
� & 29 "�& 2 0 ℄���T���A Vol.29, � No.2 ��� 2011 � 5 , PROGRESS IN ASTRONOMY May., 2011 ��R\�*�1000-8349(2011)02-218-10

<.39?�$N7�7I%CKP�1&a b
(i�1U) �Y^�O�3� 100012)[Y�K#�KH���7	.\\ÆU�d� (1527 �) �	fK�K#�v�K#K(5` v:�5�vA"02����K� �	fK�oL)�FO�&\
KBy��3.5�v� (1) K#K45` v:`0��5W��	fK�o�� (2)�	fK�����K�oLy��7^~�o5+)^ 33.35 min : 34.93 min �o:+)^ 86.40 min �CWJ)�^ 1 `&0� (3)�	fK��&oB#5�5�+)�^� 24.50 min : 44.03 min ��&oBv:�5�^+)� 1.25 d �i9yQeh=^:v:oL��^lds� 86.40 min 	) / "�	fK���K�K#�5�v:^O'5*�P1-092, P194.3, P195 ��� RU�F:�A

1 ����℄Æ� · J^���Æ�eJGnK�i��Æ�e�nK��6Æ����}R1aBr�Æ��J�3�Æ#� · J^������<d�m� 1280 ��DÆ� 1281—1644��N�gÆ~�JG�>�mI�j��gÆRI6Qtm�&nO�J�Æ#��n8!�Æ��~����6[	�Y�p8d8�JG<d�Q�m�{u���[J�����|�+\�JG��<~nK(�3zV�℄Xt>^|JGV�_o7�Æ��J�jJPs�NJwL�JG�ewZX�0R�Es~`,�Æ��J�<m&Y��<���B.l�Æ~�qJ-�2�E! [1] �-gJ�JG���Et�,���Æ��J����\�+�� G(EA�2010-06-18 � X+EA�2010-10-25`_V=��Y�Y1U<~ (10973022)



