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2 Institute of Astronomy and NAO, Bulgarian Aademy of Sienes, BG-1874 So�azoria�aob.rs(Submitted on 04.01.2012 Aepted on 05.02.2012)Abstrat. In this paper we present observations of double and multiple stars by usingthe 2-m telesope of the Bulgarian National Astronomial Observatory at Rozhen in theperiod from 2004 to 2011. The results of these measurements, i.e. position angles andangular separations, were used for alulation of the orbital or the linear elements. Twonew and three realulated orbits of binaries were obtained. Also, new linear solutions forthree pairs are given.Key words: visual double stars, CCD frames, orbits, linear solutionsIntrodutionBinary stars have been studied for deades for the purpose of aurate deter-mination of stellar masses, veri�ation of the evolutionary models and starformation theories. Washington Double Star Catalog (WDS)3 ontains datafor more than 100000 star pairs, but only for a small fration of them (about1%) there are orbital solutions in the Sixth Catalog of Orbits of Visual BinaryStars 4. Beause of this, as many as possible new observations of double starsshould be performed.With a CCD amera it is di�ult to resolve too lose pairs (separationless than 1.5 arse). Close pairs are observed by using various observationaltehniques of high angular resolution (spekle interferometry, lunar oulta-tions, adaptive optis, eyepiee interferometry, Hipparos, et.). Su�ientlywide pairs have longer orbital periods. Many of them have not been observedenough (short orbital ar overed by observations). On the other hand, manymeasurements show a linear trend and it is neessary to ollet observationsover a long period of time to get the answer whether it is a physial or anoptial pair.1 Observations at Rozhen NAOThe Belgrade team has performed six series of observations of double andmultiple stars at the Rozhen NAO in the period from 2004 to 2011. The �rstseries of observations of double and multiple stars performed with a CCDamera attahed to the 2-m telesope took plae in the middle of Otober2004. The telesope is of the Rithey-Chretien-Coude type with the foallength of 16 m. The frames were obtained by using the Photometris AT200CCD amera. The hip dimensions are 1024x1024 pixels, the pixel size is3 http://www.usno.navy.mil/USNO/astrometry/optial-IR-prod/wds/WDS4 http://www.usno.navy.mil/USNO/astrometry/optial-IR-prod/wds/orb6Bulgarian Astronomial Journal 18(1), 2012



CCD measurements of double and multiple stars at NAO Rozhen 5724x24 mirometers. The angle orresponding to one pixel is 0.31 arse. Theresults have been published in Pavlovi� et al. (2005).The other �ve series were obtained: in the end of Otober 2005 (seondseries); on Deember 16/17, 2006 (third series); on July 20/21, 2009 (fourthseries); on September 7-10, 2010 (�fth series) and from Marh 29 to April 01(sixth series). In the last �ve series the frames were obtained by using theCCD amera VersArray:1300B. The hip dimensions are 1300x1300 pixels,the pixel size is 20x20 mirometers. The angle orresponding to one pixel is0.258 arse.A total of 365 pairs was measured (from the �rst �ve series of observations)and the results were published in Pavlovi� et al. (2005) and Cvetkovi� et al.(2006, 2007, 2010, 2011). The measurements of binaries whose frames wereobtained on Marh, 2011 will be prepared for publishing.The frames were measured by using the programme AIP4WIN (version1.4.21 for the �rst four series and version 2.3.1 for later series). Initially, theobservations were performed within the Balkan ooperation projet with thesupport by UNESCO-ROSTE for the regional ollaboration and after thatas the ollaboration between Bulgarian and Serbian astronomers. During the�rst three series of observations at Rozhen, the Bulgarian olleague Dr. AntonStrigahev was with the members of Belgrade team, while during the otherthree series, from the Bulgarian side, Svetlana Boeva was with the Belgradeastronomers.2 New orbits and new linear solutionsUsing the measurements obtained from the CCD observations at NAO Rozhenwe have alulated the �rst orbits and masses for two binaries. The orbitof WDS 00152+2722 = J 868 (see Fig.1) was alulated by Novakovi� andwas published (Novakovi� 2007). The orbit of WDS 07106+1543 = J 703(see Fig.2) was alulated by Cvetkovi� and was published (Cvetkovi� 2007,Cvetkovi� & Ninkovi� 2008). Besides, the realulated orbits for three bina-ries: WDS 03342+4837 = BU 787 AB, WDS 21289+1105 = STF 2799 ABand WDS 22234+3228 = WOR 11 were obtained. Also, three linear solu-tions were alulated for the �rst time for WDS 00251+1824 = HJ 621, WDS03342+4837 = BU 787 AB and WDS 23581+2840 = HJ 995 (Cvetkovi� etal. 2011).These orbits and the linear solutions have been inluded in the SixthCatalog of Orbits of Visual Binary Stars and in the Catalog of RetilinearElements 5.Some binaries in our sample have orbits published previously. In theseases our measurements are ompared to the ephemerides. For three bina-ries WDS 03342+4837 = BU 787 AB, WDS 21289+1105 = STF 2799 ABand WDS 22234+3228 = WOR 11 the residuals are large for reent measure-ments and the realulated orbits are obtained (see Fig3 and Fig5 - left). Thesolid urves represent the newly determined orbits, while the dashed urvesrepresent the previously published orbits.5 http://www.usno.navy.mil/USNO/astrometry/optial-IR-prod/wds/lin1
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Fig. 1. CCD frame of double star WDS 00152+2722 = J 868 was obtained with the 2-mRCC telesope of the Rozhen NAO on 17.12.2006 (left) and its �rst orbit was alulatedby an astronomer from the Belgrade Observatory (Novakovi� 2007). Our measurementwas inluded for determination of orbital elements. The arrows indiate our measurement(right).

