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ABSTRACT

Observations of times of minimum lights of the eclipsing binary V651 Cas were car-
ried out on the three nights from November 21-23, 2000. From our observations a
total of seven new times of minimum lights was obtained. Through the analysis of
photoelectric and CCD times of minima of V651 Cas including ours, the light time
orbit due to a third body, which was proposed by Kim & Lee (2000), was confirmed
and improved. The resultant values for the period, semi-amplitude, and eccentricity
of the light-time orbit were 6.¥3, 0.90013, and 0.78, respectively. The deduced mass
range of the third body is 0.09Mo < M3 < 0.20Mp for i3 > 30°. If the third body
suggested in V651 Cas system exists really and is a main-sequence star, it is located

at the end of the main-sequence.
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48 KIM et al.

Aol A1, M2 FAAZ] 2L AYoE FI)AA W doid, el 2 AR A A Kol
Gr M3 AAE AT 4 AL o) 2L P22 AYs] B ARAANA BolX FE A3
AA7 dEH 2 AlE}(Albayrak et al. 1999, Borkovits & Hegedus 1996, Demircan 2000, Selam &
Demircan 2000). =3, Z7] #3} 242 S30] A3 A ASLAS 78 & Qg 2ok oz},
Z7) W3 AZD) A3} F)2HE A3 FAS] AFo} A FRE IE S ok o]} Yoz &
AR wAD A3 AR AF) WAL % 005Mo ) 24 94{24'(br'own dwarf) & 7td Aoz oe
7 V471 Tau(Guinan & Ribas 2000)2 2 Y& o 14.0Mp9) 2 A< 7H FZ CMa(Moffat et al.
1983)0ll o] 27]7}%] t}%¥3t}(Demircan 2000).

Strohmeier & Knigge(1960)°l 23t A4 o2 A& £ 957 V651 Cas (BV 326, CSV 8883,
NSV 14717)= 233 o] G5V 247 G8~K09l #H40] 0.9997u}t} 1 Ao} AFF P2 45 A
32 Q= HAA oIt V651 Case ZAF71(0.9997)7F AL 1¥0]ojA o] HAA S FEZFAFY A
ALz ZAL 3 BESAF Q77 ¢ otk wpetkA], o] o] F33 W F3EA gdo] A ¢
AAZ QA e Feolth. V6ol Cass] & A7 GAks FAHSE o14-7(2000)9] =2 AA3]
71& = o] Qith : A

743 H 2ol 2R3 o] A= I FA 7R AEFE V651 Cas?] BE FAAZE 24381 o
B4AY ZAF7 7 wE, A3k Bol X 3 A3 A g FAT AREA HHD + I
o2 A AL, FIHA A5 E BAN A E AT o] =EL2 V651 Case] FAF7)7F A
319} o) A27F M A A3 WAlol )8 FAZ A=l o5t W= B3] 93k Vsl
Cas®] 4 Z F5E £33, 2 AT =93drh
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V651 Cas®] —:%;A]zr FE2L2 AW AEZYY 6lcm WA FLA2E 20009 119 21932 H
A4 oz 397 A3 FTy -FFol ALGT AE7= dAF4LE YZAEE PM512 CCD 7
gholn, 7)o & BVR ZEHE. 223 V651 Casd 971 & vl dr] 93 vz HD
240417(m,=9.70, sp.=K0)EA FAZ7|2F 5 B2 A glgich #35H €Al A5+ v
(1993)7} 7443 DIPHOE o] &3t A= A3, Eottt th7] 23 AFE do vi7] 43 &%
E BA3IAE & 19 A upe} Zo] & 2187 FEF (B ¥E: 187, V ¥E: 100, R FH:
1003)S Ik 23 12 £71 347 #3533 V651 Caso] A1F4 B2 F=F4Helt) o] &5

ZBE Kwee & Van Woerden(1956) ¥ 22 & 7719 FAA S £ 29}-Zo] BAH AT
£ 20 2% FAANDEY YR 22k +0.0002Y (2% + 17%) ool Yo - F&sir} 2
A 1olM BSo]l 2L AZ2 87 7129 A% 7HA 7 AL vldta, 2 Aol #&HEol 21
F Z FEE 7] WEe AR oz &St Y& 247 A& U

3. -’F—7IE-?1

28319 ol 420007 £7 & V651 Cass) TE F4 Al 7 FolN BAREH CCD & o2
249 FUAZH $el Broz YL %ﬁ/«]ﬂna} BSAG 4&51‘2}7}}4—3*’1] TR 1A 3



3% 1. V651 Cas®] BVR #& 3.

