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�g[�j`�gXZm1[Ty Ï]¦g¦�ÎDÆ`ßgß�»�½R¾�àgàgàD´�ÏR»I«gák»I«]½�´n§�½I¼Pß  B|RYn[NY�� Ü�[�bRm1[1p�lTjn^`} zTlT| ~iXcrcr�Yn[�[ ^`}kXZY hkj`Xcb�^`[N\ d�^�^`}k[ �PlI^n^`lTq lIp�^`}k[
¢ j,Y7^ahRdIoT[�lIp/[��T[�j`z U V
W hRdIhP[�jN� ��p3zTlT| ~iXZYn}k[N\ ^`l j`[1p�[�j:^`l ^`}kXZY w \]X_^`lTj`XZdIrKyDp�lTj{XcbRY7^,dIbRm1[TyizTlT| m1lT|krZ\ Í7|RY7^*[�b�^`[�j
£]Ë]¥�¦k§]© ÁkÂ�Ã ÇIÅgÅgÅRÇI§�½R¥�¦k®I«�¥�»]¬�± dIbR\ ^`}k[:j`[NY7^/~�lT|krZ\ �P[{dI|]^`lTq:d�^`XZmI����pDzTlT| rclglT� d�^/^`}k[:�7� � �kXc��m1l]\][NY/Xcb ^`}kXZY/XZY`Yn|k[Ty
zTlT|a~iXcrcr�j`[NdIrcXZYn[�^`}Rd�^iq�l�Y7^ilIp�^`}k[�q }Rd��T[
d�YnXcq�hkrc[�p�lTj`q:d�^N� ÁkÂ�Ã Ç

< â ®]¬�¼T¨�§ >< ã ¾g¾�¼k§ > Ç < ªT¼]¦TÏR®I« > Ç < ä ¥�¦k¬�§ > y�~i}k[�j`[
<
��|]^`}klTj

>
XZYD^`}k[ ¢ j,Y7^�dI|]^`}klTj3��X_p&q�lTj`[�^`}RdIb�lTbk[� ¡yRdIbR\

<
vDX_^`rc[

>
XZY�dIb�dI�k�kj`[��gXZd�^`XclTb�ykdIrcr�Xcb�rcl�~�[�jim�dTYn[T��vD}k[�j`[3dIj`[/d

p�[�~ [1fkm1[�h]^`XclTbRY�ykYn|Rm,}BdTY�^`}k[ w \]X_^`lTj`XZdIr�~iX_^`}Bbkl{dI|]^`}klTjDoTXc�T[�b��
��|kr_^`Xchkrc[�m1X_^,d�^`XclTbRY&m�dIb��P[�m1lTqe�kXcbk[N\�dTY £]Ë]¥�¦k§]© ÁkÂ�Ã ÇIÅgÅgÅRÇ�¾�Ïk»�¨�¥�«�ÇTËgË�½�² ÁkÂ�Ã ÇIÅ�ÅgÅRÇ¡¨k¼R¬�»I«PËIåTÐgÑPÇT¬�Ðg«�¥�½R¾T± ^`l/j`[1p�[�j&^`l

^`}k[NYn[e^7~�l{hRdIhP[�j,Y�p�j`lTq ^`}k[�hkj`[NYn[�b�^�XZY`Yn|k[T�/�glTq�[1^`Xcq�[NY�zTlT| ~DdIb�^�^`laj`[1p�[�j�^`l{^`}k[�dI|]^`}klTj
dTY�d{hP[�j,YnlTb�yP~iX_^`}{Í7|RY7^�^`}k[
zT[NdIj&Xcb:�kj,dTm,�T[1^,Y�yIdTY&Xcb3æ w XcbRY7^`[�Xcb � ÓNÔ ���T �Yn}kl�~�[N\3^`}Rd�^������Úç¡�"vD}kXZY�m�dIb��P[�dTm,}kXc[��T[N\e~iX_^`} £]Ë]¥�¦k§TÐk§g»T«R©g± yN~i}kXZm,}:dTm¡^,Y&rcXc�T[
£]Ë]¥�¦k§]©g± �k|]^elTbkrcz hkrZdTm1[NY�^`}k[:zT[NdIjN�
è ¥N¯�¾�¦k§R¥N¯ £]Ë]¥�¦k§TÐk§g»T«R© è ¥N¯�¾�¦k§k¥N¯ éNêg·�¸]± ¾�ÏR®IàR§�½ ¦�ÏR»T¦ ´g´g´ vD}k[:|RYn[1p�|kr&p�lTj`q:Y
dIj`[
rcXZY7^`[N\*�P[�rcl�~ ~iX_^`}�yk|kbR\][�jD^`}k[�qBy]^`}k[/j`[NYn|kr_^,YDlIp"|RYnXcbko�^`}k[�q p�lTj ����j`r_^Ny �I�T���T ¡�

£]Ë]¥�¦k§]©g± £]Ë]¥�¦k§ Ãgë ©g± £]Ë]¥�¦k§TÐk§g»T«R©g± £]Ë]¥�¦k§TÐk§g»T« Ãgë ©g±
����j`r_^Ny �I�T���T  ��j`r_^Ny��I�T��� �K�I�T���T  �I�T���

��p�dIrcr][�rZYn[�p�dIXcrZY�yTzTlT|�m�dIb�[�b�^`[�j&zTlT|kj���X_^,d�^`XclTbRY"�gz3}RdIbR\�dIbR\e|RYn[�^`}k[ £�¯R®kË]¥�¦k§]©g± m1lTq�q:dIbR\���vD}kXZY�dTm¡^,Y"rcXc�T[ £]Ë]¥�¦k§]©g±
�k|]^3hkrZdTm1[NY
bkl ��X_^,d�^`XclTb�Ò X_^3q�[�j`[�rcz m�dI|RYn[NY�^`}k[:�i[1p�[�j`[�bRm1[���Y, �^`l��P[:dT\k\][N\ d�^
^`}k[:[�bR\��:�klTj/XcbRY7^,dIbRm1[Ty�X_pDzTlT| ~DdIb�^`[N\

ì�í3î ï�ðñïIò7ó�ô�õ"ö*÷"ø�ù�ú¡ú¡ú`ù�õ7ô�ð�ûKó¡ü�ðuý,þ
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^`l{Y`d�z�^`}Rd�^�æn��dIXcbk[�j���j`r_^3� ÓNÔTÔ���� �I�T���T �}RdTYD�P[�[�bBhk|k�krcXZYn}kXcbko�^,dI�krc[NYDlIp&�glTrZdIj�s�lTbkoTX_^`|R\][�p�lTjD^`}k[/hRdTY7^ibkXcbk[
zT[NdIj,YÚç¡ygzTlT|
m1lT|krZ\ [�b�^`[�j
^`}kXZY/dTY ³k»R¥N¯R§T« ªg«R¬I¦ µ�é�êgê����I¶g·g·g¸R¹ £�¯R®kË]¥�¦k§]© ÁkÂ�Ã ÇI¶g¸�éTÇ�»T«R¬�¦�ÇT¾T®g¬�®I¯g°�² ´g´g´ ÁkÂ�Ã ÇIÅgÅg¶RÇI»T«R¬I¦�Ç�¾T®]¬T®I¯]°k±
ÏR»k¾ ¤R§g§I¯ Îg¼g¤P¬k¥�¾�Ï�¥N¯]° ´g´g´ ��~iX_^`}BdIrcr�bkXcbk[��kXc��m1l]\][NYDXcba^`}k[ £�¯R®kË]¥�¦k§]©g± yIlIp"m1lT|kj,Yn[� ¡�"vD}k[e��X_^,d�^`XclTba~�lT|krZ\adIhkhP[NdIjidTY
dI�Pl��T[TykdIbR\*dIrcr�bkXcbk[3�i[1p�[�j`[�bRm1[NYD~�lT|krZ\*dIhkhP[NdIj�d�^D^`}k[/[�bR\*lIp"zTlT|kjDhRdIhP[�jN�

�klTj�hkj`[NYn[�b�^�dIbR\ap�|]^`|kj`[3U V
W hRdIhP[�j,Y�y]^`}k[3�7� � �kXc��m1l]\][em�dIbB�P[/p�lT|kbR\BlTb*^`}k[3hRdIhP[�j�X_^,Yn[�r_p7�D�klTj�[NdIj`rcXc[�jilTbk[NY�yklIp
m1lT|kj,Yn[TykX_^�~DdTYibklI^�hkj`Xcb�^`[N\��DW�lI^`[/^`}Rd�^�X_^�XZYibklI^�hPl�Y`YnXc�krc[/^`l{oT|k[NY`Y�d�^i^`}k[e�kXc��m1l]\][T�D�Úb \]|k[em1lT|kj,Yn[/~�[/~iXcrcr Xcb�^`j`l]\]|Rm1[
dIb lTb]Ø�rcXcbk[�XcbR\][1f ~i}kXZm,} dIrcrcl�~�Y�zTlT| ^`l*rclglT�*^`}k[NYn[�|kh��3U [�~iXcrcr�dIbkbklT|kbRm1[eq�lTj`[�dI�PlT|]^�^`}kXZY�y�dIbR\ lI^`}k[�j
bk[�~ lTb]Ø�rcXcbk[
�7� � Yn[�j`�gXZm1[NY�ygXcb*p�|]^`|kj`[/XZY`Yn|k[NYDlIp�U V
W3�

�i[1p�[�j`[�bRm1[NY�~iX_^`}klT|]^D�7� � �kXc��m1l]\][NY�qe|RY7^��P[�hkj`l��gXZ\][N\:m1lTbg�T[�b�^`XclTbRdIrcrczTyI[�X_^`}k[�j�~iX_^`} £�¤�¥N¤�¥�¦k§�¨ Y"lTj��gz�hkj`l��gXZ\]Xcbko3|RY
~iX_^`} d ´�¤�¥N¤ ¢ rc[:��~i}kXZm,}BXZYihP[�jnp�[Nm¡^`rczadTm�m1[�h]^,dI�krc[� ¡�

	�YnXcbko3^`}kXZY�Ynz]Y7^`[�q Yn}klT|krZ\{Y`d��T[�Y`d��T[D^`Xcq�[�p�lTj��PlI^`}adI|]^`}klTj,Y�dIbR\�^`}k[�[N\]X_^`lTj`XZdIr]^`[NdIqB�"��p�zTlT|{}Rd��T[�dIbgz�É�|k[�j`Xc[NY�y�zTlT|
m�dIbB[�q:dIXcr�q�[ed�^ à]°�¯�
R¥1¨�®�´�¯R§T¦ Ò�dTY�dIrc~Dd�z]Y�y]j`[�q�[�qe�P[�jD^`l:XcbRm1rc|R\][/^`}k[3~�lTj,\ ��q�[1^`[�lTjN�kXcb*^`}k[eYn|k�]Í7[Nm¡^�rcXcbk[/^`l:oT[1^�hRdTY7^
lT|kj�dIb�^`X_ØÚYnhRdIq ¢ r_^`[�j,Y��
� 
���
���
�����
��
��j`r_^��/� �K�I�T���T ¡�Iæ`�glTrZdIjDrclTbkoTX_^`|R\][NY�p�lTj��I�T���Nç¡��� ��� ���� "!�y$#%# � # × �
V�lgl�Y`Yn[�bRY�� �cy���X_^n^`[�rc�RdTm,} ���cy�dIbR\ �]dIq:dIj`Xcb��3�"� ÓNÔTÔI×  ¡�'&�(�)+*-,�&/.$0 1�24365�748�9:248R���i\k\]XZYnlTb]Ø�U [NYnrc[�zTyP�i[NdT\]XcbkoRyP� dTY7Ø

Y`dTm,}g|RYn[1^n^,Y��
s dIq�hPlTjn^�s�� � ÓNÔTÕTÖ  ¡��*-,�&/.$0 ; < =>2@?BA$3C)B8�DFE�GH)I5�74GH74DJ9:248 K�LNM/DO)B3��k�i\k\]XZYnlTb]Ø�U [NYnrc[�zTyk�i[NdT\]XcbkoRyk� dTY`Y`dTm,}g|RYn[1^n^,Y��

P 03212 Q�-/. P 03<*(*)1(*0
+�Ci= Q�-/. +�R*C S�T U P -+V*< ; )12 WYX+X+Z6[\WYX+X+]
LDF&S_^N` a Ecb�d Q�eTHOf

vD}k[��7� � [1f]XZY7^,Y�^`}kj`lT|koT} ^`}k[��TlTrc|kb�^,dIj`zB~�lTj`��lIp�^`}k[:�7� � ��lT|kbRm1XcrK��� rZdIj`oT[{��lT|kbRm1Xcr�dIrcrcl�~�Y�^`}k[�~�lTj`�grcl�dT\B^`l
�P[eYnhkj`[NdT\*lT|]^�Ynl�^`}Rd�^�bkl{lTbk[/q�[�qe�P[�j�XZY�l��T[�j`�k|kj,\][�bk[N\���vD}k[�j`[1p�lTj`[
~�[3[�bRm1lT|kj,dIoT[�q�[�qe�P[�j,Y�Yn[�j`XclT|RYnrcz{Xcb�^`[�j`[NY7^`[N\BXcb
q�[1^`[�lTj�Y`m1Xc[�bRm1[�^`l�Í7lTXcbe^`}k[i�7� � ��lT|kbRm1XcrK�"vD}k[DlTbkrczem1lTbR\]X_^`XclTbe^`l
�P[�d�m�dIbR\]XZ\kd�^`[�p�lTj���lT|kbRm1Xcr]q�[�qe�P[�j,Yn}kXch�XZY�^`}Rd�^�zTlT|
qe|RY7^/�P[�daÝ&lI^`XcbkoB��[�qe�P[�jN�3vD}k[�hPl�YnX_^`XclTbRY�lIp�Û�j`[NYnXZ\][�b�^Ny�Ý�XZm1[1Ø�Û�j`[NYnXZ\][�b�^/dIbR\ v j`[NdTYn|kj`[�j�m1lTq�[�|kh p�lTj
[�rc[Nm¡^`XclTb ^`}kXZY
zT[NdIjN�&vD}k[�j`[/dIj`[
dIrZYnl�hPl�YnX_^`XclTbRYDlIp&V�[�bk[�j,dIr���lT|kbRm1Xcr ��[�qe�P[�j�d���dIXcrZdI�krc[�p�lTjilI^`}k[�jihP[�lThkrc[/~i}kl�~DdIb�^D^`l�oT[1^�Xcbg�TlTrc�T[N\��

