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p 2 ( Z3� 8J$t0'"e&)& 5 ] ,\$  &.$�- 2 < 5 8;Cj& � 0'8 2G� )#TPTD8 � &�)E( @72G� 'G& @ $F8 2G� &)� Z )E$'8 2G� 8;0 2 I%$6)#8 � & 5jV ( 2 C$  & n & � &7(+)#T 5 8 'G&7( n & �3@ & Vl2 ('Cy, _ �PM?�\M}*%,%-b8;$  
¢ ¬ \ °|± M��G²
ª ¬ � \ @)2 0R_ ¤�� \ 0'8 � _ °|± M��G²
¯ ¬ b ° ± MJ� b ²

�\8 �3@ & ¢ 8D0q)H0 @ )#T�)E(), ª 8;0.0L8DCm"3T;K�)�'G& @ $ 2 (7MY� Z I30�$F8J$ Z $'8 �3n $  &)0L&�& A "3(L&)0L0'8 2#� 0`8 � $ 2 )j$�- 2 <5 8;Cj& � 0'8 2G� )#T Vl2 ('C 2#V�_ �PM!�\M � n 8 'G&70b$  & Vl2 TDT 2 -b8 �3n 8 � $F& n (+)#T Vl2 ('C
��G�!��� \ ���6¤ ¦�� ¨^© °�� \ @)2 0 _ ¤�� \ 0'8 � _G² ����¬cb ° ± MJ�G�®²

-  &7('& � 8D0�$  &.)#(L&�) 2#V $  & @ &)TDT?-  8 @� 8D0�I 2GZ3�35 & 5 I�Kr$  & @ T 2 0'& 5+@72G� $ 2GZ (
	WM
�87:987:9 =?>/@��*C�
 X�# CZIMDUTWV�X/EYPRCZIMD
�� &µ8 � $F& n (+)#T Vl2 ('C 2#V $  &.$�- 2 < 5 8;Cj& � 0'8 2G� )#T 5 8J> Z 0'8 2#� &)� Z ){$F8 2#� -b8;$  H�32 0 2#Z ( @ &µ$F&)(LC ) �35Z3� 8J$ 5 8;> Z 0L8 2G�W@)2 &�� @ 8D& � $��g8D0 2 I%$+)#8 � & 5gV ( 2 C	$  & n & � &)(&)#T 5 8('#&)( n & �3@ & Vl2 (LC+, _ �PM\�\M}*%,G-b8;$  

¢ ¬ \ ° ± MJ�®�G²
ª ¬ � � \ ° ± MJ�1*�²

¬ ����� [a\[ � ¤�� [a\[ ��� ° ± MJ�BO ²
¯ ¬ b ° ± MJ� ± ²

��0L8 �3n $  &)0L&#, -!&�9 �35 ��G� ��� \ ��� ¬ ¦�� ¨^© ��� [a\[ � ¤�� [a\[ � � ��� ° ± MJ����²
$ 2 Ie&`$  &�8 � $'& n (&)#T Vl2 (LC 2#V $  &`$�- 2 < 5 8DCm& � 0L8 2G� )ET 5 8;> Z 0L8 2G� &7� Z )E$F8 2G� M
(*)�� � 8 ;��! 2�5 ;=8:0�2 698 . % '#" . 5 < %�;=0
~�&Q('&70L$'('8 @ $ 2GZ ({)E$L$F& � $'8 2G� $ 2 )H0 @ )#TD)#( 5 &)"e& �35 & � $j'*)#('8D)#I3TD& \ ) �35 )H0 @ )#T�)#( � Z\A%$ ,z)#0.8 �$  &.C 2\5 &7T &)� Z )E$'8 2G� 0)M�~�& @)2#� 0'8 5 &)([) � &7� Z 8D0'"<) @ & 5Un ('8 5 -b8J$  0L"L) @ 8 �3n'& � M �� & �32c5 &)0 2#V$  & n (L8 5 )E('&.T 2\@ )E$F& 5 )E$ ��(�¬*) & � )#0 Z 0 Z )#T|M �!2G� $F( 2 TJ' 2 T Z Cj& ) & A $F& �35 0 V ( 2 C ��(+� & �!, �$ 2 ��(³¤ & �!, �\, )#0b0  %2 - � 8 � pv8 n M ± MJ�GM�~�&`-b8DTDT Z 0'&�$  & Vl2 TDT 2 -b8 �3n��32 $+)E$F8 2G�QL