PERIOD CHANGE OF V651 Cas

HJD HJID HJD

(2450000+)  phase Am (24500004+)  phase Am (2450000+)  phase Am

AB
1869.8856 0.9769 1.0311 1869.9053 0.9967 1.4024 1869.9249 0.0164 1.0961
1869.8889 0.9802 1.1148 1869.9085 0.9999 1.3871 1869.9282 0.0197 1.0450
1869.8921 0.9834 1.1735 1869.9118 0.0032 1.3622 1869.9315 0.0230 0.9721
1869.8954 0.9868 1.2573 1869.9151 0.0065 1.2961 1869.9348 0.0263 0.9048
1869.8987 0.9901 1.3157 1869.9184 0.0098 1.2415 1869.9380 0.0295 0.8423
1869.9020 0.9934 1.3802 1869.9217 0.0131 1.1616 1869.9413 0.0328 0.7845

AV
1869.8863 0.9776 1.5343 1870.9025 0.9971 1.8853 1871.8880 0.9857 1.7066
1869.8896 0.9809 1.6009 1870.9042 0.9988 1.8833 1871.8897 0.9874 1.7355
1869.8929 0.9843 1.6720 1870.9060 0.0006 1.8697 1871.8914 0.9891 1.7623
1869.8962 0.9876 1.7317 1870.9077 0.0023 1.8619 1871.8931 0.9909 1.7935
1869.8994 0.9908 1.7873 1870.9094 0.0040 1.8413 1871.8948 0.9926 1.8302
1869.9027 0.9941 1.8400 1870.9111 0.0057 1.8228 1871.8965 0.9943 1.8475
1869.9060 0.9974 1.8446 1870.9128 0.0074 1.7814 1871.8983 0.9961 1.8505
1869.9093 0.0007 1.8352 1870.9145 0.0091 1.7498 1871.9000 0.9978 1.8530
1869.9126 0.0040 1.8008 1870.9163 0.0109 1.7013 1871.9017 0.9995 1.8424
1869.9158 0.0072 1.7455 1870.9180 0.0126 1.6705 1871.9034 0.0012 1.8240
1869.9191 0.0105 1.6919 1870.9197 0.0143 1.6292 1871.9051 0.0029 1.8211
1869.9224 0.0138 1.6306 1870.9214 0.0160 1.5924 1871.9069 0.0047 1.8081
1869.9257 0.0172 1.5685 1870.9231 0.0177 1.5709 1871.9086 0.0064 1.7642
1869.9290 0.0205 1.5077 1870.9248 0.0195 1.5268 1871.9103 0.0081 1.7349
1869.9322 0.0237 1.4543 1870.9266 0.0213 1.4954 1871.9120 0.0098 1.7149
1869.9355 0.0270 1.3841 1870.9283 0.0230 1.4808 1871.9137 0.0115 1.6714
1869.9388 0.0303 1.3391 1870.9300 0.0247 1.4457 1871.9154 0.0132 1.6390
1869.9420 0.0335 1.2851 1870.9317 0.0264 1.4243 1871.9172 0.0150 1.5985
1870.8750 0.9695 1.3819 1870.9334 0.0281 1.3909 1871.9189 0.0167 1.5673
1870.8768 0.9713 1.4225 1870.9351 0.0298 1.3670 1871.9206 0.0184 1.5476
1870.8785 0.9730 1.4594 1870.9369 0.0316 1.3425 1871.9223 0.0201 1.5171
1870.8802 0.9747 1.4850 1870.9386 0.0333 1.3222 1871.9240 0.0219 1.4827
1870.8819 0.9764 1.5139 1870.9403 0.0350 1.2962 1871.9257 0.0236 1.4501
1870.8836 0.9781 1.5486 1870.9420 0.0367 1.2712 1871.9275 0.0254 1.4227
1870.8853 0.9798 1.5840 1870.9437 0.0384 1.2496 1871.9292 0.0271 1.3842
1870.8871 0.9816 1.6209 1870.9454 0.0401 1.2313 1871.9309 0.0288 1.3568
1870.8888 0.9833 1.6644 1871.8742 0.9719 1.4292 1871.9326 0.0305 1.3273
1870.8905 0.9850 1.6850 1871.8759 0.9736 1.4565 1871.9343 0.0322 1.3111
1870.8922 0.9867 1.7091 1871.8776 0.9753 1.4882 1871.9360 0.0339 1.2964
1870.8939 0.9885 1.7427 1871.8794 0.9771 1.5144 1871.9378 0.0357 1.2772
1870.8957 0.9903 1.7823 1871.8811 0.9788 1.5586 1871.9395 0.0374 1.2251
1870.8974 0.9920 1.8031 1871.8828 0.9805 1.6058 1871.9412 0.0391 1.2151
1870.8991 0.9937 1.8414 1871.8845 0.9822 1.6311
1870.9008 0.9954 1.8605 1871.8862 0.9839 1.6658

