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9:ãH6ræHOdJKA>65< ��EFA>ç�6 è 6�ä�6�8:6�OQïÄç�35A>B:EdL�6�819:ã>6rãH358DEQø�35A[9DJ5O7ç�35äUæ735AH6�AS9hB)3KP è EQ8D6�B�ú è 6�ç�J5A
J5BDBuåHäU6/9:ã>JK9)J5OQO7AH3�L�6�BtOFEQ6Õ35AÀ9DãH6ÕãH358DEQø�35A[9DJ5O>OFEQA>6ÕL�6 �>AH6zLÄ4�ï�9:ãH6ÕOQ6zJ��56zB½3KPo9DãH6¾9:8D6�65<
��6�A�ç�65úª9:ãH6Óæ�3[BuEQ9:EF35A¥3KP�J�AH3�L�6�,H<�! @ EdB!L�6 �>AH6�LN4�ï¥JùPRåHA>çl9DEQ3SA�� � ��� � ! @ ���

è ãHEFçhãÓäUJ5æ>B$,U3SAS9D3�EQ9DB �[ðvç�3�3S8DL�EFA>JK9:65<Sõ)ãH6/ãH3S8:EFø�3SA[9DJKO è EQ8D6/OF6�AH@59:ãÄ35PªJKAÀ6zL�@56�é � # ,�í
EFB�� � � ���[é �oí )�� �����[é ,�í��?éRAH359:6�9:ã�J�9�9:ã>6r@58hJKæHãùEQA �S35O��56�B1JKOdB:3�8D35åH9:EFAH@UAH3�L�6�Bhíl<

�t6�PR358D6 è 6U@5E��56�9DãH6UæH8D3[35PCú è 6�äÀJK÷S6�J5AH3K9DãH6�8�J5BDBuå>ä�æH9:EF35A>B�JK4735åH9rJ�OdJ�ï535åH9¾PR3S8
J�4�JKOdJKA>ç�6�LÓ9:8D6�6Õ9:ã>JK9�ä�EFAHEFäUEQø�6�B)9DãH6rãH358DEFø�35A[9hJKO è EQ8D6ÕOQ6�AH@K9Dã?</!H3S8)9:ãHEdB�J5BDB:åHäUæ�9:EF35A?ú
è 6�AH6�6�LÓ9:ãH6ÕPR35OFOF3 è EQAH@UL�6 �>AHEQ9:EF35A?< - 3SA>B:EFL�6�819 è 3�AH35A>6�äUæ�9Cï5úHLHEFB��CåHA>ç�9/Bu6�9DB)3KP*AH3�L�6�B
� , # � < < !Î35P*B:35äU6¾OdJ�ï53Så�9 *�<�MÒ6rBDJ�ïU9:ã>JK9 � , EdBQ� 3 8 $#" 350/4 25;�0 3 08$ 3	��û#8 ;?2�� � $ 0[ý è Ey9Dã
� < EyP�B:35äU6 �56�8u9DEFç�JKO�OFEQAH6ÄB:6�æ�JK8hJ�9:6zB¾9:ãH6ÄA>3�LH6�Br35P � , J5A>L � < ú�$®üÅû�ü*PR3S8�6�JSçhãÒæ�JKEF8r3KP
AH3�L�6�B , ,-< � ,�J5A>L , < < � < úIEy9rãH3SOFL>B/9Dã>J�9	� � ���[é , ,�í 
� � ���SéA, < í/358ÕPR3S8¾6zJ5çhãVæ�JKEF8
, ,;< � ,!JKA>L , < < � < ú�EQ9Õã>35OdLHB�9Dã>J�9�� � ���SéA, ,�í��� � ���SéA, < í�< �]P�9:ãHEdB/EdB¾AH3K9¾9:ãH6Uç�JSBu6Sú
è 6rBDJ�ïU9:ã>JK9 � ,¾EFBQ�0358 $#" 350 4�2 ; 3���û#8 ;?2�� � $ 0�ý è EQ9:ã � < <

