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Abstract. The new UBYV light curves and times of minimumlines of the third companion for the first time. Tomkin was able
light for V505 Sgr are presented. The B and V band light curvés measure the contribution of the third companion to the total
were analyzed by the Wilson-Devinney code and the contriblight at 5600A as 8 percent. Therefore, the brightness differ-
tion of the third star to the total light of the triple system wasnce of 2.7 mag between the third star and the eclipsing pair
found to be 2.62% for the B and 3.56% for VV band. The colowas suggested. The sharp-lined spectrum of the third star led to
and absolute visual magnitude of the third star were estimatéé suggestion that it should be a late-type F dwarf.
to be0™.46 and4™.00, respectively. The apparent visual mag- Chambliss et al. (1993) collected all photographic, visual
nitude of the third star seems fainter by ab@Ut.6 than the and photoelectric observations of minimum light and plotted
eclipsing pair. Only photoelectric times of minimum light werghe residuals of the times of minimum light calculated from the
used to determine the parameters for the light-time orbit. Theear ephemeris against epoch number. There were two minima
semi-major axis of the third star’s orbit around the eclipsing pand two maxima in th@®-C curve separated by about 34 yr.
was found to be 18.8 AU. The third body completes a revolitherefore, the orbital period change was attributed to the light-
tion on this orbit in 38.13 yr. The semi-amplitude of the radialme effect of the third star orbiting about the eclipsing pair in 34
velocity of the eclipsing pair's mass center was estimated to yue Very recently an attempt to obtain the orbital parameters of
2.37 km s while 6.4 km s ! was found for the third star which the third body was made by Mayer (1997). Due to the inadequate
agrees with the spectroscopic measurements. photoelectric data, Mayer was obliged to use the photographic
times of minima obtained in the 1930s. His analysis found that
Key words: stars: binaries: eclipsing — stars: binaries: visualthe center of mass of the eclipsing pair revolves around the
stars: individual: V 505 Sgr — stars: late-type center of mass between the eclipsing pair and a third-body with
a period of about 38 yr. The orbit is highly eccentric, i.e. 0.77,
and an inclination of 2%vas suggested. He noted that the orbital
parameters found by him must be considered as preliminary and
1. Introduction new times of minima were badly needed.

The eclipsing nature of V505 Sgr (HR 7571, HD 187949, BD Thg aim ofthi; paperisto analyz_e all the photoelectric times
-14° 5578, HIP 978449) was revealed by Hoffmeister (1934g_f minima including new ones obtained by the present autr_lors
The system is a short-period Algol type eclipsing binary. It cothd alsp to analyze our BV light curves to reveal the physical
sists of an A2V primary and a cooler, evolved, much faintdroperties of the components.
G-type secondary. The secondary component has been classi-
fied by various investigators between F8 and G8 subgiants. This
star fills its corresponding Roche lobe and mass transfer from
the cooler star 'Fo t.he hotter primary is expected. ' 2. Observations and light curves

Photoelectric light curves of the system were obtained by
Oosterhoff (1950, published by Kwee 1953), Chambliss (197¢p05 Sagittarii was observed on 15 nights during July, August,
and Walter (1981a,b). These light curves were analyzed by vé&pd September, 1998 with the 48 cm Cassegrain Reflector of
ous investigators using different methods developed for the lighe Ege University Observatory. SSP5A type photometer was
curve analysis. In 1985 McAlister et al. (1987) found a visu&lttached to the telescope. The Johnson’s wide-band U, B and
companion which had an angular separation of ab6®®om V filters were used. Each measurement is the mean of two 10 s
the eclipsing pair. The high signal-to-noise ratio Reticon obitegrations. The main comparison star was HD 187664 (BD -
servations of V505 Sgr were obtained by Tomkin (1992). HEb® 5484), as was used by previous investigators. The extinction

detected not only the secondary’s NaD lines but also the atoréfefficients were obtained for each night using the observations
of the comparison star. Then, all differential magnitudes in the
Send offprint requests 1®. Cakirli (cakirli@bornova.ege.edu.tr)  sensevariable minus comparisowere corrected for differen-
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N Fig.1. U, B, and V light curves of V505
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Phase V bands.

