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Abstract We present the combined BVI multicolor photometric solnfi@f seven
EW variables in the old open cluster Berkeley 39. The obsemnswere carried out
in the B andV passbands from the 2 m telescope at the IUCAA-Girawali Glasery

in India. The analysis is done using the 2003 version of thisaii Devinney code and
the fitted light curves are presented. The light curves appdze symmetric in all the
passbands. The photometric solutions suggest that thablesiare W-type systems.
The new ephemeris indicates that the orbital periods ofttidiesd variables have not
changed during the timespan of observations. Revisedabg@tiod, absolute mass,
radius and luminosity of the respective variables are piteske The absolute physical
parameters of the variables follow the trend of field EW st@mmparing the results
obtained with the other theoretical works, we suggest thartetis an excess loss of
mass and angular momentum in these systems which may be thedrtshort period
and relatively young age, possibly due to the presence oiré ¢bmponent or the
initial detached period being less than 2 d.
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1 INTRODUCTION

Berkeley 39 (Be39) is a rich old open cluster located in theddion of the galactic anticenter. The
central coordinates of the cluster drejao0 = 07"44™, 539000 = —04°36'). Kaluzny et al. (1993)
and Mazur et al. (1999) discovered more th&rnvariables, of which 2 were found to be EW type.
Based on the study of the Color Magnitude Diagram (CMD), fdlir& Bertelli (1998) obtained
the age of Be39 to be arouidt- 1 Gyr. However, by applying theoretical and recent obseoveti
constraints, Percival & Salaris (2003) found the age to ber7.5 + 1 Gyr. On the basis of the
spectroscopic study, Janes et al. (1992) derived [Fe/H].31 + 0.08 for the metallicity of Be39.
Percival & Salaris (2003) found the de-reddened distancdutus to bel2.97 4+ 0.09 along with the
metallicity [Fe/Hl= —0.15+0.09. The properties of Be39 and the photometric solutions daixes
V1,V4,V7andV8tin the passband were discussed in Sriram et al. (2009).

1 As per the nomenclature of Kaluzny et al. (1993).
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Contact binaries are short-period eclipsing variableatiyoclassified into A- or W-type on the
basis of their light curve (Binnendijk 1970). Earlier stesli(Hilditch 1989) suggested that A-type
stars are relatively more evolved than the W-type ones hstsitenario is ruled out by the fact
that A-type stars have high total mass and angular momenaiMi) ¢ompared to what is generally
found in W-types (Gazeas & Niarchos 2006). Despite the shghvivid physical distinction in the
evolution among A- and W-types, Gazeas & Stepieh (2008)vsld that these systems ultimately
merge and form a single fast-rotating star. Li et al. (2008)gested that during their dynamical
evolution these systems should have a low mass ratio. Jtaslg (2010) found that the minimum
mass ratio of contact binaries decreases with increasirsg wfethe primary if the primary mass is
< 1.3Mg, but above this mass the ratio is roughly constant. Howénayr tound that it is difficult
to determine whether the next evolutionary stage of thes&sys is to become a fast-rotating star
or if they evolve into a high mass ratio system through thegss of thermal relaxation oscillation
(TRO).

Large numbers of contact binaries have been discovereceim apd globular clusters (Rucinski
1998, 2000 and references therein). The observations afibgin an open cluster provide us with
important astrophysical tools to estimate the distanchdatuster and various evolutionary phases
of binaries themselves. Rucinski (1993) found their reéafrequencies of occurrence seem to be
much higher than the field stars, indicating action of mbtidy collision processes, possibly in-
tertwined with nuclear and angular-momentum evolutiomaliviidual components. Predicting the
evolution of these W UMa-type systems in clusters may helmislerstanding the formation of blue
stragglers.

Since theB andV passband observations were lacking for the variables 9 Bg8 carried out
an observation campaign on this cluster. The EW variabls sttt we could find in the frame of
10.5" x 10.5" are V1, V2, V6, V7, V8, V10 and V11. In our study, we considemgmnent 1 as the
higher temperature star and component 2 as the lower tetopestar.

