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THE DETACHED SOLAR-TYPE BINARY CV BooNELSON, ROBERT H.1393 Garvin Street, Prine George, BC, Canada, V2M 3Z1; e-mail: bob.nelson�shaw.aGuest User, Canadian Astronomy Data Centre, whih is operated by the Dominion Astrophysial Observatoryfor the National Researh Counil of Canada's Herzberg Institute of Astrophysis.CV Boo (= BD +37Æ2641 = GSC 2570-0843) was disovered to be a possible elipsingbinary by Penihe et al. (1985) during a study of the Delta Suti star YZ Boo. Bush(1985) made a study of 515 Sonneberg Sky Patrol Plates, determined 27 times of minima,and derived a period of 0.8469935 days. He also on�rmed it as an elipsing type andlassi�ed it as EA. Sine then, numerous other workers have derived aurate times ofminima, re�ning the period (see Nelson, 2004). The following elements were used forphasing: JD Hel Min I = 52723:3207 + 0:8469938 EPopper (2000) did a spetrosopi study of four late F { K main sequene elipsingbinaries, deriving a radial veloity (RV) solution for CV Boo.In the present study, photometri observations were arried out in 2003 Marh { Juneat the Sylvester Roboti Observatory in the V and I bands; 229 and 246 values in Vand I were obtained, respetively. Images were redued in the usual way with MIRA,by Axiom Researh (for Windows; this platform was used throughout the study). (SeeNelson 2002a for more details.) Comparison stars are listed in Table 1; the magnitudesare from the Tyho atalogue (ESA 1997).Table 1. Positions and magnitudesStar GSC 2570- RA (hh.mmss) De (dd.mmss) V B � VCV Boo 0843 15.2619 36.5853 10.75 0.73Comp 0869 15.2707 36.5927 10.55 0.74Chek 0511 15.2652 36.5632 10.26 1.41Twelve high-resolution (10 �A/mm) spetra were taken in 2003-2004 at the DominionAstrophysial Observatory (DAO) in Vitoria, British Columbia. (The spetral range was4888-5150 �A). A log of observations and the derived helioentri radial veloities (RVs)are presented in Table 2 and a list of IAU Standard Radial Veloity Stars (Roberts &Boksenberg, 1986) from whih the CV Boo RVs were derived is given in Table 3.Initial redutions of images (bias and osmi ray removal) were preformed by MIRA.Intermediate redutions (oversan removal, setting apertures, �tting bakground, summa-tion of ounts, redution to 1 dimension, alibration from Fe-Ar ar spetra, and �nallydispersion orretion) were performed by `Ravere', software developed by the author. Fi-nal determination of radial veloities was performed by `Broad', also software developedby the author that uses the Ruinski broadening funtions (Ruinski, 2004). As expeted,there was some satter in the values for a given CV Boo spetrum from the various RVstandard spetra. The mean and standard deviation were taken and those values lying
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outside twie the sample standard deviation were rejeted. In this way, the standard de-viations for eah RV determination averaged 3.5 km/s; the rms deviation from the best-�tWD radial veloities was 14.3 km/s.Table 2. Log of DAO observations and RV resultsDAO Start time Exposure Phase at (km/s) (km/s)Image # (HJD-240000) (se) mid-exp V1 V22487 52778.9382 3000 0.685 108.5 �133.24032 52807.7819 3600 0.743 136.6 �153.70773 53097.8980 3600 0.268 �138.9 118.20849 53098.7776 3600 0.306 �130.7 129.70879 53099.9480 3600 0.688 114.7 �143.20882 53099.9989 3600 0.748 137.3 �144.50918 53101.8284 3600 0.908 92.7 �75.10945 53103.7373 3600 0.162 �137.3 108.20983 53104.7261 3600 0.329 �117.8 120.70996 53104.9305 3600 0.571 65.34 �65.51044 53105.9844 3600 0.815 120.1 �134.31094 53107.9154 3600 0.095 �82.4 74.9

Figure 1.In order to estimate the surfae temperatures, T1 and T2, the following analysis isused: Simple double sine wave �tting of the radial veloity urves gives K1 � 138 km/sand K2 � 140 km/s, giving a spetrosopi mass ratio q = M2/M1 = 0.986. The speedin the relative orbit (assumed irular with inlination lose to 90 degrees) is V = 278km/s giving an orbital radius R = VP/2� = 0.0215 AU, where P = period = 0.847 days= 0.002164 years. Kepler's third law (as modi�ed by Newton) gives the total mass Mtot= R3/ P2 = 1.885 solar masses. Using the above value for the mass ratio gives M1 = 0.95and M2 = 0.94 solar masses respetively. Allen (1973) then gives the spetral types as G3and G4, leading to temperatures of 5784 and 5696 K (Flower, 1996), and log g values of4.444 and 4.450 (gs) respetively. Limb darkening values were found from van Hamme'stables (van Hamme, 1993). These values were used throughout the subsequent modelling;they agreed with the values from the best-�t model.The photometri and RV data were analyzed by the Wilson-Devinney (WD) light urveanalysis program (Wilson and Devinney, 1971, Wilson, 1990), using an interfae programwritten by the author (see Nelson, et al., 2002b). The general appearane of the urvesuggested a detahed binary; hene mode 2 was hosen. Convetive envelopes (appropriatefor solar-type stars) were supposed, giving albedos A1 = A2 = 0.5 and gravity exponentsg1 = g2 = 0.32.
