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eRf�g�g�h,i�a

j
Sxra, Syra k 5L8;U,l=5ZmHnLoPIJlpIJqO5Z5�> jsr F N k U95�lutwvyxz<?W�8�5�7;{OnXT�IJ7|t}I?8;U;79<}oPIJV~IJTH79�L8
vH>�5oL<?VSV�IJ>�mH5�mH5�mHn�THlpI?oL5�V�5�>�U,mH5

∆RA
5�>�I?89oL5�>�89:=<?>�mC79<?:EU95 j��
� k mH5,U95�VSV�IS�XlpIV�<?>�U;vH795���l=5XmHnLoPIJlpIJqO5X5L8;U�U;7�IJ>�89VS:=8|IJv�mC7;:E{O5�7
U95�VSV�IST�IJ7,tCI?8;U;79<}oPIJV���U;7�IP{O5�798lpIZ�H��<HB

j
Sxdec, Sydec k 5L8;U3l=5,mHnLoPIJlpIJqO5|5�> jsr F N k U95�lbtwvyxz<?W�8�5�7;{On,T�IJ7�t}I?8;U;79<}oPIJV�IJTH79�L83vH>�5oL<?VSV�IJ>�mH5|mH5,mHn�THlpI?oL5�V�5�>�U�mH5

∆DEC

5�>�mHnLo�lE:E>�IJ:=89<?>�mH5�U95�VSV�I"��lpI�V�<?>�U;vH795��:Ely5L89U�n�{�:=mH5�VSV�5�>�U
U;7�IJ>�8;VS:=8,mH5�lpI"V���V�5�V�IJ>H:=��7952T�IJ7
t}I?8;U;79<}oPIJV��"U95�VSV�ICB
��5�WHvHU!mH5�l�x�IJTHTH795�>�U;:=898�IJqO525L89U!mH5�mHn�U95�7;VS:E>�5�7�l=5L8�oL<}5���o�:=5�>wU98
mH5|lpIXV�IJU;7;:=oL5XtwvH:T�5�7;V�5�U;U;79<?>wU�mH5ZU;7�IJ>�8���<?7;V�5�7|5�>�8;vH:EU95�FRT�5�>�m�IJ>wU|lpI�TH��I?895ZmH5Xq�vH:=m�IJqO5�Fbl=5L8

Sx

5�U
Sy

5�>
∆DEC

5�U
∆RA

FJtwv�5�l=53mC7;:E{O5�7(U95�VSV�I,U;7�IJ>�8;V�5�U;U;7�I|5�>"<?79mC795L8d�,lpI�V�<?>�U;vH795T�<?vH7,I?898;vH795�7,l=5�q�vH:=m�IJqO5�B
� :

∆DEC

5�U
∆RA

89<?>wU�mH<?>H>�nL8�5�>�7�I?mC:pIJ> j Tb<?vH7
∆RA

KPIZ:EVSTHlE:=t�v�5�vH>�5|oL<?>�{O5�7��89:=<?>�5�>AIJV�<?>wUPFR5�>���<?>�o�U;:=<?>�mH5
∆DEC k FH<?>�Tb5�vHU�nLo�7;:E795d�

(

a c

b d

)

×

(

Sxdec

Sydec

)

=

(

∆DEC

0

)

o�xz5L89U,�SmC:E795d�
{

aSxdec + cSydec = ∆DEC

bSxdec + dSydec = 0

  >¡I"lpI"V���V�52o9��<�895Z5�>�I?89oL5�>�8;:=<?>�mC79<?:EU95d�
(

a c

b d

)

×

(

Sxdec

Sydec

)

=

(

0
∆RA

)

o�xz5L89U,�SmC:E795d�
{

aSxra + cSyra = 0
bSxra + dSyra = ∆RA

oL5�t�vH:y>�<?v�8�lpIJ:=8�8952IL{O5Lo�l=5X8;N}89U9��V�5d�

D





















aSxdec + cSydec = ∆DEC

bSxdec + dSydec = 0
aSxra + cSyra = 0

bSxra + dSyra = ∆RA

t�vH:y895�79nL89<?v�m�5�>2�


























a =
Syra∆DEC

SxdecSyra−SydecSxra

b =
Sydec∆RA

SxraSydec−SyraSxdec

c = Sxra∆DEC

SxraSydec−SyraSxdec

d = Sxdec∆RA

SxdecSyra−SydecSxra

��I�o9��<�8952IJv�mHn�>�<?VS:E>�IJU95�vH7|mH<?:EU�8Px�IJTHTb5�l=5�7�vH>�mHn�U95�7;VS:E>�IJ>�U��;5�o�79<?:=8�5�U�<?>�{?IZl=5>�<?U95�7
D

�

D = SxdecSyra − SydecSxra

oL5�t�vH:y>�<?v�8�89:EVSTHlE: ��5�l�xznLo�7;:EU;vH795XmH5�lpIS8�<?lEvHU;:=<?>�5�>2�






















a = Syra∆DEC

D

b = −
Sydec∆RA

D

c = −
Sxra∆DEC

D

d = Sxdec∆RA
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j � 5�U;:EU(7�IJTHTb5�lO�JoL5�U;U953U;7�IJ>�8���<?7;V�IJU;:=<?>S5L8;U�795�>�mCv�5�>�nLoL5L8�8�IJ:E795�T�IJ79oL5!t�v�56l=5L8uoL5�79o�l=5L8mH5�mHnLo�lE:E>�IJ:=8�<?>�� r 5L8(>�5�89<?>wU�T�I?86mH5L8dq�7�IJ>�mH86oL5�79o�l=5L8 j oL<?VSV�5�Tb<?vH7�l=5L8dT�IJ7�IJlEl=��l=5L8mH5�lpIJU;:EU;v�mH5 k 5�U�t�v�5�mH<?>�o,D�VS:E>wvHU95!m0x�I?89oL5�>�8;:=<?>�mC79<?:EU95!��l�xznLt�v�IJU95�vH7�>�5389<?v�8���U95�>�m
T�I?8�l=5�V���V�5XIJ>Hq�l=52t�vyx��"["!�#�mH5XmHnLo�lE:E>�IJ:=89<?> k B
��I�U;7�IJ>�8���<?7;V�IJU;:=<?>�5L8;U,8;:EVSTHl=5 j IJv�V�<?:E>�8�T�<?vH7�l=5L8�Tb5�U;:EU98
IJ>Hq�l=5L8 k �

RArad = RAh
π

12
cos(Dec)

5�U�l�x :E>�{O5�79895�F�T�<?vH7�lpI"{�IJl=5�vH7�795�U9<?vH7;>�nL5�T�IJ7�lpI���<?>�o�U;:=<?>�mH5�q�vH:=m�IJqO5d�
Y



RAh = RArad
12

π

1

cos(Dec)
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� <?vH7�vH> mHn�THlpI?oL5�V�5�>wUA5�> I?8�oL5�>�8;:=<?> mC79<?:EU95�mH5
∆RA

j ��<?vH7;>H:�T�IJ7�U95�VSV�I 5�>��5�vH795L8�mHnLo�:EV�IJl=5L8��H�yBzmHmHmHmHmHm k F0tCI?8;U;79<}oPIJV~��<?vH7;>H:EU�l=5"mHn�THlpI?oL5�V�5�>wUXoL<?7;795L8;T�<?>C�m�IJ>�U
(Sxra, Syra)

5�> TH: r 5�l=8PFuTb<?vH7"vH> mHn�THlpI?oL5�V�5�>wU�5�> mHnLo�lE:E>�IJ:=89<?> mH5
∆DECj ��<?vH7;>H:6T�IJ72U95�VSV�I�5�>'��5�vH795L8XmHnLo�:EV�IJl=5L8"mHmHm0BzmHmHmHmHmHm k Fut}I?8;U;79<}oPIJV ��<?vH7;>H:EU2l=5mHn�THlpI?oL5�V�5�>�U2oL<?7;795L8;T�<?>�m�IJ>wU

(Sxdec, Sydec)
5�>ATH: r 5�l=8 F�5�U|U95�VSV�IS��<?vH7;>H:EU
lpI�mHn��o�lE:E>�IJ:=8�<?>AI?o�U;v�5�lEl=5 j 5�>�mH5�q�79nL8
mHnLo�:EV�IJv r mHm0BzmHmHmHmHmHmHm k mH5�lpI�V�<?>�U;vH795$#�5Lod�

  >A5�>�mHnLmCvH:EU�l=5L8�[�oL<}5���o�:=5�>wU98
a, b, c, d

�






















a =
Syradegrad(∆DEC)

D

b = −
Sydechrad(∆RA)

D

c = −
Sxradegrad(∆DEC)

D

d = Sxdechrad(∆RA)
D

IP{O5Lo

D = SxdecSyra − SydecSxra

5�UPF�Tb<?vH7�l=5L8�U;7�IJ>�8;��<?7;V�IJU;:=<?>�8
5�>AI?89oL5�>�8;:=<?>�mC79<?:EU95d�

hrad(x) = x
π

12
cos(Dec)

radh(x) = x
12

π

1

cos(Dec)

5�U�5�>C��>�Tb<?vH7,oL5�lEl=5L8,5�>�mHnLo�lE:E>�IJ:=89<?>2�

degrad(x) = x
π

180

raddeg(x) = x
180

pi

%



����� �	��

������� !���� ��
�!"�

� <?vH7�vH>AmHn�THlpI?oL5�V�5�>�U
(Sx, Sy)

5�>¡TH: r 5�l=8PF�lpIS��<?>�o�U;:=<?>�mH52q�vH:=m�IJqO5"795�U9<?vH7;>�5�IJvmC7;:E{O5�7�U95�VSV�I¡795�U9<?vH7;>�5�vH>�5�T�IJ:E795�mH5�{?IJl=5�vH798
(∆DEC ,∆RA)

j 5�> mH5�q�79n�mHnLo�: �V�IJv r FH��5�vH795L8�mHnLo�:EV�IJl=5L8 k U95�lEl=52t�v�5d�
{

∆DEC = raddeg(aSx + cSy)
∆RA = radh(bSx + dSy)

�6> TH7�IJU;:=t�v�5�F(>�5�T�I?8�<?vHWHlE:=5�7�twv�5
b

5�U
d

mH<?:E{O5�>wU���U;795�795LoPIJl=o�vHl=nL8�5�> ��<?>�o�U;:=<?>mH5�lpI�mHnLo�lE:E>�IJ:=89<?>yB(�y5�VS:=5�v r 5L8;U"mH<?>�o�mH5�8;U9<�o��O5�7
Sxdec, Sydec

F�mH5�oPIJl=o�vHl=5�7�5�U89U9<�o��O5�7
D

F
a
F
c

l=<?798�mH5%l�x�IJTHTH795�>�U;:=898�IJqO5�F(V�IJ:=8�mH5�795LoPIJl=o�vHl=5�7
b

5�U
d

�Ao���I?twv�5IJTHT�5�l���lpIZ��<?>�o�U;:=<?>�mH5�q�vH:=m�IJqO5�B

� �,c�� � � g�f
��c

�6lEl=525L8;U�T�I?8�W�5�lEl=5�FHlpI"{}:=5	�
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