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�bK4e%Æh�&M�NÆh:2�x (rU 1580 x) xeÆphD\��t&)1���bK�)&M�).�2HÆ#J�wtP2�	��VM8��~	&&M#:ÆC"/Fa*�.AÆ�BZ)�	��u/�	&�J�� [1−2].�wtP2�	L 72�ÆK?��_�2�P2&�Bu9��oh2�2H UÆZn�68"��bKh5�a2kw�w0"ÆH=
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1 Æ 0 D��dM��vZ4�7O�u5L$z 63���u/�	�bK “�#P|�Rq�?�BÆsZ�_0u��Æ�\z��HY�$ÆdMsK^.Q�M\�Æ0�C�f��ÆDf/H5�(EÆ�xL�Hw��Æ,m#:&ÆOD(Q} 2�6e�” �Z�2w+X?"f�/�Hp��wtP2�	p(9=�?)%#R1e�8 (A. Gaubil, 1689∼1759) ?\N�xY(,
(N. Fréret, 1688∼1749)"}& [4].3xw67B"g�wtP2�	l{?�tX2	���-2	"H�`j��=�6 [5], y>|_�"2�g=�Gt�mM�WÆ.Mw!W 43 �":2D��
(1599 x) 5M23JO$��wtP2�	_ZJ�y>k ��"(y [6−7], .MNEMTi�"(y .x����
2 |V+�~nm5M3J{�	w�2H"7.u9Æ�bK>�tX2	"ax�Gq""%khVp>7.�
"iXTa�

(1) “�?” �
%�tX2	"�NE��
“�?” g�tX2	77."\T�
ÆNE “�?” 3J$g�tX2	�FU:xH"�"	ÆÆ “�?” 
�[M��Z�-&2	�/5" “�X”. ���?

=55.0600d,Ad2U3 (B 1280x3) R05":5ÆB3e��>? =20.2050

d, C2U3_`	�":5ÆB3`D�)? =13.0205 d, C2U3{,`p
({),) ":5ÆB3"{,``D�a? =26.0388 d, C2U3a,`p (^a,) ":5��? =315.1075 d, Ad2U3PX �"r�Æ9h; 10.0◦ . EJ�?�2?EMJS�ÆH+"����k7���-2	�~�tX2	{�x" “�?” �J>?�)?�a?P�tX2	�MH+ÆJ/(,�RxWCU-�aÆ�\H,Æ “�?” hUAV(x (1294 x)L�a/Æ.Mj�C�tX2	"�NE��y,��-2	J��"�M-hd
“�)�	 (B��-2H)�	)�~xÆs�tX	�/��ÆD�2�	�Æm�G/�y>$”.D\LFÆHM��-2	%�RV�xR0 (1384 x) C2UÆ{� (1281 x): 104 x�z��-2	2��l"��-2	�? =55.0375 d �>? =18.207018 d �)? =20.9690 d �a? =11.510508 d &�Æ�a�P�tX2	"�NE�&TÆB�H�tX2	 “�?” "�NE��h"n{��-2	" “�?” ��6:Æ 1384 x"3e�ÆBC��-2	2��l"�? =MOD (x` × �
+ �tX2	�?Æ 60)=MOD (365.2425×(1384-1281)+55.0600, 60) = 55.0375. +.Æ_x3`D (>?) = MOD (x` × � + 20.2050, 29.530593) =18.207018; _x3"{,``D ()?) = MOD (x` × � +13.0205, 27.5546)= 20.9690; _x3a,`p (^a,) ":5 (a?) = MOD (x` × � + 26.0388, 27.212224)=11.510508. yz7g��-2	2��#q"�?��H��ZÆ�j#{�XTaWmQ,g|+
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��Æ��-2	EG>�:�T?ax�
(2) �bK2Cx`4?*�tX2	HÆ%<'x`C�ÆB�x` =365.2425-

0.000001×��6:ÆH�:2D�� (1599x)"x`= 365.2425-0.000001×(1599∼1281)

=365.2421825�:��-2	HE�\u`Æw��bK"�
�
(3) �bK%�& =365.2578◦ . �tX2	"�& 365.2575◦ , �bK[Æ"r�9oP? 0.0003◦ ,z�&aC 365.2578◦ . E7Æ.M�j9�Cw9Æ1w9=365.2578÷360

=1.014605◦ .

