
�����������
	��
�������������
�����������������������
	��
�����! �"
#%$'&)(�*�+-,!$'.�+0/%12&'3-4�57698:5

;=<�>�?=@BADCFE�GHE�IJIJCF?=; K=L�E�G�;�MONQP9R�S TQU�V�WXTZY�[\Y�U
]DE^E�_�Y\`aW�V�U IQ@�bcMONQP9R�S TQU�V�[XTQ[�WQPXd

e!�!�f����g��
�h !�i���ig��
�h�kj
�������������Z���
��l=mon�prqol=s�t

u'vrw�u�xyvrwrz|{~}c��w���w�v
�i�o���^w�v
�'�
g%���

��n��=n�tZp
�y�����y�=�)�



���������
	
����
������������������ � ����� � ��� ���
�"!#�$!#�

�&%('!��)Ql=n�s(*�tZp,+Bp-'/.0+�1�'"2 n�s(3�prqol=s�qot
4650798 �: tQqos�;�<>=:@? < ��ACB

�&%('/D�)QtZp�l�)E*('F)G3~l�)E)E'F3�prqol=s prl p-%('H'~s('F)Q�JI qot
KML P5 7ONMPEQ UR PEQ U 4TS5�UWV$X =ZY 465-[ = 7 � U : B

�&%('H3~l�)E)E'F3�prqol=s prlcp-%('/D�)QtZp\'^]$3~qFp-'F*�tZp,+Bp-'Hqot&_F'F)Ql prl�+ymom l�)E*('F)QtF`^p-%('/.0+�1�'"2 n�s(3�prqol=sa2 l�)
p-%('/D�)QtZp'^]$3~qFp-'F*�tZp,+Bp-'H%�+yt\+cs�l�*('b+Bp�p-%('!l�)Qqo�=qos>�k�&%('/D�)QtZp�l�)E*('F)Gc�'F)Zprn()Ed�'F*a'~s('F)Q�=qe'~t\+J)E'�p-%('~s
L P5 7 fg U < U�ih : U�j � U :L PP 7 k$fg U < Uh : U

����lnm�� ��o ��� � � � !���pq�r�s���t� � ��pJ!#��� o�� �r� � p��qu��v!^w
�&%('nc�+J)-+ymome'~m�3~l�x�c'l=s('~s)p�lJ2�p-%('n'~me'F3�p-)Qqe3HD�'~me*�x n�tZpy1J+ys�qotE%z+Bp�p-%('{.0+ymomot�lJ2�p-%('n3~l=s(*�n(3�prl�)~�:tQl
p-%('H'~me'F3�p-)Qqe3�D�'~me*|%�+yt�p-%('/2 l�)Ex}L 7 }L 5 3~l=t\~>��<>=:9� tQqos|; h <��� A tQqos�;���<��� A��=.G%('F)E' ��� h �-� +J)E'!qos)p-'~��'F)QtF�i�&%('H'~me'F3�p-)Qqe3�D�'~me*ax n�tZp\+ymotQl t-+Bprqot�2vI|p-%('/.0+�1�'b'F�Dn�+Bprqol=s� U }L ? �� U��� U }L�(� U

7 �

��� 7 � � < ~0� U: U j h U� U j � U� U � P Q U.G%('F)E' � � qot�p-%(' tEc�'F'F* lJ2�moqo��%)p
qoss1J+J3~n�n(xa�H�&%('ctEx�+ymome'~tZp � l�3F3~n()Qt�.G%('~szh 7 � 7 �=� � 7 �+ys(* }L 507 L 5 �= �^tQlcp-%('!mol#.T'~tZp\2r)E'F�Dn('~s(3"I qot� 7 � � < ; �� U�j �� U A P Q U B
�



��lyp-'b.T'n3�+ys�s�lyp�3,%�l�l=tE' � 7 � � h 7 � 7 ��d�'F3�+yn�tE' p-%('F)E' qot�s�lC3,%�l=qe3F'{2 l�) }L 5 .G%�qe3,% t-+Bprqot�D�'~t
p-%('Hd'l=n�s(*�+J)�I�3~l=s(*�qFprqol=s�tF�
�&%('/1�'F3�prl�)\c'lyp-'~s)prq�+ym:t-+Bprqot�D�'~t�p-%('/.0+�1�'{'F�Dn�+Bprqol=s

