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} MOPYuw�CN%_qX�Ý<d4Xrd0s%e#W�`qQ ½ S%_ [+W�PRXr_qe%Q+e�e#WfÍ#QT`qQT\�QTS0Z�Q%saÅ ½ ` gU^PRQ+Xrc%d+PrU�`qQ+XrW�P Ç W�`qe%X�ÄDn%N%S0e%QT\kW�S4URQT`qX<QTS0e�QT�%�%` _qZ�QAU^_ d+S0XRÆ)u
} MOPYu 6+d+PRe#_�·�d+\k�0QTPrUYs-e#W�`qQ ½ S%_ [+W�PRXr_ URQAU Â N#U^Á+S%d+\�Q�e#WÎ�QTPRZJW�` d+S0Q%skÅ	�ON0QTS4U^N%\ ZJd+\k�%N#U^_ S%{Ô¸<_ U^cád+�#U^_qZ�QT`�\k_qZJP^dTgU^PRQT�0XRÆ)u
} MOPYuOn%PRQTS0ZJWYX^Z�MOpqQTÌ+s=e#W�`qQ ½ S%_ [+W�PRXr_ URQAUOÝ<dA[t_ PRQk_-�O_ P^{+_ ` _�sÅAl�W�¸5`qQ+XrW�PC\�QAU^W�P^_qQT`qX�ÄL��QTm%P^_qZ�QAU^_ d+S�QTS0e�ZRc0QTPRQ+ZhU^W�P^_ ÌYQAU^_ d+SLÆ)u
} MOPYuji�W�P^Wjvwd+` WJUYs-e#W�`�b �
·��wMO� Â ¼ v�Ít�^vDg ½ S%_ [+W�PRXr_ URQAUfe#W` WYX�� ` ` WYX�Î�QT` WYQTPRXRÀhs)Å	hO�#U^_qZ�QT`=ZJd+\k\fN%S%_qZ�QAU^_ d+S0Xw¸<_ U^c�Xr»tS0ZRc#gP^d+S%_ Ì�WYe�ZRc0QTdTU^_qZO`qQ+XrW�PRXRÆ)u�aQ¢XrWYX^Xr_ �5e#W��LÁ4X
U^W�PRX�c0Q¢WYX
URQAU�\kd+` U�` ` N%Ï2e%Qº_OZJd+S0ZJd+PrgP^W�{+N0e%Q%u��wX�[AQTSº�%P^WYXrW�S4URQTPo�%P^d+�¢e#W��Tµj�LÁ4X
U^W�PRX�s=`qQj\�QAy
dTgP^_qQº�LW�P��0QTPrU�e=b _ St[+WYX
U^_ {4Q+e#d+PRX�y
dA[+WYX�_<WYX
U^N0e#_qQTS4URX�e#W�e#d#ZhgU^d+PRQAUYu ½ S(e#W�`qX�d+m#y
WYZhU^_ N0Xke#W�` WYXkxaP^d+m0Q+e#WYXfW�PRQ�P^W�N%S%_ P�Q·�QT��W�`=S%d+\fm%P^Wo\��A�#_ \�e=b WYX
U^N0e#_qQTS4URX<e#W�e#d#ZhU^d+PRQAU�_=_ St[+WYX
gU^_ {4Q+e#d+PRX=y
dA[+WYX�st�LW�P<QA��Qz[+d+P^_ PD`�b WYX
URQTm%` _ \kW�S4U�e#W�ZJd+S%W�_ �#W�S0ZJWYX_-ZJd+` u `qQTmLd+PRQ+ZJ_ d+S0X�uD�DSºQ+V4N%WYX
URX<XrW�S4U^_ UYsL`qQ�XrWYX^Xr_ ��e#W��LÁ4X
U^W�PRXc0Q�P^WYXrN%` URQAU�U^dTURQT` \kW�S4U�P^W�W�_ �#_qe%Q%u�CWYXwxaP^d+m0Q+e#WYX�c0QTSkU^_ S%{+N#UwW�`)XrN%�Ld+PrU�e#W�`qQ�\�QAy
d+P^_qQ�e=b N#gS%_ [+W�PRXr_ URQAURXa_#_ S0X
U^_ U^N0ZJ_ d+S0X-_ \k�%` _qZ�Q+e#WYX�sTW�S�WYXr�LWYZJ_qQT`t`qQ�ÞoW�S%WJgPRQT` _ URQAU�e#W�v�QAURQT` N%St»4Q%s4V4N%W�[AQ���W�P�N%S�WYX
��d+PRß<_ \k�Ld+PrURQTS4Uw�LW�PQAy