2 OBSERVATIONS AND DATA REDUCTION

The observations of open cluster Be39 were carried out floenltt CAA-Girawali Observatory
(IGO) using the 2 meter telescope. The observations irBtlaad 1" passbands were carried out in
two allotted cycles, during 2009 January 19-21 and Febr0d~p8. The CCD used for imaging
provided an effective field of view of0.5" x 10.5’ on the sky corresponding to a plate scale of
0.3 arcsec pixet!. The full width at half maximum (FWHM) of the stellar imageried from3 — 5
pixels during the observations. A brief description of teles$cope’s instruments can be found in
Sriram & Vivekananda Rao (2010). As per Mazur et al. (1999),dpparent},.., magnitudes for
the variables are viz V1 15.40, V2 16.13, V6 17.98, V7 18.38,19.03, V10 15.89 and V11 19.67.
Considering the magnitude range, during the observatibegxposure time was set to 600 s for both
the bands and the observations were taken with the field @ehstc o000 = 07744™, 519000 =
—04°36’. For the selection of the comparison star (C1) and the chieck(62), we have chosen
several stars which are relatively bright.

Figure 1 shows the positions of the variable stars, the cosgpastar and the check star. It
was found that the magnitude of the comparison star with ¢herdinatesy oo = 07746™545,
032000 = —4°42'22"” remained constant during the period of our observations. difference of
magnitudes between the comparison and check stars for elierving nights in the3 and
filters are shown in Figure 2. It was found that the differeima@magnitude between C1 and C2 stars
was constant in brightness with a probable errot-6f004 mag for thé” and+0.006 mag for the
B band. The cluster was observed at various air-mass valagsgpfrom 1.1-2.0. In total, for both
the B andV passhands, 194 frames were obtained for variables V1, V¥ a0dnd 168 frames for
variables V6, V7 and V8, as well as 158 frames for V11. We edrdut differential photometry and
the extinction corrections were ignored for magnitude asidrocalibrations.
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Fig.1 10" x 10" image of the field of Be39. The range of R.A. along the horiabaixis is
07"47™20%, 07"46™40° and that of Dec is-04°37’, —04°47’. The center of the field 87" 47™00°,
—04°42'. The variables are labeled along with check and comparisos.s

We performed aperture photometry with thephotpackage available in the IRARoftware.
Using a circular aperture of an arbitrary radius (dependimthe sources) that encloses the sources,
we determined the number of counts within this aperture. Amuéar ring of much larger radius
and width of about 5 pixels was used to estimate the backgroonnts. The background counts
were subtracted from the counts measured within the agetrtuget the variable counts and thus
the instrumental magnitudes were obtained. The probatiesghat were obtained for the brightest
variable V1 are+0.006 mag in theéB passband, andt0.004 mag in thé” passband, and for the
faintest variable V11 ar¢-0.023 mag in the3 passband an#t0.019 mag in thé” passband.

Due to the variations in the sky conditions, we could nothralie the apparent magnitudes.
However, the differential magnitudes were obtained forntigable stars by subtracting the magni-
tude of the variable star from the magnitude of the comparstar. The Heliocentric Julian Dates
(HJD) were obtained from the time of observation. The phast variables were calculated using
their periods (discussed in the next section). Using tha diatained by us in th8 andV passbands
and the set of passband data from Kaluzny et al. (1993), we derived the @wedbmulticolor
photometric solutions for each variable.

3 PERIOD ANALYSISAND DETERMINATION OF EPHEMERIS

The times of minima (Table 1) were determined from the dataguthe method of Kwee & van
Woerden (1956). The revised epoch and period of each varithtied in the present work are
derived from the observed times of minima. Table 2 (cols.@ Znshows the result of new epochs
and periods. Using the new epoch and period, eclipse tingisiguals are calculated. It is found that
the residuals do not show any significant variation, indincpthat the period has remained constant
during the years 1993 to 2009 for the observed binaries.