� U }� ? �� U� � U }��(� U
7 k <� }�

��+Jd�'~momoqos��2p-%(' '~qo��'~s$2 n�s(3�prqol=s�t
lJ2ip-%(' %�l�x2l=��'~s('~l=n�t�.0+�1�'M'F�Dn�+Bprqol=s +yt }��� 7 }��� ��� ��+|tQl=mon�prqol=s2 l�)
p-%('!qos(%�l�x2l=��'~s('~l=n�t&'F�Dn�+Bprqol=s qot
}� X }=
	�� � Y 7�� � � � X � Y }��� X }=
	 Y 7 k <� N }� X }=ZY
 }= ? }= 	 
 [ W = B

�&%('H'~qo��'~sq1J+ymon('~t\+J)E'�l�)Zp-%�l=�=l=s�+ym X�� }����� }��� [ W = 7 V � � Y ��tQl�+Bp � 7 �

N }� 5 X }= 	 Y � � � }��� X }= 	 Y [ W = 	 7 � 5T7 k <� N }� 5 X }= 	 Y � }� X }= 	 Y
 }= ? }= 	 
 [ W = [ W = 	� }� 
�
 }� 5 � }� 
�
 �=
prlMx�+�]�qex2qe_F' � 5 �
��p-%('F)�tQl=mon�prqol=s�t��

� �
s('nx�+�I +J)Q�=n('Hp-%('n'~me'F3�p-)Ql=sz+ys(* c()Qlyprl=sz+J)E'{x2l#1�qos���+Jc�+J)Zp/+ymol=s�� = +ys(*0p-%Dn�t�3F)E'�+Bprqos��+n3,%�+ys��=qos�� *�qec'l=me'J�k�&%�qot
qot03~l�)E)E'F3�p\+ymFp-%�l=n���% p-%('/c()Ql�d�me'Fx '^]$c�moqe3~qFp-'~m I2t-+�I�t�prlcqo�=s�l�)E'�p-%('3~l=n�mol�xnd�D�'~me*�tF�i�&%�qot���'�prtG%�+ym 263F)E'F*�qFp��
� �
s('Hx�+�I n�tE' }� X }=ZY 7 �� N }� X }= 	 Y
 }= ? }= 	 
 [ W =
	.G%�qe3,%�qot�qos(3~l�)E)E'F3�p�`�p-%(' ��� 
 }= ? }= 	 
 qot�p-%('  /)E'F'~s�� t&2 n�s(3�prqol=s�2 l�)02r)E'F'!tEc�+J3F'J�f	y+ym 2�3F)E'F*�qFp��
� �
s(' 3�+yszx�+��J' p-%('M+J)Q�=n(x�'~s)p/d�+ytE'F* l=s t�I�x�x�'�p-)�I��
s�lyp-%�qos��C*�qotZprqos��=n�qotE%('~t�p-%(' � +ys(* �*�qe)E'F3�prqol=s�tH+ytQqe*('n2r)Ql�x p-%(' *�q��Z'F)Qqos���d'l=n�s(*�+J)�I 3~l=s(*�qFprqol=s�tF� �&%(' mol#.T'~tZpbx2l�*(' qot/_F'F)Qla+Bp
p-%('~tE'{d'l=n�s(*�+J)�I=��tQl2p-%('!l=s�m I�*�qe)E'F3�prqol=s p-%�+Bp\x�+��J'~t�tE'~s�tE' qot�p-%(' = *�qe)E'F3�prqol=s>�f�^n�mom>3F)E'F*�qFp
�  p-%('�d'l=n�s(*�+J)�I 3~l=s(*�qFprqol=s�tn+ys(*�p-%('C1�'F3�prl�)Mc'lyp-'~s)prq�+ymTd�'~qos�� _F'F)Ql p-%('F)E'a+J)E'C'^]$c�me3~qFp-'~m Ix�'~s)prqol=s('F*>�

!



! ���T��� � � � �$! ��� � ��p����r�
�fl=tE'�����qos('~tZp-'~qos|3~l=s(*('~s�t-+Bp-'���s����
	��
�fl=tEx2qe3/x2qe3F)Ql#.0+�1�'Hd�+J3 �D��)Ql=n�s(*��
����
��
�-qe�Dn�qe*�%('~moqon(x�� k +BpGd'l=qomoqos���� k ��-qe�Dn�qe* s�qFp-)Ql=��'~sa+BpGd'l=qomoqos�����
y���
	�q�� � tQn(c�'F)E3~l=s(*�n(3�prl�)�����
y���
g�l�l�x p-'Fx�c�'F)-+Bprn()E'�� ! �=���
����� +BpG)E'F3~l�xnd�qos�+Bprqol=s���� � Y �
�fl�)E'!lJ2�p-%('!tQn�s���� � N �� n�+J) �����=mon�l=s�c�m�+ytEx�+���� � PXU �

k ���C���r�$!��vu����"!���p��a��� ���v! � ���r��� �&%('bx2l�x�'~s)prn(x 3~l=s �Qn��q+Bp-'�prl = qot
! 7 � "� #= 7 h � U�$% #=� U'& � ? #= U � � U