��dIbR\]XZ\kd�^`[NY�Yn}klT|krZ\B}Rd��T[3m1lTbRYnXZ\][�j,dI�krc[/[1f]hP[�j`Xc[�bRm1[edIbR\��gbkl�~irc[N\]oT[/Xcb�^`}k[�YnhP[Nm1X ¢ m ¢ [�rZ\�lIp�q�[1^`[�lTj�dTY7^`j`lTbklTqezTyk�P[
m�dIhRdI�krc[
lIp�lTj`o�dIbkXhg�Xcbko/^`}k[�q:Yn[�rc�T[NYidIbR\alI^`}k[�j,Y�y]dIbR\*Yn}klT|krZ\{hPlTXcb�^ilT|]^i~i}kXZm,}BYnhP[Nm1XZdIr ¢ [�rZ\kYDlIp�q�[1^`[�lTjD~�lTj`��^`}k[�z{~iXZYn}
^`l{\][��T[�rclThBdIbR\aXcq�hkj`l��T[T�

v l{Yn|k�kq�X_^�zTlT|kj�m�dIbR\]XZ\kdTm1zTyRYnXcq�hkrczBYn[�bR\Bd{Yn}klTjn^�m1|kj`j`XZm1|krc|kq �gX_^,dI[/lIp"zTlT|kj�dTY7^`j`lTbklTq�XZm�dIr�~�lTj`�*dIbR\a^`}k[3hPl�YnX_^`XclTb
��Û�j`[NYnXZ\][�b�^Ny�Ý�XZm1[1Ø�Û�j`[NYnXZ\][�b�^Ny�v j`[NdTYn|kj`[�jelTj{V�[�bk[�j,dIr���lT|kbRm1Xcri��[�qe�P[�j¡ elIp�Xcb�^`[�j`[NY7^�^`l zTlT|�� vD}k[NYn[*q:d�z �P[�Yn[�b�^�^`l
^`}k[*�g[Nm1j`[1^,dIj`z�Ø7V�[�bk[�j,dIr&�ilT�P[�jn^�s�|kbRY7p�lTj,\ �gz [�q:dIXcr�d�^ ¬�¼g¯]«k®�´¡¥1¨�®�´�¼�¾T»�
kËI®TÄ�´�¯R§I¦ lTj3�gz j`[�oT|krZdIj/q:dIXcr&^`l ÓNÖkÓ Ý�dIbRm1[
��^`j`[�[1^Ny]��}g|krZd�Ý�XZY7^,dky]��� ÔkÓNÔkÓ ��Ø ×�Õ � Õ y@	��]�3�TvD}k[��g[Nm1j`[1^,dIj`z�Ø7V�[�bk[�j,dIrTXZY&dIrZYnl
d���dIXcrZdI�krc[�^`l/dIbRYn~�[�j&É�|k[NY7^`XclTbRY"m1lTbRm1[�j`bkXcbko
YnhP[Nm1X ¢ m�^,dTYn�]Y�lIpD[NdTm,} hPl�YnX_^`XclTb��{�g|k�kq�XZY`YnXclTbRY
qe|RY7^/�P[:j`[Nm1[�Xc�T[N\ �gz �I�T���a��|koT|RY7^+# Ó ����hkhkrcXZm�dIb�^,Y/~iXcrcr&�P[:j`[��gXc[�~�[N\
d�^/^`}k[a�I�T���:�Úb�^`[�j`bRd�^`XclTbRdIr&��[1^`[�lTj���lTb]p�[�j`[�bRm1[:dIbR\ Yn|Rm�m1[NY`Y7p�|kr�dIhkhkrcXZm�dIb�^,Y
~iXcrcr&�P[:hkrZdTm1[N\ lTb ^`}k[��RdIrcrclI^3Xcb ^`}k[ ¢ j,Y7^
d���dIXcrZdI�krc[
XZY`Yn|k[
lIp�U V
W p�lTrcrcl�~iXcbko�^`}k[3m1lTb]p�[�j`[�bRm1[T�

��Y/~�[�rcr�dTY
q�[�qe�P[�j,Y/lIp�^`}k[B��lT|kbRm1Xcr"^`}k[�j`[{dIj`[a��lTq�q�XZY`YnXclTbk[�j,Y�y�~i}kl \][NdIr�~iX_^`} YnhP[Nm1X ¢ m:dIj`[NdTY
lIpDXcb�^`[�j`[NY7^N�avD}k[
m1|kj`j`[�b�^D��lTq�q�XZY`YnXclTbRY"dIj`[D^`}k[����Új`[��RdIrcrkÞ���^,de��[�b�^`[�j������7Þ����D ¡yTÛ�}klI^`lToTj,dIhk}kXZmi��lTq�q�XZY`YnXclTb�y�v [�rc[NY`m1lThkXZm���lTq�q�XZY`YnXclTb�y
Ý�XZ\][�l ��lTq�q�XZY`YnXclTb dIbR\ Ý�XZYn|RdIr���lTq�q�XZY`YnXclTb��e��p�zTlT| p�[�[�r&zTlT| }Rd��T[�dBm1lTb�^`j`Xc�k|]^`XclTb ^`lBq:dI�T[�Xcb lTbk[�lIp�^`}k[NYn[ ¢ [�rZ\kY�y
hkrc[NdTYn[em1lTb�^,dTm¡^i^`}k[��g[Nm1j`[1^,dIj`z�Ø7V�[�bk[�j,dIrK���klTj�XcbRY7^,dIbRm1[Tyk^`}k[���dT\]Xcl*��lTq�q�XZY`YnXclTbB}RdTY��P[�[�b���dTm�dIb�^�p�lTj�q:dIbgz*zT[NdIj,YidIbR\
bk[�[N\kY�YnlTq�[�lTbk[&^`l�j`[NYn|kj`j`[Nm¡^ dIbR\/hPlThk|krZdIj`Xhg�[&^`}kXZY���dIrc|RdI�krc[�lT�RYn[�j`�gXcbko�q�[1^`}kl]\���vD}k[�j`[�XZY bkl�[�rc[Nm¡^`XclTb/p�lTj���lTq�q�XZY`YnXclTbk[�j,Y
i ^`}k[�z*dIj`[
Yn[�rc[Nm¡^`[N\*�gz:^`}k[���lT|kbRm1XcrK�

ì�í3î ï�ðñïIò7ó�ô�õ"ö*÷"ø�ù�ú¡ú¡ú`ù�ð-jió,ù�õ7þñõ7òÚûKðñó/kNl
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�klTjD^`}k[ ¢ j,Y7^i^`Xcq�[3YnXcbRm1[�^`}k[
p�lT|kbR\kd�^`XclTbBlIp��7� �ey]^`}k[/�Úb�^`[�j`bRd�^`XclTbRdIr���[1^`[�lTj���lTb]p�[�j`[�bRm1[
~iXcrcr��P[/}k[�rZ\*XcbBÌ�[�rcoTXc|kqByklTb
�g[�h]^`[�qe�P[�j Ó � ��ÓNÕ yg�I�T���]����l�Y7^`q:dIrcrc[�XZYid�Ì�[�rcoTXZdIba�gXcrcrZdIoT[�rcl]m�d�^`[N\\#T�e�gq bklTjn^`}k[NdTY7^�lIp ^`}k[
�P[NdI|]^`X_p�|kr�m1X_^7z{lIp���b�^7~�[�j`h�y
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D�@!CFpqXcP4KHf9���F� r6XcPD� _\E/I/@H��{9�K:4qv~499�$��f1�*� ¦ : _\E/I/@H�B~497>H� uNbHbDu�bHbDuNb bRd�w�r[as^cw6u�b�r4} ? TD@!P
A6XkK4YLPD�6f"XcJ z XkK/M�M*Q`X�QF@^���F� r6XcPD� _\E/I/@^XcP6I �*� ¦ : _\E/I/@;QFEH�H@\QFTD@!CN} ¦ J z XkK/Mv_\EHPRQ`XH_�QvKHEHGDCvJLE/_!XcJ1r6XcPD�[QFE[hH@!CFY�|�K
_`T6XcCF�H@NM1|�EHC�YLPRQF@!CFP6X�QFYLEHP6XcJ�QFC`XcP6M*|�@!C`M!}

= t�b�c<u d�` v7fhnma?d�i�whexc<f {=XkKvYLP;@!GDCFERM"QFE�QFTD@�D�@!CFpqXcPSAtERM*Q`XcJ/�HYLCFE�XH_!_\EHGDPRQ9d�w�rcas^cwci`uNb�r9Ec|t�jP6X�V�@!P6I4QF@!J�fH{$ERM*QFr6XcPD���@!CFJLYLP�}v�7XcPD�[_\E/I/@�uNbHb[uNbHb uNbD}v�7TD@Sr6XcPD�[_\E/I/@;XcP6I U {$ERM*QFr6XcPD�[��@!CFJLYLP�e�MOTDEHGDJlI rt@Sp;@!PRQFYLEHPD@NI[QFEH�H@\QFTD@!C z Y�QFTXH_!_\EHGDPRQ7P4GDpsrt@!CN}
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�7TD@[CF@NMOGDJ�Q`MSEc|�QFTD@B{$EHJLYlMOT �9EHp;@\Q`MqXcP6I Z[@\QF@!EHC`MS? EHCF�/MOTDEHA mo��Z[? xSh4YlMOG6XcJ�EHr6MO@!CFh�X�QFYLEHP6MsEc|�QFTD@ acbHbcw @�K4CFYlIDMqXcCF@
ADCF@NMO@!PRQF@NI.} n�r6MO@!CFh�X�QFYLEHP6MvMOTDE z QFT6X�QyQFTD@^pqX<;/YLpsGDp M*Q`XcCOQF@NI PD@NXcC

λ� = 32 .◦05
}[�9EHpsrDYLPD@NI ��Z[? XcP6I �*Z n IDX�Q`X

MOTDE z X;_\JL@NXcC�pqX<;/YLpsGDp X�Q
λ� = 32 .◦16

}$�oQ�YlM7AtERMFMOYLrDJL@�QFT6X�Q�X;p;YLPDYLpsGDp XcADAt@NXcCF@NI^rt@\Q z @!@!P λ� = 32 .◦0
XcP6I

32 .◦1
}

V�@N_\@!YLhH@NIBacbHbRdsZ XkK >
B ¤R�9-/0D)DC�¡�3t-D(*)9�
�7TD@
@�K4CFYlIDM"XcCF@1XH_�QFYLhH@1rt@\Q z @!@!PquN��XcP6IsaHd ¦ ADCFYLJ�}�~�GDrDYL@\QFYlME ¦ CFJ�Q m�acbHbDukx;MOTDE z QFT6X�Q^QFTD@ @�K4CFYlI pqX<;/YLpsGDp E/_!_\GDC`M
|�CFEHp

λ� = 32 .◦0 F 32 .◦45
}

�7TD@�ADCF@!JLYLp;YLP6XcCFKyCF@NMOGDJ�Q`M=Ec|tQFTD@�acbHbcw�@�K4CFYlIDM z @!CF@7ADCF@\iMO@!PRQF@NIBr4K�V�XcYLPD@!C ¦ CFJ�QSm�acbHbcw4x�}9��P/|�EHCOQFGDP6X�QF@!JLKHfDQFTD@yXcP6XcJ�i
K/MO@NIyIDX�Q`X�I/YlIvPDEcQ$_\E�hH@!C.QFTD@ z TDEHJL@1pqX<;/YLpsGDp XcP6IvI/YlIvPDEcQ
_\EHPRQ`XcYLP EHr6MO@!CFh�X�QFYLEHP6M�rt@\|�EHCF@

λ� = 32 .◦16
}y{1CF@NMOGDpqXcrDJLKHf

QFTD@�pqXcYLP�At@NXc�;E/_!_\GDCFCF@NI;PD@NXcC
λ� = 32 .◦16

m
00h00m ����f

¦ ADCFYLJ�aHaHx z Y�QFT G���V)H�a/u
±
^D}

: I J�2R,�03K$'�-D(*)9��2
�7TD@7XcP6XcJLK/MOYlM"YLP6_\JLG6I/@NM�EHr6MO@!CFh�X�QFYLEHP6M.|�CFEHp QFTD@�At@!CFYLE/ISacbHbcw
¦ ADCFYLJyu!w/�4ukd F ac�4�ca�r m���XcrDJL@ ukx�} �7TD@B@�L�@N_�QFYLhH@�QFYLp;@ z XHM>H�D} �H� TDEHGDC`M!} �jP XcJLJ�f�pcw @�K4CFYlIDM;XcP6I ds>H� EcQFTD@!CSp;@\QF@!EHC`M
z @!CF@�|�EHGDP6I.}

M N ��'=8PO�24(O2 )1��'=3t-D(PK�(j-QO
�7TD@yXcP6XcJLK/MOYlM7Ec|=XH_�QFYLh4Y�Q*K z XHM7pqXHI/@vG6MOYLPD�SQFTD@�R+S T+U�VXWADCFEH�HC`Xcp mon�JL@N_`T E �HGDCF@!��f�acbHbX^Rx�}��7TD@YG���V ADCFEcg6JL@ z XHM_!XcJl_\GDJlX�QF@NI[r4K�QFTD@;M*Q`XcP6IDXcC`I�ADCFE/_\@NI/GDCF@�m�@H}��6}�~�GDrDYL@\QFYlM E
¦ CFJ�QNftacbHbX^Rx��

ZHR =
NFr6.5−lm

Teff(sinh)γ
, ∆ZHR =

ZHR√
1 +N

z TD@!CF@ Teff YlMsQFTD@[@�L�@N_�QFYLhH@�EHr6MO@!CFh4YLPD� QFYLp;@Hf9JLp XcP6I
FXcCF@�QFTD@BJLYLp;Y�QFYLPD� pqXc�HPDY�QFG6I/@[XcP6I _\JLEHG6I/YLPD@NMFM;_\E4@�Z^_\YL@!PRQNf

N F QFTD@qP4GDpsrt@!CyEc|7p;@\QF@!EHC`M!f
r F QFTD@qAtEHADGDJlX�QFYLEHP YLP6I/@�;

m
r = 2.1

m ¦ CFJ�QNfcacbHbcw4xOx�f
h F QFTD@9C`XHI/YlXcPRQ�TD@!YL�HTRQ$XcP6I γ F QFTD@�!@!PDY�QFTy@�;/AtEHPD@!PRQNfkTD@!CF@9MO@\Q�QFEsuH}"�7TD@9CF@NMOGDJ�Q`M"XcCF@=ADCF@NMO@!PRQF@NI

YLP���YL�HGDCF@vuH}$�7TD@�CFYL�HTRQ9A6XcPD@!J6MOTDE z M=EHr6MO@!CFh�X�QFYLEHP6M=XcCFEHGDP6IQFTD@vpqX<;/YLpsGDpB}1�7TD@�AtEHYLPRQ�X�Q
λ� ≈ 32◦

