
 

 

                                                                                                                                
 

 
          SMR 1673/8 
 
 
 
 
 

AUTUMN COLLEGE ON PLASMA PHYSICS 
 

5 - 30 September 2005 
 
 
 

 
 
 

 
 

 

On the Theory of  
Plasma-Wall Transition Layer 

 
 
 

 
D. Tskhakaya 

University of Innsbruck, Austria 
 



� � � � � � � � � � 
 � � � � � � � � � � � � �

� � � � �  �  � $ % ' ( * +

, . , . 1 3 5 7 9 5 9 = 9 3 ? . @ B C D F . H I . K M O Q 9 S S U D V . F . [ 7 ] 5 ^ 9 U D _ . a ^ M 9 3 3 d S U D

e . [ O O f 9 g 7 O ? @ D [ . F ] 7 S @

@ k m o p q r s m u r v x y z m v q m r ~ � p � � z � � ~ � � � � u ~ � m q � ~ r � v x � u u � � q � � � � � � � � � � � u u � � q � � � � � � � r q ~ p �
C � u � r ~ r � r m v x � z � � ~ � � � � � m v q   ~ p u � � p £ m s � v x ¤ � ~ m u � m � � � ¥ ¦ ¦ y � ~ � ~ � ~ � � m v q   ~ p �
U � u � r ~ r � r m x v q y z m v q m r ~ � p � � z � � ~ � � � ª � z q � � u ~ � m q � ~ r � � k � « « ¦ ¬ � ­ v � z � s � � m q s p u � �

® ¯ ° ± ² ³ ´ ±

µ ¶ · ¸ ¹ º » ¼ · ¾ º À Á ¶ · ¸ ¼ Ã Ä ¾ Ã Æ È Ã ¼ ¼ Á ¹ Ã Ê Ä Ë Á Ë º Ê Ì Í Ï µ Ñ ¼ Ã Ò · ¹ Ë Ê Ã Ê Ó Ê ¾ Ã Ô Ê · Á Ë Õ · Ö ¸ ¼ Ã Ä ¾ Ã Ë Ä × º Ê Æ
Ä Ë Ö · ¹ · Ö Ø

� Ê Á ¶ · Ù ¹ Ä Á ¸ Ã ¹ Á º À Á ¶ · ¼ · × Á Ó ¹ · Ú Ã Ä · ¼ À Æ × º Ê Ä Ë Ä Á · Ê Á Á È º Æ Ä × Ã ¼ · À º ¹ ¾ Ã ¼ Ë Ä ¾ Ë Ä ¸ ¹ · Ä · Ê Á · Ö Ã Ê Ö Á ¶ ·
Ã Ä Ò ¾ ¸ Á º Á Ë × Ì Ü Ý Þ Ü ß à D È ¶ · ¹ · Ü Ý Ë Ä Á ¶ · · ¼ · × Á ¹ º Ê â · » Ò · ¼ · Ê Ô Á ¶ Ã Ê Ö Ü Ë Ä Á ¶ · Ë º Ê ¾ · Ã Ê À ¹ · · ¸ Ã Á ¶ Ñ

¸ ¹ · Ä ¶ · Ã Á ¶ Ã Ê Ö Ä ¶ · Ã Á ¶ Ä º ¼ Ó Á Ë º Ê Ä Ã ¹ · Ã Ê Ã ¼ Ò Õ · Ö À º ¹ Á ¶ · È · ¼ ¼ Æ ä Ê º È Ê ¶ Ò Ö ¹ º Ö Ò Ê Ã ¾ Ë × µ º Ê ä Ä Æ å Ã Ê Ô ¾ Ó Ë ¹
Í Ï µ ¾ º Ö · ¼ è Ã ¸ ¼ Ã Ä ¾ Ã Ú × º Ê Ä Ë Ä Á Ë Ê Ô º À é º ¼ Á Õ ¾ Ã Ê Ê Æ Ö Ë Ä Á ¹ Ë » Ó Á · Ö · ¼ · × Á ¹ º Ê Ä Ã Ê Ö Ä Ë Ê Ô ¼ Ò × ¶ Ã ¹ Ô · Ö Ë º Ê Ä Ú Ë Ä
· Ê × ¼ º Ä · Ö » Ò Á È º Ã » Ä º ¹ » Ë Ê Ô Ê · Ô Ã Á Ë ê · ¼ Ò × ¶ Ã ¹ Ô · Ö È Ã ¼ ¼ Ä Ø µ ¶ · Ë º Ê Ô Ã Ä Ú Ö · Ä × ¹ Ë » · Ö Ë Ê Á ¶ · ¶ Ò Ö ¹ º Ö Ò Ê Ã ¾ Ë ×
Ã ¸ ¸ ¹ º ë Ë ¾ Ã Á Ë º Ê Ú Ë Ä Ã Ä Ä Ó ¾ · Ö Á º » · × º ¼ ¼ Ë Ä Ë º Ê Æ À ¹ · · Ø ì Ê Á ¶ · Ä × Ã ¼ · º À Á ¶ · Ì í Ó Ã Ä Ë Æ Ê · Ó Á ¹ Ã ¼ Ñ ¸ ¹ · Ä ¶ · Ã Á ¶ Ú

Á ¶ · Ä ¶ · Ã Á ¶ · Ö Ô · Ë Ä Ö Ë Ä Á Ë Ê Ô Ó Ë Ä ¶ · Ö Ã Ä Ã Ä Ë Ê Ô Ó ¼ Ã ¹ ¸ º Ë Ê Á º À Á ¶ · · ¼ · × Á ¹ Ë × Ù · ¼ Ö Ú È ¶ · ¹ · Ã Ä º Ê Á ¶ · Ä × Ã ¼ · º À
Á ¶ · Ì Ê º Ê Æ Ê · Ó Á ¹ Ã ¼ Ñ Ä ¶ · Ã Á ¶ Ë Á Ë Ä Ö · Ù Ê · Ö » Ò Á ¶ · » º Ó Ê Ö Ã ¹ Ò × º Ê Ö Ë Á Ë º Ê º À ê Ã Ê Ë Ä ¶ Ë Ê Ô · ¼ · × Á ¹ Ë × Ù · ¼ Ö Ø î Á
Á ¶ · Ä ¶ · Ã Á ¶ · Ö Ô · Á ¶ · é º ¶ ¾ × ¹ Ë Á · ¹ Ë º Ê Ë Ä À Ó ¼ Ù ¼ ¼ · Ö Ë Ê Á ¶ · ¾ Ã ¹ Ô Ë Ê Ã ¼ Ì · í Ó Ã ¼ Ë Á Ò Ñ À º ¹ ¾ Ø µ ¶ · ¸ ¹ º » ¼ · ¾
º À ¾ Ã Á × ¶ Ë Ê Ô Á ¶ · ¸ ¹ · Ä ¶ · Ã Á ¶ Ã Ê Ö Ä ¶ · Ã Á ¶ Ä º ¼ Ó Á Ë º Ê Ä Ë Ä × ¼ º Ä · ¼ Ò ¹ · ¼ Ã Á · Ö Á º Á ¶ · × º Ê Ä Ë Ä Á · Ê Á Ã Ê Ã ¼ Ò Ä Ë Ä º À
Á ¶ · Á ¹ Ã Ê Ä Ë Á Ë º Ê ¹ · Ô Ë º Ê Ê · Ã ¹ Á ¶ · Ä ¶ · Ã Á ¶ · Ö Ô · Ø � Ê Á ¹ º Ö Ó × Ë Ê Ô Ã Ê ó Ë Ê Á · ¹ ¾ · Ö Ë Ã Á · Ä × Ã ¼ · ô Ú À º ¹ Ä ¾ Ã ¼ ¼ » Ó Á
Ù Ê Ë Á · ¹ Ã Á Ë º Ä Ü Ý Þ Ü D Á ¶ · ¸ ¹ · Ä ¶ · Ã Á ¶ Ã Ê Ö Ä ¶ · Ã Á ¶ Ä º ¼ Ó Á Ë º Ê Ä × Ã Ê » · ¾ Ã Á × ¶ · Ö Ä ¾ º º Á ¶ ¼ Ò Ø µ ¶ · · Ë Ô · Ê ê Ã ¼ Ó ·
¸ ¹ º » ¼ · ¾ º ¹ Ë Ô Ë Ê Ã Á Ë Ê Ô À ¹ º ¾ Á ¶ · ¸ ¼ Ã Ä ¾ Ã » Ã ¼ Ã Ê × · Ì Á ¶ · Ë º Ê ¼ º Ä Ä Á º Á ¶ · È Ã ¼ ¼ ¾ Ó Ä Á » · » Ã ¼ Ã Ê × · Ö » Ò Á ¶ ·
Ë º Ê ¸ ¹ º Ö Ó × Á Ë º Ê Ö Ó · Á º · ¼ · × Á ¹ º Ê Æ Ê · Ó Á ¹ Ã ¼ Ë º Ê Ë Õ Ã Á Ë º Ê × º ¼ ¼ Ë Ä Ë º Ê Ä Ñ Ë Ä × º Ê Ä Ë Ö · ¹ · Ö Ø

� Ê Á ¶ · Ä · × º Ê Ö ¸ Ã ¹ Á º À Á ¶ · ¼ · × Á Ó ¹ · Ú Á ¶ · ¸ ¹ º » ¼ · ¾ º À Á ¶ · Í Ï µ ¼ Ã Ò · ¹ Ë Ê Ã Ä · ¾ Ë » º Ó Ê Ö · Ö ¸ ¼ Ã Ä ¾ Ã
Ë Ä × º Ê Ä Ë Ö · ¹ · Ö È ¶ Ë Á ¶ º Ó Á · ë ¸ ¼ Ë × Ë Á Ä ¸ ¼ Ë Á Á Ë Ê Ô Ë Ê Á º Ä ¶ · Ã Á ¶ Ã Ê Ö ¸ ¹ · Ä ¶ · Ã Á ¶ ¹ · Ô Ë º Ê Ä Ø µ ¶ · Ë º Ê Ö Ò Ê Ã ¾ Ë × Ä
Ë Ä Ö · Ä × ¹ Ë » · Ö » Ò ä Ë Ê · Á Ë × Á ¶ · º ¹ Ò Ã Ê Ö Ë Ê × ¼ Ó Ö · Ä Ë º Ê Ë Õ Ã Á Ë º Ê Ú ¹ · × º ¾ » Ë Ê Ã Á Ë º Ê Ã Ê Ö × ¶ Ã ¹ Ô · Æ · ë × ¶ Ã Ê Ô · × º ¼ Æ
¼ Ë Ä Ë º Ê Ä Ø î × º Ê Ö Ë Á Ë º Ê Ë Ä Ö · ¹ Ë ê · Ö È ¶ Ë × ¶ ¾ Ó Ä Á » · À Ó ¼ Ù ¼ ¼ · Ö » Ò Á ¶ · Ë º Ê ê · ¼ º × Ë Á Ò Á ¶ ¹ º Ó Ô ¶ º Ó Á Á ¶ · È ¶ º ¼ ·
Í Ï µ ¼ Ã Ò · ¹ Ë Ê º ¹ Ö · ¹ Á º · ë × ¼ Ó Ö · º Ä × Ë ¼ ¼ Ã Á º ¹ Ò » · ¶ Ã ê Ë º Ó ¹ º À Á ¶ · · ¼ · × Á ¹ º Ä Á Ã Á Ë × ¸ º Á · Ê Á Ë Ã ¼ Ø µ ¶ · ¹ · Ä Ó ¼ Á Ë Ê Ô
Ä Ò Ä Á · ¾ º À · í Ó Ã Á Ë º Ê Ä Ë Ä Ä º ¼ ê · Ö Ê Ó ¾ · ¹ Ë × Ã ¼ ¼ Ò Ø î × º ¾ ¸ Ã ¹ Ë Ä º Ê º À ¹ · × · Ê Á · ë ¸ · ¹ Ë ¾ · Ê Á Ã ¼ ¹ · Ä Ó ¼ Á Ä È Ë Á ¶
Ã Ê Ó ¾ · ¹ Ë × Ã ¼ Ä º ¼ Ó Á Ë º Ê º À ¾ º Ö · ¼ ¸ ¹ · Ä · Ê Á · Ö ¶ · ¹ · ¹ · ê · Ã ¼ Ä Á ¶ Ã Á Á ¶ · ¾ º Ö · ¼ Ã × × Ó ¹ Ã Á · ¼ Ò Ö · Ä × ¹ Ë » · Ä Á ¶ ·

Á ¹ Ã Ê Ä Ë Á Ë º Ê À ¹ º ¾ Á ¶ · » Ó ¼ ä ¸ ¼ Ã Ä ¾ Ã Á º Á ¶ · È Ã ¼ ¼ Ø
µ ¶ · ¼ · × Á Ó ¹ · Ë Ä ¾ Ã Ë Ê ¼ Ò » Ã Ä · Ö º Ê Á ¶ · ¹ · Ä Ó ¼ Á Ä º À Á ¶ · À º ¼ ¼ º È Ë Ê Ô ¸ Ã ¸ · ¹ Ä è

÷ Ø y z m o � p � s p � � z m p r z s p r � z ~ u   o q v � � m s ~ u r z m z � £ q v £ � u p s ~ � y v u � � � ø p u   s � ~ q s v £ m � �
ú Ø Æ û Ø ü Ë · ¾ Ã Ê Ê Ú ý Ø þ · · » Ã × ¶ · ¹ Ú â Ø â Ø µ Ä ä ¶ Ã ä Ã Ò Ã Ä ¹ Ø Ú Ã Ê Ö þ Ø ú Ó ¶ Ê Ì Ä Ó » ¾ Ë Á Á · Ö Á º Í ¼ Ã Ä ¾ Ã Í ¶ Ò Ä Ë × Ä

Ã Ê Ö � º Ê Á ¹ º ¼ ¼ · Ö � Ó Ä Ë º Ê Ñ Ø
� Ø � u r z m r z m v q � v x o � p � s p � � p � � r q p u � ~ r ~ v u � p � m q � �

â Ø â Ø µ Ä ä ¶ Ã ä Ã Ò Ã Ä ¹ Ú é Ø � ¼ Ë Ã Ä Ä º Ê Ú Í Ø ú Ø þ ¶ Ó ä ¼ Ã Ã Ê Ö þ Ø ú Ó ¶ Ê Ú Í ¶ Ò Ä Ø Í ¼ Ã Ä ¾ Ã Ä 
 
 
 � � � � Ì � à à � Ñ Ø

÷



� � � � � � � 	 � � � 
 � �
� � 
 � � � � � � � � � � � � � � � � � � � ! � � � � � % & ' � � 
 ) � % � � � � � � 
 � 
 � � & � 0 
 � & � ! � � � 4 
 6 7 6 � � � � 9 � & � � � & ;

0 � � � � � & 7 
 � > ) � � 
 � % & ' � � 
 � ; � � � � � � ; 9 
 � � � 
 � � 
 7 � � � D 
 � ; � � � & 7 
 0 0 % 
 � � � � 
 � 9 � � & � � � � � � ' ' � � � � � D J
� � 7 
 � 
 � � & � � � 6 L � 
 � 
 7 � � � D 
 � ; � � � & 7 
 0 � % & ' � � 
 & 
 � 
 � � 
 � 
 � � & � � � � � 0 � � � & � � � � � � � � ! � � � � � & 
 � % � � 
 0

� � ! � & 0 � � � 
 � % & ' � � 
 � R � 6 L � � � 7 � D 
 � & � � 
 � � � � � & 7 
 � 
 � � & � � � � � � 
 � & � � 
 � % & ' � � 
 ) & 
 � % � � � � 7 � � � � � & � � 7

 � 
 � � & � � X 
 � 0 6 L � 
 � & � 9 � 
 � � ' � � 
 � � � � � � 9 � % � 0 � & ; � � ; 
 & � � � � 
 � ' � � 
 � � 0 
 � � � � � % 
 � � � ] � � � � �
] � ; � � � � 6 ^ � � � 
 � � � � ) � 
 D 
 & � � � � D 
 � � � 7 � � � � � � � � ) � ) � ) � � � � D 
 0 
 � � � ! � � � � � � � � & � 9 � 
 � ) � � 0 & 
 � 
 � �

 b � 
 & � � 
 � � � � � ! 
 � d � ; � � � � � � � � � � � � � � � � � � � � � � � D 
 9 
 
 � � � � 0 % � � 
 0 � � 0 � � 
 � & & 
 � % � � � � � � � � & 
 0
! � � � � � 
 � � 
 � & 
 � � � � � � & 
 0 � � � � � � � � � � 6 � � ! 
 D 
 & ) � � 
 � & � 9 � 
 � � ' � � 
 � � � � � � J ! � � � � & � � � � � � � � 4 ] � L >
� � ; 
 & � � � � � � � � � 
 � % 9 � 
 � � � ' � % � 
 & � % � � � D 
 � � � 7 � � � � � � � � 0 D � � � 
 � � � � � � & � D 
 & � � 
 � � � ) � ) R k ) R R � 6 L � � �
� � 0 % 
 � � � � 
 � � � � 
 � � � � � � � � � 0 � � ; � � � � � 0 � ! � % � � � 
 � & 
 � � � 
 0 � � � � 
 D � & � � % � � � � � 
 � � � 7 � � � � � � 
 � &


 " 
 � � � � � 0 9 � % � 0 � & ; � � � 0 � � � � � � 6
L � 
 � � � � � � � � � � � 
 � 0 
 0 ' & � � � � 
 ! � � � 9 ; � � � � � � � � � � � D 
 � � � � 
 J � � � & 7 
 � � ; 
 & 4 n � � 
 � � � o > ) 
 b J

� 
 � 0 � � 7 � D 
 & � 
 D 
 & � � 
 � 
 � � & � � q 
 9 ; 
 � 
 � 7 � � � r s $ % t � % � � � ; � � 
 q 
 9 ; 
 � 
 � 7 � � � � � � � � � � � � � � & 
 0

! � � � ' ) $ J � � 
 & 
 � 
 D � � � � 
 � 7 � � � � � � 
 � ' � � 
 � & 
 � � 
 � � � 6 � 
 & 
 r s $ 4 + - . / $ v 1 � 3 5 / $ 8 w : ; x = w > � � � � 
 q 
 J
9 ; 
 � 
 � 7 � � � � � � 
 n � � 
 � � � 
 0 7 
 o � & n � � 
 � � � 
 � � & � � � 
 o 4 � � 0 � � � � 
 0 9 ; � � 
 � % 9 � � & � � � ? > 6 ] � � � 
 
 & �
� � d 
 z � � 7 � % � & � R � � � � 0 { � � � � R � � % � 
 0 � � 
 � � � � � � J � � 
 � � � � � � � 
 � � � � & 
 � & � 
 � � � � � % � � � D 
 � ; 6 }
� � & � � � � � � � 
 � � � � � � � � % � � � X � � � � � � 9 � � 
 0 � � � � � � ; � � � � � � � ) D + r s $ v ' ) $ ~ k ) � ! � J � � � � 
 ' � & � � � � � �

! � � 0 
 D 
 � � � 
 0 � � � � � 6 q % & � � 7 � � 
 � � � � 0 
 � � 0 
 � ) � � 
 � � � � ; � � � � ' ] � L � � ; 
 & � � � � � 
 9 � � � � � ' � � 

� ! � J � � � � 
 ' � & � � � � � � ! � � & 
 X � 
 0 � � 0 
 b � 
 � 0 
 0 � � 0 � " 
 & 
 � � � � � � � 
 b � � � 0 � � � � � � 4 � 
 
