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234 - Q � � 52 2j6OGWK	SuperWASP (\~AÆ���) r�yIAC�0\��g�\�n�* 'j6&Fj℄:Æ�":r�� r�TENMÆ>5Æu>+O�j SuperWASP-

North O��+O�j SuperWASP-South \&AZ$�Æ�+:: [8], �+�jy0Ge�	�qn��^j℄:Æ�℄3�x 2006 ��g\9℄:Æ�[ [9], ��e�-�
SuperWASP r�3#�g_ 30 �9℄:Æ� [10−11]. HATNet (��T�|AZ$�x)u_yII� - q�T+)UO���dj/*℄:Æ�����Iq�T+)UO�j 6 �zAZ$&F�'�+;��*y":℄:Æ�5p�q"�^j&� [12]. ��e�- r�3�g_ 20�9℄:Æ� [13]. XO u_ [14] sM 2003� 9 _�e Maui 
J� 10 000 AKj Haleakala V�	\�C& 200 mm jAZ$�0G!?j�?:>��^jF�Æ�e�gv�Æ:>::����-� XO u_3#�g_ 5 9�(℄:Æ��.e<_\℄jW�>&9k	*� TrES (E�"'℄:Æ���u_)[15] IwG�+O�j Edward Dunham ��CCz\* '��j Timothy Brown OI�\�q�T+)UO��j David Charbonneau id�TENM�C�wz+O��wG�+O��[��|�TA
j 3 �C& 10 cm jzAZ$6Ee�	�Æ℄:Æ������3F2�g 4 9℄:Æ��AC^C\�j John Southworth �1L�(℄:Æ�j>&9k [16] �UO�� [17] �'�Æ�5pW�	� [18] �Æ_dM '�yiO1�\j Joshua Winn Æ�e℄:Æ�e�	��S [19] nÆ��Æ_dM`�j '1)�RCe℄:Æ�iSj '1),3�36k�.<i_/~Fm�'���C;�\Cz+O�jlQ01vnGTE�o::npJ #V+)UO+O� (OAO)jAZ$�0G~u�~	e�n�℄>�,� HD173416�H�g_/9℄:Æ��.+N_ Æ�j'z�℄^y���℄j 2.7����qI 0.21��D�I 1.16 AUp'Ag�%I 324 d n%y [20]. a�+O�,g� 'WnGTEa�+O�j 60 cm �
1 m O 2.4 m AZ$�gE�
����|j℄:Æ�� Æ�\^/N'
� (}�*
QS) 4.2 AU, .u�N Æ�j'z�℄^I���℄j 6.4 ��Ag�%I 7.9 yr, vÆE�
����|j℄:Æ�Z��W�g [21]. a�+O�?y-nGe 2006 � 2007�TEa�+O� 1 m AZ$�� SuperWASP r�j 3 *::�*�Æ_:>::O	*RO�Y�TE{�=�[�%5uÆ	�Yie_/~�*�jg 7	�|p_'�/*�* (WASP-1b) I=�j℄:Æ�Z�)�I SuperWASP r�[�::�*j�i(3_	*}J [22−24]. V:��C;t\�+)UO����C�uRZ\�+O℄�� \�+O℄Oa�+O�YSj LiJET (S�℄:Æ��!u) u_	�Æ℄:Æ�j":�'~u!~Tu�Ze 1 m/s, =":eL�J?�j�(℄:Æ��.=5EM�Æ�℄3j:℄OH|��BC�:3#K2[z&eXw℄:Æ�e�::Æ�j1)�ayIM�-CwYe�:: 'Æuj+O�z	�+!Xo�eTE\~A�+AZ$���j�(℄:Æ���3�g-KÆ�℄3jW��Æ`��Z�je�:: 'fis[�=V�TE�-�"j�\C&AZ$�3�gKÆ�℄3jW��Æ`�D%je�:: 'fiHI�+�gM5Y3F�X 2008 � 12 _6s� O)uTEVy\�CJ+O� / CJ{+O�j 1 m 
`tAZ$O PI PIXIS 2048B 2048×2048 CCD nj���93"~-
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n7	�Æ_8�� O	�\ r�::jg 3F�+Ne�>&9k5pI�8Nj/~Æ�7	�'[�MIVÆ�j '�ÆkA�
2 L;�u℄=b r 'TEVy\�CJ+O�j 1 m 
`AZ$O
�j�`":)� (PI