XcP6I�G���V
≈ 5

EHP
QFTD@9JL@\| Q"A6XcPD@!JHYlM.QFTD@9XkhH@!C`Xc�H@�Ec|4QFTD@9_\JLG6M*QF@!C�Ec|/EHr6MO@!CFh�X�QFYLEHP6M
|�CFEHp

λ� ' 31 .◦9
QFE

32 .◦1
ftY�}�@H}�XcJLJ"@�;D_\@!A/Q�QFTD@sCFYL�HTRQFp;ERM*Q

AtEHYLPRQ�X�Q
λ� ≈ 32 .◦13

f�G���V
≈
u!w6f z TDYl_`T XcJlMOE^XcADAt@NXcC`M7EHP

QFTD@vJL@\| Q�A6XcPD@!J�}
�7TD@�{$EHJLYlMOTqIDX�Q`X�XcCF@7PDEcQ9MOG3Z^_\YL@!PRQ=QFEyI/@\g6PD@�QFTD@�pqX<;4i

YLpsGDp Ec|�QFTD@�At@NXc��}B�7TD@^CF@NXHMOEHP YlMyYLP6MOG3Z^_\YL@!PRQsEHr6MO@!CFh�X�i
QFYLEHP6MsI/GDCFYLPD�BQFTD@qpqX<;/YLpsGDp XcP6I QFE4E z YlI/@^X[At@!CFYLE/I XcA/i
ADJLYL@NIqm�XcrtEHG/Q"EHPD@=TDEHGDC�x�}"��E z @!hH@!CNf z @1_!XcPvMO@!@$QFTD@9XH_�QFYLh4Y�Q*KADCFEcg6JL@�rt@\|�EHCF@7XcP6IsX�| QF@!C�QFTD@7pqX<;/YLpsGDpB} ¦ Q$QFTD@�rt@!�HYLPDPDYLPD�
Y�Q9YlM1XcJLp;ERM*Q\[tX�QN}$�7TD@�ADCFEcg6JL@�X�| QF@!C=QFTD@�pqX<;/YLpsGDp z XHM$@�;4i

]_^X`ba=c_`�d e f4gih�j�a=ckgilnm�o(p4ckj�aqh7`rlks7aqm�t>u(vxwye{zk`b|�}4s~d ck��g�jD�4t��7�r�n���b�^X`ba=c_`�d�t��3s7v�`bf4}1w��{��`bg�vx���r���/�b�b�/�~���7���~�7���~�7�{�n b¡b�{�£¢/�
¤q¥ o p4g�pQ¦�s�}4j\^�§�¨©�qª7ª7ªr�n�¬«4v�`ba=¦�|Pm/���nvim/a=g�}4c

AtEHPD@!PRQFYlXcJ�YLP m�~�GDrDYL@\QFYlM E ¦ CFJ�QNf�acbHbX^Rx�} n�GDC^IDX�Q`X EHPDJLK
MOTDE z XyI/@N_\CF@NXHMO@H} ¦ p;YLPDYLpsGDp z Y�QFT%G���V ∼ 3

YlM9MOTDE z PqYLPQFTD@vCFYL�HTRQ�A6XcPD@!J�}
:�@!Y�QFTD@!C1QFTD@�{$EHJLYlMOT;PDEHC=QFTD@��*Z nse M1EHr6MO@!CFh�X�QFYLEHP6M=_\E�hH@!C

XcJLJ�QFTD@vXH_�QFYLh4Y�Q*KqAt@!CFYLE/I.fDMOE z @�I/@N_\YlI/@NI^QFEq_\EHpsrDYLPD@�QFTD@!pB}
�7TD@vCF@NMOGDJ�Q�YlM�MOTDE z P�YLP[��YL�HGDCF@ya/}

�7TD@�_\EHpsrDYLPD@NIqIDX�Q`XvMOTDE z Xy_\JL@NXcC1ADCFEcg6JL@ z Y�QFT�XvpqX<;4i
YLpsGDp X�Q

λ� = 32 .◦16
} �7TD@�pqXcYLP At@NXc� CF@NXH_`TD@NI G���V

H
21 ± 3

} �7TDYlM;Xc�HCF@!@NM z Y�QFT m ¦ CFJ�QNf�acbHbcw4x�} ? @BI/E PDEcQ
T6XkhH@ EHr6MO@!CFh�X�QFYLEHP6M^|�CFEHp QFTD@ At@!CFYLE/I

λ� = 31 .◦3 F 31 .◦9XcP6I z @S_!XcPDPDEcQ�MFXkK z T6X�Q�T6XcADAt@!PD@NIBQFTD@!P�}��oQ�YlM�AtERMFMOYLrDJL@
QFT6X�Q�XcPDEcQFTD@!C�pqX<;/YLpsGDp XcADAt@NXcCF@NI X�Q^QFT6X�Q�QFYLp;@H} �oQ�YlM
hH@!CFKBYLPRQF@!CF@NM*QFYLPD�qQFT6X�Q�YLP QFTD@S{$EHJLYlMOT EHr6MO@!CFh�X�QFYLEHP6M�X^p;YLP/i
YLpsGDp YlMvh4YlMOYLrDJL@^X�Q

λ� ≈ 32 .◦05
rt@\|�EHCF@;QFTD@qpqXcYLP At@NXc��f

MOTDE z P�YLPBQFTD@vCFYL�HTRQ�A6XcPD@!J.Ec|=��YL�HGDCF@quH}9�7TD@�g6C`M*Q�AtEHYLPRQ�YlM
QFTD@�XkhH@!C`Xc�H@9Ec|tEHr6MO@!CFh�X�QFYLEHP6M�At@!CO|�EHCFp;@NIsr4KvQFTDCF@!@�At@!C`MOEHP6M!f
QFTD@qMO@N_\EHP6I XcP6I[|�EHGDCOQFT AtEHYLPRQ`M�CF@!ADCF@NMO@!PRQF@NI[EHPD@SEHr6MO@!CFhH@!C
XcP6I QFTD@�CF@NM*QsEc|�AtEHYLPRQ`M z @!CF@^ADCFE/I/G6_\@NI r4K Q z E At@!C`MOEHP6M!}
n�r6MO@!CFhH@!C`M�XcADADJLYL@NI usXcP6I[bD}WdSTDEHGDC�YLPRQF@!CFh�XcJlM�XcP6IB@NXH_`TBEc|
QFTD@!p YLP6_\JLG6I/@NI X�QsJL@NXHM*QvQ z E[p;@\QF@!EHC`M!}��7TD@NMO@�IDX�Q`X z @!CF@ADCFE/I/G6_\@NI r4K @�;/At@!CFYL@!P6_\@NI EHr6MO@!CFhH@!C`M�MOE z @qpqXkK XHMFMOGDp;@
p;YLPDYLpqXcJ�@!CFCFEHC`M�YLP[At@!CO|�EHCFp;@NI�EHr6MO@!CFh�X�QFYLEHP6M!}1��E z @!hH@!C z @T6XkhH@sQFEB_\EHP6MOYlI/@!C�QFT6X�Q�QFTD@;EHr6MO@!CFh�X�QFYLEHP6M�X�Q

λ� = 31 .◦99z @!CF@vpqXHI/@ z TD@!PBQFTD@2@�K4CFYlI�C`XHI/YlXcPRQ z XHM7EHPDJLK 20◦
XcrtE�hH@

QFTD@�TDEHCFYL�!EHP�}��7TDYlM�_!XcPqYLPRQFCFE/I/G6_\@�JlXcCF�H@�@!CFCFEHC`M$YLP^EHr6MO@!CFh�X�i
QFYLEHP6M�XcP6I�YLP�QFTD@y_\EHp;ADG/QF@NI�G���Vv}
­ � ® �y¯�°O¡y±�² ® �
�'³{´QµD�3¶¬·r¸��¬¹�º »i¶�´Qµ{¼�½�¹ ¾¿»i¶D¼�´À·b´�Á¬Â+Ã�¸Q·y´�Ä�Å£Â/´QÆDÇ�Ær¸QÈ
É Å£ÂX¸QÊ�·r³�Â�ËQÌ�ÌQÍ @©Î�ÆrÏx¼�¶�Ð+Ñ'³�ÂXÒ�´<;3Ï£Ò¿Ó�Ò ´À·

λ� = 32 .◦16ÆrÂ/´�Äb³�Â/¼ G�ÔyÕ)H+Ë3Ö
±
^�Ð'×�¸�Å£Ïx¶~³ ¸�Ø{¶~Â�ÆrÙÀ´À·rÏ£¸�µ{¶�¶~³�¸ÀÁ ´YÒ�Ï£µ�ÏÚÈ

Ò¿Ó�Ò Ï£µ Û©Î�ÆrÏx¼ ´�Ä7·rÏ£Ù�ÏÚ·�Î ´À·
λ� ≈ 32 .◦05

Ð�Ñ'³�Â�¼�´À·b´%´QÅx¶~¸
¶~³�¸ÀÁ ´Qµ�¸Q·r³�Â�Æ)Ò�´ÀÜ3Ï£Ò¿Ó�Ò Ø>Â�Êq¸�ÆrÂ�·r³�ÂXÒ�´QÏ£µ Ç>Â/´QÝ�Þ�Ø�Ó3·+Á¬Â
³{´�¼ß·r¸�¸XÊqÂ�Á ¸�Ø{¶~Â�ÆrÙÀ´À·rÏ£¸�µ{¶à·r¸Y¶r´4Î�ÁD³{´À·�Â�Ü�´�Ä7·rÅ£ÎY³{´�¼ß³{´QÇ3È
Ç>Â�µ�Â/¼ß·r³�Â�µ©Ð
N ¯�áDâ ® ã °�ä C�åàæ ä âàç�±
½�Á¬¸�Ó�Åx¼ Å£Ï£Ý�Â�·r¸ß·r³{´Qµ�Ý%·r¸%´QÅ£Å(·r³�ÂX¸�Ø{¶~Â�ÆrÙ�Â�Æb¶DÁD³�¸%¶~Â�µ{¼ Ó{¶
·r³�Â�Ï£Æ+¼�´À·b´Y´Qµ{¼ èyÆ+é�ÆrÝÀ´�¼3Ï£Ó{¶~ê�¾yÅ£Â/Äb³%Êq¸�Æ)³�Ïx¶�ÙÀ´QÅ£Ó{´QØ�Å£Â¿ÆrÂ�È
Ò�´QÆrÝ3¶�Ð\Ñ'³�Ïx¶'Ç{´QÇ>Â�Æ'Á'´�¶D¶~Ó�Ç�Ç>¸�Æ~·rÂ/¼ßØ�Î�·r³�Â�ëDì3Ñ Ã�Æb´Qµ1·¬·r¸
·r³�Â
º ´QÆb¶r´4Á í�µ�Ï£Ù�Â�Æb¶~ÏÚ·�Î%¾yØ{¶~Â�ÆrÙÀ´À·r¸�ÆrÎ�Ð
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%'&)(+*-,/.�0�1325476-8�9;:=<?>@47A;BDC76E9;F=<�GHB;8I>!:�2�GJ>+G�:'>@47<K9�LNMPORQ S
Nplot T F5U=G�:'>@4V9�L3W=XE9�C?C7>Y8�GJ>@C7>+9�47<+Z Nnotpl T F5U=G�:'>@4V9�L3U=F T W=XE9�C?C7>Y8GJ>@C7>+9�47<+Z

NLyr T F5U=G�:'>@4P9�L$1325476-8I<

¾yØ{¶~Â�ÆrÙ�Â�Æ
Teff [h] Nplot Nnotpl NLyr[�Á'´]\>Â�Ã�Å£Â�ÆH^_\N[�`�[�º a bIb�Ð Í=b Ë5cIc Ë Ö/Ì

é�µ�µ{´�Û©Â�Ò�Ï£Â/Äb³{´d^=Û$[à¹ é�e�a Ö�f�ÐhgQÌ Ö;bif Ö�Ö Ö;j
è)´QÆrÏ£Ó{¶~ê
èy¸�Ær¸1¶~êk^=è
¾)Õ�è�é�a Ö)g3ÐiÌ�Ì f�c lIj gIg
×�Ærê�Â�Ò¿Î3¶Ymq´4Á n>¸'m�o�¼3Â�Ý ^_\©¾)Û©×àÕ�a Ö�Ö�Ð£Ö;l b=g Ì b
p
´QÒ�Ï£Å
\$mn¸3Ä�ê�Â�Á�¶~Ý�ÏP^_\�Û�¾�p
é�a g3Ðhg=f bif Ö Ë
Ñ ¸�Ò�´�¶~êJq{´�rPÊqÂ�ÆH^sq3é�t1Ñy¾�a Ë3ÐiÌ�Ì Ö;b b g
èy¸�Ò�Ï£µ�Ï£ÝÀ´vu ´�Äb³�Â�·b´w^=Û é�x¬è
¾�a Ë3ÐiÌ�Ì l Ì Ì

cIl�ÐylIl g5jQÍ cIl jQÍ

z�{-|�}5~7,�.H0R1325476-8I<�B��@C76EA56hC�2RWI479��iXE>�6EFRC7�=>�MPORQ 8=BDC�B5S
1�>@L�C�WiB�F=>+Xi0RB�XEXKB��@C76EA56hC�2�S$��6E�;��C�WiB�F=>+X'0HF=>YBD4�C7�=>/GHBD�I6EG�U=GkS

z�{-|�}5~7,��w0]1325476-8I<�WI479��iXE>�6EF�MPORQ B�Fi8��?Ov����<�8=BDC�B5SJ1�>@L�C�WiB�F=>+XK0]B�XEX
B��@C76EA56hC�2�S���6E�;��C�WiB�F=>+XK0vF=>YBD4�C7�=>�GHBD�I6EG�U=GkS���W'>+F
�+6h47�+XE>+<P0�MPORQ ��<�9;:=<?>@47A;BDC76E9;F=<+Zi:=X-B����H�+6h47�+XE>+<P0H�?Ov� 8=BDC�B5Zi�@479;<?<?>+<P0RBYA)>@4�B��;>�9�L
MPORQ B�Fi8R�?Ov����<�8=BDC�B5S
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é�ÆrÅ��XÕ
Ð/^kËQÌ�ÌQÍia7Ð�
~Û©Î�ÆrÏx¼��¿ËQÌ�ÌQÍ{Þ Ù�Ï��~Ó��QÅ��7Ð�������������� �"!�#%$�&

¼('ÀÁ*)�Å+',��¼3Â/¼�ËQÌ�ÌQÍXé�Ç�ÆrÏ£Å(Ë=f�Ð
èyÓ�Ø�Ï£Â��rÏ��Yé�Ð-�.){¼ é�ÆrÅ��YÕ
Ð�^kËQÌ�Ì�Ö)a7Ð�
~Ñ�/�Ï£Æ0�rÂ�Â1) Î�Â2�QÆ3�4'QÊ

Û©Î�ÆrÏx¼��àÊqÆ5'�Ò Ö;jIcIc6�5'YËQÌ�Ì�Ì7�7Ð98 : ;
Þ�<�=�>+? Þ�Ö�Ö;j7@�Ö;bIb�Ð
èyÓ�Ø�Ï£Â��rÏ��àé�Ð%�.){¼�é�ÆrÅ��àÕ
Ð�^kËQÌ�ÌIb=a7Ð1
~Ñ�/�Â�Û©Î�ÆrÏx¼���Ï+)YËQÌ�ÌIb7�7Ð

8 : ;
Þ�A�B�>�A©Þ'jif1@'jIc�Ð
¾yÅ£Â/Ä3/Xé�Ð.�.){¼Rt�Ó�ÆrÂ�Ý6C Ð3^kËQÌ�ÌIb=a7Ð�
~Û�'�'�Ý�Ï+)�Ã�ÊD'�Æ�Á¬Â2�QÝ+Ò�Â�È

