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We present the first photometric observations and light curve modelling of the discovered
systems GSC 01870-00458 and USNO-A2.0-0975 04721840. Our modelling was carried out using
a recent Windows interface version of Wilson and Devinney code based on model atmospheres
provided by Kurucz. The accepted models revealed absolute and physical parameters that can be
wed to study the evolutionary states of systems. The parameters show that primary component is
more massive and hotter than the secondary component for both systems, and spectral tvpes of
the system components were adopted. Locations of both systems on theoretical mass-luminosity and
mass-radius curves revealed a good fit for components of both systerns except for the secondary
component of the system GSC 01870-00458.
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1. Introduction. Studies of eclipsing binaries are the primary source of our
knowledge of the fundamental properties of stars, which often a combination of
photometric and spectroscopic data (Kallrath, Milion [1]). Photometric and
spectroscopic observations of eclipsing binary systems are essential in deriving
absolute parameters of the components, such as the stellar radii and effective
temperatures. These parameters and many others are important to understanding
the evolutionary stage and stellar structure of eclipsing binary systems (Yilmaz et
al. [2]). The present paper models the light curves of the discovered systems GSC
01870-00458 and USNO-A2.0-0975 04721840. Table 1 lists the coordinates of
the systems together with their comparison and check stars. The remainder of the
paper is organized as follows. Section 2 briefly describes the studied systems while
section 3 models light curves. Section 4 discusses the evolutionary status for both
systems. The summary of the results and conclusions of the study are presented
in section 5.

2. Observations.

2.1. GSC 01870-00458. The system GSC 01870-00458 was used as a
comparison star for the system V781 Tau by Liu et al. [3] and discovered to be
a variable star by Nakajima and Nagai [4] during their observations of the system
V781 Tau. Nakajima, Nagai listed the system as an Algol-type eclipsing binary
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Table 1
COORDINATES AND BV MAGNITUDE OF THE VARIABLE,
COMPARISON AND CHECK STARS

Star Name a (2000.0) | & (2000.0) B V | B-V
Variable (GSC 01870-00458) 05"50'25".88 | +26°56'50".60 | 10.91 | 10.89 | 0.02
Comparison (GSC 01870-00582) 05"50'20".80 | +26°56'42".36 | 11.92 | 11.46 | 0.46
Check (GSC 01870-00514) 05"50'22".39 | +26°59'55".00 | 10.13 | 9.68 | 0.45
Variable (USNO-A2.0-0975 04721840) 07"09'56".34 | +12°06'08".20 | 16.06 | 15.18 | 0.88
Comparison (USNO-A2.0-0975 04707248) | 07°09'26".30 |+12°12'16".92 | 14.6 - -
Check (GSC 00770-00051) 07"09'25".84 |+12°11'42".43 | 13.53 - -

variable star with a period P=1°.08481. Complete BVRc light curves were observed
by Nakajima and Nagai [4] on 37 nights from December 15, 2003 to January 7,
2005 using a Meade LX200 0.25-m /6.3 SCT telescope with a CV-04 (KAF-401)
(CCD) detector. The systems GSC 01870-00582 and GSC 01870-00514 were used
as comparison and check stars respectively during the observations. Table 1 lists their
basic information while Fig.1 presents observed light curves in BVRc pass bands.
The ephemeris adopted by Nakajima and Nagai [4] was used to calculate the
individual phases of all observational data:
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Fig.1. CCD light curves of the system GSC 01870-00458 in the BVRc pass band.
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2.2. USNO-A2.0-0975 04721840. Liakos and Niachros [5] discovered
the system USNO-A2.0-0975 04721840 (P=0".50460) to be a variable star in
the field of the systems AV CMi and GSC 00770-00523 and classified as an EB-
type light curves. They carried out the first CCD photometric observations of the
new system in V7 (Bessell) pass bands using a 0.4-m Cassegrain f/8.1 telescope
equipped with an SBIG ST-10XME CCD camera at the observatory of the
University of Athens, Greece. The systems USNO-A2.0-0975 04707248 and GSC
00770-00051 were used as comparison and check stars respectively during the
observations. Their basic information is listed in Table 1, while the observed light
curves are presented in Fig.2 in VI (Bessell) pass bands. The phases of the
individual observations were calculated using the first ephemeris estimated by
Liakos and Niachros [5]:
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Fig.2. CCD light curves of the system USNO-A2.0-0975 04721840 in the V7 (Bessell) pass band.

