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A Message From the Editor

John R. Percy
Department of Astronomy and Astrophysics, University of Toronto, Toronto, ON
M35S 3H4, Canada; john.percy@utoronto.ca

Happy Birthday, AAVSO! The year 2011 has been a very special one for the
AAVSO, being the hundredth anniversary of its founding, as a small group of
enthusiastic variable star observers, in 1911.

The AAVSO centennial was marked in several ways, notably by the
publication of its official history, Advancing Variable Star Astronomy, by Drs.
Tom Williams and Michael Saladyga, by a joint meeting with the American
Astronomical Society (AAS) in Boston in May, and by an extended Centennial
Fall Meeting in Woburn in October. The invited history and science papers
from these meetings, and the abstracts of contributed papers, will be published
in a special issue of the JA4VSO, to be published in June 2012. This issue will
also include a set of invited short reviews of the state of variable star science in
2011, including how AAVSO observations have contributed.

The centennial year has also been a year of continued scientific and
educational progress for the AAVSO, as you will learn from the Director’s
Reports which are found on the AAVSO website. Among other things, 2011
marked the culmination of the Citizen Sky project, which was focussed on the
2009-2011 eclipse of epsilon Aurigae. This exemplary project attracted, trained,
and mentored many new observers, who were motivated by the opportunity to
help solve the mysteries of this bright binary star system. Another special issue
of the JA4VSO, in 2012, will be devoted to papers arising from this project.

Other papers submitted to the JA4V SO in 2011 and 2012 will continue to be
published in regular issues. As usual, all papers will be made available on-line
as soon as they have been received, reviewed, edited, and formatted.

At this time, I would like to thank Drs. Aaron Price, Matt Templeton, and
Tom Williams for their work in organizing the Citizen Sky, science, and history
papers for these special issues, and Dr. Michael Saladyga and his colleagues
at AAVSO Headquarters for doing most of the real work in producing the
JAAVSO. We recognize that AAVSO staff have gone far beyond the call of
duty to organize these Centennial events; they have been much appreciated,
both scientifically and socially. Thanks also to the JA4VSO Editorial Board for
their ongoing advice, to the anonymous referees for their work in maintaining
the high standards of the JAA4VSO, to the authors for sharing their research and
scholarship with us, and to you the readers for making it all worthwhile.

Enjoy!
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0 Scuti Behavior Detected in HD 349422

Garrison Turner

Ronald Kaitchuck

Department of Physics and Astronomy, Ball State University, Muncie, IN 47306;
ghturner@bsu.edu

Received February 9, 2011, revised June 13, 2011, accepted June 16, 2011

Abstract Evidence for variability in the star HD 349422 is presented. Low-
amplitude variations seen in the Bessel B and Bessel V filters are presented
for three nights on two different telescopes. A period of 0.0400 day in the B
and 0.0413 day in the V filters, respectively, were determined. These periods
agree within the determined uncertainty. The spectral type from the literature is
given as FO0. It is therefore proposed that due to the period and spectral type that
HD349422 is a member of the d Scuti family.

1. Introduction

HD 349422 has magnitudes of 9.19 in the B and 8.90 in the V bands, with
coordinates R.A. 18" 50™ 50.2671¢, Dec. +20° 52' 16.479" (2000). The HD
catalogue spectral type is given as FO (Nesterov et al. 1995). The star was first
noticed to be variable when observing the eclipsing binary AD Her as part of
a survey of eclipsing binaries. HD 349422 was used as the comparison star
and the variability was noticed. The light curves generated from subsequent
observations suggest amplitude of about 0.012 magnitude in both the B and V
filters. 0 Scuti stars are generally low-amplitude, short-period variables with
spectral types ranging from A to F. Periods range between 0.02 and about 0.3
day. Amplitudes can either be large (> 0.30 magnitude) or small, usually on
the order of tens of a millimag. The first class represents a minority of 0 Scuti
variables, referred to as High Amplitude d Scuti stars, or HADS. The second
class represents the majority of & Scuti stars. They are found at the intersection
of the main sequence and the instability strip. Breger (2000) estimates that
between 1/3 and 1/2 of all stars at this intersection show variability between
0.003 and 0.010 magnitude. The detection of new & Scuti stars should increase
rapidly over the next years as high-precision photometric campaigns increase,
especially with projects such as Kepler and CoRot. Percy (2007) and Templeton
(2004) provide general overviews of & Scuti stars. For a detailed description on
the current status of d Scuti stars see Breger (2000).

2. Observations

Observations of HD 349422 were done with two different telescopes.
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All data were reduced using IRAF (Tody 1993) for bias, dark, and flat-field
correction, while arr4wiN (Berry and Burnell 2006) was used to perform the
differential photometry. As AlP4wIN processes each image, a photometric error is
assigned to each measurement. The errors for the variable and comparison star
are obtained by a calculation involving camera gain, camera read noise, dark
current, and the sky background. These errors were then added in quadrature to
obtain the errors for each delta magnitude.

Table 1 summarizes the dates, amplitudes of variability in each filter, and
the average errors for the differential measurements. The quoted amplitudes are
measured with the half-amplitude method.

The first data set was collected with a 0.6-meter Cassegrain telescope and
an Apogee Alta CCD camera located at Cerro Tololo, Chile, operated by the
SARA consortium (http://astro.fit.edu/sara/sara.html). The focal ratio of the
telescope is f7/13.5, giving a plate scale of 0.6 arc sec per pixel. The first set
of observations was taken in the B with exposures ranging between ten and
twenty seconds on the night of June 28, 2010 (UT). The observations on this
night spanned a total of four hours with mean photometric error of about 0.0015
magnitude. The comparison star used for these observations was HD 349426
(R.A. 18" 50™ 13.317° Dec +20° 45' 01.634" (2000)) with a field star (R.A. 18"
50™ 18.53% Dec +20° 45' 30" (2000)) serving as the check star. The standard
deviations for the variable-comp delta mag data and the check-comp delta mag
data were 0.008 and 0.004 magnitude, respectively.

The second set of observations was collected over two nights at the Ball State
University observatory using a 0.4-meter Schmidt-Cassegrain telescope with
an SBIG ST-10 CCD camera on August 26 and 27,2010 (UT) (the observations
spanned two hours on the 26th and three and 3% hours on the 27th). The /6
focal ratio gave a plate scale of 0.58 arc sec per pixel. These observations were
done in the V with exposures of fifty seconds. Due to a larger field of view
with the second set, a brighter comparison star was available. This allowed
better signal-to-noise ratios per exposure. The mean photometric errors were
0.0014 and 0.0016, respectively. Choosing a second comparison star this way
ensures the variability was due to the suspected variable and not the original
comparison star. It is becoming increasingly important for the photometry
technique to ensure comparison stars are not low-amplitude variables. This is
becoming more difficult with better CCD technology. This is the reason many
new 0 Scuti and y Doradus stars are being found (this case is a good example).
The comparison star for this set of observations was HD 349418 (R.A. 18" 51™
42.86° Dec +20° 52' 23.0" (2000)), while HD 349420 served as the check star
(R.A. 18" 51™04.92° Dec +20° 48' 14.8" (2000)).

3. Light curves

Figures 1 and 2 show the differential light curves of HD 349422 for the
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night of June 28, 2010 (UT), in the B filter and the night of August 26, 2010
(UT), in the V filter. The light curves show a variation of about 0.012 magnitude
in both the B and the V filters. Periods were determined using the PERANSO
software package (Vanmunster 2007) with the Lomb-Scargle method (Lomb
1976; Scargle 1982). Figures 3 and 4 show the power-spectra produced. The
data were searched for periods between 0.01 and 0.3 day in both filters, giving
0.0400 + 0.0022 day in B and 0.0413 + 0.0007 day in V (with the twenty-
four hour aliases in V), thus giving good agreement within the determined
uncertainties. Figure 3 indicates a second peak in the B filter at 0.0300 day. This
is a possible signature of multi-periodicity, yet it is unconfirmed at this time.
This peak is also evident after pre-whitening, seen in Figure 5, which is a power-
spectrum of the B data after removing the 0.0400 day period. Figure 4 shows a
secondary peak in the V filter at 0.0286 day. Figure 6 shows the power-spectrum
of the V data with the 0.0413 day peak removed. The 0.0286 day peak is not
evident after removing the dominant period. However, further observations are
encouraged to completely determine whether this object is multi-modal. Figure
7 shows the B-filter data phased onto the dominant period.

4. Conclusions

Due to the short periodicity determined for HD 349422 and given its
spectral type, it is proposed that this object be included as a member of the &
Scuti family. The FO spectral classification falls right into the & Scuti range of
spectral types. This object was observed with two different comparison stars
due to observations being done using telescopes with different light-gathering
powers and different fields of view. The determined periods for both filter
sets gave agreement to within the given uncertainties. However, only a small
number of complete cycles and short observational time spans were obtained.
The dominant period, while in agreement between the B and V filters, is still
rather uncertain. Further observations are encouraged to precisely determine
the dominant period and whether other periods are photometrically detectable.

5. Acknowledgements

This work was funded by the Indiana Space Grant Consortium and telescope
time was provided by the SARA consortium. We would also like to thank an
anonymous referee for making several helpful comments.
References
Berry, R., and Burnell, J. 2006, “Astronomical Image Processing Software,”

provided with The Handbook of Astronomical Image Processing, Willmann-
Bell, Richmond, VA.



Turner and Kaitchuck, JAAVSO Volume 39,2011 157

Breger, M. 2000, in Delta Scuti and Related Stars, Reference Handbook and
Proceedings of the 6th Vienna Workshop in Astrophysics, held in Vienna,
Austria, 4-7 August, 1999, eds. M. Breger and M. Montgomery, ASP Conf.
Ser. 210, Astron. Soc. Pacific, San Francisco, 3.

Lomb, N. R. 1976, Astrophys. Space Sci., 39, 447.

Nesterov, V. V., Kuzmin, A. V., Ashimbaeva, N. T., Volchkov, A. A., Roeser, S.,
and Bastian, U. 1995, Astron. Astrophys., Suppl. Ser., 110, 367.

Percy, J. R. 2007, Understanding Variable Stars, Cambridge Univ. Press, New
York.

Scargle, J. D. 1982, Astrophys. J., 263, 835.

Templeton, M. 2004, www.aavso.org/vsots _delsct.

Tody, D. 1993, in Astronomical Data Analysis Software and Systems 1I, eds. R.
J. Hanisch, R. J. V. Brissenden, and J. Barnes, ASP Conf. Ser., 52, Astron.
Soc. Pacific, San Francisco,173.

Vanmunster, T., 2007, pERANSO period analysis software, http://www.peranso.
com.

Table 1. Summary of observations for HD 349422.

Filter UT Date HJD Range Amplitude ~ Mean Error
(mag) (mag)

B 2010 June 28 2455375.6795 — 0.8455 0.012 0.0015
V2010 August 26  2455434.71077—-0.7929  0.012 0.0014
V2010 August 27 2455435.5615 —0.7020 0.012 0.0016
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Periodicity Analysis of the Semiregular Variable Star
EV Aquarii

Emil Terziev

John R. Percy

Department of Astronomy and Astrophysics, University of Toronto, Toronto, ON
M35S 3H4, Canada; address correspondence to john.percy@utoronto.ca

Arne A. Henden
AAVSO, 49 Bay State Road, Cambridge, MA 02138, arne@aavso.org

Received May 5, 2011; revised September 8, 2011, accepted September 13, 2011

Abstract EV Aquarii is a variable star which was formerly misclassified as
a cataclysmic variable, but photometric observations and colour indices have
since indicated that it is most likely a semiregular M giant. The authors of this
paper have used self-correlation analysis and Fourier analysis to determine the
variability profile of the star. Data from the AAVSO International Database,
the All-Sky Automated Survey, The Amateur Sky Survey, and co-author Arne
Henden were used. The period of variation has been found to be 123.6 days +
2.1 days. The amplitude of this variation is not constant; it changes with time
between approximately 0.4 and 1.0 magnitude. There were no indications of
a longer secondary period, though there has been observed an instance of a
transient period of variation on a shorter timescale of about 40 days. There was
no evidence found of periodic variation of the color differences.

1. Introduction

This paper arose as a result of a message, on the Citizen Sky distribution
list, from co-author Henden, who is Director of the AAVSO. Over the course of
his many years as an observer, he had accumulated a list of about forty projects
which would be suitable for an experienced amateur astronomer or student.
Co-author Terziev, who is an undergraduate Astronomy and Physics major,
was looking for such a project. Since he had some experience in analyzing red
semiregular variables, this project on EV Aquarii (R. A. 21* 06™ 17.87¢, Dec.
+00° 52' 43.9" (J2000)) seemed promising. Henden’s file on this star (Henden
2011) included over a decade of email correspondence and observations.

This variable was initially called CSV 5342 and a finding chart was
published in 1971 (Tsesevich and Kazanasamas 1971). There followed a series
of confusions that often arise in variable star research, including a rather small
and complex finder chart that may have led to a misidentification and inclusion
in the second edition of the Catalog and Atlas of Cataclysmic Variables
(Downes et al. 1997). Finally in 1999, Henden obtained observations which
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confirmed that the star was a red (B—V = +1.5) variable with a small amplitude
and a longish period. He also provided a comparison star sequence for other
observers to use.

Several sources of observational data were used in order to determine the
variability profile and calculate the period of the star. One set of observations
came from the American Association of Variable Star Observers (AAVSO),
containing both Visual and F-band measurements. Another was obtained
from the All Sky Automated Survey (ASAS), and was imaged in the J band.
Observations of V~/ color indices from The Amateur Sky Survey (TASS) were
also used. Finally, we used Henden’s personal observations, which were of the
V-band magnitude and of color indices. Figure 1 shows light curves constructed
from these datasets.

2. Discussion

We used two methods to analyze the data. The first was standard Fourier
analysis of the data to produce frequency spectra of each dataset, using
Periobo4 (Lenz and Breger 2005). The second was self-correlation analysis,
which involves calculating the average differences in magnitude between all
pairs of points in the dataset, and grouping them into bins according to the
separation in time between the points. Points that are separated by multiples of
the period manifest as minima in a self-correlation diagram. For a more detailed
description of self-correlation analysis, consult Percy and Mohammed (2004).

To determine the period, we combined all of the /-band datasets, and
performed Fourier analysis of the V-band and Visual observations. The spectra
are presented in Figure 2.

The frequency of the most prominent peak in the Fourier transforms of
each band gave us estimates of the period of 123.5 days + 3.6 days (J band)
and 123.7 days + 2.6 days (Visual). The errors in frequency were calculated as
the Half Width Half Max of the main peak, expressed as percentage errors in
terms of the frequency of maximum amplitude, and the same percentage errors
were applied to the corresponding period lengths. We calculated an average
period, weighing each of the values we obtained by the inverse of their error.
The average period was 123.6 days + 2.1 days. Note that there are additional
peaks of considerable amplitude on either side of the main frequency. However,
they are separated from the main frequency by approximately 0.0027 (1/365)
cycle per day. They are, in all likelihood, 1 cycle per year aliases of the main
frequency. The alias structure responsible for the additional peaks can be seen
in the spectral windows included in the same figure. Additionally, the frequency
of maximum amplitude is actually double-peaked in the transforms of both the
V' band and Visual data. The companion peaks are at periods of 131.2 days + 3.4
days (V' band) and 129.7 days + 3.1 days (Visual).
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It can be seen in the light curves (Figure 1) that, while the star remains
mostly periodic over the span of the observations, the amplitude of the brightness
variations is not constant in time, and neither is the median magnitude around
which the brightness oscillates. This implies that there could possibly be a
longer period which governs these factors. Typically, the longer (secondary)
period would be of the order of 10 times the shorter period (Nicholls et al.
2009). However, there are no prominent peaks in the Fourier transforms (Figure
2) at such low frequencies. We also performed self-correlation analysis looking
for such secondary periods, and found none (Figure 3).

Since the amplitude of variation does not appear constant (it varies between
approximately 0.5 magnitude and 1.0 magnitude in the light curves), we split
the data into intervals of about 1,000 days (based on observational gaps), and
calculated the amplitude in each interval separately. We were unable to use
the AAVSO Visual data for amplitude determination, since the spacing of
observations left gaps in the self-correlation diagrams, making the extrema hard
to distinguish. The self-correlation diagrams of the V-band data can be seen in
Figure 4. The repeating minima show that the periodic component of variation
is very coherent. It is also possible to determine the average observation error of
each dataset using self-correlation. Extrapolating the delta magnitudes to a delta
time of 0 day would give us an approximation for the measurement error. We
discovered that the AAVSO F-band data were accurate to about 0.05 magnitude,
the AAVSO Visual data to about 0.15 magnitude, the ASAS V-band data to
about 0.07 magnitude, and Henden’s V-band data to about 0.01 magnitude.

To determine the amplitude from a self-correlation diagram, we took the
average value of the maxima in the diagram and subtracted the average value of
the minima. This difference is approximately 0.9 of the full amplitude of variation
of the star. The values for the amplitude we obtained are summarized in Table 1.

We created phase diagrams using the average period we calculated (Figure
5). Again, the data were split into intervals of about 1,000 days to avoid excessive
amplitude changes within each interval. The phase diagrams of each segment of
observations show amplitudes similar to those obtained from self-correlation.

It should be noted that we found an instance of EV Aqr exhibiting transient
periodic behavior on a shorter timescale. Figure 6 presents a light curve of a
single observation season lasting approximately 250 days. During this season,
there is an obvious cyclic behavior with a period of about 40 days. The self-
correlation diagram in the same figure confirms this. The shorter period cannot
be found in either the previous or the next observation season, so it must have
been short lived.

We used 2MASS multiband observations (Skrutskie et al. 2006) and
Henden’s data to determine the star’s colors. From Henden’s data, we determined
that the star’s approximate colors are: U-B =+1.2, B-V=+1.5, ’-R=+1.4 and
R-I=+1.9. The 2MASS observations with A-quality flags revealed that the
average J—K color is +0.7. These values are typical of stars of this type; it is
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almost certainly an M giant. Henden had also taken time series B—V data, and
we used V—/ data from TASS. In Figure 7, we have plotted a phase diagram of
Henden’s observations from JD 2451810 to 2452172, comprising about three
cycles of the main period. The observations are phased to our calculated average
period of 123.6 days. The V- phase diagram (phased to the same period) is also
shown. The V—I colors were observed between JD 2452870 and 2453322, which
is a length of time equal to about 3.7 cycles of variation. As Figure 7 reveals, the
color differences are most likely random and do not vary systematically like the
brightness does.

3. Conclusion

In summary, we found EV Aqr to be variable with a strong periodic
component. The period of variation is 123.6 days + 2.1 days. The amplitude of
variation changes with time between about 0.4 and 1.0 magnitude. We found
no conclusive indication of a longer secondary period. Such a period could
potentially exist, but may be longer than the span of our data. We found that the
star sometimes exhibits shorter transient periodic behavior. The star varies by
about 0.1 in (B—VF), but does not do so periodically.
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Table 1. Summary of measured amplitudes of variation of EV Aqr.

Observation Period (JD) Amplitude (d)

2451800-2453000 0.99
2453100-2454100 0.51
2454200-2455200 0.45
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Figure 1. EV Aqr light curves: ASAS V-band data (open circles); AAVSO
V-band data (triangles); Henden data (diamonds); AAVSO Visual data (plus-
signs).
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Light Curve of the Eccentric Eclipsing Binary GSC 3152-1202
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Abstract A complete light curve of this eccentric (~2.094d) eclipsing
binary system has been determined, in B, V, and R bands. The primary and
secondary minima are slightly different in depth, and the color index does not
change during either primary or secondary eclipse. Newly-determined times of
minimum confirm the previously-suspected rapid change in the orbital phase of
the secondary minimum, implying significant apsidal motion.

1. Background

The star GSC 3152-1202 (J2000 coordinates: R.A. 20" 27™ 17.3%, Dec. +37°
56'26")isidentified as an eccentric-orbiteclipsing binary in the catalogue of Bulut
and Demircan (2007) on the basis of observations reported by Otero et al. (2006).

Kozyreva et al. (2009) reported V-band differential photometry light curves
of the primary and secondary eclipses and times of both primary and secondary
minima. They concluded that: the two stars must be nearly identical in terms
of temperature and size; as inferred from the displacement of the secondary
eclipse from the 0.5 phase, the orbit is eccentric; and their T ;| timings provide
evidence for rapid change in the orbital phase of the secondary eclipse in the
intervening decade between their observations and Otero’s.

