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PHOTOMETRIC AND SPECTROSCOPIC STUDY OF THE W-TYPE,W UMa BINARY, TYC 2853-18-1SAMEC, RONALD G.1; FIGG, EVAN R.1; FAULKNER, DANNY R.2; VANHAMME, WALTER3;ROBB, RUSSELL41 Astronomy program, Department of Physis, Bob Jones University, Greenville, SC 296142 University of South Carolina, Lanaster3 Florida International University4 University of VitoriaTYC 2853-18-1 (GSC 2853 0018, �(2000)=02h47m07:s996, Æ(2000)=+41Æ22032:0080) wasreently disovered by TYCHO-2 as an elipsing binary (Niholson, Varley, 2006). The Vmagnitude range is 10:8� 11:5 and the variable was identi�ed as an EW-Type with thefollowing ephemeris: HJD Tmin I = 2451370:87525 + 0:2949d� E: (1)

Figure 1. Finding Chart, TYC 2853-18-1 Variable (V), Comparison (C) and Chek (K).The LSPM North Catalog (L�epine and Shara, 2005) gives a Vmag of 11.05 and a V �Jof 1.61 for the variable, and TYCHO-2 gives an estimated B � V of 0.799. These olorindies all on�rm that the variable is of spetral type �K0V. Finally, the spetra ofTYC 2853-18-1 and 54 Pisium were observed with the Dominion Astrophysial Obser-vatory's (DAO) 1.8m telesope at 60�A/mm and are shown in Figure 2. The midtime ofobservation was 09:00 22 November 08, 2008 UT, whih orresponds to a phase of approx-imately zero. The strength of the G band, Calium H&K lines and the Calium I 4227�Aline and the H  to Fe I 4384�A line all indiate a K0V�1 spetral lass or T = 5150�150for the e�etive temperature at phase zero where the primary, more massive omponentis elipsing the hotter less massive seondary.
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Figure 2. Optial Spetra of TYC 2853-18-1 at phase zero.Our U;B; V;RC ; IC light urves were taken at Lowell Observatory with the 0.81-m re-etor with NURO time on 20 and 27 Deember, 2007 and via remote observing to KittPeak from South Carolina with the SARA 25 November, 3 Deember, 2007 and 19 Febru-ary, 2008. NURO observations were take with the thermoeletrially ooled (< �100ÆC)2K�2K CCD NASACAM. Ninety-�ve observations were taken in U , 217 observationswere taken in B, 207 in V , 194 in R and 214 in I. Photometri preision was better than1% in all �lters. Our observations are given in Table 1, in delta magnitudes, variable minusomparison star. (The table is available through the IBVS website as 5901-t1.tex.)Our omparison star (marked C on the �nder hart given as Figure 1) was GSC 2853 0765[�(2000) = 02h46m58:s481, Æ(2000) = +41Æ28026:0069, TYCHO B�V = 0.741, �G8V℄. Thehek star was GSC 2853 0312 (K) [�(2000) = 02h47m08:s413, Æ(2000) = +41Æ20049:0071TYCHO B � V = 0.591, �G0V℄. The variable is given as V.We determined �ve times of minimum light from our present observations using parabola�ts, whih are given in Table 2.We alulated the following ephemeris from all the available times of minimum lightinluding the epoh given in Table 3.HJD Tmin I = 2451370:875� 0:001 + 0:2949039� 0:0000001d� E (2)Our O � C residuals alulated from Equation 2 are given in Table 2.Table 2. O � C Linear Residuals, Eq. 2Epohs Errors Cyles Linear Refereneresiduals1 2451370.8753 0.0 0.0000 IBVS 5700 (2006)2 2454455.7199 0.0006 10460.5 0.0028 This paper3 2454516.6131 0.0005 10667.0 �0.0016 This paper4 2454438.7605 0.0001 10403.0 0.0004 This paper5 2454440.5298 0.0005 10409.0 0.0002 This paper6 2454462.6464 0.0003 10484.0 �0.0009 This paper7 2454462.7943 0.0002 10484.5 �0.0005 This paperOur UBV RI phased light urves, Phase versus Delta Magnitudes, in the sense ofV �K, are given as Figures 6{8. (Available through the IBVS website as 5901-f6.eps-- 5901-f8.eps.)The V �C urves in V showed satter whose soure is unknown, so we swithed to theV �K for modeling purposes. The light urves show some intrinsi e�ets of variabilitypossibly due to magneti spots. A brief total elipse ourred in the primary elipse
