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ñ�ò � 15◦ èxw�y � ÖÊä � l �0Ü Æ 1

ñ�ò Å 60 " Æ 1 " Å 60 z?ä ñ Æ " Æ
z"èjw{y � Ö}|�" þ hh, mm, ss.s àÊÑôü4àt~ Æ ì�:.þôÆ hh:mm:ss.s à9��� � ÖÊä�>wü Æ Ht��� è 1 � Å 60 "� Æ 1 " � Å 60 z � äÕå æ þ�Æ 1◦ = 60′,1′ = 60′′ à �{� � ÖÊä ì�;4þ " � Æ z � Ì ��� � å×à²ó��ÕÔ�äÀü.à��� Æ 	?Ö 4�5 È ì�:"ÆÊì�;4þ (281.

◦00,−4.

◦07) à���ÔôÒ�ó Æ (18 : 44 : 0.0,−4◦4′12′′) àq��ÔwÒJó�éÓÔÀä
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( d ¹�B d » )=(281.◦000, −4.◦070)
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)=(281.◦608, 18.◦927)� c V ��� <�H b�c L&R+S�T�U q����A#2y H���� c m 6 �	�  @	~$½ q�
 ' � azbzc %
1.4.

�)#��� ���
d ¹}O d » q4©���� (α, δ) ��r������������! �"$#&% 1 '�(�)*'�+��-,/.10 1 ��� (α,δ)
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cosδ sinα

sinδ









(1)

x2 + y2 + z2 = 1 �Ge�T$fS'�%��Sg�)ihkj�l�m$n�o� G)�p���q�r&(-sSt!f�CD��f�f<��u�v
(�) x,y,z I& �w�x$[Y]Y^D_Y%�y�z|{7}�{ ex,ey,ez '6�!T�'|y

p = xex + yey + zez = (ex,ey,ez)
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(2)

~�� T���
L$`�a�X���w$�7��)$y x′ I ,y′ I ,z′ I�'VySz�{�}�{& �w�x$[�]*^�_&y e′

x,e
′

y,e
′

z %�@�A
B:C�� x′ I�b�E$FGH&%�3���s7��s7y x′y′ I$M�0

�
L�M4�����Y(�sS�4T��S�\���$y����G`GaGX��

w$�7�7)�y x′′ I ,y′′ I ,z′′ I�'Vy�wGxS[Y]*^�_ e′′

x,e
′′

y,e
′′

z %�@�A&T\� x′′ I4b��G�*�V�*%�3���sS�
s�y x′′y′′ � M�b��G��M�'����Y(�s7�4T���

(2)
~ u�v!(�)|273|[:]4^�_ p %\y
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L�`�a�X ~*� ����`�a�X ~*� 5��G��f�'	0 ~ +�TV�

p = (ex,ey,ez)
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. (3)
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(1) '����$����0&y

�
LS`Ga�' (x′, y′, z′)  S����y����G`$ai' (x′′, y′′, z′′)  S����y��G���&T��

)*'6A��4y�[�]:^D_ p  ��G�G`Ga:% (l, b) '6�!T4'Vy
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y′′

z′′









=









cosb cos l

cosb sin l

sinb









. (4)

5 �	�¡ 1¢¤£�¥ (  1¦¡§©¨�ª�«6¬K¯®�°²±³®G´¯µZ¶	·�¸ ) ¹  1¢Vº�»³®�° 28.
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fK{*%���������s�y




l

b



 =





tan−1 (y′′/x′′)

tan−1

(

z′′/
√

x′′2 + y′′2

)



 (5)

�&B���s�y�����`Ga (l, b) %	��p�T�f�'¡0 ~ +GT�

c$N�S'<p�T7'�y � T6���� -J�O�yKJ�� (α,δ) %|��O7y6��� (l,b) �������4T���b�y � (1)

�!B��6s�J�L�`Ga�X ~  �2&3�[Y]:^D_! 3 ��F (x,y,z) %���pGy�z|{:% � (3) �!B��6s��G��`�a
X4 3 �GF (x′′,y′′, z′′) �����Y(�y!.���� � (5) %����\{S� B|��

1.5. ��������' ����!�"

wGx�[*]*^ _ (e1,e2,e3)
~ 5 .³{�T�#%$�&�')(�' (e′

1,e
′

3,e
′

3)
~ 5 .©{�T�#%$�&�'�(& G�

 �#*$)+),Y%�@�A:T ( -�. 1,2,3 0*N ~�/ ��) xyz �10�2 ) 
&f6{3�<bSy$z|{�}�{�4!�)��56��e7�8 [�]*^�_& �97l1:;�Vy
e1

2 = e2
2 = e3

2 = 1,e1 · e2 = e2 · e3 = e3 · e1 = 0 (6)

e′

1

2
= e′

2

2
= e′

3

2
= 1,e′

1 · e′

2 = e′

2 · e′

3 = e′

3 · e′

1 = 0 (7)
< 24 �X� �[�]Y^D_4b � C < 24 �X� �[Y]*^D_Y%�=>��s�5$�)�:f�'10 ~ +GT�


e′

1 = a11e1 + a12e2 + a13e3, (8)

e′

2 = a21e1 + a22e2 + a23e3, (9)

e′

3 = a31e1 + a32e2 + a33e3. (10)

!�"�5�?@�4T�'Vy

(e′

1,e
′

2,e
′

3) = (e1,e2,e3)









a11 a21 a31

a12 a22 a32

a13 a23 a33









. (11)

(7)  �A�B B&hÐy!f� 	+�,�C�D: �E�FG� $�1��y
a2

11
+ a2

12
+ a2

13
= 1,a2

21
+ a2

22
+ a2

23
= 1,a2

31
+ a2

32
+ a2

33
= 1, (12)

a11a21 +a12a22 +a13a23 =0,a21a31+a22a32 +a23a33 =0,a31a11 +a32a12 +a33a13 =0(13)

