
��� ����� �	� 
 �
�������	� ��� � � � � ��� ��� ����� ��� �����  � � !"� # # $ %"&�
 �  
 � � ' ()+* ,�-/.102,43652,�7�8�9;:2<>=�? .A@B9;CD.10E52:F9HGI8�? * -/.KJ27�8�CMLM.17�.KCN4? 9;:28O* 5F=E.KCD@P9KCD:Q=R? * SKT�7U�V�W X Y�W Z�Z�W�[�\/] ^;W	_ W;`�a�b b W;W	Y�ced�f�gKf�`/a�b b Wh
i jlk m n o n p i q o r�o q s�tvu w i x w n p y o r�z�r m p s/{�| q o j}p y ~�{�p � p ~ p i q� o n p i q	o r���w x i ~ k o y w���o �	i x o n i x p w ~� o q � o r i x w}� � �l� � � � � � {�� �w � jlo p r �"k	� s���y n � s�� y jlj}o y ~ � w x q w n � p q�� � p j}o r o ��y n � s�� y jlj}o y ~ � w x q w n � p q�e��� � � �����tvu wlm q ~ n w o s |An u x w wls p jlw q ~ p i q o r
�vw | q i r s ~Do � w x o � w s � o � p w x � � n i � w ~Dw � m o n p i q ~Do x wl~ i r � w sK� i x�n u wljli � p q �s i j}o p q�p qDo qDp q w x n p o r � x o j}w"i � x w � w x w q y w�n ivi � n o p q�n p jlw � o y y m	x o n w"~ i r m n p i qD� i x�n u w"� i �1k o ~ n�ovu w r p y i k n w x�x i n i x� r o s w�p ql� i x �vo x sl� p � u n ��tvu w�jlw n u i s/m ~ w ~
o q/p jlk r p y p nvs m o r n p jlw�~ n w k k p q �}k x i y w s m x w � oD� q p n wv� i r m j}w�q i s o rk	i p q nD~ k o n p o r�s	p ~ y x w n p ~ o n p i q;o q s � o r s ��p q � ��i jlo  An m x � m r w q y w}jli s w r �}��w ~ m r n ~�o x wlk x w ~ w q n w s;� i xDq i q r p � n p q �o q s/r p � n p q	�}y o ~ w ~ �"z i x
n u w�� x ~ n�y o ~ w � n u w�~ m x � o y w�k x w ~ ~ m x w�s p ~ n x p � m n p i q ~vo x w�� i m q s/n i}�	w�p q/� i i s�o � x w w j}w q n��p n uln u w�w   k�w x p j}w q n o r�x w ~ m r n ~vo n�¡ ¢ £¤i ��n u wDx i n i x�x o s p m ~ � w   y w k n�q w o x
n u w�~ u i y �l��u p y u�p ~vk x w s p y n w s/n i}r p wy r i ~ w x�n iln u wlr w o s p q ��w s � w �}� qAn u w}r p � n p q �/y o ~ w ��n u wl~ m x � o y w}k	x w ~ ~ m x wls p ~ n x p �	m n p i q ~�y i jlk o x wD�vw r r���p n uAn u wp q � p ~ y p s/~ i r m n p i q�� �	i n u/j}w n u i s ~
k x w s p y n p q	��n u w�k x w ~ w q y w�i ��o}~ u i y �lp qln u w�i m n �	i o x slx w � p i q/o n
n u w�o ¥ p jDm n uo q � r w�i ��¢ � ¦ �"§�i �vw � w x � n u w�w ¨	w y n�i ��� p ~ y i ~ p n |/u w x w�n m x q ~vi m n
n il�	w�n iD�vw o � w q/n u w�~ u i y �/o ~
�vw r r�o ~
n i}~ u p � nn u w�~ u i y �/k	i ~ p n p i q�m k ~ n x w o j��g�© ª�«}¬ X c�­ ®v¯ q ~ n w o s |�� i ��~ � ��� � �/~ i r � w x ~ �	� j}k r p y p n�~ y u w j}w ~ � {�m o r	n p jlw�~ n w k k p q � �	§�w r p y i k n w xvx i n i x ~°6± ² � � ³v´�µv��� ¶ ³ ²tvu wA� i ��� w r s�o x i m q s�oKu w r p y i k n w xlx i n i x/p qe� i x �vo x se� p � u n/p ~/y u o x o y n w x p ~ w s�� |eu p � u	r |eq	i q r p q w o x}n u x w w �s p jlw q ~ p i q o r m q ~ n w o s |D� p ~ y i m ~"� i �ek	u w q i j}w q o�r p � w"n x o q ~ i q p yv� i �D� ~ u i y � � p q s m y w s}~ w k o x o n p i q�� � i x n w  D�vo � w �s | q o j}p y�~ n o r r�o q s�� r o s w � � i x n w  /p q n w x o y n p i q��
� i jlw�i ��n u w ~ w�y i j}k r w   p n p w ~vk	w x ~ p ~ n�w � w q�� i xvo q/p ~ i r o n w s/x i n i x� r o s w �"� p q y wvn u w�o s � o q y p q �Do q s/x w n x w o n p q �D� r o s w ~
i k	w x o n w�m q s w x�� w x |ls	p ¨	w x w q nvy i q s p n p i q ~ � y i jlk x w ~ ~ p � p r p n |w ¨�w y n ~�y o q;�	w}s i jlp q o q nDi q�n u w}o s � o q y p q ��� r o s wD��u p r wl~ w k o x o n w s;� i ��jlo |;�	w}k x w ~ w q nDi q�n u w}x w n x w o n p q �� r o s w ��h
i q ~ w � m w q n r | � n u w
o s � o q y p q ��� r o s w
p ~�i � n w qDy u o x o y n w x p ~ w sD� |D~ u i y �D� i x jlo n p i qDi q�n u w
~ m y n p i q/· m	k k	w x ¸~ m x � o y w/o q sK~ m �	~ w � m w q nD�	i �¤~ w k o x o n p i qKs m w}n i�~ u i y �A��i m q	s o x |;r o | w xDp q n w x o y n p i q���� q;oAr i i ~ wl~ w q ~ w ��n u w� i ��� w r s;i qAn u wlo s � o q y p q ��� r o s w}y o q;�	wlj}i s w r r w sK� |;m ~ p q �/n u w}n �vi � s p j}w q ~ p i q o r"� r o s	w}w r w j}w q n�n u w i x | �tvu w�x w n x w o n p q �D� r o s w � i qln u w�i n u w x
u o q s�� w   u p � p n ~
oDy u o i n p y�� i �E� w r s�� k	o x n p y m r o x r |lq w o x"n u w�x i i n
~ p q y wvn u wn x o p r p q ��w s � w
u w x w
� o y w ~�n u w
� x w w
~ n x w o j���tvu p ~�i � n w qDr w o s ~�n i�� i �1~ w k o x o n p i q}i q}o�j}o ~ ~ p � w
~ y o r w"o q s}w � w q n m o rs | q o j}p y�~ n o r r �"tvu w�~ n x i q �Dn p kl� i x n w  /o q s/n u w��vo � w�~ u w s�� |/ol� r o s w�o r ~ i}o ¨	w y n ~
n u w�� i r r i ��p q �}� r o s w ~
n u m ~r w o s p q �}n il� r o s w � � i x n w  �p q n w x o y n p i q��
tvu w x wDp ~ � u i �vw � w x � i q wD~ p j}k r p y p n |�p q/n u	w�� i x �vo x s�� p � u n�y o ~ w �	q o jlw r | �x w s m y w sAp q �	m w q y wDi ��n u wD� i x n w  ��vo � wDi q�n u w}� i �¹� w r sAq w o x�n u w}x i n i x�~ p q y w�n u w}� x w wD~ n x w o j�~ �vw w k ~�o �vo |n u wD�vo � w}p qAn u wDs i ��q ~ n x w o j�s p x w y n p i q���tvu p ~�p ~�m q	r p � w}o/u i � w x p q �/x i n i xv��u w x w�n u w�� i x n p y o r��
o � w}x w jlo p q ~y r i ~ w
n i�n u wvx i n i x"o q slu o ~"y i q ~ p s w x o � r wvw ¨	w y n