(4) �bKNE"�&EV�Ær��+�Æ9ÆEV�Æ+�Æ9KÆ?VEsso9�
�P�tX2	J7Æ�%�
BMaMA��*�tX2	���-2	"X��9Æh3G9PXXÆ “k��3/��h�??���wOÆ0VEl�ÆY:CXÆk�0|�YS�ÆLx(XÆk�0y��7� XHYxÆ0(�E�}�C�Æk�y��y�|X��Æi0y�(�E�A��C�ÆM�7k��” [8] 6:Æ3� 1599 x3e��m
�tX2	H�H� 1599 x3X� =MOD (� × x` + �?Æ 60)=42.0796,�O ({�MT) 42 BCe�DTÆw�MT 0.0796 AdC5"w��Mg�bKH�{Cwy 2 �ÆD.M"H�mCwy 3.8 ��<x"X7hMÆ�(�/hH�XJ'�O" 0.8 �Æ�E�/H�
y�(�E�A��ÆMgk���{"wy 3.8 �Æw�*KCwyE���tX2	J5Mu9Z�U_ · 2�	Æ�3Ju9""%'� (1) �| (�3���T� T) r��+�59 (?Æ9); (2) ^5g�%"�T�"r�?+�59 (?Æ9); (3)  �;VE� (s) "X��"nF~5M?sX��K?"u9)J� (1) ���h�?;��2?��X""n� (2) r�<?P+�<?")*� (3) 59 (n�M �"r�6+�) P��;Æ?Æ9"*��w2J5M�"��XPk�&M�" ��}X?"s5r&n� [9]. �tX2	-[��X""nr'Æ�0 �;3,":5�C2<= [10]. y!H�tX2	��� �K� = 	K� (5� 1◦ )+ ��X��7.rJ�3r�59 =MOD (� × x` + �?Æ�&T). �tX2	/5�� = �"x -1281, �&T =365.2575◦ , ztm =1/4 �&T =91.314375◦ .�|r�59 =MOD (k× tm + 3r�59Æ�&T), k=0, 1, 2, 3 TCAd3��T�� T"r�59�5E�tX2	#q" “+r�S” A�x�r�59�+�59"<?<*��|+�59 =MOD (k× /tm + 3+�59Æ�&T), k=0, 1, 2, 3 TCAd3��T�� T"+�59���/tm =(�"x35M+r�X - �x+r�X)÷4+ tm�\LFÆ^5g�%"�T�"r��+�59"H�� �;VE�X�$gh�|r��+�59"7�Fx�Æ.MGB{ÆoZu�D& [11] "o:Æ#�}$p>+r�<?<*�n}Æ9? �sH�Jo`℄~ [12].
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3 -SIU�i;Z�j�NE"EV�Ær�9P�tX2	���-2	C$(+Æw 8.9578◦P<2" 8.9575◦I7�Mg�jEV�Æ� 365.2578◦ ,�tX2	���-2	mC 365.2575◦ .H�n?"EV�Ær�Æ9�:9�K92,Æ�%�
ZA 1.X 1 k!S._�{.h}{.Wh
Table 1 The degrees of the 28 lunar mansions measured along the celestial equator

and ecliptic� �j s��; -��;
CX CS CX-CS HX HS HX-HS QX QHX-QX

(◦ ) (◦ ) (◦ ) (◦ ) (◦ ) (◦ ) (◦ ) (◦ )