CCD), �3~-KÆ�℄3jW��ÆZ�j>&:℄�rE IRAF O MaxIM DL O��Æ	*ROO�Y�iN�(℄:Æ��he�gvnj>&9k����Æ�j/~UO7℄�Æ8��
2.1 I8�l�p.Vy\�CJ+O� /CJ{+O�IVy\��Cz+O�OCJ{YS5��M
2007 � 6 _ 9 J{tvF�+O�NMVy\�CJ�{z+V��y[\*+O��'�[+O��IhC APM 4�
hjC& 1 m jLgt
`AZ$� AZ$>pI5P)b℄3�℄3�" f/8, j��6ILg=t�6��u!~GM 10′′(RMS), .!!~e 5 min �|d�nzM 0.6′′(RMS). r> I ACE 4�h�j UBVRI O uvby℄3� CCD njI�C PI 4�h�j PIXIS 2048B 2048×2048 �ttd~Fv�*
M CCD. j:Vy\���&>j&�)q>#2j��w�1)3e 2010 � 5 _g =F�.3
T0G%�� b�	�EM~u�~	���(℄:Æ��W�\*p`��~�Yn;� 'iS�
2.2 I8����I87fI_(&::}q.�%CJ+O� 1 m AZ$�e�j::�X�R�TE�x	*De3�gKÆ�℄3jW��U�NzSCJ+O�::j 20N9Z��*�U�*�	e��hjsqOT:&��\��-::	*�[�N	zMCJ+O�::n�x���~*Z�::YTECwe�::�n(3je�w��hjT:n?�eT:n��- 0.5∼1.5 h ��2)6s::�rE V r> �-*Yj^~?xSzj$>n��'[eT:e�w��� 0.5∼1.5 h [/�::���=IT:n�2�?hF::Ye�GHM�_=z�X 2008 � 12 _� 2009 � 8 _q�R�e 20 �.j::n�R�5::_ 50 N*T:j℄:Æ�e�w��F2":e 7 9℄:Æ�j 12 We�gv�IM+*5p::YN	jj
�K~`:Y.M�::e=zje�>&9k�a	*IK/xj78OTE���+ 1 �aN_F2::ej 12 We�gvjo`�\�'�s 1 a::J%�j “∗” +uM�ei=zje�>&9k�s 4 ae�(�n�jT:I�
“Cw℄:Æ�pZ�)e�”(TRESCA,TRansiting ExoplanetS and CAndidates) j	*�n	 http://var2.astro.cz/EN/tresca/transits.php.
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Table 1 Observing log

Observed date Planet name Observed time Predicted transit time

(yyyy-mm-dd) (data number) (UT+8) (UT+8)

2008-12-11 XO-2b (327) 22:22∼27:59 22:49∼25:28

2009-04-16 TrES-3b (116) 24:56∼28:29 25:55∼27:12

2009-04-21* XO-2b (160) 19:21∼21:30 17:58∼20:37

2009-04-21* HAT-P-7b(235) 25:35∼28:36 25:58∼29:50

2009-05-03 TrES-3b (108) 24:27∼27:23 25:25∼26:43

2009-05-04* XO-2b (128) 19:33∼21:36 19:53∼22:32

2009-06-10 TrES-3b (158) 22:07∼27:47 22:31∼23:48

2009-07-31* TrES-3b (101) 20:12∼22:18 21:07∼22:24

2009-07-31* TrES-1b (156) 23:13∼27:34 24:27∼26:55

2009-08-01 WASP-3b (325) 20:19∼24:13 21:10∼23:53

2009-08-30 WASP-1b (299) 23:01∼28:41 23:07∼26:46

2009-08-30 WASP-2b (184) 19:21∼22:59 20:58∼22:43

2.3 I8s[�<a�_Y8Me<e�::	*[��Æ	*-%jTRO�IM CCD e1)GH� 
jFv�gg� CCD t��h�~j?<n=���M_�|}B�=V::�iej CCD6t.M=>wpr
C��_+8j3F�I_xPv~�|}B��d+�6t�ÆTRO��HdA{{��A{{O"A{{�{C::n/��_��dA��AO"A6t�{{-	��6t�,E imred/ccdred�bj zerocombine�darkcombine�
flatcombine �dA��AO"A6t�ÆS.�B[d��*6tE ccdproc �k�Æ{{�'3�Lb	