�rÂ1'�Æ6�0/�'ÀÁ¬Â�Æ3�)Ó��~Ï+)�Ã x-'�Ò�\�ÔyÕ �0'QÊE��Á��QÆrÂ��7Ð>½F) ¾yÅ£Â/Ä3/
é�Ð£Þk\$mE'3Ä�ê�Â�ÁG�~Ý�ÏRp�Ð£ÞH�.){¼ C�Ó�Å��QÆbÄ�ê�Î�Ý p�Ð£Þ�Â/¼3Ï��5'�Æ3��Þ
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}]�K¥P|d�-~\�K¥~� �K¡<¤ �:��| ���!�P�z{^�:�<¢,�-�]�:��|��g|��8|_�a�g���:�T� �0�K�:�
¢Q�£�\�8�G�a¡<¢!�V�:��|,�E�a�8���_�a¡l�£�K¥$¤_�~¢Q�£�K¡< N|u�-�n�:��|g|_¡<¤ �-���:��|g�g|�®
�8|_�a�)�:�£�-�G¥����:�T� § �-{E¡<� ��|d�  _�K¡ �R|�|d�a¢I�G¥P� �T�^�£�-�G¡�|d¤ �a�

n_ocp:q*.30�2�ZR9Lf_9�G:6:?�7`;/=@G\G:9�9!;IST=@?aHN7/6:[�9!OF7/AB63[v7IHN;`7�H!?aS�6:?aS�9!O
7/AB6W53687/6:9!;D7`;IH!=@M

§ �-{E¡<� ��|d� }]�K¥P|d�-~\�K¥~�
� �£�K�I� � ���

φ = 44 .◦30
� ���

γ = 99 .◦84� ¥µ�N�
44 .◦24

� ¥µ�N�
32 .◦70«�¡<¤ � ���

β = 41 .◦84
� ���

α = 99 .◦66� ¥µ�N�
39 .◦72

� ¥µ�N�
28 .◦47

 _�K¥~ N{E¥~�\�8�G¡E�u�:��|�¢I�~¤_|
y
�G¡
°��G�T{E�8|�� ��5��|��E�a�8���_�a¡l�£�K¥K¤_�~¢Q�£�K¡< N|��-�S�:��|D|_¡<¤#�-�S�:��|D�g|��8|_�a�V�:�£�-�G¥

���:�T� § �-{E¡<� ��|d�, _�K¡��R|� _�K¥~ N{E¥~�\�8|d¤y{<¢I�G¡E�,«1�B{<�\�8�G�a¡ � �

y =
x · sin(180− δ − α)

sin(α− β)

�/�c�
­��P�T|_¡
�:�<�\�

x = 128.14
~a���

α = 99 .◦66
�
β = 41 .◦84

�
�K¡<¤

δ = 39 .◦65
�
y
 _�K¡i�R|8 _�K¥~ N{E¥~�\�8|d¤,�:�\�R|��a¯ � ��~a� � �5��|�E�a�8���_�a¡l�£�K¥ ¤_�~¢Q�£�K¡< N|
z
���:�T� }]�K¥P|d�-~\�K¥~�,�:�w�:��|l|_¡<¤	�-�þ�:��|

�g|��8|_�a�5�:�£�-�G¥y _�K¡��R|� _�K¥~ N{E¥~�\�8|d¤y{<¢I�G¡E�,«1�B{<�\�8�G�a¡ �_�

z = y ·
sin(δ + β)

sin(180− δ − α)
= 149.72 km

�s�T�
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'#(*)!+-,/.��l2z4 53687/6:9!;�<>=@?l7/AB6�CDAB=E7/6W;/6:G87IH!?BJLKBM*HN;1OP;IH!536NQ#;/6:G:9!;IST6USgHN7WhgH!KB?aH�jk6UH-Y

'#(*)!+-,/.�� 2 rsM@M@KB[v7`;IHN7/=@9L? 9!O37/AB6�53687/6:9!;x7`;IH!=@M�H![y[`6:6:? OP;/9L5H!^_9Nbc6LY
α
=@[F7/AB6�H��:=@5�KT7/Az9!Ow7/AB6W6:?aSz9!Ow7/AB6W53687/6:9!;F7`;IH!=@MuOP;/9L5VWH!M@6UH!XLH!M*H��

β
=@[�7/AB6\H��:=@5�KT7/A�9!O%7/AB636:?aS�9!OF7/AB6�53687/6:9!;�7`;IH!=@MOP;/9L5 hgH!KB?aH jk6UH��

x
=@[l7/AB6�ST=@[v7IH!?BG:6yOP;/9L5 hgH!KB?aH jk6UH�7/9VWH!M@6UH!XLH!M*H�H!?aS

δ
=@[�7/AB6lH��:=@5�KT7/A 9!OWVWH!M@6UH!XLH!M*HxOP;/9L5 hgH!KB?aH

jk6UH-Y

$ ¢I�G¡E� �:��| �K¡E�T{E¥~�K���K¥µ�8�µ�8{<¤_| �-�#�:��| |_¡<¤ �-���:��| �g|�®
�8|_�a�w�:�£�-�G¥��g|d�a¢I{E�8|d¤ �G¡ § �-{E¡<� ��|d� �	�!���~ £� �~¢

39 .◦72
�U�

�:��|	�K¥µ�8�µ�8{<¤_|
�-�c�:��|�|_¡<¤ �-�c�:��|��g|��8|_�a�u�:�£�-�G¥W�~¢
Hend =

tan(39.72) · y = 81.9
~a� �-�0���T|]�:��| § �-{E¡<� ��|d� �

$ ¢I�G¡E�|�:��|��K¥µ�8�µ�8{<¤_|��K¡<¤	�:��|,�E�a�8���_�a¡l�£�K¥ ¤_�~¢Q�£�K¡< N|T�t�:��|�-�<¢I�a¥P{^�8|
¤_�~¢Q�£�K¡< N|
�-�]�:��|�|_¡<¤ �-�]�:��|��g|��8|_�a�,�:�£�-�G¥����:�T�
§ �-{E¡<� ��|d�z�~¢

Dmk =
√

H2
end + y2 = 128.25

~a�
� �P�g�G¥~�K�:¥P�T�S�:��|#�E�a�8���_�a¡l�£�K¥t¤_�~¢Q�£�K¡< N|X�-���:��|�¢Q�£�K�I�5�-���:��|

�g|��8|_�a���:�£�-�G¥����:�T� § �-{E¡<� ��|d�  _�K¡ �R| �T�^�£�-�G¡�|d¤ {<¢I�G¡E�
«1�B{<�\�8�G�a¡
� �

v =
x · sin(180− δ − γ)

sin(γ − φ)

���B�
�!��|_�8|

γ
�~¢V�:��|n���!�P�z{^�:�X�-�S�:��|n¢Q�£�K�I�y�-�S�:��|D�g|��8|_�a�V�:�£�-�G¥

���:�T� }]�K¥P|d�-~\�K¥~�)�K¡<¤
φ
�~¢n�:��|#���!�P�z{^�:�|�-�y�:��|#¢Q�£�K�I�5�-�y�:��|

�g|��8|_�a�#�:�£�-�G¥D���:�T� § �-{E¡<� ��|d� � $ ¢I�G¡E�	�:��|x�\�K¥P{�|d¢3���:�T�
� �-�E¥P|x�_�

γ = 99 .◦84
�K¡<¤

φ = 44 .◦30
�y�T�P�a�G¡E�

v = 100.9~a� � �5��|X�E�a�8���_�a¡l�£�K¥t¤_�~¢Q�£�K¡< N|����:�T� }]�K¥P|d�-~\�K¥~�#�:�u�:��|#¢Q�£�K�I�
�-���:��|3�g|��8|_�a�5�:�£�-�G¥y _�K¡��R|� _�K¥~ N{E¥~�\�8|d¤y{<¢I�G¡E��«1�B{<�\�8�G�a¡�� �

v ·
sin(δ + φ)

sin(180− δ − γ)
= 154.5 km

���a�
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$ ¢I�G¡E�X�:��|c�K¡E�T{E¥~�K���K¥µ�8�µ�8{<¤_|!�-�0�:��|]¢Q�£�K�I�þ�-�0�:��|��g|��8|_�a��:�£�-�G¥D�g|d�a¢I{E�8|d¤ �G¡ § �-{E¡<� ��|d� �
44 .◦24

�U�V�:��|w�K¥µ�8�µ�8{<¤_|��-�
�:��|#¢Q�£�K�I�5�-�y�:��|��g|��8|_�a���:�£�-�G¥ �~¢

Hstart = tan(44.24) · v =
98.2

~a� �-�0���T|8�:��| § �-{E¡<� ��|d� ��5��|]�E�a�8���_�a¡l�£�K¥<¥P|_¡E�K�:�w�-�V�:��|��g|��8|_�a�n�:�£�-�G¥0 _�K¡x�R|8�T�^®
�£�-�G¡�|d¤��a�| _�K¥~ N{E¥~�\�8�G¡E�u�:��|�¢I�~¤_|

w
{<¢I�G¡E�,«1�B{<�\�8�G�a¡	� �

w =
√

(sin(φ− β)y)2 + (v − cos(φ − β)y)2
�[�T�

�!��|_�8|
φ
�~¢V�:��|����!�P�z{^�:�#�-�l�:��|n¢Q�£�K�I�y�-�S�:��|D�g|��8|_�a�V�:�£�-�G¥

�g|d�a¢I{E�8|d¤g�G¡ § �-{E¡<� ��|d���
y
�~¢þ�:��|8�E�a�8���_�a¡l�£�K¥<¤_�~¢Q�£�K¡< N|c�-�

�:��|x|_¡<¤ �-���:��|x�g|��8|_�a�#�:�£�-�G¥F���:�T� § �-{E¡<� ��|d�
�K¡<¤
v
�~¢

�:��|,�E�a�8���_�a¡l�£�K¥ ¤_�~¢Q�£�K¡< N|u�-���:��|������	���c�-���:��|l�g|��8|_�a�8�:�£�-�G¥
���:�T� § �-{E¡<����|d� � ­��P�T|_¡ �:�<�\� φ = 44 .◦30

�
β = 41 .◦84

�
y = 98.7

~a� �K¡<¤
v = 100.9

~a���y�:��|,�E�a�8���_�a¡l�£�K¥$¥P|_¡E�K�:�
�-� �:��|3�g|��8|_�a�5�:�£�-�G¥w�~¢

4.7
~a� �­��P�T|_¡|�:��|��K¥µ�8�µ�8{<¤_|d¢!�-���:��|�¢Q�£�K�I�c�K¡<¤y|_¡<¤��-���:��|X�:�£�-�G¥

�K¡<¤ �:��| �E�a�8���_�a¡l�£�K¥!¥P|_¡E�K�:���n�:��| �-�<¢I�a¥P{^�8|
¥P|_¡E�K�:� �-�8�:��|
�:�£�-�G¥y���a¢:¢I{��g�G¡E�8¥P�G¡�|d�K� �:�£���/|d ��:�a�8���y _�K¡z�R|! _�K¥~ N{E¥~�\�8|d¤)¢I�P�u®
ªE¥P�y�a�

L =
√

(98.2− 81.9)2 + 4.72 = 16.96
~a� �


 � �
����� ���^��� �
�E�E���
�5��|i��{����!� ¥G�a�T�~ �®v�<�a¢I|d¤ �:�£�K¡<¢/���a�8���\�8�G�a¡ ���a�8�z{E¥~���~¢)�a _ N{^®
�£�\�8|X�:�w�u¥P|!�T|_¥y�-�$� � �uª����_|_¥~¢#� � �<�-�g�G��� ��|!�g�G�:���%�R�-�T���T� �� �G¡< N|g|d�a £� ª����_|_¥��G¡ �����G�a�l� � ~a� ���P�T|\���£�-�g|z�~¢X�KªEªE�:���_�µ®
���\�8|_¥P�

10′
�0�:��|l���	�_�P�z{�� ¤_��� |_�8|_¡< N|l�R|�� ��|!|_¡	�:��|, ��T�u®

ª�{^�8|d¤  N|_¥P|d¢Q�8�~�K¥þ ��S�a�£¤_�G¡<�\�8|d¢8�K¡<¤	�:��|u�:�8{�|, N|_¥P|d¢Q�8�~�K¥þ ��S�a�I®
¤_�G¡<�\�8|d¢ ���T{E¥~¤ �R|

3.2 · 10′ = 32′ �! {�|u�:�
¢I{��^®±ª����_|_¥þª0�K®¢I�µ�8�G�a¡��G¡E�u�0�K¡�|"�S�:�£�l|_�:�:�a�!�-�
0.5 · 10′

¢I�E�T{E¥~¤��R|)�a¤E¤_|d¤
¢I�
�:��|X�:�K�£�K¥�|_�:�:�a���~¢

32′ + 5′ = 37′ ' 0 .◦617 ��5��|	 ��S�a�£¤_�G¡<�\�8|d¢u�-�]�:��|��g|��8|_�a�u�:�£�-�G¥ �k�µ�:� �:��|�|d¢Q�8�µ®
���\�8|d¤i|_�:�:�a�n�K�8|c�T�P�T|_¡i�G¡y� �-�E¥P|d¢$#w���G¡|¤_|_�a�8|!|d¢:�þ�K¡<¤g�����G¡
�£�a¤_�~�K¡<¢:� �
%'&)( *,+.-�/10 23-�4�5 *,6767896:8<;=-�>'4?*,@'5 8<;A-�>'4?B 4
-�4�896

C 6�2</1D
�5��|8�E�a�8���_�a¡l�£�K¥0¤_�~¢Q�£�K¡< N|:Ec�-�y�:��|�|_¡<¤��-�y�:��|��g|��8|_�a�n�:�£�-�G¥
���:�T� § �-{E¡<� ��|d���~¢� _�K¥~ N{E¥~�\�8|d¤ �<�a¢I|d¤ �a¡

α
�K¡<¤

β
�Ù�:��|

���!�P�z{^�:�<¢|�-�#�:��| |_¡<¤ �-�#�:��| �g|��8|_�a�w�:�£�-�G¥��g|d�a¢I{E�8|d¤ �G¡
§ �-{E¡<� ��|d�,�K¡<¤�}]�K¥P|d�-~\�K¥~�B�1{<¢I�G¡E�,«1�B{<�\�8�G�a¡ � ���|��

yn = x · sin(π − δ− α)
�K¡<¤

σα
�R|8�:��|�|d¢Q�8�P���\�8|d¤

|_�:�:�a�]�-�
α
¢IªR|d N�µ³u|d¤��G¡ � �-�E¥P|z� � �5��|z|d¢Q�8�P���\�8|d¤�|_�:�:�a���G¡

yn
�~¢!¤_|�³<¡�|d¤��a�|«1�B{<�\�8�G�a¡
¶ �

σyn = x · cos(π − δ − α) · σα
= 128.14 · cos(π − 0.692− 1.7394) · 0.0108

cos(0.4969)

' 1.193 ��¶B�
��|��

yd = sin(α − β) � �5��|\|d¢Q�8�P���\�8|d¤�|_�:�:�a�
σyd

�G¡
yd�~¢c¤_|�³<¡�|d¤��a�w«1�B{<�\�8�G�a¡ � �

σyd = cos(α− β) ·
√

σ2
α + σ2

β

= cos(1.7394− 0.7302)·
√

(

0.0108
cos(0.4969)