2 |RAF is distributed by the National Optical Astronomy Ohsxory, which is operated by the Association of Universitie
for Research in Astronomy (AURA) under cooperative agregméth the National Science Foundation.
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Table1l CCD Times of Light Minima for the Observed Variables of Be39

Variable J.D. Hel. Min. E (0-C) Origin

Vi 2448285.7930 | —16250 0.0031 Kaluzny et al. (1993)
2454851.2435 | —47 —0.0025 This paper
2454852.2593 1l —44.5 0.0008 This paper
2454853.2796 | —42 0.0081 This paper
2454866.2429 | —-10 0.005 This paper
2454867.2567 1l —7.5 0.0058 This paper
2454868.2704 | -5 0.0065 This paper
2454869.2850 1l —2.5 0.0081 This paper
2454870.2899 | 0 0 This paper

V2 2448285.8060 1l —13497.5 0.00375 Kaluzny et al. (1993)
2454851.3674 | -2 —0.0031 This paper
2454852.3435 | 0 0 This paper
2454853.3168 | 2 0.0003 This paper
2454866.2071 1l 28.5 —0.00165 This paper
2454867.1772 1l 30.5 —0.00455 This paper
2454868.1495 1l 325 —0.00525 This paper
2454869.3707 | 35 —0.0003 This paper
2454870.3370 | 37 —0.007 This paper

V6 2448226.9810 | —23299 0.0019 Kaluzny et al. (1993)
2454851.2332 | -7 0.0093 This paper
2454851.3658 1l —6.5 —0.0003 This paper
2454852.2234 1l —-3.5 0.0041 This paper
2454852.3647 | -3 0.0032 This paper
2454853.2147 | 0 0 This paper
2454853.9379 1l 2.5 0.0122 This paper
2454866.2989 | 46 0.0018 This paper
2454867.1554 | 49 0.0051 This paper
2454867.3005 1l 49.5 0.008 This paper
2454868.1418 1l 52.5 —0.0039 This paper
2454868.2880 | 53 0.0001 This paper
2454869.1418 | 56 0.0007 This paper
2454869.2848 1l 56.5 0.0015 This paper

V7 2448226.8850 | —23893 0.0042 Kaluzny et al. (1993)
2454851.2087 1l —64.5 0.0049 This paper
2454852.3185 1l —60.5 0.0027 This paper
2454853.2870 | —-57 —0.0018 This paper
2454866.3592 | —-10 0.0044 This paper
2454867.3353 1l —6.5 0.0075 This paper
2454868.3033 | -3 0.0025 This paper
2454869.1348 | 0 0 This paper
2454869.2783 1l 0.5 0.0045 This paper

V8 2448226.7640 I —29031.5 —2.5x10~19 Kaluzny etal. (1993)
2454851.3234 | —78 —0.0014 This paper
2454852.2402 | —74 0.0002 This paper
2454852.3516 1l —735 —0.0028 This paper
2454853.2696 1l —69.5 1.7x10~ 11 This paper
2454853.3826 | —69 —0.0014 This paper
2454866.3109 1l —-125 —0.0003 This paper
2454867.3397 | -8 —0.0011 This paper
2454869.1712 | 0 0 This paper
2454869.2832 1l 0.5 —0.0024 This paper

V10 2448226.8550 I —12257.5 —0.02205 Kaluzny et al. (1993)
2454851.0627 1l —335 —0.00038 This paper
2454852.1471 1l -315 0.00045 This paper
2454853.5012 | —29 —0.0004 This paper
2454866.2362 1l -5.5 0.00055 This paper
2454867.3203 1l —-3.5 5x107° This paper
2454869.2163 | 0 0.0004 This paper
2454870.3118 | 2 0.0117 This paper
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Variable J.D. Hel. Min. E (O-C) Origin

V11l 2454851.2978 1l -85 5x107° This paper
2454851.4042 | -8 1x10~4 This paper
2454852.1974 1l —4.5 0.00015 This paper
2454852.4288 1l —-3.5 0.00615 This paper
2454853.2147 | 0 0 This paper
2454853.3315 1l 0.5 0.00365 This paper
2454866.3405 | 58 0.0001 This paper
2454867.2452 | 62 —0.0002 This paper
2454868.1506 | 66 —0.0005 This paper
2454868.3773 | 67 0.0001 This paper