1 < 10.4 10.4 0.0000 9.57 9.59 -0.02 9.57 0.0000

2 6 25.2 25.2 0.0000 23.64 23.47 0.17 33.21 0.0000

3 | 7.2 7.2 0.0000 6.98 6.9 0.08 40.19 0.0000

4 ~ 11.35 11.35 0.0000 11.36 11.12 0.24 51.55 0.0000

5 Æ 8.9578 8.9575 0.0003 9.017 9.0075 0.01 60.5678 -0.0008

6 A 15.4 15.4 0.0000 16.13 15.95 0.18 76.6978 -0.0008

7 m 17.1 17.1 0.0000 18.45 18.32 0.13 95.1478 -0.0008

8 8 8.6 8.6 0.0000 9.34 9.34 0.00 104.4878 -0.0008

9 & 16.6 16.6 0.0000 17.73 17.87 -0.14 122.2178 -0.0008

10 I 11.8 11.8 0.0000 12.32 12.36 -0.04 134.5378 -0.0008

11 J 15.6 15.6 0.0000 15.52 15.81 -0.29 150.0578 -0.0008

12 H 11.3 11.3 0.0000 10.95 11.08 -0.13 161.0078 -0.0008

13 4 17.4 17.4 0.0000 16.34 16.5 -0.16 177.3478 -0.0008

14 P 0.05 0.05 0.0000 0.05 0.05 0.00 177.3978 -0.0008

15 S 11.1 11.1 0.0000 10.24 10.28 -0.04 187.6578 -0.0208

16 � 33.3 33.3 0.0000 31.21 31.03 0.18 218.8678 -0.0208

17 � 2.2 2.2 0.0000 2.14 2.11 0.03 221.0078 -0.0208

18 G 13.3 13.3 0.0000 13.25 13 0.25 234.2578 -0.0208

19 � 6.3 6.3 0.0000 6.29 6.31 -0.02 240.5478 -0.0208

20 v 17.25 17.25 0.0000 18.00 17.79 0.21 258.5478 -0.0208

21 9 18.75 18.75 0.0000 20.23 20.09 0.14 278.7978 -0.0408

22 G 17.3 17.3 0.0000 18.67 18.75 -0.08 297.4478 -0.0208

23 d 12.1 12.1 0.0000 12.74 12.87 -0.13 310.1878 -0.0208

24 � 9.2 9.2 0.0000 9.44 9.56 -0.12 319.6278 -0.0208

25 = 16.3 16.3 0.0000 16.20 16.62 -0.42 335.8278 -0.0208

26 P 5.6 5.6 0.0000 5.42 5.26 0.16 341.2478 -0.0208

27 ~ 6.5 6.5 0.0000 6.20 6.27 -0.07 347.4478 -0.0208

28 F 19.1 19.1 0.0000 17.81 17.95 -0.14 365.2578 -0.0208A 1 � CX (HX) � CS (HS) TCAd�bK��tX2	"r� (+�) Æ9�Æ
QX C�bK"+�ÆK9�Æ QHX g HX "�Æ.Æ":9���j�l"kÆ+�Æ9�2HB(Æ P482∼P283 J “k+�.9” �Æ�gHr�Æ9�+r�SH�D ÆA 1 NE" HX g P483 �l�
ÆE P486∼P487 LBkÆ+�K9 QX. \LFkÆ�J? 3 6+�Æ9��
�



66 ( N � , 52 ��r�Æ9D�Æ�bK"��P�tX2	�KnXR�Æ:�~Æ�MC�+�Æ9Fm<xnXf�Æ���l+�Æ9�
 (HX) �+�ÆK9�
 (QX) 2JZAÆ7�h 0.04◦"X7 (�%X�ZA 1 �" QHX∼QX B), Dm
/5+�K9?g��kÆ9� ( �.Æ), H��Z�jl{"+�Æ9PK9�2��2O$Æ�%X7BMA 1. � &4"gK9[S"YX�-:y?Æ�aApQ���%D�Æ�bKK7Æ"+�Æ9C 9.84◦ (P483), �hC�LK 9.3357◦ (P482), .M
K9&MÆ9�Æ[��aC 9.34◦ . }7Æ7ÆA 1 �+�Æ9P “k+�.9” �J7")J� (9.0113◦ ) �Q (10.2420◦ ) �� (31.2343◦ ) AÆ��7ÆH QHX-QX���Æ+�K9P+�Æ9H2�"J�Q�8AÆÆ�lk"X7TCC 0.0008◦ � 0.02◦� 0.02◦ .�y>ky9" .��
2,��M-~�|+�59"H�Æ?"�|g�%"59Æm��|�5?TeÆ3EÆ���<Æ0C/�0��XkC5TÆ�Y�P�ÆBC�|/�5?T��5aTÆ0�5�9l�Æ:5�D(�� Æ0Y�|PX+�59Æk �|/�g�%"59?TeÆB��|%"+�59 = �|+�59 - �|/�5aT × �|55�9 ÷ 5��X 2 BM��0 1599 �,R^�HT{�h
Table 2 The ecliptic locations of equinoxes and solstices at the middle-night in 1599

calculated by Xing Yunlu	} vZ4J �/4J�� (<<�) 0N� Z� ��S ��/ 0N� Z�S Z�/
(◦ ) (◦ ) (◦ ) (◦ ) (◦ ) (◦ ) (◦ ) (◦ )4 4.554333634 4.5557 0.0014 < 4.632265 < 4.6322 < 4.6323 0.0000 0.0001� 94.96039366 94.9609 0.0005 8 1.68547305 8 3.6839 8 1.6848 -0.0007 -1.9991d 186.5929727 186.5931 0.0001 S 9.312897 S 9.3289 S 9.3117 -0.0012 -0.0172! 278.1576916 278.1575 -0.0002 G 0.2631845 9 18.3552 G 0.2614 -0.0018 2.1362	4 4.287760847 4.2868 -0.0010 < 4.363551 < 4.3636 0.0000	� 8 1.4290715 8 1.4285 -0.0006HM�jl{?<6E��-2	H�"k�ÆA 2 TCE “��R” � “��.”AdÆX�A.M� - ����>�tX2	D�7�X�C 0.0014◦ , >��-2	mC 0.0018◦ (�O�X�.�Æ.M2Cy6�

hO$Æ�v{�;�
). H��02CÆ��|g�%"+�59D�Æ.M"H�P�j(��

4 �Z�t;Z ��bKh�wtP2�	� 43l{?�Eax"�tX2	3J:2D�� (1599)5M2"\6�+XÆ)l{?��-2	"3Jk��y1�j��"�tX2	-��"axÆP.Mn}MT%'>0�x` (4%�tX2	�) ��&T�EV�Æ+r�Æ9?VEso9�
"�a��jH�;sX�XNE�2DH�{"VEsÆ9Æ��P�tX2	�f"V



1 Æ 0 D��dM��vZ4�7O�u5L$z 67Es9J7�:C1x.M"H�2%�j “ a;” "�tX2	HÆ%'n?"�a�
 (Z [7]P486-495).X 3 JBM�p��(#Æ
l�0 1599 ��X�r℄�
Table 3 The times when the sun transited zodiacal signs in 1599 calculated by