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Figure 2.Table 3. IAU standard RV stars usedStar HD - RA De Sp. Type V RV(hh.mmss) (dd.mmss) (mags) (km/s)76932 08.5844 �16.0759 F7-8 IV-V 5.80 119.289449 10.1946 +19.2806 F6 IV 4.78 6.3102870 11.5041 +01.4555 F8 V 3.59 4.3122693 14.0252 +24.3343 F8 V 8.11 �5.5126053 14.2315 +01.1434 G1 V 6.25 �19.3140913 15.4508 +28.2811 G0 V 8.06 �20144579 16.0457 +39.0923 G8 V 6.66 �59.5149803 16.3554 +29.4444 F7 V 8.58 �7.5154417 17.0517 +00.4225 F9 V 6.00 �16.8184467 19.3109 +58.3513 K1 V 6.60 11.2184499 19.3327 +33.1205 G0 V 6.62 �166.1187691 19.5102 +10.2458 F8 V 5.12 0Table 4. Solution parametersQuantity Value Error Quantity Value ErrorStar 1 Star 2F 1.000 1.000 [�xed℄ L1/(L1+L2) (V) 0.525 0.006g 0.320 0.320 [�xed℄ L1/(L1+L2) (I) 0.517 0.006A 0.500 0.500 [�xed℄ o �0.0017 0.0001x (bol) 0.186 0.207 [�xed℄ e 0 0.0006y (bol) 0.530 0.510 [�xed℄ a (solar radii) 4.671 0.067x (V) 0.246 0.283 [�xed℄ V (km/s) �0.033 0.016y (V) 0.591 0.558 [�xed℄ r1 (pole) 0.2562 0.0016x (I) 0.055 0.086 [�xed℄ r1 (point) 0.2699 0.0020y (I) 0.632 0.606 [�xed℄ r1 (side) 0.2606 0.0017T1 (K) 5784 | 200 r1 (bak) 0.2668 0.0019T2 (K) | 5639 6.9 r2 (pole) 0.2571 0.00214.844 4.759 0.030 r2 (point) 0.2720 0.0027f (�ll fator) �2.153 �1.992 0.050 r2 (side) 0.2617 0.0023q = M2/M1 0.9708 0.0085 r2 (bak) 0.2685 0.0025i (deg) 87.89 0.13 res2 0.0139 0.00131The square root (LD=3) limb darkening law was hosen, appropriate for infrared lighturves (Bessell, 1979). Grid sizes were the same as in Nelson et al. (2002b). Firstblak body radiation, later the atmosphere option of WD with Carbon and Gingerihatmospheres (Carbon & Gingerih, 1969) were used.After a best-�t solution was found, third light was tested for and the predited orre-tion was less than the estimated error. Therefore third light may be ruled out. Similarly,
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quantities F1 and F2 (the ratios of axial to orbital rotation rates) were varied; howeverthe orretions were again less than the errors, therefore values of unity (and hene syn-hronous rotation) may be assumed. A similar test was done against eentriity e = 0with the same null results. The �nal values are given in Table 4, the �nal light and radialveloity urves are plotted in Figures 1 and 2, and the derived fundamental values aresummarized in Table 5 (where s.u. = \solar units").It should be noted that the errors quoted in Tables 4 and 5 are formal (internal)errors provided by the WD program; atual errors may be several times those. With thataveat, the results are in essential agreement with Popper (2000). He has q = M2/M1 =0.9502(43) and, using the value of inlination obtained here, we get M1 = 1.056(6) andM2 =1.003(7) where the �gures in brakets are the errors in units of the last digit. Hissemi-major axis of the relative orbit is 4.7889(70) solar radii, also in essential agreement.Table 5. Fundamental parametersStar 1 Star 2 ErrorSpetral Type G3 G4 |Mass (s.u.) 0.97 0.94 0.03Radius (s.u.) 1.22 1.23 0.01Density (s.u.) 0.53 0.52 0.02Log g 4.25 4.23 |M bol (mag) 4.35 4.45 |Mass ratio 0.9708 0.0084Distane (p) 235 |AknowledgementsIt is a pleasure to thank the sta� members at the DAO (espeially Les Saddlemyer) fortheir usual splendid help and assistane. Thanks are also due to Environment Canada forthe website satellite images (see `Satellite images' below) that were essential in preditinglear times for observing runs in this loudy loale and to Attilla Danko for his Clear SkyCloks, (see below).Referenes:Allen, C.W., 1973, Astrophysial Quantities, (Univ. of London Press)Bessell, M.S., 1979, PASP, 91, 589Bush, H., 1985, IBVS, 2788Carbon, D.F. and Gingerih, O. 1969, in Theory and Observation of Normal Stellar At-mospheres, ed. O. Gingerih, Cambridge, MA, MIT U. Press, p 377Danko, A., Clear Sky Cloks, http://leardarksky.om/ESA 1997, The Hipparos and Tyho Catalogues (ESA SP-1200)Flower, P., 1996, ApJ, 469, 355Nelson, R.H., 2002a, IBVS, 5493Nelson, R.H., Robb, R.M., Kaiser, D.H., and Billings, G.B., 2002b, IBVS, 5285Nelson, R.H., 2004, http://www.aavso.org/observing/programs/eb/nelson om.shtmlPenihe, R., Gonzalez, S.F., & Pena, J.H., 1985, IBVS, 2690Popper, D.M., 2000, AJ, 119, 2391-2402Satellite images for North Ameria, http://www.m.e.g.a/m/htmls/satellite.htmlRoberts, C.K & Boksenberg, A., The Astronomial Almana for the Year 1986, pp H42-43Ruinski, S. M. 2004, \Advantages of the Broadening Funtion (BF) over the Cross-Correlation Funtion (CCF)", in Stellar Rotation, Pro. IAU Symp. 215.van Hamme, W., 1993, AJ, 106, 2096Wilson, R.E., and Devinney, E.J., 1971, ApJ, 166, 605Wilson, R.E., 1990, ApJ, 356, 613