 � � ) R � � � � 0
& 
 ' 
 & 
 � � 
 � � � � 
 0 � � 
 & 
 > 6

^ � � � 
 n � � ; � � � � � � � � ! � J � � � � 
 � � � & � b � � � � � � � o % � % � � � ; 
 � � � � ; 
 0 ) � � 
 ] � L � � ; 
 & � � � � � � � � � � �
� ! � 0 � � � � � � � � ; 0 � " 
 & 
 � � � % 9 � � ; 
 & � ) � � � 
 � ; � � 
 � � � � � � � � � � � ) � % � � � J � 
 % � & � � n � & 
 � � � � � o � � 0 � � 
 � � � � � J
� � � � � 
 � � ) � � � J � 
 % � & � � n � � 
 � � � o � 0 � � � 
 � � � � � � 
 ! � � � � � ) R � � ) � R � � 6 ^ � � � � 9 
 � � � ! � � � � � ' � & D ~ k
� � � N % � 0 0 
 � � & � � � � � � O

P 4 R > T V 4 R > + X 4 . Z/ $ 4 R > [ ] P $ . P $ 4 R > > v _ P 4 R >

4 � � 
 n N % � 0 { � � � � & � � 
 & � � � o > � % � � 9 
 � � � � � X 
 0 � � � � 
 
 � � � & 
 � � 
 � � � & 
 7 � � � ) ! � 
 & 

O

P 4 R > � � � � 
 � � �
N % � 0 D 
 � � � � � ; ) V 4 R > � � � � 
 � � � � � % � 0 � � 
 
 0 ) . Z/ + 8 5 / v � b 5 / 4 d > v b d � e x � � � � 
 n 
 � 
 � � & � � � � & 
 
 � � � 7
� 
 � � 
 & � � % & 
 o ) . P � � � � 
 � � � � 
 � � 
 & � � % & 
 ) ] P � � � � 
 � � � n � � � ; � & � � � � o � � 
 ! � � 
 � � ) _ P � � � � 
 � � � � � � � )

d 4 R > � � � � 
 
 � 
 � � & � � � � � � � � � � 
 � � � � � ) � � 0 5 / 4 d > � � � � 
 
 � 
 � � & � � 0 
 � � � � ; 6 L 
 � � 
 & � � % & 
 � � & 
 7 � D 
 �
� � 
 � 
 & 7 
 � � � % � � � � 6 L � 
 � � 
 � % � � � � ; � � 7 � � � 4 R > � � � 0 � � � � � 0 
 � � 
 � � 
 � � � ) ! � 
 & 
 � � � � 
 
 � % � � � � ; � � 7 �
� � � � � 
 � � � � � � � � � � � � � 
 � � 
 � � � 
 0 7 
 4 � � 
 n � � & 7 � � � � N % � 0 { � � � � & � � 
 & � � � o > ) 0 � � � � � � � 7 � � � � � � 

� � � � 
 � � 
 & � � 
 � � 
 � � � ! � � � � � 
 � � � � � % � 0 D 
 � � � � � ;

O
P $ + V $ + X 4 . Z/ $ [ ] P $ . P $ > v _ P % L � 
 � & � � 
 & � � �

4 R > ) ! � � � � � � � � � � & � 7 � � � � ) � � & � � 7 � ; � � � � � � X 
 0 ' � & �O
P T V $ + X . / v _ P � 4 � >

! � � 7 � D 
 � 9 ; { � � � � R � � ) 
 � � % & 
 � � � 
 � � � 
 � � � � � 0 � � � & � 9 % � � � � � � 9 
 � � � � � � � � ; � � � J � � � � � � � � � & ; � � � � 

� � 
 � � � 
 0 7 
 6 �

L � 
 � � ; � � � � � � � � ! � J � � � � 
 � � � & � � � � � � � � ! � � � 
 � � � D � � 0 � � � ; � ' � � 
 � � � � 
 � � � � � � � 0 � ! � % � � � 
 �
� � � � � � � � 
 0 ! � � � � � & 
 & 
 � � � � � � � � � � % � � � � � � � � � & � � � 
 & � � 
 0 9 ; X � � � 
 D 6 L � 
 � � � � � � � 
 � � � � � 0 & � � � � d 
 �

� � � � 
 � � � � 
 � � 
 � � � ) ! � 
 & 
 � � � & 
 � � 0 % � � 
 � 
 � � & � � X 
 � 0 � 
 � 
 � & � � 
 � � � � � � � 
 � & 
 � � 
 � � � � � 0 � � � 
 � 
 & � � 
 �
� � 
 � � � � � � � � 
 D 
 � � � � � ; V $ � & 
 � % � & 
 0 9 ; � � 
 � � & 7 � � � � { � � � � & � � 
 & � � � � � � � 
 � � 
 � � � 
 � � & � � � 
 6 L � 

& 
 � 
 D � � � � & 
 � � 
 � � � � � � � 
 � 
 � 7 � � ' ) $ � ! � � � � � � � � 
 � � � � � % � � ' � � 
 D � & � � % � � � � � � � � � � � 
 � � J ' & 
 

� � � � � 4 � ' � > 4 � � � � � � � � � � � ' � r P n p � � 0 & 
 � � � 9 � � � � � � � � ' � r r / s ' � & 
 � 
 � � & � � � ) � � � � ' � ' � & � � � & 7 
 J

 b � � � � 7 
 � � � � � � � � � � ! � � � � 
 % � & � � � r / t s � 
 � � 6 > � � 0 � � 
 � % & D � � % & 
 & � 0 � % � � � R � � ) � � � � � % � 
 0 � �
9 
 � % � � � � & 7 
 & � � � � � � 
 q 
 9 ; 
 � 
 � 7 � � 6 L � 
 � � ; � � � � � � � � ! � J � � � � 
 ' � & � � � � � � � � � � � 
 � � 
 7 � 
 � � � � 7
� � 
 � � � � 
 � � � & 7 
 � � � � 
 � & 
 � � 
 � � � � � � � 
 4 � � � � 
 � & 
 � � 
 � � � & 
 7 � � � ) � � 
 � % � � � � 
 % � & � � � � ; � � � 0 � � � � �
� � � 0 � > � � 0 � � � � � � � � � � � � � � 
 � � 
 � � � & 
 7 � � � 6 ^ � & 
 � � � � ; ) � � ! 
 D 
 & ) � � 
 � � & � � 
 � 
 & D 0 
 X � 
 0 � 9 � D 
 ) � �
� � ! � ; � X � � � 
 � � 0 � � 
 � � ; � � � � � � � ! � J � � � � 
 � � � & � � � � � � ; 9 
 
 b � 
 � � 
 0 � � ; � 
 � 0 & 
 � � � � � 9 � 
 & 
 � % � � �
� � � ; � ' D x R % } � � � � � � � � � & � � � � � � � � d 
 � � � � � � � � � � � � % � � � � � � X � 0 � 
 � � & � � 
 � � � % � � � � �

�



� � � � � 
 � � 
 � � 
 � � � � � � � � 
 � � � � 
 � � � � � � � � � � � � � � 
 � � � � � 
 " � � � 
 � � 
 � � � � 
 & � 
 � � � � ) � , 
 , ) � � � � 

� � � � � � � � � � � 
 � � � � 0 
 � 3 
 
 � � � 
 � � 
 � � 
 � � � � � � � � 
 � � 
 � � � � 7 � ) � ) 7 � � , 9 � � = � � � � ? � � @ 
 � � 
 � 
 � �
� � & � 
 � � � � � � @ � � � � � D � ? � � � � E & � 
 � � 
 � 
 � � � � � � � 
 � � 
 � � 
 � � � K � � 
 � � � � � � 
 � � � @ 
 , M � 
 � � E � � � � � � @ )
� O P Q � � 
 � � � � � � � ? S � � � � � S � � � � � � � 
 ? 
 @ � � � @ = 
 ? � � � � � S ? � � � � E ) Y 	 � 
 � � [ � � O � Q � � � � 
 � � 
 � � �


 � � 
 � � � � @ � � � � � � � � � � � 
 � S 0 � 
 ` S 
 � � � � 
 � � � � � � � = � � � � � E � � � � � � � � 
 � � 
 � � 
 � � � � @ � ? 
 � [ � � � � c � � � 

� � 
 � � � � @ � ? 
 � [ Y d � Q � � @ � � � � � � � ) � � 
 � � 
 � � 
 � � � � � � � = � � � 
 ? E � 
 � � � 
 � � � ) @ � � � 
 ` S 
 � � ? E ) � � 
 � � 
 � � �

 � � 
 � � @ � � � � @ � 
 � � g 
 � 0 E � g 
 � � 
 ? 
 @ � � � @ = 
 ? � ) Y d � � � [ � � O P � M � 
 � 
 
 � � � � � � @ � � � � � � 0 � ? � � E @ � �
0 
 � 
 � � ? D 
 � 0 E � 
 � � � ? E g � � � � � 
 � � � 0 ? 
 � � � � � & � � � 
 � � 
 � � � � 
 � @ � ? 
 & � @ @ � S � � � � � � � ? � 3 
 � � � � � 
 �
0 � � � � � � � � � @ 
 @ � � � � 
 � � � @ � ? ? � � � � � 
 � 
 @ � � , M � � � � 
 � � � ? E � � � � 
 ` S � � 
 � � � � � � � � � S � 
 � � � � � � � � � � �
? � E 
 � n � � 
 � � 
 � � � � 
 � 
 � � � � p ) 3 � � @ � @ � � � 
 @ � � � � 
 � � 
 � � 
 � � � � � � � � 
 � � � � 
 � � � � � � � � = ? ? � � � � � 

� 
 � � � � ) 3 � 
 � 
 � � 
 � � 
 � � 
 � � � � � � � � 
 � � � � � ? S � � � � � � � � 
 � � � � � � � � 
 
 s � @ � � � ? S � � � � , M � � � � � � @ 
 � S � 


� � @ � ? ? 
 � � � 
 � � � @ � � � � � � � � 
 � � E � � � � � � @ � 3 � K � @ � ? 
 � � ? S � � � � � , u � @ � � � � � � � � � n � p � � � @ � � � � � � 

� � 
 � � 
 � � � � � ? S � � � � 3 � � � � � 
 � � � 
 � � 
 � � � � 
 � � ? S � � � � � � � n � � p � � � @ � � � � � � 
 � � � 
 � � 
 � � � � 
 � � ? S � � � �
3 � � � � � 
 � � 
 � � � � � ? S � � � � ,

v 
 ? � 3 3 
 @ � � � � � 
 � � � � @ � � � � � � � � ? S � � � � � � � � � � 
 � E � � � � E � � � � @ D 
 � � � � � � � � � 
 � ? � � 
 M � � x � K
z � � � � S � � � � � 
 ? � � � � 
 | } M ? � E 
 � � � � � � 
 K � � � 
 � � � � � � ? @ � ? ? � � � � � K � � 
 
 � ? � � � � 
 � @ ? � � 
 � 0 E � 3 �
� � � � ? ? 
 ? � 0 � � � 0 � � � 3 � ? ? � , u � � � @ � � � 
 � 
 � � � � � 
 
 � � � � � 
 @ � � E � � 
 � ? � � � � � � � 
 ? � � � 
 � � � ? ) 0 
 @ � S � 

� � 
 � � � � 
 � � � � @ � ? � 
 � @ � � � � � � � � � � � 
 � � 
 � � 
 � � � K � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � 7 � � � � � � � � � � @ S ? � � � �
� � x 
 � � � � � � 
 � 
 � @ 
 3 � 
 � � 
 � � � 
 � � 
 � � 
 � � � 
 � 
 @ � � � 0 � � 
 � � � � 
 � � 
 � � E ) @ � ? ? � � � � � � ) � � � � � � g � � � � � ,
� � � D � � � � S � � 
 � � � � � ) � � 3 
 D 
 � ) � � � � @ � � D 
 � � 
 � � � � � � D 
 � � � � � � 
 � � 
 � E � � � � E � � � � @ M � � x � K z � � � � S � �
� � � 
 ? �

n � p = � � � ) � � � � � � � � ? 
 � � � 
 ? � � � � � � � S � � � 0 ? 
 � � 
 s � � 0 � � � � � @ ? � � � � E � � 
 � � 
 @ � = @ � �  @ S ? � � 
 �
� � � � � � � � � � � � � � � � � 
 @ � S � ? � � � � � � � 
 � � 
 � � 
 � � � K � � 
 � � � � � � ? E � � � 3 � � � � � 
 � ? � � � � 
 � � 
 � D � ? S 
 � � � 0 K
? 
 � , | � E � � @ � ? ? E � � 
 
 � � 
 � D � ? S 
 � � � 0 ? 
 � � 
 " 
 @ � � � � 
 � � @ � � � � � � � 
 � � � � � � � S @ � � � � � � � 
 � S 
 � �

 ? 
 @ � � � � K � 
 S � � � ? � � � � g � � � � � @ � ? ? � � � � � � � S � � 0 
 
 ` S � ? � � � � 
 � � � 
 � � 3 � � @ � � � � � � � 
 ? � � � � � � � 
 3 � ? ?

n & � ? � � � � 0 � ? � � @ 
 & p , � � � � � � D 
 � 0 � S � � � � E @ � � � � � � � � n 0 E � � 
 � @ � � 0 � � � � � 
 3 � ? ? � � � 
 � � � � ? � � p � � 

� � � � g � � � � � � � 
 ` S 
 � @ E � � � � � 
 � ? � � � � � � � 
 � � � � � � @ ` S � � 
 � � S � S � ? � 
 � 
 � � 
 � @ 
 ,

n 0 p � 
 @ � � � ) � � 
 � � � 
 ? � � 3 � � 
 ? E x � � 3 � � � � � � 
 � � E � � � � � � @ � � 
 � � 
 � � � � � ? S � � � � � � � � � ? E � � @ � ? ? E
x � � 3 � ,

$ 
 � @ 
 ) � � 
 � � E � � � � � @ � 3 � K � @ � ? 
 � � � � � ? � � � � � � ? � @ � � ? E � 
 
 � � � � 
 � � � ? ? � 
 � � � � � � 
 � � � � � 
 � 
 � � Q

� & 7 � } � � ? 
 � S @ � � � � � � � � s � � � � � � � � � E � � D 
 � � � � 
 � � � � � � � � � � � � ? ? � S  @ � 
 � � ? E � � � ? ? ) � � S � � = 
 �
� � 
 � � � 
 � � 3 � S ? � 0 
 � � 
 � 
 � � 0 ? 
 0 � � � � � � � S � � � � 
 � � � ? � @ � 
 � � � = @ @ � � � 
 @ � � 
 � � � � � � ? � � � � � � � � @ � � @ � ?
� � � ? � @ � � � � � � 3 � 
 � � @ � � � � ? � � � 
 � 0 
 @ � � � � � 
 � 
 � � � 0 
 D 
 � E � � � ? ? ,

v 
 ? � 3 3 
 � � 
 � 
 � � � S @ � � S � � = 
 � � � 
 � � � 
 � � , } 
 � � D 
 � � � � � � 
 � | } M ? � E 
 � @ � � � � � 
 � � � � � � � � � � 

S � � � ) 3 � � � � S � � � � � � � � � � ? � � � � � � � � � � � � � � 
 � � 
 � � � � � � � � 
 � � � � 
 � � � � � , � � � � � 
 � � � � 3 
 S � 
 � � 
 ? � K
@ � � � � � � 
 � � x � � 
 � � @ � � 
 � � � 
 � � � � @ ? S � � � � � � � � g � � � � � ) � 
 @ � � 0 � � � � � � � � � � @ � � � � 
 K 
 s @ � � � � 
 @ � ? ? � � � � � � ,
M � 
 � � � � � � ? � 
 � 
 � � 
 � @ 
 � � � � � 
 
 ? 
 @ � � � � � � � � � � � 
 � � � � � 
 � ) � � 
 � � � D 
 ? � @ � � E ) � � � � � 
 
 ? 
 @ � � � � � � � � @

� � � 
 � � � � ? � � 
 � � D 
 � � � � � � 
 � 0 � � � � � � ? E � � @ � ? ? E � � � � S � 
 � � @ � ? ? E , 9 @ � � � � � � � � � � � � S � � S � 
 � � @ � ?
� 
 � S ? � � 3 � � � � 
 @ 
 � � 
 s � 
 � � � 
 � � � ? � 0 � 
 � D � � � � � � � , � � 
 D 
 � ? � 
 s 
 ? ? 
 � � ` S � � � � � � � � D 
 � � � 
 
 � 
 � � ) M � � �

 s � 
 � � � 
 � � � ? @ � � = � � � � � � � � ? ? � 3 � S � � � @ � � @ ? S � 
 � � � � � S � � � � 
 ? � � � � � 
 � 
 ? � � 
 � � � � S � � � � � � �
� 
 � @ � � 0 
 � � 
 | } M ? � E 
 � @ � � � 
 @ � ? E 
 D 
 � � � � � � � � 
 � 
 � � 
 � � � � � 3 � 
 � 
 � � � � ? � = 
 � � � � 
 ? � � � � ? � ,

u � � � � � � � � � ) 3 
 � � � � S ? � � 
 � � 
 � 
 � � ? @ � � � � � � � � 3 � � @ � � S � � 0 
 � � � � � = 
 � � � � � S � � � S � � � 
 3 � � ? 

| } M ? � E 
 � � � 
 � � S � 
 � � � � � � ? ? E � � � K � � @ � ? ? � � � � E � � ? S � � � � � 
 D 
 � 3 � 
 � � � 
 � � � D 
 ? � @ � � E � � 
 � � � g 
 � �
� � � � 3 � E � � � � � � 
 3 � ? ? n � , 
 , ) � � � � � � � � @ 
 � � � � � p ,

� � 
 � � � � � 
 � � � � � � � � �  � " � � �  � & � �

( . * � � / � , . 1 � � / 3 4 �

M � 
 � � � � S � � ? � � 
 � E � � 
 � � � @ � � � @ � � � � 
 � � � 
 ? � � M � � x � � � � z � � � � S � � � 
 � @ � � 0 
 � � @ � ? ? � � � � � ? 
 � �
� ? � � � � � � � � � � � � � � 3 � � 0 � � � 0 � � � 3 � ? ? � , v 
 @ � S � 
 � � � � 
 � E � � 
 � � E � � � � 
 � E � � 
 � 3 � � � � 
 � � 
 @ � � �
� � 
 � � � � ? � � 
 � 6 P � � � � � S  @ � 
 � � � � � � D 
 � � � � � � 
 � � 
 � � ? � � � � @ 
 � @ @ S � � 
 � 0 E � ? � � � � ) P 0 � 0 2 ,
M � 
 @ � ? � " S � � � � � � � � @ � � � � � 
 � ? � � 
 � � � 0 ? 
 � ? 
 � � � � � � � 
 � � ? ? � 3 � � � � � � 
 � � � � � ? 
 � � � 
 � � � 
 ` S � � � � � �

� � � ) � 7 � �

�



�
� � � �

�
� � � �

� � � � �
� �

�
� � � � � �

� � � � �
� �

�
� � � �

� � �

� 
 � � � �
� � �

� � � � � � � � �

� 	 � 
 � � � � � � � � � � � � 	 � � � � � � � � " # % � � � � � � 
 � � 
 � � � � � � � 	 � � � 
 ( " # � * � + � # � . � 
 � � + � � � � � 3 � � �
� � � � � � 5 � % � � � � � � � � 5 � + � � � 9 � " � � � � 	 � + � ( � � � � � � # � � � � � � + � � � � � 3 % " � +