)2

+
(

0.0108
cos(0.6932)

)2

' 0.0099

�v�-�

$ ¢I�G¡E�w�:��|l|d¢Q�8�P���\�8|d¤�|_�:�:�a�]ªE�:���a�~¤_|d¤��a�
«1�B{<�\�8�G�a¡<¢X¶

�K¡<¤ �a�0�:��|z|d¢Q�8�P���\�8|d¤ |_�:�:�a�
σy

�G¡ E\�~¢8¤_|�³<¡�|d¤ �a�
«1�B{<�\®
�8�G�a¡	¯ �

σy =
x · sin(π − δ − α)

sin(α− β)
·

√

(

σyn

yn

)2

+

(

σyd

yd

)2

' 1.82
��¯B�

�5��| |d¢Q�8�P���\�8|d¤ |_�:�:�a�
σy

�G¡l�:�:�^¤_{< N|d¢ �K¡ |_�:�:�a� �-�
1.82/98.7 '

� � ¯-�GF �G¡ E ���|��
t = tan(ψ)

� �!��|_�8|
ψ
�~¢8�:��|w�K¥µ�8�µ�8{<¤_|��-�n�:��|i|_¡<¤

�-�þ�:��|z�g|��8|_�a�]�:�£�-�G¥#�g|d�a¢I{E�8|d¤��G¡ § �-{E¡<� ��|d� � �5��|z|d¢Q�8�µ®���\�8|d¤�|_�:�:�a���G¡ �w�~¢c¤_|�³<¡�|d¤��a�w«1�B{<�\�8�G�a¡�� �

σt = σψ · cos−2(ψ) = 0.0108 · cos−2(0.6932) ' 0.0183� �B�
��|��

σHe
�R|)�:��|l|d¢Q�8�P���\�8|d¤�|_�:�:�a���G¡

Hend
�V¤_|�³<¡�|d¤ �a�

«1�B{<�\�8�G�a¡ �L� �

σHe = tan(ψ)y ·

√

(

σy

y

)2

+

(

σt

tan(ψ)

)2

' 2.35
�/�L�B�

σHe
�G¡l�:�:�^¤_{< N|d¢��K¡g|d¢Q�8�P���\�8|d¤g|_�:�:�a�þ�-�

2.35/81.9 ' 2.87
F

�G¡
Hend �

%'&IH *,+.-�/10 23-�4�5 *,6767896J8<;�-�>'4LK�-	2<6.-�8<;�-�>'4LB 4
-�4�896
C 6�2</1D

��|��
vn = x · sin(π − δ − γ) � �5��|3|d¢Q�8�P���\�8|d¤y|_�:�:�a�

σvn
�G¡

vn
�~¢c¤_|�³<¡�|d¤��a�w«1�B{<�\�8�G�a¡ �T� �

σvn = x · cos(π − δ − γ) · σγ
= 128.14 · cos(π − 0.692− 1.7425) · 0.0108

cos(0.5707)

' 1.25 �/�T�c�
��|��

vd = sin(γ − φ) � �5��|x|d¢Q�8�P���\�8|d¤ |_�:�:�a�3�G¡
vd

�~¢
¤_|�³<¡�|d¤��a�w«1�B{<�\�8�G�a¡ �c� �

σvd = cos(γ − φ) ·
√

σ2
γ + σ2

φ

= cos(1.7425− 0.7732)·
√

(

0.0108
cos(0.5707)

)2

+
(

0.0108
cos(0.7721)

)2

' 0.0112

�/�c�T�

$ ¢I�G¡E�#�:��|�|d¢Q�8�P���\�8|d¤g|_�:�:�a��ªE�:���a�~¤_|d¤l�a�,«1�B{<�\�8�G�a¡<¢��T��K¡<¤ �c�_�n�:��| |d¢Q�8�P���\�8|d¤ |_�:�:�a�g�G¡ My�~¢w¤_|�³<¡�|d¤ �a� «1�B{<�\®
�8�G�a¡ �7# �

σv =
x · sin(π − δ − γ)

sin(γ − φ)
·

√

(

σvn

vn

)2

+

(

σvd

vd

)2

' 2.04
�/�7#B�

σv
�G¡l�:�:�^¤_{< N|d¢!�K¡�|_�:�:�a�5�-�

2.04/100.9 ' 2.02
F �G¡ M ���|��

q = tan(ξ)
�"� ��|_�8|

ξ
�~¢!�:��|)�K¥µ�8�µ�8{<¤_|��-�$�:��|)¢Q�£�K�I�

�-�þ�:��|z�g|��8|_�a�]�:�£�-�G¥#�g|d�a¢I{E�8|d¤��G¡ § �-{E¡<� ��|d� � �5��|z|d¢Q�8�µ®���\�8|d¤�|_�:�:�a���G¡ NW�~¢!¤_|�³<¡�|d¤��a�|«1�B{<�\�8�G�a¡ �!� �
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n_ocp:q*.��l2zZR9Lf_9�G:6:?�7`;/=@GkG:9�9!;IST=@?aHN7/6:[�<>=@?iST6:J!;/6:6:[IQ%9!O 7/AB6k[v7IHN;`7�H!?aSz6:?aSz9!O 7/AB6k53687/6:9!;F7`;IH!=@MRH!?aSz7/AB6:=E;D6:[v7/=@5\HN7/6USz68;`;/9!;
§ �-{E¡<� ��|d� }]�K¥P|d�-~\�K¥~�

� �£�K�I� �
���
φ
���T� � #T� ± 0.617

cos(44.24)

�
���
γ
���T� � ¯-� ± 0.617

cos(32.70)�c¥µ�N���T� � ��� ±0.617
�c¥µ�N� #B� � ��� ±0.617«�¡<¤ �
���

β
���u� � ¯-� ± 0.617

cos(39.72)

�
���
α
���T� � ¶a¶ ± 0.617

cos(28.47)�c¥µ�N� #T� � �-� ±0.617
�c¥µ�N���K¯ � �_� ±0.617
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cos(0.7721)
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�z� � �c�a�
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σHs
�R|8�:��|3|d¢Q�8�P���\�8|d¤y|_�:�:�a���G¡

Hstart
�E¤_|�³<¡�|d¤y�a�

«1�B{<�\�8�G�a¡ ��� �
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(σv

v

)2
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(

σq

tan(ξ)

)2
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s2j�x�dgo;hm�N� fLnNo`bq�m�\�oqf �Lo;dgfix4\N�idg|PnN_mb
�g���tp \^dN]~b`��fLnNo`bq�m��\^dN]~b.ngl°u�p�jk\�fi]��ªd�b
∼ 49 .◦9

�6�
2 .◦6

§�� � �Lj�]�z�dX�N\0d�]`�idgakakn��0�L�LoqnN|idg|Lak�efL\^dgo`�zNo;d���jkfLzi�2\�f�bqoq� dgfLzNak\Tngl
x4jko;x�d
15◦

l�oqnNp bq�L\w�LnNoqj���nNf�b;dga¬�dgfihTd¡�tj�]`jk|Lak\0d�bqp�n�]`�L�L\�oqj�x��id�bq�:ak\�fLzgbq�Tngl
∼ 195

�tpT�
� �L\0dN]q]`_Lp��mbqjknNfebq�id�b�]`\��N\�o;dgaPjkfihm\��P\�fihm\�f�b�\^]~bqjkp(d�bq\^]l�nNo�bq�L\Fl�_Lakac�¬bqo;dgjka"hm_Lo;d�bqjknNf ngl¯dgoqnN_Lfih �g�X}m¿N�(]���\�oq\¡x4akn�]`\bqn�bq�L\0bqoq_mbq�wz�dX�N\
d�p�\^dgfwd�bqp�n�]`�L�L\�oqj�x��N\�aknmx4jcb~��ngl2]`nNp�\

� }ª�^�F�tp � ]��m�.�Lj�x;�T�idNhep�n�]~b�akjk�N\�ak�e]`jkzNfLj � x�dgf�bqak�ehm\^x4\�ak\�o`�d�bq\^hehm_LoqjkfLz6bq�L\�«ijkzN��b�l�oqnNp dgfenNoqjkzNjkfidga�¥��LoqnN|idg|Lak��jkf�bq�L\|Pngb`bqnNp \�fih ngl2bq�L\�p�\4bq\�nNoqj�x6o;dgfLzN\ ¦ ngl¯bq�L\¡nNo;hm\�o�ngl��N�y}�X� �tp � ](nNo�d akjcb`bqak\wp�nNoq\N� ¢Rf bq�L\ dg|i]`\�fix4\Tngl0hm\4b;dgjkak\^hjkp(dgzNjkfLz hLd�b;dL�0�.�Lj�x;� ��nN_La�h |P\ fL\^x4\^]q]qdgoq� l�nNo hm\ � fLjcbq\x4nNf � oqp(d�bqjknNf��Nbq�Lj�]?hm\^x4\�ak\�o;d�bqjknNf��tdgfih(bq�L\��Pngbq\�f�bqj�dgaª�LoqnN|m�ak\�p(].bq�L\F�N\�oq�eakn�� jkf�bqo;d��Rd�bqp�n�]`�L�L\�oqj�x��N\�aknmx4jcb~�ep(dX�e�idX�N\x4oq\^d�bq\^h ¥àl�nNo¡\4�Ldgp��Lak\N�2d �Pn�]q]`jk|Lak\�fLnNfm��oq\^xybqjkakjkfL\^dgo¡d�bqp�ng�]`�L�L\�oqj�xe�id�bq���?hm_L\:bqn bq�L\T§¯dgo`bq��½¾]�zNo;dX�tjcb;d�bqjknNfidga�d�b`bqo;dNxy�bqjknNf ¦ ���idX�N\2|P\�\�fFjkzNfLnNoq\^hA� � �L\��N\�aknmx4jcb~��o;dgfLzN\°bq�t_i]�\^]~b;dg|m�akj�]`�L\^h:]`_LzNzN\^]~bq\^h(bq�L\
|PnNakj�hm\
�?dN]?hm_L\�bqn(dFfid�bq_Lo;dga¬�ta�dgoqzN\N�p�\4bq\�nNoqnNj�hA��dgfih �?dN]�fLngb0dep(dgfm��p(dNhm\¡oq\4��\�f�bqoq�T\��N\�f�b0dN]�idNh:|P\�\�fT\^dgoqakjk\�o.]`_i]`�P\^xybq\^hA�
s2oqng­~\^xybqjkfLz d ]~bqo;dgjkzN��b`��akjkfL\ �id�bq� dgaknNfLz bq�Lj�]d�bqp�n�]`�L�L\�oqj�x0bqo;d�­~\^xybqnNoq�:l�oqnNp bq�L\¡�tj�]`jk|Lak\¡\�fih �PnNjkf�b^�Ajkp¡��Lakjk\^h d p(d��mjkpF_Lp¡�Rhmj�]~b;dgfix4\ jkp��idNxybT�PnNjkf�b:l�nNowdgft� ]`_Lo`��tjk�tjkfLz p�\4bq\�nNoqjcbq\^]¡dg|PnN_mbe�g� �tp fLnNo`bq�m��\^dN]~b¡ngl0{�oqa��^dgfi]���Lo;dgfix4\N�.d�b

∼ 48◦
�6�

2 .◦1
§��?dgacbq�LnN_LzN� dgft� p�\4bq\�nNoqjcbqj�xl�o;dgzNp�\�f�b;]�p�jkzN��b��idX�N\:lJdgakak\�f \^dgoqakjk\�o(jkf bq�L\ hLdgoq� «ijkzN��b]~b;dgzN\N�L]`nNp�\��?dX�e]`nN_mbq�:ngl�s°dgoqj�]��°��n�oq\��PnNo`b;]?ngl"dgft�(�Pn�]~�]`jk|Lak\ep�\4bq\�nNoqjcbq\^]FdN]q]`nmx4j�d�bq\^h �.jcbq� bq�Lj�]F|PnNakj�hm\��idX�N\�|P\�\�fl�nN_LfihA���Ln���\��N\�o^� � �L\(fL\^dgo`��zNo;d���jkfLz��LjkzN�m�Rdgacbqjcbq_ihm\�bqo;dNx;�ª�dgfih bq�L\ aknNfLz hm_Lo;d�bqjknNf dgfih �L\^dX�t� l�o;dgzNp�\�f�b;d�bqjknNfnN|i]`\�oq�N\^h�jkfebq�L\�p�\4bq\�nNo?dg|La�d�bqjknNf���nNfL\N�toq\^hm_ix4\�bq�L\
�Pn�]q]`jc�|Ljkakjcb~�Tngl¯dgft�T]`_Loq�tjk�tjkfLz(�Ljk\^x4\^]�a�dgoqzN\0\�fLnN_LzN�Tbqne|P\F\^dN]`jkak�l�nN_LfihTd�b?bq�L\6]`_Lo`lJdNx4\N�m_Lfml�nNo`bq_Lfid�bq\�ak�N�

vwn��tjkfLz6nNf�bqn6bq�L\��Pngbq\�f�bqj�dgaP��o;dNx4nNfLj�h(�P\�oqjknmhA�tdF]qx�d�b`�bq\�oqjkfLz�ngli�N\�oq�
��\^dg�
�tj�]`_idga�o;d�bq\^] ��\�oq\?]`_LzNzN\^]~bq\^h0|t�0]`nNp�\N�|L_mb2fLngb¯dgaka¬�NdNxybqjk�N\?nN|i]`\�oq�N\�o;]�� � �L\^]`\.��\�oq\�nglàbq\�f(]`n
akn�� dN]bqn�|P\¡]`jkp��Lak�T]`�PnNo;dNhmj�x�].akjkfLjkfLze_L�w�.jcbq�wbq�L\FzN\�fL\�o;dga ��o;d��x4nNfLj�h¡o;dNhmj�dgf�b¯dgoq\^d�|t��x;�idgfix4\N��©�jkoqn�]`�Ljª{�z�dX�?d¡¥¬�g�N��� ¦ oq\4��PnNo`bq\^he��o;dNx4nNfLj�h:¨ª©�[�]�ngl�dg|PnN_mb � nNfw{�xybqnN|P\�o?�Fdgfih �^�n��N\�o���dg�idgf��idgacbq�LnN_LzN�:ngbq�L\�o��tj�]`_idga�hLd�b;d�nNf:bq�Ln�]`\
fLjkzN��b;]lJdgjkak\^h(bqn�]`�Ln�� dgft�(x4nNp��idgo;dg|Lak��x4ak\^dgo?dNxybqjk�tjcb~�(\�a�]`\��.�L\�oq\N�
� �L\ o;dNhmjkn oq\^]`_Lacb;]�]`\�\�p bqn �idX�N\w�Loqn��tj�hm\^h d o;d�bq�L\�op�nNoq\Fx4nNfix4ak_i]`jk�N\�ak�efL\�z�d�bqjk�N\6�tjk\��0��u�acbq�LnN_LzN� ��\^dg�eo;dNhmjknp(d��mjkp(d:�idg�L�P\�fL\^h jkf ]`\��N\�o;dga°hLd�b;dN]`\4b;]�nNf {�xybqnN|P\�o0 L� �nNo��^�L�gbq�L\�nNfL\.lJdNxybqnNo¯x4nNf � oqp�\^h�jkfedgakaPx�dN]`\^]°�?dN]°bq�id�b¯bq�L\]~bqoqnNfLzN\^]~b�oq\^]`�PnNfi]`\6�?dN]�l�nN_Lfihw�.�L\�f bq�L\¡��o;dNx4nNfLj�hwo;dNhmjc�dgf�b¯�?dN]2d�b?dg|PnN_mb¯jcb;]2akn���\^]~b°l�nNo2bq�L\�hLdX�.6 jkf�]`nNp�\�x�dN]`\^]�.�L\�f jcb0�?dN]�|P\�akn�� bq�L\��LnNoqj���nNf��Fu p�jkfLnNo0�P\^dg� dgoqnN_Lfih

