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V357Her: ANOTHER WUMa-TYPE ECLIPSING BINARYMISCLASSIFIED AS HADSBRANICKI, A.1; PIGULSKI, A.21 University in Bia lystok, Institute of Experimental Physis, Lipowa 41, 15-424 Bia lystok, Poland,e-mail: braniki�alpha.uwb.edu.pl2 Wro law University Observatory, Kopernika 11, 51-622 Wro law, Poland, e-mail: pigulski�astro.uni.wro.pl

The variable V357 Her (preliminary designation S 4350 Her) was disovered photo-graphially by G�otz and Wenzel (1956). These authors derived �ve times of maximumlight and a period of 0.139725 d. Considering the period and the shape of the light urve,the star was lassi�ed as an RR Lyrae-type variable, relassi�ed later as a high-amplitudeÆ Suti (HADS) star.Not only for V357 Her, but also for some other stars lassi�ed as HADS, either thereare no observations sine the time of disovery or the observations are very sare. WithCCD ameras, auray of 0.01 mag is easily ahieved, so the true nature of these stars anbe veri�ed even with a small telesope. This prompted us to arry out CCD observationsof some poorly studied stars lassi�ed as HADS. The two stars we observed a few yearsago, UW CVn (Kopaki and Pigulski 1995) and V879 Aql (Kopaki and Pigulski 1998)appeared to be W UMa-type elipsing binaries. Continuing this program, one of us (A.B.)observed V357 Her during six nights in 2001. The new photometry shows learly thatV357 Her is a W UMa-type elipsing binary as well. This was already suggested byShmidt et al. (1995), but beause their onlusions relied on only 15 V and R-�lter datapoints overing mainly the viinity of the maximum light, the star was still present in thenewest atalogue of Æ Suti stars (Rodr��guez et al. 2000).It should be noted that a program of observing negleted HADS is now onduted alsoby another group of observers (Van Cauteren and Lampens 2001 and referenes therein)and resulted in some relassi�ations too.The new photometri observations of V357 Her have been arried out during six nightsbetween May 21 and August 2, 2001, in the observatory of the Institute of ExperimentalPhysis of the University in Bia lystok. The telesope was 30-m Meade LX 200 Shmidt-Cassegrain equipped with a Pitor 416 XTE CCD amera of 768 � 512 pixels overinga 7:07 � 5:01 �eld-of-view. No �lter was used and the exposure time was 60 seonds forall frames. A total of 377 frames have been taken. They were alibrated in a standardway and then the magnitudes of stars were derived by means of the Daophot pakage ofStetson (1991).In order to know the olours of nearby stars, the �eld of V357 Her was also observedon one night, August 11, 2001, in the Bia lk�ow Observatory of the Wro law University.The same equipment and �lters as desribed by Kopaki and Pigulski (1998) were used.
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In total, �ve V -�lter and �ve IC-�lter frames with 100-s exposure time were taken. Theresulting olour-magnitude diagram helped us to hoose the omparison stars. Moreover,sine Bia lk�ow �lters math the Johnson V and Cousins IC passbands quite well, usingthe olour di�erene between a red and a blue star from the �eld, we found the e�etivewavelength of the Bia lystok observations to be 670 nm. This value was used later in the�ts.Prior to the analysis, some datapoints with largest errors have been rejeted and theremaining 322 di�erential magnitudes of V357 Her with respet to two nearby omparisonstars of similar olour index have been formed. These di�erential magnitudes are plottedin the phase diagram in Fig. 1. The magnitudes are available through the IBVS web siteas a 5280-t2.txt �le.
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Orbital phaseFigure 1. Di�erential Bia lystok CCD observations of V357 Her (dots), phased with the period of0.28204111 d. The solid line is the syntheti light urve orresponding to the best solution given inTable 3. Below, the residuals from the �t are plotted in sale.Table 1. Times of the primary minimum of V357 HerTime of minimum Epoh O � C Soure ofHJD 2 400 000.+ E [d℄ data48 535.6087 � .0013 0 0.0000 Shmidt et al. (1995)52 051.5332 � .0002 12466 0.0000 this paper52 055.4823 � .0004 12480 +0.0005 this paper52 061.4050 � .0005 12501 +0.0004 this paper52 066.4812 � .0004 12519 �0.0002 this paper52 076.3518 � .0005 12554 �0.0010 this paper52 124.5818 � .0003 12725 0.0000 this paperThe preliminary value of the orbital period has been obtained by means of the Fourierperiodogram. Using Wilson-Devinney (WD) ode (Wilson and Devinney 1971; Wilson1991) we next derived the preliminary syntheti light urve, whih was �tted to theobservations of eah of the six nights separately. The times of minimum derived fromthese �ts are given in Table 1.
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In addition, we realulated the time of minimum light for Shmidt et al. (1995) data,using the same proedure. Sine these observations were made in two �lters, V and R,the orresponding entry in Table 1 is the mean of the minimum in V and R.A linear regression of all times of minimum light given in Table 1 with weights in-versely proportional to the r.m.s. errors, yielded the following ephemeris (the number inparentheses denotes the r.m.s. error of the last digits):Tmin I = HJD 2448535.6087(15) + 0.28204111(12)� E; (1)where E is the number of yles elapsed from the initial epoh. The O � C values listedin Table 1 were alulated with this ephemeris.