��(�- ?�.0/ ¬ ��(�� & �!, � 	 ��(21 ?�.0/ ¬ ��(³¤ & �!, � ° ± MJ� · ²
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j j+1j-1 j+2j-2

j-1/2 j+1/2

∆ x

L RL Rpv8 nGZ (L& ± M;� Lw�!2G� $F( 2 T ' 2 T Z Cj&`8 �U2G� & 5 8;Cj& � 0'8 2G� M
\ (�� ?�.0/ ¬ \ °���(�� ?�.0/ ² 	 $ (�� ?�.0/ ¬ $ ° \ (�� ?�.0/ ² ° ± MJ� ��²~¥8;$  $  &70'& 5 &79 � 8;$F8 2G� 07,%$  & @ &)TDTk<§)�'G&7(+) n &{'$)ET Z &`Ie& @72 Cj&70

B\ ({°l� ² C �& � � �	��

������ ��������� \ °��
	'� ² � � ° ± MJ� ��²
) �35 $  &Y8 � $F& n (+)#T Vl2 ('C�Ie& @72 Cm&)0���� ° & � B\ ( ² ¤ $ (21 ?�.0/ � $ ( - ?�.0/ ¬ � �	��
�������	��������� ¯ � � ° ± M�� b ²
´S2 - -b8;$  �� ¬ � �?��( ,3-/& @ ) � & A "L) �35 \ °�� ²t8 �y_ �PM ± M;� �g8 � ) � )1KcT 2 (b0'&)(L8D&70q)#I 2GZ $ ��(° -b8J$  � 9 A & 5 ²t$ 2Wn &7$

B\ ( C
�& �r� � � .0/- � � .0/ �� \ (v¤ � � [a\[ � � ( ¤ ��/� � [ / \[ � / � ( ¤ �
�

� � [ � \[ � � � ( ¤ ©B©)© � � �
¬ \ (v¤ & � /�{O � [ / \[ � / � ( ¤ & �"!� ��� b � [ ! \[ � ! � ( ¤$#H° & �&% ² ° ± M��\�®²

2 (
B\ (t¬ \ (v¤$#r° & � / ² ° ± M��G�G²-  &7('& \ ( 8D0�$  &�'*)#T Z &�){$.$  & @ & � $'&)( 2#V $  & @ &)T;T M('S& �3@ &�$  & @ &)T;TJ<l)�'#&)(&) n &/'$)ET Z &�) �35 $  &

'*)#T Z &/)E$�$  & @ & � $F&7( 2#V $  & @ &)T;T 5 8;>?&)(�I�K�)�$F&7('C 2#V 0'& @)2G�%5+2 ( 5 &)(7M
�87*) 7<; + ,�@ONaIMD(-/.10^F"-&@
F2+4353/F I76/C	8 EYP CSIKDeP I�PR>/@?H?IMD8LK@
NQPRCZIMDBTWV�X/E9.