�
� � � � � � � � � � � � � � � �

+ � � � � � � � 	 � + � ( � � � � � � # � � � � � � � � � @ � # � . � � 3 B D 	 � � " � F 
 " # � " 3 � � � � 
 ( " # � * � � 	 � � � " . � . � � 
 + � � " � �
� � � F # + L � � � � � 
 ( " # � * � � � � � � 	 � 	 � + � ( � � � � � � � R � 	 � � # " � ( " % � 	 � . 	 � � R � 
 � 	 � D � � U � X Y " � 9 ( F � 

( � + � # � 	 � + � � � " � . � � R 
 � ( � 	 � � # " � ( " . � � � � 
 � � � 	 � � " # # B \ � � 	 � � . " � � � � � � 
 ( " # � * � � � � � �

" � + � L � " � � � � � B D 	 � � � � � * " � � � � R 
 � _ F � � . 3 � � � " # � R � � � � � � " 
 " ( � � � 
 � 	 � . 	 � � � � � U � � � � " � 
 � � 
 � B
\ � 	 " � � � L � + � � � 
 ( � � � + R 
 � ( � 	 � � � # F � � � � � R � 	 � � 
 � L # � ( % " � + � � � 	 � 
 � R � 
 � " � � � 9 � � @ " # F � � R � 	 �
� 
 � L # � ( B D 	 � � � � � � * " � � � � R 
 � _ F � � . 3 � " � + � 	 � + � ( � � � � � � � R � 	 � � # " � ( " @ � � � � # � 	 " @ � " ( F � F " #

+ � � � � + � � . 3 % � 	 � . 	 � 	 3 � � . " # # 3 
 � � � . � � � 	 � � � . " # # � + � # " � ( " L " # " � . � B \ � � " 3 � � 	 " � � 	 � 
 " � � % " �
� 	 � . 	 � � � � " 
 � # � � � � � � 	 � � " # # % ( F � � L � � _ F " # � � � 	 � � � � � 
 � + F . � � � � 
 " � � B � � 
 " 9 � @ � � # � � 9 � 	 �

� 	 � � � � � * " � � � � R 
 � _ F � � . 3 	 " � � � " + � F � � � � � 	 � � # � � 9 � 	 � � � 	 � � � " � � � � " 
 3 . " � � B m � � # F � � � � � 
 � . � + F 
 �
� R � � � � � � 	 � � � � � � � � L F � � � � � 
 " � 	 � 
 . � ( � # � . " � � + B m ( � 
 � . � � @ � � � � � � � " 3 � � � � � � � � � � � � � o

" � + � � � � 
 ( " # � * � � � � � 	 � R � # # � � � � 9 � " 3 X � � � � � � � � � 	 � � 
 � � 	 � " � 	 � . " # � � % � 	 � . 	 # � " + � � � � 	 �
� 3 � � � ( � R � _ F " � � � � �

�
� � � �

�
� � � � �

� �
�

� � � � �
� � � �

� � � �
� �

� � �
� � �

� � � � � � � � �

� � � � 	 � # � � 9 � 	 � L � . � ( � � " � � � 9 � � @ " # F � � R � 	 � � 
 � L # � ( " � + � 	 � � " # # � � � � � � � � � � � � � U � � � �
" � 
 � � 
 � B D 	 � . � ( ( � � � " 3 � � v � + " � � # F � � � � � R � � � � � � � � � " 
 � � 	 � . " # . F # " � � � � " � � 	 � � # " � ( "
. � � � � 
 " � + � � � 
 � . � � + F � � � # � 	 � L � F � + " 
 3 . � � + � � � � � % � � � � w " � � 	 � � " # # � � R F # v # # � + � � � � � � 	 �

� � � � � � � " # � � � 	 � � " # # � B D 	 � + � � � " � . � � R 
 � ( � 	 � � # " � ( " . � � � � 
 � � � 	 � � " # # . " � L � + � � � 
 ( � � � +
" R � � 
 � " 
 + � " � " 
 � � F # � � R � 	 � . " # . F # " � � � � B � _ � B � � � . � � � " � � � � # 3 � � � � " 
 " ( � � � 
 � � � � � � � � � 	

� 	 � y � L 3 � # � � 9 � 	 � � � � " � � � % � ' � � � � � 5 � ) * | , � � " � + � � � � � � B D 	 � # � � 9 � 	 � � � � " � + � � L � � 	 �
� # " � ( " � 
 � � 	 � " � 	 � . " # � % L � . " F � � � � R " . � � � . 	 " 
 " . � � 
 � * � � � 	 � # � � 9 � 	 R 
 � ( � 	 � � # " � ( " . � � � � 
 � �
� 	 � � 	 � " � 	 � + 9 � % � 	 � . 	 � � # # L � + � v � � + # " � � 
 B ~ � � � � 	 � � . " � � � � . 0 � � � � � � 	 � \ � � 
 � + F . � � � � � B
D 	 � � " 
 " ( � � � 
 � � � . " # # � + � 	 � � ( " # # � � � � � " 
 " ( � � � 
 L � . " F � � � � ( � � � " � � # � . " � � � � � � 2 o B � 
 � (
� 	 � � R " . � � � L � . � ( � � . # � " 
 � 	 3 � � . " � " � � # 3 � � 
 � F 
 L " � � � � � 	 � � 
 3 � � v � + " � # � " � � " � � 
 � � � ( " � �

� � # F � � � � � B � F � � _ � B � � � 
 � � 
 � � � � � " � � � 9 F # " 
 � � 
 � F 
 L " � � � � � 
 � L # � ( % L � . " F � � � � � 	 � # � ( � � � � 5
� 	 � 	 � 9 	 � � � + � 
 � @ " � � @ � � � � � � @ " � � � 	 � � % " � + � � � � � � � � � � � � L # � � � R F # v # # � 	 � L � F � + " 
 3 . � � + � � � � � � " �
� 	 � � " # # B � 
 � ( � � 
 � F 
 L " � � � � � 	 � � 
 3 � � U � � � � 	 " � " � � � 	 � 
 � . " # � . " � L � + � v � � + � 	 � . 	 � � . " # # � +
� 	 � � 	 � " � 	 � � � � � 
 � � . " # � @ � " ! � � � � � 6 � � � � � � � � � 6 � � � % � 	 � . 	 # � " + � � �

�
� ! � �

�
� � � � � �

�
� ! � �

�

�
� � 
 � � � � �

�
�

� � �
� ! �

� � � � � � 8 � � �

�



� � � � � 
 � 
 � 
 
 � � � � � � � � � � � � � � 
 � � �  ! � # 
 & � 
 � � ( � ( � & & � � � ! 
 � � 
 � 
 � � 
 � � # � � 0 
 � � 0 � # � 
 
 � �
3 � � � 
 � � 
 � 5 
 � � � � � � 
 � 9 : 
 � � � # & 0 � � ; � 
 
 � � 
 � 0 
 � � 
 
 � � � � � � 
 � � � 
 
 � 
 � � � � & � 
 � 0 
 � 
 � � ( � & & � 

� # � � � & � # & � 
 � � 
 � � � � # � � 
 � � ( � & & 3 � � � 
 � � 
 � � 
 � 
 C 
 � ( 
 9
� � � ; 
 � � 3 �  � � � � & 3 � � 
 
 � 5 H � � ( 
 � � � � � � 
 � 0 � � � � � 
 � � � � 
 ( � � 
 � � � � 
 0 � � � ! ( � � � H � � 
 &  � � � 
 Q � 0

 � � 
 � � ; � & � S � 
 � � 
 � 5 
 � � � 3 � � � � � � � 0 � 
 � 
 � 9 T � & # 
 � � 
 � � � 
 � � 5 � # 
 0 
 # ; � � � � � & &  9 � � � � � � # & 
 � 5 � �

� � � � � � 0 � ; � 
 � 
 � � 
 � 0 5 � � 0 � � � � � 
 
 H � & # � � � 5 	 � 
 � � Q 9 W 9

� � Q # � � W X � � � ; � & � S � 0 3 � 
 � 
 
 � � & � # � H � � 5 � � 
 � � 3 & � 
 � � � 
 C � [ ] � 
 Q ; # � � ; � 0 � & ( � 
 � _ 
 � 
 � � � 
 
 � �
3 � � � � � � 
 � � � � & � 9

` 
 � � � � � � H � � 
 � � 
 
 � � 3 & � � ; � � � Q � � 
 � � � � � � & H � 0 ( � & & � 
 3 � � � � � � 
 � � � � & � � # 
 
 � � � � � � 
 � � � Q � � 

� � 
 � 
 � & � � � &  H � � � � & � 
 � 
 � � � � � � � H � � 9 ` 
 
 � � � 
 � � � � � 
 0 
 � � � � ; � � � & # 
 � � 
 � � 
 
 � � � � � � 
 � � � � & �
& � � C e # � 
 � 0 � � � � � 
 
 ! � � 0 � ; � 
 � 
 � � 
 � 0 � 
 � � Q 9 � 9 � � ( 
 � � Q � � 0 � � 
 
 � � 
 
 � � � � � � 
 � � � Q � � 
 � � � � & � � � &  

H � � � � & � 9 ` 
 � � 
 � � � � & � � � 
 � � 
 � 
 3 � � � � � & � 
 � 0 � 
 � � ; � 
 � � 0 � � 
 � 
 � 
 3 � � 
 
 ( � � � � 
 � � 3 � � � � � � 
 � � 
 0 �
� 
 0 
 � � � � � � 
 � � � Q � 
 � ! ( � � � � ; � C � � � 
 0 � 
 � # & 
 
 � 0 � � 
 � 
 Q # � � � � 3 � � � � � � 
 � � � Q � � 
 � 
 0 � � � � � 
 �

� � Q � � 
 9
� � � H � � � � ; � 
 � � � 0 � 
 � # & 
  � 
 � � 3 � � � � � & � 
 � � 
 
 � � 0 # � � � 
 � � � 0 � � � & � ! ( � � � � � � � � & & � 0 
 � �

� 
 
 � � ; � 0 � � 
 � � � � & � ! ( � 
 � � � � � � � 
 � p � � � � � � � 
 � p � ! ( � � � � � � � q � � �r q s � � � 
 0 � � � � � � 9 : 

� � Q 9 � 
 � � � � � � � 3 & � 
 
 � 0 � Q � � 
 
 � � � � ; � � � � # & 
 � � � � � � ( 
 � 
 � � Q 9 W � 
 0 � 
 � � Q 9 � ! � # 
 
 � ( � 
 
 � � �
� 
 
 � � ; � 0 � � 
 � � � � & � 9 ` 
 � � � � � � H � � � � � Q � � 
 ( � � � � 
 � � � # � H � � 5 � � 0 � � � � � 
 
 H � & # � � � 5 	 � � � � � � ; ; � 

� � 
 Q � � 5 H � & � 0 � 
  9 : 
 3 � � 
 � � 3 & � 
 � � � � � � 
 � 0 � � 
 � 
 � 
 3 � � 
 
 ( � � � � � � 3 � � � 
 � � 
 � � 3 � � � � � � 
 � 5 � � ; 
 � �

� � � � 
 � ! � # 
 
 � � � � ; ; � 
 � � Q � � 
 � 5 
 � � 0 � � � � � 
 
 � � & # 
 � � 
 � � � � ( 
 � 
 � � Q 9 � Q � H � � � � � � � � 
 � � & � � � 
 

( � � � � 
 � � 3 & � � ; � � 
 0 � � 
 0 
 � � � � � � 
 � � � Q � 
 � 9


 � v w � � � x � x � y v � z � � w � w � � x � � � { � w � � z x � z � � � � � z x � w y z � � w

! | # % } ~ � ' ) � ) � � � � � } � � � ) � � � � � � % � � � ~ } � }

�



� � � � � 	 � � � � � � � � � � 	 � � � � 	 � � � � � ! � � " 	 # % � � � ' 	 � � � � 	 , � � . # 0 2 � � � � � � � � � � 	 � 8 � � ' : � � � 	 � � � � ' 	
# ' 	 � � ' # ! � � 	 >

? � � ' 	 � # @ � � � � � � ! � � � � � � B D � ' 	 F � � # # � � 	 H � � � � � � � � # 	 � J � K ! � � � � � # 	 # � � � ' 	 H � � # � � 	 � � � � � � � @
! � � � � � � � � > , ' 	 � 	 # � � � � � � # 	 � � % 	 H � � � � � � # S � � 	 # 	 � � 	 � � � J � K ! � � W 	 # � � " 	 � � � � � @ � � ! � � � @ > ? � � ' � #
� � � � � � � � @ � ' 	 � 	 % � W � � � � � � @ ! � � � � � � � � � � � ' 	 � � � # � � ! 	 � � 	 � ! � � W 	 % � � � : � � 	 � � � � � ' 	 # � � � � � � � % � �

� ' 	 � � � 	 � � � � � � � � # � � � � � # � � � � � � � � � � � � � � � ' 	 � � � ' � S 8 ' � ! ' � # ! � � � 	 � � ' 	 # ' 	 � � ' 	 � � 	 > , ' 	 # 	 � � %
	 H � � � � � � # % � � � J � K � #

�
� � J �

�
K � � 	 �

�
� � � �

c

�
� 
 � � � � 	 � �

d �
� � � 	 � J � K

e � 	 � � � � 	 � � 	 � � " � � � � � � % � ' 	 # � � � � � � � � % � ' 	 � � � 	 � # 	 � � % 	 H � � � � � � # ! � � W 	 % � � � � � � � � 
 > , ' 	
# � � � � � � � # � 	 � �

� � � � � ! � � � J
�

K � �


 � � � J m �
�

c K

� � m d J m �
�

c K J � K

, ' 	 # ' 	 � � ' 	 � � 	 � # � 	 : � 	 � � # � ' 	 � � � � � 8 ' 	 � 	 
 � 
 � � � � � S � � � � � m d � S � � �
�

� m 0 � ' 	
� � � � � � � � r � ' � ! � � � 	 � � � � > , ' 	 � 	 % � � 	 � � � � d � � m > e � � ' � # � � � � � � ' 	 	 � 	 ! � � � ! : 	 � � # � � 	 � � � '

W 	 ! � � 	 # � � : � � � @ > S � 

� � � �

�

m � �
c

� J � K

�



� � � � � 	 � � � � � � � � � � 	 � � � � 	 � � � � � ! � � " 	 # % � � � ' 	 � � � � 	 , � � . # 0 2 � � � � � � � � � � 	 � 8 � � ' : � � � 	 � � � � ' 	
� � � 	 � � 	 � � � � 	 # ! � � 	 >

, ' 	 # � � � � � � � # @ � A � � 	 � ' 	 : � # � � � � � # 8 ' � ! ' � � 	 � 	 	 � 	 � % � � � ' 	 � � � ! ' � � � � � � ! 	 � � � 	 > G � � � � � ! ' � � �
� ' 	 # ' 	 � � ' 	 � � 	 J K � �

� K L � ' 	 � � � 	 � � � � � � � � : � 	 � � P Q 	 � � � � � R � � � � 	 � Q P � ' 	 � � � � Q � � �

� � � @ � A � � 
 � � � @ � 
 � � A L � � � 
 L @ � A

! � � � 	 � � ' 	 U � � � 	 � 	 R � � � # � � � U � % � ' 	 � � 	 # ' 	 � � ' @ U � � � 	 � U A # � � � � � � � >

� Z � � [ \ ] � � ^ � ` b c e f g � e c b g j f � k g j \ [ ` [

l � � ' 	 # ' 	 � � ' � ' 	 o 	 Q P 	 � 	 � � � ' p q � # � ' 	 ! ' � � � ! � 	 � � # � � ! # ! � � 	 J � ' 	 � 	 % � � 	 � � � # � � � � � � � � � � 	 � � " 	
	 s � � � � � � # " � � � � � � � ' 	 # ' 	 � � ' 8 � � ' � ' 	 � � � � � � � � � � � � � � � @ � � � � A y p q @ # 	 	 � s # > @ � A A > l � � ' 	
� � � � � � | ~ � � 	 � Q � � � � # � ' 	 % � � � � 8 � � � # 	 � � % 	 s � � � � � � #

�
� � @ �

�
A � ~ @ K ~ A

�
� � � �

�

�
� � 
 � ~

� � �
� � �

� � � � � �
, ' 	 # � � � � � � � � # � � � 	 � 	 � � 	 � � � % � ' 	 # � � � ! 	 � # � � . � 	 � � # � � � � # # � � � � � Q 	 � � � " 	 � # � � J � � � # 	 � # 	 � ' � �
� � � # " � � � � % � � � � � 	 � 	 � � � � � Q � 	 � # > , ' 	 � 	 ! � � � � � Q 	 % � � � � � � � � � � P � � ! � � # � � � � � � � � � � ' 	 � � � 	 � # 	 �
� % 	 s � � � � � � # J Q � � � # � � � � P � � 	 ! � � � 	 � � " 	 � ' 	 # � ! � � � 	 � # ' 	 � � ' 	 s � � � � � � � K � �

� � �

� � �
� K

�

� K
� K  � �

� � � 
 
 @ K K A

�



� � � � � 	 � � � � � 
 � � � � � � � � � � � � � � � � � � � 	 �  " $ % � " ) + � � � � . $ � 	 �  � � � �  3  5 � � $  $ � � � � 8 � % �
	 � � 	 3 � � � � 	 � � 	 	 � � �  � $ 	 �  � % � � � � � � � = 	 � " ) + � � � � =  � � 	 � � � � � � 8  � � 	 �  � % � � �  	 � � " � 	 � � 3 � � � "
= �  3 	 � � � � . $ � 	 �  � ) C � 	 � � � � � � 	 � � % � � � 	 � � 8 � � � 3 � � � � G 	 � � " � " � � H � � 	 � � I = � � � � � I K 	 � � 	 � � � � I

� � % � � % �   � � 	 � � 8  	 � � 	 � � � � P Q R 	 � � � � � % 	 � � % H � � " � � �� � � P Q � � " 	 � � �  � 
 � �  % � 	 I
�

P V � 	� P �
�

� � 	 � � �  $ � " � � I %  � " � 	 �  � � =  � 	 � � � � � � 	 � ) � �  3 X V V [ =  � 	 � � � � � % 	 � � % H � � " � � H � "� � �

� � � ] � � V � � � � � � � � � X V � [

^ � % � � 5 � � � � � � � ` � 	 � � �  $ � " � � I %  � " � 	 �  � =  � 	 � � �  � 
 � �  % � 	 I % �   � � � 5
�

P
� 


� 	 � P �
�

	
+ � � � 	 � � � 	 � � � 5 � 	 =  � � � � " % � � % $ � � 	 �  � � � � � " 	  	 � � d  � 3 % � � 	 � � �  � =  � 	 � � �  � 
 � �  % � 	 I

� 

� 	 	 � �

� � � � 	 � � � 	 � � � % � ) i � � � � I K � . ) X V � [ � � % � � � � 8 � � % � � I� � �

� � � ] �
�

]

 �

V � � � k
�

]



� � � � � V � �
]



	 X V � [


 � � � 	 � � � � � � 	 � � � 	 � � � % � K � � � � � � � V K � � H � "� � �

� � � ] � V

�

�
V � V�

]

 � � ] R X V � [

� � " 	 � � 8  � � 	 � 
 � � � � �  = 	 � � � � = 	 n � � � " � � " � � � � " � 	  	 � � � � � � 	 �  ��
]