AR
1869.8870 0.9783 1.7963 1870.9030 0.9976 2.1144 1871.8884 0.9861 1.9400
1869.8902 0.9815 1.8533 1870.9047 0.9993 2.1013 1871.8901 0.9878 1.9729
1869.8935 0.9849 1.9241 1870.9064 0.0010 2.1044 1871.8919 0.9896 2.0089
1869.8968 0.9882 1.9851 1870.9082 0.0028 2.0826 1871.8936 0.9914 2.0332
1869.9001 0.9915 2.0248 1870.9099 0.0045 2.0496 1871.8953 0.9931 2.0526
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50 KIM et al.

x 1. (A%)

HJD HJD HJD
(2450000+) phase Am (2450000+) phase Am (2450000+) phase Am
AB
1869.9034 0.9948 2.0643 1870.9116 0.0062 2.0330 1871.8970 0.9948 2.0643
1869.9066 0.9980 2.0749 1870.9133 0.0079 2.0006 1871.8987 0.9965 2.0791
1869.9099 0.0013 2.0625 1870.9150 0.0096 1.9570 1871.9005 0.9983 2.0936
1869.9132 0.0046 2.0299 1870.9167 0.0113 1.9182 1871.9022 1.0000 2.0823
1869.9165 0.0079 1.9655 1870.9185 0.0131 1.8865 1871.9039 0.0017 2.0612
1869.9198 0.0112 1.9248 1870.9202 0.0148 1.8578 1871.9056 0.0034 2.0456
1869.9230 0.0144 1.8668 1870.9219 0.0165 1.8293 1871.9073 0.0051 2.0193
1869.9263 0.0178 1.7966 1870.9236 0.0182 1.7976 1871.9090 0.0068 1.9984
1869.9296 0.0211 1.7361 1870.9253 0.0200 1.7601 1871.9108 0.0086 1.9617
1869.9329 0.0244 1.6877 1870.9270 0.0217 1.7317 1871.9125 0.0103 1.9354
1869.9361 0.0276 1.6288 1870.9288 0.0235 1.7074 1871.9142 0.0120 1.9006
1869.9394 0.0309 1.5943 1870.9305 0.0252 1.6832 1871.9159 0.0137 1.8736
1869.9427 0.0342 1.5445 1870.9322 0.0269 1.6606 1871.9176 0.0154 1.8394
1870.8755 0.9700 1.6464 1870.9339 0.0286 1.6378 1871.9194 0.0172 1.8064
1870.8772 0.9717 1.6820 1870.9356 0.0303 1.6072 1871.9211 0.0189 1.7903
1870.8790 0.9735 1.7073 1870.9373 0.0320 1.5866 1871.9228 0.0206 1.7420
1870.8807 0.9752 1.7436 1870.9391 0.0338 1.5687 1871.9245 0.0224 1.7187
1870.8824 0.9769 1.7676 1870.9408 0.0355 1.5428 1871.9262 0.0241 1.6845
1870.8841 0.9786 1.8032 1870.9425 0.0372 1.5301 1871.9279 0.0258 1.6641
1870.8858 0.9803 1.8358 1870.9442 0.0389 1.5046 1871.9297 0.0276 1.6495
1870.8875 0.9820 1.8650 1870.9459 0.0406 1.4812 1871.9314 0.0293 1.6109
1870.8893 0.9838 1.9084 1871.8747 0.9724 1.6978 1871.9331 0.0310 1.5844
1870.8910 0.9855 1.9249 1871.8764 0.9741 1.7173 1871.9348 0.0327 1.5542
1870.8927 0.9873 1.9589 1871.8781 0.9758 1.7353 1871.9365 0.0344 1.5300
1870.8944 0.9890 1.9935 1871.8798 0.9775 1.7793 1871.9382 0.0361 1.5347
1870.8961 0.9907 2.0253 1871.8816 0.9793 1.8144 1871.9400 0.0379 1.4896
1870.8979 0.9925 2.0498 1871.8833 0.9810 1.8592 1871.9417 0.0396 1.4806
1870.8996 0.9942 2.0784 1871.8850 0.9827 1.8866
1870.9013 0.9959 2.0940 1871.8867 0.9844 1.9220
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2. V651 Cas®] #ZH N2 F4AzH