(1) ��A6t(dA{{�
(2) �"A6t(dAO�A{{�
(3) ��*6t(dA��AO"A{{�TROGH�o`7	jb	=78Oi [25].�Æ=v~TRO��j1)�[�TE MaxIM DLO��`:W���Hj"��p{%��Æ�?:>�/��<~A�\9O��^~n�j78�O/9{%��78�O{%�jN	��nn�\I� SIMBAD 5p USNO ek�+��?:>GH��+-*pw3F'PIM+*f::U=�2=Ej6t�BE MaxIM DL �Æ�?:>3�Lb	
E MaxIM DL [6TRO[j6t�TE photometry �k�Æ�*��78�O{%�j�i��|�M>ej78�j�n.b	:>jB&��b	=#��Æ:>[=5ie�*��78�O{%�j�n��'[�iN`:W�O{%�j>&9k��,EM�Ye�w�O8un�:>!~�

3 e
O1n�eF2::ee�w�.TEB&�?:>Æ	ie`:W�j>&9k[�R�
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+u{%� (chk)(I_Æ%"���{%�j�n��Æ_nBj"1). 6�*N_0Gp:>&9k�Sieje�j6sn?���n?O�� (JDmid) n?�1na+N_�?:>jn�!~��
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Fig. 1 Light curves of transits of extrasolar planetsIM HAT-P-7b je�d~�z��^ 7 mmag[26], .1Vy\�CJ+O��erm>SD�I���z&�e�gv::g YZe_AZ$j::nj�=V6�fuje�gv2�f�1nv,X9�
CN_Vy\�CJ+O� 1 m AZ$j::!~�

4 �
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<<") 239	iejÆ��℄�=8�NÆ�j�~��1/Æ�j�We�::[�Æ	*3u1)K�M�'7	�Æ/I�?j8��
4.1 B�s[?M0m�X�i�jQeiNe�>&9k[�TRESCA �n�M>&9k�Æ	*	��S�Poddanýn [27] +N	��SÆ	Lb	�MYUj>&9kjUs::	*�~b::j	*�He ti (i = 1,2,3...) n?jn��n m(ti), 		*TE5b4t�Æ	�	

m(ti) = A − 2.5lgF (z[ti, t0, D, b], p, c1) + B(ti − tmean) + C(ti − tmean)
2 , (1)'� F (z, p, c1) y�� (W�) jn�n℄��IÆ�e�gvd�'&`� p = RP/R∗yÆ�O'��j�&"� R∗ IW��& (Ot�I TRESCA �n+N), RP IÆ��&�.1 RP ZzM R∗(p ≤ 0.2). W�
$d�0G℄	I c1 jk�ÆH�Æ�S�TujÆ�n�W�j/NI z. bx t0 Ie���n?� D Iz*e�gvJ�n��	Æ�
|Al	�ITGW��j�k�E7	 b = acosI/R∗ +u�'� a IÆ�Ag�D&� I IAg2
�0G5Ybx=u�~* ti n?jM	 z[ti, t0, D, b]. 6E occultsmall H� [28] �Æ F (z, p, c1) ju�� (1) t�j&℄ A ��_�njdu!1�&℄ B O C ��_	*j℄3&`7x�TE::n�"4� tmean =
∑

ti/N j/WrO�Wrju�I�[	�X?�'�}K(�?j\*�℄9q�{�=I/��W�rte\�	3Fby%7j�
4.2 B���4s?FvTEe�	�℄:Æ�": 'j�+�*yiee���n? t0 �J�n� D �e�d~ ∆F . v~�+7	=50G (1) t�	��S[ie�0Ge�	�7�I�?8�jÆ�sR7	IÆ��&OAg2
�TRESCA �n+NbaÆ	6'7	�Æ��&I5b4t�i	