P CSIMD���q2G� & 5 8;Cj& � 0'8 2G� ,�$  &g8 � $'& n (&)#T Vl2 (LC 2#V $  &gTD8 � &�)#( @)2G� 'G& @ $'8 2G� &)� Z )E$'8 2G� , _ �PM ± MJ�G�G,�I?&o<@)2 Cj&70 & � � B\ (�G� ¤ $ (21 ?�.0/ � $�(�- ?�.0/ ¬ b ° ± M��#*�²
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-b8;$  �$ ¬ \ M�~�& @� %2\2 0L&.)m"38;& @ &7-b8D0L& @)2G� 0�$6) � $q)#"3"3( 2BA 8;C ){$F8 2#� $ 2 \ °�� ²!8 � &�) @� �@ &)TDT�0 Z3@� $  )E$
\ °�� ² ¬ B\ ( ��( - ?�.0/�� � � ��(21 ?�.0/ ° ± M��EO ²

_ '*)#T Z ){$F8 �%n $  8;0n)E$ )µ¤ � , � n 8('#&)0$��( 1 ?�.0/ ¬ $ ° \ �(21 ?�.0/ ² ¬ \ �( 1 ?�.0/ ¬ B\ ( ° ± M�� ± ²
-  &7('&µ$  &�� 8 �35 8 @ )E$'&)0w$  )E$!$  8;03)#"3"%( 2BA 8DCh)E$F8 2G� $ 2 $ ( 1 ?�.0/ 8D0 2 I%$6)E8 � & 5HV ( 2 C $  &j)#"3"%( 2BA <8DCh)E$'8 2G� $ 2 \ °�� ²t8 � $  & @ &)T;T $ 2 $  &�� �	�o�f2#V � ( 1 ?�.0/ ,�)E0�0  32 - � 8 � pv8 n M ± MJ�GM �� & @ &7TDT $ 2 $  &�[I�

�c�f2#V ��(21 ?�.0/ ,3-  8 @� 8;0 @ &7TDT )µ¤ �G, n 8 'G&70$��(21 ?�.0/ ¬ B\ (21 ? ° ± M�� ��²
�\8;Cj8;T�)#(LT;KG, @ &)TDT ) 8D0�$  & @ &)T;T�$ 2 $  &�('8 n# $ 2EV ��(�- ?�.0/ , n 8('c8 �3n$��( - ?�.0/ ¬ B\ ( ° ± M�� · ²
) �35y@ &7TDT ) � ��8D0t$  & @ &)T;T $ 2 $  &�T;& V $ 2#V � ( - ?�.0/ , n 8('c8 �3n$ �( - ?�.0/ ¬ B\ ( - ? ° ± M�� ��²
~�&  )�'G& �32 - ) @)@)2 Cj"3T;8D0  & 5 $  &S9 ('0�$t0L$'&)" V ( 2 C $  &�TD8;0L$/8 � �c& @ $'8 2G� ± MJ���\-/&  )�'#& 5 &79 � & 5$  & � Z\A &)0.)E$`$  & @ &7TDTvI 2GZ3�%5 )#('8;&)0µ8 � $F&7('Cm0 2#V $  & @ &)TDTk<§)�'G&7(+) n & 5 )E$+)%M ��� $  8D0µ& A )#Cj"%TD&#,$  & 5 8D0 @)2G� $'8 � Z 8;$�Kj8 � $  & �3Z\A )E$/$  & @ &)T;T�I 2GZ3�35 )#(LKj8D0/('&)0 2 T('#& 5 I�KH$+)#¶ 8 �3n $  &/)�'G&7(+) n & 2#V$  & �3Z\A &)0 2G� &78;$  &)(�0L8 5 & 2#V $  &�I 2GZ3�35 )#(LK#M �� Z 0

�$�( 1 ?�.0/ ¬ �� ° $��(21 ?�.0/ ¤ $ �( 1 ?�.0/ ² ¬ �� ° B\ (�¤ B\ ( 1 ? ² ° ± M�� ��²
) �35

�$ (�- ?�.0/ ¬ �� ° $ �( - ?�.0/ ¤ $��(�- ?�.0/ ² ¬ �� ° B\ ( - ? ¤ B\ ( ² ° ± M}* b ²
-  &7('& �$N5 & �32 $'&)0a) � ���H�=�[I ��� � � Z\A -  8 @� 8;0n) � )#"3"3( 21A 8;C )E$'8 2G� $ 2 $  &�& A ) @ $ � Z\A M� Z I30L$'8;$ Z $F8 �%nW_ � 07M ± M � �^) �%5 ± M}* b 8 � $ 2 $  &�8 � $F& n (+)ET Vl2 ('Cy, _ �PM ± M��#*%,%-/& 2 I%$6)E8 �

& � � B\ (�G� ¤ �� ° B\ (v¤ B\ (21 ? ² � �� ° B\ ( - ? ¤ B\ ( ² ¬ & � � B\ (��� ¤ �� ° B\ ( 1 ? � B\ ( - ? ² ¬cb ° ± M}*%�®²
~¥8;$  "?&7('8 2\5 8 @ I 2GZ3�35 )#(LK @)2G�35 8;$F8 2G� 07,\$  8D0�" 2 8 � $ 2 "?&7(+)E$ 2 (t"3( 2\53Z%@ &)0�$  & Vl2 TDT 2 -b8 �3n 0'&)Cm8J<5 8;0 @ (L&7$'& Vl2 ('C L ���B\��� ¬ � �� & ����� ° � � 	�b 	 �®² �B\ ° ± M}*��G²



����� � �%�����d$ �W !��� & ���%��� � ��� �  !��� � & ·G·
�� 8;0`8D0`8 5 & � $F8 @ )#Tv$ 2 $  &g& A "%('&)0L0'8 2G��2 I\$6)#8 � & 5NZ 0L8 �3n 0L& @)2#�35 < 2 ( 5 &7( @ & � $F&7('& 5�5 8;>?&)(L& �3@ &)07,& A\@ &)"%$Q8;$Y8D0`-b('8J$'$'& � 8 � $F&)(LCj0 2#V $  & @ &7TDT�)�'G&7(+) n & �B\ ,X(+)E$  &)(�$  ) � $  & �%2\5 )ETU'$)ET Z &70), �\ M'�& �3@ & 2GZ ({) � )#T;Kc0L8D0a) �35�Z%�35 &)(L0L$+) �35 8 �3nU2#V $  &Q&78 n & � 0LKc0L$'&)C 2#V $  &QCh)E$F(L8 A ��� ° � � 	�b 	 �®²8D0Y('&7TD&c'$) � $�$ 2 9 � 8;$'&=< ' 2 T Z Cj&WCm&7$  32\5 0�)#0�-!&7TDT�)#0�9 � 8;$'&=< 5 8;>?&)('& �3@ &mCm&7$  %2\5 07M��c8 �3@ &j$  &&)8 n & � '*)#T Z &)0 2#V ��� ° � � 	�b 	 �®²{)#(L&m" Z ('&m8DCh) n 8 � )#(LK#,?-/& @ ) ��@72G�3@ T Z35 &g$  )E$�$  & Z 0L& 2EV $  &
)�'G&7(+) n & 2#V $  & � Z\A &70 2G� &)8J$  &7(/0L8 5 & 2#V $  & @ &7TDTeI 2#Z3�35 )#(�KG,>)#0!8 �r_ � 0)M ± M � ��) �35 ± M�* b , @ ) �TD&�) 5 $ 2 ) �32G�35 8D0'0L8D"L){$F8('#&`9 � 8;$'&=< ' 2 T Z Cj&.Cj&=$  32c5 M
�87*) 7:9 + �/IKX/F PR> .10^F"-&@
F +4353/F I76 C�8 EYP CSIMD*P I�PR>/@?H?IMD8LK@
NQPRCZIMDBTWV�X/E9.