tial atmospheric extinction. The orbital phases were calculatednd, the contribution of 5% was obtained from both methods
using the following light elements: for the Karle dataset. The last light curve analysis was made

— by Rovithis-Livaniou & Rovithis (1994) who assumed that the
Min 1=JD (Hel)24 50999.3118£182868927E. @ contribution of the third star was 7.3% in the V and 4.3% in the
The differential magnitudes corrected for atmospheric eR-bandpass.

tinction for each band were plotted against the orbital phase and The light curves obtained by us in a relatively short time
are shown in Fig. 1. interval are shown in Fig. 1. The photomultiplier used is more

sensitive to the B and V bands. In addition, the system V505 Sgr
follows a way not too far from the horizon due to its small dec-
lination. Therefore, the U band observations are more severely
It is known that if there is a third star, near in the field of biaffected from atmospheric extinction even if they were corrected
nary, the depths of the eclipses will change and the slopes Wdlt differential extinction. So, we used only BV light curves for
differ. Therefore the light curve analysis will lead to incorredhe analysis to obtain the orbital parameters of the system.
orbital elements without making a correction for the third light. In the methods used for light curve analysis, some parame-
However, the detection of the third light from the light curvéers of the components should be fixed. These parameters may
analysis seems to be so difficult; for this detection very accurdite estimated from the known characteristics of the stars. Since
observations are needed. the spectral types of the primary and secondary components
Walter's dataset was analyzed by Walker (1993) taking theere derived as A2 and G, we may take some parameters as
light contribution of the the third star to the system into accouritxed value. The parameters chosen are nearly identical with
The solutions with the SIMPLEX algorithm (SA) revealed thahose used by Chambliss et al. and are given in Table 1.
the third star is contributing 7%, 5% and 5% in the V, B and During the observations 2500 individual measurements
U bands, respectively. However, the results derived in the Difiere obtained in each band of the UBV system. The observed
ferential Correction (DC) code were 7%, 5% and 4% (U, Boints were grouped to the normal points and 86 and 87 normal
V). The same methods were used by Chambliss et al. (1993ptunts were obtained for the B and V bands, respectively. The
analyze the Chambliss and Karle4600) datasets. They usedMode 5 in the DC code (Wilson & Devinney 1971) was used for
SA method and found that the third star contributes 6%, 4% atid V505 Sgr’s light curves analysis. This mode, as discussed
4% in the V, B and U bands to the light of the system. Howeveady Leung & Wilson (1977), solves the light curves of semi-
DC solution of the same light curves gave 4%, 2% and 2%. THetached eclipsing binaries, where the secondary component
discrepancy between the SA and DC solutions for Chambligifs its corresponding Roche lobe.
observations was shown as evidence of a measure of the diffi-As was stated in the introduction, V505 Sgr has a visual
culty in extracting third light from the light curve. On the othecompanion. Such a body will affect the depth and slopes of the

3. Light curve solution
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Table 1. The result of the light curve analysis with WD code (relativ@able 3. Times of minimum light, their standard deviations and the
intensities at phase 0.250). differences between observed and computed times obtained by the
linear light elements of Chambliss et al. (1993)