- 35A>B:EdL�6�8�J�OFJ�ïS35å�9)PR3S8�J�ñ�ðvJK8Dï
4>JKOdJKA>ç�6�L�9D8:6�6�B�<[õ)ãH6/8D3�3K9�35Po9:ãH6/9:8D6�6�EdBtç�35AHA>6�çl9D6�LU9D3!ñ BuåH4H9:8D6�6�B?B , #;9:9:94# B � <[MN6
B:J�ïV9:ã>JK9'B%EFB!ãH358DEQø�35A[9DJ5O�35�56�8:OdJKæHæ>EQAH@�úoEyP)PR3S8�B:35äU6 51#�� < �[þ�#:9;9:9 #:ñ � è EQ9:ãH5�����>ú
9:ãH6VB:6�9�3KP�OQ6zJ��56�BU35P B < EdBÄã>358DEQø�35A[9DJ5O�35�56�8DOdJKæHæHEFAH@ è Ey9Dã 9:ãH6ÒBu6�9Ä3KPrOQ6zJ��56zBU3KP B 
 <
â 9:ãH6�8 è EdBu6Sú è 6ÓBDJ�ïÂ9:ã�J�9;B%EdB!ã>358DEQø�35A[9DJ5O½AH35AHðY35�S6�8DOFJ5æHæHEFAH@><oõ)ãH6ÓPR35OFOQ3 è EFAH@(OF6�äUäÀJ
BC9hJ�9:6zB�9:ã>JK9 è EQ9:ã>35å�9ÀOF3SBDB!35P¾@56�AH6�8hJKOFEQ9Cï5ú è 6�ç�J5A J5BDB:åHäU6Ó9Dã>J�9ÄJV9:8D6�6ùOFJ�ïS35å�9 è Ey9Dã
ä�EFAHEFäÀJKO?ãH3S8:EFø�3SA[9DJKO è EF8:6�OF6�AH@59:ã�EdB)ãH358DEQø�35A[9DJ5OIAH35A�ð]35�56�8:OdJKæ>æHEQA>@><

� ��
 
�� �=�	� 358 2 08��;?2	��3 6949B 3,+>2 � 2 ;?250 /Dû���4 8:ûhû $ 014,�Hû(�-3 �5û#;ªý $���û#0�2 �&3���û() $ 4��
� 358 $#" 3 0/4 25; ) $ 8:û ;Fû 0�ý 4,� E7D */é BÕí/� 4��>û 8Dûùû�& $ . 4A. 2�;�2	��35694�B @ )��Hû#8:û;B @ $ . �0358 $#" 350�$
4�2 ; ;��>0 3 08$ 3	��û#8 ;?2�� � $ 0[ý 2 0 � 4��>û � 3 8 $#" 350/4 25;�) $ 8:û ;Qû 0�ý 4,� 3�+�B�@ $ . .�� 2 ; ;Qû#8;358�û�� 6/2 ; 4 3
EGD */éAB¾í�ü

* 8:3 3,+�ü/MÒ61ç�35A�BC9D8:å>ç�9ªJ�ãH3S8:EFø�3SAS9hJKOKA>35A�ð]35�56�8:OdJKæHæ>EQAH@1OdJ�ï535åH9�B�@K3Så�9ª3KP B è EQ9:ã!B:äÀJKOFOQ6�8
358�6�î[å>J5OoãH358DEFø�35A[9hJKO è EF8:6�OF6�AH@59:ã?<>õ)ã>EFB�EdB�L�3SAH6�4�ï�ç�3SA>Bu9:8Då>çl9DEQAH@ÀJ�OdJ�ï535åH9 è ã>6�8D6ÕA>3
æ>J�9Dã>B�ç�8D3SBDB�< �vAV9DãH6�PR35OFOQ3 è EFAH@�ú è 6�LH6��>AH6ÀJ5AV35æ76�8hJ�9DEQ3SAÂ35A¥J�OFJ�ïS35å�9¾9:ã>JK9rJSçhãHEF6#�56zB