� 2 0 G��ÆU�d��	fK�K#�:5oL�8 219�DV( [2] �Et�	,n�Y�JG�-(���Æ����Æ�e��uumA���=JG�eY�I�w�� [3] �g�/ [4] �D%� [5] �N � [6,7] ��sÆRI9�m_HC [8] ��	 [9] ���E�gm} [10] ��L6y�4~Y�IXz[s�.v�J"�JG�
Æ6�b`�Ras�u)FD�JG9/>rAnK�b�,��%��[	�J��6~J"�VM��NJ�O�u��[	JR�F?1*�j�
>�>g�u3Rf�	)�6�A,��d��J"JN�~��DÆJG�nKx���J"�Y�J�2-�VI����d�N6{j'JGY��nOV�E���l��%��Æ��J�J"s~�f��6 1983—1984 �`���~$k-~F$guj[Æ��J��Tk�j [11] �D%�!��V--[3g8j����M`6#���n�
(1307 �) �`QE��� (1365 �) ` [12] � 2007 �2�h"�u)[ÆÆXh"�U��eJ_5<� (SW) ��	:!�6>\gi��Æ��J���ÆJ6G�~��6Lqyzq3����eJ6j�Y���J6�li}℄"��E� ��w�l���X�?.~J"�Y�x�S-^Y [13] �as�DhNÆÆ��J��Æ�eJ��K��(�%�[	LAQG�VALA�T��� (1531 �) G�9{�2R�7J"g���03��u��7�j�}�1����℄VA~� 0◦.60 � −1◦.69 � −1◦.35 � 9◦.23 �
14◦.98 [14] ���2U�J"�Y�t��bx-~Yd�Æ��J�5�V[~�JG�2qtiOV�K94�KFU�K_��K+D�Kg��Ko3�K���J"�[	�b,��JG�!ux��6	|S-[Æ�e�J"�Y�JG�J"`2��6�℄}��BnYJG6DÆ/��℄F�S-�nK(�Q���{=)��
2 �V�e�L$T��Æ�eJ�J"�xZ�Z"s" 36 k�Z� (h 1 ÆV) ��V{	��FÆ;"��T���eJ���<�+� �D[_	z��8�eJ_�'D[���8Ioq{>���oHI�tp���V�d�6_J_�>Fd7J�2f��7GVXI�J"Q	% 1—2 k~+4u9� 3—4 k�|Q�� 5—28 k� 12 q+�_J
(3g 22 k� 9 +�TH) � 29—32 k~S���T��)� (1527 �) qn`m)8�
(1468 �) ��" 60 ��JGb`�2�OV�J"9�JGJd�tiOV�,��JG�K94�eus+_.��,�Jw�"D%�!�����EJ"�+�OV�O��+�} (+~$)h�J_N3�[nD�jVk;�wN�b~�(1) k` (Vu�#y�	I) �(2) _N�iS����D�jx�E�#?X_�(3) u9�jw�_ue�4�pmg4�rAÆ�qQ�/ [15] ���6	J-[�℄�T�� (1527 �) Æ�eJ�J"% 1 � 2 k�+4�u9OV (h
1 �+O) �h 1 ��V% 1 ^"��T��G�)��eJ�F& 12 ^~f�r+��+V�2�tn (4_) iS�f+J�u9 (/>u9_/�iS�e4�u�J'��+g99�+u9) �&n^7�Nk&���_�[S�� 355 [�F 12 q�J+J��
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i 1 �ÆU�d� (1527 �) �	fK�K#[�As,5` v:Æ��J��Æ�eJ�d"$<[^Æ-=���=�GnK(�B��YV-nK`-�jQnKQG�L6-YVA�9��g��y��o��n��"��J��"i~�2���2�3��� 7 �=��nK7( (1280 �1`) ��Y-��3g�g��y��o�6`#k�n�+�D�Gg�6	Jt94nK�b`℄Æ�9��g�-Y�$X�Æ�eJ�RÆ����2��&/Y�
3 L$On.�T��J"J^[	R-��+4iS�u9_/��4��+4�b^�? 1 �T�� (1527 �) J"JN 23 9�TQ+Q�u�J"g�u9�`RÆe4dtu�fG
-� 1 [ (d)=100 4 (k)=12 e (c) � 1 e�Vt (a) �Q (b) EOV�r 1 h �� 1 e
=8.333 3 4 =2 h, 1 4 =14.4 min �d�Æ C(� 1 ` 12) ?e�N��9et�eQ�7��`�et ca = (2 × c−3) h �eQ cb = (2 × c−2) h �4�LXP�x#AG�F� 0−14`it4� 1−2 4`i 1 4��o�n�fJ"�u9�b^? 2 �
4 L$pM�RIB9JG�dJ
9�BNQ
Æ�9�J"�J"J3-��℄tS�JGn��3`�℄�6=)�LjY�RZ�w�Y����Æ��J��u9�4ynK�Æ�=�-u [16]�6	��d�b+�F�u�Æ��



� 2 0 G��ÆU�d��	fK�K#�:5oL�8 221�J��Æ�eJ��K94G2U-4 (iS)= *4 +Z℄�3g�*4 (iS)=mod((N ×

A+ 9� −mod(N ×A+ g��B)+n×B), 60) �{�gP\��iS =0, A= �a�B= +a� N ~�A = JL� −1281, n ~�X-�[r4��N� n=0 ~JL��>[Q*4iS�Z℄ =0.082 0×(Pd	I℄ + +YpD℄)/ pD*D7�-4���~_�� 1 ;-28> (1527 >) �#M6�6HLZJD,S!O 6aPo �
gM� ���M� � _� jT O� |Ma1 -b /d D1/d D2/d S/d I/min II/min III/min