Fig. 2. CCD frame of double star WDS 07106+1543 = J 703 was obtained with the 2-mRCC telesope of the Rozhen NAO on 17.12.2006 (left) and its �rst orbit was alulatedby an astronomer from the Belgrade Observatory (Cvetkovi� 2008). Our measurementwas inluded for determination of orbital elements. The arrows indiate our measurement(right).The measurements of pairs: WDS 00251+1824 = HJ 621, WDS 03342+4837= BU 787 AB and WDS 23581+2840 = HJ 995 show a linear trend and wealulated their �rst linear solutions (Cvetkovi� et al. 2011). Their linear �tsare illustrated in Fig.4 and Fig.5 (right). The arrow at the lower right ornerindiates the diretion of relative motion of the seondary; the dashed per-
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WDS 22234+3228 Fig. 3. Realulated orbits for binaries WDS 21289+1105 = STF 2799 AB (left) and WDS22234+3228 = WOR 11 (right).pendiular line from the linear �t to the origin indiates the losest relativeseparation.In two tables we present the orbital elements for three binaries (Table1)and the linear solutions for three pairs (Table2) given in Cvetkovi� et al.(2011). Table 1. Orbital elementsName ADS P [yr] T a[′′] e i[o] Ω[o] ω[o] Last obs.WDS HIP σP σT σa σe σi σΩ σωBU 787 AB 2609 655.8 2264.9 4.99 0.261 70.0 130.5 291.6 2010.690003342+4837 16649 ±27.3 ±13.5 ±1.78 ±0.093 ±2.7 ±0.9 ±10.9STF 2799 AB 15007 1140.0 2880.1 1.86 0.335 151.6 23.8 357.8 2010.687421289+1105 106053 ±5.0 ±0.9 ±0.14 ±0.040 ±2.9 ±6.1 ±9.4WOR 11 - 130.2 2049.1 1.61 0.101 43.3 19.0 343.9 2010.687122234+3228 110526 ±1.1 ±0.6 ±0.06 ±0.017 ±0.8 ±1.2 ±3.9

One pair, BU 787 AB, has both a linear �t and an orbital solution. Forthis pair until now there are 17 measurements and they over a short orbitalar (less than 70 degrees). The residuals are large for reent measurementsand we realulated its orbit (Fig.4 - left). The solid urve represents ourorbit, while the dashed urve represents the previously published orbit. Also,



60 Z. Cvetkovi�, R. Pavlovi�, S. Boeva, G. Damljanovi�Table 2. Linear elementsName ADS X0[′′] Y0[′′] XA[′′] YA[′′] T0 ρ0[′′] θ0[o] Last obs.WDS HIP σX0
σY0

σXA
σYA

σT0
σρ0 σθ0HJ 621 337 −2.32299 −2.08322 0.04978 −0.05550 1955.128 3.120 311.89 2010.684400251+1824 - ±0.06281 ±0.04264 ±0.00070 ±0.00068 ±0.206 ±0.018 ±0.57BU 787 AB 2609 −1.74409 1.46790 −0.02086 −0.02478 1878.073 2.258 229.91 2010.690003342+4837 16649 ±0.07578 ±0.02503 ±0.00114 ±0.00126 ±1.879 ±0.032 ±1.39HJ 995 17130 3.71589 −1.59343 0.04285 0.09992 1948.823 4.043 66.79 2010.690023581+2840 - ±0.04285 ±0.02830 ±0.00098 ±0.00139 ±0.551 ±0.035 ±0.46

Fig. 4. Linear solutions for binaries WDS 00251+1824 = HJ 621 (left) and WDS23581+2840 = HJ 995 (right).the measurements show a linear trend and we are the �rst who alulated thelinear solution for this pair (Fig.4 - right).ConlusionBy using the 2-m telesope of the Bulgarian National Astronomial Observa-tory at Rozhen we have observed wide pairs that have long orbital periods.Most of them annot be measured by using a modern spekle interferometritehnique.These measurements of visual double and multiple stars enabled us to al-ulate two orbits and three linear solutions for the �rst time and to realulatethree orbits.For BU 787 AB, whih has both a linear �t and an orbital solution, wefound that it is most likely an optial pair rather than a physial one (seeCvetkovi� et al. 2011).
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