

Gamma Persel is a well-know example of a star with a composite spectrum and a binary resolvable with
speckle-interferometry. According to previous estimates by Popper and McAlister (1987), it consists of A3 and d8 III
stars, for which the masses are 2.0 and 3.0 Solar Masses. As a bright, upoor-man's Capella," -f Persel provides a case-
study of the application of the Fork Algorithm in estimating intensity ratios. Several sets of data consisting of 200
frames each were digitized from the Sept. 1989 KPNO 4-m run. These data were flat-fielded, slightly smoothed, and
a non-linearity correction was applied (based on the Calcite results mentioned above). Applying the Fork algorithm

produced the histogram shown in Figure 4. The histogram is of the fraction of total intensity in the secondary, where
bin 63.5 is 0.0, and bin 127.5 is 0.5. The peak at bin 105 corresponds to Am of 0.80. Because several repeated
runs gave results to within 0.02 mag., it is likely that most of the uncertainty in this result comes from systematic
rather than random errors. Such errors could be from residual uncorrected nonlinearity, a deviation of the actual
photometric passband from Str~mgren y, etc. A similar. preliminary result is Am = 0.50 :l: 0.05 in Stramgren b. The
astronomical implications of recent Capella data in terms of the H-R diagram have been discussed by Bagnuolo and
Hartkopf (1989). Similarly, for -f Persei, the spectral types implied by the Am's in y and b abovt are significantly
different from those assumed in Popper and McAlister (1987). (The V magnitude difference of the components is
roughly 0.8 instead of the 1.4 mag. heretofore thought.) These preliminary results suggest that even bright stars are
not completely understood.
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