() 7 h+* #=
.G%�qe3,%�qot
p-%('H)E'~m�+Bprq 1�qotZprqe3yx2l�x�'~s)prn(xa�k�&%(' 	y+Jx2qomFprl=s�q�+ys qot

, 7 ! #= ? " X =�� ! Y 7 ! Uh+* j ~�h � U 8 � ? ! U � Uh U * U � Y � 7 & ! U � U j h U � Y 7 L B
��l=s-��)E'~m�+Bprq 1�qotZprqe3yx�'�+ys�t&h � U ��� !�� �^tQl

, 7 h � U 8 � j ! U � Uh U � Y�. h � U j ! U
�ih

.G%�qe3,%��=q 1�'~t�p-%('!s�l=s-��)E'~m�+Bprq 1�qotZprqe3��Dqos('�prqe3/'~s('F)Q�JI+� 7 ! U �=�ih��

k



��������� 	#	
����l � ��� � � ��o ��p���� � �����,��m���� !

��)Ql�x p-%('H'^]$c()E'~tQtQqol=sa2 l�)
p-%('!qos$D^s�qFp-'~tQqex�+ym'qos)p-'F)�1J+ym [�� ��p-%('H'^]$c()E'~tQtQqol=s|2 l�)G+ moqos('�'~me'Fx�'~s)p�qot
[ }= 7 : X � Y [��� � ?
	 � U �� j : X � Y � U [�� �� j : X � Y � tQqos �J[�
 �
� � X � Y 7ON����� : X � Y [��H7���5 : X � Y � � 7���5 #: B

����l{� � � � !�pJw�pq�r�s� �q!��n� ��� !�� � � � ���r���
�&%('H3,%�+ys���'~ty+J)E'H)E'"1�'F)QtQqed�me'y�^tQl [���� 7 ? [����p-%('~s|2r)Ql�x p-%('H�%qe)QtZp���+�.W+ys(*�tQqos(3F'�p-%('H%('�+BpG3�+Jc�+J3~qFprqe'~tG+J)E'H'F�Dn�+ym9�[����� � 7 ? [����� � � � 5,[ � �� � 7 ? � 5,[ � �� � B
�&%('~s:�

N����
���

[���� 7 ? N������ [���� � N����
���

[ �� 7 ? N������ [ ��� mos �"!� � 7 ? mos �"!� � � �"! 7 & � � � � B
! �$# ��� p��s� �q!��n� ���
p � ��� ����� � � � � �

�&%('b3~l�xnd�qot�s('~�q+Bprq 1�'~m I�3,%�+J)Q��'F* dqI|)Qn�s�s�qos�� p-%()Ql=n���%aI=l=n()\%�+yqe)F����ss'~me'F3�p-)Qqe3/D�'~me*�qotG3F)E'�+Bp-'F*dqIHp-%('03,%�+J)Q��'~t�l=s p-%('03~l�xndn.G%�qe3,% c'l=m�+J)Qqe_F'~t p-%('03,%�+J)Q��'~tkqos p-%('
tEx�+ymom c�qe'F3F'~t�lJ2�c�+Jc�'F)63F)E'�+Bprqos��+�c'l=m�+J)Qqe_�+Bprqol=s{*('~s�tQqFp�I��k�&%('&2 l�)E3F'�l=s�+/*�qec'l=me'fqot }% 7 }� }! � }L .G%�qe3,%�x�'�+ys�t '~qFp-%('F) }! l�) }L x n�tZp1J+J)�I�.�qFp-%ac'l=tQqFprqol=s>�f��s�p-%�qotG3�+ytE'y� tQqos(3F' }!'& }L �^p-%('H2 l�)E3F'b)E'~tQn�mFprt\2r)Ql�x p-%(' s�l=s-��n�s�q 2 l�)Ex2qFp�I lJ2}L �|�&%('�c�+Jc�'F)b)E'Fx�+yqos�tH'~me'F3�p-)Qqe3�+ymom I�s('~n�p-)-+ym � �^l�)�2 n�mom 3F)E'F*�qFp7��x n�tZp{x�'~s)prqol=s qos(*�n(3F'F*�*�qec'l=me'+ys(* s�l=s-��n�s�q 2 l�)Ex '~me'F3�p-)Qqe3�+ym�D�'~me*>� ��motQl|x2tQn�p{x�'~s)prqol=sz)-+ys���'y��.G%�qe3,% qotb+�2r'". 3Fx X d�+ytE'F*hl=s
l�d�tE'F)�1J+Bprqol=s Y �k �$(|����) � �����vw � � ��p���� ����!#�������t� ��� �qw � 2 .T' 3,%�l�l=tE'�+yt�p-%(' )E'"2r'F)E'~s(3F'M*�qotZp,+ys(3F' p-%(' x2qe*(c'l=qos)pd�'�p�.T'F'~s p-%('ip�.fl
s('�+J)E'~tZp +ys)p-'~s�s�+J'y�yp-%('ip�.fl
s('�+J)E'~tZp�+ys)p-'~s�s�+J'fmoqe' +ymol=s���p-%(' � +�]�qot6+Bp+*H� [ tQqos 4+ys(* p-%('/2 n()Zp-%('~tZp�+J)E',* ! [ tQqos 4 �i�&%('b)E'~m�+Bprq 1�'/'~me'F3�p-)Qqe3/D�'~me*�1�'F3�prl�)Qt\2�+J)02r)Ql�x p-%('b+J)E)-+�I|+J)E'b+yt
tE%�l#.�s +Bp!p-%(' me'"2 pHlJ2��%qo�(� k ��.G%�qe3,%�c(%�+ytE'�*�q��Z'F)E'~s(3F' V 7.- � [ tQqos 4 � �&%(' prlyp,+ym�D�'~me* qot�p-%('~s
�=q 1�'~s|dqI p-%('Hc()Ql �E'F3�prqol=sa+ymol=s�� p-%('H)E'"2r'F)E'~s(3F' moqos('y��.G%�qe3,%��=q 1�'~tL