1 I| 16 1527-02-01 29 15.412 0 15.404 6 15.419 1 10.224 −2.06 8.59

2 �z 45 1527-03-02 30 44.861 1 44.847 1 44.873 3 17.568 1.43 21.59

3 �� 15 1527-04-01 29 14.335 7 14.316 6 14.355 6 28.656 −3.97 23.53

4 *� 44 1527-04-30 30 43.843 0 43.821 1 43.869 3 37.872 8.56 40.10

5 *s 14 1527-05-30 29 13.394 7 13.373 8 13.428 3 48.384 41.62 71.71

6 D� 43 1527-06-28 30 42.988 0 42.972 2 43.027 1 56.304 85.95 108.70

7 D� 13 1527-07-28 30 12.647 9 12.643 8 12.687 5 57.024 67.44 73.34

8 D� 43 1527-08-27 29 42.314 0 42.321 8 42.348 2 49.248 33.06 21.82

9 t� 12 1527-09-25 30 11.954 0 11.970 7 11.980 8 38.592 4.66 −19.39

10 t; 42 1527-10-25 30 41.551 4 41.572 8 41.571 5 28.944 −4.77 −35.58

11 t� 12 1527-11-24 29 11.111 6 11.134 5 11.123 7 17.424 −12.90 −45.88

12 ℄f 41 1527-12-23 30 40.629 5 40.650 7 40.636 4 9.936 −27.53 −58.06*Z 33.348 15.96 17.54'>Z,* 33.348 24.50 44.03x��i D1 � D2 ! S WB���
gM�!���M�MCL��6az����� d �4P/PW�jTO��jQ℄� =1 �;4jTO�K[ 1 
MC D1 �[e_^QqE+E:�C�MC D2 �4[e_;Q.+:
�
gM�!���M�MC�5�$
5 (3�) �$S�Rf�
�_ I = S − D1 �x M = 'ÆMCZ�;�_ II = M − D1 ��_ III = M − D2 �lK���� min 
��gÆ~eJGAu*9wJ�Æ��J��Æ�eJ�jJPs��3:�-9��℄s��VJJnr+*9iS =mod(N ×A+ 9� +g×A/24, 60)�3g g x~�X-�
g=0 ~1`iS�F& g=1 � 2 VA~2�����&Cn�=�Æ��J��Æ�eJ�VA�e,��J-�JL�XF2A�x����kVJnK-4�x�VA^�? 1 �Æ�eJ��Æ��J����nKu9�x�9^�? 2 �Æ�eJ���Æ��J���6	Jt��%�LA;��Æ'9n��b� (Jet Propulsion Laboratory) Standish <A�D��+YJ?�D�%LWfg�	# (The JPL Planetary and Lunar Ephemerides on

CD-ROM) ru)F� (http://www.willbell.com/software/jpl.htm) �N/> DE200 � DE405� DE406 kjJ?�3g� DE200 J?�
Æ��~ 1599 � 12 + 9 _` 2169 � 5 + 31_�fJ?-p[C3�
.��-p[*3�
.� DE405 ��ÆP|~ 1599 � 12 + 9
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�S����������� 29 "�_� 2201 � 2 + 20 _�fJ?(-p[C3�[*3�
.�B DE406 J?5i~:�an/J?��Æ�{#> 3001 � 2 + 23 _�{# 3000 � 5 + 6 _��3�-pC3�[*3�
.�x-YJ?s�fg�>z Fortran  \7m��V�[Z��-YJ?�ZB��LhÆ�LA28P_�+�#�D��Xq�>�����Z[	JAEu�QG�
Willmann-Bell +^u[liS-	( (http://www.willbell.com/math/index.htm) �6	4y�u9�%�LAY(ÆfJ?A��� 2 ;-28> (1527 >) �#M6�6HLZ0B,S!w;Po �
gM� ���M� � _O� w;�j a jT f6 D/d S /d I/d II/d III /d