λ� = 195◦
}
196◦

�?dN]�nNfL\ ngl0bq�L\ \��N\�f�b;](l�nN_Lfih jkf bq�L\�LnNoq�?dgo;h rmx�d�b`bq\�o�vw\4bq\�nNo	�2\^dgo(dgfidgak�m]`\^]Fl�oqnNp bq�L\ ]~b;dgo`b¥àbq�L\Tp�n�]~b(oq\^x4\�f�b�_L�ªhLd�bq\T�?dN]:¥Jv x���\^d�bq���?�g�N�L� ¦`¦ � � �L\�g�N���0oq\^]`_Lacb;].]`_LzNzN\^]~b�bq�id�b^�m\4�Lx4\��mb�jkf �^�N�N Fdgfih �^�N�N�L��bq�L\

�P\^dg� dgoqnN_Lfih bq�Lj�]¡bqjkp�\w�idN]�fLngb(|P\�\�f zN\�fL\�o;dgakak� hm_L\Tbqnbq�L\:��o;dNx4nNfLj�hL]�� [.\^x4\�f�b�hmj�]qx4_i]q]`jknNfi]6jkfihmj�x�d�bq\ejcb�p(dX� |P\hm_L\Tbqn a�d�bq\ rt\4�tb;dgf�bqj�h dNxybqjk�tjcb~� jkfi]~bq\^dNh ¥��P\�o;]`nNfidga�x4nNp¡�pF_LfLj�x�d�bqjknNfi]��.jcbq�w��jkoq�eu�o`bqntn�]��L�g�N�N¿ ¦ �"©�n���\��N\�o^�md¡x4akn�]`\jkfi]`�P\^xybqjknNf ngl�bq�L\ hLd�b;d jkfml�\�o;](]`nNp�\:ngl�bq�L\ dNxybqjk�tjcb~� |P\4�b~��\�\�f�dg�L�LoqnX�mjkp(d�bq\�ak�
22h ��� nNf:{�xybqnN|P\�o¯ 6dgfih

15h ���nNf�{�xybqnN|P\�o?�^��p�jkzN��b2|P\?|P\^x�dg_i]`\?nglP��\^dg�6��o;dNx4nNfLj�hFo;d�bq\^]d�làbq\�oFdgaka¬� � �L\^]`\ � fihmjkfLz�]6dgoq\�fLngb¡x4\�o`b;dgjkf�� |L_mb6jcbF��nN_La�h|P\�|P\�fL\ � x4j�dga"bqnT�idX�N\¡p�nNoq\N� dgfih l�_Lakak\�o^���tj�]`_idga°p�nNfLjcbqnNo`�jkfLz6nglªbq�L\��.�LnNak\���o;dNx4nNfLj�h¡\��Pnmx;�06 �Pn�]q]`jk|Lak�6bq�LoqnN_LzN��bqn{�xybqnN|P\�o0�N��6 jkf:l�_mbq_Loq\N��­~_i]~b�jkfwx�dN]`\N�
§°�Ldgp�jkfid�bqjknNf ngl�bq�L\:o;dNhmjkn oq\^]`_Lacb;]¡fL\^dgo6bq�L\ {�oqjknNfLj�hp(d��mjkpF_Lp hmj�]qx4n��N\�oq\^hFd�zN\�fL\�o;dgakak�0��\^dg�0oq\^x4_Loqoq\�fix4\�nglibq�L\]`�Ln���\�o^� ¢�b �?dN] d�b jcb;] |P\^]~b d�b ]`nNp�\ ��dgzN_L\ bqjkp�\ |P\4�b~��\�\�f {�xybqnN|P\�o �^� dgfih �N�m� � �L\ \4�m�P\^xybq\^h p(d��mjkpF_Lp]`�LnN_La�h �idX�N\ lJdgakak\�f nNf {�xybqnN|P\�o �m� ¥Jv x���\^d�bq� À u�oqacb^��g�N�L�N�g���P�N� ¦ ��|L_mb�fLnFx4nNfi]`\�fi]`_i]"bqn6bq�id�b�\4±ª\^xyb��?dN]2dg�L�idgo`�\�f�b^� � �L\�oq\(�?dN]0]`nNp�\(\��tj�hm\�fix4\�bq�id�b6bq�L\��Loq\4��p(d��mjkpF_Lp�P\^dg�6]`nNp�\4bqjkp�\^]�l�nN_LfihFnNf�{�xybqnN|P\�o?��� � �^ ?oq\^x4_Loqoq\^h0jkf6bq�L\o;dNhmjkn¡oq\^]`_Lacb;]?jkfw�g�N���m��bq�LnN_LzN�:�LoqnN|idg|Lak�(�tjk\�a�hmjkfLz(]`akjkzN��bqak���\^dg�N\�o�o;d�bq\^]�bq�idgf:bq�L\0p(dgjkf:p(d��mjkpF_LpT�Ljcl°]`ni�
¢Rf bq�L\T�tj�]`_idga?hLd�b;dL�°��\^dg� {�oqjknNfLj�h ¨ª©�[�]:¥JdN]q]`_Lp�jkfLz

r = 2.9 ¦ ≤ 6
�P��\�oq\0l�nNakakn���\^h:l�oqnNp {�xybqnN|P\�o
� ��� bq�LoqnN_LzN�bqn ��¤ � �X�Td�bFak\^dN]~b^�°|t� �.�L\�f bq�L\e�?d��mjkfLz zNjk|L|PnN_i]FvwntnNf�?dN].|P\^x4nNp�jkfLzed�]`jkzNfLj � x�dgf�b��LoqnN|Lak\�p �tjko`bq_idgakak�Tdgaka fLjkzN��b^�u.làbq\�o�bq�Lj�]��mx4nNp��L_mbq\^h:¨ª©�[�]¯��\�oq\�jkfix4oq\^dN]`jkfLzNak�¡ak\^]q]¯dNx�x4_m�o;d�bq\N�T��d�b;dTl�oqnNp {�xybqnN|P\�o���� � �^ T]`_LzNzN\^]~bq\^h ¨ª©�[�]6��\�oq\

∼ 14 ± 4
�A�.jcbq� d:]`jkp�jka�dgo

∼ 16 ± 6
bq�L\¡l�nNakakn��.jkfLz:fLjkzN��b^�|L_mb¯bq�L\^]`\���dgak_L\^]2��\�oq\�fLngb�oq\�akj�dg|Lak��x�dga�x4_La�d�bq\^h�|P\^x�dg_i]`\�nglbq�L\6|LoqjkzN��b�]`�t�N� � �L\0a�dNx;�engl"�tj�dg|Lak\6hLd�b;d�p�\^dgfi]�x4nNf � oqp¡�jkfLz bq�L\T�Pn�]q]`jk|Lak\To;dNhmjkn {�oqjknNfLj�h �Loq\4��p(d��mjkpF_Lp �P\^dg� nNf{�xybqnN|P\�o0���Fdgfih �^ ¡�?dN]�fLngb��Lo;dNxybqj�x�dga¬�2��n(�?d�b;x;�L\^]?��\�oq\x�dgoqoqjk\^h�nN_mb�x4akn�]`\°\�fLnN_LzN��bqn.bq�L\2�LoqnN|idg|Lak\°p(dgjkf0p(d��mjkpF_Lpbqn6x4nNf � oqp jcb�nNo°jcb;]2o;dNhmjkng����\^dg�6]~bqoq\�fLzgbq��\�jcbq�L\�o^�°��_L|Ljk\4bqj�]¥¬�g�N�N¿ ¦ jkfihmj�x�d�bq\^h o;d�bq\^]0]`�LnN_La�h �idX�N\�|P\�\�f oq\�a�d�bqjk�N\�ak�wakn��l�oqnNp bq�L\
]`nN_Lo;x4\�bq�Lj�]¯bqjkp�\N�Ld¡x4nNfix4\��mb¯bqn¡�.�Lj�x;��bq�L\
o;dNhmjknnN|i]`\�oq��d�bqjknNfi]?d�b.ak\^dN]~b�x4nN_La�h:|P\ � b`bq\^hA�

� �L\�oq\¡�?dN]�akjcb`bqak\�o;dNhmjkne\��tj�hm\�fix4\N��dgfih fLnNfL\6l�oqnNp bq�L\]qx�dgf�b
�tj�]`_idga"oq\��PnNo`b;]��Pbqnw]`_L�L�PnNo`b0]`jkzNfLj � x�dgf�bqak�w\�fL�idgfix4\^h� dg_Loqj�h¡dNxybqjk�tjcb~�Fjkf�a�d�bq\�{�xybqnN|P\�o^��dN]"�?dN]"a�dN]~b¯]`\�\�f�jkfT�^�N�N ¥Jv x���\^d�bq�����^�N�N�Lêªu�oqacb^�A�g�N�N� ¦ � � �L\�oq\6�?dN]�d(p�jkfLnNo��P\^dg�jkf o;dNhmjkn dNxybqjk�tjcb~� dgoqnN_Lfih {�xybqnN|P\�oe¿L�N���.�Lj�x;� �idN](|P\�\�f��_Ljcbq\6x4nNp�p�nNfLak�e]`\�\�f:|P\4l�nNoq\(¥Jv x���\^d�bq���P�g�N�L� ¦ �


 � ¸
� 5
� 3.5�·
vwn�]~b ngl¡bq�L\ �tj�]`_idgaFhLd�b;d hm_LoqjkfLz bq�L\ p�nNf�bq� �?dN]wx4nNfm�x4\�f�bqo;d�bq\^hwdgoqnN_LfihTbq�L\¡��\�nNfLj�hL]��AdN]��idN]�dgakoq\^dNhm�:|P\�\�f hm\4�b;dgjkak\^h \�a�]`\��.�L\�oq\N� rtnNp�\ x4n��N\�o;dgzN\�ngl�bq�L\ � dg_Loqj�h �P\^dg�m]�?dN]�dNx;�Ljk\��N\^hebqntni�i\^dgoqakjk\�o�jkfTbq�L\Fp�nNf�bq���ijkfihmj�x�d�bqjkfLz(bq�id�b]`�Ln���\�o°o;d�bq\^]"��\�oq\.nglªbq�L\�jko°b~�t�Lj�x�dgaPx;�idgo;dNxybq\�o�bq�L\�f ¥�¨ª©�[�]
∼ 5

l�oqnNp \^dNx;�:|Lo;dgfix;�:ngl�bq�L\6]~bqoq\^dgp n��N\�o�bq�L\0p(d��mjkp(d ¦ �� �Lj�]0jkp��Loq\^]q]`jknNf �?dN]0|PnNoqfL\(nN_mbFjkf dT|Loqjk\4l?\4�Ldgp�jkfid�bqjknNfngl¯bq�L\(o;dNhmjkn:nN|i]`\�oq��d�bqjknNfi]��¡��nT_LfL\4�m�P\^xybq\^h o;dNhmjknT]`�Ljk�N\^]��\�oq\Fl�nN_Lfih hm_LoqjkfLz:bq�L\
α
�RvwnNfLnmx4\�oqngbqj�h fL\^dgo`���P\^dg�Tbqjkp�\N�nNf ��n��N\�pF|P\�o0�m�N�A\�jcbq�L\�o^��u�]�bq�Lj�]0�?dN]�l�_Laka¯vwntnNf fLjkzN��b^�jcb�j�]¡]qx�dgo;x4\�ak� ]`_Loq�Loqj�]`jkfLzwbq�L\�oq\:��\�oq\��tjko`bq_idgakak� fLn �tj�]`_idga]`jkzN��bqjkfLz�]2ngl�]`�Ln���\�o¯p�\4bq\�nNo;]°bq�L\�f��mfLnNfL\�d�b.dgakaPjkfihmj�x�d�bqjkfLzdgft��_Lft_i]`_idgaAo;d�bq\^]��
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8!9,:�;=<>+�� /0Ô�Ì;Ñ0ÂÏÙ�Âcá��u��Ø¯É�ÂÏÙ6Á?Ì;Ý;Ì;Ñ�ÕmÌqÃ]�/�Q�1�+�kÃ~È^Ñ ÜNÿLÆ ö¡ÌNcÇ~Ì;È�Ã�ÜgÌ;ÝqÇ~ÂÏÈ^Ù¡Ã~Ì;ÉRÐ�ÍÄÇ~É;ÓmÝ;È^Ñ0õ�ÐNÇ~Ìyá¡×�ÉRÉRÐ�Ñ0ÂÏÙ�Î
r = 2.6

l¯Û"Þ�Ì.Ç~ÂÏÑ0ÌÈ/� D�Ã~É�Ç���Ðt×4ÃRÇ~ÌqÃ ö¡È�È^Ù�ÂÏÉ�×�ÍÏÉRÈ?Ñ6×4Ã~ÅXÌyáLÓ4ÂÏÙtáNÂÏÝy×4Ç~ÂÏÙ�Î¯Ç~Þt×4ÇAÇ~Þ�Ì"á�×4Ç'c×�õmÈ^ÂÏÙ�Ç~É�Ç~È6Ç~Þ�Ì�Ã~ÂÏÎ^Þ�Ç?È/� Ç~Þ�Ì�ÍÏÂÏÙ�Ì
×4Ã~Ì�ÍÏÂÏÅXÌ;ÍÄä�Ç~ÈFÕmÌ�ÙgÐ�Ñ0ÌqÃ~ÂÏÝy×�ÍÏÍÄäÍÏÌ;ÉRÉ.Ã~Ì;ÍÏÂc×�Õ�ÍÏÌ0Ç~Þ�Ì�Íc×4Ç~ÌqÃ�ÂÏÙeÁ?Ì;Ý;Ì;Ñ�ÕmÌqÃ?Ç~Þ�Ìqäe×4Ã~ÌQl0â¬Ùeõt×4ÃRÇ~ÂÏÝ;Ð�Íc×4ÃyÓÇ~Þ�Ì�Ñ6×�dNÂÏÑ�Ð�Ñ Ã`×4Ç~Ì;É°È^ÙFÁ?Ì;Ý;Ì;Ñ�ÕmÌqÃ6�	��Ñ6×;ä�ù"Ì;ÍÏÍiÕmÌ�ÉRÈ^Ñ0Ìqù2Þt×4ÇÂÏÙ�
m×4Ç~Ìyárl