∆F =
F∗ − Ft

F∗

=
πR2

∗
I∗ − (πR2

∗
I∗ − πR2

PI∗)

πR2
∗
I∗

= (
RP

R∗

)2 , (2)'� ∆F Ie�d~�F∗ I�e�n?jW�"n℄�Ft Ie�njW�n℄� I∗ IW�.~�Ag2
=5IÆ�e�"n� tz OÆ�4��% P (Ot�I TRESCA �n+N) ie�-)4tI
I = arccos

√

(R∗ + RP)2

a2
− sin2 tzπ

P
. (3)R���K 12 We�::j	*�Æ
"�+ 2 ��,aN_ 12 We�gv::j::	*pIY�	�O4t�Su�iej5�Æ�7	�s 1 a::J%�j

“∗”+uM�ei=zje�>&9k (1nT	+Ne�J�n�), s 3 aO��Bj
“ −−− ” +uIMe�>&9k2=z�T	iez*e�gvJ�n� D, s 7 a	
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Table 2 Observed data of extrasolar planets’ transits and planetary parameters

Planet name t0 D ∆F I R∗ DQ Measured RP RP a

(Observed date) (UT) (min) (mmag) (◦) (R
⊙

) (RJup) (RJup) (AU)

XO-2b(2008-12-11) 16:08:43 176±2.9 15.3±0.4 90.00±0.00 0.976±0.024 2 1.113
+0.014
−0.015

0.973±0.03 0.0368±0.0004

TrES-3b(2009-04-16) 18:31:39 79.5±1.8 25.4±0.7 81.92±0.19 0.813±0.027 1 1.207
+0.016
−0.017

1.295±0.081 0.0226±0.0013

XO-2b(2009-04-21*) 11:18:59 − − − 16.8±1.9 88.20±0.24 0.976±0.024 3 1.166
+0.064
−0.067

0.973±0.03 0.0368±0.0004

HAT-P-7b(2009-04-21*) 20:08:48 − − − 3.9±1.3 88.63±1.37 1.840±0.230 5 1.076
+0.166
−0.197

1.421±0.144 0.0379±0.0004

TrES-3b(2009-05-03) 18:03:15 81.8±2.9 23.9±1.1 82.20±0.34 0.813±0.027 2 1.171
+0.026
−0.027

1.295±0.081 0.0226±0.0013

XO-2b(2009-05-04*) 13:14:07 − − − 9.9±1.7 89.77±0.73 0.976±0.024 3 0.897
+0.074
−0.080

0.973±0.03 0.0368±0.0004

TrES-3b(2009-06-10) 15:09:31 75.5±2.1 24.0±0.9 81.63±0.21 0.813±0.027 2 1.173
+0.022
−0.022

1.295±0.081 0.0226±0.0013

TrES-3b(2009-07-31*) 13:46:02 − − − 36.4±2.3 81.39±0.07 0.813±0.027 2 1.1441
+0.044
−0.046

1.295±0.081 0.0226±0.0013

TrES-1b(2009-07-31*) 17:36:35 − − − 21.0±2.3 88.53±0.20 0.820±0.020 3 1.108
+0.058
−0.062

1.081±0.029 0.0393±0.007

WASP-3b(2009-08-01) 14:28:03 162±3.9 14.7±1.0 84.32±0.64 1.310±0.120 3 1.483
+0.049
−0.051

1.31±0.12 0.0317±0.0001

WASP-1b(2009-08-30) 16:55:01 223±1.8 15.2±0.5 90.00±0.00 1.382±0.100 2 1.591
+0.026
−0.026

1.358±0.1 0.0382±0.0013

WASP-2b(2009-08-30) 13:50:18 101.6±2 18.1±0.7 84.57±0.16 0.834±0.063 2 1.047
+0.020
−0.020