� V R

p �  � � � � 	 � � d  � 3 % � � 	 � � �  � ) r � � . � ) X V V [ � � " X V � [ 	 � � d  � 3 % � � 	 � � �  � � � $ � � " � � 	 � � 3 � � 5 � � � �
=  � 3 K

� 

� V 	

� G 8 � � " � � 5 � . ) X V � [ � � 	 � � 
 � % � � � 	 I  = 	 � � � � � � 	 � � " 5 � K � � V R � � H � " 	 � � t  $ 	 � � t � G 8 � 3 � � �  �
 = 	 � � � � � � 	 � X t � � � � � t [ �  � $ 	 �  �

� X � [ P � � � X � [ � V �

X � � � 

[ ]

K � � � 

	 X V � [

+ � � �  � $ 	 �  � X V � [ %  � � � � 8  � " � 	  	 � � " � % � I � � 5 � � � � 	 � H � � " ) � 

� � � � � � 	 � 5 � � 	 �  � %  � � 	 � � 	

8  � � 	 � � 5 	  	 � � = � % 	 	 � � 	 	 � � � � � � 	 � 8 �  � � � 3 � � 8 � � � � � 	 � " � I � . � ) X V Q [ X � � 	 � �  $ � " � � I %  � " � 	 �  � �� � �� � � P Q � 	 � P Q [ � � �  3  5 � � �  $ � � � � 8 � % � ) r 	 � � $ 3 � � � % � � 
 � � $ � " � 8 � � " � K  = %  $ � � � K  � 	 � �

% �  � % �  = 	 � �  � � 5 � �  = 	 � � � 8 � % � %   � " � � � 	 � � X � � � 	 � � " � H � � 	 �  �  = � =  � � . � ) X � [ [ )

� z � � { � } ~ � } � � � � } � � � � } � { � � � � � �

+ � � 3 � � � � " � � =  � � � � � 	 � � 3 � " � � 	 � � % � � � � � 	  H � " � " � � % � � 8 	 �  �  = 	 � � 8 �  � � � 3 � � 	 � � 	 � � � � � 	 �  �
� � 5 �  � K � � � � � 	 � � . $ � � � � � $ 	 � � � � 	 I %  � " � 	 �  � K 
 � � � " � � 	 � � 8 � � � � � � 	 � K � � 5 � � � 	  � � 
 �  � � 	 � " � � " � �
� � � % � � � �  	 � � �  � � ` � 	 �  � � � 	  � � 	 � p � � � � 	  � % %  $ � 	 ) r �  	 � � � �  � " � � � 	 � � 	 � � � � � 	 �  � � � 5 �  �
�  	 � 	 � � � 8 � % � % � � � 5 � � � " 	 � � �  � � ` � 	 �  � 5 � 
 � � 3 � � � � $ 	 H � � 	 � %  � 	 � � � $ 	 �  � �  = 	 � � � � 3 �  � " � � )
^ � � 	 � � 	 = �  3 X � [ � � " � G 8 � � " 	 � � �  $ � % � 	 � � 3 � � 	 � � %  � 	 � � $ � 	 I � . $ � 	 �  � � � " 	 � � � � � 	 	 � � 3 � �
	 � � 3  3 � � 	 $ 3 � . $ � 	 �  � � � 	  � + � I �  � � � � � � � � � � � 	 � � � � � � 	 � � " 5 � ) � � � � 8 � � 
 �  $ � " � � � 
 � 	 �  � �
 = 	 � � 8 � � � � � � 	 � � � " 	 � � � � � � 	 � � 8 8 �  G � 3 � 	 �  � � � � � � � � 	 � � � "  � � 5 	 � � � � I 3 8 	  	 � % 	 � �  � I K �  � �
	 � � � � 3 � 	 � P Q � � p �  � 	 � � 8  � � 	 �  �  = 	 � � � � � � 	 � � " 5 � � � " 	 � � 
 � � $ � �  =  $ � 
 � � � � � � � � � 	 	 � �
� � � � 	 � � " 5 � ) 
 � � � 	 � � � � � � 	 � � " 5 � � � % � � � . $ � 	 � = �  3 X � [ 	 � � =  � �  � � � 5 � I � 	 � 3

X �
�

[ � � V k �� � � � � � � � V X V � [

� �  3 	 � � � � 	 �  � . $ � 	 �  � �  � � % � � � � � � � I H � " 	 � � �  � " � � � � 	 I � � � = $ � % 	 �  �  = 	 � � 8  	 � � 	 � � � )
� G 8 � � " � � 5 	 � � � � � $ � 	 � � 5 �  � " � � � � 	 I � � � " 	 � � � � � % 	 �  � " � � � � 	 I � � � � � � � � 	  � � � � � � �  � �

 � � � � 
 � � 	 � � 	 	 � � " � 
 � � 	 �  �  = � � � " � � � � � � � � � � 	 � � � � %  � "  � " � � � � � �

� � V k � X V � � � � k � � ] [ � X � � � � [

� � � V k � X V � � � V k � � ] [ X V � [

�



� � � � � 	 � 	 � � � � � � � � � � � � � � � � � � � � � �  � � � # % # � � � # � � ) + 	 � � # � � � 	 / � � # � � � 1 # � � # � � � � � ) + 	 � � # �
1 # � � � � 7 # � � � � � 	 � : 	 � � / � � � � � � � 	 � � � � � # � � � � � # �

� <
� < �

� � <
� � � ? �  � < � � � � � �  

A � � � 	 � � C 7 � � � � 	 � � 1 # � C 	 � � # � � � � � � � � � � � 	 � / � � � < � � � � � J 	 � / � � � : � 	 + � � : � � � 	 � � � � � � C � / � 	 � �
� J 	 � � � ) + 	 � � # � M � � � J � � � � � / � 7 � � / � � � # 1 	 � � # � � # : � � � � � � + � � : � � � 	 � � � 	 � � Q � � � / � / � � � � � M S � J 	 + � �
� � / � � J � � S � � � � � 7 � 	 � C 	 W � � � 	 � � � � 	 � � � � � # � � � 	 � Z � � � 	 � � 7 � # S � � C � � 
 + � / 	 � 	 � Z � � � M

� < �

� � <
� � � ? �  � < � � � � �  

] � � � � ) + 	 � � # � � � _ � # � � 	 � % 	 � � � � : � � ) + 	 � � # � # 1 b � � � _ � � / 	 � / J # � � # � S � � # � : � / 	 � 	 � Z � � J 	 � � Z �
e # + � / 	 � Z J # � / � � � # � � 1 # � � 	 � � � � � � 	 � � : � � J 	 � S � 1 # + � / : � 	 	 � 	 7 7 � # 	 J � � # � � � 7 � � � � � 	 � � � � � � # �

� � � 1 � � � / � 1 � # C � � � � � � 	 � � � / � �  M � � � � � � � � Q 7 � J � ) + 	 � � � � + � � 	 � � � Z 	 � / � � �  J # � � 	 7 � � � � # i �
� ? � � < � � � ] � � J # � � � � 7 # � / � � � � # � + � � # � M

� � � �  � � � � � � k � � �  

� � # S : � # + � � Z � / � � � � � J 	 � � � � � � � � m � � � � � m � Q 7 	 � � � # � � �  # 1 � � � 7 � � � � � 	 � � � # � + � � # � � ] � � 	 7 7 � # Q W
� C 	 � � # � � � �  J 	 � S � + � � / � # / � � � � C � � � � � � S # + � / 	 � Z J # � / � � � # � � 1 # � � � � � + C � � � J 	 � � � � � � � 	 � � # � �
p � � � � � � � � 	 � � � � � � �  � � � J � 	 � / � � � � � � � � � � � � � � � + � � � � � # � � �  � � 	 / � #

� < � � � � � �  � t � < � � � k � � i  

� � � � � � � � �  � � � < � �  ? � � k � � �  

S Z � � � J � � � � C 7 � # : � � � � S # + � / 	 � Z J # � / � � � # � � S Z # � � � � � � 	 � � # � � � � 7 � u � 	 � � � � � � 	 � � : � : 	 � + � # 1
� � � � � � � : � � � � � � 	 � J # � / � � � # � � 1 # � 7 # � � � � � 	 � 	 � / � � � / � � � : 	 � � : � M � # � � 	 � � � � % 	 � � � � : � � ) + 	 � � # � J 	 �

S � � � � � � � 	 � � / � w � � # S � � � : � � � � 	 � � � � � # � + � � # � � + � � � � � # 	 � � � � + � 	 � � � Z 	 � �
�

M � � � J � � � � � � � � � �
/ # C 	 � � # 1 � � � � � � � � � � � # C � � � � + C � � � J 	 � � � � + � � � � � b � / �

�
� � � � � � � � � � u 7 	 � � 1 � # C � � � � + C � � � J 	 �

/ � � J + � � � � � � � � � � � � � + � 	 � � � Z � � � � S � J # C � : � � Z � C 7 # � � 	 � � � 	 � � � # � � � 7 # � � � � # � � � � � � � � � � 	 � � � # � + � � # � �
u � 	 7 7 � # Q � C 	 � � # � 1 # � � � � 	 � �

�
� � � � � � � � / � # 1 � � � � � � 	 � � � / � �  J 	 � S � 1 # + � / � 1 � � � � � � � J � � � �

� � �  	 � / � � � � � � 	 � �
� � � �  � � � ? � � � �

�
 < � � �  

w S : � # + � � Z � � J # � � � � 7 # � / � � # � � � m # + � � � m � Q 7 	 � � � # � # 1 � � � � � � 	 � � � # � + � � # � � � �  � � # � 	 �
~ � ? ~ � i � � � � � # � � � � 	 � � � � � # � � � � � # � M � � � � �  k � � � � �  k � � � � � 7 � � � � � 	 � � � J 	 � � � � C 	 7 7 � /

� � � # � � � 7 # � � � � � � �  ? ~ � � � � � �  � 	 � � � � � � i k � � � � � � �  � 	 < � � � � i � � � � � � � � � �
� � � � � ] � � J # � � � � 7 � � / � � � � � � 	 � � � � C � � � � � � �  ? ~ � � 	 � � � � � � � �

k � � i J # � b � C � � � � � � � 	 � �
S # + � / 	 � Z J # � / � � � # � � ] � � � � � J � � � J b � � / � � � � � � � 	 � � � � � # � � � � � # � $ + � � � b � � � � � � � � � C 	 � � # �

� �
% & 	 < � �

( ) �
�

% &

( ~ < � �� ~ t � �
� � �  

+ � � � � � � � � � � C 	 � � # � � � 	 < � � � 	 � � � � � �   1 # � � � � 7 # � � � � � 	 � � � � � � � � 	 � � � � � # � � � � � # � � � + � � / �
] � � � � Q 7 � � � � � # � 1 # � � � � � � � J � � � J b � � / � � + J � / 	 � � � � � � � � C � � �

�
�
�
�

� �

� �

�
�
�
�

�
( ~ � �

% &
� 	 t � � � i 	 � / � � 	  

�
�
�
�

� �

� �

�
�
�
�

�
( ~ �

% &
� 	 � < � � � � � � �  

# 1 � � � : 	 � � � � � � � � � � 	 � � � / � � b � � / # � � � � � � � 	 � � � J 	 � � 	 � / 	 � � � b � � � � b � � / # � � � � 7 � � � � � 	 � � � J 	 � �
� � � � # + � 	 � Z J # � � � 	 / � J � � # � �

� , � � � � � � � � . / � 	 � 1 � 
 � �

�



� � � � � 	 � 
 � � � � � � � � � � � � � � � 	 � 
  
 " $ 	 � 
 �  % 
 � � � � " � � * 
 � 	 � � - � �  � � � 	 � � � 1 � 
 � � � � 	 � � 
 	 � � �
� � " � � * 
 � 	 � �  � � � 	 � � � 1 � 
 � 6 8 � �  � 	 � 
  
 " $ 	 � 
 �  � � � � 
 	 = � ? � 	 � � � � � � � � � 	 " @ = � � � $  � 	 � � @ � 
 � � 	
� � � � � � 
 ? ? 
 � � � � 1 � 
 * � � " � � � 	 @ % � � � � � �  � K - � �   � � = @ 	 � � ? � 	 � � � � 1 � 
 � � � 	 � 
 � % 1 � � � � � � � P � � % � P � � R

� � 	 
 � 	 �

� � 	 � �  - � � � � " - � 
 = " � ? � 
 �  � � � � � � � � � � 
 � � V � �  * � 
 ? � W  6 Y 
 Z 	 � � - � �  � � � 	 �  
 " $ 	 � 
 � � " 
  � 	 

	 � �  � � � 	 � � � 1 � Y 	 � � � � � � � � K - � �  � 
 � 
 * 	 � � 
 $ 	 � �  
 " $ 	 � 
 � Z

� 	 � Y � Z � � � 
 � � � � Y � � � � Z Y � � Z

� � 
 ? � W 6 Y P P Z � � � � � � "  
 ? � ` � � � � K - � �  � 
 � 	 
 V � � 	 � �  � � � 	 �  
 " $ 	 � 
 � � � � � 	 � �  � � � 	 � � � 1 �
Y � e �

�
f � e h Z

� � 	 Y � Z 
 � � 	 Y � Z � � � 

P �

Y � � �

�
Z j

f Y � 
 Z

� � 	 � � � � � = � 	 � � � @ � � 	 � 1 � � 	 � 
 � � 
 �  	 � � 	 �

�
� � � 
 $ � 	 � � 1 * 
 � 	 � �  - � � � � 
 ? 
 1 � � � 	 @ 
 * � W 6 Y P P Z 6 l = m

� � 
 $  " @ 	 � � " � ? � 	 � � 1 � K - � �   � 
 �  Y � 
 Z � � � Y � � Z � � � � 
 	 � � � � 	 � � � " � � � � � � � � � 	  ? 
 
 	 � ? � 	 � � � � 1 �  
� 
 	 - 
   � = " � 6 o � 
 	 � � � - � 
 = " � ? � � �  �  = � � � $  � � � 	 � � � � � � � � 	 � 
 � 
 * Y � 
 Z 	 � � � � 	 � 1 � � 	 � 
 � � 
 �  	 � � 	

�

�
� � � � 
 	 = � � � 	 � ? � � � � � � 	 � � * � � ? � 
 * 	 � �  � � � 	 �  � � " � � � � " @  �  6

l � 	 � � 
 	 � � � � � � � � W 6 Y � � Z �  � � � � 	 � � � " � � 	 � 	 � � q 
 $ 	 � � q � K - � �  � 
 � 
 * 	 � � 	 � � � � � � �  
 " $ 	 � 
 � �  � �
� W 6 Y � 
 Z � � * � � � � V � � �

�

 � � � � � � � � � � � �

� �
� � s 6 8 � � - 
  � 	 � 
 � 
 * � � 	 � � � � 
 � = � V K � � � � 	 � �

�
� � � * $ � 	 � � � 	 � � - 
  � 	 � 
 � 
 * 	 � �  � � � 	 �  
 " $ 	 � 
 � 
 * � W $ � 	 � 
 � Y P P Z � � � � "  
 = � � � 	 � � ? � � � � 6
� � ? � " � � � " @ � � V � � 	 � � 	 � W 6 Y P � Z � � - � �  � � 	  � W 6 Y � � Z 
 � 	 � � � � 	 � � ? � � � � 	 �  � � " � 6 � � 
 ? 	 � � 	 � �  � �

	 � � 	 	 � � � � 	 � � ? � � � � 	 �  � � " � � �  � � � �   � � @ 	 
 = � � � 1 � 	 � � 1 � - = � 	 � � � � 	 � � - " �  ? � � � � 	 � �  � � � 	 �
 
 " $ 	 � 
 � 6 8 � � ? � 	 � � � � 1 - � 
 � � � $ � � * 
 � 	 � � * $ " " - � 
 = " � ? � 
 �  �  	  
 * 	 � 
 - � � 	  % � � ? � " @ ? � 	 � � � � 1
	 � � - " � ?  �  
 " $ 	 � 
 � � � 	 � 	 � � � � 	 � � ? � � � � 	 �  
 " $ 	 � 
 � � � � 	 � � � � 	 � � ? � � � � 	 �  
 " $ 	 � 
 � � � 	 � 	 � �  � � � 	 �
 
 " $ 	 � 
 � 6 � 
 � 	 � �  - � 
 = " � ? 	 � 
 ? � 	 � � � � 1 � 
 � � � 	 � 
 �  � � � � 	 
 = � * $ " V " " � � R

� 	 � Y � Z � � � 
 � j � � � � Y � Z 
 � j � � � � Y � � � � � Y � � � � Z Z f Y � � Z

� � 	 Y � Z � � � 
 � � 	 Y � x � Z � � � 
 � j � � � � Y � Z 
 Y � � Z


 � j � � � � Y � � � � � Y � � � � Z Z "

o  � 	 �  ? � � 	 � 
 � � � � = 
 � � 	 � �  � � 
 � � � 
 � � � 	 � 
 � �  * $ " " V " � � � * � �  � 	 �

�

 � � � � � � � � � � � �

� �
� � s 6


 
 � � � � � � V � � 	 � � ? � 	 � � � �  
 " $ 	 � 
 � � � 	 � 	 � � * 
 � ? $ " �

� Y � Z 
 � 	 Y � Z � � 	 � Y � Z � � j � � � Y � � � � � Y � � � � Z Z � � � 	 Y � x � Z � � � Y � x � Z f Y � h Z

� � � � � � �  1 � � � � � � � P � � % � 
 � % = $ 	 � �  � � � � � � � � " $ � 	 � � 6 � � � � 1 6 � � " " - � � 	  � � � � � � 	 
 � � � " $ � 	 � Y � h Z
� � �  � 
 � � 
 � 	 � � - � �  � � � 	 �  � � " � 6 8 � �  ? � " " � �   - � � � ? � 	 � � � �  � � 
  � � � 
 h " h P 6

8 � � - � �  � � � 	 �  
 " $ 	 � 
 � � � � � 	  � - - � 
 K � ? � 	 �  
 " $ 	 � 
 � Y 	 � � - � � � = 
 " � Y � � Z Z � K �  	 
 � " @ * 
 �
� � � � � h � � � ? $  	 = � � � V � � � �  � W $ � " 	 
 � � � 
 % � 	 Y � Z � � 	 � Y � Z 
 h % * 
 � � 	 � � 6 � � ? � " � � " @
	 � � � � 	 � � ? � � � � 	 �  
 " $ 	 � 
 � � Y � Z � � � � 	  �  @ ? - 	 
 	 � � � Y � Z � K �  	 
 � " @ * 
 � � � �

�
6 � � 	 � � � $ ? � � � � � "

- � 
 � � � $ � � 	 � �  � � 1 $ " � � � 	 � �  " � � � 	 
  � � � � � - � 
 = " � ?  = � � � $  � 
 * 	 � � � � � �   � 	 @ 	 � � 	 	 � � � � ) � � � � � �  
� 	 Y � Z � � 	 � Y � Z � � � � j � � � Y � � � � � Y � � � � Z Z � � � 	 Y � x � Z ? $  	 	 � � � 	 
 � � � 
 � 	 � e � � � � � � e �

�
� �  - � � 	 � � � " @ 6 8 
 � � � � � � � 1 
 
 � � �  $ " 	  � � � " @ 	 � � � 
 � 	 � � $ � 	 � 
 �  � � � � 	 
 = � $  � � � 	 	 � �  �  - � � � � "
- 
 � � 	  6 8 � � � ? � � � � 1 � �  $ " 	  � � �  � 
 � � � � � � 1 6 	 6 l � � � � �  � � 	 � � 	 � � � � * 
 � = � 1 � � " $ �  
 * � �
 ? 
 
