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GSC 0983.1044: A SHORT-PERIOD RS CVn BINARY
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M. Baldwin, hairman of the AAVSO elipsing binary ommittee, initiated an observ-ing program to study stars from the ROTSE 1 sky survey (Akerlof et al., 2000). Baldwinhose those stars that were likely elipsing binaries and did not appear elsewhere in theliterature. One elipses were on�rmed visually, he asked AAVSO CCD observers totime elipses and to onstrut aurate light urves so that periods, types and amplitudesould be de�ned.One suh star, GSC 0983.1044 = ROTSE 1 J165241.80 +124905.2, was listed in theROTSE atalogue as a 13th magnitude elipsing star with a period of 0:d40763 and anamplitude of 1.022 magnitudes. After elipses were on�rmed visually by Baldwin, Hendenused the USNO1.0-m telesope with a SITe 1024 � 1024 thinned, bakside illuminatedCCD and Johnson-Cousins BV RI �lters along with Landoldt standards to determinestandard magnitudes for the variable at maximum and omparison stars. These data aregathered in Table 1 and the errors in the last deimal plae are given in parenthesis. GSC0983.1313 was hosen as the omparison and GSC 0983.0566 as the hek star. Astrometryis based on USNO-A 2.0 and has less than 100mas internal errors.Table 1. Standard magnitudes and olor indies,HendenStar GSC RA DEC V B � V V � R R � IVariable1 0983.1044 16:52:41.80 +12:49:05.3 12.901(1) 0.775(3) 0.460(2) 0.438(3)Comparison 0983.1313 16:52:33.70 +12:47:37.9 13.015(1) 0.627(2) 0.380(2) 0.366(4)Chek 0983.0556 16:52:19.09 +12:50:44.2 12.218(1) 0.943(3) 0.534(2) 0.431(3)1 = at phase 0.11More omplete photometri information about all stars within 5 armin of the variablean be found in 5231-t4.txt at the IBV S website.
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Pullen observed GSC 0983.1044 with his 0.28-m SCT + ST-6 CCD + V �lter. Kaiserused his 0.35-m SCT + ST-9E CCD + V �lter. A total of 6 times of minimum wereobtained.Guilbault and Hager visited the Harvard College Observatory and examined 58 blue-sensitive plates. Observations were made by eye, using a sequene of steps to estimatethe hanges in brightness. Two instanes of faint light were found.Table 2. Times of minimum, GSC 0983.1044HJD Error Cyle O � C Observer Type2400000+ +=� Cyle O � C Observer Type45901.652 �7195 �0.002 PG/TH pg46116.891 �6931 +0.001 PG/TH pg51738.7197 y (4) �35.5 �0.001 ACP CCD51740.7594 (4) �33.0 0.000 ACP CCD51747.6883 y (2) �24.5 �0.001 DHK CCD51753.8028 (2) �17 �0.001 ACP CCD51767.6641 (1) 0 0.000 DHK CCD52084.8118 (1) +389 0.000 DHK CCDy Seondary minimumThe CCD times of minimum were determined with the software AVE (Barbera 2000)based on the Kwee and Van Woerden method (Kwee - Van Woerden 1956). The timeof minimum from the Harvard data is the mid-point of the exposure. A least squaressolution with the CCD minima weighted as 10 and the photographi data as 1 results inthe new elements: Min: I = HJD 2451767:6637 + 0:d81528987� E:�0:0001 � 0:00000006This period is very lose to twie the ROTSE 1 period. All data are phased to theseelements and are shown in Figure 1. The maximum magnitudes at phases 0.25 and 0.75di�er by 0:m07 V suggesting the possibility of spots. Indeed when Kaiser's year 2000observations are ompared to his 2001 data at phase 0.9, they di�er on the order of 0.04magnitudes in V . Suh seasonal variations are typial of RS CVn binaries.Solutions to the 2000 light urve using equatorial spots were done with the Wilson-Devinney light urve program (Wilson and Devinney, 1971; Wilson, 1979; Wilson, 1990).The e�etive temperature of the primary (5300 K) was hosen to be onsistent with ourrough spetral type estimate based on the outside-elipse B � V value. The ompositeB � V of the system at maximum light is about 0:m8 and the monohromati luminosityratio in V from our light urve solution is about 0:m6. Although we do not have full lighturves in B to ompute the olor of the individual omponents preisely, it is lear thatthe B � V of the primary should be a bit less than 0:m8 and the B � V of the seondaryshould be a bit more than 0:m8. Astrophysial Quantities (2000) gives a B�V of 0:m74 fora G8 V star and a B � V of 0:m81 for a K0 star. Therefore we estimate that the primaryis mid-to-late G-type and the seondary is an early K-type, making the system an RSCVn binary (Morgan and Eggleton, 1979). A single-spot solution ould not ahieve a�t to the light urve, but a two-spot model does �t reasonably well as seen in Figure 2.The solution indiates that the system is detahed and has large spots on the seondaryomponent, again indiative of an RS CVn system.
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Figure 1. Phased light urve, GSC 0983.1044.

Figure 2. The two-spot light urve solution, GSC 0983.1044.
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Table 3 shows the various parameters from the best-�t solution but with data in onlyone �lter, the parameters should be onsidered preliminary, espeially the spot parametersas attested by their large errors. High-preision UBV RI photometry should enable usto reliably determine the spot parameters (e.g., Same and Terrell, 1995) and a radialveloity study would be needed to on�rm that the mass ratio is near unity.Table 3. Parameter values and errors for the best-�t solutionParameter Valuei 89:Æ2 +=�0:Æ5� T 417 K +=�88Kq 1.0 (assumed)
1 5.71 +=� 0.08
2 5.94 +=� 0.05L1=(L1 + L2) 0.628 +=� 0.13g1 = g2 0.32 (assumed)A1 = A2 0.5 (assumed)Spot 1 longitude 1.09 rad +=� 0.86Spot 1 radius 0.85 rad +=� 0.52Spot 1 temperature fator 0.94 +=� 0.02Spot 2 longitude 3.58 rad +=� 2.89Spot 2 radius 0.26 rad +=� 0.31Spot 2 temperature fator 0.87 +=� 0.19
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