1.017±0.082 0.03138±0.00142X+ 2 �=7N��Mei=ze�>&9kj�*Y�#�'Æ��&ju��eX?�H�O78�y�I�Sj�[	�?/�\��+y	*�℄2OpfuIMAg2
j8uO78��?�\���u�'� 4 W::j TrES-3bj�&"4� RP =
∑4

i=1 RPi/4 = 1.248± 0.129 RJup,

3 W::j XO-2b j�&"4� RP =
∑3

i=1 RPi/3 = 1.059 ± 0.142 RJup. X�=7N�1/Æ��Æ�We�::=�'�&��Æ/!?j8��
5 $W��} OTEVy\�CJ+O�j 1 m AZ$�� 7 9�(℄:Æ��Æ_e�:: '�ie_ 12 .e�>&9k�.*V8�_Æ�j�&	��0G� 1 yr j:: '�R�3#�V_/$�M3~-KÆ�℄3jW��Æ&}e�::jnHOÆ��.�iej>&9k�Æ_M3�Y�b/3�ex�kKe�	*jgQY�R�	�Æ�7	 (L�&O2
n) �Æ/!?j:x�.TE�W::j transit-timing

variation Æ	B��q�j℄:Æ��j:�R�a	x�B��ZMKe�::	*j℄:Æ��Æ":�.TE3F2��eVy\�CJ+O� 1 m O�o 2.16 m AZ$Yj>e�d&SR�&>#2�6E~u�~	�gj℄:Æ�Z�)�Æ[�:: '�!� "�f'�zj8�O�;�"�Vy\�CJ�{\\��?Y��mK-�Bp���vL�Æy��oD�nJje::O	*ROÆ�j}JO���5p&,��LL1�j-%���"��C;�\Cz+O�r$ 'W�lQ01vp1vh?-j��O#t�
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[12] Bakos G A, Noyes R W, Kovács G, et al. ApJ, 2007, 656: 552

[13] Hartman J D, Bakos G A, Kipping D M, et al. ApJ, 2011, 728: 138

[14] McCullough P R, Stys J E, Valenti J A, et al. PASP, 2005, 117: 783

[15] Alonso R, Brown T M, Torres G, et al. ApJ, 2004, 613: 153

[16] Southworth J. MNRAS, 2008, 386: 1644

[17] Southworth J. MNRAS, 2009, 394: 272

[18] Southworth J. MNRAS, 2010, 408: 1689

[19] Winn J N. arXiv:1001.2010

[20] Liu Y J, Bun’ei S, Zhao G, et al. RAA, 2009, 9: 1

[21] Qian S B, Liao W P, Zhu L Y, et al. MNRAS, 2010, 401: 34

[22] Gu S H, Collier Cameron A, Wang X B, et al. IAUS, 2008, 249: 83

[23] Wang X B, Collier Cameron A, Gu S H, et al. IAUS, 2008, 249: 85

[24] Collier Cameron A, Wilson D M, West R G, et al. MNRAS, 2007, 380: 1230

[25] ℄^���W/��E*�o�b�k
^���� C<��� 2004, 24: 32

[26] Winn J N, Johnson J A, Albrecht S, et al. ApJ, 2009, 703: 99
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A Research on Observations of Transits of Extrasolar

Planets

ZHANG Ji-cheng CAO Chen SONG Nan WANG Fei-ge ZHANG Xiao-tong
(School of Space Science and Physics, Shandong University at Weihai, Weihai 264209)

ABSTRACT By using the 1-m reflecting telescope at Weihai Observatory of Shandong

University, the transit observations of seven stars are carried out to accurately estimate

the physical parameters of extrasolar planets. These seven stars, including TrES-1, TrES-3,

XO-2, WASP-1, WASP-2, WASP-3 and HAT-P-7, are known to have planetary systems. We

will introduce the observations and data reduction, show the light curves of the transits of

extrasolar planets and present some derived physical parameters. After analyzing the light

curves of transits, a more intensive research in the next stage is anticipated.

Key words planets and satellites: detection, techniques: photometric, techniques: mis-

cellaneous