Broadband SuperWASP photometry (Pollaco et al. 2006) captured eclipses
of this system, but no analysis of their times of minimum light has been
reported.

Shortly before the preparation of this paper, Bloomer et al. (2011) published
several recent times of minimum (including one that was also observed for this
study).

Considering the rapid apsidal motion and the lack of absolute photometry,
it seemed worthwhile to record the complete light curve in three bands (B,
V, and R), and to make additional measurements of the times of minima to
support future modeling of this system. To that end, nineteen nights during
July—September 2010 were devoted to photometry of this target at the author’s
Altimira Observatory.

2. Observations

All observations were made at Altimira Observatory, Coto de Caza,
California, using a 28-cm (=11-in) Schmidt-Cassegrain telescope operating at
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/76.3, an SBIG ST-8XE CCD imager (non-anti-blooming), and photometric B-,
V-, and R-band filters from Custom Scientific. The image scale is 1.1 arcsec/
pixel, and typical seeing was between 2 to 3 arcsec. For each observing session,
the filter wheel was cycled to provide an imaging sequence of R-R-V-V-B-B for
four to eight hours per night. Exposure durations were one minute in R-band,
two minutes in V-band, and five minutes in B- band. These provided typical
signal-to-noise ratio (SNR) on the target of about 125:1 in V- and R- bands, and
50:1 in B-band. Comparison stars were all somewhat brighter than the target,
hence presented higher SNR.

All images were examined for problems such as poor tracking, poor focus,
cosmic ray hits, or aircraft trails affecting the stars of interest, and problematic
images were not used in the photometric analysis. Also, any images exposed
at high air mass (X > 2) were removed from the analysis. Many nights were
“non-photometric,” but the overall consistency of the results demonstrates
that modest light pollution and high (or variable) extinction did not adversely
affect the resulting differential photometry. The target field, identifying the
comparison stars used, is shown in Figure 1.

Comparison star colors and standard magnitudes were assessed in two
ways: 1) On two clear and stable nights at Altimira Observatory, the target field-
of-view, one or two Landolt fields, and the AAVSO field of M-27 (at essentially
the same air mass as the target) were imaged. Using the known transforms
for Altimira Observatory, the standard magnitudes of the comparison stars
were determined. 2) The “Big Mak” telescope at Tzec Maun Observatory,
New Mexico Skies, near Mayhill, New Mexico, was used to image the target
field and two Landolt fields, to calibrate the comparison stars. The resulting
comparison star properties are given in Table 1.

Differential photometry (using the ensemble of comparison stars) was done
with the software package MPO CANOPUS/PHOTORED using a circular measuring
aperture of 13 pixels diameter (= 14 arc-sec), and sky annulus surrounding
the measuring aperture. The stability of the comparison stars was checked by
intercomparing them throughoutthe observing season. Comparisonstars 1,2, 3,
and 5 showed no evidence of variability throughout the duration of this project.

Instrumental-band photometry (“var-comp”) was translated into standard
B-, V-, and R-band magnitudes by use of the calibrated comparison star
magnitudes and colors, and the known transformation coefficients of the
Altimira Observatory equipment (previously determined by reference to
Landolt standard star fields).

3. Times of Minimum
In the course of this observing campaign, three primary minima and one

secondary minimum were recorded. The times of minimum based on the
method of Kwee and vanWoerden (1956) are given in Table 2.
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Light curve data for this star were extracted from the recently-released
SuperWASPdatabase(Buttersetal. 2010) forthreenightsthatcontaineclipses(two
primary and one secondary eclipse). From these data, the times of minimum light
were determined using the Kwee-vanWoerden method, and are given in Table 3.

4. O—C evidence

Otero et al. (2006) reported P| = 2.09372 d, HID, , 1= 2451478.596
(UT date = 1999-10-27), and indicated that the orbital phase of the secondary
minimum was ¢@__ = 0.489; however, they also noted that their reported HID,
might refer to the secondary minimum. Based on Kozyreva’s data and the
data presented here, it appears that Otero’s HID . | was, indeed, the primary
minimum. From these data a reference time was establishedfor secondary
minima as HID, . =HID_ . +0.489 P  ~=2451479.6198.

Kozyreva et al. (2009) reported one primary and one secondary eclipse,
whose times of minimum are given in Table 4; they observed that @ = 0.5475,
based on their recommended period P = 2.093731.

To display the changing orbit, all of these times of minima were compared to
an ephemeris based on the Otero times of minimum and the period determined
by Kozyreva.

The resulting O—C curve is shown in Figure 2. It confirms Kozyreva’s key
result, that the phase of secondary minimum is changing quite rapidly. Kozyreva
et al. explain this by rapid apsidal motion in the system. Times of minimum that
were taken within a couple of months of the times determined in this study were
recently reported by Bloomer et al. (2011), and are also included in Figure 2.

5. Light curve

Using the calibrated colors and magnitudes of the comparison stars and
the known photometric transforms of Altimira Observatory, the ensemble
differential photometry was transformed to standard B, ¥, and R magnitudes,
and phased to the orbital period. The resulting light curves are shown in
Figure 3. Note that the eclipse depths are essentially the same in all bands. The
primary eclipse depth is 0.6 magnitude, and the secondary eclipse depth is ~ 0.5
magnitude in all bands (£0.05).

To determine the color index vs. phase, these light curves were binned into
bins of 0.02 phase (e.g. 0.00 to 0.02, 0.02 to 0.04, and so on), and the brightness
averaged in each bin. From this, the averaged [B—V] and [V-R] colors were
determined for each phase bin. The results are shown in Figure 4. There is no
sensible change in color during the eclipses: the colors are constant at [B—V] =
1.36 £ 0.06 and [/—R] = 0.83 £ 0.02.

(These are colors on the standard Johnson-Cousins system, but “as

})

measured”—no correction has been made for interstellar reddening. Considering
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the star’s position in the heart of the Cygnus Milky Way, it seems reasonable to
suspect that it may be subject to significant interstellar extinction and reddening,
which will have to be taken into account in any modeling of the system).

6. Conclusions

GSC 3152:1202 is an eclipsing binary composed of two stars of nearly-
equal temperature and nearly-equal radii in an eccentric orbit. The times of
secondary minimum display a large rate of change (i.e., changing orbital phase,
relative to the primary minimum). This might make it an interesting test system
to validate models of stellar parameters and orbital apsidal motion.
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Table 1. Comparison stars (photometry from Altimira Observatory).

Star B 4 R BV V=R
+0.05 +0.02 +0.01 +0.05 +0.02

comp 1 =GSC 3152:376 13.84 12.68 1195 1.16 0.73
comp 2 =GSC 3152:1192 1258 11.75 11.23 0.83 0.51
comp 3 =GSC 3152:1020 13.00 1242 12.04 0.58 0.38
comp 5 =GSC 3152:474 12.41 1196 11.63 0.45 0.33

Table 2. Times of minimum of GSC 3152:1202 measured at Altimira Observatory
(this study).

Primary Eclipse Times of minimum (HJD)
UT date V band B band R band average +

2010-07-14 2455391.78289  0.77598 0.78217 2455391.7803 0.005
2010-08-04 2455412.71940 0.71915 0.71829 2455412.7189 0.001
2010-08-27 2455435.75103  0.75345 0.75074 2455435.7517 0.002

Secondary Eclipse Time of minimum (HJD)
2010-09-16 2455455.74945 0.74868 0.74895 2455455.7490 0.001

Table 3. WASP times of minimum (star = 1SWASP J202717.24+375626.8).

UT Date HJD per WASP TMID + min
2007-07-11 2454292.561 0.002 I
2007-08-21 2454334.437 0.002 I
2007-10-24 2454398.371 0.002 II

Table 4. Kozyreva times of minimum.

UT Date HJD Tmin +

2009-06-21 2455004.4386 0.0002
2009-08-22 2455066.3026 0.0003
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Figure 2. O—C diagram of GSC 3152:1202 showing significant rate of change
of the times of secondary minimum. (Based on HID . = 2451478.596 +
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Abstract This paper continues the publication of times of minima for
eclipsing binary stars from observations reported to the AAVSO Eclipsing
Binary Section. Times of minima from observations made from October 2010
thru March 2011, along with a few unpublished times of minima from older
data, are presented.

1. Recent Observations

The accompanying list contains times of minima calculated from recent
CCD observations made by participants in the AAVSO’s eclipsing binary
program; the data used to determine these times of minimum are in the AAVSO
International Database. This list will be web-archived and made available through
the AAVSO ftp site at ftp://ftp.aavso.org/public/datasets/gsamj392.txt. This
list, along with eclipsing binary data from earlier AAVSO publications, is also
included in the Lichtenknecker database administrated by the Bundesdeutsche
Arbeitsgemeinschaft fiir Verdnderliche Sterne e. V. (BAV) at: http://www.bav-
astro.de/LkDB/index.php?lang=en. These observations were reduced by the
observers or the writer using the method of Kwee and Van Worden (1956). The
standard error is included when available. Column F in Table 1 indicates the
filter used. A blank indicates no filter.

The linear elements in the General Catalogue of Variable Stars (GCVS,
Kholopov et al. 1985) were used to compute the O—C values for most stars. For
a few exceptions where the GCVS elements are missing or are in significant
error, light elements from another source are used: CD Cam (Baldwin and
Samolyk 2007), AC CMi (Samolyk 2008), CW Cas (Samolyk 1992a), MR
Del (Kreiner 2004, 2011), Z Dra (Danielkiewicz-Kro$niak and Kurpinska-
Winiarska 1996), DF Hya (Samolyk 1992b), DK Hya (Samolyk 1990), EF
Ori (Baldwin and Samolyk 2005), GU Ori (Samolyk 1985), VY UMi (Otero
and Dubovsky 2004), and HT Vir (Kreiner 2011). O—C values listed in this
paper can be directly compared with values published in recent numbers of the
AAVSO Observed Minima Timings of Eclupsing Binaries series.

References
Baldwin, M. E., and Samolyk, G. 2005, Observed Minima Timings of Eclipsing

Binaries No. 10, AAVSO, Cambridge, MA.
Baldwin, M. E., and Samolyk, G. 2007, Observed Minima Timings of Eclipsing



178 Samolyk, JAAVSO Volume 39, 2011

Binaries No. 12, AAVSO, Cambridge, MA.

Danielkiewicz-Krosniak, E., and Kurpiriska-Winiarska, M., eds. 1996, Rocznik
Astron. (SAC 68), 68, 1.

Kreiner, J. M. 2004, Acta Astron., 54, 207 (http://www.as.up.krakow.pl/
ephem/).

Kreiner, J. M. 2011, Lichtenknecker-Database of the BAV, http://www.bavdata-
astro.de/~tl/cgi-bin/varstars_cgi

Kholopov, P.N.,etal. 1985, General Catalogue of Variable Stars,4th ed., Moscow.

Kwee, K. K., and Van Woerden, H. 1956, Bull. Astron. Inst. Netherlands, 12,327.

Otero, S. A., and Dubovsky, P. A. 2004, Inf. Bull. Var. Stars, No. 5557.

Samolyk, G. 1985, J. Amer. Assoc. Var. Star Obs., 14, 12.

Samolyk, G. 1990, J. Amer. Assoc. Var. Star Obs., 19, 5.

Samolyk, G. 1992a, J. Amer. Assoc. Var. Star Obs., 21, 34.

Samolyk, G. 1992b, J. Amer. Assoc. Var. Star Obs., 21, 111.

Samolyk, G. 2008, J. Amer. Assoc. Var. Star Obs., 36, 171.

Table 1. Recent times of minima of stars in the AAVSO eclipsing binary program.

Star HJD Cycle o0-C F Observer Standard
2400000+ (day) Error (day)
RT And 55516.6920 22856 —0.0100 V  R.Poklar 0.0001
TW And 55486.7378 3994 -0.0320 V  G.Samolyk 0.0001
WZ And  55578.5457 21140 0.0540 V  K.Menzies 0.0001
XZ And 54107.5655 22199 0.1597 V  G. Lubcke 0.0001
XZ And 54107.5656 22199 0.1598 I G. Lubcke 0.0001
XZ And 55486.5740 23215 0.1737 V  G.Samolyk 0.0001
XZ And 55490.6459 23218 0.1738 V  K.Menzies 0.0001
AAAnd  50701.613: 22266 —0.073 S. Cook
AAAnd  51436.593 23052 —-0.081 S. Cook
AAAnd  52471.7390 24159 -0.0916 V  S.Dvorak 0.0003
AB And  55466.6649 58323.5 —0.0262 V  N. Simmons 0.0003
ABAnd  55485.7484 58381 —0.0265 V  G.Samolyk 0.0002
ABAnd  55498.3605 58419 —-0.0263 R L. Corp 0.0002
AB And  55506.6572 58444 —0.0269 V  N.Simmons 0.0001
AB And  55527.5660 58507 —0.0273 V  K.Menzies 0.0002
AD And  54743.5596 15961.5 —0.0563 V  G. Lubcke 0.0002
AD And  54743.5599 15961.5 —0.0560 1 G. Lubcke 0.0005
AN And 50361.617 4431 -0.008 S. Cook
BL And 50005.293 14675 —0.004 S. Cook
BL And 52504.7146 18135 —0.0031 V  S. Dvorak 0.0004
BX And 55521.6166 31130 -0.0516 V  K.Menzies 0.0003
DS And 55472.6220 19129 0.0030 V  G. Samolyk 0.0002
EP And 52975.6594 25580 0.0663 V  S. Dvorak 0.0001

Table continued on following pages
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Table 1. Recenttimes of minimaofstarsinthe AAVSO eclipsingbinary program, cont.

Star HJD Cycle o0-C F Observer  Standard
2400000+ (day) Error (day)

EP And 53374.5089 26567 0.0616 V  S.Dvorak 0.0002
GZ And  50749.627 -5739  —0.002 S. Cook
GZ And  53000.502 1640.5 0.001 S. Dvorak 0.002
GZ And  55614.3426 10210 —0.0010 C. F.Rivero  0.0004
RX Ari 55500.7173 16610 0.0597 R. Poklar 0.0002
SS Ari 55477.7559 40517 —-0.2818 G. Samolyk  0.0001
SS Ari 55498.6653  40568.5 —0.2811 R. Poklar 0.0002
RY Aur 55486.8022 6310 0.0220 G. Samolyk  0.0001
SX Aur 55543.6794 12711 0.0145 R. Poklar 0.0001
SX Aur 55612.6544 12768 0.0149 G. Samolyk  0.0003
TT Aur 55478.8692 25689 —0.0166 K. Menzies  0.0001
TT Aur 55541.5097 25736 —0.0147 L. Corp 0.0003
WW Aur 55607.5887 8975 0.0019 G. Samolyk  0.0001
AP Aur 55584.6630 23080 1.3215 R. Poklar 0.0002
AP Aur 55647.5811  23190.5 1.3305 K. Menzies  0.0004
AR Aur  55639.6022 4169 —0.1245 G. Samolyk  0.0005
CL Aur 55477.9579 18090 0.1421 G. Samolyk  0.0006
CL Aur 55527.7325 18130 0.1421 K. Menzies  0.0004
CL Aur 55532.7114 18134 0.1436 R. Poklar 0.0001
EMAur  55540.6776 13474 —-1.1094 R. Poklar 0.0006
EMAur  55540.6802 13474 —1.1068 K. Menzies  0.0005
EP Aur 55527.6501 49438 0.0146 K. Menzies  0.0002
EP Aur 556393476 49627 0.0116 C. F.Rivero  0.0001
HP Aur 55596.5852 9024.5 0.0600 G. Samolyk  0.0003
HUAur  52279.6238 18162 —0.0238 S. Dvorak 0.0002

S

L

K

<

HUAur  52372.5540 18228 —0.0223 . Dvorak 0.0001
IM Aur 55541.6150 12047 —0.1064 . Corp 0.0010
TUBoo  55629.6569 69578.5 —0.1362 .Menzies  0.0004
TUBoo  55647.8175 69634.5 —0.1357 K. Menzies  0.0002
TZ Boo 55611.7557  53771.5 0.0674 G. Samolyk  0.0002
TZ Boo 55648.7537 53896 0.0687 K. Menzies  0.0003
UWBoo 55639.7611 13173 —0.0073 G. Samolyk  0.0001
AD Boo  55605.7757 13700 0.0285 K. Menzies  0.0004
AR Boo  55597.7114 45441 0.0416 L. Corp 0.0001
CK Boo  50554.656 21562 0.034 S. Cook

CK Boo  53087.8032 28694.5 0.0728 V  S. Dvorak 0.0003
ET Boo 54623.8123 =556  —0.0007 R  R.Buchheim 0.0005
ET Boo 54623.8126 =556  —0.0005 V  R.Buchheim 0.0005
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Table 1. Recenttimes of minimaofstarsinthe AAVSOeclipsingbinary program, cont.

Star HJD Cycle o0-C F Observer Standard

2400000+ (day) Error (day)

ET Boo 54624.7791 -554.5 -0.0016 V Buchheim 0.0005

ET Boo 54624.7803 -554.5 -0.0003 R Buchheim 0.0005

SV Cam  55533.6751 21817 0.0528 V Poklar 0.0001

AL Cam  55589.6607 21966 —0.0327 V Poklar 0.0001

AS Cam  50188.635 2910 —0.005 Cook

AS Cam  50562.597: 3019 -0.019 Cook

AS Cam  50833.640 3098 —-0.023 Cook

AW Cam 50180.603 14834 —0.007 Cook

AW Cam 50858.619 15713  —0.005 Cook

AW Cam 51924.623 17095 —0.003 Cook

CD Cam  55544.7090 3640.5 -0.0022 V Poklar 0.0006

NR Cam 556163686 15736 0.0052
NR Cam  55638.3754 15822 0.0059
AD Cnc  52403.600 32578.5 —0.0178
AD Cnc 526459121 334355 —0.0123
AD Cnc  53326.8873 35844 —0.0122
SX CMa 55639.6093 16958 0.0357
TUCMa 55588.6974 25369 —0.0098
TUCMa 55631.5533 25407 —0.0105
UUCMa 55586.7133 5072 -0.1066
XZ CMi  54167.6029 20254 —0.0064
XZ CMi  54167.6029 20254 —0.0064
XZ CMi  55585.6890 22704 —0.0036
XZ CMi  55611.7354 22749 —0.0036
YYCMi 55583.7056 25192 0.0143
ACCMi  55577.7013 4150 0.0016
AK CMi  55579.6905 22050 —0.0214
AK CMi 556413732 22159 -0.0215
AM CMi 55621.6882 29805 0.1965
TV Cas 52938.5642 4599 -0.0164
TV Cas 54040.6301 5207 -0.0086
TV Cas 54736.6526 5591 -0.0228
TV Cas 54736.6526 5591 -0.0228
TV Cas 55510.6300 6018 —-0.0237
TV Cas 55510.6303 6018 —-0.0234
TV Cas 55539.6310 6034 —-0.0243
TV Cas 55539.6319 6034 -0.0234
TV Cas 55539.6329 6034 -0.0224

F. Rivero  0.0003
F. Rivero  0.0002
Dvorak 0.010

Dvorak 0.0006
Dvorak 0.0003
Samolyk  0.0002
Poklar 0.0002
Samolyk  0.0004
Poklar 0.0002
Lubcke 0.0004
Lubcke 0.0005
Poklar 0.0001
Samolyk  0.0002
Poklar 0.0003
Poklar 0.0002
Poklar 0.0001
F. Rivero  0.0001
Poklar 0.0005
Lubcke 0.0001
Lubcke 0.0001
Lubcke 0.0001
Lubcke 0.0001
Lubcke 0.0001
Lubcke 0.0006
Lubcke 0.0003
Lubcke 0.0003
Lubcke 0.0003
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Table 1. Recenttimes of minimaofstarsinthe AAVSO eclipsingbinary program, cont.