F4AZ e e 7t BT A
(JD Hel 2451800+ ) (JD Hel 2451800+)
69.9065 B I 69.9066
+2 +2
69.9066 V I
+2
69.9066 R 1
+2
70.9040  V I 70.9039
+1 +1
70.9038 R I
+1
71.9003 V 1 71.9003
+1 +1
71.9003 R I
+1
A %= et .
AA Y oA 2E V651 Cas®] F7[7F £7]1H o2 WSty gD, 1 U3y} RolA gke
A3 AAell ofgt FAZ AR ABE £ Aok A LE A7) W 2ol 2E0] AT T4 FA

2 Azl A2 FANZGEC HEAE AN ZAN Y ST T TN BN A=
HE & 49 FuA BE D AEA 2 2)0l FFSA 1 29 39 Ado] 28 a9 7
7y o] F74A) Be] ¥ FE2AE AT V651 Case (0—C) Eolth o] IFEANH FHEL B
4o AR 3 154 3 28] o] 2 A FA} ASE 247 e, St 2 FAL ALE WMED
2 Aol o] ZA Ae< & 39 5AM(0 - C1)s 64 O - Co)ell 22 £ 533k 18
SOA BRol A2l 358 4719 FAAIZAL ol 2A < FAdolA Holukx gtk Ty I Rol
dol o] @A FAIZ Ax A ¢ 2 AE 2ol 3 ol A AT AN T FA

d|

Lt 2do] AH3| RESITE b, 2FC] AT FAT AEE NAT L7t Aok wEtA, 28

BN ASE A7) A8t & 30] £28 FAANAEL FAN £ 2R FE82
C=T,+PE+7 (1)

o ZEgich 3 71A rE A3 DAl o & FA 7O B Irwin(1952) 0] 7] 8 A 5L o] L3t} (1)

2 25 708 v AE 23 ed, 2 vASE 97 YA o2 2 A ¥ (differential correction
method) 2] #}1}¢! Levenberg-Marquardt Y (Press et al. 1989)& o| &3l 3, (1) o] 3t nj&
BAAL Irwin(1959)0] G =3 A58 AL&3tgh

HEZHo2 42 HE & 49 vl A Dol F53ch A F o) PB4z 4T (0-
O)=E 18 49 Aol 23t o] 2PolA Fde o] 282 FAL A=eld, stde] 292 3
AZEAEE WMFD e IAEE 28 Aot o] FA FES & 39 THA HO — Cs)oll £53}
Atk 27 58 287} 23 FAR AL F718 SYE o] 28 V651 Casd (O - C)=olth 2%