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(�8.5 m) shows this is a W-Type W UMa. The angularity in the shoulder at �phase 0.12reveals that this is a very shallow �ll-out ontat binary.Table 3. Syntheti Curve Parameters for TYC 2853-180-1Parameters BV RI Solution U SolutionÆB; ÆV; ÆR; ÆI (nm) 440, 550, 640, 790 360xbol1;2; ybol1;2 0.645, 0.645 0.17, 0.17 0.647, 0.647 0.176, 0.176x1I;2I ; y1I;2I 0.637, 0.637 0.208, 0.208 �x1R;2R; y1R;2R 0.724, 0.724 0.200, 0.200 �x1V;2V ; y1V;2V 0.790, 0.790 0.159, 0.159 �x1B;2B ; y1B;2B 0.851, 0.851 0.044, 0.044 �x1B;2B ; y1B;2B 0.870, 0.870, �0.117, �0.117 �g1 = g2 0.32 0.32A1 = A2 0.50 0.50Inlination (Æ) 81.63�0.09 85 �2T1; T2 (K) 5150�150*, 5023�5 5250�150*, 5219�14Potentials, !1; !2 6.057�0.025 6.16�0.04q(m2=m1) 2.62�0.02 2.69�0.03�ll-out 5.5�4% 6�6%L1=(L1 + L2)I 0.31�0.06 �L1=(L1 + L2)R 0.32�0.04 �L1=(L1 + L2)V 0.32�0.02 �L1=(L1 + L2)B 0.32�0.04 �L1=(L1 + L2)U � 0.30�0.03JD0 (days) 2454440.5298�0.0005Period (days) 0.29489998�0.0000005r1; r2 (pole) 0.282�0.001, 0.440�0.001 0.280�0.004, 0.441�0.003r1; r2 (side) 0.295�0.002, 0.471�0.001 0.292�0.004, 0.472�0.004r1; r2 (bak) 0.326�0.007, 0.499�0.005 0.326�0.007, 0.499�0.005Sum of square res 3.7554*Estimated from the spetrosopy. The Wilson ode period shows formal errors that are alulated from thevariability of di�erentially orreted parameters as listed in the table. These have little to do with observationalsatter. For example, while the Wilson ode assigns an error to T2 of only 5K. However, the observational satterwould suggest about 150K from the spetral observations. All the other unertainties, inluding the phasingperiod should be regarded the same way. Atual observational errors an be 10 times or more greater than thosefound from numerial alulations in suh a syntheti ode. I have exaggerated the errors by listing errors fromthe full set of orretions and not from the subsets in order to minimize this e�et.Binary Maker 3.0 (Bradstreet, 2002) was used to �nd initial �ts for modeling. Repre-sentative values were then entered into the 2004 version of the Wilson Code (Wilson andDevinney, 1971 (WD); Wilson, 1990, 1994; Van Hamme and Wilson, 1998; Wilson, andVan Hamme 2003). We ran a full UBV RI simultaneous solution. However, the U solu-tion did not �t the data well so a BV RI syntheti simultaneous solution was alulated.The T2 is an estimate from our spetrosopi observations. Following our �rst solution,we ran 23 additional solutions with q �xed and spanning the mass ratio range of 0.3 to3.25. This \q-searh" was used to determine the best q value for our BV RI light urves.See Figure 3. Our best syntheti light urve solution is seen overlaying the normalizedux urves are shown as Figure 4 and 5. The omplete solution table is given as Table3. A Rohe-lobe model for the binary is shown as Figure 9 (Available through the IBVSwebsite as 5901-f9.eps.) We deided to run a U urve solution separately just to seehow di�erent it was. The U solution is found to be very similar (See Table 3.) to theBV RI with a 3 degree inrease in inlination, while other values are overlapping or nearlyoverlapping the earlier ones. So we see no major di�erenes to further omment on.TYC 2853-18-1 is found to be among the W-type W UMa ontat binaries. (Oursolution reveals that the less massive, slightly hotter omponent is elipsed at phase zero.)The mass ratio has reahed 2.6 (m1=m2) and is likely tending toward larger mass ratiosas the seondary omponent is onsumed by the primary. Thus, TYC 2853-18-1 may be a
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prototype of an AW UMa-type system. The driving mehanism for this supposed proessis the torque supplied by out owing winds along `sti�' �eld lines originating from thesolar-type stars.Aknowledgements: We wish to thank NURO and DAO for their alloation of observing time, and theAmerian Astronomial Soiety for a small researh grant for student travel expenses for this observingrun.

Figure 3. Plot of the results of our q-searh for the best �ting mass ratio.

Figure 4. B,V,R,I syntheti light urve solutionsoverlaying the normalized ux urves. Figure 5. B,V,R,I syntheti light urve solutionsoverlaying the normalized ux urves.Referenes:Niholson, M., Varley, H., 2006, IBVS, 5700Bradstreet, D. H., 2002, AAS, 201, 7502L�epine, S., Shara, M., 2005, AJ, 129, 1483Van Hamme, W. V., Wilson, R.E, 1998, BAAS, 30, 1402Wilson, R. E., 1994, PASP, 106, 921Wilson, R. E. & Devinney, E. J., 1971, ApJ, 166, 605.Wilson, R. E., 1990, ApJ, 356, 613.Wilson, R. E., W. Van Hamme, 2003, Computing Binary Star Observables, 2003 JanuaryRevision of the Wilson Code Manual.