Star HJD Cycle o0-C F Observer Standard

2400000+ (day) Error (day)

AB Cas 55527.6444 9374 0.1067 V  R.Poklar 0.0001

CW Cas  55492.6714 43468.5 —0.0577 V  K.Menzies 0.0003

CW Cas  55503.6704 43503 -0.0595 V  R.Poklar 0.0003

DN Cas 50842.660 4091 -0.028 S. Cook

DN Cas 51466.618: 4361 —0.028 S. Cook

DO Cas 50427.589 24101  —0.006 S. Cook

DO Cas 50848.658 24716  —0.007 S. Cook

DO Cas  54096.7199 29460 —0.0007
GT Cas 55478.6633 9411 0.1929
IR Cas 55519.6688 19327 0.0081
IT Cas 55485.6401 6858 0.0627
OR Cas 55517.6889 9077 —-0.0243
V364 Cas 55539.6582 13743 —0.0233
V380 Cas 55479.6565 21981 —0.0663
SU Cep 55478.5844 32342 0.0050
SU Cep 55486.6964 32351 0.0044
SU Cep 55523.6550 32392 0.0056
WZ Cep 55531.6427 65855.5 —0.1008
TT Cet 55486.8004 47208 —0.0641
TT Cet 55508.6689 47253 —0.0636
TW Cet  55486.7429  41386.5 —0.0263
TW Cet  55513.6749  41471.5 -0.0267
TX Cet 55514.6843 16781 0.0098
RW Com 55572.8347 65518 —0.0103
RW Com 55594.6706 65610 —0.0102
RW Com 55596.8072 65619 —0.0097
RW Com 55628.6115 65753 —0.0098
RW Com 55637.3927 65790 —0.0104
RW Com 55642.3773 65811 —0.0100
RW Com 55646.4119 65828 —0.0103
RZ Com 55645.5991 61470.5 0.0438
SS Com  55622.7055 74176.5 0.7371
SS Com  55640.6625 74220 0.7377
CCCom 55560.9109 72625 —-0.0132
YYCrB  53823.7658 3515 0.0017
YYCrB  53835.8107 3547 -0.0031
YYCrB  53875.7299 3653 0.0013
AE Cyg  55485.7040 11246 —0.0040

V. Petriew 0.0001
K. Menzies  0.0006
R. Poklar 0.0001
G. Samolyk  0.0003
R. Poklar 0.0002
R. Poklar 0.0002
G. Samolyk  0.0002
G. Samolyk  0.0001
N. Simmons  0.0002
R. Poklar 0.0001
R. Poklar 0.0003
G. Samolyk  0.0001
R. Poklar 0.0001
G. Samolyk  0.0001
R. Poklar 0.0002
R. Poklar 0.0002
K. Menzies  0.0002
L. Corp 0.0001
K. Menzies  0.0002
K. Menzies  0.0001
C. F. Rivero 0.0001
C. F. Rivero 0.0002
C. F. Rivero  0.0003
G. Samolyk  0.0001
K. Menzies  0.0003
K. Menzies  0.0003
K. Menzies  0.0001
V. Petriew 0.0001
V. Petriew 0.0008
V. Petriew 0.0002
C. Hesseltine 0.0003
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Table 1.Recenttimes of minimaofstarsinthe AAVSOeclipsingbinary program, cont.

Star HJD Cycle o-C F Observer Standard
2400000+ (day) Error (day)

CG Cyg  55044.6620 24748 0.0624
MY Cyg  55479.6219 5401 -0.0017
V346 Cyg 55479.6802 7215 0.1506
V387 Cyg 55478.5986 42918 0.0213
V387 Cyg 55487.5663 42932 0.0207
V704 Cyg 55485.7342 30745 0.0307

H. Gerner 0.0001
G. Samolyk  0.0005
G. Samolyk  0.0002
G. Samolyk  0.0001
K. Menzies  0.0002
N. Simmons  0.0004

V836 Cyg 50977.9323 9373 0.0094 J. Roe 0.0003
V836 Cyg 50981.8506 9379 0.0073 J. Roe 0.0005
V836 Cyg 55477.3420 16259 0.0227 L. Corp 0.0006

YY Del 55485.6209 15794 0.0107
FZ Del 55507.5453 30877 —0.0392
MR Del  54684.8884 4187.5 0.0012
MR Del  54684.8886 4187.5 0.0014
MR Del  54688.8002 4195 0.0003
MR Del  54688.8002 4195 0.0003
Z Dra 55570.7244 4218.5 —0.0191
Z Dra 55570.7247 4218.5 —0.0188
Z Dra 55625.6971 4259 -0.0225
Z Dra 55648.7737 4276 —0.0224
Z Dra 55648.7737 4276 —0.0224
Z Dra 55648.7737 4276 —0.0224
S Equ 55485.6055 3751 0.0625
TZ Eri 55478.7646 5013 0.2963
YY Eri 55585.5665  43558.5 0.1396
YY Eri 55600.3566  43604.5 0.1409
SX Gem  55559.6336 26724 —0.0573
SX Gem 55574.6674 26735 —0.0592
SX Gem  55585.6037 26743 —0.0579
SX Gem 55611.5745 26762 —0.0578
WW Gem 55602.6179 23928 0.0193
AL Gem  55521.7569 20985 0.0718
UX Her  55648.8303 10315 0.0857
LV Her 54647.7333 44275 —0.0132
WY Hya 55634.7080 21038.5 0.0297
AV Hya  55646.6844 27763 —0.0979
DF Hya  55600.7008 38756 —0.0118
DF Hya  55611.7749  38789.5 —0.0129
DF Hya  55614.4203 38797.5 -0.0124

G. Samolyk  0.0001
N. Simmons  0.0001
. Buchheim 0.0003
. Buchheim 0.0002
. Buchheim 0.0001
. Buchheim 0.0002
Lubcke 0.0006
Lubcke 0.0006
Poklar 0.0001
Lubcke 0.0001
Lubcke 0.0001
Lubcke 0.0001
Samolyk  0.0001
Samolyk  0.0002
Samolyk  0.0001
Corp 0.0002
Menzies  0.0004
Poklar 0.0002
Menzies  0.0003
Simmons  0.0003
Samolyk  0.0002
Menzies  0.0006
Menzies  0.0002
Buchheim 0.0001
Poklar 0.0002
Poklar 0.0002
. Poklar 0.0002
. Samolyk  0.0001
.F. Rivero  0.0002
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Table 1. Recenttimes of minimaofstarsinthe AAVSO eclipsingbinary program, cont.

Star HJD Cycle o0-C F Observer Standard

2400000+ (day) Error (day)
DF Hya 55631.6114 38849.5 —-0.0127 V  G.Samolyk 0.0001
DK Hya  55639.6525 24517 0.0047 V  G.Samolyk 0.0002
VX Lac 55486.6520 9519 0.0757 V  G. Samolyk  0.0001
CO Lac 55486.5801 18125 -0.0036 V  G.Samolyk 0.0001
DG Lac 55486.6725 4975 -0.2211 V  C. Hesseltine 0.0002
UZ Leo 55625.5767 25605.5 -0.0912 R L. Corp 0.0003
VZ Leo 55560.7093 22384 -0.0626 V  K.Menzies 0.0005
VZ Leo 55561.7948 22385 -0.0670 V  K.Menzies 0.0003
VZ Leo 55608.6646 22428 —0.0632 V  R.Poklar 0.0003
WZLeo 55650.6549 17424 24968 V  G.Samolyk 0.0002
RY Lyn 55651.6262 8895 -0.0351 V  G.Samolyk 0.0001
RU Mon  55606.6494 3867.5 -0.5621 V  G.Samolyk  0.0002
XZ Mon  55596.4164 28317 0.0212 R L. Corp 0.0001
BB Mon  55591.6552 39457 —0.0042 V  R. Poklar 0.0002
BM Mon 55597.3744 22605 0.0489 R L. Corp 0.0001
V456 Mon 55597.4760 14349 -0.1337 R L. Corp 0.0001
V508 Oph 55646.6092 30639 —0.0199 V  C.F Rivero 0.0002
EF Ori 55631.5972 2026 0.0048 V  G.Samolyk 0.0004
EQ Ori 55572.7029 13822 -0.0400 V  R.Poklar 0.0001
ER Ori 55548.7048 32882 0.0937 V  N.Simmons 0.0001
ER Ori 55589.5589  32978.5 0.0899 V  K.Menzies 0.0002
ER Ori 55611.5805  33030.5 0.0947 V  G.Samolyk 0.0001
ET Ori 55612.6918 30421 -0.0031 V  G.Samolyk 0.0002
FH Ori 55581.7207 13798 -0.3720 V  R.Poklar 0.0006
FT Ori 55528.7170 4501 0.0158 V  K.Menzies 0.0002
FT Ori 55569.6724 4514 0.0158 V  R.Poklar 0.0001
FZ Ori 55602.6160 28946.5 —0.0544 V  G.Samolyk 0.0001
FZ Ori 55631.6152 29019 -0.0542 V  G.Samolyk 0.0001
GU Ori 55566.6698  26550.5 —0.0491 V  R. Poklar 0.0002
GU Ori 55631.6244  26688.5 —0.0485 V  G.Samolyk  0.0002
U Peg 55502.6431 50672.5 -0.1376 'V R. Poklar 0.0002
U Peg 55511.6382  50696.5 —0.1373 'V  N. Simmons 0.0002
U Peg 55541.4310 50776 —-0.1396 R L. Corp 0.0004
UX Peg 55491.6642 9754 -0.0090 V  G.Samolyk 0.0002
BG Peg 55479.6635 5095 -1.9629 V  C.Hesseltine 0.0003
Z Per 55472.8072 3211 -0.2383 V  G.Samolyk 0.0001
RT Per 55504.7051 26052 0.0697 V  R.Poklar 0.0001
ST Per 54102.6182 4405 0.2826 1  G. Lubcke 0.0003
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Table 1.Recenttimes of minimaofstarsinthe AAVSOeclipsingbinary program, cont.

Star HJD Cycle o-C F Observer Standard
2400000+ (day) Error (day)

ST Per 54102.6185 4405 0.2829
XZ Per 55501.6927 10415 —0.0541
IU Per 55506.6581 11546 0.0103
IU Per 55585.5061 11638 0.0120
IU Per 55602.6466 11658 0.0120
KW Per  55528.5748 14093 0.0120
PS Per 55594.4557 44244 0.0644
PS Per 55598.3207  44249.5 0.0674
B Per 55602.6367 3474 0.1081
UZ Pup 55607.6758  13831.5 —0.0069
AV Pup 55612.6958 43920 0.1603
AV Pup 55622.7003 43938 0.1507
CK Sge 54664.8100 3597 -0.0385
CK Sge 54681.8534 3604 —-0.0395
RW Tau  55521.6360 3553 -0.2409
RZ Tau 55525.7002 42940 0.0616
RZ Tau 55525.7002 42940 0.0616
RZ Tau 55545.6529 42988 0.0619
WY Tau  55477.7672 26092 0.0570
WY Tau  55570.5974 26226 0.0576
AM Tau  55595.6262 5060 —-0.0564
AQTau  55490.8540 21248 0.5518
AQTau  55607.5783 21344 0.5493
CT Tau 55540.7910 15201 —-0.0554
EQ Tau 55485.7443  44741.5 —0.0237
EQ Tau 55511.6870  44817.5 —0.0235
EQ Tau 55539.6771  44899.5 —0.0240
TY UMa 55611.8276 45352 0.2965
TY UMa 55639.6603 45430.5 0.2979
UX UMa 55612.7210 92438 0.0008
VV UMa 53813.6399 11636 —0.0503
VV UMa 54165.5750 12148 —-0.0537
VV UMa 54165.5785 12148 —-0.0502
VV UMa 54554.6355 12714 —0.0503
VV UMa 54554.6370 12714 —0.0488
VV UMa 55285.6625 13777.5 —0.0520
VV UMa 55285.6645 13777.5 —0.0500
VV UMa 55295.6327 13792 —-0.0488

G. Lubcke 0.0004
R. Poklar 0.0002
R. Poklar 0.0003
K. Menzies  0.0002
G. Samolyk  0.0001
K. Menzies  0.0001
. F.Rivero  0.0003
.F. Rivero  0.0006
. Samolyk  0.0002
. Poklar 0.0002
. Samolyk  0.0002
Poklar 0.0002
Buchheim 0.0007
Buchheim 0.0007
Poklar 0.0001
Menzies  0.0002
Poklar 0.0001
Simmons  0.0001
Menzies  0.0001
Simmons  0.0002
Samolyk  0.0001
Menzies  0.0003
Samolyk  0.0003
Menzies  0.0002
Samolyk  0.0002
Poklar 0.0002
Simmons  0.0001
Samolyk  0.0001
Poklar 0.0004
Samolyk  0.0001
Lubcke 0.0001
Lubcke 0.0003
Lubcke 0.0001
Lubcke 0.0005
Lubcke 0.0023
. Lubcke 0.0026
. Lubcke 0.0015
. Lubcke 0.0002
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Table 1. Recenttimes of minimaofstarsinthe AAVSO eclipsingbinary program, cont.

Star HJD Cycle o0-C F Observer Standard

2400000+ (day) Error (day)
VV UMa 55295.6329 13792 —0.0486 V  G. Lubcke 0.0001
VV UMa 55305.5993 13806.5 —0.0492 V  G. Lubcke 0.0006
VV UMa 55305.5997 13806.5 —0.0488 1  G. Lubcke 0.0002
VV UMa 55594.6425 14227 —0.0493 V R. Poklar 0.0004
VV UMa 55605.6392 14243 -0.0506 V  K.Menzies 0.0003
Z7Z UMa  55598.6593 8545 -0.0014 V  R.Poklar 0.0004
AF UMa 55592.5874 5477 0.5587 V  G.Samolyk 0.0008
AW UMa 55631.4286 24996.5 —0.0826 R L. Corp 0.0006
VY UMi 55639.5253 13413 0.0221 V  C.F. Rivero 0.0018
AH Vir 55645.4516  24123.5 0.2338 R L. Corp 0.0003
AZ Vir 55593.6159 33223.5 -0.0229 R L. Corp 0.0001
AZ Vir 55631.5554 33332 -0.0220 R L. Corp 0.0006
HT Vir 55631.5847 7681 -0.0023 R L. Corp 0.0001
NY Vir 55595.5366  53181.5 -0.0065 R L. Corp 0.0002
NY Vir 55595.5869 53182 -0.0067 R L. Corp 0.0001
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Abstract Better magnitudes and epochs have been determined for 189 of
the 379 confirmed and suspected variable stars discovered by Ross from 1925
to 1931. Accurate positions have been determined for those objects for which
unambiguous identifications had been lacking.

1. Introduction

Frank E. Ross of Yerkes Observatory published ten lists of suspected new
variable stars between 1925 and 1931 (Ross 1925, 1926a, 1926b, 1927a, 1927b,
1928a, 1928b, 1929, 1930, and 1931). These objects were detected in connection
with a search for stars of large proper motion conducted by comparing (blinking)
plates taken by Edward E. Barnard from 1904 to 1915 with second epoch plates
of similar exposure that Ross took in the period 1924—1930. The ten lists contain
379 objects. Most of the Ross variables have now been confirmed and accurate
positions determined. Nevertheless, a number of these objects have yet to be
certainly identified and it is still not known if these are indeed variables.

Many of the Ross stars were cases where an object was visible at one epoch
but not seen at the other. The plates were taken with the Bruce photographic
telescope, which actually consisted of three telescopes on the same mounting:
10-inch and 6-inch refractors for photographs and a guide telescope (Barnard
1905). Both Barnard and Ross obtained simultaneous exposures with the two
photographic instruments, and this enabled Ross to confirm that that an object
visible at only one epoch was not a plate defect. However, Ross realized that some
of his suspects visible at just a single epoch could be minor planets (Ross 1926b).
First Bedient (2003) and then Marsden (2007) were able to identify fifteen such
cases using modern orbital elements for known minor planets. Their work left
about forty of the Ross variables still unconfirmed or awaiting identification.

While engaged in another project using Yerkes Observatory plates, we
discovered Ross had marked his variable discoveries on the plates he utilized.
Shortly thereafter, we came across a box containing Ross’s original note cards for
this work. The box contained two sets of cards. The first set has a card for each
object giving the plates that were compared that led to the suspected variability,
the star number marked on the plate, the two magnitude estimates, and a finding
chart; the chart often also identifies one or more comparison stars that Ross used
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to determine his magnitudes. For many of the earlier discoveries the back of
the card contains notes showing the star was subsequently examined on other
plates or observed visually with the Yerkes 40-inch refractor. The second card
set contains the summarized information that Ross later published: assigned
variable number, 1875 coordinates, adopted magnitudes, and dates.

2. The project

Anumber of the unconfirmed Ross variables lie in crowded fields in the Milky
Way, and Ross’s coordinates are not sufficiently accurate to unambiguously identify
the correct object. Our discovery of Ross’s finding charts resolved this problem,
and we decided to re-examine the plates to obtain reliable identifications.

We elected to examine all the Ross variables, not just those needing
confirmation. This was done because in most cases these observations are earlier
than any of those archived in the variable star databases (such as that of the
AAVSO) and the expanded time range of observations may prove useful. Also,
Ross’s published magnitudes are known to be systematically 1-2 magnitudes
too bright for photographic ones (Marsden 2007), and modern sky survey data
permitted us to determine magnitudes approximately on the B system. Atthe same
time, we obtained better epochs for the observations. Ross published only the
local dates of the plates. His observing log, however, gives the local astronomical
start and end times of his exposures. Barnard’s observing log lacks the times of
his exposures, but we found he recorded his start and end times on the plates
themselves and these were recorded as we re-examined the plates.

3. Procedure

As a project evolves, a researcher gains experience and the later work
generally is carried out in a better and more systematic fashion. Our first steps
on this project quickly revealed that Ross’s early notes were less detailed and
contained more errors than those made later. We therefore began our work with
his higher-numbered variables, only returning to the initial ones once we ourselves
had gained experience with Ross’s methods (such as his notation codes). As a
consequence, while this paper presents results for the stars in six of Ross’s ten
lists, they are lists 1, 2, and 7-10. The results from work on lists 3—6 will be
published in a subsequent paper.

Our procedure was to use ALADIN (Bonnarel et al. 2000; available at http://
aladin.u-strasbg.fr/aladin.gml) to produce a sky survey print (when possible a
POSS I blue one) of the region of the Ross star. The same plate pair used by Ross
was examined and, using his finding chart, the correct star and its variability were
confirmed. The epochs of the two plates were then noted and several convenient
comparison stars adopted and used to eye-estimate the variable’s brightness on
the two plates. The comparison stars’ approximate B magnitudes were later
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obtained by averaging the values from the USNO B1.0 (Monet et al. 2003) and
GSC 2.3 (Bucciarelli ez al. 2008) catalogs and these were used to derive the B
magnitude of the variable. Finally, the star’s position was checked for known
variables and other identifications (such as IRAS sources).

4. Results

Our results are given in Table 1 for the stars in Ross’s first and second lists
and in Table 2 for the stars in his lists 7-10. The tables present the Ross number
and corresponding variable star name if a named variable, the Julian Dates
(actually JD —2400000.0) and B magnitudes for the two compared plates, and
(ifneeded) another identification. As recommended by Eastman et al. (2010),
the epochs have not been converted to heliocentric ones. Following each table
are notes for many of the stars; these give such information as errors detected in
Ross’s papers and comments on the identification.

Our magnitudes are, of course, not strictly B ones but are much closer to the
B system than Ross’s published values. He apparently used visual magnitudes for
his determinations although his plates had blue-sensitive emulsions. We estimate
our magnitudes are accurate to £0.2. The epochs have been determined from the
dates and times of mid-exposure, assuming that the recorded times were Central
Standard Time (or occasionally Pacific Time for those plates taken when the
telescope was temporarily moved to Mt. Wilson). As a check, we compared our
derived values of UT with those derived by Marsden (2007) from the best fits
of Ross’s positions to the orbits for those objects found to be minor planets; our
agreement with Marsden was excellent, confirming our time determinations.

Our results can be used to derive some general facts about Ross’s data. The
published coordinates for the stars, precessed from 1875 to J2000 and neglecting
(the usually unknown) proper motion, compared to modern precise ones show
that his positions are typically within 25 arcsec of the true location. There are a
few cases of large arc-minute errors. The difference between Ross’s published
magnitudes and our B ones varies with location on the plate and from field to
field, but on average the published values are 1.8 magnitudes brighter.

As mentioned in the introduction, Ross’s note cards contain comments for
a number of the earlier variable discoveries, including the results from visual
observations by him or his colleagues with the Yerkes 40-inch refractor. While
no doubt mainly of historical interest, this material is presented in Appendix A
(Table A) so it will not be lost.

This paper gives our results for 189 of the 379 Ross variables. Of these,
151 are named variables, seventeen are suspected variables listed in the NSV
catalog (Kholopov et al. 1982, Kazarovets et al. 1998), ten are suspects not in the
NSV, eight were observations of minor planets, two are the result of erroneous
brightness variations due to plate flaws, and one is probably an erroneous star
identification produced by a Ross copying error.
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Table 1. Identifications and improved data for Ross Variables 1-104.