�
7 � L 5 3~l=t'� V j � L 5 3~l=t ! V 7 k L 5 3~l=t V 3~l=t"/ V B

/



d
yd

dsiny

�&%('�qos)p-'~s�tQqFp�I 2 l�)�l=s('y+ys)p-'~s�s�+Hqot���� 5 � 7 : L U5 +ys(*2p-%('�prlyp,+ym�3~n()E)E'~s)p
qot������ 7 : L U� 7 � ���
� 5 �t3~l=t U V 3~l=t U / V �

�



H

X
TC

T2

T1

�%qo�=n()E'c� �
���������
	#	#	

���$#�� ����� ��� o ���q! � P � � � � � U ���&%('bx�+y�=s('�prqe3
tQn�tE3F'Fc�prqed�qomoqFp�I|qot
� 7 ~ � �� , � � B

�
p�p-%('H3F)QqFprqe3�+ym'p-'Fx�c�'F)-+Bprn()E'�� � � � d�'F3~l�x�'~t�qos$D^s�qFp-'H+BpG_F'F)QlMD�'~me*:�^tE'F'H�%qo�(�:�
�&%('!n�s�qFprt\+J)E' � n�+ys)prqFp�I ��� �� H�

� +Jx�c��ix ��'F)QtZp-'F*, +Jx�c-�\prn()Qs��ix 'F)Q���B�q+yn�t��i3Fx W
� prn()Qs�t 3Fx R W

����� � � �"!#�$!#�z�"w��"!#��� �&%('!prqex�'H*('Fc�'~s(*('~s)p!��3,%()Ql�*�qos���'F)\'F�Dn�+Bprqol=s�qot�� fg � 4 � �(� 7 , 
 +ys(*a.T'
n�tE' 4 7	� 
 j � j�
 
 ? � 7 ~ � X � Y
 X � Y � B�&%('~s

� X � Y 7 3~l=t < � � �
 X � Y 7 tQqos < � � �� � fg ~ ? < � �0tQqos < � � �< � �s3~l=t < � � � � 7 ~ � ?
����
� � � fg�4� , 7 � fg <� ~ � ? �� � �






x

x�

t�
t

T

A

Rocket world
line

Light world
line

�%qo�=n()E'H� �
�&%('H	y+Jx2qomFprl=s�q�+ys

, 7 fg <� ~ � �
� � �

qotG+ymotQl�+n1J+ymoqe* tQl=mon�prqol=s:���=q 1�'~s p-%('!tZp,+Bp-'Fx�'~s)p�lJ2%p-%('Hc()Ql�d�me'Fxa�
! ���C���r�$!��vu����"!���p � � p����q! ��s2p-%('�tZp,+Bprqol=s�+J)�In2r)-+Jx�'y�=p-%('G.fl�)Qme* moqos('02 l�)�p-%('\)Ql�3 �J'�pfqot = 7 
 � � +ys(*p-%('�.fl�)Qme* moqos('y2 l�)
p-%('�moqo��%)p&'Fx2qFpQp-'F*C2r)Ql�x p-%('!tZp,+Bprqol=s�+J)�I�2r)-+Jx�'
qot = 7 � X � ? � Y ���&%('~tE'bx�'F'�p+BpTc'l=qos)p�� qos �%qo�(����� .G%�qe3,%|qot��=q 1�'~sCdqI � � 7 � � X � ? 
 Y � = � 7 
 � � � X � ? 
 Y �%�&%('y3~l�l�)E*�qos�+Bp-'~tqos p-%('!tZp,+Bprqol=s�+J)�I�2r)-+Jx�'/+J)E'!�=q 1�'~s qos p-%('H)Ql�3 �J'�p\2r)-+Jx�'/dqI

� � 	 7 * � � ? 
 * = � � 	 7 8 � j 
� ? 
 7 � 	 B
� 2 .T'cp-)E'�+Bp�p-%('cprqex�' qos)p-'F)�1J+ymkqos0p-%('M)Ql�3 �J'�pH2r)-+Jx�'{2r)Ql�x � 	 7 �|prl � 	 7 � 	 +yt!l=s('cl=tE3~qomom�+Bprqol=sc�'F)Qqol�*:��p-%('~s�� 	 7 ��� � 	 +ys(* p-%('H)E'F3F'~q 1�'F*a2r)E'F�Dn('~s(3"I�qot
p-%('~s

� 	 7 �� 	 7 8 � ? 
� j 
 �.G%('F)E'�� 7 ��� �b�
k ��� ��� � o	� ��
 � � � � � � �&%('
prlyp,+ym�2 l�)E3F'
l=s p-%('&'~s(* qot % 7
� � �J.G%('F)E' � qot%p-%('G+Jc(c�moqe'F*nc()E'~tQtQn()E'+ys(* � qot�p-%('n3F)Ql=tQt�tE'F3�prqol=s�+ym6+J)E'�+ lJ2�p-%('nd�'�+Jxa���&%(' +�1�'F)-+y��' +Bprl�x2qe3HtEc�+J3~qos��|qot � . ��� � P Q W �

�



�&%('Hc'lyp-'~s)prq�+ym>'~s('F)Q�JI qotG+Bp\+ x2qos�qex n(x���tQl�'~s('F)Q�JI�3,%�+ys���'bc�'F)G+Bprl�x qot

� P X � ? V � Y 7 � P X � Y ? � � P� �
V � j �

� � U � P� � U
V � U

� V � P 7 �
� � U � P� � U

V � U 7��
U������� U� W V � U 7 � P ~ V �� � U B

�&%('�prlyp,+ym>'~s('F)Q�JI|3,%�+ys���'H*�n('!prlcp-%('H3~l�x�c()E'~tQtQqol=s qot V � 7 % V � 7
� : V � +ys(*
� : V � 7 � : � V � P 7 � : � � P ~ V �� � U
� 7 � � P V �� � L 7 � � P 7 X � ����� � Y U � Y Q W 7 !
	 � � PXW *$I�s(' �i3Fx U

�



��������� 	��
������� � !���pq�r�a��� ��p � ����p���� �n�����

�6+��J' : +yt�p-%('y)-+J*�qon�tT+J)Ql=n�s(*�.G%�qe3,% p-%('yc�+J)Zprqe3~me'Gx2l#1�'~t~��p-%('~s : 7 g p,+ys � +ys(* � 7 : h � qotip-%('+ys��=n�m�+J)0x2l�x�'~s)prn(xa�k�&%('H2 l�)E3F'~tGc�+J)-+ymome'~m'prlcp-%('/.0+ymom>x n�tZp\d�+ym�+ys(3F'��
%�� � 7 tQqos � % � � ��� � � � �	� P � ? 3~l=t � %�
 � P
�7 h � U: tQqos � ? h��03~l=t �7 � Uh g W p,+ys W � tQqos � ? h��T3~l=t � 7 �

� g�7 ~ � Up,+ys U � h U � � P Q W B#� � � � � ��� �
x�'�+ys�qos��!p-%('\.0+ymom�x2l#1�'~tftQmol#.�m I qos�3~l�x�c�+J)QqotQl=s�.�qFp-% p-%('y3,%�+ys���'�qos � �k�&%�qot�qotT+3~m�+ytQtQqe3�+ym�+J*�q�+Jd�+Bprqe3&3,%�+ys���'y��tQl � 7�� ! [�� X .G%('F)E' [���7 : [�
 qot +Hmoqos('&'~me'Fx�'~s)p0+J)Ql=n�s(*2p-%('�l�)Ed�qFp Y+ysa+J*�q�+Jd�+Bprqe3
qosq1J+J)Qq�+ys)p\+ys(* qotG3~l=s�tZp,+ys)p�� � qot&3~l=s�tZp,+ys)p�qosa+ysqI�'"1�'~s)p7�Z+yt�p-%('b+Jc(c�moqe'F*C2 l�)E3F'H3�+ys� �>�v� d�'Hc�'F)Ec�'~s(*�qe3~n�m�+J)fprl p-%('Hx2lyprqol=s|lJ2�p-%('Hc�+J)Zprqe3~me'J�i��qFp-%('F)G+ys�t�.T'F)�qotG+J3F3F'Fc�p,+Jd�me'J�
�����a�r����� � � !�m���� � �"!n�$! � � ��p�� � ��� �&%('
l=s�m I�3~l�xnd�qos�+Bprqol=s2lJ2 L ��� +ys(* � .G%�qe3,%�%�+ytfn�s�qFprtflJ2me'~s��yp-% qot

� X � Y 7 	�~ L � U� � P Q V B
�
p � 7 ��x2t~��� 7 k �Jx�� L 	 V 7 � V �

� U
7 � � P Y�� 7 � / �)p B

! ��lnm�� ��o ��� p � ��� � pJ! ��� � � u�� � � o������ ������� p � ��� � pJ!���� oz� �r����� ��tE'�p-%('�x�'�p-%�l�* lJ2�qex�+y��'~t��)E'Fx2l#1�'fp-%('03~l=s(*�n(3�prqos���c�m�+ys('0+ys(*n)E'Fc�m�+J3F'T.�qFp-% moqos(' 3,%�+J)Q��'~tklJ2 j - +y*�qotZp,+ys(3F' g d�'~mol#.�p-%('
moqos('3,%�+J)Q��'~t&+ys(*�+{3,%�+J)Q��'�lJ2 ? � d�'~mol#. p-%('yc'l=qos)pT3,%�+J)Q��'J����dq1�qol=n�tQm I=��p-%('yc�+J)-+ymome'~m�3~l�x�c'l=s('~s)prtflJ2
p-%('H'~me'F3�p-)Ql=tZp,+Bprqe3�2 l�)E3F'/3�+ys(3F'~motF���&%('!n(cq.0+J)E*a2 l�)E3F'/2r)Ql�x d'lyp-% p-%('!moqos('/3,%�+J)Q��'~t�qot

% � 7 � � - �g � / 3~l=t �+ys(*|3~l=t �b7 � � � / �i�&%('/2 l�)E3F'/2r)Ql�x p-%('Hc'l=qos)p�qex�+y��'�3,%�+J)Q��'!qot
%�� 7 ? � Uk g U

� �



�&%('~s p-%('!prlyp,+ymZ2 l�)E3F'/x n�tZp�tQn(x prl�_F'F)Ql �
%
�

7 ? � Uk g U�j � - �/ g 7 � X � Y� �97 ! � -�g
/ B2 l�)!p-%(' tZp,+Jd�qomoqFp�Iz+ys�+ym I�tQqot~��p-%('�2 l�)E3F'�2r)Ql�x p-%('|moqos('M3,%�+J)Q��'~t X +ys(* p-%('~qe)Hqex�+y��'~t Y x n�tZpnd�' qos-�3~mon(*('F*>�
�&%('y��'^]$c�+ys(* qos V � g � �J'F'Fc�qos�� l=s�m I p-%(' moqos('�+J)�p-'F)Exa�
��s qex�c'l�)Zp,+ys)p\3,%('F3 �0qot\2 l�)�p-%('

me'�+J*�qos�� p-'F)Ex prlM3�+ys(3F'~m � � qot�tZp,+Jd�me'!q 2 p-%('!moqos('�+J)fp-'F)Ex qot�s('~�q+Bprq 1�'J�i� 2 � x2l#1�'~t�n(cadqI V ��p-%('~s
% R�� 7 ? k - � Vg U j [ � � � : U . ? k - � Vg U
%��

�
7 k - � X�V j � gg U j X�V j � g Y U . � - �

/ g X � ? ! V
� � g Y

% R � 7 ? � UX � g j � V Y U . ? � Uk g U X � ? � Vg|Y
�&%('!me'�+J*�qos�� p-'F)Ex qot

