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PHOTOMETRIC ANALYSES OF THECONTACT BINARIES FZ ORIONIS AND AH TAURIBYBOTH, K. N.1;2; MARKWORTH, N. L.1;3; BRUTON, W. B.1;41 Department of Physis and Astronomy Stephen F. Austin State University, Naogdohes, TX 75962 USA2 e-mail:krisbyboth�yahoo.om3 e-mail:nmarkworth�sfasu.edu4 e-mail:astro�sfasu.eduHo�meister (1934) disovered variability in the light of FZ Orionis (HD 288166,GSC 119 01014, �(2000) = 05h41m21s, Æ(2000) = +02Æ3602300). Kippenhahn (1953) las-si�ed the system to be of the type � Lyr, and estimated the period to be 1.597 days.Figer (1983) and Le Brogne et al. (1984) suggested the system was instead of the type WUMa and reported a period of 0.3999860 days. El-Bassuny Alaway(1993) and Rukmini etal. (2001) suggested that the variability in the light urve ould be due to the preseneof a third body and/or mass loss from the system.Shapley et al. (1934) disovered variability in the light of AH Tauri (HBV 6187,CSI 24 3442, �(2000) = 03h47m12s, Æ(2000) = +25Æ70000). Photographi observationswere made by Binnendijk (1950) and Romano (1962), Binnendijk lassi�ed the system asW UMa, while Romano lassi�ed the system to be of the type � Lyr. Further photometriobservations were made by Bookmyer (1971) and Liu et al. (1991). Bookmyer indiateda spetral type of around G5. Liu gives a omplete Wilson-Devinney solution.Our photometri observations of FZ Ori were made on the nights of Deember 21and 22, 2003, and of AH Tau on the nights of Deember 24, 30, and 31, 2003, usingthe 46-m telesope with attahed SBIG ST-8XE CCD amera equipped with standardJohnson UBVRI �lters. The images were alibrated and the magnitudes extrated usingstandard image redution proedures with MIRA. Di�erential magnitudes in the naturalsystem are available upon request of author NLM. Approximately 200 observations weremade in eah of the R, I, and V �lters of FZ Ori and 130 observations in these same�lters of AH Tau. The omparison and hek star data for FZ Ori were as follows:omparison star (GSC 00119-00214, �(2000) = 05h41m17:s6, Æ(2000) = +02Æ35030:000); hekstar (GSC 00119-00771, �(2000) = 05h41m05:s1, Æ(2000) = +02Æ37012:000). These stars arelabeled in Figure 1 as C and K with the variable star denoted by V. The omparisonand hek star data for AH Tau were as follows: omparison star (GSC 01804-02470,�(2000) = 03h47m0:s0, Æ(2000) = +25Æ5029:000); hek star (GSC 01804-02485, �(2000) =03h47m20:s0, Æ(2000) = +25Æ8036:000). These stars are labeled in Figure 2 in the same senseas Figure 1.We observed one primary and two seondary minima for FZ Ori and two primary andone seondary minima for AH Tau. The mean epohs of minimum light were determinedfrom these elipses using the results of paraboli �ts. Table 1 ontains the average timesof minima for the three observed olors. Additional times of minima for FZ Ori were
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reorded by El-Bassuny, Le Brogne et al., and Nelson (2004). Additional times of minimafor AH Tau were reorded by Liu et al.. A linear ephemeris was alulated using the last18,000 orbits (FZ Ori) and the last 39,000 orbits (AH Tau) given by Nelson (2004). Qianand Ma (2001) suggest a paraboli ephemeris for FZ Ori based on the previous suggestionof El-Bassuny Alawy (1993). We have examined the O-C diagram (Qian and Ma 2001) forFZ Ori. Many of the minima given were determined visually or photographially, givinga large satter. We do not �nd the argument for a nonlinear ephemeris ompelling. TheHelioentri Julian Day of the primary minima an be omputed by the following formula.FZ Ori HJD Tmin I = 2452950:09329 + 0:399984 d� E: (1)AH Tau HJD Tmin I = 2451824:00832 + 0:33267174 d� E: (2)