Ross Note Variable First JD B Second JD B Other
(*) 2400000.0+ 2400000.0+ identification
1 BB And 18298.576 <16.9 24090.577 13.9
2 FI Per 16740.830 13.3 24144.554 152
3 AQ Per 16786.669 <15.7 24165.556 14.3
4 NSV 1436 16786.669 12.8 24165.556 16.4
5 NSV 1488 16740.830 <16.5 24144.554 15.0
6 17236.581 13.8 24195.565 13.8 GSC1 0714-00599

(plate flaw)

7 V962 Ori  17236.581 15.1 24195.565 13.8

8 CL Ori 17236.581 13.7 24195.565 15.3

9 FQ Ori 17236.581 <15.5 24195.565 12.1

10 * 16903.727 11.3 24195.673 11.2 BD-102106
(plate flaw)

11 * NSV2913 24198.628 13.3 Minor planet (449)
Hamburga

12 77 Gem  16767.799 14.8 24198.628 134
13 CD Gem  16767.799 <15.8 24198.628 13.0
14 AY Aur 16936.663 12.1 24199.550 <16.0
15 DT Ori 16900.705 <16.2 24224.595 13.0
16 * CMOri 16900.705 13.0 24224.595 14.0
17 V1796 Ori  16900.705 <16.3 24224.595 14.8
18 RX Ser 18122.720 15.0 24320.766 <16.0
19 RY Ser 19158.816 14.4 24320.766 15.4
20 SV Ser 18122.720 <15.9 24320.766 13.3
21 V405 Ser  19158.816 14.3 24320.766 <15.7
22 SX Ser 19158.816 <15.0 24320.766 13.4
23 CU Ser 19158.816 <15.7 24320.766 14.7
24 V406 Ser  18122.720 14.9 24320.766 <15.5
25 * NSV 9194 18122.720 14.6 24320.766 <16.3 2MASS 17353909-
1442210
26 V407 Ser  18122.720 14.2 24320.766 <14.4
27 AD Ser 18122.720 13.9 24320.766 16.1
28 VX Ser 18122.720 16.0 24320.766 13.2
29 * NSV 9437 19158.816 15.0 24320.766 <15.3 2MASS 17400077-
1454108
30 V408 Ser  18122.720 15.4 24320.766 <15.3
31 BGOph  18122.720 <14.0 24320.766 12.6
32 V836 Oph 18122.720 15.5 24320.766 <15.9
33 AE Ser 18122.720 13.5 24320.766 <16.2

Table continued on following pages
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Table 1. Identifications and improved data for Ross Variables 1-104, cont.

Ross Note Variable First JD B Second JD B Other
(*) 2400000.0+ 2400000.0+ identification

34 LU Ser 18122.720 <15.8 24320.766 14.7
35 FK Sgr 18122.720 13.4 24320.766 <14.8
36 * NSV 9668 19158.816 14.7 24320.766 <16.5
37 FV Ser 18122.720 <15.8 24320.766 12.7

38 * NSV 4748 24240.588 12.3 Minor planet (24)
Themis

39 * NSV 4796 24240.644 12.3 Minor planet (39)
Laetitia

40 * NSV 4849 17666.577 13.5 Minor planet (162)
Laurentia

41 V2643 Oph 17060.755 14.7 24342.679 <15.0

42 BHOph  16644.711 14.0 24384.637 12.5

43 AZ Oph 17037.920 <16.0 24354.684 14.5

44 V2090 Oph 18476.751 15.4 24354.684 15.0

45 AV Her 16644.711 <14.4 24384.637 12.4

46 V2204 Oph 16644.711 13.7 24384.637 <15.9

47 BI Oph 16644.711 11.9 24384.637 14.2

48 AG Ser 17037.920 14.0 24354.684 <16.8

49 DS Her 16644.711 <13.0 24384.637 13.2

50 BK Oph  17037.920 15.6 24354.684 12.4

51 * V648 Oph 17037.920 <15.6 24354.684 14.0

52 V652 Oph 17037.920 12.4 24354.684 <16.4

53 AX Lyr 17470.601 <16.0 24329.667 13.8

54 SV Lyr 17470.601 13.4 24329.667 16.8

55 FN Sgr 16654.831 14.0 24384.601 11.0

56 FQ Sgr 18117.785 14.4 24414.569 12.8

57 * BPLyr 17470.601 13.1 24329.667 14.8

58 V2113 Sgr 18117.785 12.6 24414.569 <14.7

59 V2130 Sgr 18117.785 14.3 24414.569 <15.9

60 Al Lyr 16621.803 <15.0 24381.656 13.7

61 DF Sgr 18117.785 14.2 24414.569 15.8

62 V925 Sgr  18117.785 <16.2 24414.569 13.4

63 * 18117.785 12.8 24414.569 15.6 Probably TT Sgr
64 * V2141 Sgr 18117.785 <15.4 24414.569 13.9

65 EN Sgr 18117.785 13.9 24414.569 154

66 * 18117.785 14.6 24414.569 15.6 2MASS 19240756-

1957360

Table continued on following pages
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Table 1. Identifications and improved data for Ross Variables 1-104, cont.

Ross Note Variable First JD B Second JD B Other
(*) 2400000.0+ 2400000.0+ identification

67 * 18117.785 14.0 24414.569 14.7 2MASS 19254760-
2131216

68 ET Sgr 18117.785 12.8 24414.569 14.3

69 * V926 Sgr 18117.785 14.1 24414.569 15.2

70 V1316 Sgr 18117.785 <15.0 24414.569 12.3

71 EX Sgr 18117.785 14.3 24414.569 12.5

72 * 18117.785 13.5 24414.569 14.5 2MASS 19363760-
1436197

73 EZ Sgr 18117.785 15.0 24414.569 13.5

74 V731 Sgr 18117.785 <14.6 24414.569 13.2

75 YZ Vul 18066.781 12.1 24381.656 15.3

76 16706.838 13.9 24407.657 15.1 2MASS 19550819+
4620450

77 * NSV 12634 16706.838 13.3 24407.657 15.9

78 NSV 12676 16706.838 13.7 24407.657 15.0

79 * NSV 12682 16706.838 15.3 24407.657 <16.4

80 V452 Cyg 17058.944 <16.3 24381.660 13.9

81 AU Vul 17755.657 13.2 24433.557 11.8

82 * V346 Cyg 17755.657 11.6 24433.557 13.2

83 AV Vul 17755.657 12.1 24433.557 11.1

84 V837 Aql 17800.655 15.2: 24414.638 12.3

85 RZ Cap 17800.655 14.0 24414.638 15.3

86 FF Cyg 17058.944 <15.4 24382.660 11.9

87 V517 Cyg 16706.838 12.9 24407.657 14.5

88 VY Aqr 17800.655 10.2 24414.638 <14.3

89 * NSV 13752 16651.818 11.8 Minor planet (115)
Thyra

90 PY Cep 16738.792 15.4 24463.560 <16.2

91 YY Cep 16738.792 <15.9 24463.560 13.7

92 RZ Cep 16738.792 12.1 24463.560 14.0

93 BH Lac 17795.595 12.8 24410.599 11.7

94 BX Cep 16682.819 13.8 24385.674 <14.4

95 0Q Cep 16681.805 14.3 24450.593 15.7

96 V397 Cas 16681.805 15.9 24450.593 14.2

97 AO And 18535.729 14.6 24475.599 134

98 Al And 18535.729 16.2 24475.599 13.7

Table continued on following pages
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Table 1. Identifications and improved data for Ross Variables 1-104, cont.

Ross Note Variable First JD B Second JD B Other
(*) 2400000.0+ 2400000.0+ identification

99 AK And  18535.729 12.6 24475.599 <15.1

100 * AL And 18535.729 13.3 24475.599 <16.8

101 V339 And 18535.729 14.3 24475.599 <16.9

102 EY And 18535.729 <15.9 24475.599 14.9

103 * 18535.729 14.4 24475.599 15.6 2MASS 23491886+
4751319

104 AMAnd  18535.729 15.0 24475.599 11.9

Notes

R4: Ross s note card has his 1925 estimated magnitude as 14, not 15 as published. Our more complete
study of this star has been published elsewhere (Brown et al. 2010).

R5: Marsden (2007) showed this suspected variable was not a minor planet observation.

R6: Ross (1927b) said the suspected variability was due to a plate defect. We confirmed the apparent
variation as due to the 1906 plate having a defect that gave an anomalously bright value. Magnitude
given here for that epoch is from the 6-inch plate.

R10: Ross (1926a) said this listing was an error. His note card has “B-132 [Barnard plate 132]
shows this star = 10 m (same as R-28); a defect in B-148 (desensitized area) accounts for its non-
appearance there.” and we confirmed this. First magnitude is from 6-inch plate.

R11: Marsden (2007) showed object seen in 1925 was a minor planet.

R16: Ross s published magnitudes are reversed from what was correctly noted on his card.
R25: Marsden (2007) showed this suspected variable was not a minor planet observation.
R29: Marsden (2007) showed this suspected variable was not a minor planet observation.
R36: Marsden (2007) showed this suspected variable was not a minor planet observation.
R38: Bedient (2003) and Marsden (2007) showed object seen in 1925 was a minor planet.
R39: Bedient (2003) and Marsden (2007) showed object seen in 1925 was a minor planet.
R40: Marsden (2007) showed object seen in 1907 was a minor planet.

R51: Date of first plate is 1905 July 10, not July 2 as published by Ross.

R57: Ross published that star was not visible on 1925 plate, but card has “not certainly visible”
and we see star faintly on plate.

R63: Ross’s published magnitudes disagree with those of the star he marked on his finding chart,
which we do not find variable. Ross’s magnitudes are consistent with this being TT Sgr, and we
suggest he miscopied his notes for the star he labeled 17 on the plate (TT Sgr) as being for the star
marked 19.

R64: Ross s published magnitudes for the two plates are reversed.
R66: Not listed in NSV catalog.

Table continued on following page
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Table 1. Identifications and improved data for Ross Variables 1-104, cont.

R67: Not listed in NSV catalog.

R69: Simbad identifies this as V926 Sgr, but R69 is not that star but 2MASS 19272423-1852224. Star
identified in Simbad as V926 is faint on our plates but does seem to vary slightly.

R72: Not listed in NSV catalog.

R74: Simbad identifies this as V931 Sgr, but R74 is not that star but likely 2MASS 19382061-
1405267.

R75: Date of first plate is 1908 June 4, not June 24 as published by Ross.
R76: Not listed in NSV catalog.
R77: Marsden (2007) showed this suspected variable was not a minor planet observation.

R79: Marsden (2007) showed this suspected variable was not a minor planet observation. Probably
2MASS 20000260+4600323.

R82: Ross s published right ascension has a 15’ error but his finding chart and our rexamination of
the plates confirms this identification.

R89: Bedient (2003) and Marsden (2007) showed object seen in 1904 was a minor planet.

RI100: Ross’s card has nv (not visible) for 1925 plate, so published magnitude should have been
<I5.

R103: Not listed in NSV catalog.

Table 2. Identifications and improved data for Ross Variables 295-379.

Ross Note Variable First JD B Second JD B Other
(* 2400000.0+ 2400000.0+ identification
295 * 19277.792 14.9 25233.567 15.5 2MASS 01563501+
4123466

296  AHAnd 19277.792  12.1 25233.567 <16.0
297  CG Her 17732.690 <15.7 25172.554 14.1
298 * AO Lyr 17732.690 12.5 25172.554 15.0
299  AZ Her 17732.690 15.9 25172.554 12.7

300 * 17732.690 14.9 25172.554 13.8 2MASS 18224071+
2931163

301 * NSV 10876 17732.690 <15.4 25172.554 14.7 2MASS 18280925+
2724041

302  APLyr 17732.690 13.0 25172.554 14.7

303 * 17732.690 16.7 25172.554 15.0 2MASS 18323706+
2709256

304 * V643 Her 17732.690 15.2 25172.554 14.1
305 ABLyr 17708.749 14.7 25169.565 12.7

Table continued on following pages
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Table 2. Identifications and improved data for Ross Variables 295-379, cont.

Ross Note Variable First JD B Second JD B Other
*) 2400000.0+ 2400000.0+ identification

306 * BU Lyr 17708.749 129 25169.565 13.3
307 * FPAql 18119.758 12.2 25173.558 14.1
308  VI213 Aql 18119.758 14.7 25173.558 <15.6
309  V8l16Aql 18119.758 14.7 25173.558 <15.7
310 * NSV 11971 18119.758 14.8 25173.558 <16.3 2MASS 19233640-

0215347

311  FTAql 18119.758 <15.9 25173.558 13.5

312 ZZ Aql 18119.758 15.1 25173.558 13.4

313 FWAql 18119.758 <15.3 25173.558 14.1

314 V820Aql 18119.758 <16.0 25173.558 14.1

315 V924 Aql  18119.758 15.8:25173.558 14.1

316  FSCyg 17708.749 13.0 25173.558 <14.5

317 * 18119.758 14.7 25173.558 14.7 GSC2.3
S9YZ000896

318 V601 Aql  18119.758 15.3 25173.558 13.3

319  CEAdql 18119.758 15.2 25173.558 <17.0

320 V1698 Aql 18119.758 14.4 25173.558 13.5

321  VI1715Aql 18119.758 <15.2 25173.558 13.0

322 V543 Aql  18119.758 <14.5 25173.558 12.8

323 * NSV 12985 20750.615 13.5 25171.585 <15.1

324 * NSV 13021 20750.615 14.4 25171.585<16.4

325 V363 Cyg 19217.797 <15.3 25173.558 14.3

326 * NSV 13047 19217.797 <17.0 25173.558 15.3

327  V365Cyg 19217.797 16.4 25173.558 14.2

328 * SY Cap 20750.615 14.3 25171.585 16.0

329 * NSV 13179 25171.585 14.2 Minor planet (24)
Themis

330 V518 Cyg 19217.797 15.0 25173.558 15.6
331 * NSV 13449 18502.663 <16.4 25178.551 15.7
332 V376 Cyg 18502.663 <16.3 25178.551 14.1
333 V377 Cyg 18502.663 14.6 25178.551 15.8
334 CTCyg 18502.663 16.0 25178.551 14.1
335 AK Vul 18502.663 18: 25178.551 14.2
336 * NSV 13592 18502.663 14.9 25178.551 14.8 USNO B1.0 1190-
0542073
337 V472 Cyg 18502.663 <16.3 25178.551 13.9
338 V363 Cyg 18502.663 <16.2 25178.551 13.9
339 V598 Cyg 18502.663 15.1 25178.551 <15.3

Table continued on following pages
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Ross Note Variable First JD B Second JD B Other
(*) 2400000.0+ 2400000.0+ identification

340 GSCyg 18502.663 <14.6 25178.551 12.3
341 WWAqr 20724500 <15.7 25179.801 12.0
342 DN Peg 20724.500 12.3 25179.801 11.3
343 * DM Aqr 20775.613 <14.7 25210.531 13.0
344 * NSV 14721 25210.531 13.3 Minor planet (59)
Elpis
345  TUPsc 20688.844 14.5 25255.531 13.5
346 AR And 17872.525 <14.8 24933.544 12.6
347 NSV 998  20120.566 15.4 25257.601 13.3
348 * V719 Tau 17496.782 13.4 24933.601 <14.2
349 * NSV 1797 17496.782 13.1 24933.601 <15.0

350 X Lep 17856.879 11.7 24931.569 16.3

351  STLep 17856.879 13.9 24931.569 13.2

352 * NSV 1982 24933.601 12.4 Minor planet (451)
Patientia

353 AQLep 20128.666 <15.0 25286.604 13.8
354 SYLep 20128.666 <15.1 25286.604 13.0
355 VVHya 20463.893 <15.0 24934.672 13.9
356 CLLib 18448.690 14.3 25001.797 15.6
357 XX Ser 16606.688 12.5 25433.663 11.7
358  CW Her 16697.684 13.5 25388.674 12.1
359 * V854 0Oph 19160.820 15.4 25443.676 12.8
360 V856 Oph 19160.820 14.1 25443.676 <15.9
361  V8500ph 19160.820 12.7 25443.676 14.7
362 V1482 Oph 16972.857 13.7 25437.670 16.2
363 V2600 Oph 16972.857 13.4 25437.670 12.1
364 * V862 0Oph 16972.857 13.0 25437.670 <15.4
365 V1898 Oph 19160.820 <15.0 25443.676 14.3
366 * V2554 Oph 16972.857 14.2 25437.670 13.6
367 OUAgq! 17783.615 13.2 25490.658 15.1
368 * 16986.692 12.9 24993.701 13.3 2MASS 13101752-
2508253
369 V436 Hya 16986.692 13.7 24993.701 <15.7
370 CF Vir 17349.703  13.3 24998.688 15.8 IRAS 14130-0538
371 * V867 Sco  18096.723 14.3: 24999.795 12.8
372 M4V28 18096.723  14.4 24999.795 133
373 FT Ser 16693.638 14.5 24999.869 13.8
374 * CU Ser 16693.638 14.1 24999.869 <16.5
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Ross Note Variable First JD B Second JD B Other
(*) 2400000.0+ 2400000.0+ identification

375 * BD Ser 16693.638 13.9 24999.869 16.0
376 CY Ser 16693.638 15.6 24999.869 13.4
377 MV Her 18446.767 13.3 26128.747 <15.6
378 V471 Her 18446.767 15.7 26128.747 14.3
379 LU Her 18446.767 13.4 26128.747 15.1

Notes

R295: Not listed in NSV catalog. Star has different brightnesses on the two 10-inch plates, but the
second plate set does not go deep enough to confirm variability.

R298: Ross marked the star just to the east of AO Lyr on his chart but our examination of his plates
confirms AO Lyr as the variable he detected.

R300: Not listed in NSV catalog. X-ray source ROTSEI J182240.62+293115.0.
R301: Marsden (2007) showed this suspected variable was not a minor planet observation.
R303: Not listed in NSV catalog.

R304: Ross did not identify the variable on his finding chart, but V643 Her is in the center of his
charted field and confirmed as the variable on re-examination of plate pair.

R306: Date of first plate is 1907 May 12, not March 12 as published by Ross.

R307: Ross did not identify the variable on his finding chart, but FP Aql is in the center of his charted
field and confirmed as the variable on re-examination of plate pair.

R310: Marsden (2007) showed this suspected variable was not a minor planet observation.

R317: Not listed in NSV catalog and perhaps not variable. Star appears fainter on 1927 10-inch
plate than on the 1908 plate but at about the same brightness on the two 6-inch plates; examination
of other plates suggests a small variation.

R323: Marsden (2007) showed this suspected variable was not a minor planet observation.

R324: Marsden (2007) showed this suspected variable was not a minor planet observation.

R326.: Marsden (2007) showed this suspected variable was not a minor planet observation.

R328: 1927 plate was exposed for 20 minutes on October 16 and then for 71 minutes more on October
17 with images superimposed, JD refers to October 17.

R329: Marsden (2007) showed object seen in 1927 was a minor planet.

Table continued on following page
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Table 2. Identifications and improved data for Ross Variables 295-379, cont.

R331: Marsden (2007) showed this suspected variable was not a minor planet observation; object
seen by Ross is at about R.A. 20" 59" 39 Dec. +29°29.7' (J2000) but there is no obvious counterpart
on POSS images.

R336: Only a small variation but confirmed on 6-inch plates.

R343: Date of first plate is 1915 October 4, not October 11 as published by Ross.

R344: Marsden (2007) showed object seen in 1927 was a minor planet.

R348: Variable seen by Ross is not the star identified in Simbad as V719 Tau; approximate J2000
coordinates are R.A. 04" 48" 46* Dec. +25°13.8'(J2000), but no obvious counterpart on POSSimages;
position is close to radio source NVSS J044852+251452; possibly a minor planet.

R349: Marsden (2007) showed this suspectedvariable was not aminor planet observation, approximate
J2000 position is R.A. 05" 00" 30° Dec. +26° 40.3'; no obvious counterpart on POSS images.

R352: Bedient (2003) and Marsden (2007) showed object seen in 1927 was a minor planet.

R359: Ross s note card indicates the 1928 magnitude should have been published as 11, not 10.
R364: POSS images show two stars 14" apart where variable was seen, both stars are IR sources,
Simbad has the southern star identified as the variable, but Ross'’s chart seems to indicate the

northern star.