� - �
/ g ? � Uk g U 7 �.G%('~s|.T'bc�n�p�qos �97 ! � -�g � /��$.G%�qe3,%�qot0.G%�+BpG.T'b'^]$c�'F3�p����&%('!moqos('�+J)fp-'F)Ex .fl�) �Dt�l=n�p�prl�d�'
? � �)� k V - U�J� / g

tQl p-%(' � qot�tZp,+Jd�me'!qos p-%('/1�'F)Zprqe3�+ym>*�qe)E'F3�prqol=s>�
k � 
W� o ���q!���p��6����� � ��� � ����� p ����� ����!������"! � �r� � !�� � �

�&%('��fqolyp �Z�$+�1J+J)Zp�m�+�. t-+�I�t [ }� 7 � [ }� 	 ��� U � B
�^l�)�l=n()&3~n()E)E'~s)py*�qotZp-)Qqed�n�prqol=s:� � [ }� 7 � [ �
	 �= j � [ �
� �� ��p-%('~s[ �

	
7 � [ �
� �
�� U �[ �

�
7 ? � [ �
	 �
�� U �[ � ��7 � [ �
	 � � ? � [ �
� � 	� U �

tQl }� X =��-��� ? �qY 7 ? : �= ? � �� j � �� B
�=�



��������� �

��� �|� � � �r�a����!#�������+ Y ��ls3~n()E)E'~s)p 3�+ys � l#. l�� p-%('�'~s(*hlJ2
p-%('�*�qec'l=me'y��tQl � X 
 � 
 7 [ Y 7 �$����qos(3F' p-%('�*()Qq 1�qos��1=l=mFp,+y��'�qot:tQqosDn�tQl=qe*�+ym9�7p-%(' 3~n()E)E'~s)p�*�qotZp-)Qqed�n�prqol=s�x n�tZp�d�' � X �$� � Y 7 � 5 tQqos X 	 [ ? 	 
 � 
 Y 3~l=t X � � j
 Y .G%('F)E' 	 7 � < � - +ys(* 
 qot{+sc(%�+ytE'J�0��qos(3F'2p-%('�1�'F3�prl�){c'lyp-'~s)prq�+ym }� X +ys(* %('~s(3F' p-%('D�'~me*�t Y qot&c()Ql�c'l�)Zprqol=s�+ym'prl ����p-%('H)-+J*�q�+Bp-'F*|c'l#.T'F)�qot�m�+J)Q��'~tZp&.G%('~s 	 [n7 < �=� � [ 7 - � k �d Y }L 7 ? }� 
 ? X ��� � Y � }� � �(� ���&%(' n(c(c�'F)�+ys(*�mol#.T'F)y3~l=s(*�n(3�prl�)Qty%�+�1�' l�c(c'l=tQqFp-'H3,%�+J)Q��'~t~� tQlp-%('bc'lyp-'~s)prq�+ym ��)-+J*�qe'~s)p�qotG+ymol=s�� �� � }� & }�k�^tQl }� +ymotQlcmoqe'~tG+ymol=s�� �� �^tQl p-%('Hc'l=m�+J)Qqe_�+Bprqol=s qot+ymol=s�� �� �3 Y�� '/D^s(* p-%('/1�'F3�prl�)\c'lyp-'~s)prq�+ymZ2r)Ql�x p-%('H3~n()E)E'~s)py*('~s�tQqFp�I
}� X }=>Y 7 �� N }� X }= 	 Y
 }= ? }= 	 
 [ W =
	 B

qos�p-%('b2�+J)GD�'~me*:� � ��� [ �'tQl }� & � � � +ys(* }� 7 }� 	 }� �'tQl 
 }� 
 & tQqos � +ys(*�p-%('n+ys��=n�m�+J)*�qotZp-)Qqed�n�prqol=s lJ2�p-%('H)-+J*�q�+Bp-'F*|c'l#.T'F)��=l�'~t�moq��J'�tQqos U � �
��� � � �vu���� m�� � � � ����p � ��pq�����r�$! ��� �&%('F)E'M+J)E' p�.flC.0+�I�t�prlC*�l|p-%�qotyc()Ql�d�me'Fxa�!�
s('nx�+�I�n�tE' p-%('

 /)E'F'~s�� t&2 n�s(3�prqol=sa+ys(*a3�+J)E)�I l=n�p�p-%('!qos)p-'~��)-+ym
= X � Y 7 N�� X � � � 	 Y % X � 	 Y [ � 	 7 % 5h � U5 � � ? � R�� � 3~l=t � P � ? 
 � R�� �� P tQqos � P �
	 B