Shoushi Li as improved by Xing Y unluu 	 <uq �dM� 0N� Z�<uf� '$-� <uf� '$-� �; �
(◦ ) (◦ ) (◦ ) (◦ )x �M 6 3.7985 S<�zF� 6 3.37954868 S<�z 2.4 � 6 3.3809 0.0014 0.401 �F ~ 2.0891 .U<}B� ~ 1.881101 .U<} 3.4 � ~ 1.8821 0.0010 0.40� ~ & Q A 12.8010 .1IzB� A 12.21788786 .1Iz 3.2 � A 12.2183 0.0004 0.20� `I & 1.7731 /I<zF� & 1.62837758 /If} 0.2 � & 1.4395 -0.1889 19.19I �: J 3.6970 .��z)� J 2.91010554 .��z 2.1 � J 2.9034 -0.0067 1.10N ^Q 4 6.8047 W1f}F� 4 6.46146372 W1f} 3.6 � 4 6.4502 -0.0113 1.60I Lq � 8.3575 .��}B� � 7.53172934 .��z 1.1 � � 7.5118 -0.0199 2.43U L5 G 3.9094 .��zB� G 3.02395214 .��z 3.9 � G 3.0237 -0.0003 0.90� LF v 15.4348 FIN}z� v 14.77253146 FIN} 0.6 � v 14.7719 -0.0006 0.60f s� G 10.0599 .fNz)� G 9.41244979 .fNz 3.8 � G 9.3926 -0.0198 2.80[ �5 = 1.1314 S1xzz� = 1.08683731 S1xz 0.0 � = 1.0885 0.0017 0.00< [p F 2.9791 .fIzF� F 2.21447253 .fIz 2.3 � F 2.2172 0.0027 0.30'��dMjJ�4Æ#QZ-�7;ZPGz;bS��/� 4◦b$-s�;TE��0NJ�3-�Z�+�CE0NJ�� - �dMJ���A 3 l{?�bKNE�a;"�tX2	HH� 1599 x"5MasX�0?.M*�H"H�k����.MNE�bKax"�tX2	HH�_x"5MasXW"?,�XC 5.93 � (=85.39 min) , +Xas%"+�Æ9"?,YXC 0.06 w9

(=0.059◦ ). ?�}
s�v:�
�Y[S"�,YXÆm5Mas"?,YX[^C
1.38 � (=19.87 min) , �as%"+�Æ9"?,YXC 0.01 w9 (=0.0099◦ ) . H�X% 1 Xe =8.33 ��\LFÆPa"�B�k�P�jV7Æw
sX7f�� 19.19 ���O�;sX�>;sÆ9"%�=CgfÆHM �5�_ 1◦ , zso9?X 0.01◦mX�X� 1���bKK
s;% 1.7731◦ , �P.M
�#q"�|"+�VE�:9P�|"EV�Æ+�:9���3 ;
s9
C 1.7290◦ , gQ��tX2	�l" 1.7363◦ ,z.M2C�j�l";% 1.7731◦?JYÆ�,2J�vg�j"X�KNJY6���:F!W�2C.M7..\?�j"�tX2	H�H�h�wtP2�	 43�"7"Æ�bK)l{?NE�X2H��-2	3J 1599x5M"k��k[�j��k�BMA 4, �H��x`��&T0?EV�Æ+r�Æ9?VEso9�
�NEW��-2	����tX2	so9Z�U_ ·2�A	
(Z [8]P3392), P�h_ · 2�S	"��-2	so9+ (Z [8]P3706∼P3707).
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l�0 1599 ��X�r℄�
Table 4 The times when the sun transited zodiacal signs in 1599 calculated by