R366: Ross's published declination has a 2.5' error but his finding chart and our re-examination of
the plates confirm this identification.

R368: Not listed in NSV catalog. There are two nearby stars at Ross s indicated position but 2MASS
13101752-2508253 was confirmed as the variable.

R371: Our magnitude estimates are uncertain.
R374: This is Ross 23 rediscovered on a second plate pair.

R375: Ross s published coordinates have arc-minute errors but his finding chart and our re- examination
of the plates confirm this identification.
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Appendix

Many of Ross’s cards for his earlier discoveries contain notes showing that
additional work on these objects was carried out. The cards for his second list
of objects reveal that one suspected variable was later identified as the minor
planet (41) Daphne. Ross then realized that some of his suspects visible at just
a single epoch would be minor planets, and a number of cards have a notation
such as “variable or asteroid.” Other notes give the results from examining the
stars visually with the Yerkes 40-inch refractor.

The following table gives this supplementary material. Ross’s comments are
reproduced verbatim (omitting the common indication that the object might be
an asteroid). A “v” refers to the variable while letters (a, b, ¢) refer to comparison
stars that are indicated on Ross’s finding charts. For those cases where a visual
magnitude estimate was made, we follow the reproduced comments with the
approximate Julian Date of the observation and V magnitude, derived by using
modern magnitude values for the comparison stars.

Table A. Ross’s notes and derived V magnitude estimates.

Ross  Comments on Ross s note cards reproduced verbatim JD m(V)
2400000.0+
1 1925 Aug 31: vreddish; v=b=c 24394.6 11.7
2 1925 Dec 7: 40"; v=a+ .2 = 13+; Reddish 24492.6 11.9
3 1925 Dec 7: 40"; v = a = 13+; reddish 24492.6 13.2
4 1925 Dec 7: (40"); v=a— .2 (ftr) = 14+ 24492.6 14.8
5 1925 Dec 7: (40"); v=a=abt 14m 24492.6 12.7
6 1925 Dec 17: 40"; v=a=15m 24502.6 13.3
7 1925 Dec 17: 40"; v=a+ .2 = 14m 24502.6 13.7
8 1925 Dec 17: 40"; v=1/2(a+b) = 15m 24502.6 14.1
9 1925 Dec 17: 40"; v=a - .2 = 12%m = reddish 24502.6 114
11 1926 Jan 11: 40"; star a not vis v =b = 14m;
repeat on better night 24527.6 134
12 1926 Jan 11: 40"; vveryred=9% m;v=a+04 24527.6 10.5
13 1926 Jan 11: 40"; v = a = 14m, conditions v.p. 24527.6 13.5
14 1926 Jan 11: 40"; v not vis, but conditions v.p.;
limit being about m=14 24527.6 <13.3
15 1925 Dec 17:40"; v=15m=c¢ 24502.6 14.9

16 1925 Dec 17: 40"; v

=a Diseard-thisasvartatton 24502.6 11.7

and-a&b-donotappearto-differmuchin-

magnitade: Keep on program
17 1925 Dec 17: 40"; v not visible 24502.6 <13.5:
18 40" for a very clear night; get 8 x 10 plate at

a =17 56 § =-22.6; rich field, stars of all magn

Table continued on following page
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Table A. Ross’s notes and derived V magnitude estimates, cont.

Ross  Comments on Ross s note cards reproduced verbatim JD m(V)
2400000.0+
20 1925 June 29: v=a+.2=b+.2 24331.6 134
23 1925 June 29: v=a=b=c 24331.6 13.6
26 1925 July 20: v=a+.2=b-.3 24352.6 13.8:
27 1925 July 20: v=a 24352.6 13.9
28 1925 June 29: Slightly reddish; v=a+.1; v<b 24331.6 11.5
29 1925 July 20: v=a—.2 24352.6 14.0
37 1925 June 29: v and b are both reddish; 24331.6 11.2
v=a=b+.2

38 1926 Apr 16: 40"; Var. n.s.; condition v. poor
39 1926 Apr 16: 40"; Var n.s.—condition v. poor;
Strongly suspect this is an asteroid
40 1926 Apr 16: 40"; v. not vis—condition v. poor;
? an asteroid at s.p.
43 1925 Aug27: v=a+0.2; v=14m= 24390.6 124
44 1925 Aug 27: v=a:; v=15m 24930.6 13.8
47 Appears to be an unusual v. Seems from 3 plates of
constant magn (= 11) until 1925 July 22. In one
month it had fallen one magn. Follow closely.
48 1925 Aug 27: v not vis in 40"; sky very transparent

50 1925 Aug 27: v slightly reddish; v=a=13m. 24390.6 11.1
51 1925 Aug27: v=a—-0.1 =15m 24390.6 13.9
52 1925 Aug 27: v is not vis in 40"; sky very transp.

53 1925 Aug 31: v =b — .2 (v fainter) 24394.6 14.9
54 1925 Aug 31: v =a (est 14'%) 24394.6 13.2
55 1925 Aug 31: v =c + .2 (+ means brighter) 24394.6 113

57 1925 Aug 31: 40"; v =a - .3 fainter; = b + .2 brighter 24394.6 14.3
77 1925 Sept 24: (40"); not seen. a was just visible 24418.6 <15.9
78 1925 Sept 24: v =D or ¢ + .2 (brighter) 24418.6 11.7
79 1925 Sept 24: 40"; v=a = 15%m 24418.6 14.9
80 1925 Aug 31: (40"); v = reddish; = a + .2 (brighter) 24394.6 11.4
86 1925 Aug 31: (40"); v = very red; = a + .2 (v brighter) 24394.6 10.5
87 1925 Sept 24: (40"); v=a = 14+m 24418.6 14.3
88 Shapley says this is a nova
90 1925 Dec 7: (40"); Not visible in 40"; Not on Barnard

plate No 304, of 1905 Sept 2; Hence this is probably

an asteroid
98 1925 Dec 7: 40"; v=c 24492.6 12.5
99 1925 Dec 7: (40"); v = barely visible = 16+m; 24492.6 12.5

Shapley finds this is a l.p. variable; see his letter
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Abstract The MACHO Project collected photometry of many RR Lyrae
stars from its observations of the Milky Way’s bulge. We examined the light
curves of 3,256 stars identified as RRab Lyr variables by Kunder et al. (2008),
subtracting an empirical model of the pulsation light curve and searching for
periodic variation in the residuals. There are no systems which show the brief
dips in light characteristic of detached eclipsing binary systems. We discuss the
results for objects which show the largest residual periodic modulation, most of
which are probably due to aliases of the fundamental period.

1. Introduction

Measuring the distances to objects is one of the most fundamental tasks
in astronomy, yet it is also one of the most difficult. Among the many indirect
methods astronomers have devised for dealing with this problem is the
technique of “standard candles”: identifying a class of sources which have the
same luminosity and are easy to recognize. RR Lyrae stars fit into this category:
they vary in brightness by a considerable amount (amplitudes of order half a
magnitude) in a short time (periods of order half a day). Moreover, their light
curves exhibit a characteristic shape: a rapid rise in brightness followed by a
leisurely fall (Preston 1964; Jameson 1986; Smith 1995).

Although RR Lyr stars have become important tools for the investigation
of galactic structure, they are not as well understood as one would wish for
such fundamental calibrators. For example, we cannot compare rigorously our
models of stellar structure and their predictions for pulsation to observations,
because we do not know precisely the mass of any RR Lyr star. The reason is
simple: despite a few false alarms (Soszynski et al. 2003; Prsa et al. 2008), and
one case—TU UMa—of what may be a very wide binary containing an
RR Lyr (Wade ef al. 1999), we have found no RR Lyr stars in eclipsing binary
systems which can be studied via photometric and spectroscopic methods. The
discovery of even a few RR Lyr in eclipsing binary systems would provide a
very valuable check to our understanding of these stars and improve our use
of them as distance indicators. On the other hand, if comprehensive searches
reveal that RR Lyr stars occur in binary systems at rates far below that of other,
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similar, stars, such as the pulsating W Vir variables which have been seen in
eclipsing binary systems (Soszynski et al. 2008), we may deduce some features
of the evolutionary sequence which leads to RR Lyr stars.

2. Analysis of the MACHO photometry

We begin with the collection of data described in Kunder et al. (2008),
which includes measurements of 3,256 stars in the Galactic Bulge made during
the course of the MACHO project (Alcock et al. 1997; Alcock et al. 1999). The
data are available freely from the MACHO collaboration (http://wwwmacho.
anu.edu.au/), but we could not find the detailed description of their analysis
promised by the reference “Cook et al. (2007, in preparation).” We therefore do
not know the particular procedures used to identify these stars as RRO (= RRab)
Lyr variables, nor to determine their fundamental periods. All we have are the
results of that analysis: photometry of several thousand RRO Lyr stars in the B,
(blue) and R, (red) passbands of the MACHO project.

Each star in this dataset is listed with its Right Ascension and Declination and
a MACHO identifier of the form NNN.xxxxx.sssss, in which NNN identifies the
field, xxxxx the tile, and sssss the star within that tile. We will use this MACHO
identifier as a label for particular stars throughout this paper. The data for each
star consists of a fundamental period, a mean V-band magnitude, and a series
of measurements: the Julian Date, red magnitude and estimated uncertainty,
blue magnitude and estimated uncertainty. The mean V-band magnitudes fall
largely in the range 16 < m, < 19, but the red and blue magnitudes listed for
each measurement are on an instrumental system and lie between —5 and —8.
Figure 1 shows a histogram of the number of epochs of measurements of each
star, which is typically several hundred.

For the benefit of readers who may decide to use this database for their
own work, let us mention that some caution is required. Some measurements
ought to be discarded, for example, those marked with magnitude values of
—99 or magnitude uncertainties of 9.999. We found that others are so noisy that
they provide no significant information. Both the “crowding” and “FWHM”
attributes associated with each measurement can be used to identify data of low
significance. After examining the pattern of outliers in several test cases, we
decided to discard any measurements in which the “FWHM?” values for both
the red and blue images were larger than 6.5 pixels.

This catalogue includes measurements made over a span of seven austral
winters, starting in April 1993 and ending in October 1999, but most fields
were not observed during all seven seasons. Let us choose a single star as an
example, and follow it through our analysis. Star 101.21167.00060 is one of the
brighter stars in the catalogue, with a mean V-band magnitude of 16.34. A graph
of its photometry, Figure 2, reveals that its field was not part of the regular
observing sequence during the second season.
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The goal of this work is to seek evidence of eclipses in the light curves of
RR Lyr stars. It would be easier to find such evidence if the large variations
in light due to the RR Lyr pulsations are removed. Therefore, we created a
model for the regular RR Lyr light curve of each star and subtracted it from the
measurements, leaving the residuals for further consideration. Our method to
create the model for each star was simple: we phased the data with the period
given in the MACHO catalogue, divided the data into twenty bins of equal size
in phase, and computed the median magnitude within each bin. We assigned this
median magnitude to the phase in the middle of its bin. Finally, we interpolated
linearly between these median values to determine the magnitude at any phase.
Figure 3 shows the resulting models—one for the red magnitudes, one for the
blue magnitudes—for star 101.21167.00060.

Note that this simple approach has an obvious drawback: it does not match
the actual light curve well in places where there is sharp change, such as phase
0.7 in Figure 3. However, it does provide a reasonable model for stars with
relatively few measurements, and it handles noisy data very well.

After creating separate models for the red and blue measurements of each star,
we subtracted the model from the data, leaving a set of residual magnitudes. We
show an example of these residuals, phased with the RR Lyr period, in Figure 4.

3. Identifying eclipsing binary candidates

Having subtracted model RR Lyr light curves from the measurements of
each star in the red and blue passbands, our next task was to search for patterns
in the residuals which might indicate eclipses. There are many approaches to
this problem, in general, but given the nature of our data—very inhomogeneous
sampling with large gaps and often high noise levels—and the uncertain nature
of our expected signal—which could range from sharp, narrow dips in light to
smooth, continuous variation—we chose the “string length” method (Dworetsky
1983; Bhatti et al. 2010).

Our implementation of this technique follows closely the description given
in Bhatti et al. (2010). We generated string lengths for periods between 0.10
and 100 days, using steps equally spaced in frequency of size 0.0001 cycle
per day. For each possible period, we computed a string length separately for
the red and blue measurements, then added the two lengths to form an overall
figure of merit for that period. We set thresholds for significance following the
suggestions of Dworetsky (1983) and ignored periods which exceeded these
thresholds. We saved the periods which yielded the ten shortest string lengths
for further consideration. In addition, we computed the string length for a period
0f 9,999 days; since this was much longer than the actual span of observations,
it yielded a “phased” light curve which was simply in chronological order. Stars
with very long periods of variation would show a short string length for this
artificial period.
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The next step was to examine the results for each star visually. We created
a graphical representation of the star’s light phased with the best three periods,
as shown in Figure 5. In addition to the measurements, the graph displayed the
candidate periods, both in days and as a fraction of the star’s RR Lyr period.
A relatively quick view of this graph was sufficient to decide if any of the
candidate periods yields any significant signal, and if the candidate periods are
simply multiples or fractions of the RR Lyr period. The author examined graphs
for all 3,256 stars in the catalogue and noted those which deserved further
consideration.

Stars which did show promising signs were subjected to additional tests.
First, light curves were generated for all ten of the best candidate periods, in
order to see which candidate period looked most significant to the eye. Second,
we sometimes tried new periods, generating graphs and string lengths manually,
in order to yield a phased light curve with two maxima. For example, if the best
period P created a light curve with five maxima, we checked the period 0.4P.
When the results looked good, we replaced the best automatically generated
candidate period with the manually chosen period.

The final step was to improve the value of the best candidate period, and
to derive an estimate for the uncertainty in that period. We set a small range
around the best candidate period, extending 0.05 day in both directions, and
divided the range into 10,000 pieces. After computing string lengths for each
piece, we identified the range of periods which led to a local minimum in string
length (see Figure 6). Following the precepts of Belserene (1983) and Fernie
(1989), we fit a parabola to this local minimum and used the parameters of the
fitted curve to estimate both the period and the uncertainty in the period.

Based on a visual scan of the phased light curves of the residuals for the
best three candidate periods, we selected 25 of the 3,256 stars in the Kunder
et al. (2008) catalogue for further analysis. After additional checks, we found
that eleven stars show clear, periodic patterns in their residuals. We list these
eleven stars, which we shall call “candidates,” in Table 1. Values in the column
labelled “main period” are taken from the catalogue of Kunder et al. (2008),
while those in the column labelled “residual period” were determined by this
paper. Phased light curves of each candidate are shown in Figures 7 to 17.

4. Discussion

None of these candidates shows the sharp, narrow dips of a detached
system. We suggest two reasons to explain the absence of such stars: first, stars
with dips of large amplitude may have been excluded from the catalogue of
Kunder ef al. (2008), if that catalogue was constructed to contain only stars
with light curve shapes of an isolated RRab variable. Correspondence with the
first author of Kunder et al. (2008) suggests that this was not the case, but we
cannot dismiss it as a possibility. Second, stars with dips of small amplitude
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may have escaped our analysis due to the relatively low signal-to-noise ratio
of the individual measurements. The dataset of Kunder ez al. (2008) includes
an estimated uncertainty with each magnitude measurement. We computed
the mean value of the uncertainties for each star; the median over 3,565 stars
of all those mean uncertainties is 0.023 magnitude in the red band and 0.028
magnitude in the blue band. A system of shallow eclipses, with an amplitude
of only two or three times the typical uncertainty and involving only a small
fraction of the measurements, would not be found by our methods. The smallest
amplitude among our eleven candidates is 0.07 magnitude peak-to-peak, and
that variation involves all the measurements in the light curve, not just a few.

All the candidates have gently undulating light curves, rather than the sharp
dips of a detached eclipsing system. What might cause this sort of periodic
variation? Among the possibilities are artifacts from the subtraction of the
model light curve; aliases of the RR Lyr frequency; an additional frequency of
oscillation in the RR Lyr star; Blazhko variations in the RR Lyr star; blended
light from another variable star(s); or the orbital motion of the RR Lyr star
around a close companion. Let us examine these possibilities.

Our method for subtracting the main RR Lyr light curve from each star’s
measurements was based on a simple model made of linear segments. If the
model failed to reproduce some features properly, the subtraction would leave
a signal with the same period as the RR Lyr pulsation. Our eleven candidates
include three stars for which the residual period is within three percent of the
main RR Lyr period; we mark these in Table 1 with an “A” in the “Notes”
column. It is possible that these candidates may be due to a low-amplitude
version of the Blazhko effect, of which we say more below.

The majority of the measurements described in Kunder ez al. (2008) were
collected on a nightly basis; that is, each star was observed once per night, and
often at roughly the same time. We therefore expect to see aliases of the true
frequency w, in the measurements with frequencies

W =| wOinsample| (1)

alias

where Opre = 1 day ! and N is some small integer. We computed the alias
frequencies for all candidates using N = 1 and 2, and compared them to the
frequencies of the residual variations. We found two cases in which the residual
frequencies were within one percent of the main RR Lyr frequency (marked
“B” in Table 1, two more cases within two percent (marked “C”’) and one more
case within three percent (marked “D”).

Some RR Lyr stars are known to oscillate at two frequencies; these double-
mode stars always have a ratio of periods P, / P, ~ 0.746 (Nemec 1985;
Szczygiel and Fabrycky 2007). None of our candidates have periods in their
residuals which yield this ratio with the periods listed in Kunder et al. (2008).
The lack of such double-mode pulsators may not be unexpected, since they
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appear to be very rare in the central regions of our Milky Way; Mizerski (2003)
found only three such stars among a sample of 1942 RRab and 771 RRc stars
observed near the center of the Milky Way in the OGLE-II database (Udalski
et al. 1997). Their absence may also be a reflection of the selection criteria used
by Kunder ef al. (2008) to create the catalogue of RR Lyr stars.

Some RR Lyr stars exhibit slow changes in the shape and amplitude of
their light curves, with periods of tens to hundreds of days; this is known as
the Blazhko effect. Mizerski (2003) finds roughly twenty-five percent of all
RRab stars in a sample near the galactic center show the Blazhko effect. Could
it be responsible for any of our candidates? MACHO 124.22289.00461, with a
residual period of just over 17 days, is the only candidate for which this seems
a possibility. Unfortunately, since the main RR Lyr period is almost exactly
half a day, the measurements made during each observing season cover only a
small range in phase; thus, we cannot see if the shape of the light curve changes
over this 17-day interval. The three stars marked with an “A” in Table 1 have
residual periods which could be produced by Blazhko-like periods of 15 to
50 days beating against the main RR Lyr period; however, we examined the
phased light curves of these stars over each season and see no strong evidence
of Blazhko variations.

The MACHO study area in the galactic bulge was, by design, chosen to
have a very high stellar density. If the density is high enough, we may expect
that blends of unrelated foreground or background variable stars may cause
periodic signals in the residuals of RR Lyr light curves. Let us perform a very
quick quantitative check on this idea. We examined one of the fields in this
area, number 102, counting all the stars in the MACHO database (not just the
variable ones) as a function of apparent V-band magnitude. Since the typical
FWHM in these measurements is 3.5", a rough estimate of the area of the seeing
disk is about ten square arcseconds. We find that, on average, there are 1.8 stars
with 7 < 20.1 in each seeing disk, and about 0.5 star with /" < 18.1. The
RR Lyr stars in the catalogue of Kunder (2008) range roughly 16 < V< 19, so
indeed a significant fraction of all the RR Lyr stars in the catalogue must be
contaminated by light from nearby stars at a level of 0.1 magnitude. It may
in fact be surprising that we find so few objects with periodic variations in
their residuals; however, since we do not know the details of the process by
which RR Lyr stars were selected from the MACHO database, we cannot
comment further.

Could any of the candidates be due to the effects of a binary companion
of the RR Lyr star? If two stars orbit each other with a separation which is
only slightly larger than their combined radii, their shapes may grow distorted
enough that they produce a gently undulating light curve, even in the absence
of eclipses. An RR Lyr star of mass 0.7 M with a companion of equal mass
in a circular orbit of period 2 days would have a separation of about 7 R .
The radius of a typical RR Lyr star varies from about 4 R to 6 R (Sodor
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et al. 2009), leaving little room for a companion. If an RR Lyr star did orbit a
more compact companion with a period in this range, it would surely be greatly
distorted, and so liable to vary in brightness as it moved in its orbit. Whether
an RR Lyr star would have stable pulsations in such a close orbit is beyond the
scope of this paper. Note that in this situation, the period listed in Table 1 would
be half of the orbital period.