3. Photometric analysis. The observed light curves of the studied systems
were analysed using the 2009 version of the Wilson and Devinney code (Windows
interface version by Nelson [6]) to estimate the orbital elements describing the
observed curves. The used code applies a model atmosphere created by Kurucz
[7] and produces synthetic light curves similar to observed light curves using
constructed models and adopted absolute parameters. The initial values of tem-
peratures of the primary component 7, for both systems were estimated using the
color index (/- H) for each system listed in SIMBAD (http://simbad.u-strasbg.fr/
simbad/sim-fbasic), where the corresponding temperature was estimated using the
(J - H) color index relation of Pecaut, Mamaek [8]. The temperature adopted for
the primary component of each system was used as an initial value in the
modelling of light curves. Gravity darkening exponents (g, g) and bolometric



44 M.S.ALENAZI, M.M.ELKATEEB

albedo values (A4,, A,) were adopted following Lucy [9] and Rucinski [10] for
the convective envelopes (7 e 7500 K) of late-type stars as g, =g,=0.32 and
A =A,=0.5. Limb darkening coefficients based on the interpolated logarithmic
law were taken from the tables of Van Hamme [11]. Spectroscopic measurements
of the radial velocity for eclipsing binary systems are known to be important in
adjusting the mass ratio ¢g. The studied systems are new systems and thus do not
have a history of spectroscopic observations, and we thus adopted a g-search to
estimate the initial values for the systems mass ratio g. A g-search based on mass
ratios ¢ with values ranging from 0.10 to 0.9 was conducted by means of Mode
(5) for the system GSC 01870-00458 and Mode (2) for the system USNO-A2.0-
0975 04721840. A convergent solution was obtained for each assumed ¢ value.
The sum of squared deviations (O -C)2 for each g value is presented in Fig.3a,
b for the two studied systems. The mass ratio g corresponding to the minima
of Z(O - C)2 was used as an initial value. Adjustable parameters in modelling were
the orbital inclination i, mass ratio g, mean temperature of the secondary star
T,, potential of the components Q,,Q,, and luminosity of the primary star L,.
The relative brightness of the secondary star L, was calculated from stellar
atmospheric models.
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Fig.3. g-search of binary systems: a) GSC 01870-00458, and b) USNO-A2.0-0975 04721840.

3.1. GSC 01870-00458. The first observed BVRc light curves of the
discovered system GSC 01870-00458 were analysed using Mode 5 (semidet-Algol)
of the Wilson and Devinny code (Windows interface version) developed by Nelson
[6]. As mentioned earlier, the initial value of the mass ratio ¢ was adopted
according to a g-search (see Fig.3a). An acceptable model was adopted following
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Table 2

PHOTOMETRIC SOLUTION FOR THE SYSTEMS GSC 01870-00458
AND USNO-A2.0-0975 04721840

Parameter GSC 01870-00458 USNO-A2.0 0975-04721840
i () 78.29+0.10 84.95+0.26
8 =8 0.32 0.32
A =4, 0.5 0.5
q (M,/M,) 0.1556 % 0.0009 0.895540.0045
Q, 2.3941 £0.0035 4.1105%0.0126
Q, 2.1182 3.6777+0.0119
T, (°K) 7110 (fixed) 5300 (fixed)
7, (°K) 972+11 4896+ 5
. 2.1182 3.5780
Q.. 2.0178 3.0826
r, pole 0.4441 £ 0.0009 0.3073 +0.0055
r, side 0.4705+0.0011 0.3163 £ 0.0062
r, back 0.4806 +0.0013 0.3290+0.0075
r, pole 0.2165+0.0009 0.3345+0.0073
r, side 0.2251 0.0009 0.3490 +0.0088
r, back 0.2571 £0.0009 0.3746 +0.0122
¥(0-C)? 0.25045 0.03947

trials with adjustable parameters. The parameters obtained using the model are
listed in Table 2, which shows that the primary component of the system GSC
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Fig.4. Synthetic and observed curves for the system GSC 01870-00458.
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01870-00458 is hotter than the secondary component by 2838 K, and conse-
quently, their spectral types are F1 and K6 respectively according to their adopted
temperatures (Popper [12]). Fig.4 presents the observed light curves (normalized
flux) of the system GSC 01870-00458 (filled circles) together with synthetic light
curves (solid line) obtained using the adopted model in BVRc pass bands.