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Mass ratio qFigure 2. The smallest values of the sum of weighted squares of the residuals (SWSR) plotted as afuntion of the assumed mass ratio q.
Having re�ned the value of the orbital period, we tried to derive the parameters of thesystem. In order to do this, we used the WD di�erential orretion program. Eah datapoint was assigned a weight proportional to the reiproal of square of the Daophot error.Sine for V357 Her the mass ratio, q = M2=M1, is not known, it was derived �rst fromthe WD �ts in a most ommon way, that is, from a series of the best �ts with assumedvalue of q. Fig. 2 shows the results of the �ts, where we used the sum of weighted squaresof the residuals (SWSR) as the indiator of the quality of the �t. In these alulations weassumed the overontat geometry and the mean surfae temperature of star 1 (star 1 is,by de�nition, elipsed near phase 0.0), T1 = 4800 K. Moreover, bolometri albedos, A1 =A2 = 0.5 (Rui�nski 1973) and gravity darkening oeÆients, g1 = g2 = 0.32 (Luy 1967)were adopted. Limb darkening oeÆients, xbolo1 = xbolo2 = 0.54 and x1 = x2 = 0.66 for �e�= 670 nm were taken from the tables presented by Van Hamme (1993). The alulationswere performed for q in the range between 0.25 and 5.0 (Fig. 2). Only �ve parameterswere iterated: phase of the primary onjuntion, �0, inlination, i, average temperatureof star 2, T2, surfae potential, 
1 = 
2, and relative monohromati luminosity of star 1,L1. Sine for some q there were problems with onvergene, 200 iterations were performedfor eah q and then the solution with lowest SWSR was adopted as the best. The lowest
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values of SWSR ahieved during 200 iterations are plotted in Fig. 2. It is learly seenthat the smallest SWSR, that is, the best solution, is obtained for q � 3.5.Table 3. Parameters of the best-�t syntheti light urve of V357 HerParameter ValueInlination, i 83:Æ1 � 0:Æ3E�etive temperature of star 1, T1 4800 K (assumed)E�etive temperature of star 2, T2 4577 � 5 KSurfae potential, 
1 ( = 
2) 7.295 � 0.005Mass ratio, q 3.572 � 0.006Relative luminosity of star 1 at �e� = 670 nm, L1=(L1 + L2) 0.2880 � 0.0012Over�ll fator, f = (
in � 
1)=(
in � 
out) 0.11 � 0.02In order to get the �nal solution we started iterations with the solution for q = 3.5setting q as an additional free parameter. In addition, we inreased the number of thegrid elements on the omponents' surfaes and used model atmospheres in omputingmonohromati uxes. The �nal solution is given in Table 3. Please note, that theWD ode underestimates the errors (see e.g., Maeroni and Ruinski 1997), so the errorsin Table 3 should be at least doubled in order to be realisti. The syntheti light urveis overplotted in Figure 1. One an see that the residuals are not perfetly at and somesystemati di�erenes do remain. We have heked the di�erential magnitudes betweenother bright stars in the �eld of V357 Her and found that the hanges at this level an beattributed to some instrumental e�ets. The standard deviation of the residuals equals0.013 mag.In V357 Her the hotter omponent is smaller and it is oulted in the primary (deeper)minimum. The temperature di�erene is large (� 220 K) indiating a poor thermalontat.Using the positions of 11 stars from the Hubble Guide Star Catalogue, we derived theequatorial oordinates of V357 Her with an auray to within 0:002: �2000:0 = 18h44m31:s86,Æ2000:0 = +12Æ55031:001.Aknowledgements. A.B. thanks Prof. B. Pazy�nski for donating the CCD ameraused to obtain the observations presented in this paper.Referenes:G�otz, W., Wenzel, W., 1956, Ver�o�. Sternwarte Sonneberg, Band 2, Heft 5.Kopaki, G., Pigulski, A., 1995, Ata Astron., 45, 753.Kopaki, G., Pigulski, A., 1998, Ata Astron., 48, 747.Luy, L.B., 1967, Zeitshrift f�ur Astroph., 65, 89.Maeroni, C., Ruinski, S.M., 1997, PASP, 109, 782Rodr��guez, E., L�opez-Gonz�alez, M.J., L�opez de Coa, P., 2000, ASP Conf. Ser. 210, 499.Rui�nski, S.M., 1973, Ata Astron., 23, 79.Shmidt, E.G., Chab, J.R., Reiswig, D.E., 1995, AJ, 109, 1239.Stetson, P.B., 1987, PASP, 99, 191.Van Cauteren, P., Lampens, P., 2001, Comm. in Asteroseismology, 140, 66.Van Hamme, W., 1993, AJ, 106, 2096.Wilson, R.E., 1990, ApJ, 356, 613.Wilson, R.E., Devinney, E.J., 1971, ApJ, 166, 605.