��mFp-'F)Qs�+Bprq 1�'~m I=��I=l=n�3�+ys D^s(*z+|tQl=mon�prqol=sa2 l�)�p-%('n%�l�x2l=��'~s('~l=n�t/+ys(*0qos(%�l�x2l=��'~s('~l=n�ty'F�Dn�+Bprqol=s�t+ys(*|x�+Bp-3,%ad'l=n�s(*�+J)�I�3~l=s(*�qFprqol=s�tfprl2��'�p�p-%('!t-+Jx�'H)E'~tQn�mFp����
p � ��� � = � % 5 �ih � U5 �
 � !#��� � ��� ��� o !�m��O���������M� p ����� ��pJ!�� � � �n��� o �vu������ � P 7 � � U ? 
 U�� # � ����p � �����v!��m ��� ���t� � o �vu���� � ��� ���v!�m�� � ��� ��� ������� � � � ��� � P � � � � � o ��� !�m�� � ���"!���� p ����� ��pJ! �
! ���|w�� ����o ���
�$! � � ���
� ��� o ���q!���p �6����� �&%(' }" � }� p-'F)Ex qot�p-%(' tEc�qos-��l�)Ed�qFp�qos)p-'F)-+J3�prqol=s:��p-%('}� � }� p-'F)Ex qot�p-%('�qos)p-'F)-+J3�prqol=s lJ2 p-%('\*�qec'l=me'&x2l�x�'~s)p�lJ2 p-%('\'~me'F3�p-)Ql=s�+ys(*2p-%('y+Jc(c�moqe'F*Mx�+y�=s('�prqe3D�'~me*|+ys(*|p-%(' }" � }� p-'F)Ex qotfp-%('
qos)p-'F)-+J3�prqol=s�d�'�p�.T'F'~s p-%('/*�qec'l=me'\x2l�x�'~s)p�lJ2 p-%('
l�)Ed�qFpG+ys(*|p-%('+Jc(c�moqe'F*CD�'~me*>�

��s p-%(' 
 }� 
 ��� moqex2qFp7�Dp-%('bx�+y�=s('�prqe3�D�'~me*a'^]$'F)Zprt�+cprl�)E�Dn('Hl=s p-%('b'~me'F3�p-)Ql=ss+ys(* p-%('Hl�)Ed�qFp7��tQl
� qot�s�lyp�+ �=l�l�*|�Dn�+ys)prn(x sDn(xnd�'F)~� ��� h � � � � h��&+J)E'J�
��s p-%(' 
 }� 
 � � moqex2qFp7� � �����,� +J)E'b+ymom-�=l�l�*�Dn�+ys)prn(x sDn(xnd�'F)QtF�

�J�



k �$#�� � � � � ���G��� ����� o ���q!���p �6�������^l�)�+\2r'F)Ex2qol=sHlJ2^tEc�qos � �Bp-%('F)E'&+J)E'
� � j �ftZp,+Bp-'~tF�%�6+��Dqos�� }� X � Y+yt�p-%('0�Dn�+ys)prqe_�+Bprqol=sn+�]�qot�+Bp�prqex�' � �yp-%('T'~s('F)Q�JI me'"1�'~mot6.�qomomqd�' L 7 ? � 	 � 5 � ? X � ? � Y 	 � 5 B B B � 	 � 5 �
� � 5 �ih 7 fg � � qot�p-%('n'~s('F)Q�JI lJ2�p-%(' c()E'F3F'~tQtQqol=s lJ2ip-%('nx�+y�=s('�prqe3{x2l�x�'~s)p/+J)Ql=n�s(*0p-%(' �� +�]�qotF�� 2 fg � � ��� fg � �kq � 'J��p-%('C'~s('F)Q�JIhlJ2�p-%('Cc()E'F3F'~tQtQqol=s qot{x n(3,% ��)E'�+Bp-'F)Hp-%�+yshp-%('C'~s('F)Q�JIhlJ2�p-%('x�+y�=s('�prqe3&x2l�x�'~s)p +ys(* p-%('y+Jc(c�moqe'F* D�'~me*:�=p-%('\�Dn�+ys)prn(x tZp,+Bp-'�lJ2 p-%('�t�I�tZp-'Fx qoscp-%(' �� d�+ytQqot .�qomom)E'Fx�+yqos|p-%('!t-+Jx�'J`�p-%('!tEc�qos|1�'F3�prl�)G.�qomomZc()E'F3F'~tQt�+J)Ql=n�s(* p-%(' �� +�]�qot\+Bp&2r)E'F�Dn('~s(3"I � � �
 � !#���y� ��� ��� o !�m������������>!�m�� � � � � � � � �n���b� � ��pq� �6��� ! � � ��� � ��������� ���v!�m���� o ���q!���p� � ������!�	 � ��m���pim o �vu���� 
 	 � 5 � fg 
 ��� � � � ���Tp � �����v!���m ��� ���t� � o �vu����t���v!�m�� � �n�qw �

� !