M

49} 5o A B0l o] =Rl MEA 78 BAL AR BE FEAES o & REae ¥
T f2u, V651 Case] 37 7] W5 4o ZAH S} o271 Albet HolA o A3 AA
of & FAN Az =90 EFEAL G2 1 495 B3] HAFTh & 39 THA T
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£ 3. #3383 V651 Casy FHEHEZ 4 CCD SAAIZL
A7 Aol gy #HEHAY IS 0-Cy 0~ C, O0-0C4 EER
2447470.4858 11 PE -737.5  -0.000038  -0.000039  -0.000105 AL
2447769.5299 11 PE -437.5  0.000041 0.000033  -0.000011 AL
2447983.3450 I PE -223.0  0.000078  -0.000005  0.000344 AL
2448093.4913 11 PE -112.5  -0.000328  -0.000545 -0.000509 AL
2448205.6326 I PE 0.0  0.000220  0.000032 -0.000055 AL
2448524.6113 I PEB 320.0  0.000076  0.000008 -0.000073 HU1
2448909.3800 1 PE 706.0 -0.000086  -0.000054  0.000074 HU?2
2449403.3003 I PE 1201.5  0.000019  0.000091  0.000464 HU3
2450001.388 11 PE 1801.5 -0.000013  -0.000013  -0.000028 AH?2
2450489.3250 I PE 2291.0 -0.000023  -0.000009  0.000219 AH1
2451869.9066 I CCD 3676.0 -0.001256 -0.001148 -0.000373 TH
2451870.9039 I CCD 3677.0 -0.000768 -0.000661  0.000115 TH
2451871.9003 I CCD 3678.0 -0.001182 -0.001074 -0.000298 TH
2452146.523 I CCD 3953.5 -0.000427 -0.000379  0.000241 BB
*AHl=Agerer & Hiibscher (1998) AH2=Agerer & Hiibscher (1999)
AL=Agerer & Lichtenknecker (1991) HU1=Hiibscher et al. (1992)
HU2=Hiibscher et al. (1993) HU3=Hiibscher et al. (1994)
LU=Lu (1986) TH=This Paper
BB=BBSAG Bull. 126
E 4. V651 Cas?] FAIZ A% 3.
Azs a1 3 2 o] ¥ ¥ o9
T, 2448205.63337 (13)  2448205.63324 (4)  2448205.6332 (3) JD Hel
P 0.99681037 (13) 0.99681032 (4) 0.99681017 (12) day
K 0.0015 0.0013 0.0013 day
e 0.968 (0.006) 0.769 (0.029) 0.775 (0.278) -
w 161.0 (3.0) 131.6 (2.8) 91.6 (22.7) deg
T 2447948.7 (34.4) 2447909.5 (12.6) 2447722.1 (58.4)  JD Hel
P 6.33 (0.23) 6.25 (0.06) 6.29 (0.22) year
o, ZAIZF A2 ¥ AZ(semi-amplitude)& K = 0.900132 8 50 & olth watA, $2l+= V651
Cas®] FHF7|7HK =000139) && AZog FAHo2 W foky 28 5 gk
27t T FAR AL E 46539 F7), 2 o] A&(e=0.78), 23 T AL ¥ Z(K=0.90013) 2
2 F4=0 glo] AHFHY olA-7F 738 3 28} v, TAAAE oD (w)H 24P FHAT)
2 3 200 wlsf Zhzh oF 40°9} 18740] A2 Ao R A4 gtk
4. Qo =0
o] =E A S V65l Case) BHBE A7 EAL Fotel, o] M) A7) W)
Qo A} ol A (200007 AT ALE BN AEE HARAL, E 49 WA 2ol A
A3t uke} Zro] A AT 17 40 M BRo) Ad A3 AA= 1988 R E 20023 7hA] o 14
B YA AEE wek A o 28] SFAGL Bolth 1 AT SAol BEY FAARY A%
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€ 1ol BlA greth webd, Fo AGHeR IANZe] BAATY, o] £EN TH 2
A A ANE A7 FEF ok
V651 Cas 7ol Alhe Als B9 AFese, 27t 73 BN ASE o) 83h, °F0.000285
Moo 2 Agch o] P52 Al3 xmm e o2 AL A (i)l ekl TR, Ao
A (i3 = 90°) F0.09Mp 0l T, iz = 30° 4 W} A&k 2k 0.20Mp ol th. WekA, iz > 30° 4 W2
A3 Ao A F9E 0.09Me < Ma < 0.20Me °th o] AbolA V651 Cas A2 AL Luzt
T8 R(L61Mo) S AHEstgith AFget A3 AAle] AL 7ok A 7L Kim(1997)°)
Ned 452 o §3dTt
Z 2ol Henry et al.(1999)& 38 ¢33 949 FGS32 B35 AR &
£} 2z

A 16702 FAES] AF-F=AAE AAAT 25 EARHEL
AL AFL 0.07Mo A 0.30Mp Abolell o}, BF FAEY &
AAZE 242 2A%vd, 232 &2 Ae 73 dA Y 447 J3E
ot A FAAZLY BHo® By, F03MoRT A2 AFS 713 A3 ZMW G A= S’JE}
£ HuE a8 BX gk 2 oz G 2 0.05Me e A3 BA 7 FEH V471 Tau(Guinan
& Ribas 2000)2 E£&3to] 1093 7] Tho] X 5 o] 9] ti{Demircan 2000).
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