9:ãHEdB1@53SJ5O>EQP*J5æHæHOFEQ6zLÄç�3S8:8D6�ç�9:OFï5< !HåH8:9:ãH6�8:äU3S8:6Sú è 6Õç�35A>Bu9:8Då>çl9)J�OdJ�ï53Så�9�� < 3Så�9)3KP�B 9D3
BuãH3 è 35A è ãHEdçhãùA>3�LH6�B19:3ÀJ5æHæHOFïÄ9:ã>6r35æ76�8hJ�9:EF35Aª<

â AH6�ç�JKA.JSB:B:åHäU6Ó9Dã>J�9ÀJKOFO1AH3�L�6�B�3KP�B JK8D6Ó35A.9:ãH6ùãH3S8:EFø�3SAS9hJKOtOQEFAH6�L�6��>A>6�L�4�ï
9:ãH6�OF6�J��56zB�< �]P/9DãHEdBUEFBUAH359U9:ãH6(ç�JSBu6Sú*B:ãH8DEQA>÷Ë9:ãH6�OdJ�ï53Så�9!9D3Ò9DãHEdBUOQEFAH6(JKA>L ç�3SA>BuEdL�6�8
9:ãHEdB!OdJ�ï53Så�9�<ö=?6�9 ��4�6Ó9:ãH6�8:3�3K9�35P�B�< �vA¥9:ãH6 ��8DBu9�Bu9:6�æË3KP�9:ã>6Óç�3SA>BC9D8:å�çl9:EF35AË35P�B @ ú
è 6!LH6�OF6�9:6�JKOFOª8D35å�9DEQA>@ÀAH3�L�6�B¾35å�9¾3KP BÎJKA>LùPR3S8/6zJ5çhã�AH3�L�6',6<7! ) ��� � è 6�æHOdJ5ç�6�J
8:3Så�9:EFAH@ÕAH3�L�6 �  35A�9:ãH6�BDJKäU6tæ73SB:EQ9:EF35A�JSB ,�<�MN6�ç�3SAHAH6�ç�9*6zJ5çhã�8:3Så�9:EFAH@ÕAH3�L�6 �  è Ey9Dã
Ey9hB�ç�3S8:8D6�B:æ�3SA>L�EFAH@ùAH3�L�6 ,�<öõ)ãH6�ANPR358r6zJ5çhãNAH3�L�6 ��JKA�LVEQ9DB�B:å>ç�ç�6�BDB:358hB � , #;9:9;9 # � � ú
ç�35A>AH6�ç�9 ��9D3�9DãH61ç�358D8:6zBuæ735A�L�EQA>@�8:3Så�9:EFAH@�AH3�L�6zB è EQ9:ã!ä�EFAHEFäÀJKO[9:359DJKO è EQ8D6�OF6�A>@K9:ã�é%$®üÅûzü
çhã>JKEFAr9:ã>6�8D35å�9DEQAH@¾AH3�L�6�B*J5BöBuã>3 è A�EQA !öEF@5å>8:6 
Kíl< �359:6�9:ã>JK9ª9:ã>6tæ73SB:Ey9DEQ3SA>Bö3KPHAH3�L�6zBªEFA
! JK8D6�AH3K91JKOQ9:6�8D6�LÀJ5A>L�9:ã>6 è J�ï!9:3!ç�35AHA>6�çl9tAH3�L�6�B è Ey9DãÀ9:ãH6�EQ81Buå�ç�ç�6zB:B:358hB�EdB½35æH9:EFäUJ5O�ú
ãH6�A>ç�6�9:ãH6 è EF8D6ÕOF6�A>@K9:ãù3KP*9:ã>6rOFJ�ïS35å�9�L�3�6�B�A>3K9�EQA�ç�8D6�J5B:6�4�ïÀ9:ãHEdB�äÀJKA>EQæHå>OFJK9:EF35A?<