 	 � ? � 	 � � � � 1 �  - 
   � = " � 6


 + � � � � , � � - � � � . � 
 � / � � � �

� � � � � � � " � � � � @  � � � 	 � � 	 	 � � � � " " - 
  � 	 � 
 � � � �  � 
 	 � - � � 
 � � 1 � � � � % = $ 	 �  � � � � 1 � � � � " $ � 
 * 	 � �
- � 
 = " � ? 6 8 � �  � � 1 � � � � " $ � �  � � " � $ " � 	 � � = @ � $ 	 	 � � 1 	 � �  
 " $ 	 � 
 � � 	 	 � � 	 - 
  � 	 � 
 � � 
 � � * $ " " V " " � � 1

P h



� � � � � 	 � 
 � � � � � � � � 	 � � � � 	 � � � � � � � � � 	  � � � " 	 � � � � � � � ' � ( � " 	  " 	 � � " 	 � � 	 , � � � 	 � 	 . � � �  � � � � ( � " 	
 " 	 � � "  � � � � � � � � � � ,  " 	 � � "  � � � � � � � � � , � � � 	 � � 	 � � � � 	  � � � � � � � � , � � � 	 � 	 . � � �  � � � � ( � " 	 � � 	  " 	 � � "
 � � � � � � � � � � , � � 	  " 	 � � "  � � � � � � � � � � � � � " 	 � � � � 	 � � � � 	  � � � � � � � � � � " 	 � � � � " 	 �  � � � � � � � � ( � � �
� B C E � F H C

� " 	 I � � � J � � � � � � ' � � � � � � � � � � � � � C K 	 ( � � � � � � � 	 � " 	 J � � � � � � ' � � � � � � � � � J ' � � 	  � � � J � � � � " 	
I � � � � � � 	 � � � � � � � � � � I � � � 	 ( � � � � � � '

� � � � E � � S � H � E � T H

V � � � � � 	 � � � � � 	 � � � � � � � � �  � 	 ( 	 � � � � I � � � � � � 	 � � � � � � � � � � � 	 � � � � � 	  � � � � � � � � � � " 	 
 � � � � � �
� � � 	 � � � � � � � \ � � � � � T T 
 C ` " 	 	 . � � � 	 � � 	 � � � � � 	 � E � � � 	 � S � H � � E � H � J � � � � 	 � J ' � � � 	 � � � � � � � � 	 � � � b
� � � � � ( � B  C E � H � � 	 � �  � 	 � � � ` � J � 	 E  	 � � � � � � � � � � H C

� � E � H � d E � H � e E � H
F F C � 	 F 	 � � F C � 	 F 	 � � F C � 	 F 	 � �

T 	 b � F C � 	 T � � F C � 	 T � � � F C � 	 T � � F
� 	 b � F C � 	 T � � F C � 	 T � � � F C � 	 T � � �

T 	 b � F C � 	 � � � F C � 	 � 	 � � F C � 	 � � � �

� 	 b � F C � 	 	 � F F C � 	 � T � T F C � 	 	 	 � � �

T 	 b � F C � 	 � � � F C � 	 T T � � F C � 	 � � T �
� 	 b � F C � 	 � � F F C � 	 � 	 	 F F C � 	 � � � T

T 	 b � F C � 	 � � T F C � 	 	 � � � F C � 	 F � � �

` � J � 	 T 
 � � � 	 � � � � � 	 � E � H � � � � � � � � . � � � � � � �  � d E � H � � � � e E � H �  	 	 � B C E � � H � � � � B C E � � H 


T T



� � � � � 	 � � � 
 � � � 	 � � � � � � � � � � � � � � � � � � � � � � 	 � 
 � � � � ) 	 � � � 
 � � � � � � � � � � . � � 	 � 1 � � 	 ) � � � � � � � � 	 �
� � � 	 � . � � � � 	 9 � � 	 � � � 
 � � � � � � � � � 	 9 � 	 � � 	 
 � � � � 
 � 	 � B

C �



� � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � # � � % � � � # � � � � � � � 
 � � � � � � � # * � � - � � � � � � � � � / � 1 � � 3
� � 
 � 4 6 � � � � � / � � # � � 
 � � � � � � � � � � � � � � � � ; � � � � � � � � 
 � ; � � � � � 
 � � # � � � � � � � � � � � # # � � # 
 # � � � � � 
 �
� � � � # B � / � � � � � � � � � � � � � � 4 C � % � � # # � ; � � D � E G H D I � # 1 � � � �

�
�

� � � �
�

�
� K H

� 4 � 4 D � � � � # � � � � # � # * � � � I � � � � � ; � � � � � � � � � � ; � � � � � � ; � � � � 
 � � 4 � # I � � � � I � / � � # 1 � � � � � 1 � � � � �
� � � � # B � / � � � # � * # � � / � � � 1 � � - � � � � � � * I � � 
 
 # � � � * # � � � � - � � � � � B � � � � � # � # * � � � � � � � � / � ; � � � �
� 
 � � � � � ; � � � � � � � � � ]

K 4 6 � � � � � � � � � � � � B � � � � � # � _ / � � � � � � ; * � # / � � � 
 � � � � � � # � � � � � � � � � � ; � � c � � � � � � � 1 � �
�

� � � 


� 4 6 � � � B � � � � � # � # * � � � � � � � � / � ; � � � � � 
 � � � _ / � � � � � � ; * � # / � � � � � � � � � � ; � � � # � � � � � � � � / � ; � � � �
� � � � � � � � � � � c � � � � � � � 1 � � � � � �

�



� 4 6 � � � B � � � � � # � # * � � � � � � � � � _ / � � � � � � ; * � # / � � � � � � � � / � ; � � � � � � � � � � � � � � � � # � � � I � � � c � �
� � � � � 1 � _ � � � �

�
c � 


i � / / � � � % � � � � � � � � 
 # � � � � 1 � � � # � � I � # 1 � � � � � � � � � � � # B � / � � � # �

� j �
�

�
� K � � � � � �

�
� _ � � � �

�
c � 
 _ � � c

6 � � � � � � � � � B � � � � � # � _ � � � �

�
c � � # 1 � � � � � ; 1 � 
 � � � � � � � � � � � � � � � � # � � � � # � � � � � � � # � � � I � � � �

� � � I � � � 1 # � � ; � � � 
 # � ; � � � # � � � * � � � - � � � ; 4 C � ; � � � � ; � # � � � � I � � � � # � � � � � � � � � 1 � � � # � # � � 4
6 � � � � � � # B � / � � � # � � j _ � 
 � � � H � c � � j _ � c � � � � � � � ; � � � � � � � � � ; 
 # � � / � # * 6 � 1 � � 4 r 1 � � # � � � � � � �

� � � � � � � � � � _ � 4 � D � � � � � � � � / � B � � � � � # � c � � # � � � � � � � / � � � ; * # � - � � � � � 4 6 � � � � � � � � � � � � / � � � I � � �
� � � � � � � � � � � � # I � � � � � � 4 � D I � � 
 � � � � � � � � � � � � � � � � � � � � � � # � � � � # � / � � � 1 � � � � * � � ; � # � � � � � * � � #
# 1 � � � � � 1 � � � � � - � � � � � 4
� u _ � � c � � � � � � � � # 1 � � � � 1 � � � � # * � 6 � � � # � � � � � � � � � � � � � 
 � � � � � � � # � j � � # * � � � � � � � � � � � ;
� � � � � / � ; � � � � � 
 � � � � 4 6 � � � � � � � # � � � � # � � � � � � � # � � � ; 1 � � � � � � / � � � 
 � � � � � � � � � 1 � 
 � � � � � � � � � � # �
� � 
 � � � � � � � � � � # B � / � � � � � I � � � � � � � 4 6 � � � / � � � � � � � � I � 
 � � � / � � # � � � j � � ; � B � � 
 � 1 � � � � �
� � � � # B � / � � � # � 1 � � � � � � � �

� z �
�

�
� K � �

�
� � � � � _ � � � �

�
c � � � � � � � 
 _ � � c

6 � � � � B � � 
 � � � � # � � � 
 # � - � / � ; 1 � � � � � � / � � � 
 � � � � � � � � � 4 C � 6 � 1 � � I � � � � � � � � � � ; � z _ � 
 � � � H � c �

� z _ � c I � � � � � � � 
 � 4 { / # � � � 
 
 � � � � � ; � � � � / � � � � � # � # * � * � # / � � � � � / � � � 
 � � � � � � � � � � � ; � � 
 � � �
1 � 
 � � � � I � � � � � � # 
 � # # � � � � # � / � � � � � � � � � � � 
 � � 1 � � � � � � 
 � � ; � � 
 # / � � � � � # � � # � � � � 
 r � � � �
# � � � � � � � ; D * # � � � 
 � � / � � � � � � � 
 # � � � 
 � � # � � � � � � � � � � � ; � � � � � � � - 
 � � � 4

| } ~ � � � 
 � � 
 
 � � � 
 
 
 � � � � 
 
 
 
 � �

C � � � � � � � 
 � � # � I � 
 # � � � ; � � � � � 6 � � � � � I � 
 � � � # � � 3 ; � / � � � � # � � � � � � � � 
 � � � # � � � � �  ; � � � 
 � � # � 4
6 � � 1 # � � ; � � � I � � � � � � * � 
 � � � � � � � / � ; � # 1 � � � � � � � � � � � � � ; � 
 � � � � � # � � �  � B � � � � ; � � � � � 
 � ;
� �  � G D � � � � � � 4 � 4 C � � � � � � � � � � � � � 
 � � � � � ; � � ; � � � � � � � � 
 � � � � / � � � � � � � # � � � � � � � 1 � # � 1 � ; 4 6 � �
� � � � / � # 
 
 � � � � � � � � � � � � # �  � G 


� % � � & � � � � � � � ' � 


6 � � � � � 
 � � # � � � � � 
 � # � � � � � � � ) � � � # � � � � � ; 1 � � # � � � # � � � � u � � � � # � D

�
� z

�  z
) _  c � 	 � � � +

�
,

�
_  c H _ � 	 c

K �



|ϕ(z)|

z

Wall

0

Plasma

z<0

� � � � � 	 � � 
 � 	 � 	 � � 	 � � � � � � � 	 � � ! " � ! $ & ! � � � � ! * " � � � � * , . / 
 2

& � 	 � 	 �
�

! * 4 �
�

! � 	 � � 	 4 	 * " � � � ! * 4 � � 	 	 � 	 : � � � : : � ! � � 	 � � � ! � � � : � 	 " � 	 : � 	 " � A � 	 " � 	 : � � C 	 � � � � � 	
" � D " : � � � � � 	 G � ! � " � � � � 	 � 	 : � � � * " ! * 4 � � � � � � * " M 
 � 	 	 � 	 : � � � * ! * 4 � � * : � ! � � 	 " ! � 	 � � � � � A

, � � U 2 ! * 4 � � � � A � 	 " � 	 : � � C 	 � � M 
 � 	 4 � * ! � � : " � � � � 	 � � ! " � ! � ! � � � : � 	 " � " � � C 	 � * 	 4 D � � � 	
[ � � � ] � ! * * , ^ � * 	 � � : 2 	 G � ! � � � * A

� � � 
 �
� 


�

�
�

�
� � �

� 


� 
 �
� � � � � � � � � � 
 � � 
 � � ` , � � 2

& � 	 � 	 
 �
! * 4 
 � ! � 	 � � 	 4 � " � � � D � � � � * � � * : � � � * " � � � ! � � � : � 	 " � 	 : � 	 " � ! * 4 � A � 	 " � 	 : � � C 	 � � A � � � � 
 �

` 
 � �
� " � � 	 : � � � � " � � * � * � 	 � � ! � � � � : � � � � " � � * " D 	 � & 	 	 * " � 	 : � 	 " � ! * 4 � ` � 	 G � ! � " � ! * 4 � � � � � � 	 : � ! � � 	 4

� ! � � � : � 	 " ! * 4 � � � � � � 	 * 	 � � � ! � " A ! * 4 �
�

� " � � 	 � ! " " � � ! " � 	 : � 	 " $ � � ! � � � : � 	 M 
 � 	 " � � � * � G M
, � � 2 � " � ! ^ 	 * � C 	 � � � 	 : � ! � � 	 4 � ! � � � : � 	 " � * � � , � � � ` � 2 A & � � � 	 � � 	 � * 	 � * � G M , � � 2 ! � " � � * : � � 4 	 "

* 	 � � � ! � " , � � � ` � ` � 2 M

 � 	 4 	 * " � � � � � � ! � � � : � 	 " � 	 : � 	 " � � " � D � ! � * 	 4 D � � * � 	 � � ! � � * � � � 	 " � 	 : � 	 " $ � � ! � � � : � 	 4 � " � � � D � � � � *

� � * : � � � * ! "

�
�

� � 
 �
, 
 ` � 2 � � � , � � 2

� � � � � � � � � * � � G M , � � 2 D � � � , 
 2 q � 
 A & 	 � D � ! � *

�

s

�

�

� 
 � � � , 
 2

� 
  
t

� � � � � �
�

�
� � � , 
 2

� 

� , � � 2

s �



� � � � � � 	 � 
 � 	 � 
 � 	 � � � � 
 � � � � � � 
 �  � " " � $ & � � � �

� � � � � � � � �

� � � �

�

� � � � �
� *� � � � � 	 � � � � � � � � � � � � � � � � � � � + � � � �

$ � 
 � � $ 	 
 � & 	 � � 
 � � � � � 5 � � 
 � � � � 8 � � 
 �

�

� �
�

�

9

� � 	 � � � � �

� � 

* 	 � � � � �

� *� � � � � �
� � � � � � � � � � � � � � � � � � � � � + � � � �

$ � 	 � 	 � � 	 � 	 � � � � � � 	 � 
 < � � > � � � @ & 
 @ 	 �  � � 5 � � � � @ 	 & � � 
 8 	 & � � 	 � � � 	 � � � � < � 
 � � � � " � & & � 8 L� > O � � � 
 � " 	 & @ � 	 � � � � " " 
 & 
 � � & $ 
 � � 
 > O � � � 
 � " 	 & 5
R � � � � @ 
 � < � � & � � � @ � � @ < � & � 
 � 	 � 
 � � � 	 � � L $ 	 � � U 	 � � V �

� � �
� *� � � � � � � � � �

� � �
�

*
�

� � � 	 � �
� � � � �

� � � + � � V �

$ � 	 � 	 � � 	 � � 
 @ U 	 " � � 
 � L
� �

� � � � � @ � � 	 � 	 � O 	 � � � � � 	 � �
� � � �  � � 	 < � & �  � > O � � � 
 � " 	 & � � 	 @ 	 [ � 	 @

8 L

� �
� � �

� �
� � � � � � � � � � � + � � 9 �

� � @

� �
� � � � �

� � � � � � � � � � �

� �
� � � � * � � � � � � � � �

\ � & 	 � � 
 � < � � & 5 � � V � � � @ � � 9 � 
 � � � � � 5 � � � � ] $ 	 � 8 � � 
 �

�

� �
�

�

9

� � 	 � � � � �

� � 

* 	 � � � � � � �

� � �
�

*
�

� � � 	 � �
� � � � �

� � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � �

_ 	 � � $ 	 & � 
 � � � 	 � � 	 � � � � � 
 8 � � 
 � � & �  � � 	  � " " � $ 
 � < � � " " 
 & 
 � � O � � � 	 & & 	 & c

� � " � & � 
 � � � @ 
 � � 
 e � � 
 � � � � " " 
 & 
 � � & �  	 " 	 � � � � � & $ 
 � � � 	 � � � � " & 5

� � " � & � 
 � � � @ � � � � < 	 > 	 g � � � � < 	 � � " " 
 & 
 � � & �  
 � � & $ 
 � � � 	 � � � � " & ] � � @ 
 � � � 	 � & 	 �  � � 	 
 � � � � � 8 	 �
@ 	 � & 
 � L @ � 	 � � � � 	 
 � � 
 e � � 
 � � � � " " 
 & 
 � � & �  	 " 	 � � � � � & $ 
 � � � 	 � � � � " & 5

� k 	 � � � 8 
 � � � 
 � � �  
 � � & $ 
 � � 	 " 	 � � � � � & ] $ � 
 � �  � � � $ � L  � � � � � 	 8 � � � @ � � L � 
 5 	 5 ] � � @ 
 & � � � � 	 &
� �  " � 8 � " � � � 	 & � � 	 
 � � 
 e � � 
 � � O � � � 	 & & 	 & 5

R � � � � @ 
 � < � � � � 	 � � � 	 � � � � � � � & 	 � U � � 
 � � " � $ ] � � 	 	 " � & � 
 � � � " " 
 & 
 � � 
 � � 	 < � � " & & � � 
 &  L � � 	 � 	 " � >
� 
 � � & � � V �

� � � � $ �� � � � � � � � � � � � V + � � � �

� � @

� � � � � � $ �� � � � � � � � � � �
� � 	 � � � � � � � $ �� � � � � � � � � � �

� � � V $ � 	 � 	 � �� � � � � � � �

t � 	 � 	  � � 	 ] 
 � � � 	 & � � � � � 
 � � � U 	 � 
 � � � � 	 � 
 < � � > � � � @ & 
 @ 	 �  � � 5 � � � � ] � � 	 � � " L � 	 � � & � 	 � � 
 � 
 � <
 � � � � 	 	 " � & � 
 � � � " " 
 & 
 � � & � � 	 � � 	 � 	 � � & $ 
 � � 
 � � 5 t � � & ]

� � � � � � � � � $ �� � � � � � � � � � � � � � � � � � � � $ ��
& � � � � � & � � � + � � ( �

9 �



� � � � � 	 � 
 � � � � � 
 � � � � � � � � � � �  � 
 
 � $ � � & � ( � 	 + & � � � �  � 
 	 � � � � �  & 
 � � � � �   � 
 � � � 
 � � � � � � � � � &  
 4
5 � � 
 � � � � � � � � � ( � � : � & � 	 
 � 	 � � < � > 4 @ � � A � & � � � � � � � � � � � � � � � � � � < � � �

� �
�

�
� � � � � �

� � � �
F � � � � � �

� � � � � � � � � � � �

� � � � � 	 � � � � � � � �� � � � � 	 � � � � � 
 � 

� � � � � 	 � � � � �

� �
� � � �

� � � � � 	 � � � � � 
 �
� � � � � 	 � � � � � � � �

� � � � � 	 � � � � � 
 � 

� � � � � 	 � � � � � F @ � � A

� � � � � � � � & H � & 
 
 � � � 	 � � � � � 4
I � � � & � < �   � � 
 N � � 
 � &   � & P � � � � < �   � � � � ( & 
 
 � � + � � � � 
 � � & �  � � ( � 
 � � + � � � � � 	 & � &  $ � � � &   $ 4

T 4 5 � � � � � � � � 	 � � 
 � � � � 
 � < � � � �  � � � � � � 
 & � 	 � � � 
 & � � � � � �  � 
 
 � � & � � � � � � � � � � 	 � � 
 � � $ � <
� � � � � � � � &  
 N H � Z 4 � � F � � � � � � 5 � � � � � � � &  
 & � � & 
 