Datong Liu 	 <uq �dM� Z�<uf� mX '$-� �; �
(◦ ) (◦ ) (◦ )x �M 6 3.7685 FIIzF� ) 6 3.17036 -0.0002 0.901 �F ~ 2.0638 .�<zz� ) ~ 1.926917 -0.0002 0.80� ~ & Q A 12.6491 |��}B� g( 9 Z A 11.63591 0.1273 0.90� `I & 1.7363 SN�}z� g( 9 Z & 1.21204 0.1110 -0.33I �: J 3.7456 .�<z)� g( 8 Z J 3.605057 0.0158 -0.70N ^Q 4 6.8805 W1<zF� g( 2 Z 4 6.73816505 0.0265 -2.63I Lq � 8.3494 .�I}F� g( 1 Z � 7.609983 -0.0023 0.70U L5 G 3.8680 .�Iz)� g( 4 Z G 3.329628 -0.0014 0.50� LF v 15.2606 WU�}B� g( 9 Z v 14.320472 -0.0017 0.90f s� G 10.0797 |[I}B� g( 11 Z G 9.289665 -0.0020 0.80[ �5 = 1.1452 ��U})� g( 7 Z = 0.6186995 -0.0065 1.00< [p F 3.0115 .fIz)� g( 2 Z F 2.4507695 -0.0157 0.20A 4�ws�0s�bKl{"g�x (1600x)�ÆDA 3��l�C 1599x�Æ�jG>_ 2 sH��9:�/Æ.M"H��
2NE 1600 x��kW*l{�j� "��-2	3J"YXÆ�k�gPA 3 "�bK�;se�1fD �X�*�BC.MH�� - �bKH����j2C��-2	;se�f�a;"�tX2	J 1∼11 jXe"YXÆ��?,YX�e&HwM 7.47 Xe (=14.94 h), |:�j�~ “�-e&J��XRV(XxÆs�-2LO8tXÆg8�|$��-EtX�H�EÆ�?��XTa#�” �%X7�$ZA 4“kW” *�CP�jH�k�n1fÆ.M2E��-2	3J_x5MasXWÆ<x"?,YXC 1.09 � (=15.70 min), as%"+�Æ9"?,YXC 0.05 w9 (=0.049◦ ), z�2C�j�
+CE��-2	NH� �

5 �g3�
5.1 �'"	y�a7	T �j2C�tX2	: “U�+=ÆE�2~�2|Æ℄;Cn��P�OHDU�.[ (�V�l).” h�0"��-2	\LFg “kU-a1AU�|Æ�atu/I!}B����”k�tX2	���-2	"2��-f;|_Æ��j�X*!MGZÆhf02jGZ��-	�JX2��~3JNHG|�oÆJ?�bK"1xo:Æ)J$M"f���
.�F℄h�0"��-2	P�tX2	nXR��y$P_\?Pae�"��nX��bK�{�tX2	Q�?�XTa�-{� �/��jh�( (P4) � “UoEr2ÆU�r�sT��a:b�Æ:�tX2	Æ,RL�tX	�H�(
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Table 5 The standard error of the times when the sun transited zodiacal signs in
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The Calculation of Shoushi Li When the Sun Transited
Zodiacal Signs Improved by Xing Y unlu

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

ABSTRACT The book Gujin Lülikao was written by Xing Yunlu, an ancient astronomer

in the latter Ming dynasty. In this paper, base on our previous recovery for both calendars

of Shoushi Li and Datong Li, we investigate the Xing’s practical calculations for the times

and locations when the sun transited zodiacal signs, then check and compare his results
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with our calculations after accepted Xing’s parameters and the methods. First, when using

the improving Shoushi methods claimed by Xing, we obtain, in the year of Wanli Jihai

(1599), the standard error of the time between our calculations and Xing’s results when

the sun transit each of the zodiacs is 5.93 Ke (=85.39 min), but when ignore the biggest

error derived by Zodiacs Xu, the error will decrease to 1.38 Ke (=19.87 min), and at the

same time the standard deviation of solar longitude at middle-night just before transit is

0.06 Du (=0.059◦ ). The second, when employing our recovering methods of Datong Li and

comparing with Xing’s calculation, we ascertain that in the same year the standard error of

the time when the sun transit each of the zodiacs is 1.09 Ke (=15.70 min), and the standard

error of solar longitude at middle-night just before transit is 0.005 Du (=0.049◦ ). So we

are sure we have recovered the work declared byXing. And in fact Xing do not improve the

method of Shoushi Li but provide the new values of the tropical year-length, the data of

Zhoutian Fen (the degrees of the whole ecliptic or celestial equator), and the range of each

zodiac. At the same time, the bigger deviations between both calendars derived by Xing

just caused by his new parameters, and this probably leads to Xing approving Shoushi Li

and despising Datong Li.

Key words history and philosophy of astronomy, ephemerides, sun: general