u

u u u1 2 3

����� ¸��H¸ ÌI^jmjmjal�rih^_eCihmjahZ�k�eCa½eCc�`S\C^jX[��XScK�SahZh»5|1^jx�aDX�\Cg[a½q�czZv^_\C^jczXSZ�c�bH\Cg[a½XScK�SahZ�ÃÅczq�ahXriD^jeCiDmyaDZuÊ:�
\CgS^jZ*^jZ�k�X!czq5\C^jp�k�m[¿�kl¼Õ\Cc¾ihc�X[XSahiD\ � \Cc/^j\CZ*Zv`[ihihaDZvZvc�eCZ�¿½^_\CgreCah��k�eu��\Cc�\Cg[a�g[c�eC^y}DczX�\uk�m�¿½^_eCa
mjahXS��\Cg>»If�gSa�X[cK�5ahZ � A � � B � � � k�eCarc�X�\Cg[aÕZCk�pra�q�c�Zv^j\C^jc�X(k�Z�\Cg[aD^je�iDc�eveCahZvq�c�X��S^jXS�UeCcz`S\C^jXS�
XScK�SahZh»[f�g[a�xzaDev\C^jilk�m��S^jZvq[myk�ihahprahX�\�c�boXScK�SahZ½^jX�\CgSa)Ô���`SeCa)^jZ½bdc�e�ihmyk�eC^j\�¼�»

MÒ6UJK8D6�A>3 è L�6��>A>EQAH@(J5AV35æ76�8hJ�9DEQ3SAÂ35AV9:ãH6UOdJ�ï53Så�9/9Dã>J�9rL�3�6�BÕAH359�EFA>ç�8:6zJ5B:6�9:ã>6
ãH358DEQø�35A[9DJ5O è EQ8D6�OQ6�AH@K9Dã�35Pª9:ã>6rOFJ�ïS35å�9z<[MN6�ç�J5OQO?B:å>çhã�JKAù35æ76�8hJ�9DEQ3SA�J�� $ �Sð]35æ76�8hJ�9:EF35Aª<
- 35A>B:EFLH6�8�9 è 3ùEFAHAH6�8�AH3�L�6zB��.JKA>L7,ÒJ5A>LV9:ãH6ÓB:6�9hB�3KP19:ãH6�EQ8�Buå>ç�ç�6zB:B:358hB � � JKA�L � S<
;/BDBuåHäU6(9Dã>J�9�� EdBÀ9D3Ë9:ãH6ÒOQ6�PÅ9�35P , 358ÓæHOFJSç�6zL 35A 9:ã>6ÒBDJKäU6ÂOF3�ç�J�9DEQ3SA"J5B ,7<1õ)ã>6
35æ76�8hJ�9:EF35A ç�35A>AH6�ç�9DB�� 9D3.9DãH6Nñ$OF6�PÅ9DäU3SBu9�A>3�LH6�BùEQA 9:ãH6¥B:6�9�3KP�9DãH6�EF8(Buå>ç�ç�6zB:B:358hB
� ��� �  J5A>L=,Â9D3(9:ã>6Äñ�8DEQ@SãS9DäU3SBu9�AH3�L�6�B!EQA � ��� �  <*õ)ãHEFB!35æ76�8hJ�9DEQ3SA¥LH3[6zBrAH359
EQA>ç�8:6zJ5B:6�9:ã>6tãH3S8:EFø�3SA[9DJKO è EQ8D6�OF6�A>@K9:ã!3KP�9:ã>6t8D6�B:åHOQ9:EFAH@/OdJ�ï53Så�9�<�MÒ6tPR358DäÀJKOFEQø�6½9:ã>EFBöEFLH6�J��
��åHæHæ73SB:6�9:ã�J�9 � ��� �öé �oí�	 ����� �öéA,�í�< - ãH3[Bu6�LHEFB��CåHA>ç�91B:åH4>B:6�9DB � @� # � @ < � �
� �  3KP?B:EQø�6