3.2. USNO-A2.0-0975 04721840. A photometric study of the discovered
EB system USNO-A2.0-0975 04721840 was first carried out using the observed
light curves in the VI (Bessell) pass band adopting Mode 2 (detached) of the
Wilson and Devinney code developed by Nelson [6]. The accepted model shows
that the spectral types of the primary and secondary components are G8 and K2
respectively and that the primary component is 404 K hotter than the secondary
component. Table 2 lists the estimated parameters of the photometric solution
while Fig.5 displays the reflected observed points (normalized flux) in VI (Bessell)
pass bands together with the corresponding theoretical light curves obtained using
the model.
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Fig.5. Synthetic and observed curves for the system USNO-A2.0-0975 04721840.

Spectroscopic observations of the radial velocity are the main source of data
used in estimating physical parameters of the eclipsing binary components. For
the discovered systems there are no previous spectroscopic observations, and the
absolute physical parameters were estimated using the empirical 7 ;- nass relation
given by Harmanec [13]. Table 3 lists the calculated absolute physical parameters
of the components of the studied systems. The parameters show that the primary
components are more massive than the secondary component for both systems.
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Table 3

ABSOLUTE PHYSICAL PARAMETERS FOR GSC 01870-00458 AND
USNO-A2.0-0975 04721840

Element Star name
GSC 01870-00458 USNO-A2.0-0975 04721840
M (My) 1.5399 +£0.0629 0.9477£0.0387
M, (M) 0.2396 £0.0098 0.8487 £0.0347
R (Ry) 1.5944 £0.0651 1.0460 £0.0427
R (Ry) 0.6670£0.0272 0.9011£0.0368
T, (Ty) 1.2305£0.0502 0.9173+0.0375
T,(Ty) 0.7394 £0.0302 0.8474 £0.0346
L (Ly) 5.8205+0.2376 0.7735+£0.0316
L,(Lg) 0.1328 £0.0054 0.4180%+0.0171
M, 2.8376 £0.1159 5.0289+0.2053
M, 6.9423+£0.2834 5.6970+0.2326
Sp. Type (F1)!, (K6)? (G8)!, (K2)?

L

Phase=0.75 Phasel=0.90

Fig.6. Three-dimensional structure of the binary system GSC 01870-00458.

Geometrical structures of the studied systems were created according to the
calculated parameters using the software package Binary Maker 3.03 (Bradstreet,
Steelman [14]) and are displayed in Fig.6, 7.

4. Evolutionary states. Evolutionary states of the studied systems were
investigated using the estimated physical parameters listed in Table 3 by means
of mass-luminosity M-L and mass-radius M-R relations and the evolutionary
tracks computed by Girardi et al. [15] for both zero age main sequence stars
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Fig.7. Three-dimensional structure of the binary system USNO-A2.0-0975 04721840.

(ZAMS) and thermal age main sequence stars (TAMS) with metallicity z=0.019.
We also used the luminosity-effective temperature L-T,  relation of non-rotating
models and the empirical mass-effective temperature M-T, relation of intermediate
and low-mass eclipsing binaries. Fig.8a, b present the locations of the components
of the studied systems on the curves of mass-luminosity M-L and mass-radius
M-R relations. The figures show that the components of the system USNO-A2.0-
0975 04721840 (S,, S,) are located near the ZAMS while the primary component
S, of the system GSC 01870-00458 is located on the ZAMS, and the secondary
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Fig.8. Positions of the components (S,,S,) of the systems GSC 01870-00458 and USNO-
A2.0-0975 04721840 on the a) theoretical mass-luminosity diagram and b) theoretical mass-radius
diagram of Girardi et al. (2000).
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component S, lies above the TAMS track. The deviation of secondaries is ascribed
to energy transfer from the primary to secondary through the common convective
envelope, as suggested by Lucy [16]. Using the non-rotating evolutionary models
of Ekstrom et al. [17] at solar metallicity z=0.014, we assigned components of
the two systems on the T,-L relation as shown in Fig.9. Both components of
system USNO-A2.0-0975 04721840 (S,, S,) and the primary component S, of
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Fig.9. Positions of the components (S,,S,) of the systems GSC 01870-00458 and USNO-
A2.0-0975 04721840 on the effective temperature-luminosity diagram of Ekstrom et al. (2012).