1 �2 11 26 8b:0 25.588 7 25.528 2 0 −0.06 −1.67

2 
H 26 41 11a:1 40.807 2 40.746 6 0 −0.06 −1.90

3 �W 13 57 1b:2 56.025 6 55.965 0 0 −0.06 −2.02

4 F� 28 12 4a:3 11.244 1 11.183 5 0 −0.06 −2.00

5 �� 13 27 7a:0 26.462 5 26.401 9 0 −0.06 −1.85

6 R 28 42 9b:1 41.680 9 41.620 3 0 −0.06 −1.57

7 3y 14 57 12a:2 56.899 4 56.838 8 0 −0.06 −1.19

8 zk 30 13 2b:3 12.117 8 12.057 2 0 −0.06 −0.73

9  a 15 28 5b:0 27.336 2 27.275 6 0 −0.06 −0.23

10 3& 1 43 8a:1 42.554 7 42.494 0 0 −0.06 0.29

11 
& 16 58 10b:2 57.773 1 57.712 5 0 −0.06 0.78

12 RJ 1 13 1a:3 12.991 6 12.930 9 0 −0.06 1.22

13 |& 17 29 4a:0 28.210 0 28.149 3 0 −0.06 1.56

14 %k 2 44 6b:1 43.428 4 43.367 7 0 −0.06 1.79

15 JW 17 59 9a:2 58.646 9 58.586 2 0 −0.06 1.90

16 �k 3 14 11b:3 13.865 3 13.804 6 0 −0.06 1.87

17 0n 19 30 2b:0 29.083 7 29.023 0 0 −0.06 1.71

18 R2 4 45 5a:1 44.302 2 44.241 5 0 −0.06 1.42

19 3V 19 60 7b:2 59.520 6 59.459 9 0 −0.06 1.05

20 
V 4 15 10a:3 14.739 1 14.678 1 0 −0.06 0.59

21 2a 19 30 12b:4 29.957 5 29.896 5 0 −0.06 0.10

22 3� 6 46 3b:0 45.175 9 45.114 9 0 −0.06 −0.41

23 
� 21 1 6a:1 0.394 4 0.333 3 0 −0.06 −0.89*Z 0 −0.06 −0.01'>Z,* 0 0.06 1.25x��i D ! S WB��
gM�!���M�MCw;�z����� d �4P/PW�jTO��jQ℄� =1 �;jTO�K[ 1 
w;�_i� I = D− W�f M%Z� II = S − D,

III= 'ÆMCZ M − D ���*� d 




� 2 0 G��ÆU�d��	fK�K#�:5oL�8 223��? 1���J"�N4_iS��Æ�eJ� (D1^9 D2^)nu�iStSnb�Æ��J�nK�4� 1{�J"�}�F+4Æ��J�n~)� (44)�J"NC� (43)�VI℄ 1 _��3(����4F�6_|e��Æ�eJ�Jn6C�_ (1527-06-28)� 23:43(P
D1 ^Y) 9 23:20(P D2 ^Y) �BÆ��J��x�U~�_ 0:39 �2fVJJA�4V℄�RJ
 80 min ��O�6J"gU℄ 1 _��S�,�Æ��J��Æ�eJ�-4nK
(P D1 ^Y) V℄�&=Y*(~ 33.35 min 9 34.93 min(P D2 ^Y)(h 2(a)) �%�LAx��Æ�eJ��nKV℄VA~ 24.50 min(P D1 ^Y) � 44.03 min(P D2 ^Y) �B%�LAx��Æ��J�V℄9~ 24.07 min(h 2(b)) �2fVJ�nK�7�n-℄}�Æ�eJ��℄�7`Us��

i 2 �ÆU�d� (1527 �) �	fK�K#K4,5��^�Æ��J��Æ�eJ��nK(�ZVNÆ%�[	JAQG��2�V8P~J�nK�7�h 2(b) $Æ�eJ�6nK 1527 �4_��+4��℄��\Y 86 min(P
D1 ^Y) 9 109 min(P D2 ^Y) �8mÆ��J��Æ�eJ�n4℄}�ti%�6�g�Y��a�=)�/>Z℄{��=)��B�bZ℄�g=��Æ�eJ�6��n4��7*(~ 24.5 min(P II ^Y) 9 44.0 min(P III ^Y) �6u9�4�LAq�VJ+�6 6 4�,�� 0.06 d =86.40 min ��e℄�FÆ�eJ�nK�u9�48Æ��J�u 64 (h 3(a))�L���VJRÆ��aYJnb8m��Æ�eJ�<Æ��J�VG�1aAG�d�� 1527 ���A N = 1 527 − 1 281 = 246