� 
 5 » 5
� 3.5�·
��\4l�nNoq\6bq�L\(£�\�p�jkfLj�hL]�zNngb�_Lfihm\�oq�?dX�N�ªd�|LoqjkzN��b � oq\�|idgaka�ngl�LoqnN|idg|Lak�0p(dgzNfLjcbq_ihm\

−5 � −8
�idNhFdgakoq\^dNhm�0]`�Lngb°dNx4oqn�]q]�bq�L\]`nN_mbq�L\�oqf � n��AnNf ��\^x4\�pF|P\�o0¤ � �m�¡rtjc� nN|i]`\�oq�N\�o;]�jkf x4\�fm�bqo;dgaªbqn�]`nN_mbq�L\�oqf:§2fLzNa�dgfiheoq\��PnNo`bq\^h:hm\4b;dgjka�]?nNf:jcb^�i]`\��N\�o;dgangl°�.�LnNp ��\�oq\
nN_mb.bqne]`�Pngb.bq�L\6¢Rf�bq\�oqfid�bqjknNfidga rt�idNx4\Fr�b;d��bqjknNf�½¾]T�idN]q]:d�bwdgoqnN_Lfih bq�L\ ]qdgp�\ bqjkp�\N� � �Lj�]:ak\^h bqn dhm\�zNoq\�\�ngl�]qx�d�b`bq\�o�jkf�bq�L\�bqjkp�jkfLz�]¯l�nNo¯bq�L\
\��N\�f�b^���.jcbq�:nN_mb`�ak�tjkfLz
\^]~bqjkp(d�bq\^]�|P\4b~��\�\�f

19h15m } 19h25m ��� � � �L\�p�\^dgf�?dN]
19h17m±2m ��� � � �Lj�]2dga�]`n
ak\^hFbqn0l�\�� dNx�x4_Lo;d�bq\.]`�t����Pn�]`jcbqjknNfi]�l�nNo?bq�L\
�tj�]`jk|Lak\�bqo;dgjkaA|P\�jkfLz�oq\^x4\�jk�N\^hA�mdgfihejcb.�?dN]fLngb��Pn�]q]`jk|Lak\2bqn�hm\�oqjk�N\°\��N\�fFdgf6dg�L�LoqnX�mjkp(d�bq\2]`_Lo`lJdNx4\°bqo;dNx;�l�oqnNp bq�Ln�]`\�bq�id�b°��\�oq\N� � �L\ � oq\�|idgakat�LoqnN|idg|Lak�0�idN]q]`\^h6�LjkzN�dg|Pn��N\°bq�L\�zN\�fL\�o;dga�dgoq\^d.ngli]`nN_mbq�6² dgak\^]�bqn�bq�L\.rt\��N\�oqf�m2dgac�ak\�� � ��oqj�]~bqnNa�®¯�idgfLfL\�a¬� �Pn�]q]`jk|Lak� nNf dToqnN_LzN�Lak�wfLnNo`bq�m����\^]~bbqnw]`nN_mbq�m��\^dN]~b�bqo;d�­~\^xybqnNoq�N�ª|L_mb0bq�Lj�]
j�]
_Lfix4\�o`b;dgjkf�� � ��n:nglbq�L\�nN|i]`\�oq�N\�o;]�fLngbq\^h¡l�o;dgzNp�\�f�b;d�bqjknNfFbqntnN�F�La�dNx4\N�N�LoqnN|idg|Lak�a�d�bq\ jkf jcb;](«ijkzN��b^�.dgfih dgakp�n�]~b�dgaka�dgzNoq\�\^h jcbe�?dN](|LoqjkzN��bzNoq\�\�f:jkfwx4nNaknN_Lo^�
{�fix4\ bq�L\ £�\�p�jkfLj�hL] |P\�z�dgf bqn dg�L�P\^dgo^� x4n��N\�o;dgzN\bq�LoqnN_LzN�LnN_mb(bq�L\ ]`�Ln���\�o��?dN]�oq\�p(dgoq��dg|Lak� zNntnmhA�?dN]���jkzg�_Loq\¡��]`�Ln���]��2² �Ljkak\F]`nNp�\0�Pn�]q]`jk|Lak\6dNxybqjk�tjcb~�e�?dN].x4a�dgjkp�\^hnNf ��\^x4\�pF|P\�o � dgfih � �Fjcb j�] x4ak\^dgo bq�Lj�] nNfLak� oq\^dNx;�L\^h�tj�]`_idgakak�:hm\4bq\^xyb;dg|Lak\0ak\��N\�a�]?l�nNo�p�nNoq\�bq�idgfwdgfTj�]`nNa�d�bq\^h:nN|m�]`\�oq�N\�o�|t��bq�L\ ��� \��N\�fLjkfLz¡�LnN_Lo;]¯ngl���\^x4\�pF|P\�o��t� � �Lj�]�j�]�.�id�b��idN].|P\�\�f:b~�t�Lj�x�dgakak��l�nN_LfihT|P\4l�nNoq\N��u.làbq\�o � o;]~b���_idgo`�bq\�o¯vwntnNf���bq�L\�x4nNp��L_mbq\^h�¨ª©�[�]°|P\^x�dgp�\.jkfix4oq\^dN]`jkfLzNak�0ak\^]q]oq\�akj�dg|Lak\N�LdN]�bq�L\6x4nNoqoq\^xybqjknNf�lJdNxybqnNo;]?p�nN_Lf�bq\^hA� � �L\0p�ntnNfm�akjcb�p(d��mjkpF_Lp o;d�bq\^]�ngl

∼ 200± 12
dNx;�Ljk\��N\^hedgoqnN_Lfih

10h }
11h ��� nNfT��\^x4\�pF|P\�o6��¤w¥

λ� = 262 .◦20
}
262 .◦24 ¦ �mp�nNoq\x4ak\^dgoqak� ]`\�\�f jkf ��jkzN_Loq\T¿L�¯dgoq\Tdgakp�n�]~b�x4\�o`b;dgjkfLak� jkfm«Pd�bq\^hdg|Pn��N\
bq�L\Foq\^dga�ak\��N\�a¬�.©�n���\��N\�o^�tbq�L\FzN\�fL\�o;dga�x;�idgo;dNxybq\�o.nglbq�L\��P\^dg�Fj�]2p�nNoq\.akjk�N\�ak�6bqn6|P\�dNx�x4_Lo;d�bq\N�NjclAfLngb2bq�L\��Loq\^x4j�]`\ft_Lp�\�oqj�x�dgaP��dgak_L\^]�� � �L\ 2+

hLdX�¡oqj�]`\�bqn0bq�L\��P\^dg�ª�tdgfih�bq�L\�N\�oq�eo;dg�Lj�helJdgaka�d�làbq\�oq�?dgo;hL]��Ldgoq\
��\�akac��\^]~b;dg|Lakj�]`�L\^hel�\^d�bq_Loq\^]ngl"�idN]~b�£�\�p�jkfLj�h:oq\4bq_Loqfi]��
¢Rf bq�L\¡o;dNhmjkn:hLd�b;dL�Ad(b~�t�Lj�x�dgakak� ]~bqoqnNfLz:£�\�p�jkfLj�h �P\^dg�oq\^]`�PnNfi]`\e�?dN]¡]`\�\�f jkf bq�L\:p�nNoq\eoq\�akj�dg|Lak\eoq\^]`_Lacb;]��2dN]6bq�L\

8!9,:�;=<>+�� / Æ Ý;ÍÏÈ^ÉRÌNcJÐ�õ È/��Ç~Þ�Ì:Ô�Ì;Ñ0ÂÏÙ�Âcá Ù�Ìy×4Ã'cJõmÌy×�Å Ã~Ì;ÉRÐ�ÍÄÇ~É;ÓÌNdgÇRÃ`×�ÝqÇ~Ìyá��kÃ~È^Ñ ôªÂÏÎ^ÐNÃ~Ìo�Dl

]qdgp��Lak\6zNo;dg�L�i].jkf ��jkzN_Loq\6¤e]`_LzNzN\^]~b^��u�f \4�Ldgp�jkfid�bqjknNfwnglbq�L\^]`\N��dgakakn��.jkfLz�l�nNo�bq�L\¡o;dNhmj�dgf�b�\�ak\���d�bqjknNf��Ajkfihmj�x�d�bq\^hwbq�L\p�n�]~b(�LoqnN|idg|Lak\:�P\^dg� bqjkp�jkfLz �?dN]¡nNf ��\^x4\�pF|P\�ow��¤i�¯|P\4�b~��\�\�f
11h } 14h ��� ¥

λ� = 262 .◦24
}
262 .◦37 ¦ ���.jcbq� bq�L\]~bqoqnNfLzN\^]~b�x4nN_Lf�b;]�dgoqnN_Lfih

13h ��� ¥
λ� = 262 .◦32 ¦ � � �Lj�]p�jkzN��b.jkp��Lak�(bq�L\
o;dNhmjkn¡p(d��mjkpF_Lp �?dN]?dFakjcb`bqak\0a�d�bq\�o�bq�idgfbq�L\T�tj�]`_idga�nNfL\N� � �L\:�Loq\^hmj�xybq\^h �P\^dg� �?dN]¡hm_L\:|P\4b~��\�\�f

07h45m } 12h30m ��� ¥
λ� = 262 .◦1

}
262 .◦3 ¦ nNf ��\^x4\�p¡�|P\�o ��¤i�0p�nNoq\ akjk�N\�ak� bqn��?dgo;hL]

10h ��� ¥
λ� = 262 .◦2 ¦¥Jv x���\^d�bq� À u�oqacb^�2�g�N�L�N� �����^� ¦ � � �L\ep(d��mjkpF_Lp bqjkp�\^]l�nN_Lfih jkf bq�L\F�tj�]`_idga"dgfih o;dNhmjkn�oq\^]`_Lacb;]�]`\�\�p jkfm��akjkfL\F�.jcbq�bq�L\^]`\0�Loq\^hmj�xybqjknNfi].d�b.ak\^dN]~b^�

��\4b~��\�\�f¡bq�L\
£�\�p�jkfLj�hL]�dgfih � o;]`j�hL]¯x�dgp�\�dgfLngbq�L\�o¯x4_m�oqjknN_i]��Lakntn�]`\�ak���Rhm\ � fL\^hA� � oq\�|idgaka��Äx4ak_i]~bq\�o^½Ln��N\�o?bq�L\ � n��LnNf��\^x4\�pF|P\�o6��� � �^ Fdgfih �^  � �^�L�°{�fL\ � oq\�|idgakaAnNf:\^dNx;�:fLjkzN��b�?dN]"]`\�\�f6l�oqnNp pF_Lacbqjk�Lak\�]`jcbq\^]��gdN]"hm\4b;dgjkak\^hF|P\�akn��0� ¢Rf�dNhLhmjc�bqjknNf��Pd�b�ak\^dN]~b.b~��n(ngbq�L\�o � oq\�|idgaka�].nmx�x4_Loqoq\^henNfw��\^x4\�pF|P\�o��� � �^ L�2]`\�\�f |t� ]`jkfLzNak\:nN|i]`\�oq�N\�o;]��2d�b
20h42m ��� ¥àl�oqnNpfLnNo`bq�m����\^]~b�§2fLzNa�dgfih ¦ � dgfih dg|PnN_mb 00h30m ��� ¥àl�oqnNp jkfm�hmntnNo;]2jkf:rtnN_mbq��² dgak\^] ¦ �2rt_ix;�ed6oq\�a�d�bqjk�N\.zNoqnN_L�LjkfLz6ngl � oq\4�|idgaka�]�nNf ��\^x4\�pF|P\�o ��� � �^  j�]e_Lft_i]`_idga¬�?bq�LnN_LzN� fLngb:_Lfm��Loq\^x4\^hm\�f�bq\^hA�2dgfih l�oqnNp bq�L\:dgfidgak�m]`\^h hm\4b;dgjka�]��°jcb¡j�]F�N\�oq�_LfLakjk�N\�ak� bq�id�b6bq�L\�� dgaka¯hm\�oqjk�N\^h l�oqnNp dw]`jkfLzNak\�]`nN_Lo;x4\N�eux�dN]`_idgatoq\��PnNo`b�nglil�nN_Lo�lJdgjkf�b"|LjkfLnmx4_La�dgo"p�\4bq\�nNo;]�jkf¡nNfLak�
b~��nnNo bq�Loq\�\�]`\^x4nNfihL]�dgoqnN_Lfih

05h30m ��� nNfF��\^x4\�pF|P\�o���� � �^ �?dN] oq\^x4\�jk�N\^h�bqntni��|L_mb�bq�Lj�]��?dN]��LoqnN|idg|Lak�
_LfLoq\�a�d�bq\^h
bqn�bq�L\
� oq\�|idgaka�]��� �L\?x;�Ljk\4lP\��N\�f�b�nNf���\^x4\�pF|P\�o?��� � �^ .�?dN]�d�b 16h51m±
1m ��� �?§2jkzN��b:oq\��PnNo`b;]�nNf jcb:��\�oq\ oq\^x4\�jk�N\^h l�oqnNp � dgfm�x�dN]`�Ljkoq\ ]`nN_mbq�t�?dgo;hL]wdNx4oqn�]q]T§2fLzNa�dgfihA� ��jkzN_Loq\ � ]`�Ln���]bq�L\^]`\ aknmx�d�bqjknNfi]��Tdgfih bq�L\ �LoqnN|idg|Lak\ �Loqng­~\^xybq\^h zNoqnN_Lfihbqo;dNx;�ª� u�]��.jcbq� bq�L\ ��\^x4\�pF|P\�o�¤ � � � oq\�|idgaka¬��bq�L\�oq\w�?dN]]`nNp�\�]qx�d�b`bq\�o°jkf¡bq�L\?bqjkp�jkfLz6\^]~bqjkp(d�bq\^]"nglª|P\4b~��\�\�f

16h40mdgfih
16h53m ��� �2|L_mb(bq�L\wp(d�­~nNoqjcb~� ��\�oq\wx4akn�]`\�o¡bqn bq�L\p�\^dgf ��dgak_L\TdNhmnN�mbq\^h �L\�oq\N� ��\^]`�Ljcbq\whm\4b;dgjka�]¡nNf bq�L\TnN|m�­~\^xyb^½¾]�dg�L�P\^dgo;dgfix4\Fdgfihwdg�L�idgoq\�f�b�«ijkzN��b��id�bq� |P\�jkfLze�idgp¡��P\�oq\^h |t� bq�L\w�Loq\^]`\�fix4\:ngl�bq�L\ dgakp�n�]~b`�¬l�_Laka�vwntnNf��2bq�L\�oq\�?dN](d oq\^dN]`nNfidg|Lak\Thm\�zNoq\�\Tngl
x4nNfi]`j�]~bq\�fix4� |P\4b~��\�\�f p�n�]~bnglªbq�L\�]`jkzN��bqjkfLz�]���dgakakn��.jkfLz
bq�L\�dg�L�LoqnX�mjkp(d�bq\.]`_Lo`lJdNx4\?bqo;dNx;�dgfihTd�bqp�n�]`�L�L\�oqj�x�bqo;d�­~\^xybqnNoq��bqn�|P\6hm\ � fL\^hA���\�oqjk�N\^h:hm\4b;dgjka�].|idN]`\^henNf:bq�L\
bqo;dNx;��jkfw��jkzN_Loq\6�¡��\�oq\dN]�l�nNakakn���]�� � �L\�p�\4bq\�nNo
�LoqnN|idg|Lak� ]~b;dgo`bq\^h d�b6dg|PnN_mb(�^¿N��tp dgacbqjcbq_ihm\ dg|Pn��N\ bq�L\ [.jk�N\�o ®¯oqnN_ix;� dgoq\^d fLnNo`bq� ngl
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rtnN_mbq�L\�fih�jkf:§¯]q]`\4�A�md�b?oqnN_LzN�Lak��a�d�bqjcbq_ihm\
51◦38′