system GSC 01870-00458 lie on expected tracks, while the secondary component
S, of system GSC 01870-00458 deviates from the expected track. The mass-
effective temperature relation M-T, - for intermediate and low-mass stars (Malkov
[18]) is displayed in Fig.10 for both systems. The locations of the studied systems
on the M-T . diagram have a good fit for the components of system USNO-
A2.0-0975 04721840 (S,, S,) and the primary component S, of system GSC
01870-00458, while the secondary component S, of system GSC 01870-00458 has
a poor fit. The components thus have the same behaviour in terms of mass-
luminosity and mass-radius relations.

5. Discussion and conclusion. The semidetached system GSC 01870-
00458 and detached system USNO-A2.0-0975 04721840 were discovered as
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Fig.10. Positions of the components S,, S, of the systems GSC 01870-00458 and USNO-
A2.0-0975 04721840 on the empirical M-T,; curve for low-intermediate-mass stars provided by
Malkov (2007).

eclipsing binary systems in 2006 and 2011 respectively. CCD observations of the
two systems were used to estimate orbital solutions, which revealed absolute and
physical parameters. The estimated parameters showed that the primary component
is hotter and more massive than the secondary component for both systems.
Spectral types of the system components were adopted according to estimated
temperatures. The evolution of the studied systems was investigated to explore
behaviours in terms of M-R and M-L relations. The locations of components of
both systems on M-R and M-L relations fitted ZAMS tracks except in the case
of the secondary component of the system GSC 01870-00458. The system GSC
01870-00458 is semidetached whereby the secondary component star is filling its
Roche lobe and transferring mass to the primary on a thermal time scale. The
secondary star is out of thermal equilibrium, which may explain its behaviour.
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AHAJIN3 KPUBBIX BJIECKA HEKOTOPbBIX
SATMEHHBIX JIBOMHbLIX CUCTEM

M.C.AJIEHA3U'!, M.M.DJIbXATUDB!*

IIpencraBiaeHbl IiepBbIe (POTOMETpUUYECKUE HAOMIONECHUS U MOJEJIMpPOBAHUE
KpuBbIX Ojecka obHapyxeHHbIx cucteM GSC 01870-00458 u USNO-A2.0-0975
04721840. MoaenupoBaHNue IIPOBOIMIOCH C MCITOJIb30BAHNEM MOCIEIHEN BEpCUM
konma YuicoHa u JleBuHHuU U151 uHTepdeiica Windows Ha ocHOBe Mozesieit atMocdep
Kypyua. IlpuHsATbIE MOAENU MO3BOJUIM OINpPEACTUTh (U3NYECKUE MapaMeTphl,
KOTOPBIE MOTYT OBITH MCITOJIb30BAHbBI UIST U3YYEHUS SBOJIOIMOHHBIX COCTOSHUM
CHCTEM, a TaKXe CIIeKTpaJbHble KJIAacChl KOMIIOHEHTOB cucTeMbl. IlapameTpbl
MOKa3bIBAIOT, YTO IS 00EMX CUCTEM MEPBUYHBIN KOMIIOHEHT 00Jiee MacCUBHBIM
U TOpSYUi, YeM BTOPUYHEINA. PacmonoxkeHne cucTeM Ha TEOPETUIECKUX KPUBBIX
Macca-CBETHMOCTb M Macca-paalyc XOpOIIO COOTBETCTBYET OXMAIAEMOMY pacro-
JIOKEHUIO IJIT KOMITOHEHTOB OOeMX CHCTeM 3a MCKIIOYEHUEM BTOPUYHOIO
koMnoHeHTa cucteMbl GSC 01870-00458.

KiroueBble cioBa: kpueas 6aecka:3ammennasn oeotinaa: GSC 01870-00458: USNO-
A2.0-0975 04721840
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