Figure 1. Finder Chart FZ Ori Figure 2. Finder Chart AH TauTable 1. Times of Minimum LightStar JD Hel. Min O�C2450000+ (days)FZ Ori 2994.6868 II -0.0048FZ Ori 2995.6863 I -0.0051FZ Ori 2995.8865 II -0.0050AH Tau 2997.6735 I -0.0007AH Tau 3004.8272 II 0.0005AH Tau 3005.6595 I 0.0012We have alulated models for the light urves of both stars using the Wilson-Devinneyode (Wilson 1993, heneforth WD). Common parameters that were varied inlude in-lination of the orbit (i), temperature of the seondary star (T2), modi�ed potential ofthe stars (
1 = 
2), mass ratio (q), relative luminosity of the primary star (L1), andmonohromati linear limb darkening oeÆient of the primary star (x1 = x2). Bothstars were assumed to be ontat binary systems (Mode 3). The values of gravity bright-ening and bolometri albedo were set at their suggested values for onvetive atmospheres(Luy 1968), i.e., G1 = G2 = 0.32, A1 = A2 = 0.5. Synhronous rotation was assumedfor eah star (F1 = F2 = 1.0). Linear limb darkening oeÆients were initialized at themodel atmosphere values of Carbon and Gingerih (1969). The model atmosphere optionwas employed for eah star.A previous WD solution for FZ Ori has been published (Rukmini, et al. 2001). Weused their value of T1 and did not vary it. The two solutions ompared very well, exeptin the value of the mass ratio (0.92 ompared to our 0.792). Their value was based upon
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numerial experiments in whih q was varied within a range. Their data have onsiderablesatter and we �nd evidene of a star spot. We ran the stellar spot model for FZ Ori andfound that the presene of a hot spot on the primary star resulted in an aurate �t of theobserved light urve. Table 2 presents our WD solution inluding the spot parameters.AH Tau also has a previous WD solution (Liu, et al. 1991). We �xed the valueof T1 using a ombination of the solution of Liu, et al. (1991) and the spetral typegiven by Bookmyer (1971) in onjuntion with the alulations of Shmidt-Kaler (1982).Di�erenes our between our solutions in the values of L1 (0.657 ompared to our 0.574),q (0.503 ompared to our 0.773), and i (84:Æ3 ompared to our 80:Æ7). Di�erenes in themass ratio also results in a di�erene in the modi�ed potentials. The larger inlination intheir solution produed larger stars to aount for the depth and duration of the elipses.Solution spae for ontat systems is �lled with loal minima, making aurate solutionsdiÆult to obtain. The solutions presented here ome from areful examination of thematrix of orrelation oeÆients and the use of the method of multiple subsets (Wilsonand Biermann 1976). Both of these solutions for AH Tau all for omponent stars whihare virtually idential and very lose to solar values. It is diÆult to see how two stars sonearly idential in their properties ould be di�erent by a fator of two in their masses.We also note that our mass ratio falls in a gap in the mass ratio grid of Liu, et al. OurWD solution for AH Tau is presented in Table 3.The errors listed in Tables 2 and 3 are the formal errors of the partial di�erential leastsquares tehnique employed in the WD method. The values of the errors are used as aguide in determining the number of deimal plaes eah parameter is given. We shouldnote that the atual errors of the parameter determination may be higher.Table 2. Wilson-Devinney Solution for FZ OriWavelength Independent Parameters - Mode3

i T1 T2 
1 
2 q F1 F2 G1 G2 A1 A266.88 6108 K 6043 K 3.334 3.334 0.792 1.00 1.00 0.32 0.32 0.5 0.5�0.12 �11 �0.007 �0.004Wavelength Dependent ParametersBand L1 L2 x1 x2Vis 0.562 0.438 0.61 0.61�0.001 �0.05Red 0.561 0.439 0.60 0.60�0.001 �0.05IR 0.560 0.440 0.59 0.59�0.001 �0.04Spot ParametersCo-Latitude Longitude Size Temperature Fator1.8 rad 6.1 rad 0.27 rad 1.17�0.7 �0.5 �0.11 �0.06
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Figure 3. Light urves for FZ OriSolid urves are the Wilson-Devinney solution given below

Figure 4. Light urves for AH TauSolid urves are the Wilson-Devinney solution given below
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Table 3. Wilson-Devinney Solution for AH Tau

Wavelength Independent Parameters - Mode3i T1 T2 
1 
2 q F1 F2 G1 G2 A1 A280.73 5900 K 5815 K 3.330 3.330 0.773 1.00 1.00 0.32 0.32 0.5 0.5�0.12 �11 �0.009 �0.004Wavelength Dependent ParametersBand L1 L2 x1 x2Vis 0.574 0.426 0.60 0.60�0.001 �0.07Red 0.571 0.429 0.60 0.60�0.001 �0.06IR 0.569 0.431 0.60 0.60�0.001 �0.06
Referenes:Binnendijk, L. 1950, B.A.N. 11, 209.Bookmyer, Beverly B. 1971, Pub. Astron. So. Pai�, 83, 211.Carbon, D.F. and Gingerih, O. 1969, in Theory and Observation of Normal Stellar At-mospheres, ed. O. Gingerih, Cambridge, Mass, MIT Press, p. 377.El-Bassuny Alawy, A.A. 1993, Ap&SS, 207, 171Figer, A. 1983, GEOS Cirular on Elipsing Binaries 8.Ho�meister, C. 1934, Astron. Nahr, 253, 195.Kippenhahn R. 1953, Astron. Nahr., 281, 153.La Brogne, J.F., Figer, A, and Dumont, M. 1984, IBVS, 2566.Liu, Qing-yao, Yang, Yu-lan, Zhang, Yun-lin, and Wang, Bi, 1991, Chinese AstronomyAstrophysis, 15, 143.Luy, L.B. 1968, Ap. J., 151, 1123.Nelson, B. 2004, Elipsing Binary O-C Files, fromhttp://www.aavso.org/observing/programs/eb/om/nelson om.shtmlQian, Shengbang and Ma, Yuan 2001, Pub. Astron. So. Pa. 113, 754.Romano, G. 1962, Mem. So. Astr. Italiana, 33, 17.Rukmini, J., Rao, P. Vivekananda, and Ausekar, B.D. 2001, Bull. Astr. So. India, 29,323.Shmidt-Kaler, Th. 1982, \Physial Parameters of the Stars," Landolt-B�ornstein Nu-merial Data and Funtional relationships in Siene and Tehnology, New Series,Group VI, Volume 2b, Springer-Verlag, Berlin.Shapley, H. and Hughes, E. 1934, Harvard Ann. 90, 168.Wilson, R.E. 1993, in New Frontiers in Binary Researh, ed. K.C. Leung and I.S. Nha,A.S.P. Conf. Ser, 38, 91.Wilson, R.E. and Biermann, P. 1976, Astr. and Ap. 48, 349.