N0e%QTP�Q Ç S0QTS0ß�QTP�` WYX�xaP^d+m0Q+e#WYX�uÔ�aQ5\�QAy
d+P^_qQ¢e#W�`qXk��d+S0Xd+m#U^_ S%{+N#URX��LW�Pj�0QTPrUje#W�` WYX�_ S0X
U^_ U^N0ZJ_ d+S0XjX�b c0QTS9e#WYe#_qZ�QAUjQZJd+m%P^_ P��0QTPRZJ_qQT` \kW�S4Uf` WYXfe#WYXr�LWYXrWYXfe#Wj[t_qQAU^{+W�_�WYX
URQ+e%Q�e#W�`qX_ St[+WYX
U^_ {4Q+e#d+PRXCy
dA[+WYX�u�aQ�_ S#��d+P^\�Q+ZJ_ �¬e#WJURQT` `qQ+e%Q¬e#Wº` WYXjxaP^d+m0Q+e#WYX�s�_ S0ZJ` dtW�S4Urg

c%_ ` WYX Q+e#P^WYZJWYX e#W ZJd+P^P^W�N W�` WYZhU^P^Á+S%_qZ e#W�`qX��0QTPrU^_qZJ_ g�0QTS4URX�s-WYX
URQTPR��e#_qXr�Ld+S%_ m%` W�e#N%PRQTS4U�N%S�U^W�P^\k_ S%_w_ S0e#W Ç S%_ UkQT`¸�W�mÑe#W®`�b � S0X
U^_ U^N#U¬e#WÔvw_ ��S0ZJ_ WYX¢n%dTU^Á+S%_qV4N%WYX�skQ9`�b Q+e#P^WYß�Q%Äc4UrU^�CÄ 
	
z¸<¸<¸�u _qZh��d0u WYX�
YU^P^d+m0Q+e#WYX^µTÒ�
z_ S0e#WJ�=u c4U^\k` uÂ m0QTS0e%Qoe#W�`qX-Q+Xr�LWYZhU^WYX�ZJ_ W�S4U^p Ç Z�X�sA` WYX-xaP^d+m0Q+e#WYX-e#W�·�QT�c0QTS�ZJd+S0X
U^_ U^N%Ï�UwN%S0Q�WJ�#�LW�P^_ ��S0ZJ_qQo\kd+` U�QT{+PRQ+e%QTm%` W�_0W�S%P^_qV4N%_ ge#d+PRQ��LW�P�Q�\kd+` URXaQ+X^Xr_qX
U^W�S4URX�ua�Db QT\fm%_ W�S4U�e#_qX
U^�YX�szW�`4\�QTPRZ�_ S#gZJd+\k�0QTPRQTm%` Wwe#W�·�W�S%d+PRZ�Q�_t`�b QT\�QTm%_ ` _ URQAU�e#W�`qX-d+P^{4QTS%_ U^ÌYQ+e#d+PRXe#W�`�b � S0X
U^_ U^N#U�·�W�S%d+PRV4N%p0e=b �wX
U^N0e#_qXw[AQTS�ZJP^WYQTP�N%S%WYXwZJd+S0e#_qZJ_ gd+S0XaV4N%WD�Ld#V4N%WYXC[+W�{4Q+e#WYX=WYXae#d+S%W�S�W�S�P^W�N%S%_ d+S0XCZJ_ W�S4U^p Ç V4N%WYXe=b Q+V4N%WYX
URQ�S0QAU^N%PRQT` WYX^Q%uv�QT`�QT{+PRQT_ P��LW�P�Xrd+m%P^Wje#W�U^dTUf` WYX���Q+ZJ_ ` _ URQAURX�s�`�b QAy
N#U�_�W�`XrN%�Ld+PrU�e#Wk`qQ�Ítd#ZJ_ WJURQAU�v�QAURQT`qQTS0Qje#Wkn-pqXr_qZ�Qj_De#Wk`�b � S0X
U^_ U^N#U·�W�S%d+PRV4N%p+e=b �wX
U^N0e#_qX�szWYXr�LWYZJ_qQT` \kW�S4Uae#WD`�b �D\k\�QOÍ#QT` ` W�S4UYsYS0QMOd+` d+PRXOÎ�P^N%{+N%W�PRQ�_�W�S.6+d4XrW���·�_qV4N%W�`��O_qe%QT`�sC�TS%_ \kWYXOP^WYQT`qXe=b Q+V4N%WYX