Table2 Epoch and Period for Each Variable

Variable Epoch Period
(JD Hel.) (d)
Vi 2454870.2939(40) 0.4052000(35)
V2 2454852.3408(42) 0.4865001(36)
V6 2454853.2179(43) 0.2844001(28)
V7 2454869.1379(39) 0.2779995(37)
V8 2454869.1702(41) 0.2287999(39)
V10 2454869.2182(42) 0.5419019(32)
Vi1 2454853.2151(44) 0.2262967(39)

4 PHOTOMETRIC SOLUTIONS

BV I combined photometric solutions were obtained using th&2@esion of the Wilson-Devinney
(WD) code with an option of non-linear limb darkening via aiate root law along with many other
features (Wilson & Devinney 1971; van Hamme & Wilson 2003)eTvisual inspection of these
variables indicates the W UMa contact binary nature, ancéenode 3 was used. The effective
temperature for the primary componéhit was obtained from the average de-reddeneéd-(V)
values for the variables (Mazur et al. 1999), and using thkesagiven by Allen & Cox (2000). The
initial value for the effective temperature of the secoyaamponent; was assumed to be slightly
less tharil; and it was kept as a free parameter.

Because of the convective nature of heat transportationvelepes, the gravity darkening ex-
ponents for the system are takeryas= ¢g> = 0.32 (Lucy 1967). Assuming circular orbits, the eccen-
tricity eis fixed at 0. From Rucifski (1969), the values of the bolamebedoA; = A, are fixed
at 0.5. The rotation and revolution for the variable are as=iito be synchronized, hence we chose
F1=F2=1. The values of the limb darkening coefficients of ponentsz;, z, are taken as 0.610
and 0.549 (Diaz-Cordoves et al. 1995) for tBeandV passbands respectively. The wavelengths are
taken as 4458 and 5497A for the B andV passbands respectively. The adopted adjustable param-
eters are: the orbital inclination)( the temperature of secondary comporiéntthe dimensionless
potential of the primary stdr; and the monochromatic luminosity of the primary star Since no
spectroscopic observations are available for the vasable used the search method to constrain
the most important parameter, the mass ratie= m2/m1). In order to find the best value of the
mass ratio, we executed the differential code (DC) for wagiassumed values of mass ratio, while
keeping in mind that the surface potenti@ = ) also changes with respect to the mass ratio. The
corresponding value for the surface potenfilalwas calculated using the equation given by Kopal
(1959). To obtain the best value of mass ratio, we assumedes s¢ values of; (from 0.3 — 4.0
with a stepwise increase of 0.1). The resulting sujw, (O — C)f of the weighted square deviations
of the converged solutions for each value is shown in Figureirially we executed the program,
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Fig.2 Eight panels show the magnitude differences in Bhand V' passbands between the com-
parison and check stars versus HJD for observations on 2008ady 19-21 and February 04-08.
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Fig.3 Mass ratio §) versus sigma)_) plot using the combined multi-color passband data for each
variable.

freeing the parameter mass ratio and inclination along witter free parameters viz. inclination
(), secondary component temperat(ifg), surface potential2;) and monochromatic luminosity
of the primary componenrtZ, ). The results of the final analysis are shown in Table 3. Frazseh
parameters, theoretical light curves were computed usiadight curve (LC) code (Figs. 4, 5 and
6). We find that the scatter is much less in f@andl” passbands compared to thpassband.

5 RESULTS

For the observed variables, the absolute magnitlifie is obtained from the relatiod/y,, =
—4.441og P + 3.02(B — V), + 0.12 (Rucinski & Duerbeck 1997). The apparent magnitude
andE(B — V) = 0.15 are taken from Mazur et al. (1999) and using the distance fnedguation

m — My = 5logd — 5, the distancél is derived. The results of each of the systems are discussed
below:

5.1 VariableV1

The period of the system (54052d andB —V = 0.51, which closely corresponds to the GO spectral
type. The combined result in the three bands shows a tenuperdifference ot~ 235K between
the two components. The best combined valuegarid: are 1.72 and7° respectively. The fill-out
factor is0.163 which is of intermediate level. The distance of the variablaround2512 pc. This
distance indicates that this variable is not a member of linster and it is a foreground field star.
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Fig.4 Best fit in theV and B passbhand light curves of variables (V1, V2, V6 and V7). Thia{so
represent the observed data and the line marker reprebertiest fit.