a�Æ��J���a =365.242 5−N/1 000 000=365.242 25 d�BÆ�e�℄P 365.242 5 d��VJ�aV℄ ∆A=0.000 25 d ��B N × ∆A=0.060 5 d �d��Æ�+F%Æ��J�nK��VH� (56) �J"JNxy (57) iS℄ 1 d �BÆ�eJ��nAx�9�J",d��? 2 g�-�2ULdh��~fu9F�6_|e��Æ��J��8Æ�eJ�u
6 4�* 86 min �VJ*9�%�u9 (-9) LA�x�V℄2�h 3(b) J�VJ��℄GAG'
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�S����������� 29 "�,d��2j,��3�%�LAx�*(*� 1.25 d ��℄�-f? 2 9h 3(b) �u%d���℄}EJ5��Lti�h!q�℄}8m�F~J�*9wJJb�L℄�E��Æ�)J�u-9wJQ�ug=��Lnx��RqEJzV�?~Ju9nK��7�

i 3 �ÆU�d� (1527 �) �	fK�K#K4v:��^�Xx2�%�LAJ��*9�D8s�Pd�u�%�AG�hP 1526�1` (1526–

12–12) ~7(�u�q	�-z�2A�1`iS~ 24.810 1 �5 24 V�a (2P 365.242 2

d) �Ka~ 15.218 425 d ���BZV�1`iS2�r9iS�&�? 2g�Æ�eJ�
D Y�Æ��J� S Y,s�F2�u*9��7�Lh�uÆ�eJ�*9�%�℄ 137

min �Æ��J�9)℄ 224 min �VJ)℄�7`(6 1 min V��2f~J��J�*9nKV℄ti�7(℄8m�BnKKa (��a��) �
.s2�hu-9~;z�=u9nK��nK-[2U�Æ�eJ�Jn�u9�4*(� 1.25

d ��℄�Nti?'�Pdg<℄�u�!/= Newcomb Pd?�Y���Pdg<℄2�9?~� ∆ = 6892′′.8sing ���~q	 [17] �3g� g = 0◦.985 60 t+356◦.7 �?#K�*�(q� t ~� 2000 � 1 + 1 _2��` 0 (7X�=_-����t_ (�2-)jd = 2 451 545 − 20/24 =2 451 544.1667 �3g 2 451 545 ~ 2000 � 1 + 1 _�t_�)b��∆ = 6 892′′.8 sin(0◦.985 60 t+356◦.7) = 6892′′.8 sin(0◦.985 60 (jd−2 451 544.166 7)

+356◦.7)�3g jd~ru9�t_���16 1527� 2+ 11_�f_ jd =2 278 836��t_�7(62��� 20 h=0.8 333 _���1��t_ (�2-)jd0 = 2 278 836+(0.588 7−

0.833 3) = 2 278 835.755 4 ���=3M99� jd = jd0 + k × A/24 = jd0 + k × 365.242 5/24,

k ~�X-� k = 0 ~�1� k = 1 ~	G��Cn����e ∆ �2�ru9�g<℄�5k3)~�`���&�kÆ�eJ��LAx�8xPdg<℄&�3nK�℄�^2�h 3(a) g�&A?{E&��℄G=�3*(�℄~ 0.06 d=86.4 min �
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5 V v=gÆ~�JG�Y�D7K��	-���xJNÆ%�Y��;�QG��� ��J<F$?S�6b%nK(�;zq�-4QG�8b-��Z�-XY���eY���%oN)��3)�2�)�u��%�0JF?�Hi��Rqh��-[Æ��J��Æ�eJ��nK℄}�EUb`J3��}R1aBr�Æ�=[uVI�o�nKq� 11 {℄}�3gXt
.�94nK��Ga�Z℄�	gu�=VJo�nKQG�ab�[u3�J�6ÆÆ�e��D�RnA��℄RÆÆ����Z℄AG�E\~Æ�e�(	2�+� [18] �as�-[B.lÆ~�qJ-��3!8��tu[ÆÆ�eJ�QGnKvJE�8� (1596 �) CyGg#+4_�_�J�M6LA-4Z℄�℄u�pD*D7~A�BE�RÆ(	g��-*7�a6!��tu[ÆÆ��J�nKvJk�k� (1605 �)s:GE+y_�+�J�x�℄u�pD*D7~A�N �\~Æ�eJ�6�D-4�Z℄LA��Æ-*7 = pD*D7 − _DV
(FsG =0.0820) P�Æ��J��pD*D7�QZ%[Æ�eJ�=��~e-4AG�eF�g��E�3�u�Eu{�,_ [19] �;���6	6? 1 ^u[Vjx�� D1~�Æ��J��G�Fo�pD*D7LA�B D2 9�Æ�eJ�(	��-*7LA�x�?Æ�eJ��Lng=E�Xm-4nK��7�O
�℄<Z� 44 min �8Æ��J�� 24.5 min <�� 1 4�9LB.lrÆF%[LnY�6LAZ℄�℄WÆ��J��G�-p�Æ�eJ��Æ��J�������3n4�7J��^m!��Æ�u~3��JX6�94nK�2�℄RÆ�pD*D7LA��s�Æ�!/=�u 44 O~�JG63DÆt�[QÆ4�nK�℄�N�RjZ%[JG��Y1z��"3x��2�V�/`�(℄�&=Y(℄VA~ −315 min � 315