URQ�_%e#WwURQTS4U^WYX�QT` U^P^WYX-xaP^d+m0Q+e#WYX�sYURQTS4U�QTS4U^W�P^_ d+PRXaZJd+\��N#U^N%P^WYX�uD�D`qX��0QTPrU^_qZJ_ �0QTS4URX�_Cd+P^{4QTS%_ U^ÌYQ+e#d+PRXwW�S0X�c%W�\�XrW�S4U^_ Ud+P^{+N%` ` d4Xrd4X�e#WOZJd+S4U^P^_ m%N%_ P�Q�`qQ�ZJd+S4U^_ StN%Ï�URQAU�e#WO` WYXwxaP^d+m0Q+e#WYXW�S�Q+V4N%WYX
URQf[t_ S4U^W�S0Q�WYe#_qZJ_ �0u
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Â \fm(\kdTU^_ N(e#W�`�b Â St»?·�N%S0e#_qQT`Oe#W�`qQ5n-pqXr_qZ�Q%swW�SÔV4N%��WYXZJd+\k\kW�\kd+PRQ<W�`%ZJW�S4U^W�S0QTP^_te#W�`�b "�����| lf% ��)`" � ��� � l�e=b �D_ S0X
U^W�_ SCsQ+V4N%WYX
Uw�LdTU<XrW�PwN%S�\kd+\kW�S4U�WYXr�LWYZJ_qQT` \kW�S4U�Q+e#WYV4N0QAUw�LW�P�P^WJg[t_qX^QTP�QT` {+N%S0X�U^WJ�tU^d4X�P^W�`qQ+ZJ_ d+S0QAURX�QT\fm¬�D_ S0X
U^W�_ S¬_�W�`qXfXrW�N0XU^P^W�m0QT` `qX�u��D`qX�` WYZhU^d+PRXo_ S4U^W�P^WYX^X^QAURXOW�S5QT` {+N%S0X�e#W�`qX�Q+Xr�LWYZhU^WYX\k�YXwe#WYX^ZJd+S%W�{+N#URX�e#W�` WYXwQT�Ld+PrURQ+ZJ_ d+S0X�e=b Q+V4N%WYX
U�ZJ_ W�S4U^p Ç Z<P^WJg[+d+` N0ZJ_ d+S0QTP^_�Qº` WYXfU^W�d+P^_ WYX���pqXr_qV4N%WYXkQ+ZhU^N0QT`qX�sD�Ld#e#W�S(e#_ P^_ {+_ P`qQ5XrW�[AQ�QAU^W�S0ZJ_ ��QT`�` ` _ m%P^W �f��� l ! � ��� pL' )`� m�� !#" t.k�� ) �HGg�Js�e#W�CN%_qX�lOQz[AQTP^P^d���W�{+N%_ ` `qQ+X�u Â [tN%_<e#_qQ%s��%P^d+m0QTm%` W�\kW�S4UkV4N0QT` gXrW�[+d+`0�LW�PRXrd+S0Q�P^W�`qQ+ZJ_ d+S0QTPR�o_ \k\kWYe#_qQAURQT\kW�S4U�W�`LS%d+\âe=b �D_ S#gX
U^W�_ S�QT\fm�`qQ���QT\kd4X^Q�WYV4N0Q+ZJ_ �

E = mc
2
s0�LW�P^ÁkW�`qX<U^P^W�m0QT` `qXe=b �D_ S0X
U^W�_ S¢[AQTS¢\kd+` U�\k�YX�W�S%` `q�%u�ÍtdA[t_ S4U�Xr�+S¢e#WYX^ZJd+S%W�{+N#URX

6 Ç S0X�_aU^dTUOW�S4U^P^WfQ+V4N%W�` `qXOV4N%W�WYX
URQTS�[t_ S0ZJN%`qQAURXOQT`a\k�+Sºe#W`qQ���pqXr_qZ�Q 6 W�`qX�WYX
U^N0e#_qX<e=b �D_ S0X
U^W�_ S�Xrd+m%P^WO`qQf\kWYZ��TS%_qZ�QfWYX
URQAge#pqX
U^_qZ�Q�_LW�`)e#WYXrW�St[+d+` N%�0QT\kW�S4UwV4N%WOW�`L[AQ��Ld+PrURQTP�Q���d+P^\fN%`qQTP` WYX�m0Q+XrWYX<e#W�`qQ�\kWYZ��TS%_qZ�Q�V4N0�TS4U^_qZ�QkQ+ZhU^N0QT`�u�D`L` ` _ m%P^WOe#WolOQz[AQTP^P^d�WJ�#�%` _qZ�Q�`�b W�[+d+` N0ZJ_ ��e#W�`L�LW�S0X^QT\kW�S4Ue=b �D_ S0X