Parameters B V
5 S JD Hel. o Band E Oo-C
; 0.63 9 .97i00.ilr-,Z) 24 51 000.4951 4+ 0.0003 \% 14803 ©6.0140
xl 0.98 0.63 4946 0.0003 B 0.0135
4948 0.0003 U 0.0137
g1 328 51.3579 0.0003 \ 14846  0.0135
g’f 9070 K 3584 0.0004 B 0.0140
T; 5466128 K .3561 0.0009 U 0.0117
A 10 57.2747 0.0006 \ 14851 0.0159
Az 09 27 00003 U D01z
g; 4'0329332'2210 64.3693 0.0002 \ 14857 0.0133
q 052 .3690 0.0003 B 0.0130
L1 0.8414-0.027 0.7820.028 3691 0.0002 v 0.0131
Lo 0.133 0.182
I3 0.026+0.002  0.03€-0.002 F6V stars. However the absolute magnitudes of the F6V stars,
o 0.0104 as given by Walker (1993), ar@/(B) = 4™.47 andM (V) =
4™.00. The absolute visual magnitude derived by us is fainter
Table 2. Physical parameters for V505 Sgr. by about0.™64 than that estimated by Walker. The difference
between the apparent visual magnitudes of the third star and the
Parameter Primary Secondary eclipsing pair is roughlg™.6.
MM o 2 204-0.09 1.14-0.05 Combining the results obtained from light curve analysis
R/R: 2.02:0.04 2.26-0.05 and semi-amplitudes of the radial velocities obtained by Tomkin
T (K) 9070 5466-28 (1992), we obtained the physical parameters of the components
LiLg 25.0+1.3 5.8+0.3 and presented them in Table 2. The mean fractional radii are
M, 1™.294-0.06 2".87+0.07 takento bé).2875+0.0011 and0.3220+0.0011 for the primary

and secondary, respectively.

minima. Therefore, the light curves were analyzed by assumiE
that there was a third light in the system. The parametéls,i,
Ty, Ly andis were taken as adjustable parameters. Initial valuBsiring the observations we obtained four times of minimum
of I3 were selected as 4%, 4% for both bandpasses. The redligist in three bands which are presented in Table 3. Dh€
obtained after several dozen iterations with the DC code amssiduals are the differences between the observed and com-
given in Table 1. The computed curves are compared with tpeted times with the Chambliss et al.’s (1993) ephemeris:
observations in Fig. 1. L

Wilson (1992) clarified the meaning of the third light. As he'vIIn I=JD (Hel)24 33490.4870+18286794E. 2)
stated, many papers have listed values of the third light, with no The photoelectric times of minimum light obtained up to
indication of what the number means. His suggestion about tiné-1990 were collected by Chambliss et al. (1993). We added
unit of I3 was to express it in the light of the triple star systerthe times of minima obtained later than this date by Rovithis-
at a definite phase. By taking his suggestion the total light bivaniou & Rovithis (1992), Paschke & Diethelm (1992),
the triple system at phase 0.250 was calculated by LC using Méyesserglu et al. (1996) and ours. The residuals were com-
parameters obtained by DC and found to be 1.030 and 1.03%irted using the linear ephemeris given by Mayer (1997) and
the B and V bandpasses, respectively. Then the digpcbgram plotted against the epoch number. They indicate a sine-like vari-
outputs of 0.0268 and 0.0366 were divided by the total light ation with definite two maxima and a minimum. Such a sinu-
phase 0.250. Thus, the valued$ivere found to be 0.0262 andsoidal change of th©-Cdeviations may be interpreted as either
0.0356 in the B and V bandpasses, at this reference phase lfyht-time effect or apsidal motion. Since #BeC residuals for
similar procedure was applied for the prediction of their errorsecondary eclipse are changing in the same direction with those
Knowing the light contributions of the stars to the total light, thef primary minimum and the orbit of secondary component
ratios ofl3 /11, I3/l andls/(I1 + l2) were simply calculated to about the primary is circular, the advance of the apsis may eas-
be 0.031, 0.197 and 0.027 for the B band, and 0.045, 0.195 dgde excluded. Thus, the remaning reason may be the orbiting
0.037 for the V band. Using the ratios given above we fourad the eclipsing pair about the center of mass with a third com-
the absolute magnitudes of the third star\dg (B) = 5™.10 ponent. This foresight was supported by Tomkin (1992), who
and M3 (V) = 4™.64. The B-V colour of0™.46 is smaller found that the radial velocity of the third component changed
than those of the G type secondary, which corresponds to fham -13 to -8 km s'! over an eleven-year time interval.