5. Conclusion

We conclude that our search through a sample of 3,256 RRab Lyr stars
failed to find any detached eclipsing binary systems, and very likely failed to
find eclipsing systems of any sort with amplitudes of > 0.07 magnitude. The
implied disjunction between stars pulsing in the fundamental RRab Lyr mode
and stars in binary systems may provide clues to the evolution of RRab Lyr
stars. Our simple technique for removing the ordinary variation of light in order
to seek some signal in the residuals would be well suited to the more sinusoidal
variations of RRc Lyr stars, many of which can be found in the catalogues of
Soszyniski et al. (2009) and Soszynski ef al. (2003).
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Figure 1. Number of epochs of measurements for stars in the MACHO Bulge
RRO Lyr catalogue.
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Figure 2. Photometry of one bright star. From raw measurements in the MACHO
RRO Lyr catalogue: star 101.21167.00060.
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Figure 3. The model light curves for one bright star. Light curve of star
101.21167.00060, phased with catalogue RR Lyr period.
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fit to light curve of star 101.21167.00060.
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Abstract This research aims to secure precise distances for cluster d Scuti stars
in order to investigate their properties via a '/ Wesenheit framework. Deep JHK |
color-color and zero-age main sequence (ZAMS) relations derived from ~ 700
unreddened stars featuring 2MASS photometry and precise Hipparcos parallaxes
(d <25 pc) are applied to establish distances to several benchmark open clusters
that host & Scuti stars: Hyades, Pleiades, Praesepe, a Persei, and M67 (d = 47
+2,138+6, 183 £8, 171 =8, 815 + 40 pc). That analysis provided constraints
on the § Sct sample’s absolute Wesenheit magnitudes (W), evolutionary
status, and pulsation modes (order, n). The reliability of JHK established cluster
parameters is demonstrated via a comparison with van Leeuwen (2009a) revised
Hipparcos results. Distances for seven of nine nearby (d <250 pc) clusters agree,
and the discrepant cases (Pleiades and Blanco 1) are unrelated to (insignificant)
T — (J-K)) variations with cluster age or iron abundance. JHK_ photometry is
tabulated for ~ 3 x 10° probable cluster members on the basis of proper motions
(NOMAD). The deep JHK photometry extends into the low mass regime (~ 0.4
M,,) and ensures precise (< 5%) ZAMS fits. Pulsation modes inferred for the
cluster § Scuti stars from V7 Wesenheit and independent analyses are comparable
(+ n), and the methods are consistent in identifying higher order pulsators. Most
small-amplitude cluster 8 Scuti stars lie on ¥/ Wesenheit loci characterizing n
> 1 pulsators. A distance established to NGC 1817 from 0 Scuti stars (d = 1.7
kpc) viaauniversal '/ Wesenheit template agrees with estimates in the literature,
assuming the variables delineate the n> 1 boundary. Small statistics in tandem with
other factors presently encumber the use of mmag 0 Scuti stars as viable distance
indicators to intermediate-age open clusters, yet a V' Wesenheit approach is a
pertinent means for studying 8 Scuti stars in harmony with other methods.
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1. Introduction

d Sct variables are unique among standard candles of the classical instability
strip for permitting the determination of distances to population I and II
environments fromasingle '/ Wesenheit calibration. SX Phe and other metal-poor
population II § Scuti stars lie toward the short-period extension of the Wesenheit
ridge characterizing population I  Scuti stars (Figure 3 in Majaess et al. 2010;
see also Petersen and Hag 1998). That presents an opportunity to bridge and
strengthen the distance scales tied to globular clusters, open clusters, nearby
galaxies, and the Galactic center where such variables are observed (McNamara
etal. 2000,2007; Poleski et al. 2010; Majaess et al. 2010). To that end the present
research examines O Sct calibrators associated with benchmark open clusters
via a VT Wesenheit framework, an analysis which relies on the establishment of
precise cluster distances and multiband photometry (VIJHK ).

Inthis study, infrared color-color and zero-age main sequence (ZAMS)relations
are constructed from unreddened stars in close proximity to the Sun with precise
Hipparcos parallaxes (section 2). The relations are subsequently employed to
establish parameters for five benchmark open clusters which host & Scuti stars,
namely the Hyades, Pleiades, Praesepe, a Persei, and M67 (section 2). Cluster
membership provides constraints on the absolute Wesenheit magnitudes (W, ),
evolutionary status, and pulsation modes (order, n) for the 6 Scuti stars (section
3). An independent determination of the cluster parameters is pursued since the
objects form the foundation of the open cluster scale and yet their distances are
uncertain. Most notably the Hipparcos distance to stars in the Pleiades is d=120.2
+ 1.9 pc (van Leeuwen 2009a), whereas HST observations imply d = 134.6 + 3.1
pc (Soderblom et al. 2005). Likewise, four Hipparcos-based distances cited in
the literature for o Persei disagree (Table 1). In section 3, a Wesenheit analysis
(VI) is shown to be a viable means for investigating & Scuti stars. Lastly, the
distance to NGC 1817 is evaluated via a universal Wesenheit template using new
VI photometry acquired from the Abbey Ridge Observatory (ARO, Lane 2007;
Turner et al. 2009) for the cluster’s numerous d Scuti stars (section 3.4).

2. JHKS intrinsic relations

Intrinsic color-color and ZAMS relations are derived from JHKs photometry
for A, F, G, K, and M-type stars that feature precise parallaxes (d < 25 pc). The
infrared photometry and parallaxes are provided via the 2MASS and Hipparcos
surveys (Perryman et al. 1997; Cutri et al. 2003; Skrutskie et al. 2006). 2MASS
photometry may be saturated for nearby stars, yet reliable data are available for
fainter stars of late spectral type. The photometric uncertainties thus increase for
brighter early-type stars (Figure 1), which are already undersampled owing to
the nature of the initial mass function. Spurious data deviating from the evident
intrinsic functions were excluded.
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M,/ (J-H),and M,/ (J-K ), color-magnitude diagrams for the calibration
are presented in Figure 1 (red dots). The latter passband combination exhibits
smaller uncertainties. (J~H),/ (H-K ),and (/K ),/ (H-K ), color-color diagrams
are likewise shown in Figure 1 (red dots). Infrared relations offer advantages
over those founded on UBV photometry owing to the mitigated impact of
chemical composition (section 2.1, Figure 3), differential reddening, and total
extinction.

Color-magnitude and color-color diagrams were assembled for the target
clusters by obtaining 2MASS photometry for members on the basis of proper
motions (Figures 1 and 2). The Naval Observatory Merged Astrometric Dataset
(NOMAD, Zacharias et al. 2004) features proper motion data for the fields
inspected. JHK  photometry for ~ 3 x 10° probable clusters members were
tabulated, and the list includes several previously unidentified members. That
sample shall be made available online via the Centre de Données astronomiques
de Strasbourg. Photometry for the brighter stars may be saturated, as noted earlier,
while lower mass members are catalogued despite being near the faint-limit of
the 2MASS survey. High-precision multi-epoch JHK data for M67 are available
from Nikolaev et al. (2000, see also Sarajedini et al. 2009).

Reddenings for the target clusters were secured by shifting the intrinsic
color-color relations to the observed data (Figure 1). JHK extinction laws were
adopted from Bonatto et al. (2008) and references therein. The distance to a
cluster follows by matching the ZAMS to the observed data for the reddening
established by the intrinsic color-color relations. Precise results were obtained
because the trends for late-type stars in JHK  color-magnitude and color-color
diagrams provide excellent anchor points for fitting ZAMS and intrinsic relations
(Figures 1 and 2). J-K_and J—H were observed to remain nearly constant and
become bluer with increasing magnitude (M, > 6) for low mass main-sequence
stars beginning near spectral type M (Figures 1 and 2, see also Sarajedini et
al. 2009 and references therein), and a sizable separation exists between main-
sequence and evolved M-type stars in the JHK  color-color diagram (see also
Straizys and Laugalys 2009). Turner (2011) developed intrinsic JHK_functions
to describe early-type stars (< KO) via an alternate approach.

Distances obtained for the benchmark clusters examined are summarized in
Table 1.

2.1. Age and metallicity dependencies

The JHK  distances agree with van Leeuwen (2009a) Hipparcos results for
seven of nine star clusters within 250 pc (Table 1). The distance determined here
to the Pleiades favors the HST estimate rather than that established by Hipparcos
(Table 1. The HST and Hipparcos Pleiades surveys lack overlap, and the former
exhibits comparatively smaller statistics). Soderblom et al. (2005) (and others)
argue that the Hipparcos distance to the Pleiades is erroneous. Conversely, the
reliability of the ZAMS distance to the Pleiades has been questioned owing to the
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possible neglect of color-7, variations with stellar age and chemical composition.
The matter is now investigated.

An age-luminosity effect has been proposed as a possible source for the
disagreement between the ZAMS and Hipparcos distance to the Pleiades. That
hypothesis is not supported by the infrared distances established here. The Hyades,
Praesepe, and a Persei clusters bracket the discrepant cases of the Pleiades and
Blanco 1 in age (Table 1). JHK and van Leeuwen (2009a) Hipparcos distances to
the former clusters are in broad agreement (Table 1). The comparatively nearby
(d <250 pc) open clusters IC 2602, NGC 2451, IC 2391, and Coma Berenices
were investigated to bolster the case, but proved more difficult to assess. The
Hipparcos distance to the Pleiades implies that the cluster’s ZAMS is a sizable ~
0.4 magnitude below the faintest calibration stars (Figure 1), where the photometric
uncertainties are minimized, M, / (J-K)),). The Hipparcos zero-point for the
Pleiades is inconsistent with a M, / (J-K ), ZAMS calibration (Figure 1) which
features stars of differing age, chemical composition, and peculiarities.

The clusters in Table 1 exhibiting discrepant distances are not correlated with
iron abundance. That supports Alonso et al. (1996) and Percival et al. (2005)
assertionthat/—K isrelatively insensitive tometallicity over the baseline examined.
Percival et al. (2005) suggested that /~K may exhibit a marginal dependence on
metallicity, but cautioned that the errors are sizable and the correlation coefficient
is consistent with zero. The impact of'a marginal 7 — [Fe/H] - (J-K ) dependence
appears insignificant since stars belonging to the clusters examined display near
solar iron abundances (Mermilliod ef al. 1997; van Leeuwen 1999, their Table
1.) 270 calibration stars (Figure 1) featured in Soubiran et al. (2010) PASTEL
catalogue of stellar atmospheric parameters exhibit a peak distribution near [Fe
/ H] =~ —0.05, which is analogous to or inappreciably less than members of the
Pleiades ([Fe / H] = —-0.039 + 0.014, +0.03 = 0.05, +0.06 = 0.01, Taylor 2008;
Soderblom et al. 2009; Paunzen et al. 2010). Colors for calibrating stars (Figure
1) in PASTEL were plotted as a function of effective temperature and metallicity
(Figure 2, optical photometry from Mermilliod 1991). B—V and U-B color indices
appear sensitive to iron abundance whereby metal-rich stars are hotter at a given
color (Figure 2), as noted previously (Turner 1979, and references therein).
Conversely, J-K appears comparatively insensitive to iron abundance over the
restricted baseline examined (Figure 2). Yet the results should be interpreted
cautiously and in tandem with the other evidence presented given the semi-
empirical nature of that analysis (7 and [Fe / H] are model dependent).

The clusters exhibita similar ZAMS morphology in the infrared (M, / (J-K ),
Figures 1 and 2). The Hyades, Praesepe, Pleiades, and M67 ZAMS (unevolved
members) are nearly indistinguishable (Figure 2). Staufter et al. (2003) likewise
noted that the Praesepe and Pleiades cluster share a ZAMS (M / (V-I),) that
is essentially coincident throughout. By contrast, the apparent sensitivity of
optical photometry to metallicity may explain (in part) certain anomalies which
distinguish individual clusters in optical color-magnitude and color-color diagrams
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(Figure 3, see also Turner 1979; Mermilliod et al. 1997; Stauffer et al. 2003; van
Leeuwen 2009a). Compounded uncertainties prevent a direct assessment of the
infrared color-color function’s universality ((J-K), / (H-K ) ). Minimizing the
uncertainties associated with the JHK photometry and extending the restricted
temperature baseline are desirable. Fainter JHK observations could be acquired
from I’Observatoire Mont-Mégantique or the forthcoming V'VV survey (Artigau
et al. 2009, 2010; Minniti ef al. 2010), whereas brighter stars could be observed
as part of the AAVSO’s IR photoelectric photometry program (Henden 2002;
Templeton 2009).

In sum, neither variations in iron abundance or stellar age readily explain
the discrepancies between the JHK ZAMS and Hipparcos distances (Table 1). It
is emphasized that the problematic cases (the Pleiades and Blanco 1) constitute
the minority (Table 1). Note that the four published Hipparcos distances
to Blanco 1 exhibit a sizable 20% spread (Table 1, see also o Persei). Further
research is needed, and the reader should likewise consider the interpretations
of Mermilliod ef al. (1997), Robichon ef al. (1999b), Soderblom et al. (2005),
and van Leeuwen (2009a, 2009b).

3. Cluster 0 Scuti stars

3.1. VI photometry

The cluster § Scuti stars examined are summarized in Table 4, along with
references for their V7 photometry. Certain sources feature /-band photometry not
standardized to the Cousins system (e.g., Mendoza 1967). Additional observations
for the d Scuti stars were obtained via the AAVSO’s Bright Star Monitor (BSM,
http://www.aavso.org/aavsonet) and the Naval Observatory’s Flagstaft Station
(NOFS) (Table 2). The BSM features an SBIG STSXME CCD (fov: 127' x 84")
mounted upon a 6-cm wide-field telescope located at the Astrokolkhoz telescope
facility near Cloudcroft, New Mexico. The AAVSO observations are tied to
Landolt (1983, 1992) photometric standards according to precepts outlined in
Henden and Kaitchuck (1990) (see also Henden and Munari 2008).

VI photometry is used since LMC and Galactic 6 Scuti stars follow VI
Wesenbheit relations which vary as a function of the pulsation order n (Figure 4,
Poleski et al. 2010; Majaess et al. 2010), thereby enabling constraints on that
parameter for target 0 Scuti stars at common or known distances (see section 3.3).
Furthermore, the author has advocated that RR Lyrae variables and Cepheids—
which partly form the basis for the calibration used in section 3.2—obey VI
Wesenheit and period-color relations which are comparatively insensitive to
metallicity (Majaess et al. 2008, 2009a, 2009b; Majaess 2009, 2010a, 2010b; see
also Bono and Marconi 1999; Udalski ef al. 2001; Bono 2003; Pietrzynski et al.
2004; Bono et al. 2008). For example, Majaess (2010b) reaffirmed that the slope
of the V7 Wesenheit function for Milky Way Classical Cepheids (Benedict ez al.
2007; Turner 2010a) characterizes classical Cepheids in the LMC, NGC 6822,
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SMC, and IC 1613 (see Figure 2 in Majaess 2010b). Classical Cepheids in the
aforementioned galaxies exhibit precise ground-based photometry, span a sizable
abundance baseline, and adhere to a common V7 Wesenheit slope to within the
uncertainties (o0 =—3.34 + 0.08(20), A [Fe / H] ~ 1). More importantly, Majaess
(2010Db) noted that a negligible distance offset exists between OGLE classical
Cepheids and RR Lyrae variables in the LMC, SMC, and IC 1613 as established
via a VI Wesenheit function, thereby precluding a dependence on metallicity.
Admittedly, the impact of a reputed metallicity effect is actively debated in the
literature (Smith 2004; Romaniello et al. 2008; Catelan 2009, and references
therein. By contrast there appears to be a consensus that relations which rely on
BV photometry are sensitive to variations in chemical abundance (Majaess et
al. 2008, 2009b and references therein). The results are consistent (in part) with
the findings of section 2.1, however, a direct comparison is not valid.

3.2. Wesenheit magnitudes
AWesenheit diagram segregates variables into their distinct classes (Figure 4).
Wesenheit magnitudes for the cluster d Scuti stars were computed as follows:

WV[,O=<V>_RV1 (<V>_<]>)_ Y, (1)

u, is the distance modulus from Table 1 and R, =2.55 is the canonical extinction
law, although there are concerns with adopting a color-independent extinction
law. VI Wesenheit magnitudes are reddening-free and comparatively insensitive
to chemical composition and the width of the instability strip. The Wesenheit
function is defined and discussed in the following references: Madore (1982),
Opolski (1983, 1988), Madore and Freedman (1991, 2009), Kovacs and Jurcsik
(1997), Kovacs and Walker (2001), Di Criscienzo et al. (2004,2007), and Turner
(2010a).

Cluster 8 Scuti stars in Tables 3 and 4 are plotted on a universal '/ Wesenheit
template (Figure 4, see also Majaess ez al. 2010). Thirty variables with distances
measured by geometric means formed the calibration (Majaess et al. 2010,
their Table 1). The sample consisted of eight SX Phe and 8 Sct variables (HIP,
van Leeuwen 2007), four RR Lyrae variables (HIP and HST, Benedict et al.
2002b; van Leeuwen 2007), two Type II Cepheids (HIP, van Leeuwen 2007),
and ten classical Cepheids (HST, Benedict et al. 2002a, 2007). That sample
was supplemented by six Type II Cepheids detected by Macri et al. (2006) in
their comprehensive survey of the galaxy M106 (Majaess et al. 2009b), which
features a precise geometric-based distance estimate (VLBA, Herrnstein et al.
1999). Type II Cepheids within the inner region of M106 were not incorporated
into the calibration because of the likelihood of photometric contamination via
crowding and blending (Majaess et al. 2009b, 2010; Majaess 2010b, see also
Stanek and Udalski 1999; Mochejska et al. 2001; Macri et al. 2006; Vilardell
et al. 2007; Smith et al. 2007). The stars employed were observed in the outer
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regions of M 106 where the stellar density and surface brightness are diminished
by comparison. Admittedly, it is perhaps ironic that stars 7.2 Mpc distant may
be enlisted as calibrators owing to an absence of precise parallaxes for nearby
objects. Additional observations of new variables in M106 are forthcoming
(Macri and Riess 2009).

LMC variables catalogued by OGLE, including the latest sample of & Scuti
stars (Poleski ez al. 2010), were added to the Wesenheit template (Figure 4, OGLE
data: Udalski ef al. 1999; Soszyriski et al. 2002, 2003, 2008a, 2008b, 2009; see
also Udalski 2009). The LMC data were calibrated with a distance established
via the geometric-anchored universal Wesenheit template (u, = 18.43 = 0.03
(0X), Majaess et al. 2010). That distance agrees with a mean derived from 300+
results tabulated for the LMC at the NASA/IPAC Extragalactic Database (NED)
(Madore and Steer 2007; Steer and Madore 2010 (http://nedwww.ipac.caltech.edu/
level5/NED1D/intro.html, http://nedwww.ipac.caltech.edu/Library/Distances/)
see also Figure 2 in Freedman and Madore 2010). Adding Turner (2010a) list of
classical Cepheids in Galactic clusters to the universal 7 Wesenheit calibration
yields the same LMC distance with reduced uncertainties.

Theuniversal Wesenheittemplate (Figure 4) unifies variables of the instability
strip to mitigate uncertainties tied to establishing a distance scale based on
Cepheids, RR Lyr, or 8 Sct variables individually. Anchoring the distance scale
via the universal Wesenheit template (Figure 4) mobilizes the statistical weight
of'the entire variable star demographic to ensure a precise distance determination.
Moreover, the universal Wesenheit template may be calibrated directly via
parallax and apparent magnitudes, mitigating the propagation of uncertainties
tied to extinction corrections. F. Benedict and coauthors are presently acquiring
HST parallaxes for additional population II variables which shall bolster the
template (Feast 2008). Further calibration could likewise ensue via variables
in clusters with distances secured by dynamical means or eclipsing binaries
(Cluster AgeS Experiment, Pietrukowicz and Kaluzny 2004; Guinan and Engle
2006; Kaluzny et al. 2007), and variables in the Galactic bulge that are tied to
a precise geometric-based distance (Kubiak and Udalski 2003; Eisenhauer et
al. 2005; Reid et al. 2009, supported by observations from the upcoming VVV
survey; Minniti ef al. 2010).