ñ 6�JSçhã è Ey9DãË9:ã>6Óç�3SA>L�EQ9:EF35A¥9:ã�J�9!PR3S8�J5A[ïÒæ>JKEF8!35P�AH3�L�6�B � @�< � @� J5A>L , @�< � @ EQ9
ãH35OdLHB*9:ã�J�9 � � ���Sé � @dí 	 � �����[éA, @Åíl<Sõ)ãH6 �>EQæHðY3Sæ�6�8DJK9:EF35A � RA5 � ���  L�6�OF6�9D6�B�JKOFOHç�3SAHAH6zçl9:EF35A�B
EQAÂ476�9 è 6�6�A �ÒJ5A>L(EQ9DBÕBuå�ç�ç�6zB:B:358hB�J5A>L6,ùJ5A>L(EQ9DBÕBuå�ç�ç�6zB:B:358hB�J5A>L(ç�3SAHAH6�ç�9DB �Â9D3Ä9:ã>6
AH3�L�6�BtEQA � @� JKA>L ,�9D3 � @ EFA�J5AÄ35æ�9DEQäÀJ5O è J�ï5<[õ)ãHEFB è EFOQOIAH359tEFA>ç�8D6�JSBu6�9DãH6ÕãH358DEQø�35A[9DJ5O
è EQ8D6�OQ6�AH@K9Dãù35Pª9DãH6rOFJ�ïS35å�9z<

MÒ6 è EQOFO)å>Bu6Ó9:ãHEdB�35æ76�8hJ�9:EF35A�Br9:3¥ç�3SA>Bu9:8Då>çl9�JVãH358DEFø�35A[9hJKO�A>35A�ð]35�56�8:OdJKæHæ>EQAH@ù9D8:6�6
35å�9�35P?B�@�< �vA¥358hL�6�8Õ9D3 �>@5åH8D6U35å�9r3SA è ã>EFçhã¥AH3�L�6zBÕ9:3ÂL�3ù9:ã�J�9�ú è 6Äç�35A>Bu9:8Då>çl9�9 è 3
3K9:ã>6�8�OdJ�ï535åH9DB � ,ÕJ5A>L � < 3Så�9�3KP B�<

MÒ6ùç�35A�BC9D8:å>ç�9 ��,À3Så�9�35P�B B:å>çhãË9:ã�J�9 è 6�LH6�OF6�9:6ù8D35å�9DEQAH@VAH3�L�6�B�JKA>L.ç�35A>AH6�ç�9
@58hJKæHã�AH3�L�6zB�4�ïùLHEQ8D6�ç�9¾6�LH@56�B�</!>åH8u9DãH6�8DäU358D65ú7JKOFOªAH3�L�6zB�3KP½L�6�æ�9:ãG51J58:6ræHOdJ5ç�6�L�3SAÂJ
ãH358DEQø�35A[9DJ5OIOQEFAH6�J�9�ï[ðvç�3�358hL�EFA>J�9D6�) 5�J5A>LÓ9:ãH6 ��ðvç�3�358hL�EFA>J�9D6�B)JK8D6¾å>A>çhã>JKA>@56�L?< ��å>çhã�J
BC9D8:6�9DçhãH6zLÓOdJ�ï53Så�9�EFB)@SE?�S6�AùEQA !*EQ@SåH8D6 �SJH<

u,v

u uv v1 21 2 u uv v1 21 2

u v

y=0

y=−1

y=−2

y=−3
w w’

a) b)

����� ¸��>¸ kzÊt� Z]\veCaD\Ciug[ah�Ämykh¼�c�`S\l»��tcK�SahZtc�bö�Sahq5\Cg���k�eCa/q[myk�ihal�Äk�\t¼5¹®ihc�c�eu�S^jX�k�\Ca	�
�v»���Ê�¤ùa
ZvaDq�k�euk�\Ca�X[cK�SaDZ)\Cg�k�\¾k�eCarq[myk�ihah�ùczXÓ\Cg[arZCk�praÕq�czZv^_\C^jczX(��¼Ók�Zvp�k�mjmök�prc�`[X�\l»�� �Sa:\uk�^jmöc�b
\CgSa)mykh¼�cz`5\t^jX�ÃRk�Ê�^jZ�ZvgScl¿½X�»