5.2 VariableV2

The period of the system (54865d andB — V' = 0.52, which closely corresponds to the G1 spectral
type. The combined result in the three bands shows a tenupewitference of- 270 K between the
two components. The best combined valueg ahdi came out to be 0.79 artd ° respectively. The
fill-out factor is0.225 which is of intermediate level. The distance of the variableroundi074 pc.

5.3 VariableV6

The period of the system (52844d andB —V = 0.67, which closely corresponds to the G4 spectral
type. The combined result in the three bands shows a tenupedifference of- 300 K between the
two components. The best combined valueg ahdi came out to be 0.78 artd° respectively. The
fill-out factor is0.245, which is of intermediate level. The distance of the vaegdblaroundl800 pc.

5.4 VariableV7

The period of the system 52780d andB — V' = 0.67, which corresponds to the G4 spectral type.
The combined result in the three bands shows a temperafteredice of~ 200 K between the two
components. The best combined valueg @nd: came out to be 1.17 angb® respectively. The
fill-out factor is0.284, which is of intermediate level. The distance of the vagablaround675 pc.

5.5 VariableV8

The period of the system (52288d andB — V' = 0.87, which closely corresponds to the K2 spectral
type. The maxima and minima of the light curves are almosakiguoth the filters. The combined
resultin the three bands shows a temperature differense’fK between the two components. The
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Fig.5 Same as Fig. 4 but for variables V8, V10 and V11.
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Fig.6 BestfitinI passband light curves of observed variables. The symbpiesent the observed
data and the line marker represents the best fit.
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Table3 Combined Multi-color Photometric Elements Obtained fa Mfariables by Using the WD

Code
Parameter Vi V2 V6 V7 V8 V10 V11
Geometric Parameters
Period (d) 0.4052 0.4865 0.2844 0.2780 0.2288 0.5419 0.2263
1 (°) 66.724+0.379 61.158+ 0.265 64.11% 0.441 66.5274-0.395 80.438+ 0.687 63.118-0.208 65.223+ 0.589
q 1.720+0.034 0.788+ 0.017 0.77% 0.022 1.174+0.025 1.281+ 0.108 1.301#0.018 1.251t 0.015
Q.2 4.635+ 0.050 3.282+ 014  2.97740.028 3.830+ 0.036 4.1514+ 0.169 4.052+ 0.009 4.018+ 0.027
Fill-out Factor 0.163 0.225 0.245 0.284 0.179 0.323 0.112

Fractional radii of star 1
1

POLE 0.323+ 0.006 0.366+ 0.005 0.367 0.006 0.349+ 0.005 0.325+ 0.020 0.335+ 0.001 0.345+ 0.004
POINT 0.4284- 0.004 0.453+ 0.008 0.468+ 0.003 0.463+ 0.008 0.403+ 0.017 0.438+ 0.008 0.345+ 0.004
SIDE 0.3434 0.008 0.456+ 0.0019 0.385+ 0.007 0.3674+ 0.006 0.338+ 0.025 0.351 0.001 0.362+ 0.004
BACK 0.373+ 0.016 0.410f 0.001 0.412+ 0.010 0.4044 0.010 0.367+ 0.037 0.383+ 0.002 0.395+ 0.007

Fractional radii of star 2
2

POLE 0.3924+ 0.005 0.323+ 0.001 0.331+ 0.006 0.375+ 0.005 0.391+ 0.019 0.378+ 0.002 0.375+ 0.003
POINT 0.4274 0.004 0.423+ 0.008 0.435t+ 0.003 0.497 0.008 0.482+ 0.017 0.486+ 0.008 0.474+ 0.004
SIDE 0.417+ 0.007 0.3414+0.001 0.345+ 0.008 0.396+ 0.006 0.408+0.024 0.399% 0.001 0.395+ 0.004
BACK 0.448+ 0.001 0.404+ 0.005 0.373+ 0.011 0.425+ 0.009 0.434+ 0.033 0.429+ 0.002 0.427 0.006
Radiative Parameters

Spec. Type GO Gl G4 G4 K2 F5 K3

Ty (K) 6300 6250 5600 5600 5000 6800 4900

T (K) 6065+87 5981478 5302t 72 5399+ 77 4925+ 82 6210t 75 4630+ 89
Luminosity Ratio