P CSIMD
A &7$ Z 0w('&)"%T�) @ &S$  &�"%8D& @ &7-b8;0'& @)2G� 0�$6) � $[)#"3"3( 2BA 8;C ){$F8 2#� 8 � �\& @ $F8 2#� ± M}*%MJ�S-b8J$  )Y"38;& @ &7-b8D0L&� Z ) 5 (&)E$F8 @ )#"3"3( 2BA 8;C ){$F8 2#� )#0 Vl2 TDT 2 -b0

\ ° � ² ¬ ] � / ¤�� � ¤�� ° ± M}*G*�²-  &7('& � 8;0 ) n )#8 � &)� Z )ET!$ 2 � � ��( M �� &r$  ('&)&U"<)#(+)#Cm&7$'&)(L0 ] , � , ) �35 � )#('& @� 32 0'& � $ 20+){$F8D0 V Kr$  & Vl2 TDT 2 -b8 �3nQ@72G� 0L$'(+)#8 � $F0 L�& � � - � � .0/- � � � .0/ \ ° � ² � � ¬ B\ ( - ?
�& �U� � � .0/- � � .0/ \ ° � ² � � ¬ B\ ( ° ± M}*#O ²
�& � � � � � .0/� � .0/ \ ° � ² � � ¬ B\ (21 ?�� &70'& @)2G� 0�$F(&)#8 � $F0bT;&�) 5 $ 2
]g¬ B\ (21 ? � � B\ (v¤ B\ ( - ?� & � /
�t¬ B\ (21 ? � B\ ( - ?� & � ° ± M}* ± ²

��¬ � B\ ( - ? ¤ � � B\ ( � B\ ( 1 ?�EO~¥8J$  $  &70'&.'$)ET Z &70 2EV ] , � ,J) �%5 � , $  &Y"38D& @ &=-b8D0'&Y� Z ) 5 (&)E$F8 @ )#"3"3( 21A 8;C )E$'8 2G� "%( 2c53Z3@ &70$  & Vl2 TDT 2 -b8 �3n '*)#T Z &)0n)E$b$  & @ &)T;T I 2#Z3�35 )#(L8D&70 L
\ �(21 ?�.0/ ¬ �

� ° � B\ (21 ? ¤ ± B\ ( � B\ ( - ? ² ° ± M}* ��²
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\ �(�- ?�.0/ ¬ �
� ° � B\ (21 ? ¤ ± B\ (�¤ � B\ (�- ? ² ° ± M}* · ²

\ �( 1 ?�.0/ ¬ �
� ° � B\ (21 / ¤ ± B\ (21 ? ¤ � B\ ( ² ° ± M}*���²

\ �( - ?�.0/ ¬ �
� ° � B\ (�¤ ± B\ ( - ? � B\ ( - / ² ° ± M}*���²

Z 0L8 �3n $  & �32 $+)E$F8 2G�N5 &79 � & 5 8 � �\& @ $'8 2G� ± M}*%MJ�GM��S& @ )#T;TD8 �%n $  )E$ $ ¬ \ ,�-/&h) n )#8 ��Z 0'&g$  &
)�'G&7(+) n & 2#V $  & � ZcA &70 2#� &78;$  &)(b0'8 5 & 2#V $  &�I 2GZ3�35 )#(LKr$ 2j2 I%$6)#8 �

�$ (21 ?�.0/ ¬ ���� $ ° \ �( 1 ?�.0/ ² ¤ $ ° \ �(21 ?�.0/ ²��¬ ��®� ° � B\ ( 1 / ¤ · B\ ( 1 ? ¤ · B\ ( � B\ (�- ? ² ° ± M O b ²
) �35

�$�( - ?�.0/ ¬ ���� $ ° \ �(�- ?�.0/ ² ¤ $ ° \ �( - ?�.0/ ²��¬ ��®� ° � B\ ( 1 ? ¤ · B\ (v¤ · B\ ( - ? � B\ (�- / ² ° ± M O3�®²
� Z I%0L$F8J$ Z $'8 �3n $  &)0L&�& A "%('&)0L0'8 2G� 0S8 � $ 2 $  &Y8 � $F& n (+)#T Vl2 ('Cy, _ �PM ± M �#*\, n 8('#&)0

& � � B\ (�G� ¤ ��®� ° � B\ ( 1 / ¤ � B\ ( 1 ? � � B\ ( - ? ¤ B\ (�- / ² ¬cb ° ± M O �G²
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