�vA�358hL�6�8�9:3Vã�JKA>L�OF6ÄAH3�L�6zB�9Dã>J�9UJK8D6Ä35A¥9DãH6�BDJKäU6�æ�3[BuEQ9:EF35AË3SAË9:ãH6�æHOdJKAH6Âú è 6
ç�35A�BC9D8:å>ç�9½JKAH359:ãH6�8�OFJ�ïS35å�9
� < 35å�9½35P � , 4[ï!9:ãH6�J5OQ@S358DEy9DãHäÎ@SE?�S6�A�EQA>!*EQ@SåH8D6�&><�MÒ6�LH3
9:ã>JK9�4�ï!LHEFB:æHOdJ5ç�EFAH@ÕAH3�L�6�B*35P7BDJKäU6tæ73SB:EQ9:EF35A�4[ï�J�B:äÀJKOFO�J5äU35åHA[9���EQA�9:ã>6���ðvL�EF8:6zçl9:EF35Aªú
Buå>çhã�9:ã�J�9�AH3¾9 è 3ÕAH3�L�6�B�J58:6)J�9�9DãH6�B:J5ä�6���ðYæ73SB:EQ9:EF35A�JKPÅ9:6�8�9:ãH619:8hJKA�BCPR3S8:äÀJ�9DEQ3SA?<�=?6�9
�
4�6/9:ãH6�äUEFAHEFä!åHä%ãH3S8:EFø�3SAS9hJKOHL�EdBu9DJKA�ç�6�@S8:6zJ�9:6�8�9:ã�JKAÄÿr476�9 è 6�6�AÀAH3�L�6�B�3KPI9:ãH6/OFJ�ïS35å�9z<
�Àä!å>Bu9/476�çhãH3SB:6�A�B:å9)Äç�EF6�A[9:OFï�B:äÀJKOFO�ú>B:3�9:ã>JK9/EQP�JUAH3�L�6 ,ÓEFB)9D3U9:ãH6!OQ6�PÅ9/3KP �(EQA ��,�ú



9:ãH6�A ,ÓEFB19D3U9:ãH6rOF6�PÅ9�35P��(EFA � < <>õ)ãHEdB�ç�JKAù476r@5å>J58DJ5AS9D6�6zLÄ4�ïÓçhãH3�3SB:EFAH@ � � � �KóH<��vA
� < úHæ>J�9Dã>B�ç�JKAù35AHOFïÓç�8D3SBDB14�ïÄ6�L�@S6�ðvç�8D3SBDBuEFAH@[B�<
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� �z�� �¨��������#�>©��! z¨����������%$!�K«�"
�Î©��&��«�"

� �'�(

����� ¸
)>¸ ��XUk�mj��c�eC^_\Cg[p \Cg�k�\½qSeCcK�5`[ihahZ�kÕmykh¼�c�`S\+* B c�`S\½c�b,* A »

!öEF@5å>8:6 �K4!B:ãH3 è B*J¾L�6�9DJ5EQO�3KP�9DãH619:8hJKA>BuPR358DäU6�L��S6�8hBuEF35Ar35PH9:ã>6tOdJ�ï53Så�9ö35P !*EQ@SåH8:6 �5J><
�vA�9:ãH6�OFJ�ïS35å�9 � < ú>9:ãH6�8:6!J58:6rA>3U9 è 3ÄA>3�LH6�B�9Dã>J�9ÕJK8D6ræHOFJSç�6zL�35Aù9:ãH6�B:J5äU6ræ�3[BuEQ9:EF35A?<
;�OFOo6�L�@S6¾ç�8D3SBDB:EQAH@[B�EFA � < JK8D6¾L�å>6/9D3�ç�8:3[B:B:EQA>@SB�9Dã>J�9 è 6�8D6/EFA � , 3581358�L�åH6¾9:3�AH3�L�6�B
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