L{B 0.4307 0.6253 0.6439 0.4884 0.4357 0.5576 0.5476
L2B 0.5693 0.3747 0.3561 0.5116 0.5643 0.4424 0.4524
LY 0.4309 0.6244 0.6443 0.4890 0.4382 0.5580 0.5474
L;/ 0.5691 0.3756 0.3557 0.5110 0.5618 0.4420 0.4526
L{ 0.4297 0.6267 0.6441 0.5042 0.4672 0.5578 0.5487
L§ 0.5703 0.3733 0.3559 0.4968 0.5328 0.4422 0.4513
> 0.0011 0.0030 0.0018 0.0035 0.0216 0.0032 0.0022

best combined values gfand: are 1.28 an&0° respectively. The temperature difference between
the two components and the value of the fill-out factoi 79) suggests that this system has good
thermal contact but poor geometrical contact. The distaftge variable is aroundi875 pc.

5.6 VariableV10

The period of the system i55419d andB — V' = 0.41, which corresponds to the F5 spectral type.
The combined result shows a temperature difference 600 K between the two components. The
best combined values gfand: are 1.30 an@3° respectively. The fill-out factor is found to 0e323,
which indicates a reasonably good geometrical contacteo$yistem. The distance of the variable is
around4700 pc.
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5.7 VariableV11l

The period of the system 52263d andB — V' = 0.88, which corresponds to the K3 spectral type.
The combined result in the three bands shows a temperafteredice of~ 270 K between the two
components. The best combined valueg and: are 1.25 an@5° respectively. The fill-out factor of
0.112 is somewhat low for W UMa systems. This fill-out factor indiesithat the stars of this system
might have come into contact recently. The distance of thiabke is around400 pc. This system
may also be a field star that is in the background of the cluster

6 DISCUSSION AND CONCLUSIONS

The photometric solutions suggest that all the variabled/étype systems of which five variables
(V1,V7,V8, V10 and V11) have mass ratio greater than 1, ardé¢maining two (V2 & V6) have
mass ratios less than 1. The absolute physical parametettsefse variables, given in Table 4, are
derived using the Kepler, Newton and Stefan-Boltzman lavesigded by Gazeas (2009). We find
that they do not show a large discrepancy with respect to defdact binaries. Gazeas & Niarchos
(2006) showed that A-type systems would evolve into W-tyystesns because of the loss of total
mass and AM. Gazeas & Stepiefn (2008) performed a detdilearétical calculation of mass and
AM loss via stellar wind from a detached binary evolving iatd/-type W UMa system with shorter
periods and low total mass, which agrees with our resultaidver, in their computed model results,
the mass ratio in the coalescence configuration does nottodwsel low (Gazeas & Stepieh 2008)
which is contradictory to the conclusion of Li et al. (200&enerally it is observed that A-type
systems have low mass ratio values when compared to the #ss of W-type ones with few
exceptions.

Table4 Estimated Absolute Elements for Seven Variables
Variable My (M@) ]\/[2(]\/[@) Ry (R@) RQ(R@) Ll(LQ) L2(L®)

V1 1.155+-0.025 1.98#40.008 1.086-0.010 1.376:0.008 0.974:0.053 1.556-0.033
V2 1.399+0.036 1.103:0.010 1.43#40.012 1.2980.008 2.3040.077 1.87%0.063
V6 0.949£0.024  0.73%0.007 0.874:0.007 0.78%0.007 0.59€:-0.092  0.48€-0.028
V7 0.905£0.023  1.0620.006 0.80740.008 0.86%-0.008 0.456-0.045 0.524:-0.043
V8 0.7810.023  1.00€:0.005 0.66%0.005 0.74&0.005 0.266:-0.092  0.33€:-0.021
V10 1.4570.036 2.2220.010 1.48€-0.013 1.65740.012 2.344:0.092 2.9430.073
Vil 0.776:0.026  1.1380.005 0.663%0.006 0.72#0.005 0.2620.025 0.318:0.023

1 — Primary, 2 — Secondary.