U^W�_ S�e#N%PRQTS4UDW�`%�%P^_ \kW�PDV4N0QTPrUwe#W�`0XrW�{+` W�ÖCÖ�s4V4N%W<W�`%[AQ
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�Ld+PrURQTP�QT`%ZJd+S0ZJW��#U^W�e#W�� |�"���!o| %Ñe#W<` ` N%\Ñ_%\k�YX�W�S0e%Qz[AQTS4UDQ`�b WYX
URQ+e#pqX
U^_qZ�QkV4N0�TS4U^_qZ�Q%s%�0QTPrU^_ S4UOe#W�`qX�XrW�N0X<�%P^_ \kW�PRX�U^P^W�m0QT` `qXP^W�`qQ+ZJ_ d+S0QAURX�QT\fm���pqXr_qZ�Q�WYX
URQ+e#pqX
U^_qZ�Q%u Â \k�YX�URQT\fmL�f�%P^WJU^��SWJ�#�%` _qZ�QTP-` WYX-PRQTd+S0XC�LW�P�` WYX�V4N0QT`qXa[AQoQ+Z�QTm0QTP-e#WYXr[t_ S0ZJN%`qQTS4Urg XrWU^dTURQT` \kW�S4U�e#W�`�b W�[+d+` N0ZJ_ �ke#W�`qQfU^W�d+P^_qQ�V4N0�TS4U^_qZ�Q%u�D`-` ` _ m%P^W�WYX
UR�kWYX
U^P^N0ZhU^N%PRQAUOW�S�U^P^WYX�Z�QT�%p U^d+`qXOXrW��0QTPRQAURX�s0V4N%W+s\�QT` {+PRQAU�V4N%W���d+P^\kW�S�N%S�U^dTU<V4N%WOWJ�#�%` _qZ�Q�W�`qXwP^WYXrN%` URQAURX�e#W�`qXWYX
U^N0e#_qXoe=b �D_ S0X
U^W�_ S�W�S4U^P^Wj|Y}+µ4´f_�|Y}4´ �kV4N%WfW�`-[AQTS�ZJd+S0e#N%_ PQ�`qQ���pqXr_qZ�QfV4N0�TS4U^_qZ�Q%s+WYXw�Ld#e#W�S�` ` W�{+_ Pwe#WO\�QTS%W�PRQ�XrW��0QTPRQ+e%Q%syrQ�V4N%W�Z�Q+e%Q+X^ZJN%S�U^PRQ+ZhURQ�e=b N%S�Q+Xr�LWYZhU^W�e#_ ��W�P^W�S4UYÄ�W�S�W�`C�%P^_ g\kW�P�WYXo�0QTP^`qQ�m0�+Xr_qZ�QT\kW�S4U�e#W�\kWYZ��TS%_qZ�Q�WYX
URQ+e#pqX
U^_qZ�Q%s)W�S¢W�`XrW�{+d+Sºe#W�`qXO_ S%_qZJ_qX�e#W�`qQ�U^W�d+P^_qQjV4N0�TS4U^_qZ�Q�_�W�SºW�`-U^W�PRZJW�P�e#W�`S0QT_ �#W�\kW�S4U�e=b N%S0QOS%dA[AQ�WYX
URQ+e#pqX
U^_qZ�Q%sA`�b WYX
URQ+e#pqX
U^_qZ�QOV4N0�TS4U^_qZ�Q%uvwd+\ yrQkX�b c0Q�e#_ UYs%`qQ��%P^_ \kW�PRQf�0QTPrU<e#W�`=` ` _ m%P^W�WYX
UR�ke#WYe#_ gZ�Q+e%Q�m0�+Xr_qZ�QT\kW�S4U�Q�`�b _ S4U^W�P^�YX�e=b �D_ S0X
U^W�_ S��LW�P�`qQ�\kWYZ��TS%_qZ�QWYX
URQ+e#pqX
U^_qZ�Q�_0`qQ�e#W�\kd4X
U^PRQ+ZJ_ ��e#WO` WYX�` ` W�_qX�U^W�P^\kd#e#_ S0�T\k_qV4N%WYXQj�0QTPrU^_ P�e=b W�` `qQ ¼ ÅA�Db WJ�#�%` _qZ�Q+ZJ_ ��e#W�`qQjU^W�P^\kd#e#_ S0�T\k_qZ�Q�_�W�`qX��d+S0QT\kW�S4URXCe#Ww`qQ<\kWYZ��TS%_qZ�Q�WYX