Lastly, Majaess et al. (2010) plotted the universal Wesenheit template
(Figure 4) as a function of the fundamentalized period to highlight the first-order
VIperiod-magnitude continuity between RR Lyrae and Type II Cepheid variables
(Matsunaga et al. 2006; Majaess 2009; see also Marconi and Di Criscienzo 2007
and references therein). The Wesenheit template presented here as Figure 4 is
plotted as a function of the dominant period, so pulsation modes may be inferred
directly from the diagram.

3.3. Pulsation mode
Wesenheit ridges in Figure 4 that define & Scuti stars pulsating in the
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fundamental, first, second, and third overtone were constructed from data presented
inPoleskieztal. (2010, LMC)and Majaess et al. (2010, Galactic). LMC and Galactic
d Scuti stars pulsating in the overtone exhibit brighter /7 Wesenheit magnitudes
(W,,) than their fundamental mode counterparts at a given period (Figure 4, or
bottom panel of Figure 4 in Poleski et al. 2010). However, a clear separation
was less evident in Garg ef al. (2010) shorter-wavelength (VR) observations of
LMC 9 Scuti stars (their Figure 3), thereby motivating those authors to favor an
alternate conclusion. The presentresearchrelies on J'7observations of d Scuti stars.

Estimates of the pulsation modes (order, n) for the cluster § Scuti stars were
inferred from the Wesenheit template (Figure 4) and are summarized in Table
4. Pulsation modes established from Wesenheit and seismological analyses
for & Scuti stars in the Pleiades, Praesepe, and M67 are comparable within the
mutually expected (albeit large) uncertainties (+ n) (Table 3). The methods
identify high and low order pulsators in consistent fashion (e.g., HD23194 and
HD73450, Table 3). Most small-amplitude cluster d Scuti stars lie on Wesenheit
loci characterizing n > 1 pulsators (non-fundamental mode, Figure 4 and Table
4), and a sizable fraction are associated with n = 1 (Table4). The results are
consistent with Poleski ez al. (2010) findings and past predictions (Breger and
Montgomery 2000; McNamara et al. 2007, and references therein).

A primary source of uncertainty associated with the analysis rests with the
pulsation periods adopted. Periods for the cluster & Scuti stars were taken from
Rodriguez et al. (2000), the GCVS (Samus ef al. 2009), and the AAVSO’s VSX
archive (Watson et al. 2010, http://www.aavso.org/vsx/). In several instances
discrepant periods are cited and newer estimates were favored (SAO 38754,
Li 2005). Efforts to extract the primary pulsation period (high SNR) for mmag
O Scuti stars in a Persei from ARO observations were unsuccessful, likely
owing to increased humidity tied to summertime observations in Nova Scotia.
That underscores the challenge such mmag pulsators present to low altitude
observatories near sea-level. An additional source of uncertainty arises from a
companion’s influence on the observed Wesenheit magnitudes. The pulsation
mode assigned to HD 28052, which is a spectroscopic binary and bright x-ray
source, should therefore be interpreted cautiously (Table 3). A star’s non-radial
and multi-mode pulsation, and rotation/inclination along the line of sight likewise
complicate a determination of n solely from the pulsation period and Wesenheit
magnitude. Constraints established by Wesenheit analyses are admittedly limited
by comparison to those inferred from uninterrupted space-based umag time-
series photometry (MOST, COROT, Kepler), yet the Wesenheit approach is a
viable first-order tool that can be applied promptly to 8 Scuti stars in any field
and concurrently with other methods.

3.4. 0 Sct distance to NGC 1817
Apotential role formmag 8 Scuti stars as distance indicators for intermediate-
age open clusters is now explored using the aforementioned framework.
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Arentoft et al. (2005) observations of NGC 1817 indicated that the open
cluster hosts a statistically desirable sample of eleven & Scuti stars. Balaguer-
Nuiiez et al. (2004) proper motions implied that five of those stars are not cluster
members (V1, V6, V8, V10, V12, see Arentoft ef al. 2005). Yet Arentoft et al.
(2005) concluded thateleven variables (V1-V12, excluding V10) exhibit positions
in V'vs. B—V and b—y color-magnitude diagrams consistent with 0 Sct pulsation
and cluster membership. A preliminary V vs. V—I color-magnitude diagram for
NGC 1817 (Figure 5) confirms that most variables display positions consistent
with membership (except V10). The V7 data were obtained from the ARO and
processed using ARAP (http://www.davelane.ca/aro/arap.html) (Lane 2007) and
DAOPHOT (IRAF contains DAOPHOT, however a standalone newer edition
can be obtained from Peter.Stetson@nrc-cnrc.gc.ca) (Stetson 1987). The ARO
features an SBIG STSXME CCD mounted upon a 35-cm telescope located near
Stillwater Lake, Nova Scotia, Canada. The ARO is a remotely operated robotic
observatory (Lane 2007). A description of the ARO observations for NGC 7062,
including an analysis using VaST (Sokolovsky and Lebedev 2005), shall be
provided in a subsequent study.

The VI Wesenheit diagram compiled for the & Scuti stars (Figure 5) implies
that V10, V11, and V12 either exhibit spurious data, are not bona fide § Scuti
stars, or are not cluster members. V10 is too faint, as corroborated by its position
in the color-magnitude diagram (Figure 5). The variability detected in V11 is
marred by low signal to noise and other complications (Arentoft ez al. 2005). V12
is likewise too faint () and features a period beyond that typically expected for
0 Sct variables (Percy 2007). An advantage to applying the Wesenheit technique
is that high and low-order pulsators may be identified. V1, V2, and V6 are likely
pulsating at higher orders if the stars are members (Figure 5). V3, V4, V7, V§,
and V9 are tightly clustered and may define the n > 1 boundary (Figure 5, see
section 3.3). The resulting distance to NGC 1817 is d = 1.7 kpc, assuming the
aforementioned mode distribution. The & Sct distance to NGC 1817 agrees
with estimates established for the cluster by other means (Arentoft et al. 2005,
see references therein). However, employing mmag 0 Scuti stars as distance
indicators for open clusters is complicated by the need for independently confirmed
periods, and a priori knowledge of the pulsation modes or the adoption of a
mode distribution (n > 1) given sizable statistics (see section 3.3). Establishing
the distance to NGC 1817 or the Praesepe under the latter caveat may yield a
pertinent result, yet the ensuing distance to o Persei would be in error owing to
small statistics. o Persei certainly features more than three 8 Scuti stars, however
a detection bias emerges since nearby clusters exhibit large angular diameters
which exceed the field of view of most CCDs. Continued research is needed.

4. Summary and future research

This research aimed to outline and evaluate a V' Wesenheit framework for
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investigating cluster 0 Scuti stars, an analysis which relied on securing absolute
Wesenheit magnitudes from precise open cluster distances. JHK ZAMS and
color-color relations were derived from unreddened stars near the Sun with
precise Hipparcos parallaxes and were applied to infer parameters for several
benchmark star clusters which host & Scuti stars (Figure 1, Table 1). That analysis
yielded constraints on the absolute Wesenheit magnitudes (W, ), evolutionary
status, and pulsation modes (order, #) for the cluster § Scuti stars (Figures 2 and
4, Tables 3 and 4). VI photometry for the variables were tabulated to facilitate
furtherresearch (Table4), and include new data acquired viathe AAVSO’srobotic
telescopes (Table 2).

TheJHK established cluster distances are bolstered by the relative insensitivity
of J7K photometry to variations in [Fe / H] and age over the baseline examined
(sectlon 2.1, Table 1, Figure 3). The deep JHHK photometry extends into the low
mass regime (= 0.4 M) and indicates that the clusters feature a common ZAMS
in the infrared, and that J-K_remains constant with increasing magnitude (M,
> 6) for low mass M-type dwarfs whereas J—H exhibits an inversion (section
2.1, Figures 1 and 2). The trends ensure precise (< 5%) JHK ZAMS fits by
prov1d1ng distinct anchor points in color-magnitude and color-color diagrams
(Figures 1 and 2). JHK  distances for seven of nine clusters within 250 pc agree
with van Leeuwen (2009a) revised Hipparcos estimates (Table 1). However, the
JHK distance to the Pleiades supports the HST estimate rather than that derived
from Hipparcos data (Table 1). van Leeuwen (2009a, 2009b) argues in favor of
the revised Hipparcos distances to open clusters and the reader is referred to
that comprehensive study. Yet the distance scale can (presently) rely on a suite
of clusters that are independent of the Pleiades. Models should be calibrated
and evaluated using those nearby clusters where consensus exists regarding the
distances (Table 1).

The general agreement between the JHK  distances derived here and van
Leeuwen (2009a) Hipparcos estimates is noteworthy (Table 1). The ~ 10-20%
offset in distance for the discrepant cases (Pleiades and Blanco 1) is not atypical
for studies of open clusters (Figure 2 in Paunzen and Netopil 2006; see also Dias
et al. 2002; Mermilliod and Paunzen 2003). Several clusters feature distance
estimates spanning nearly a factor of two, such as NGC 2453 (Majaess et al.
2007, their Table 4, ESO 096-SC04, Collinder 419, Shorlin 1, and Berkeley 44
(Turner 2011). The universal V7 Wesenheit template could be applied to cluster
O Scuti stars so to isolate viable distance solutions, provided certain criteria
are satisfied (section 3.4, e.g., sizable statistics). A Wesenheit analysis (V7) is
a viable means for establishing pertinent constraints on a target population of
0 Sct variables, particularly in tandem with other methods (Figures 2, 4, and 5,
Tables 3 and 4).
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Table 2. New photometry for cluster § Scuti stars.

Star Cluster CMD position Vv V-Ic
(Figure 2)

EX Cnc M67 BS 10.90 0.30
EW Cnc M67 BS 12.24 0.30
HD 23156 Pleiades MS 8.23 0.28
HD 23194 Pleiades MS 8.08 0.20
HD 23567 Pleiades MS 8.29 0.41
HD 23607 Pleiades MS 8.25 0.27
HD 23628 Pleiades MS, BR 7.69 0.24
HD 23643 Pleiades MS, BR 7.79 0.16

Notes: magnitudes are means of observations acquired from the AAVSO s BSM, NOFS, TASS (Droege
et al. 2006), and Mendoza (1967). The identifiers are as follows: stars occupying the blue straggler
region (BS), binary / rapid rotator sequence (BR), and main-sequence (MS) of the color-magnitude

diagram (Figure 2).

Table 3. A comparison of & Sct pulsation modes.

Star Cluster n(w,,) n Source
EX Cnc M67 >3 3 705
EW Cnc M67 lor0 0 705
HD 23156 Pleiades 1 0 F06
HD 23194 Pleiades >3 4 F06
HD 23567 Pleiades lor2 0 F06
HD 23607 Pleiades 1 0 F06
HD 23628 Pleiades 1 0 F06
HD 23643 Pleiades lor0 0 F06
HD 73175 Praesepe >3 3 P98
HD 73450 Praesepe 1 1 P98
HD 73575 Praesepe >3 3/? P98
HD 73576 Praesepe >3 3 P98
HD 73763 Praesepe >3 3/? P98
HD 74028 Praesepe >3 3 P98

Notes: pulsation modes (primary signal, order n) inferred for M67, Pleiades, and Praesepe & Scuti
stars from the Wesenheit template (Figure 4, n(W ) and sources in the literature (n). Sources are

Zhang et al. (2005, Z05), Fox Machado et al. (2006, F06), and Pena et al. (1998, P98).
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Table 4. § Scuti stars in benchmark open clusters.

Star Cluster CMD position n(w,) VI Photometry
(Figure 2)

SAO 38754 o Persei MS 1 TASS, S85
HD 20919 o Persei MS, BR: 20r3 TASS
HD 21553 a Persei MS 0 TASS
HD 23156 Pleiades MS 1 Table 2
HD 23194 Pleiades MS >3 Table 2
HD 23567 Pleiades MS 1or2 Table 2
HD 23607 Pleiades MS 1 Table 2
HD 23628 Pleiades MS, BR 1 Table 2
HD 23643 Pleiades MS, BR lor0 Table 2
HD 27397 Hyades EV lor2 T85
HD 27459 Hyades EV 1 Jo6
HD 27628 Hyades sat./EV: 1 JO6
HD 28024 Hyades sat./EV: lor0 JO6
HD 28052 Hyades sat./EV: 0 JO6
HD 28319 Hyades sat./EV: >3 JO6
HD 30780 Hyades sat. >3 JO6
HD 73175 Praesepe MS/EV >3 TASS, ME67
HD 73345 Praesepe MS/EV >3 TASS, ME67
HD 73450 Praesepe MS 1 TASS, ME67
HD 73575 Praesepe EV >3 TASS, ME67
HD 73576 Praesepe MS/EV,BR >3 TASS, ME67
HD 73712 Praesepe EV lor2 TASS, ME67
HD 73729 Praesepe MS/EV,BR  2or3 TASS, ME67
HD 73746 Praesepe MS 1 TASS, ME67
HD 73763 Praesepe MS/EV >3 TASS, ME67
HD 73798 Praesepe MS/EV 1 TASS, ME67
HD 73819 Praesepe EV 0 TASS, ME67
HD 73890 Praesepe MS/EV,BR >3 TASS, ME67
HD 74028 Praesepe MS/EV >3 TASS, ME67
HD 74050 Praesepe MS/EV 3 TASS, ME67
EX Cnc M67 BS >3 Table 2
EW Cnc M67 BS lor0 Table 2

Notes: § Sct cluster list compiled primarily from Li and Michel (1999) and references therein. The
identifiers are as follows: stars occupying the blue straggler region (BS), binary/rapid rotator
sequence (BR), evolved region (EV), and main-sequence (MS) of the color-magnitude diagram
(Figure 2); Pulsation modes (primary signal, order n) inferred for the & Scuti stars from the VI
Wesenheit template (Figure 4). Hyades members may feature saturated (sat.) 2MASS photometry
owing to their proximity (Table 1). There are concerns regarding the photometric zero-point for
bright & Scuti stars sampled in the all-sky surveys (Henden and Sallman 2007). References for the
photometry are Mendoza (1967, MEG7), Taylor and Joner (1985, T85), Stauffer et al. (1985, S85),
and Joner et al. (2006, JOG).
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Figure 1. Deep 2MASS JHK  color-magnitude and color-color diagrams for the
calibration (red dots) and Praesepe star cluster (black dots). Likely members
of the Praesepe were selected on the basis of proper motions (NOMAD). The

resulting parameters are £(J-K ) = 0.025 £ 0.015 and & = 183 + 8 pc.
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Figure 2. Deep 2MASS JHK  color-magnitude diagrams for M67, Hyades,
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Elizabeth O. Waagen 145
Revisiting the Unnamed Fleming Variables (Abstract)
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Be STARS [See also VARIABLE STARS (GENERAL)|
The Variable Star HD 173637
Arlo U. Landolt 32
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BINARY STARS
Multiple Spiral Branches on Late AGB Stars (Abstract)
Qian Wang and Lee Anne Willson
BIOGRAPHY [See also ASTRONOMY, HISTORY OF]
The AAVSO Centennial Calendar (Abstract)
Elizabeth O. Waagen
Edward A. Halbach 1909-2011
Gerard Samolyk
Leon Campbell and His Fifty Years at Harvard College Observatory (Abstract)
Thomas R. Williams
BLACK HOLES
The Orbital Period of Three Cataclysmic Variables From WASP Data
Patrick Wils
The Water Tank Observatory (Abstract)
John Pazmino
CATACLYSMIC VARIABLES [See also VARIABLE STARS (GENERAL)]
The First Historical Standstill of WW Ceti
Mike Simonsen and Rod Stubbings
The Latest Results on Accreting Pulsating White Dwarfs (Abstract)
Paula Szkody
Leo5 is a Z Cam Type Dwarf Nova
Patrick Wils, Tom Krajci, and Mike Simonsen
The Orbital Period of Three Cataclysmic Variables From WASP Data
Patrick Wils
Periodicity Analysis of the Semiregular Variable Star EV Aquarii
Emil Terziev, John R. Percy, and Arne A. Henden
The Z CamPaign: Year 1 Mike Simonsen
CATALOGUES, DATABASES, SURVEYS
Analyses of “Peculiar” W Virginis Stars in the Milky Way (Abstract)
Doug Welch and Grant Foster
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al.
Artificial Intelligence (AI) Approchaes for Analyzing Automatically Zillions of
Eclipsing Binary Light Curves (Abstract)
Edward F. Guinan
Deep Infrared ZAMS Fits to Benchmark Open Clusters Hosting 8 Scuti Stars
Daniel J. Majaess ef al.
Leo5 is a Z Cam Type Dwarf Nova
Patrick Wils, Tom Krajci, and Mike Simonsen
The Orbital Period of Three Cataclysmic Variables From WASP Data
Patrick Wils
Periodicity Analysis of the Semiregular Variable Star EV Aquarii
Emil Terziev, John R. Percy, and Arne A. Henden
The Ross Variable Stars Revisited. 1.
Wayne Osborn and O. Frank Mills
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A Search for Eclipsing Binary Light Curve Variations Among MACHO Project
Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge
Michael W. Richmond 201
Searching for Orbital Periods of Supergiant Fast X-ray Transients

Maurizio Falanga et al. 110
A Variable Star Database for the iPhone/iPod Touch (Abstract)

John N. Rachlin and Mark G. McGettrick 150
The Variable Star HD 173637

Arlo U. Landolt 32
A Web Interface for the DASCH Photometry Database (Abstract)

Edward J. Los 150

CEPHEID VARIABLES [See also VARIABLE STARS (GENERAL)]
Analyses of “Peculiar” W Virginis Stars in the Milky Way (Abstract)

Doug Welch and Grant Foster 146
Anchoring the Universal Scale Via a Wesenheit Template

Daniel J. Majaess et al. 122
Visual Observations of & Cephei: Time to Update the Finder Chart (Abstract)

David G. Turner 148

CHARTS, VARIABLE STAR
The AAVSO Centennial Calendar (Abstract)
Elizabeth O. Waagen 145
Visual Observations of & Cephei: Time to Update the Finder Chart (Abstract)
David G. Turner 148
CLUSTERS, GLOBULAR
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al. 122
CLUSTERS, OPEN
Deep Infrared ZAMS Fits to Benchmark Open Clusters Hosting § Scuti Stars
Daniel J. Majaess et al. 219
COMPUTERS; COMPUTER PROGRAMS; INTERNET, WORLD WIDE WEB
Artificial Intelligence (AI) Approchaes for Analyzing Automatically Zillions of
Eclipsing Binary Light Curves (Abstract)
Edward F. Guinan 149
Simple Pulse Width Modulation (PWM) LED Source for Linearity Testing of DSLR
Camera Sensor (Abstract)

Helmar G. Adler 151
A Variable Star Database for the iPhone/iPod Touch (Abstract)

John N. Rachlin and Mark G. McGettrick 150
A Web Interface for the DASCH Photometry Database (Abstract)

Edward J. Los 150

COORDINATED OBSERVATIONS [MULTI-SITE, MULTI-WAVELENGTH OBSERVATIONS]
The 2010 Eruption of U Scorpii (Abstract)
Ashley Pagnotta 145
CI Cygni 2010 Outburst and Eclipse: An Amateur Spectroscopic Survey—
First Results From Low Resolution Spectra
Frangois Teyssier 41
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Searching for Orbital Periods of Supergiant Fast X-ray Transients
Maurizio Falanga et al.
COSMIC RAYS
The Water Tank Observatory (Abstract)
John Pazmino
DATA MINING
The Ross Variable Stars Revisited. .
Wayne Osborn and O. Frank Mills
DELTA SCUTI STARS [See also VARIABLE STARS (GENERAL)]
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al.
Deep Infrared ZAMS Fits to Benchmark Open Clusters Hosting 8 Scuti Stars
Daniel J. Majaess ef al.
d Scuti Behavior Detected in HD 349422
Garrison Turner and Ronald Kaitchuck
VX Hydrae: Observation of a Sudden Change in a Pulsating Star
Michel Bonnardeau et al.
DWARF STARS
The Orbital Period of Three Cataclysmic Variables From WASP Data
Patrick Wils
ECLIPSING BINARIES [See also VARIABLE STARS (GENERAL)]|
Artificial Intelligence (AI) Approchaes for Analyzing Automatically Zillions of
Eclipsing Binary Light Curves (Abstract)
Edward F. Guinan
Do Eclipsing Variable Stars Show Random Cycle-to-cycle Period Fluctuations?
Seyedyara Mohajerani and John R. Percy
Leo5 is a Z Cam Type Dwarf Nova
Patrick Wils, Tom Krajci, and Mike Simonsen
Light Curve of the Eccentric Eclipsing Binary GSC 3152-1202
Robert K. Buchheim
Recent Minima of 144 Eclipsing Binary Stars
Gerard Samolyk
Recent Minima of 146 Eclipsing Binary Stars
Gerard Samolyk
The Ross Variable Stars Revisited. 1.
Wayne Osborn and O. Frank Mills
A Search for Eclipsing Binary Light Curve Variations Among MACHO Project

Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge

Michael W. Richmond

Times of Minima for Several Eclipsing Binaries and New Ephemerides for V569 Lyrae,

V571 Lyrae, and V572 Lyrae
A. Marchini et al.
EDUCATION

Scientific Literacy of Adult Participants in an Online Citizen Science Project (Abstract)

Aaron Price
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EDUCATION, VARIABLE STARS IN
Call for Papers
Aaron Price
ERUPTIVE VARIABLES [See also VARIABLE STARS (GENERAL)|
9 Scuti Behavior Detected in HD 349422
Garrison Turner and Ronald Kaitchuck
Multiple Spiral Branches on Late AGB Stars (Abstract)
Qian Wang and Lee Anne Willson
The Ross Variable Stars Revisited. 1.
Wayne Osborn and O. Frank Mills
A Search for Eclipsing Binary Light Curve Variations Among MACHO Project
Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge
Michael W. Richmond
EVOLUTION, STELLAR
CI Cygni 2010 Outburst and Eclipse: An Amateur Spectroscopic Survey—
First Results From Low Resolution Spectra
Frangois Teyssier
Multiple Spiral Branches on Late AGB Stars (Abstract)
Qian Wang and Lee Anne Willson
A Search for Eclipsing Binary Light Curve Variations Among MACHO Project
Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge
Michael W. Richmond
EXTRAGALACTIC
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al.
GALAXIES
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al.
GIANTS, NON-MIRA TYPE
CI Cygni 2010 Outburst and Eclipse: An Amateur Spectroscopic Survey—
First Results From Low Resolution Spectra
Frangois Teyssier
GIANTS, RED
Studies of “Irregularity” in Pulsating Red Giants. III. Many More Stars, an Overview,
and Some Conclusions
John R. Percy and Emil Terziev
HIPPARCOS DATABASE
Deep Infrared ZAMS Fits to Benchmark Open Clusters Hosting d Scuti Stars
Daniel J. Majaess et al.
Revisiting the Unnamed Fleming Variables (Abstract)
Kristine Larsen
HMXB (High Mass X-Ray Binaries)
Searching for Orbital Periods of Supergiant Fast X-ray Transients
Maurizio Falanga et al.
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INSTRUMENTATION |[See also CCD; VARIABLE STAR OBSERVING]
Simple Pulse Width Modulation (PWM) LED Source for Linearity Testing of DSLR
Camera Sensor (Abstract)

Helmar G. Adler 151
Solar Astronomy: Plasma Motion Detection at Radio Frequencies (Abstract)

Rodney Howe 151
A Variable Star Database for the iPhone/iPod Touch (Abstract)

John N. Rachlin and Mark G. McGettrick 150
The Water Tank Observatory (Abstract)

John Pazmino 152
A Web Interface for the DASCH Photometry Database (Abstract)

Edward J. Los 150

IRREGULAR VARIABLES [See also VARIABLE STARS (GENERAL)]
Studies of “Irregularity” in Pulsating Red Giants. III. Many More Stars, an Overview,
and Some Conclusions
John R. Percy and Emil Terziev 1
LARGE MAGELLANIC CLOUD (LMC)
Anchoring the Universal Scale Via a Wesenheit Template

Daniel J. Majaess et al. 122
Deep Infrared ZAMS Fits to Benchmark Open Clusters Hosting & Scuti Stars
Daniel J. Majaess ef al. 219

MACHO (MAssive Compact Halo Object)
A Search for Eclipsing Binary Light Curve Variations Among MACHO Project
Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge

Michael W. Richmond 201
MODELS, STELLAR
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al. 122

Artificial Intelligence (AI) Approchaes for Analyzing Automatically Zillions of
Eclipsing Binary Light Curves (Abstract)

Edward F. Guinan 149
The Latest Results on Accreting Pulsating White Dwarfs (Abstract)

Paula Szkody 145
Multiple Spiral Branches on Late AGB Stars (Abstract)

Qian Wang and Lee Anne Willson 147

MULTI-WAVELENGTH OBSERVATIONS [See also COORDINATED OBSERVATIONS]
The 2010 Eruption of U Scorpii (Abstract)
Ashley Pagnotta 145
CI Cygni 2010 Outburst and Eclipse: An Amateur Spectroscopic Survey—
First Results From Low Resolution Spectra

Frangois Teyssier 41
The Latest Results on Accreting Pulsating White Dwarfs (Abstract)
Paula Szkody 145

Searching for Orbital Periods of Supergiant Fast X-ray Transients
Maurizio Falanga ef al. 110
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NETWORKS, COMMUNICATION
Anchoring the Universal Scale Via a Wesenheit Template

Daniel J. Majaess et al. 122
A Web Interface for the DASCH Photometry Database (Abstract)
Edward J. Los 150

NOVAE, RECURRENT NOVAE; NOVA-LIKE [See also CATACLYSMIC VARIABLES]
The 2010 Eruption of U Scorpii (Abstract)
Ashley Pagnotta 145
OBITUARIES, MEMORIALS [See also ASTRONOMY, HISTORY OF]
Edward A. Halbach 1909-2011

Gerard Samolyk 141
OBSERVATORIES

The AAVSO Centennial Calendar (Abstract)

Elizabeth O. Waagen 145
Edward A. Halbach 1909-2011

Gerard Samolyk 141
The Water Tank Observatory (Abstract)

John Pazmino 152

PERIOD ANALYSIS; PERIOD CHANGES
d Scuti Behavior Detected in HD 349422
Garrison Turner and Ronald Kaitchuck 154
Do Eclipsing Variable Stars Show Random Cycle-to-cycle Period Fluctuations?

Seyedyara Mohajerani and John R. Percy 80
Light Curve of the Eccentric Eclipsing Binary GSC 3152-1202

Robert K. Buchheim 170
The Orbital Period of Three Cataclysmic Variables From WASP Data

Patrick Wils 60
Recent Maxima of 56 Short Period Pulsating Stars

Gerard Samolyk 23
Recent Minima of 144 Eclipsing Binary Stars

Gerard Samolyk 94
Recent Minima of 146 Eclipsing Binary Stars

Gerard Samolyk 177

RS Sge Observations and Preliminay Analyses (Abstract)
Jerry Horne 147
A Search for Eclipsing Binary Light Curve Variations Among MACHO Project
Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge
Michael W. Richmond 201
Studies of “Irregularity” in Pulsating Red Giants. III. Many More Stars, an Overview,
and Some Conclusions
John R. Percy and Emil Terziev 1
Times of Minima for Several Eclipsing Binaries and New Ephemerides for V569 Lyrae,
V571 Lyrae, and V572 Lyrae
A. Marchini et al. 102
VX Hydrae: Observation of a Sudden Change in a Pulsating Star
Michel Bonnardeau et al. 10
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PHOTOGRAPHY
A Web Interface for the DASCH Photometry Database (Abstract)
Edward J. Los
PHOTOMETRY, CCD
CI Cygni 2010 Outburst and Eclipse: An Amateur Spectroscopic Survey—
First Results From Low Resolution Spectra
Frangois Teyssier
Deep Infrared ZAMS Fits to Benchmark Open Clusters Hosting & Scuti Stars
Daniel J. Majaess ef al.
O Scuti Behavior Detected in HD 349422
Garrison Turner and Ronald Kaitchuck
Light Curve of the Eccentric Eclipsing Binary GSC 3152-1202
Robert K. Buchheim
Periodicity Analysis of the Semiregular Variable Star EV Aquarii
Emil Terziev, John R. Percy, and Arne A. Henden
Recent Maxima of 56 Short Period Pulsating Stars
Gerard Samolyk
Recent Minima of 144 Eclipsing Binary Stars
Gerard Samolyk
Recent Minima of 146 Eclipsing Binary Stars
Gerard Samolyk
The Ross Variable Stars Revisited. L.
Wayne Osborn and O. Frank Mills
RS Sge Observations and Preliminay Analyses (Abstract)
Jerry Horne
A Search for Eclipsing Binary Light Curve Variations Among MACHO Project
Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge
Michael W. Richmond
The Variable Star HD 173637
Arlo U. Landolt
PHOTOMETRY, INFRARED
Deep Infrared ZAMS Fits to Benchmark Open Clusters Hosting & Scuti Stars
Daniel J. Majaess ef al.
PHOTOMETRY, NEAR INFRARED
Periodicity Analysis of the Semiregular Variable Star EV Aquarii
Emil Terziev, John R. Percy, and Arne A. Henden
Searching for Orbital Periods of Supergiant Fast X-ray Transients
Maurizio Falanga et al.
PHOTOMETRY, PHOTOGRAPHIC
The Ross Variable Stars Revisited. 1.
Wayne Osborn and O. Frank Mills
PHOTOMETRY, VISUAL
Searching for Orbital Periods of Supergiant Fast X-ray Transients

Maurizio Falanga et al.
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PLANETS, EXTRASOLAR
The Orbital Period of Three Cataclysmic Variables From WASP Data
Patrick Wils
PULSATING VARIABLES
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al.
The Latest Results on Accreting Pulsating White Dwarfs (Abstract)
Paula Szkody
Multiple Spiral Branches on Late AGB Stars (Abstract)
Qian Wang and Lee Anne Willson
The Ross Variable Stars Revisited. 1.
Wayne Osborn and O. Frank Mills
RADIO ASTRONOMY; RADIO OBSERVATIONS
Solar Astronomy: Plasma Motion Detection at Radio Frequencies (Abstract)
Rodney Howe
RR LYRAE STARS [See also VARIABLE STARS (GENERAL)]
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al.
Recent Maxima of 56 Short Period Pulsating Stars
Gerard Samolyk
A Search for Eclipsing Binary Light Curve Variations Among MACHO Project
Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge
Michael W. Richmond
RV TAURI STARS |[See also VARIABLE STARS (GENERAL)]
RS Sge Observations and Preliminay Analyses (Abstract)
Jerry Horne
SATELLITE OBSERVATIONS
The Latest Results on Accreting Pulsating White Dwarfs (Abstract)
Paula Szkody
SELF-CORRELATION ANALYSIS
Periodicity Analysis of the Semiregular Variable Star EV Aquarii
Emil Terziev, John R. Percy, and Arne A. Henden
Studies of “Irregularity” in Pulsating Red Giants. III. Many More Stars, an Overview,
and Some Conclusions
John R. Percy and Emil Terziev
SEMIREGULAR VARIABLES [See also VARIABLE STARS (GENERAL)]|
Periodicity Analysis of the Semiregular Variable Star EV Aquarii
Emil Terziev, John R. Percy, and Arme A. Henden
SOLAR
Solar Astronomy: Plasma Motion Detection at Radio Frequencies (Abstract)
Rodney Howe
SPECTRA, SPECTROSCOPY
CI Cygni 2010 Outburst and Eclipse: An Amateur Spectroscopic Survey—
First Results From Low Resolution Spectra

Frangois Teyssier
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Searching for Orbital Periods of Supergiant Fast X-ray Transients
Maurizio Falanga et al.
SPECTROSCOPIC ANALYSIS
CI Cygni 2010 Outburst and Eclipse: An Amateur Spectroscopic Survey—
First Results From Low Resolution Spectra
Frangois Teyssier
STATISTICAL ANALYSIS
Analyses of “Peculiar” W Virginis Stars in the Milky Way (Abstract)
Doug Welch and Grant Foster

Artificial Intelligence (AI) Approchaes for Analyzing Automatically Zillions of

Eclipsing Binary Light Curves (Abstract)
Edward F. Guinan
Deep Infrared ZAMS Fits to Benchmark Open Clusters Hosting 8 Scuti Stars
Daniel J. Majaess et al.

Do Eclipsing Variable Stars Show Random Cycle-to-cycle Period Fluctuations?

Seyedyara Mohajerani and John R. Percy
Periodicity Analysis of the Semiregular Variable Star EV Aquarii
Emil Terziev, John R. Percy, and Arne A. Henden

Scientific Literacy of Adult Participants in an Online Citizen Science Project (Abstract)

Aaron Price

A Search for Eclipsing Binary Light Curve Variations Among MACHO Project
Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge

Michael W. Richmond
Searching for Orbital Periods of Supergiant Fast X-ray Transients
Maurizio Falanga ef al.

Studies of “Irregularity” in Pulsating Red Giants. III. Many More Stars, an Overview,

and Some Conclusions
John R. Percy and Emil Terziev
The Variable Star HD 173637
Arlo U. Landolt
SUSPECTED VARIABLES [See also VARIABLE STARS (GENERAL)]
Revisiting the Unnamed Fleming Variables (Abstract)
Kristine Larsen
The Ross Variable Stars Revisited. 1.
Wayne Osborn and O. Frank Mills
SX PHOENICIS VARIABLES [See also VARIABLE STARS (GENERAL)]
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al.
SYMBIOTIC STARS [See also VARIABLE STARS (GENERAL)]|
CI Cygni 2010 Outburst and Eclipse: An Amateur Spectroscopic Survey—
First Results From Low Resolution Spectra
Frangois Teyssier
O Scuti Behavior Detected in HD 349422
Garrison Turner and Ronald Kaitchuck
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VARIABLE STAR OBSERVING ORGANIZATIONS
The AAVSO Centennial Calendar (Abstract)
Elizabeth O. Waagen
Recent Maxima of 56 Short Period Pulsating Stars
Gerard Samolyk
Recent Minima of 144 Eclipsing Binary Stars
Gerard Samolyk
Recent Minima of 146 Eclipsing Binary Stars
Gerard Samolyk
Times of Minima for Several Eclipsing Binaries and New Ephemerides for V569 Lyrae,
V571 Lyrae, and V572 Lyrae
A. Marchini et al.
The Z CamPaign: Year 1
Mike Simonsen
VARIABLE STAR OBSERVING [See also INSTRUMENTATION]
Anchoring the Universal Scale Via a Wesenheit Template
Daniel J. Majaess et al.
Simple Pulse Width Modulation (PWM) LED Source for Linearity Testing of DSLR
Camera Sensor (Abstract)
Helmar G. Adler
A Variable Star Database for the iPhone/iPod Touch (Abstract)
John N. Rachlin and Mark G. McGettrick
Visual Observations of & Cephei: Time to Update the Finder Chart (Abstract)
David G. Turner
The Z CamPaign: Year 1
Mike Simonsen
VARIABLE STARS (GENERAL)
Deep Infrared ZAMS Fits to Benchmark Open Clusters Hosting d Scuti Stars
Daniel J. Majaess et al.
The Latest Results on Accreting Pulsating White Dwarfs (Abstract)
Paula Szkody
Multiple Spiral Branches on Late AGB Stars (Abstract)
Qian Wang and Lee Anne Willson
Revisiting the Unnamed Fleming Variables (Abstract)
Kristine Larsen
A Search for Eclipsing Binary Light Curve Variations Among MACHO Project
Light Curves of 3,256 Fundamental-Mode RR Lyrae Variables in the Galactic Bulge
Michael W. Richmond
VARIABLE STARS (INDIVIDUAL); OBSERVING TARGETS
[RX And] The Z CamPaign: Year 1
Mike Simonsen
[TW And] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae A.
Marchini et al.
[TW And] The Z CamPaign: Year 1
Mike Simonsen
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[V455 And] The Latest Results on Accreting Pulsating White Dwarfs (Abstract)
Paula Szkody 145
[OO Aql] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae

A. Marchini ef al. 102
[V1101 Aql] The Z CamPaign: Year 1

Mike Simonsen 66
[EV Aqr] Periodicity Analysis of the Semiregular Variable Star EV Aquarii

Emil Terziev, John R. Percy, and Arne A. Henden 162
[Z Cam] The Z CamPaign: Year 1

Mike Simonsen 66
[SY Cnc] The Z CamPaign: Year 1

Mike Simonsen 66
[AT Cnc] The Z CamPaign: Year 1

Mike Simonsen 66
[SV CMi] The Z CamPaign: Year 1

Mike Simonsen 66

[GU Cas] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae

A. Marchini et al. 102
[V513 Cas] The Z CamPaign: Year 1

Mike Simonsen 66
[@ Cen] Anchoring the Universal Scale Via a Wesenheit Template

Daniel J. Majaess ef al. 122
[0 Cep] Visual Observations of d Cephei: Time to Update the Finder Chart (Abstract)

David Turner 148
[WW Cet] The First Historical Standstill of WW Ceti

Mike Simonsen and Rod Stubbings 73

[CI Cyg] CI Cygni 2010 Outburst and Eclipse: An Amateur Spectroscopic Survey—
First Results From Low Resolution Spectra
Frangois Teyssier 41
[DO Cyg] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae

A. Marchini et al. 102
[EM Cyg] The Z CamPaign: Year 1

Mike Simonsen 66
[V1363 Cyg] The Z CamPaign: Year |

Mike Simonsen 66

[YY Del] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae

A. Marchini et al. 102
[AB Dra] The Z CamPaign: Year 1
Mike Simonsen 66

[AH Her] The Z CamPaign: Year 1
Mike Simonsen 66
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[IK Her] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae

A. Marchini et al. 102
[VX Hya] VX Hydrae: Observation of a Sudden Change in a Pulsating Star

Michel Bonnardeau et al. 10
[GW Lib] The Latest Results on Accreting Pulsating White Dwarfs (Abstract)

Paula Szkody 145
[V391 Lyr] The Z CamPaign: Year 1

Mike Simonsen 66

[V400 Lyr] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae
A. Marchini et al. 102
[V569 Lyr] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae
A. Marchini et al. 102
[V571 Lyr] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae
A. Marchini et al. 102
[V572 Lyr] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae
A. Marchini et al. 102
[V576 Lyr] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae

A. Marchini et al. 102
[BI Ori] The Z CamPaign: Year 1

Mike Simonsen 66
[CN Ori] The Z CamPaign: Year 1

Mike Simonsen 66

[FZ Ori] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae

A. Marchini et al. 102
[V344 Ori] The Z CamPaign: Year 1
Mike Simonsen 66

[BO Peg] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae

A. Marchini et al. 102
[HX Peg] The Z CamPaign: Year 1

Mike Simonsen 66
[V378 Peg] The Orbital Period of Three Cataclysmic Variables From WASP Data

Patrick Wils 60
[TZ Per] The Z CamPaign: Year 1

Mike Simonsen 66
[KT Per] The Z CamPaign: Year 1

Mike Simonsen 66

[RS Sge] RS Sge Observations and Preliminay Analyses (Abstract)
Jerry Horne 147
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[U Sco] The 2010 Eruption of U Scorpii (Abstract)

Ashley Pagnotta 145
[V455 Sct (HD 173637)] The Variable Star HD 173637

Arlo U. Landolt 32
[UZ Ser] The Z CamPaign: Year 1

Mike Simonsen 66

[GQ Tau] Times of Minima for Several Eclipsing Binaries and New Ephemerides for
V569 Lyrae, V571 Lyrae, and V572 Lyrae

A. Marchini et al. 102
[TW Tri] The Z CamPaign: Year |

Mike Simonsen 66
[VW Vul] The Z CamPaign: Year 1

Mike Simonsen 66
[FY Vul] The Z CamPaign: Year 1

Mike Simonsen 66

[100 Eclipsing Binary stars] Do Eclipsing Variable Stars Show Random Cycle-to-cycle
Period Fluctuations?

Seyedyara Mohajerani and John R. Percy 80
[144 Eclipsing Binary stars] Recent Minima of 144 Eclipsing Binary Stars

Gerard Samolyk 94
[146 Eclipsing Binary stars] Recent Minima of 146 Eclipsing Binary Stars

Gerard Samolyk 177
[379 Ross variable stars] The Ross Variable Stars Revisited. I.

Wayne Osborn and O. Frank Mills 186
[56 RR Lyrae stars] Recent Maxima of 56 Short Period Pulsating Stars

Gerard Samolyk 23

[85 “irregular” (L-type) pulsating stars] Studies of “Irregularity” in Pulsating
Red Giants. III. Many More Stars, an Overview, and Some Conclusions

John R. Percy and Emil Terziev 1
[1H 1025+220] Leo5 is a Z Cam Type Dwarf Nova

Patrick Wils, Tom Krajci, and Mike Simonsen 77
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