Li et al. (2008) found that the relationship between the mats and the total mass of a contact
binary system indicates that the high mass ratio systenigestmvards low mass ratio systems due
to mass loss and AM loss mechanisms. The high mass ratioattimary systems can be understood
in the framework of the mass transfer process implying thagsrtransfer is taking place from the
primary (more massive) to the secondary component (lessivedsthus decreasing the period of
the respective system. It is argued that the energy traisdfess for a higher evolutionary rate of the
primary component (Liu & Yang 2000a,b). These results gilpimdicate that in high mass ratio
systems, the primary has a high degree of evolution andwelahergy. Its mass transfer is less
compared to the low mass ratio binaries.

Qian (2001) studied overcontact binaries and found thaetbrists a critical mass ratiq =
0.4) where period increasey (> 0.4) or decreaseq( < 0.4) occurs. According to TRO models
(Lucy 1976; Flannery 1976; Robertson & Eggleton 1977), Wwtdce dependent on mass ratios and
periods, contact binaries oscillate between contact amd-detached systems due to the transfer
of mass and energy. In the contact stage, the direction of ntmassfer is opposite to that of the
energy transfer and causes a rapid increase in separatiersybtem then reaches a configuration
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with the primary filling its lobe and transferring material the secondary. In the TRO model the
system oscillates around a marginal stable point. As thesrisasansferred from the secondary to
the primary component the system reaches a semi-detadmlwith a low mass ratio and higher
period. Later the mass transfer takes place from the priattye secondary, decreasing the period
and the mass ratio increases. This stage is the high end @assolutions show that most of the
observed variables have high end mass ratio values thuestigg that all the member variables
are at different stages in their TRO cycle. However, the damas small and hence this kind of
study should be extended to other contact binaries to cotifiemeal dependency of mass ratio and
period change. Our study shows that all the variables havass matio of> 0.4 and should have

a trend of increasing period, i.e. the variables shouldwevtdwards a semi-detached configuration.
Incidentally, no such trend has been observed in theseblesiauring the period 1993-2009. We
found that the variables V1 and V2 have similar peridds; V' values, and temperaturéeg,( 75),

but their mass ratios and luminosities differ in all the thpassbands. Variables V6 and V7 also
have similar values of period®& — V, temperatures and the luminosities, but differ in their snas
ratios. Variables V8 and V11 have similar values of periBd;- V/, temperatures and mass ratios,
but differ in their luminosities. Therefore, the short pefricontact binaries (V6, V7, V8 and V11)
are very important for future studies in order to discoveirthadiative and dynamical evolution and
the period changes in these systems would be helpful toreamghe TRO model.

The photometric mass ratios of variables in Be 33, NGC 678B%and NGC 7789 suggest that
most of them are W-subtype with mass ragio- 1 or intermediate mass ratio values, independent
of the respective cluster age (Rukmini & Vivekananda Rad22®&ukmini et al. 2005; Sriram et al.
2009; Sriram & Vivekananda Rao 2010). This work, along withr previous ones, suggests that
the frequency of W-type systems is high compared to the &equ of A-type ones in clusters,
which supports the theoretical evolutionary idea that petgystems evolve into W-types. Gazeas
& Stepieh (2008) showed that binaries with periods 0.3€d0have an age of about 5—-6 Gyr but
the studied variables have much shorter periods (excep} Whith are probably members of the
cluster with age- 6 Gyr. This indicates that the evolution of each variable imgohrough different
phases or the mass and AM loss rate are high in order to habd@ugeriod contact binaries in
a 6 Gyr old cluster. A possible candidate of excess loss of Advhfthe binary systems could show
the presence of a third body. This possibility is also sufgabiby the argument that a slight increase
in mass transfer among the binary components results in erwithit (Gazeas & Stepieh 2008) but
most of the studied variables have periods less than 0.3alofffer possibility is that short period
variables in Be39 could have smaller orbital size in thed-pontact phase (less than 2d, as assumed
in Gazeas & Stepiehn 2008), and because of the averagefmatess and AM loss, such short period
variables are observed.

Future photometric and spectroscopic observations waailgskful to know the possible period
changes and constrain the mass ratio of member variablewauld also be important for under-
standing the evolutionary status of these systems.
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