9 Analysis of theO-C curve
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Table 4. Parameters of the third body orbit. were plotted in Fig. 2 along with the observed values. The
C values in Fig. 2 were computed with the light elements of
Parameter Value Standard deviation the eclipsing pair, i.e77 and P;. The computed light times
a1z sini(km) 3.01 x 10® 0.32 x 108 not only agree well with the photoelecti@-C values, but also
e 0.73 0.07 represent the older photographic data which were not used in
w (deg) 154 3 the computation.
Ty JD 2436766 121 We found the semi-amplitude of th@-C curve to be
P, (day) 13928 66 04.0087, while itwas estimated by Mayer (1997)@s0086. We
T HJD 2425501.3929 0-0%3 derived the semi-amplitude of the radial velocity of the eclips-
i 1(&‘”?;) 1-%)835:387 2 33804 ing pair's gravity center as 2.3 knt'§. Using the projected
ay : ' semi-major axis of 2.01 AU and a period of 38.13 yr, the mass
F(m)(Mg) 0.0056 0.0002 ) P yh

function for the third star was calculated as 0.0056.Mince
masses of the components of the eclipsing pair were derived
The O-C curve for V505 Sgr was interpreted by Mayeby Tomkin as 2.20 and 1.14 solar masses and the eclipsing pair
(1997) in light of the above considerations. He found that thoebiting around common center of mass with a period of 38.13
system V505 Sgr revolves around the common center of grawtythe mass of the third star may be obtained from the mass
with a tertiary body. Its period was estimated to be 38.4 yr. function. The mass of the third body was estimated depending
The additional time delay of any observed eclipse due to @n the inclination of the long-period orbit. We can easily com-
biting around a third body can be represented by (Mayer 199pjte the mass of the third star as 1.4, 1.2 and 10fbf the
inclination of 2T, 24° and 28, respectively. If we assume that

2
AT = A 1-e sin(v +w) + esinw| (3) the mass of the third component is 1.2 Mas suggested by
V1—e?cos?w |1+ ecosy Tomkin (1992), the inclination of the third body orbit should be
where A is the semi-amplitude of the light-time effect. In thigbout 24. Then, the projected semi-major axigs:¢s:) of the
case the resulting eclipse ephemeris is given by, third body around the eclipsing pair may be easily computed as
18.43AU.
Tec:T1+EP1+ATa (4)

whereT is the starting epoch, E is the integer eclipse cycloe Discussion

number andP; is the orbital period of the eclipsing binary.™

To obtain the parameters of the third body, if&, Ts, e, w The physical parameters of the eclipsing pair's components

andasini as well as the light elements of the eclipsing @air were given in Table 2. The location of the components on

and P, we used weighted least squares solution. The iteratidh® mass-luminosity and mass-radius relation was discussed

were continued up to the best fit achieved with the McAlister by Khalesseh & Hill (1991). They concluded that the primary

al.’s interferometric measurements. The results are presentedias underluminous for its mass and, therefore, this mass-gainer

Table 4. should not be a normal star. However, our results indicate that
The final parameters, given in Table 4, were used to obtdlre mass-gainer locates very close to the normal stars on both

the calculated light-time values and the computed light time$these diagrams. On the other hand, the donor seems to locate
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near the mass losing components of semi-detached binaries. dhimined by us indicate that the maximum projected separation
radius of the mass-losing star is larger than the normal stardgtween the third star and eclipsing pair will be about 226
the mass-radius relation, which is expected for the subgiantiGring the apastron passage of the third companion which took
stars. place in about 1978. If we reduce the distance of the system to