URQ+e#pqX
U^_qZ�Q ¼ |Y}+µ4´zgR|Y}+µ �+ÀrÆ%Àhu)i�W�PURQT`#e#W��Ld4X^QTP�e#W�\�QTS%_ ��WYX
U�Q+V4N%WYX
U�_ S4U^W�P^�YXa`�b QTN#U^d+P�WJ�#�Ld4X^Q�W�`qXU^P^WYX�QTPrU^_qZJ` WYXo�%N%m%` _qZ�QAURX��LW�P��D_ S0X
U^W�_ S5W�S4U^P^W�|Y}+µ4´�_�|Y}+µTÒ�Qr ����"�� � �7u � )�� k�t l � � W�S¬V4N%��WYX��%P^d+�Ld4X^Qz[AQ�e#W�\kd4X
U^PRQTP�`qQXrW�{+d+S0Qf` ` W�_ae#W�`qQfU^W�P^\kd#e#_ S0�T\k_qZ�QkQk�0QTPrU^_ P�e#W�`qQfU^W�d+P^_qQkZJ_ gS%�JU^_qZ�Qj_�W�`De#WYXrW�St[+d+` N%�0QT\kW�S4U�e#W�`DZ��T`qZJN%`�e#W�ZJd+` u ` WYZhU^_ [t_ URQAURX¼ Q+V4N%WYX
URXaU^PRQ+ZhURQT\kW�S4URX-W�`qX-[AQO��W�PDQT\fm�e#WYX^ZJd+S%W�_ �#W�\kW�S4U�e#W�`qXWYX
U^N0e#_qX<_ S0e#W��LW�S0e#W�S4URXOe#W�Þo_ m%m0XRÀhu ½ S��%N%S4UoV4N%W�WYX�e#WYX
URQAgZ�Q�e=b Q+V4N%WYX
URX�QTPrU^_qZJ` WYXo�YX�V4N%W�QT` Ç S0QT`De#W�`�U^W�PRZJW�P�[AQ��Ld4X^QTPZJd+\ Qº\kd#e#W�`��LW�P�ZJd+S4U^PRQ+X
URQTPfW�`qXkXrW�N0X�P^WYXrN%` URQAURX�`qQºPRQ+e#_ gQ+ZJ_ ��e#W�`wZJd4X�S%W�{+P^W ¼ \k�YX�W�S0e%Qz[AQTS4U�c0Qz[t_qQ�e=b WYX
U^N0e#_qQTP�\k�YXe#WJU^_ S%{+N0e%QT\kW�S4U<` WYX<�0QTPrU^_qZJN%`qQTP^_ URQAURX�e=b Q+V4N%WYX
URQfPRQ+e#_qQ+ZJ_ �tÀhux-QT\fmL�jW�S?Q+V4N%WYX
U��%P^_ \kW�PkZ�QT�%p U^d+`wWYXf�0QTP^`qQ�e#W�`�b WYX
U^N#ge#_aV4N%W��D_ S0X
U^W�_ S�[AQ�e#WYe#_qZ�QTP�QT`C\kdA[t_ \kW�S4U�m%P^dA¸<S%_q� ¼ \kdA[t_ g\kW�S4URX�_ P^P^W�{+N%`qQTPRX�e#WYX^ZJP^_ URX��LW�P<�LWJU^_ U^WYX<�0QTPrU^pqZJN%` WYX<XrN0Xr�LWYXrWYXW�S�N%S�Ã0N%_qe0Àhs%U^dTUO_aV4N%W+s0Qk\k�YX�e#W�`qX<P^WYXrN%` URQAURX�W�S�Xr_C\�QAU^W�_ g�#d4X�s-WYX�P^W�\�QTPRV4N%W�S�e#d4XfQT` U^P^WYX�Q+Xr�LWYZhU^WYX�_ \k�Ld+PrURQTS4URX�u ½ S�YX�`qQ�PRQT��V4N%W�[AQf�Ld+PrURQTP��D_ S0X
U^W�_ S�Qf`�b WYX
U^N0e#_Ce=b Q+V4N%WYX
URX�Xr_qX
gU^W�\kWYX�s)V4N%W�[AQjXrW�P<U^P^d+m0QTPOQT` {+N%S���W�S%d+\kW�S�d+m0XrW�P^[AQTm%` W�V4N%W�LW�P^\kWJU^�YX-ZJd+S Ç P^\�QTPa`qQoZJd+S0X
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