min(P{#> 104 �` 200 �`-�) �kÆ`E9VA~ −152 min � 183 min(P{#
200—600 �`-�) �U�`#�� 8 min � 24 min(P{# 600—1281 �) �Æ��J��(℄9~ 11.65 min [20] ��JG��4nK�7�/��/�u�D%��Z=Æ/�8VJ��Y�2�3*(�[ 546.24 min, " 9.10 h [21] ��U��D%��=Æ�_J��ÆQJ��Y�2�3n4�(℄�&=Y(℄VA~ 4.8 min � 50.1 min [22] �<���"�`0�=ÆS#J�� 8 O<J�n4�7�Y��2�u 8 J�*(�℄~ −21.37 min �3&=Y�*(~ 31.80 min [23] �B#�/ÆÆ��J��Y�2�3*(�℄~ 0.9 min �&=Y*(~ 21.0 min [22] ��J��/n4�℄�&=Y*(Bu��7�sKXm�T�� (1527 �) Æ�eJ�J"Xp"Æ�eJ�(	nK94�J"J3x��Æ��b%�Æ�eJ�AGJ�x�tSnb�Y�wy���T��Æ�eJ�J"S�� 23 9BU 24 9�%�6����ggG�Q+�Q�u{��J�q� 12 +�B%-Q++��U�g9�1�gÆ�m)u&�J";6tO#b~[�?� 21 �Su?�?.��[�liK
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�S����������� 29 "��#,PF%[n6��Jb�2�U��<J"��U�f�#J�����~$k-~F$guj[#Æ��J�J"Tk�j�Iq[LqT*�
Æ��f#�J"��b�A� [24] �T��Æ�eJ�J"EJ�f�6	�-[?3J.V�Æ�eJ�J-VnK
9,"��V�Æ�eJ�n4�℄hP? 1 g II ^Y9~ 24.50 min �P III ^Y9~ 44.03
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Accuracy of Calculation for the Solar Terms and the

Syzygys in the calendar of Datong Lishu 1527

LI Yong

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing, 100012, China)

Abstract: Usually in ancient time the Lishu, published and consisted of the counting results

according to the calendar of Li added other traditional culture items, was used for average people.

For example Datong Lishu was calculated from the calendar of Datong Li. In this paper, we

investigate the Datong Lishu published in the sixth year in Jiajing period (1527), Ming dynasty

(1368-1644). According to the recorded new moon dates and the times of solar terms in this year,

both data with Chinese styles, and by use of our previous works for recovering the method of

Datong Li (also including Shoushi Li), together with modern astronomical ephemeris calculation,

the records about the new moon dates and solar-term dates and the times of solar-term were all

obtained by Datong Li method. There exists difference between both calendars, and the average

error for syzygy is 33.35 min (or 34.93 min), as for solar terms is 86.40 min, and sometimes

the same phenomena appear in different days due to the calculations of both calendars. When

compared with modern astronomical ephemeris, the mean error is 24.50 min (or 44.03 min) for

Datong Li counting the new moon date and 1.25 days for solar-term calculation, but it will be

reduced to 86.40 min when deducting the solar equation of the center.

Key words: the calendar of Datong Li; the calendar of Shoushi Li; Lishu; syzygy; solar terms