The light curve analysis yielded third star’s light contribuabout 100 pc the separation will reach 284snear the apastron
tions of 0.026 and 0.036 in the B and V bandpasses, at fhessage which is in agreement with the measurements made by
reference phase of 0.250. Using the light ratios we found tMeAlister et al. However, the parallax of the system was given
absolute visual magnitude @f*.64 and B-V colour index of inthe Hipparcos/Tycho Catalogue as 8tb&swhich is in good
0™.46 for the third star. These values correspond to a F6 maigreement with our estimation of 8.88%s
sequence star. This star is ab@ut.6 fainter than the eclips-
ing pair in visual band. On the other hand, the photoe|ectﬁ@knowledgementsThe authors would like to express_theirgratitude
times of minimum light were analyzed under the considerati¢hProf- Dr- Serdar Evren, Director of the Ege University Observatory,
of the light-time effect. We found semi-amplitude of t8eC for allowlng us the observing time. We also appreciate the valuable
curve to be0?.0087. The center of mass of the eclipsing pai?uggesuons by Dr. P Mayer as a referee.
is orbiting around the third star with a period of 38.13 yr. The
semi-major axis of the orbitis about 18.8 AU, and the eccentriBeferences
ity of 0.73. _Using the knovyn parameters of th_e orbit we derivqg‘mmbIiSS CR. 1972, AJ 77, 672
semi-amplitude of the radial velocity of the third body as 6.4 kigp 3 ypiss .R., Walker R.L., Karle J.H, Snodgrass H.B., Vracko Y.A.,
s~!,and amass function of 0.0056:MTomkin (1992) reported 1993 AJ 106, 2058
that the radial velocity of third componentincreased from abodbifmeister C., 1934, AN 251, 321
-13to -8 km s'!. This result agrees with our findings. Khalesseh B., Hill G., 1991, A&A 244, 75

The inclination of the third body orbit may be constrainedlwee K.K., 1953, BAN 12, 35
by the parameters of the orbit and masses of the componehesing K.C., Wilson R.E., 1977, ApJ 211, 853
Since the third star was classified as a main sequence F6 $fayer P., 1990, BAIC 41, 231
its mass should be about 1.2:MOne of the most accurateMayer P., 1997, A&A 324, 988
parameters found from th®-C analysis is the period of the McAlister H.A., Hartkopf W.1., Hutter D.J., Shara M.M., Franz O.G.,
third body orbit. This period was determined to be 38.;@ 1987, A) 93, 183

) ) . cAlister H.A., Mason D.B., Hartkopf |.W., 1993, AJ 106, 1639.
yr. If we take the mass of the third star, which was deriv iyesserglu Z., Girol B., Selam S.0., 1996, IBVS 4380

from spectroscopic data as 1.2:MKepler’s third law gives psichke A.. Diethelm R.. 1992. BBSAG 101
the semi-major axis of the orbit to be 18.8 AU. Since WRyithis-Livanoiu H., Rovithis P., 1992, IBVS 3803

derived the mass function from the-C analysis as 0.0056 Rovithis-Livanoiu H., Rovithis P., 1994, A&AS 105,47

Mg the inclination of the third body orbit should be aboutomkin J., 1992, ApJ 387, 631

24°. Then, the mean angular separation between the third stg@lker R.L., 1993, AJ 106, 2051

and eclipsing pair may easily be calculated04sl7 for the Walter K., 1981a, A&AS 46, 263

distance of 102 pc, and”.14 for 120 pc. McAlister et al. Walter K., 1981b, A&A 101, 369

(1993) measured the separation betw8ér214 and0”.311. Wilson R.E., _1992, chumentation of Eclipsing Binary Computer
These results are in agreement with our findings if we as. Model, Univ. of Florida

sume that the distance of the system is about 100 pc. The resMYflg'on R.E., Devinney E.J., 1971, ApJ 166, 605