 � � � 	 � � � � � �  	 � � � � � � � 	 � � < � H �  � � � � $

 � � � & � � � � � � � @ � A N � � � � � � � ^ � � & � � : < � � � � � � � � @ � A 4 I � � � � � � & P  $ � � � � Z � 	 +  & 
 � & � � �
� � � � � � 	 � � 
 � � $ � < � � � � � � � ( � � � � � � � � � &  
 N ( � � � � & � � 	 � $ � � & � ( � : � c � � & � ( � � �   � 
 � � � 
 � � � � � � �
& � � �  � � & � � 	 � � � 
 N � 
 
 � &   & � 	 � � � � � � & � � � � � (  � � � � 	

� 4 I � �  & 
 � � � �  � � � � � � : � � & H $ � � � � � &  + & � � � �  � � �   � 
 � � � 
 N 	 � � � � � � � � c � � � � �  $ 	 � � � � � � � � & 
 
 � 

� < 
 � & � � � � � � ( + & � � � � � 
 N � � � H �  � � � � $ H � � � � � � < �  � � � � � � 
 � 
 � � & � ( � 	 � � & � (  � � � � @ &  � � 
 � A
� � � � � � & ( � � � � 	 � 4 I < �  & 
 � � � � �   � 
 � � � 
 & � � < � � > � � � � & � 	 � � � �  � � � � � � l �  	 � 
 � � � � � � � � ( � N

� � � 	 � � < � H �  � � � � $ � < �  � � � � � � 
 + � � H � 
 � � � � 
 � &   � � � + & � � 	 � � � � � � � & � � � � � � � � � &  H �  � � � � $ 4
5 � � 
 � � +  � � 
 � � & � � � � �  � � � � � � 	 � 
 � � � � � � � � � � 
 � � 
 �  $ 
 + � � � � � &  & � 	 � 
 � � � � + � � � � � � � H �  � � � � $

 + & � � 4 5 � � � � < � � � � � � �  & 
 � � � & � 	 � � � � Z & � � � � � �   � 
 � � � 
 � < �  � � � � � � 
 � � � � � � � � � &  
 � � � & �
	 � 
 � � � � � � � � � � 
 � : � &   � 	 o � � � � � � � & + + � � c � � & � � � � q � � T � N & � 	 � � � 
 � 	 � � � �  $ � � � Z � � � � � : � � 	 � �
� �   � 
 � � � � � � � 
 � � � N � � � 4 I � � � � 
 & + + � � c � � & � � � � N � � � �  � � � � � � � �   � 
 � � � � � � � � � �

� � � � � 	 � � � & � 	
� � � �� � � � � 	 � � � & � � � 
 � � � � + � � � � � � � H �  � � � � $ 
 + & � � & � 	 � � � � � � � � 
 + � � 	 � � ( � � � � 
 � � � > 4 @ � � A

H & � � 
 � 4

I � 
 � � �  	 � � &  
 � � � � � � � � � 	 � � & � 	 � � � � � � � � c � � � � �  $ 	 � � � � � � � � & 
 
 � 
 � < �  � � � � � & � 	
� � � � � &  + & � � � �  � N � � � � � � � � � < �  � � � � � � : � � � � � &  �  & 
 � � � � �   � 
 � � � � � � � � 
 � � (  � ( � �  � < � � � � 
 �
	 � 
 � � & � ( � 
 � � � � � � � � � $ + � � &  �  � � � � � � � � � � ( $ � 
 � < � � 	 � � � < 
 � � � � � 4

� 4 5 � � � � � � Z & � � � � + � � � � 
 
 � 
 � � &  � Z � 	 � $ � � � �  � � � � � � : � � � � � &  � �   � 
 � � � 
 4 u � � � + � � 
 � � � � � � � Z & � � � �
� �   � 
 � � � � � � � � � � �

� � � � � 	 � � � � � � � � � � � P � � � � � � � > � & � � � � � � & < � � � � � � � � � 
 � � � � � �  $ � 
 � 	
� � � � � +  & 
 � & 
 � � & � � + � � �  � � � T � � N � T � N T � N � � � N 4

� � � �
� � � � � 	 � � � � 	 � � � � � @ " A � @ � A F @ � $ A

� � � � � 	 � � � � 
 � � � < � � > � � � � $ � < �  � � � � � � : � � � � � &  � � � � Z & � � � � � �   � 
 � � � 
 4 5 � � & + + � & � & � � � � <
� � � � : < � � � � � � � � � @ � $ A � 
 	 � � � � � � � 	 � 
 � � � � � � � � � < � � � � � � � � < � � � � � &  
 4 5 � � 
 � �   � 
 � � � � � � �

 & � � 
 l � 
 � � � � > � &  � � $ w

� � � � � � � � � � �
� � � � � 	 � � � � y � @ � 	 A

� 4 
 � � � � � � � � � � � � � & � � � � � �   � 
 � � � � � � � 
 � 
 � 

� � � � � 	 � � � & � 	 � 
 � 


� � � � � 	 � � � � � � 
 � � � � 
 � � +  �
� � 	 �  
 � T � � N

� 
 � 

� � � � � 	 � � � � � ( � � @ " A � � F @ � y A

� 
 � 

� � � � � 	 � � � � � ( � � @ " A � � F @ � T A

� � � � � ( � 
 � � � � � � 
 � & � � � � � � � � � � & � � � � � � � + � � � � � 4 ^ � � � � � � � � � @ 
 � � � � � � � � + � � � � � 
 & �
� 
 � 


� � � � � 	 � � � & � 	 � 
 � 

� � � � � 	 � � � � � � � � � � ( � � : � & � 	 
 � 	 � � < @ � � A A � � � < � � � � � � � < � � � � � � � � � � � � � 	

� � � � � 
 � 

� � � � � 	 � � � � 
 � � � � 
 � &   � � � � & � � � � < � � � � � � � � � 
 � 


� � � � � 	 � � � �

T �



� � � � � � 
 � � � � � � � � � � � � � � � � � � � � � 
  ! � �  
 % � � � ' � �  � % � � � ! ! � � � � � � � � , � � � !  
 % � 
 � �  � � � � � 
 � � � �
� � � � � � � � � � � � � � � � � 
  ! � !  � � � � � �  � � � 
 � � % � 5 � 6 � � 6 � � � 6 7 � 8 �

�
� �� 
 � �

� �

� 
 9 : � � ;

< � � � � ! �  > � � � � � �� 
 �

� � �

� 
 � : � � ;

< � � 
 � � � � � 
 � � � � � � � � 
 � �  � � � � % � � � � � � � � � > � � � � � � � � 
 � �  
 % � � � ' � �  � % � � � ! ! � � � � � � < � � �
� � � � 
  ! �  � > � � � � � 
 � � � � � � � � � � > < � � � � � � � � � � � � � � 
  ! � !  � � � � � � ! ! � � � � � �  
 � > � M � � >  �

� � �� 
 
 � � � � � � � � � �� 
 � � � � � 
 � 9 : � � ;

 � >

� � �

� 
 
 � � � � � � � � � �

� 
 � � � � � 
 � �

O � , � !  
 ! Q < � > � M � � � � � � 
 � � � � � � � � 
 � �  � � � � % � � � � � � > � � � � � � � 
 � � � , T � �  � � � � 6

� � � �� � 
 � � � � � � � � � � �� � � � � � � � � � : � � ;

V � � � 
 > � � % � � � � �  T � 7 �  � � � , Y � � � � �  � > 	 [ � : � � ; 6 < � � T �  � � � 
 � , 	 [ � : � � ;

�

� �
�

�

5

� � 	 � � : � ;

� � 

] � � � � � � � �

: � ;
 

]
�

: � ; � � �
: � ; # �

: � ; $ � 
 : � � ;



�

� 

� � �� 
 �

� � � �� � �
^ � � � � � � �  �

� � �� 
 � ` 9
� � � �� � � `  � >

�
� � ` � V � � � 
 > � � % � � b � � � � � 5 � 6 � � 6 � � � 6 < � �  7 �

� � �� 
 
 � � � 
 � � 
 : � ; � � : � 9 � 
 ; � � 
 : � 
 ; � � : � 9 � ; � � � � � 
 � �

� �� 
 : � � � � 
 � ; � : � � ;

� � 
 � � � � � ! > � � � � 
  ! �  � � � , � > < � M � >
� � �� 
 : � ; 
 � � � � � � � � � � �

e � � : � � � ;
� � : � 9 � ; 9 : � � ;

< � � 
 �
e � � 
 : � 
 �

� �� 
 � � � ; / g : � � ;

� � � � � � � � , �  � � 
 � � Y  � �  � � � � �  � � > < � � � � �  
 % � � � ' � �  � % � � � ! ! � � � � � � � � � � 
 � � � , T � �  � � � � � � ! ! � � � � �
� � 
 , 6 , � > � ! � > � � � � � � � 
 , : � 5 ; 6 ! �  > � � � � � � � � ! ! � < � � % ! � � � � � � � � , � , � � � � ,

� � � �� � 
 � 1 � � : � ; � � � � � � � � � : � 9 � ; 9 : � ` ;

� � � � , � > � ! � � 
 
 � � Y � � > � � � � � � 
 � � � , T � �  � � � � � 
 � [ � � � � Q � � � � : � ; 
 1 � � : � ; �
� � � 
 � !  � � � � : � � ; 
 � Y 
 � � � � � � � � � T  !  � � � � � � � � � ! � � � 
 � � M � ! > Y 
 � � � � 
 � � � 
 � � 6 � � � � � �  ! Y  
 � � � ! �

, � , � � � � , 4 � ' 6 � � � %  � n � � � � � � Y 
 � � � � 
 � � � 
 � � 6  � > � � � � � � � 
 � � � � � � � � 
 � � �
�  
  <  Q � 
 � , � � � T � � � >  
 Q : � o �

�
; 6 � � � � � � � � 
 , : � p � � 
 ` ; Y !  � ,  � � � �  
  � � � 
 � 8 � > T Q

� � � [ �  � � � � � � � 
  ! � � Q � � � > � � � � � 6 � � � � 6 � � 
 � � 
 �
�

6  � > T Q  T  !  � � � T � � < � � � � � � � � � � 8  � � � �  � >

 � � � , T � �  � � � � � � � �  
 % � > Y  
 � � � ! � � � u � �  � � 6 � � � 
 � � � , T � �  � � � � < � �  7 � � � � 
 � > � � � > � � 
 � � � � 
 > � 

� �  7 � � > � � �  � � � , � !  � � � � � �  � � � M � � � � > � � � � � Q � � � �  
 % � > Y  
 � � � ! � � � �  
 � � � % � � , � 7 � � 
 � , !  
 % �
> � � �  � � � � � � <  
 > � � � � <  ! ! �

5 �



� � � � � � 	 � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � # % � � � � � � � ' 	 � � � � # � � ) � � � 	 , , � 	 � � . , � � � � � � 0
� � � 2 3 4 � � 5 � % � � 	 8 � � � 	 � � � � � � � � � � � � � � � � ' 	 � � � � � � � � � ) � � � ) � � � � � � � � @ � � � � � � � 2 � 	 � � � � � � � � # � �

� � � 	 � � � � 	 � � � � � � � � � � 0 � � � � � � # � � ) � � 0 	 � # 8 � � � � � � 0 3
� 2 � 	 � � � � 4 � � 5 � ) 8 	 � � # � � � 	 � 0 ) , 	 � � 	 � , � � � � 3 L � � M N � 	 � � ) N � � � � � � , � � ) � � 	 � � 	 � # ) � � 	 � �

� � � � � � ) � � � � � , � 	 ) M 	 R % 	 � � � � 	 � ) � � � � � � 	 0 � � 	 � # � � � ) 	 � � � % ) � ) � � # � ) � � � N � � � � � 	 0 � � % � � � � � � � � �
� � � � ) ) � � 0 � � ) , � � � � � � � � � � � � � � � � ) � � % � � � � � � � ) 3� � � � � � � � � Z [ � � � � � � � � � \ Z � ] � Z � � � � � Z [ ` � � � � a � 
 � � � � 
 � [ ` � [

� � � M � � � N 	 � 	 � � � � � � 	 � � � � 4 � � 5 % � % � � � � � % # � � � 8 � 	 � � � � � 	 � � ' � # g � � M � � � � � � � � � 3 j � � � )
� � � ) � # � � 	 ) � M � R N � � � # � # , � 	 ) M 	 4 ) � � � � � 3 � 5 � % � � � � � � , � 	 ) M 	 � . � � � # ) � � � p � � % � � � � � �
� 	 � � � 	 � N � � � # 	 � 0 � � � # � � � � � ) � 4 � 5 p s � 4 � � 4 � 5 u � � 5 p s � � � 4 � 5 p � �

�

� � � 4 � 5 p � �
�

4 � � �
�

� �
�

5
	 � #

�
� 4 � 5 p s 3 � � � � � � � � � # � � � ) % � � � � � � � � � � � � � � � � � � M 	 � M � � � � � � � � p s 3 w � 	 � ) � � � � � � � �

� � � � � � # 8 � � � � � � 0 � � � � � � � � � � ) � � � � M , 	 � � ) � � % � � � � � � � � � � � � M 	 � 8 � � � � � � 0 � � �
�

x� � � � 3 y � � � �
� � � � � � 	 � � � � � 2 3 4 � � 5 � 8 � � � � � � � � � � 8 	 � 4 � � { � 5 � � � � � � � � � � 	 � � 8 � � � ) ) � � 4 � � 4 � 5 u � � 5 x � M , � � � ) � � �
� � � 2 � 	 � � � 0

�
x� 4 � 5 � �

�

� � 4 � 5
 x !

� � 	
| �

� � 4 � 5

�
�

�
|

�
�

� �
�

�
�

# � $ � � �
�

�

� 4 � � 5 �
� �
 { 4 � | 5

% � � � �  !
�

4 � ( � �
�

u � � 5 � ) � � � � � � ) � � � # ) , � � # � � �
�

� ) � � � � � � � � � � � � � M , � � 	 � � � � 	 � � p � � �
	 � #

�

� 4 � 5 � ) # � } � � # � � � 2 3 4 � � 5 3 L � � N � 	 � � � � � � 2 3 4 � | 5 % � � 	 8 � 	 ) ) � M � # � � 	 � � � � � � � � � � � �
� � M , � � 	 � � � � � � 	 � � � ) � � � 0 ) � � � � � � 0 � � � � � � � � � � � � � � � 	 � ) � � � � � � 	 0 � � � 	 � # � � � � � � � � � % � � � � � � � � � � )
� � 	 � � � 	 � # � 	 @ � � � 4 � 5 � � �

�
.

� 2 � 	 � � � � 4 � | 5 � 	 ) � � � � � � M � � 	 � � � � � 	 � � ' � # g � � M � � � � � � � � � 3 y ) � � � � � L � � � � # � � � � � � � � � � )
� � � M � # � � � � R M 	 � � � � 	 � � � � � M 	 � � � � 	 � � � # � , � � # � � � � � % � � � � � � � � � � � � 2 � 	 � � � 0 � � � � � � 2 � 	 � � � 0 ) � � �
	 , , � � � ) � � � ) , � � � � 8 � � 0 3 w � � M , � 	 ) � ' � � � 	 � � ) � � � � � � � � � � � % ) � � � M � 2 3 4 � � 5 � � � � � � � � � 	 � � ' � # g � � M
� � � � � � � � � M � ) � N � � � � } � � � # � � � � ) � � � R M 	 � � � � 	 � � � � M 	 � 	 � 0 } � � � � � � � ) � # � � � � � w � � 	 0 � � � 	 � #

� � � # ) � � � � ) M 	 � � � � 	 � � � � M � � � 0 � � � � p � � { % � � � �
�

� 4 � 5 p s . � � � � � � 	 � � � � 	 ) N � � � � N � 	 � � � #
% � � � � � � ) , � � � � � � � � � � � w � � 	 0 � � � � � � ) � , 	 � 	 � � ) � � 	 � � 	 � # , � � ) � � 	 � � � � � � � � ) 2 | � � | � 5 3 L � � � � � �
% � � # ) � % � 	 , , � 0 � � � ) ) � � � ) � 2 � 	 � � � � � 8 � � 0 % � � � � � � 	 � � � � � � 	 � � � , � 	 � � � � � � % � � � � � � 2 � 	 ) � � � � � � 	 � � � 0

� � � # � � � � � � � � � � , � � ) � � 	 � � � � � � � � 3 � � � M � 2 3 4 � | 5 � � � � � � � % ) � � 	 � � � � � � � � � � � � � � � � � # � � � � 	 ) � ) � � �
� � � � ) � � � # 8 	 � � � � � � � � � � � � � � # 8 � � � � � � 0 � � � � � g � � M � � � � � � � � � 3

� N 8 � � � ) � 0 � � � � � � 	 , , � � , � � 	 � � � � M � � � � � � � � � � 	 � � ' � # g � � M � � � � � � � � � 4 � | 5 � 	 ) � � 0 � � � # � � �
� � � � � � 	 � � � � M � � � � � g � � M � � � � � � � � � 3 � � � ) � 	 � N � ) � � % � � � � � � % � � � � � � , � � � � # � � � # � ) � � � N � # � �
� � � ) 3 2 | � � � � � � 5 3 L � � � � ) 3 2 | � � � 5 � � � � ) , 	 � � 	 � ) � 	 � � ) � � � � � � , � � ) � � 	 � � 	 � # ) � � 	 � � 	 � � 	 ) ) � M � #

� � ) 	 � � ) � 0 7 � � � ! u 9 : ! p s 4 	 ) 0 M , � � � � � � % � R ) � 	 � � 	 , , � � . � M 	 � � � � � � � 3 � � � L � � � � # � � � � � � 5 � 	 � # � � �
) � � 	 � � � ) � � � ) � # � � � # � � N � � � � � � ) � � � � � ) ) � ) � � � 	 �

�

� �
s . � � � , � � � � � � 	 � 	 � # � � � � � � � � � � � } � � # 	 � � � �

) � � 	 � � � # � � 	 � � ' � � � � � � � � � � ) 	 � � 	 ) ) � M � # � � N � � � � # 	 � # � � � � � � � � � � � � � � � # 8 � � � � � � 0 � ) � � � � � � � � # 3
L � � � � � 	 � � � � � 2 3 4 � � 5 � 8 � � � � � � � � � � 8 	 � 4 � ! � � 5 � % � � � � � ! # � � � � � ) � � � , � ) � � � � � � � � � � ) � � 	 � � � # � � �
% � � N � 	 � �

|

< = � � � 4 � 5

� � �
x � � � � � !