0S���@�!T�
H�\)Gy (8) y (9) y (10) '�y e1,e2,e3  JI*K:%�L�TGf�'��&B&hÐy�cSd-0$��:*T�

e′

1 · e1 = a11, e′

1 · e2 = a12, e′

1 · e3 = a13, (14)

e′

2 · e1 = a21, e′

2 · e2 = a22, e′

2 · e3 = a23, (15)

e′

3 · e1 = a31, e′

3 · e2 = a32, e′

3 · e3 = a33. (16)

M ��hZy � (11)
~ u�v .³{�TN+�,�C�D! 9

M  	+),�O�P�bHQ6`Ga�X4 3 I�'SR�`�a�X� 3 I& 
�� �e�� 9

M  �T�P� �U@V���0�2!(-sS�7TW
$f�{:%�y�X e1e2e3

~ 5G��.³{�T6X��tGm�T e′

1,e
′

2,e
′

3 V8:9�YJZGbGy�z|{$}�{ (a11,a12,a13),(a21,a22,a23),(a31,a32,a33)
~�� T�[ y�'6��C]\$��:4)$%W�
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T�
G���@��y � (14),(15),(16) %������p�T�'�y�X e′

1e
′

2e
′

3

~ 5G� .©{�T<X@��t�m4T e1,e2,e3  -8
9	Y�ZGb$y$z-{$}�{ (a11,a21,a31),(a12,a22,a32),(a13,a23,a33)

~4� T1[�f�'¡0���:YTW

B��Vs�y � (8),(9),(10)  W�����4b$y

e1 = a11e
′

1 + a21e
′

2 + a31e
′

3, (17)

e2 = a12e
′

1 + a22e
′

2 + a32e
′

3, (18)

e3 = a13e
′

1 + a23e
′

2 + a33e
′

3 (19)

'<e!TW

!�"�5�?@�4T�'Vy

(e1,e2,e3) = (e′

1,e
′

2,e
′

3)









a11 a12 a13

a21 a22 a23

a31 a32 a33









. (20)

(6)  �A�B B&hÐy (12), (13) ��0�2��!T � b$y
a2

11
+ a2

21
+ a2

31
= 1,a2

12
+ a2

22
+ a2

32
= 1,a2

13
+ a2

23
+ a2

33
= 1 (21)

y
a11a12+a21a22+a31a32 =0,a12a13+a22a23+a32a33 =0,a13a11+a23a21+a33a31 =0.(22)�

(11) ' � (20) %������T�'�y%+�,�C�D4 �!/' "!%	��{):$A$)�
���C�DG0��C�D���e��
sS�4T$f�'¡0$��:YTW

1.6. �������& �� 7 e����

c7N� �� � %�y�� 7 ��5�������0 � T�
 �	��y�-�.*y 1,2,3 % i, j, k eSn$ ��). ~ 5J�1

Kronecker  ���_���%�� ���!T�


δij =







1 (i = j)

0 (i 6= j)
(23)

.����Gy�X ����-�.G0�0@��e �6s�� M  �!J��"���{�T7'�+W��b�y�#J��z� �-�.�� M ��s 1 :;� 3

� ~  �$ 7 %&'�T (Σ ��%Y%�&('��4T ) [:'<� C*)+$� �,�-:%.� ���4T�

w�x$[�]:^D_: �����A)B�y (6),(7) bGcSd� &B&C � / m4T�


ei · ej = δij,e
′

i · e′

j = δij. (24)
/ M  �`GaGX4 �w�x$[Y]Y^D_�'VyW���)!�"i'| S�V��bGcSdG !B*C ��e!TW


e′

i · ej = aij, e′

i = aijej, ei = ajie
′

j. (25)

`�a�I& ����Y�V�&%V5$��� (12),(13),(21),(22) b$y
aikajk = δij,akiakj = δij. (26)

7 Ó.0¡Î 3 1323465 ð ¾©¹8780¡Î 1 132 §89-ÇK 1 ®�° 4 µ Ê ( : ÇÐ«<; 0 ®�° 3 µ Ê ) Î*=>41Ò ÇÐÕ
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1.7. � �������	� K
��
����y�[�]Y^D_ A,B,C  ����	���������!b$y

A · (B×C) = B · (C×A) = C · (A×B) (27)~ u�v .©{�T�
 A,B,C 0�f� ����U�WGX!%�e���'�+\y�� ��������� K7bGy�f� 3
M  �[Y]&^�_

0��YT � !���M��� ���K:%V5����
 � �	����� � K&% A,B,C  )�WTG�GF:%�����s /"! 'Vy
A · (B×C) = AxByCz + AyBzCx + AzBxCy −AxBzCy −AyBxCz −AzByCx (28)

=

∣

∣

∣

∣

∣

∣

∣

∣

Ax Ay Az

Bx By Bz

Cx Cy Cz

∣

∣

∣

∣

∣

∣

∣

∣

=

∣

∣

∣

∣

∣

∣

∣

∣

Ax Bx Cx

Ay By Cy

Az Bz Cz

∣

∣

∣

∣

∣

∣

∣

∣

. (29)

N�� ~ uGv*(�))�W��`$aGX! �wSxS[�]*^�_ e1,e2,e3 ��)�b e′

1,e
′

2,e
′

3   � � ���#�	� K7bSy�g$
1
~�� T�
*B��Vs�y)�������! ����)!�"4 �!�" �  �%�b 1

~4� TW

∣

∣

∣

∣

∣

∣

∣

∣

a11 a12 a13

a21 a22 a23

a31 a32 a33

∣

∣

∣

∣

∣

∣

∣

∣

= 1 (30)
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