�6�maknNfLzNjc�bq_ihm\
0◦47′

§��X|Pngbq�F�Pn�]`jcbqjknNfi] �.jcbq�F\�oqoqnNo;]Anglid�b"ak\^dN]~b
±10′

�¢�b;]6�tj�]`jk|Lak\(«ijkzN��b¡x�dgoqoqjk\^h jcb�]`nN_mbq�m����\^]~b~�?dgo;hL]�l�oqnNp �L\�oq\N��LjkzN�Tn��N\�o.]`nN_mbq�m��\^dN]~b.§2fLzNa�dgfihTdgfihebq�L\6¢~]`ak\
ngl"² jkzN��b^�Lbqn\�fih:dg�L�LoqnX�mjkp(d�bq\�ak���g�F�tp ng±A]`�LnNoq\�]`nN_mbq�:ngl"��oqjkzN�i]~bqnNfL\N�¢~]`ak\¡ngl�² jkzN��b^��d�b
∼ 90

�tp dgacbqjcbq_ihm\(dg|Pn��N\6bq�L\e®¯�idgfLfL\�a�?d�bq\�o;]°¥�a�d�bqjcbq_ihm\
∼ 50◦26′

�6��aknNfLzNjcbq_ihm\
∼ 1◦25′

² �Xdgz�dgjkf|Pngbq� �idgo;dgp�\4bq\�o;](�.jcbq� d p�jkfLjkpF_Lp
±10′

\�oqoqnNo ¦ � � �Lj�]zNjk�N\^]¯dF]`_Lo`lJdNx4\.bqo;dNx;�¡ak\�fLzgbq�engl ]`nNp�\
210± 20

�tpT�mdgfih�d]`akjkzN��bqak�0aknNfLzN\�o°d�bqp�n�]`�L�L\�oqj�x°bqo;d�­~\^xybqnNoq�0ngl
∼ 213±20

�tpT�d�b°dgfFdgfLzNak\2bqn�bq�L\��LnNoqj���nNf�b;dgaNnglg­~_i]~b
11◦±1◦

���N\�oq�
fL\^dgoqak�zNo;d���jkfLz�bq�L\¡d�bqp�n�]`�L�L\�oq\N�ijcl�x4nNoqoq\^xyb^� � �L\F|P\^]~b�\^]~bqjkp(d�bq\^]l�nNo.bq�L\ � oq\�|idgaka¬½¾].\�f�bqjkoq\6�tj�]`jk|Lak\6hm_Lo;d�bqjknNfT��\�oq\0|P\4b~��\�\�f ¿dgfih
3.5s �g�.�Lj�x;�¡\^��_id�bq\^] bqn0d�p�\^dgf�d�bqp�n�]`�L�L\�oqj�x2�N\�aknmx4jcb~�N�fLngb�dgakakn��.jkfLz¡l�nNo�hm\^x4\�ak\�o;d�bqjknNf��Lngl

∼ 66 ± 11
�tp � ]��?rt_ix;�d��N\�oq�T�LjkzN� �N\�aknmx4jcb~�Tj�]
x4nNfi]`j�]~bq\�f�b��.jcbq� bq�L\¡�LjkzN�L\�o�bq�idgfdX�N\�o;dgzN\�]~b;dgo`b�dgfih:\�fih:�L\�jkzN��b;]�l�nNo�]`n�|LoqjkzN��b�d¡p�\4bq\�nNo^�

� �L\�nN|i]`\�oq�N\�o;]°zN\�fL\�o;dgakak��dgzNoq\�\^h�bq�id�b�bq�L\�p�\4bq\�nNo��idNh|P\�\�f d �N\�oq� |LoqjkzN��b¡zNoq\�\�f x4nNaknN_Lo^�"dgfih bq�id�b¡jcb¡«Pdgoq\^h bqndgoqnN_Lfih p(dgzNfLjcbq_ihm\
−4 � −8

��|Loq\^dg�tjkfLz _L� jkf�bqn ]`\��N\�o;dgal�o;dgzNp�\�f�b;]��P�P\�oq�idg�i].b~��n�bqn�l�nN_Lo�p(dgjkf �Ljk\^x4\^]��ªa�d�bq\Fjkf jcb;]«ijkzN��b^�"rtnNp�\¯�P\�nN�Lak\¯hm\^]qx4oqjk|P\^h
bq�L\2l�o;dgzNp�\�f�b;] dN]�|P\�jkfLz�nNo`�dgfLzN\Fjkf x4nNaknN_Lo^�0£�jk�N\�f ]`_ix;� d��LjkzN� ]`�P\�\^hA�ªl�o;dgzNp�\�f�bqjkfLzi�d�bqp�n�]`�L�L\�oqj�x.«ijkzN��b^�mjcb�j�]�p�n�]~b._LfLakjk�N\�ak��bq�id�b�dgft��]`j���\^dg|Lak\p�\4bq\�nNoqjcbq\^]���nN_La�hw]`_Loq�tjk�N\
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M�`��$d�`��%c

06h00m 07h00m M%c:cH�Í��� �|�ea:d � d|�¿�d� M c Cz�/�._��
M�`��$d�`��%c

06h04m 07h04m M%c:cH�Í��� �|� H:a � cH�CcQ� � � 1 0Yf � 0
M�`��$d�`��%c

07h04m 08h05m M%c:cH�Í��c �|� H
H � cH�CcQ� � � 1 0Yf � 0
M�`����:`��%c

05h30m 06h30m M%c�d|�ed:a �|�ea�� � d|�¿� � ��� Cz�/�._��
M�`����:`��%c

06h45m 07h45m M%c�d|�Í��M �|�ea:a � d|�¿� � d Cz�/�._��
M�`����:`��%c

06h33m 07h45m M%c�d|�Í�Q� �d����� � cH�Cc � M 1 0Yf � 0
M�`����:`��%c

07h45m 08h58m M%c�d|�Í�bd �d�È�:c � cH�Cc � M 1 0Yf � 0x 0 x��/� ��cH� I%d cH�ea�I M%c H��
�S�-�d{�~4�Q�d{D�

gLh�i j�k)�
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H�I@°
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���Q���|{g���
�|~W� � � � � � �/~W�d�|�a�d�7�a�D�d�@��{�6��|{��@�D{t�Q�/� � ���d�;����Wy|{;	g�Q�d�|���W�@�H{a�H�����W~W� � �H�W���d� �Q�/�S�Q�����2	t{D�W{��d~4��� xzy|{2� � ���{�~��d{�~4��y@�d�g�|�Q�/�d�W�����d�|{��2	t{D�W{��d~4�&�W�=�Wy|{��S�Q�����W{����>	g�Q�d�|�K��W�@�H{;�D���d�W��{��E��r
c=�Q�@�srtd �K��=k�d�@��{�6��|{����W� � ¬��Wy|{ � ���d{�~W{����W�K�
	g���W{��a�Wy|{7�Z��	 � {�~��Q��	t{D�W{��d~4�/���"	g�Q�d�|���W�@�H{=�D���d�W��{��trAM
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γ 465 ! ')78��9:� @

Z����W{3�±�Q�d�%c!1 �Q~4�4y �
λ�

�
◦
� �G4��

± v ~W~W�d~a|�È�:c M�IH�Z�Í���
9 ± 5���|�È��� M�I H|�Í�Q�

14± 6�
�d�È��� M%cQ�|�Í�Q�
8 ± 5�_�H� M
M M%c8�d�Í�ba
4 ± 3��cH�È��H M%c�I@�Í��M
6 ± 4�$d|�È��� M%c:cH�Í���
4 ± 3���Z� Md� M%c�d|�Í�Q�
3 ± 2

�Q�@� r/I@¬J�/y|���4y y@�d� �Wy|{2~W{5�[{�~4�D�@�W�����d� �Q�����@�D~W{��d�����|�a�Wy|{
�[�
�|�|�����W���d�ª���@�H{D® ���Q���|{d�"³ y|{��;��{��|�Q�W���D{��X�Wy|���>�|~W� � ��{5	��� �z�d�k�W�Z�������W{d¬ � �H�/��� �z�d�z�=��{��Q~W�|���|�={D®8�[{�~W��{��@�D{����d~��Wy|{� � ��{�~��d{�~4���%=k�d�@��{�6��|{����W� � ¬���{7�H{��D���H{��X�W�g���d�|�d~W{��Wy|{;{����W�K�
	g���W{��
�[�
�|�|�����W���d�;���@�H{D®7�Q�@�7�d�H�
�H�T�Wy|{��[�
�|�|�����W���d�7���@�H{D®�d���d{��a�����Wy|{7�����W{�~4���W�|~W{d�z³ {��Q~W{
���d~�?Z���|���W�d�d{D�Wy|{�~������d~���H{�~��W�t�D�d~W~W{��K�k�Wy|{���{ � ���d��{������X���H�W�|~W{E�Z�����@�Q�*� � ��{�~������W���d�@��Q�"�d�|~z�d~W�d���T�
w x )�y ¨ .�§/,Z© )�y ,
xzy|{�}@~4�����H{D�4�Q����{��2	t{D�W{��d~k� � ��{�~������W���d�@����~W�
	 �.z��1Z�� ���d�K������/���|� z�1 0 ���4�Q�@�|�Q~4�|�g�Q~W{"�|~W{���{����W{���� xzy|{

γ
��^��d~�	t���

	t{D�W{��d~���y|����{�~>�z�d�/�D��{��Q~W� � �H{D�W{��K�4� � ��{
���d{�~k�Wy|{7���[�d~4�d�H���
� �d��?Z�d~W�d�|�@� � {D����{�{�� 1 �Q~4�4y aª�Q�@� �$d|��� �[{���?9�z�d��� � ���{�~��d{��
�d�!1 �Q~4�4yF�������

λ� { M�I H|�Í� ◦ ~W{��d�4y|���|���G4�� { �5I ± d|¬
� �H� �Wy|{��W~4�d�H���W���d�@�Q�
�[{���?
���

λ� { M%cd�H� M ± �|�Cc ◦ �6qd{��|�|����?d{��@��¬��H
H�I��7�z�d�X�|�H���d~��W�|�@���W{�� � �|�Q�a�D���d{�~W{�� ��� �Wy|{ � � ��{�~�������W���d�@��� 0 �|~��d�K�W���Z��� � �@�����W{�~W�;�����/�������W��{ � ���"�H��¯*{�~W{���� �W���Wy@����H{��W�D~W� � {�� ��� qd{��|�|����?d{��@�
����H
H�I��K¬ � �H�/�Wy|{
	g��®H��	=��	 �z�d��D��{��Q~W� � �d�8���Q�@�D{��=��{5�d{�~4�Q���|� � � ��~W�
	 �Wy|{z�d�|{z���|�d�d{����W{�� ���
|
~W�d��? ����H:a:a �K�A4�����{5�d{�~�¬@�d�|~
�|���4�X�����|�Q��{D®Z�W{��@�����d{��Q�@����H�W�|~W{a� � ��{�~������W���d�@�=�Q~W{ª~W{�6��|��~W{�� �W� ���W�@� � �Wy|{a�d�K�W���Z��� ��Q�@� � {�y@�D�Z���d~z�Q� �Wy|���/�����W{�~W{����W���|�2	t���|�d~���y|����{�~��

³ { y|�
�[{ �Wy@���a�d�|~ª~W{����|���4� �/�����
{��@�D�d�|~4�Q�d{��|{5� � � ���{�~��d{�~4�7�W� ���W�@� � 	t{D�W{��d~g��y|����{�~4�!�/y|���4y �Q~W{2~4�Q~W{�� � � � ���{�~��d{������@	t�d�|�
�Wy|{5	a¬Q�Wy|{
γ
��^��d~�	t���!	t{D�W{��d~���y|����{�~J��{�����H{���{�~��d{�� � {����|�2�Wy|{t���H�D�@�
�Q�k���H�W�|~W{X����	2�@�Q���d�@� ��� �Q�Wy|{�~

z�1 0 LZ�d�H�Wy|{�~W� 4�{5	t�����|y|{�~W{ �d~W�d���@��� \����@�Q��� � ¬/��{ �/����y�W� 	t{����W���d� �Wy@���g��� �Wy|{9�.z��1Z�� z����W{�~��|���Q�|{D�4�Q~ � 1 �����W{�~y|�
	t{5�@�Q�d{ �~}����%�Y�(���b�����Y�(�Q���%���E���������$�"�:�������Q�Q�N��}���� �
	t�d���Wy|� � ���H���d~�	g���W���d� � � �d�H� �d�|~ ����	2�@�Q���d�@� ��� � {����|�
�[�����W{���� 0 �Wy|{�~ �d~W�d���@�T�Q~W{���{����D�
	t{&�W���D�d���4�d�K�T�@� ���;�d~4�H{�~�W�F�|���Q�ª���H�W�|~W{7�D�
	2	t�d�2~W{���{��Q~4�4yT�
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H%cBAC;ED vGF .IHC2*J513K�L MN.�OE.�PQMN.�PQHR.S13KT .R2U.�1BVG8,VU90WBXY2UP,.IJUJ�1BPZ2UX,.7.�PY2UVU[ZL3P,WB/0.C\C;B]_^>]
`BaEb)cE`dBdYeIf�dBd:a,;
qB.�P,P,9gJihB.�PQJN_";E=@?IjBj3klAC;RDimn.R2U.�1BV<J@2UVU.IL T LBHC2U90ol9p2@[rqLzC;Bs>X,.

L3P,Pl6QL3/)J@2UVU.IL T Jt\C;Q]_^>]
`EuQvrwx`,jBjBdyfr?Id,?Iz,;
|
VU1BP,h|{5; =@?Ij:a:aYAC;r} ~R�t~*�����U�,����~R�*���Z�|�B~C���R�C���r������~��*�����

���0�U�3�Q~R; v PQJi/01�� �<6,8,/09gJiX,.�V*J�`Q��90/0/gJi9gMN.B`,�Z;eqQ;0`Q���N�Z;
m H���.IL�2UX �Z;�=�e3dBd3klAC;<�*} � } ~R�t~*���¡ ,�,����~R� ¢<���0~R£r�B���

¤l¥B¥B¦ ;E§@m ¨_`N�"1YJ@2*M,L T `Q{�.�V T L3Pl[B;
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90P,W
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HR1BVUVU.IJiOE1BPQMN.�PY2*J�`
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A meteor (in the white rectangle)
recorded by the CONCAM Night Sky Live camera

at Haleakala, Hawaii.
For details, see the article on page 75.