�
� ! 2

�
� 4 � 5 �

�
� ! 5 @ � � 4 � 5 � � 4 � 5 � � � ! � � ! { 4 � � 5

% � � � � � � ! {
�

� ! 	 � # � � ! 	 � � � � � # � � ) � � 0 � � � � � � � # 8 � � � � � � 0 	 � # � � � � � M , � � 	 � � � � � � � ) , � � � � 8 � � 0 � � �
� � � , 	 � � � � � � ) , � � � � ) � 4 � C { � 5 	 � � � � ) � � 	 � � � # � � 3 L � 4 � � 5 � % � � 	 8 � � ) � # � � � � � � � � � � � � 0 � 2 � 	 � � � �

� � 4 � 5
�

� 4 � 5 � � � !
�

� ! 4 � 
 5

� � � � � � � � � ) 3 � � � M � � � � 2 � 	 � � � � � � M � � � � � � � � � � � � 8 � � � � � � 0 � ) � N � 	 � � � # 	 )

�
� 4 � 5 � �

�
x� ! �

� C
� � � 4 � 5 � �� . 4 � � 5

� � � � � � � � � � � � � M , � � 	 � � � � � ) 	 ) ) � M � # � � N � � � � � 	 � � � # � � � � � � � � � � � � � ) � � 	 � � � 8 � ' 3 � � 4 � 5 � � � ! 3
� � � � � � � � � � � � � � # � � ) � � 0 % � � � � � ) � � � � g � � � ' M 	 � � # � ) � � � N � � � � � 4 � < 5 % � � � �

�
� � � ! 3

| <



� � � � � 
 � � � 
 � � � � � � � � � � � � � � � � � �  � " # � � � � � 
 � & 
 � � # � � � � � � � � � � � , - � � � 
 � � � � � " 
 � � � 1 � � � �
� 
 � � 
 � � 6 � & � # " � � " 
 � � # = - # A � " � # = � C � � � � � � � � � A � # � � � 
 � � � �  # � � 
 � 
 # � � K # � C  " 
 � � " 
 # � � = # " � � �

� , 
 � � � �  � # = � # � 1 # �  
 � � � � # " & � # � � � 
 # � � 
 � � � � � � � � � = # " C
�

T� � � 
 T � U � � � �

A � � " � 
 � 
 � � � � W � � �

�
� 
 � � � � 
 # � � # � � � � - � � � � � � � � � � � � � � � � � � �

� � � � � � � [ � � [ � \ � � ] � � � � � � [ � � ^ � 
 � � _ � � � � � � � � \ ^ 
 \

6 � � � � �  � " # � � � � " C � � � - � � � 
 � C �  � � � " � � " � � � � � � � 
 # � � - � � � e � � � � � � � � U A � � " � � � � �

 � � � � 
 # � � f � " � � � � � - � � � � � � " � � � " A � � " � 
 � � � " � � � � � 
 � � � �  � � � A � � �

� � � �
�  � � � # $ U � � & ' U � ( � # U � � � �

A � � " � �  � 
 � � � �  � � " �  � � " 
 � � 
  - " � � � � � � � �  � � � 
 � � " # � �  � � � � # f � � i # � � � � � � � � � & A � � � f �

� � �
�  � � � � & ' U � ( � # U � � / �

� � � 
 � � � � � � �  � " # � k 
 � � � 
  � � � � � 
 # � � � � 
 # � 
 l � � 
 # � � � � " �  # C � 
 � � � 
 # �  # � � 
 � 
 # � �  � � � � � � � � �  � � � �
6 � � 
 � � � � � � 
 � & � � / � C � � � � � � � � � � � � � C � � " # = � � �  � " # � � � � 
 � � � � A � & � # " � � � � � � # 
 # � 
 l � � 
 # � �
# " � 
 � � - - � � " 
 � � � � � � � # " �  # C � 
 � � � 
 # � � � � " 
 � � � � � � 
 C � 
 � � � " f � � � �  � � � � " & = # " � � �  � " # � � � # - � � �
� � � � 
 � � � �  � �  � 
 � � � � � 
 � 
 � � & � C � � � � K &  # � � " � � � e �   # " � 
 � � � # � � � � � � � � � � � 
 C � 
 � � � " f � � = # " 
 # � �
� # - � � � � � � � 
 � � � �  � �  � 
 � C �  � � � " � � " � � � � � � � � C � � " # = � � A � & � � � � " � � � � � � � � � � 
 � 
 � � � � � 
 # � �
 � � � �  # � � 
 � � " � � � � �

q � � � � � - �  
 � �  � � �  # � � 
 � � " � � � � � # A e A � A 
 � � � � � � C � � � � � � �  � " # � � � � � 
 � & � # = # � � # A � � � K # � � l 1
C � � � � 
 � � " 
 � � � 
 # �

2 � 
 2
�

� , - � 4 � � � � W � � � U � � 5 �

A � � " � 2
�


 � � � � � � �  � " # � � � � � 
 � & = # " � 
 t
u � � � � 
 �  # � � 
 � � " e � � 
 � � �  � 5 e � � � C 
 1 � # � � � � � - � � � C �  # � � � 
 � 
 � � � � �  � " # � � e 
 # � � � � � � � � 1

� " � � � e A 
 � � � � � � � � 
 f � � &  � � " � � � A � � � � � � 
 t � � # " � � � 
 # � � A � C � � � � # � f � � � � k 
 � � � 
  � � � � � 
 # �

� � � � �
� � 8 4

� �
� � � � � � �

� �
� � �

� � � 
 � � � �
� � � # $ 8 � � & ' 2 � � � � � � � � � � : 2 � � � � � � U � � � �

� � k 
 � � # � � # �   # � � � 
 # � 
 l � � 
 # � e " �  # C � 
 � � � 
 # � � � �  � � " � � 1 � ,  � � � � �  # � � 
 � 
 # � � � K & C � � � � # =
� � � � U � � � e � # � � = # � � � = " # C � � � � � � � e A � A 
 � �  � �  � � � � � � � � 
 # � � � � � 
 � & 2 � � � � U � � � 
 # � = � 
 � f � � #  
 � &�

� � � � U � � � � � � = " 
  � 
 # � = # "  �
� # $� ' � � � �   # " � 
 � � � # � � � � � 
 � � e � � | � � � � � � 5 � � q � � � " � 
 � � � � � 2 � � � �

� � � � = # � � � � � � � � � 2 � � � � = # � � # A 
 � � = " # C � � � � � 5 � 
 � � # � � � � 
 � � � � � � # � f 
 � � � � � � � � � � " e A � A 
 � �
} � � � � � - # � � � � 
 � � - " # } � � �

~ � 
 � A � � � k � # A � e � � �  � � " � � 1 � ,  � � � � �  # � � 
 � 
 # � �  � � � � � � �  " 
 � � � e � # � � # # � � - - " # , 
 C � � 
 # � e
� & �  # � � � � � �  " # � � � �  � 
 # � ? | � e � � @ � 6 � � " � = # " � e A � � � � � C � � � � � � � � C � � � = " � � - � � � = # "  � � " � � 1
� ,  � � � � �  # � � 
 � 
 # � 
 �  # � � � � � � e f 
 l � � # $ 
  # � � � � 6 � � � A � # � � � 
 � = " # C � � � � � 5 �

� # $� ' � � � 
 � |

� # $
�

� � B � � � � � T� � � � � U � � � U � / t �

� � � � � �  � � " � � 1 � ,  � � � � �  # � � 
 � 
 # � 
 � � � � " � � � � / � � � k � � � � � = # " C

� � � �
� � � # $ 
 � # $� ' 
 |

� # $ � � � � �
�

� � � �� � � � � U � �� � B � �� � � �
� # $ � � � � U � � � D � / | �

| �



� � � � � � � 
 � 
 � � � � � � � � � � � � � � � � � � � � � � � % % & � � � � � ( � � % � � � 
 . � 0 & � % 2 3 � & � � � � � 3 5
& 3 2 
 
 � � � � � � � 8 � � � 9 : � � < � � � 9 : � � � < � � � 9 � � 3 5 � � � � � 
 � D � � 3 5 % 2 5 � 
 
 � 0 I � � � � � & % �

8 � 3 2 % � I � 
 � � � � 5 2 % � � 2 . & � 2 
 3 
 & 3 P � 2 
 3 � � P � 
 
 % � � � � . 
 & 3 5 � � � P 
 3 5 2 � 2 
 3

� � � � � � �
: � � � � �

�

� � � � � � � 
 � �

W 3 � � 2 % � % � � ( � 
 � 2 P � � X 2 
 3 � � � � 2 
 3 2 [ � � 2 
 3 � 3 5 � � P 
 � . 2 3 � � 2 
 3 ( � 
 P � % % � % . � � � 3 P � � � P � 
 � � � � � 3 5
� � � � � P 
 � . 2 3 � � 2 
 3 P 
 � � P 2 � 3 � 2 % X 2 8 � 3 . �


 �
� � � �

�
�

� � 
 � �

W 3 � � � � 
 
 � � 
 � % � � � � � � P 
 � . 2 3 � � 2 
 3 P 
 � � P 2 � 3 � 
 � 2 � � . � � � ( � � P � 5 . � � � � � 2 X � � D � � 3 5 % 2 5 � 
 

� 0 I � 
 � � � 3 5 � � 3 P � � 2 � � 3 
 � % � 
 � & ( � c ( � 2 P 2 � � � � 3 � � 
 � � I W 3 � � � % � P 
 3 5 2 � 2 
 3 % � � � � % 
 � & � 2 
 3 
 

� 0 I � � � � � � � 5 %

� � � �
�

e� �
� � f� �

� �

� �
� � � � �

� � � � � � � �

� �
� � � � � �

� � c ( �� � �
�� � � � � 	
 � e

g � �
�

� � � �
�

� � � � � � �� � f� � f �
� � � � � � � � � � � � � # � �� �� �

�

�
�� � � � � � � � � �

e� � �
� � � � � � �

� �
� � � � � � � � � � � # � �

� � c ( �� � �
�� � � � � � 	
 � e

g � �
�

� � � �
�

� � � � � � � �� � f� � f �
� � � � � � � � � � � � � � # � �� �� :


 
 � �
�

� � �
: � 
 � �

� � � � � � � � � �
e

g � � � � � � � � � � � � � � � � � � � 
 � �

� 
 � � � � � � � � � � � � � � 3 
 2 
 3 % � 2 � � � � � 9 � j � � 2 
 3 ' & c � � � � � � 0 & � � %

� � � � � � �� � � � � � � � � � � : � � � �

�
�� � � � � � e

g � � � � � � � � � � � � � � � � � � � � � 
 � �

� � c ( � � � �
�� � � � � � 	
 � e

g � �
�

� � � �
�

� � � � � � � �� � f� � f �
� � � � � � � � � � � � � � � # � �� �� :

� � � � � � � � � 8 � � % % & � � 5 � � � � � � � 2 
 3 ' & c 8 � 3 2 % � � % � � � � � ( 
 2 3 � �
�

� � � I � 
 � � � � 2 
 3 5 � 3 % 2 � �
� � � � 8 �

� � � � � � �� � � � � � : � � � � � � � �
� �

� � � � � � � � �

�
�� � � � � � � � � ��

f �
� � � � � � � � � � � � � #

� 
 
 �

� � c ( �� � �
�� � � � � � 	
 � e

g � �
�

� � � �
�

� � � � � � � �� � f� � f �
� � � � � � � � � � � � � � � # � �� �� :

� � � � �
�

� 
 � � e � � 
 � 9 � 3 5
�

� 
 � � 9 
 
 � 
 �� 9 I j � � m � % � � � � � 
 3 � � � � 2 X � � D � � 3 5 % 2 5 � 
 
 � � 2 %
� 0 & � � 2 
 3 5 � m 3 � % � � � 2 
 3 5 � 3 % 2 � � � � � % 2 3 X � � ( 
 2 3 � 2 3 % ( � P � �

�
� � � � � : � � � � � � � �

�
� � 9 I W � P � 3

� � � � � 
 
 � � % � 
 � � � . � 5 � 
 ( ( � 5 � % 2 3 P � 2 � 5 
 � % 3 
 � P 
 3 � � 2 . & � � � 
 � � � � � � P � � 2 P m � � 5 I q 3 � P � 3 % � 
 � � � � �

� � � � � � � � � �

�
�� � � � � � � � � � � � e � � � � � � �

�
� � : � 
 2 �

� 9



� � � � � 	 � 
 � � � � � � � � � � � � � � � � � � � � � � � # � 
 � � � 	 � � # � � � � � � � � � � � � � � � 
 
 ' � � � � # � � � � � � � , � 	 � � � 

� � � 
 . � � � � 0 � � � 2 	 � ' 
 � , 3

−25 −20 −15 −10 −5 0
0

0.5

1

1.5

2

x

χ

−25 −20 −15 −10 −5 0
0

0.2

0.4

0.6

0.8

1

x

N

−25 −20 −15 −10 −5 0
0

0.5

1

1.5

2

x

u i

Electron density 

Potential Ion velocity 

Ion density 

A=0.4

A=2.0

A=0.4

A=2.0

� � 5 � 	 � � 6 � � 	 , � 
 � 8 � # 2 	 � 9 
 � � � 0 � � � 2 � � � � � � � 
 > � 2 2 � 	 
 � 0 � 2 � � � 
 D F � � � H � 
 � � � � .
�

� � � � J � � � � 	 K
, � 
 � 8 � # ' . � � > � 2 2 � 	 	 � 5 � � 2 � � � 
 D F � � # � � � � 
 � � � 	 � � � � # � � � # � � � � � � � � > 
 � � � 	 2 � � � 
 D F 0 � 	 � � T 	 �

> � � 
 � # 
 � � � � D � � # � � � 	 T > # � � � � # 
 � � � � D 3 � � 	 � 
 
 � � � � � V � 
 J V W � � T 3

X � � � � � � � 	 � # � � � � � � � � 	 , � 
 � 8 � # > # � , � � � � � � 
 � � � D H � 	 � � ' 
 � �

� � �
V W

] � > � D � �
� � > � D

� � ] � � � � �
�

� ] � � � � �
�

� ]
�

� � �
�

� � � � ] > � � D

� � # 	 � � 	 � � � � � � _ � � � � � � � a 3 > � � D � �

� b �

� � b
� � � > � D � � � > � D ] > � T D

� � � 	 � � � � � 
 � � � 	 � � � � # � � � # � � � � � � � � � � > � D � � # � � > � D � 	 � 5 � H � � ' . � a � 3 > � � D F > � � D � � # > � � D 3
k � � 	 � # � � � � 5 � � � # � , � � � � � � 
 � � � H � 	 � � ' 
 � � � � � � � a 3 > � � D � � # # � # � 	 � � � � � � � � 5 � � � ' � � � �

� � > � D � m �

� �

� � � > � D

� � �
� �

] > � m D

� � � � � � � a 3 > � T D ' � � � , � �
� b �

� � b
� m � � � > � D �

� �

� � � > � D

$ � �
� �

] > � � D

� m



� � � � � � � 	 � � � � � � � � � 	 � � � � � �

� � 	 � � �

	

�
	 � 
 � �

� � �

� � 	
� � 	 � � � �

�

� �
� � 	 � � � � 	 � � �

� � � �
�� � � �

� � 	
	 � � � � � � �

�
�

	

�
	

�


 � � �

� � 	 � � � �

� � 	 � � � � � � 	 � � � �� �

�  " $ % ' ( � ) � + - 	 � � � � � 0 � � 2 � � 5 � � � $ � 7 � % ( 9 � � � $ 5 � � 5 ( � % � � $ 2 % � � 	 � � � > � � + - 	 � � � @ � � ( 0 �
� � � � � " � � 5 " � � ( � 5 � ) � � % � + C � 5 ( $ � F $ � 2 � � ( � ) 5 � � � ( 7 � � " ( $ � % � " " ( $ � � C � � � 	 � � @ 5 � � � � � � 7 � 5 � �

� � � �
� � � � � �

� �
� � �

� �

� � � �

� � �
� �

	 � � �

� � " M � � � ( � 5 � $ � C 0 � � -

� � � � � � � P ! Q R � P � T � � V T

> � 5 � � � C 7 � � ( 0 � % 5 � � � 5 7 � � 5 @ � � " $ % ' � 5 � � � ( 7 � � " ( $ � % � " " Z $ ( " " $ � � + C � 5 ( $ � 	 � ] � 5 $ ) � 5 � � � � ( 5 �
5 � � F $ % % $ � ( � ) M $ C � � � �  0 $ � � ( 5 ( $ � " b � � c � � � ] F $ � � � � �

� � � � 	 ( - � - @ F � � � � �  F � $ 7 5 � �
� � % % � @ � � � 5 � � � $ 5 � � 5 ( � % $ � 5 � � � � % % 	 � � ] � ( " � + C � % 5 $ � � � � � � � ] - o � C " � 5 � � � $ � 7 � % ( 9 � �

0 � � � ) � r � � 0 � � � ) � 7 F � � � 	 c � � � � ] @ � � ( % � 5 � � ( $ � ( 9 � 5 ( $ � � � � � 7 � 5 � � � ( " ' � � ( � � -
v � � � C 7 � � ( 0 � % � � " C % 5 " � � � � ( " � % �  � � ( � � ( ) " - ' � 	 - > � � ( ) - ' � � 0 $ � " ( � � � � � 5 � � 0 � " � " � � ] � �

� � � � � � � ] - o � " � � 5 � � 5 5 � � " 0 � % � % � � ) 5 � $ F 5 � � " $ % C 5 ( $ � ( " % $ � ) � � F $ � 5 � � % $ � � � ( $ � ( 9 � 5 ( $ �
� � 5 � � � ] � � @ � ( 5 � 5 � � M $ C � � � �  % �  � � � � 5 � � � ( � ) ( � 5 $ 5 � � � % � " 7 � - v � � " � % ( 5 5 ( � ) $ F � % � 0 5 � $ � � � �
( $ � � � � " ( 5 ( � " � 5 5 � � � ( " 5 � � 0 � � � � � � ] F $ � � � ] � � � � � � 5 5 � � � ( " 5 � � 0 � � � � � * F $ � � � � � ] ( "
0 % � � � %  " � � � - v � � " � � ( " 5 � � 0 � " 0 � � M � 0 $ � " ( � � � � � � " 5 � � � ( � 5 � $ F 5 � � ~ " � � � 5 � ~ @ � � ( % � 5 � � � ( " 5 � � 0 � "

� � � � � ] � � 0 � � ( � 5 � � � � � 5 � � 5 $ M � $ 0 0 C � ( � � M  5 � � � � � � " � � � 5 � ~ - v � � ( $ � ' � % $ 0 ( 5  ' � � ( " � � " � 5
( � 0 � � � " ( � ) 5 � � � ( " 5 � � 0 � F � $ 7 5 � � � � % % - v � � � $ ( � 5 @ � � � � � 5 � � ( $ � ' � % $ 0 ( 5  ( " � + C � % 5 $ 5 � � ( $ � r " $ C � �

' � % $ 0 ( 5  @ ( � $ C � 0 � " � � $ � " � $ 5 ( � � ( 0 � 5 � 5 � � " � � � 5 � � � ) � - � $ � " C 0 � � ( � � ( 0 � 5 ( $ � ( 5 ( " � � 0 � " " � �  5 $
0 $ � " ( � � � ' � �  " 7 � % % � � 5 ( $ 	 � � c � � � � � 	 $ � ' � �  " 7 � % % ' � % C � " $ F 5 � � � � � � 7 � 5 � � � � � ' � -

o � 7 � � � � 0 $ 7 � � � ( " $ � M � 5 � � � � 5 � � 5 � � $ �  � � � " � � 5 � � � � � � � � � � � 0 � � 5 � � � � � ( 7 � � 5 � % � � " C % 5 "
0 � � � ( � � $ C 5 M  � � " C 9 � � � - � � " � � $ � ( 5 9 � * � - v � � � � � � � ( 7 � � 5 � % � � " C % 5 " � � � � ( " � % �  � � ( � � ( ) - � � � �

$ C � � C 7 � � ( 0 � % � � " C % 5 " ( � � ( ) - 	 - > � 5 � � � C 7 � � ( 0 � % " $ % C 5 ( $ � @ � � � � ' � C " � � 5 � � " � 7 � � � � � 7 � 5 � � " � "
( � 5 � � � � � � � ( 7 � � 5 � % " � 5 C � � � � " � ( F 5 � � 5 � � � C 7 � � ( 0 � % " $ % C 5 ( $ � " $ 5 � � 5 � � ( � � 0 5 0 $ 7 � � � ( " $ � 0 � � M �
7 � � � - > � 5 � � � � � � � ( 7 � � 5 @ 5 � � � � M  � � � � ( C " � � " � � � ] � � � 0 7 � � � 5 � � ( $ � r � � C 5 � � % 0 $ % % ( " ( $ � � %
7 � � � r F � � � r � � 5 � � � " � � 	 � ' � ] 0 7 @ " $ 5 � � 5 � � 	 c � � � � � � F $ � 5 � � � � � � 7 � 5 � � � � � C " � � � � ] � � �

	 � $ ' � % C � " � � � � ) ( ' � � ( � 5 � � � � � � � ( 7 � � 5 � - � C � 5 � � � 7 $ � � @ 5 � � � % � 0 5 � $ � 5 � 7 � � � � 5 C � � � � " � � � 3 � @
 ( � % � ( � ) 5 � � � � % � 5 ( $ � 4 � � � � � � M � 5 � � � � 5 � � � $ � 7 � % ( 9 � � � $ 5 � � 5 ( � % � � � � 5 � � � $ 5 � � 5 ( � % 4 ) ( ' � �
( � � $ % 5 " - > � � ( ) - 	 @ � � " � ( F 5 � � 5 � � � $ 5 � � 5 ( � % " $ 5 � � 5 5 � � � $ 5 � � 5 ( � % $ F 5 � � M C % � � % � " 7 � � � " � � � � @
" ( 7 ( % � � � " ( � 5 � � � � � � � ( 7 � � 5 � ( " � % �  � � ( � � ( ) - � - Z � � � % 	 � � $ F � ( ) " - � � � � 	 " � $ � 5 � � � � $ % �
� % � " 7 � ' $ % C 7 � @ � � � � � 5 � � " $ % ( � % ( � � ( � � ( ) - 	 ( � � ( 0 � 5 � " 5 � � � C 7 � � ( 0 � % " $ % C 5 ( $ � - > � � � � � % 	 M � @ � �
0 $ 7 � � � � 5 � � � $ 5 � � 5 ( � % $ M 5 � ( � � � F $ � 5 � � � � � " � � � 5 � ( � 5 � � � � � � � ( 7 � � 5 	 � ( ) - � � � � � 5 � � � C 7 � � ( 0 � %
" $ % C 5 ( $ � 	 � ( ) - 	 � - o � " � � 5 � � 5 ( � 5 � � � C 7 � � ( 0 � % " $ % C 5 ( $ � @ 5 � � � $ 5 � � 5 ( � % 0 $ � � � 0 5 " " 7 $ $ 5 � %  5 $
5 � � M C % � � $ 5 � � 5 ( � % ( � � 7 � � � � � " ( 7 ( % � � 5 $ � � � 5 � � " M � � � $ M " � � ' � � ( � � � � � � ( 7 � � 5 " @ � � ( % � 5 � �
5 � � $ � � 5 ( 0 � % 2 5 ( � � ( 0 � 5 � � M  5 � � " $ % ( � % ( � � ( � � � � � % 	 M � $ F � ( ) - � � � ' ( � 5 � " " 5 � $ � ) %  F � $ 7 5 � � M C % �
� % � " 7 � � $ 5 � � 5 ( � % - v � ( " � � " 0 � � � � � 0  ( " � � � � � � � 5 %  � C � 5 $ 5 � � F � 0 5 5 � � 5 5 � � 2 5 ( � + C � " 5 ( $ � � � "
M � " � � $ � � 5 � � $ �  � � ( 0 � @ 0 $ � 5 � � 5 �  5 $ $ C � � � � " � � 5 7 $ � � % @ � $ � " � $ 5 ( � 0 % C � � � � 0 $ 7 M ( � � 5 ( $ � � 8 � 0 5 -
> � � ( ) - � 	 0 � � � � 	 	 0 � � � 0 $ 7 � � � � 5 � � � � " C % 5 " F $ � 5 � � 5 � � � " ( 5 ( $ � � � ) ( $ � - � ( 7 ( % � � 5 $ 5 � � � � � � � ( 7 � � 5 � %
� � " C % 5 " @ � � $ M 5 � ( � 5 � � � $ 5 � � 5 ( � % � � � 5 5 � � � $ " ( 5 ( $ � 9 � � ] � � � � @ � � � � � � � 5 5 � � � $ " ( 5 ( $ � 9 � ] � �

� � @ � � " � � 0 5 ( ' � %  - v � � � � � � � ( 7 � � 5 � % � � $ 2 % � � � ' ( � 5 � " " % ( ) � 5 %  F � $ 7 5 � � � C 7 � � ( 0 � % $ � � ( � 5 � � 5 5 � �
� � � � � ( 7 � � 5 � % � � " C % 5 � � � ( M ( 5 " � � � � � � ~ � 5 5 � � � $ " ( 5 ( $ � ] � � @ � $ 5 " � � � ( � 5 � � � C 7 � � ( 0 � % " $ % C 5 ( $ � -
� ( ) - � 	 � � � ( " � % �  " 5 � � 7 � � " C � � 7 � � 5 $ F 5 � � � % � 0 5 � $ � r F � � � " � � � 5 � @ � � ( % � 5 � � � C 7 � � ( 0 � % " $ % C 5 ( $ � ( "

� �



� � � � � 	 � � � 
 � 	 � � � 	 � � � � � 	 � � � � 	 � 	 � � � ! " � $ 	 	 � 	 ' � � ! � � � � � ' � ! � 	 � � � � � ! - 	 � . � 0 � $ 	 3 $ ! � 	 � � � � � � 7
. 9 0 � $ 	 � � 	 � $ 	 � � $ 7 . ' 0 � $ 	 � � � � � � � � ! � � 	 � � ! � � � ? . ? 0 � $ 	 	 � 	 ' � � ! � C " � 	 	 � $ 	 � � $ 7 � � � � � F 	 � " � ! �

� $ 	 � � � 	 � ! " � I J L � N O P � R S J U I V � X Y � � � � Z [ $ 	 ] � � 	 ? � ^ � � � 	 � � � 	 � 	 � � � � 	 ? ? � � � 3 $ � � 	 � $ 	 � � � 	 �
� $ ! 3 � $ 	 ! � 	 � � ' � � ] � � 9 � � 	 ? ! � � � 	 � $ 	 � � $ � ! ? 	 � 9 e g � 	 � � � � � � � � � � . 9 0 � � � ? ! � � $ 	 	 � 	 ' � � ! � C " � 	 	

j k $ � � ? C m � � � � � � � � $ 	 � � $ o � � � . ? 0 �

? � � � � � e 	 ? � � � � � Z � . ? 0 Z r � 	 � ! ' ! � - 	 � � 	 � ' 	 � � ! 9 � 	 � � ! " � $ 	 � � � 	 � � ' � � � ! � � � � ! � 7 3 	 3 	 � 	 � ! � � 9 � 	
� ! ' ! - 	 � � $ 	 3 $ ! � 	 	 � 	 ' � � ! � C " � 	 	 � $ 	 � � $ 7 9 � � 3 	 ' � � � � � � � � 	 	 � $ � � � $ 	 - � � � 	 � � � � $ 	 9 	 � � � � � � �
! " � $ 	 	 � 	 ' � � ! � C " � 	 	 � $ 	 � � $ � � 	 � � � � ! 
 � � � � 	 � e � $ 	 � � � 	 " ! � � $ 	 	 
 � 	 � � � 	 � � � � ? ! � � � � � 	 � � ' � �

� ! � � � � ! � Z

[ $ 	 � � � 	 � � ' � � � � ! ' 	 ? � � 	 � � 	 ? � � � � " ! � � ! 3 � Z [ $ 	 � � � � ' 	 � � ? � - � ? 	 ? � � � ! 	 ^ � � ? � � � � � � � ! � � � �
�

�

~ � � ~ � � � ~ � � 7 3 $ 	 � 	 �

�

� � � ! ' � � 	 ? � � � $ 	 	 ? � 	 � � � � ! " � $ 	 � � � � � � C 3 � � � � � � � � � � � ! � � � e 	 � � � ?
� � � � � ! ' � � 	 ? � � � $ 	 3 � � � � � � Z [ $ 	 ? 	 � 	 � ? 	 � � - � � � � 9 � 	 � � � 	 ? � � ' � 	 � � � 	 ? � ! � $ � � � . � 	 0 � � 	 7
� � . � 	 0 � � � � 	 � � ? � � . � 	 0 � � � � � 	 Z [ $ 	 � 	 ' ! � ? ? 	 � � - � � � - 	 ! " � ! � � $ 	 � 	 " � C $ � � ? � � ? 	 � � ? � $ 	

] � � � ? 	 � � - � � � - 	 ! " � � ! � � $ 	 � � � $ � C $ � � ? � � ? 	 . � � 0 � � 	 � � � � ! 
 � � � � 	 ? 3 � � $ ' 	 � � 	 � 	 ? ? � � 	 � 	 � ' 	
� � � � ! 
 � � � � � ! � � Z [ $ 	 � 	 � � � � � � � � ! � � � � 	 � � � e � � 	 � ! " 	 ^ � � � � ! � � " ! � � � � � ^ Z . � � 0 7 3 � � $ ] 
 	 ? - � � � 	 �

" ! � � � 7 � � � ! � - 	 ? � � 	 � � � � - 	 � e 9 e � 	 � � � ! " � 	 3 � ! � � � 	 � � � � ! � � Z � ! � ] 
 	 ? - � � � 	 � ! " � 7 � ^ Z . � � 0 � �
� � 	 ? $ ! � � � � � � � 	 � � � � 	 ^ � � � � ! � ! " � 	 ' ! � ? F � � ? " ! � � � F � ! 3 � � � � � " � 	 � � $ 	 ? � � ' � 	 � � � � � � ! � 7 � $ 	 � � � 	 � � � �

	 ^ � � � � ! � � � � � � � � " ! � � 	 ? � ! � � � � 	 � � � e � � 	 � " ! � � $ 	 - � � � 	 � � � � � 7 3 $ � ' $ � � � ! � - 	 ? " ! � � � . 9 e � � � � � � � �
	 � � � � � � � � ! � 0 � ! ! 9 � � � � � $ 	 � ! � � � � ! � � �� Z [ $ 	 � 	 3 - � � � 	 � � � 	 � � ! � � � �

� � . � � � 0 � � � � �� 7 3 $ 	 � 	 � 7 � �
� � � � � � 	 � 	 � Z [ $ � � � � ! ' 	 ? � � 	 � � � 	 � 	 � � 	 ? � � � � � ' ! � - 	 � � 	 � ' 	 7 3 $ 	 � 	 � � � ' $ ! � 	 � � � � � � 	 � ! � � $ . � �

� $ 	 � � � 	 � - � � � � � � � 0 " ! � ' ! � - 	 � � 	 � ' 	 Z [ $ 	 � � � 	 � � � � � . � � ~ � 0 � � �
�

�

� � � � � � . � � � 0 � � � . � � � 0 � � . � � 0
� � � � � � ! 
 � � � � 	 ? 3 � � $ � $ 	 � � � � . � � ~ � � 0 � � � � �

�

�

� . � � �
�

� � � � � �
� 0 � . � � �

� � � � � � � � �
� � � 0

3 � � $ � $ 	 � � 	 � � � � 	
�

� � � � � Z [ $ 	 � � � 	 � � � � � ! � � � 	 
 � ' � 3 $ 	 � � � � � ' ! � � � � � � � � ? � � � � � � � 	 � �
" � � ' � � ! � Z [ $ 	 ! � � 	 � � � � 	 � � � � � � � ^ Z . � � 0 � � � � � � ! 
 � � � � 	 ? 9 e � $ 	 � � � � 	 � ! � ? � � � � � 	 Z

� �



−10 −5 0

−30

−20

−10

0

−10 −8 −6 −4 −2 0
0

1

2

3

4

−0.8 −0.4 0 0.4
−5

−4

−3

−2

−1

0

1

−1 0 1 2

−30

−20

−10

0

Presheath

Transition region

Beginning of 
electron−free
sheath

a) b)

c) d)

ϕ (V) 

ϕ (V) 

ϕ (V) 

ϕ (V) 

z (cm) z (cm) 

z (cm) z (cm) 

� � � � � 	 � � � � 
 	 � � � � � � � � � � � � � � � � � ! 	 	 � 	 � � � � � � � � � � ' � � 	 � � � � � � + 	 � - � 0 � + 	 � � ! 	 4 ! � � 	 ' � � � 
 � : - < 0
� ! 	 ' � 	 � ! 	 � � ! : - � 0 � ! 	 � � � � � � � � � � � 	 � � � � � � B - B 0 � ! 	 	 � 	 � � � � � F � � 	 	 � ! 	 � � ! I K ! 	 � � � � B � � � 	 � � � 	 � � �
� � 
 	 � � � � � � 	 � � � � � : 4 ! � � 	 � ! 	 B � � � 	 B � � � 	 � 
 � � P � ! 	 ' � � 	 � � � � � � I � � � � � ! 	 < � � P ' � � � 
 � I K ! 	 � � � � � �

� � V F � Y � � � � � ! � � � 	 B � � � � [ 	 � I � � � I

\ ] � � � � � � 	 � � � � ^ _

K ! � � 4 � � P 4 � � � � ' ' � � � 	 B < a � ! 	 b � � � � � � � c � � 	 � � 	 � � � B - � d � 0 � ! � � � � ! f � � 
 	 � � � f h � i h � F � i �
� � B f h � � i � F � i � : < a � ! 	 k 	 � � � � ! 	 � � � � � ! � � � � � 	 
 	 � � � � ! � � � � ! � � � � ! � ! 	 c � � B 	 � � � � � � ! � � � � < 	 � 	 � � !
� � h : � � B < a � ! 	 � � � � ' 	 � � m � 
 
 � � � � � � � ! � � � � ! � ! 	 b � � � � � � � � � � < 	 � 4 	 	 � � o [ p b K p � F �p b d I

� � 
 � 
 � � � � �

� h � s I t � � � 
 � � � : f ! a � I [ 	 + I � � : � � � - h � � � 0 I

� � � b I m � � � � � � � B b I m � + � � � 	 � 	 : � � � � + � m � 
 I � � : h � � � - h � � � 0 I

� � � [ I � I � � � � P � � � � � B u I [ I p � P 	 � B � � : u I f � � � 
 � f ! a � � � � 
 : � � h - h � � i 0 I

� 
 � � I w � � � � � B � I d I c ! � 4 : f ! a � I � � � � B � � : � � � - h � � � 0 I

� � � w I F o I [ � 	 
 � � � : f ! a � I k � b ' ' � I f ! a � I � � : 
 � � - h � � h 0 I

� � � t I p P � � V � � B � I � 	 � � ! P � 4 � � V : f ! a � I [ 	 + I t 	 � � I � � : h 
 � i i h - � i i � 0 I

� � � w I F o I [ � 	 
 � � � : f ! a � I f � � � 
 � � � : 
 h � � - h � � � 0 I

� � � � I c � 	 � � < 	 � � � � B � I � � B a � P : s � � � K � � � � I f � � � 
 � c � � I � 
 : � � � - � i i � 0 I

� 




� � � � � � � � � � 	 
 � � 	 � � � � � � � � � � �   � � � � � � � � � � � � & � ( � & & � * �

� - & � � � � � � � � 	 
 � � 	 � � � � � � � � � � �   � � � � � � � � � � - � � � ( � & & � * �

� - - � � � 1 2 4 � 	 5 4 � 8 � 	 : � � � � � = : � � 
 � > 
 
 
 @ � � 	 � � � � � � B � 1 D � � � � � � � � - ( � & & � * �

� - � � G � @ = 	 
 � � 	 : > � G � 	 8 B J � � � � � � � � � 4 L � � � � � � � ( - � � � * �

� - � � � � N = � B � � 	 Q R S T � S U V U W Y T V ] _ Y ] W _ b c � e T W Y V ] W f ] _ W S U V g T _ ] j U � U g j T Y ] W 	 ] T e m � � 4 : � 2 4 : 5 �
� � � J 2 � � � � 	 : � � p � q � 
 4 � � � 	 8 ( � D � � � r s 
 � � � � � 4 r 
 = � 
 � - � � �

� - � � p s u � � � 4 B � 	 	 � � � @ 4 D � � � � � � � � � � � � ( � & & & *

� - 
 � 
 � � � G � x � � � 2 y � 	 : G � � � � � 2 � 4 L � 
 � � � | S } _ ] W U e � ] j T Y ] W _ ( � 4 � 8 � B = 	 � � � x = � : � - � � - * �  � - & � �

� - � � p � s u � � � 4 B � 	 	 � � � � � � � � J � : � � � � � - � � ( - � � - * �

� - � � > � � � p � 8 � 	 = L � D � � � � � � � � � � � B � � � � � � � � ( � & & � * �

� - � � � � L � 	 � � 
 4 � | T V Y � V � U Y ] b j � T Y S b m _ ] j 	 e � ] m � T W S U j ] W _ ( � D � : 4 B � D � � 4 r 
 = � 
 � - � � � * �

� - � � 1 � p �  � J 	 � 	 e � ] m � T W S U j ] W _ U j m � ] j g � e U V | T V Y � V � U Y ] b j _ ( � D � : 4 B � D � � 4 r 
 = � 
 � - � � � * �

� � & � 1 � > � N � � 8 � 	 � 
 � � � � 	 � T � ] T � _ b c | e U _ � U | S } _ ] W _ � � = � � - � 4 : � 2 4 : 5 � � � � � G 4 = 	 2 = L � D � � ( � = 	 s
� J � 2 � 	 2 � N J � 4 � J � � 4 r 
 = � 
 � - � � � * �

� � - � � � � � 2 D � 	 4 � � 	 : � � 
 � p � J 8 4 � � | U V Y ] U e e } � b j ] � T m � U _ T _ ( � = � 	 q � � 4 � � 1 = 	 � � � 4 r 
 = � 
 �
- � � � * �

� � � � > � � � 1 � 
 � � = x � 
 � � @ � q � � = � 	 � 2 = 	 � 	 : � � � � N � D � � 	 � 
 � � R S T | U V Y ] W e T � ] j T Y ] W _ b c | e U _ � U _

( � : : � � = 	 s q 4 � � 4 � � � � � - � � � * �

� � � � u � p = � 2 � � � 8 4 	 � � � N J � � � 	 : G � � � @ � 4 	 : � 	 � � � � � B � 1 = J � D 4 � 1 D � � @ 4 D � 	 = � � � � - ( - � � � * �

� � � � 
 � � � 
 � � � � � = 	 � 	 : q � N � @ � = B  � = 	 � � � = D � � � � � � 1 = D � ( G = 	 : = 	 * � � � - � 
 ( - � 
 � * �

� � 
 � 
 � q � � D � � 	 � 4 � � 	 : 
 � � � � � � = 	 � R S T � b � ] e ] Y } U j m f ] � � _ ] b j b c � b j _ ] j � U _ T _ ( q � � 4 � � � 4 r

 = � 
 � - � � � * � � � �  � � 
 � � � 	 : � �

� � � � � � � � � � 4 	 � | e U _ � U | S } _ ] W _ U j m � b j Y V b e e T m 	 � _ ] b j ( � � 4 	 J B � � 4 r 
 = � 
 � - � � � * � � = � � - �
� � �  � � �

� � � � � � � � 1 2 � 	 8 4 5 � � R S T | e U _ � U � b � j m U V } b c � U g j T Y ] W 	 � _ ] b j f T � ] W T _ ( > � � � N � � � 2 = � � � & & & * �
  � - � � s - � & �

� � � � @ � 
 = � � 2 4 � 	 � � � � � � � � � � 4 B � � � � � � � ( - � 
 � * �

� 