i q}n u wv�	i ��� w r slq w o x�n u wvx i n i x ��tvu wvq m jlw x p y o r ~ p j}m r o n p i qli �~ m y uloDy i jlk r w  l� i ��~ p n m o n p i qly o r r ~"� i x"oDu p � u � x w ~ i r m n p i q/y i j}k m n o n p i qlx w � m p x p q ��n u w�y o k o � p r p n |}n iDy i jlk m n wn x o q ~ i q p y�� i ��~vi q/n u w�o s � o q y p q �l� r o s wDo q s�s | q o jlp yD~ n o r r�i qln u w�x w n x w o n p q �l� r o s w �� q/i x s	w x
n i}� o p q�p q ~ p � u nvp q n iDn u w�� o x p i m ~v� m p s/s | q o jlp y o r�k u w q i jlw q o}i y y m x x p q �li � w xvo}u w r p y i k n w x
x i n i xp qA� i x �vo x sA� p � u n �	~ w � w x o r�n p j}w � o y y m x o n wD~ i r m n p i q ~�i ���	i n u�º"m r w x�w � m o n p i q ~vo q s���w | q i r s ~vo � w x o � w s � o � p w x� n i � w ~vw � m o n p i q ~vu o � w��	w w q/i � n o p q w s/p q/x w y w q nv| w o x ~�» � � ¡ ¼ �
� p q y w�y i j}k m n w x
x m q � n p jlw ~vx w � m p x w s/� i xvx i n o x | ���p q �}k x i � r w j}~
o x w�jDm y uljli x wvn u o ql� i x"oD�   w s � ��p q �Dy o ~ w � s m o r n p jlw�j}w n u i slp ~
i � n w qlw jlk r i | w s/p qln u w�� i �~ i r � w x ~ �"� qln u p ~
k o k	w x � o q/p jlk r p y p nv� q p n wv� i r m jlw�q i s o r	k	i p q nv~ y u w j}w}» ¢ ¼	��p n u/s m o r n p j}w�~ n w k k p q �}o k k	x i o y u» � � � � ½ ¼�u o ~��	w w q�m ~ w s/n il~ p jDm r o n w�n u wD� i �2i � w xvo}u	w r p y i k n w xvx i n i xv� r o s wDp q�� i x �vo x s/� p � u n �"tvu w�q m jlw x p y o r~ y u w jlw
p ~"� o ~ w sli qlº"m r w x ¾ ~�n p jlwvs p ¨�w x w q y p q ��� i x jDm r o�o q s}o�� q p n w
� i r m j}wvq i s o r k	i p q n
~ k o n p o r s p ~ y x w n p ~ o n p i q��u w x w p q;w o y u;y i q n x i r�� i r m j}wlp ~�i � n o p q w s;� |/¿ i p q p q �/n u w}y w q n x i p s ~�i �
q w p � u �	i m x p q ��y w r r ~�~ m x x i m q s p q �/n u wq i s o r�k�i p q n �
tvu w�s m o r�n p jlwD~ n w k k p q �ly i q ~ p ~ n ~vi ��o q�p jlk r p y p n�s p ~ y x w n p ~ o n p i q�p qAx w o r�n p jlwDo q s�n u w�jlo x y u p q ��

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by National Aerospace Laboratories Institutional Repository

https://core.ac.uk/display/11874237?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


i �	~ i r m n p i qlp qloDk ~ w m s	i�n p j}wvn iD~ n w o s |l~ n o n wvo n
w o y ulk u | ~ p y o r n p jlwv~ n w k��"�
n
w o y ulx w o r n p jlwv~ n w kli � n u p ~"s m o rn p j}wD~ n w k k p q	�lk x i y w s m x w �	o q�w � m p � o r w q n�k ~ w m s il~ n w o s |�~ n o n wDk x i � r w jÀp ~�~ i r � w s�m ~ p q �lr i y o r�n p jlwD~ n w k k p q � ���u p y u�o r r i ��~vi q w�n ily u i i ~ wDoD� w x |�r o x � w�k u | ~ p y o r�n p jlw�~ n w k�� o ~ w s/i q�o y y m x o y |�x w � m p x w jlw q n ~vo r i q w �ÁHÂ ³
Ã2ÄDµv� ��� ¶ ³ ² �
Å}ÆÈÇ�� Év³v´tvu wl��w | q i r s ~ � o � w x o � w s � o � p w x � � n i � w ~Dw � m o n p i q ~D� i x�n u x w w � s p j}w q ~ p i q o r
m q ~ n w o s |Ky i jlk x w ~ ~ p � r w/� i �¤p qKoj}i � p q �}s i jlo p q�p q�q i q s p j}w q ~ p i q o r�y i q ~ w x � o n p � w�� i x j¤o x w�� p � w q�� |Ê ËÊ ÌKÍ Ê	ÎÊ�Ï�Í Ê	ÐÊ	Ñ�Í Ê�ÒÊ	Ó2Ô � Õ · � ¸§�w x w � ËÈp ~ln u w�� w y n i x�i �}y i q ~ w x � w s�� o x p o � r w ~ ��Îl� ÐÖo q sEÒÈo x w;� m  �� w y n i x ~ �l· Ï�× Ñ	× Ó ¸/p ~/n u wKh
o x n w ~ p o qy i i x s p q o n w�~ | ~ n w jÀo q slÌvp ~
n u w�n p jlw�� o x p o � r w �tvu w
� i � w x q	p q ��w � m	o n p i q ~
· � ¸�o x w"~ i r � w s}� |}w jlk r i | p q ��o�s m o r n p j}w
jlw n u i s���p n uDo qDp jlk r p y p n�� q p n w�� i r m j}wq i s o r"k	i p q n}~ k o n p o r"s p ~ y x w n p ~ o n p i qe» ¢ � � Ø � � ½ ¼ �/��k k r p y o n p i q;i �
o q;p j}k	r p y p nD~ w y i q sKi x s w xDo y y m x o n wl� o y � �vo x ss p ¨�w x w q y w�� i x jDm r oD� i x"s p ~ y x w n p ~ o n p i qlp qlx w o r n p jlw�o q s/º"m r w x ¾ ~
p jlk r p y p n
n p jlw�s p ¨	w x w q y p q �D� i x jDm r oD� i x
k ~ w m s in p j}w�r w o s ~
n iDn u wD� i r r i ��p q �l� o ~ p y�w � m o n p i q;· Ù ¸
i ��n u w�p j}k r p y p n�s m o r�n p jlw�~ n w k k p q �Dn w y u q p � m w �Ú Û Í Ø Ü}Ì ÝÙ ÜDÌ Û Í Ü}Ì ÝvÞ Ê	ßÊ�Ë}à}álâ ÜlË á Ô � Ü}Ì Ý Ú ßl· Ë á ¸ Í Ø Ë áÙ Ü}Ì � Ù Ë�ãÜ}ÌEÍ Ë�ã ä�åÙ ÜDÌ�â Õ · Ù ¸§�w x wlË á Ô Ë}· Ì Ý ¸ Ô Ël· æ/Ü}Ì Ý ¸�p ~�n u wl~ i r m n p i qA� w y n i x�o nDk ~ w m s i/n p j}wlr w � w r"æÈo q s;Ü/Ë á Ô Ë á
ç å � Ë áp ~�n u w}y u o q � w}p qKË á i � w x�n u wDn p j}w}~ n w k;Ü}Ì Ý ��Ü}Ì�s w q i n w ~�n u w}x w o r�i x�k u | ~ p y o r�n p jlw}~ n w k�n u	o nDp ~�x w � m p x w sn i}x w ~ i r � w�n u w�k	u | ~ p y o r�m q ~ n w o s p q w ~ ~vi ��n u w�� i �D�"tvu w�� o x x w s/� m o q n p n p w ~
s w q i n wvn u w�~ i r m n p i q/� w y n i x ~vo n
n u wk x w � p i m ~�x w o r�n p jlw}r w � w r ~�è1o q sAè � �}��u w x w o ~�ß�x w k x w ~ w q n ~�n u w}~ k o n p o r�i k	w x o n i x ~���u p y uA� p � w}x p ~ w}n iln u w� m  �x w ~ p s m o r�o � n w xvo}s p ~ y x w n p ~ o n p i q�p q�~ k o y w �t�il� o y p r p n o n w�n u w�� q p n w�� i r m jlw�� i x jDm r o n p i q�� w � m o n p i q ~D· Ù ¸
o x w���x p n n w q�p q�p q n w � x o r�� i x jÀo q s/n u wD~ m x � o y wp q n w � x o r ~/o x w�w � o r m o n w se� |e~ m jlj}p q �Km k1n u wAy i q n x p � m n p i q	~ls m w�n i;n u wA� m  1n w x jl~li � w x}n u w�~ p  e� o y w ~li �n u wDy i jlk m n o n p i q o r�y w r r �
��k k r | p q �lp q n w � x o r�y i q ~ w x � o n p � w�w � m o n p i q ~vn ilw o y uAy i q n x i r�� i r m j}w �	r p q w o x p ¥ p q �}n u wy u o q � w ~/p qe� m  1� w y n i x ~/m ~ p q �Kt�o | r i x ¾ ~/~ w x p w ~/w   k o q ~ p i q ~/p qen p jlw ��o ~ ~ m jlp q �1r i y o r r |�y i q ~ n o q n/n x o q ~ k	i x nk x i k	w x n p w ~ �	o q	s/s	x i k k p q �}n u w�~ m k	w x ~ y x p k n�æ��
wDi � n o p qÞ Û Í Ø ÜDÌ ÝÙ Ü}Ì Û à Ü/Ë�é ê ë Í Ü}Ì Ýì é ê ë4íîá
ï å ð
Ú Þ�ñ � Ê�Î�òÊ�Ï�à Ü/Ë â á�ó á
ôÍ Ú Þ�õ � Ê�Ð�öÊ	ÑAà ÜlË â áDó áv÷ Í
Ú Þ�ø � Ê�Ò�ùÊ�Óeà Ü/Ë â á�ó á
ú ûÔ � ÜDÌ Ýì é ê ë ð íîávï å » · Î�ü � Î�ý
¸ á ó ávô Í · Ð�ü � Ð"ý"¸ á ó á
÷ Í · Ò�ü � ÒDý
¸ á ó á
ú ¼ û� Ü}Ì Ývþ Ø Ë é ê ëÙ Ü}Ì � Ù Ë�ãé ê ëÜDÌÿÍ Ë�ã ä�åé ê ëÙ Ü}Ì�� ×

· Ø ¸

§�w x wvìvé ê ë�p ~�n u wvy i q n x i r � i r m jlwv~ m x x i m	q s p q ��n u wvq i s o r k	i p q n�· � × � × � ¸�i � n u wvy m x � p r p q w o x"� x p s�� ñ Ô Ê	Î�ü � Ê�Ë}�õ Ô Ê�Ð ü � Ê�ËD� ø Ô Ê�Ò ü � Ê�Ë}��Î ò Ô Ê�Î ý � � Ê�Ë ô ��Ð�ö Ô Ê�Ð ý 	 � Ê�Ë ÷ o q s;Ò�ù Ô Ê�Ò ý 
 � Ê�Ë ú o x wDn u w�� o y i � p o qj}o n x p y w ~ ��Î ü ��Ð ü o q sKÒ ü o x wDn u wDp q � p ~ y p sA�	m  /� w y n i x ~�o q sAÎ ý ��Ð ý o q s;Ò ý o x wDn u wD� p ~ y i m ~�� m  �� w y n i x ~ �
ó ávô � ó á
÷ o q s ó á
ú o x w
n u w�Ï�� ÑDo q slÓDy i jlk	i q w q n ~"i � n u	wv~ m x � o y w
� w y n i x"y i x x w ~ k�i q s	p q ��n i�n u wvæ/� n ul~ m x � o y wi ��n u wDy i q n x i r	� i r m jlw �tvu wln w x j}~}y i q n o p q p q �;p q � p ~ y p sK� m  K� w y n i x ~Dy o qK�	w/y o r y m r o n w s1� |Km ~ p q ��n u wl�	i �¤� o x p o �	r w ~Do n}n u w/~ p  q w p � u �	i m x p q �Kk	i p q n ~lo q s1t�o | r i x ¾ ~l~ w x p w ~lw   k o q ~ p i q ~ly o qe�	w�m n p r p ~ w s1n i;s p ~ y x w n p ~ w/n u w�s w x p � o n p � w ~lp qKn u wÙ



� p ~ y i m ~}� m  Kn w x jl~}s p x w y n r |1p qKn u w/k u | ~ p y o r
k r o q w �;tvu w/x w ~ m r n p q �A� r i y �An x p s p o � i q o r
~ | ~ n w jÖi ��w � m o n p i q ~o x wA~ i r � w s�� |�m ~ p q �1o1~ m p n o � r w;� r i y �1n x p s p o � i q o r�~ i r m n p i q�o r � i x p n u j o q s�k x i k	w x/p q p n p o r�o q sE�	i m q s o x |y i q s p n p i q ~ �1�À� r w q s1i ��~ w y i q s1o q s1� i m x n uei x s w x}o x n p � y p o rvs p ~ ~ p k o n p i qKn w x j}~A» � � ¼�p ~lo s s w sew   k r p y p n r |Kn iw q ~ m x w;y i q � w x � w q y wAo q sen i1~ m k k x w ~ ~/i ~ y p r r o n p i q ~/q w o x�~ u i y �1�vo � w ~ ��� j}k r p y p n�~ w y i q s�i x s w x/s	p ~ ~ p k o n p i qn w x j}~vo x w�o r ~ i}o s	s w sln i}p j}k x i � wvn u w�k x o y n p y o r	~ n o � p r p n |/�	i m q s/i ��n u w�p jlk r p y p nv~ y u w jlw �"t�m x � m r w q y w�y r i ~ m x wp ~�o y u p w � w s�n u x i m � u/n u wDo r � w � x o p yDw s	s |/� p ~ y i ~ p n |�jli s	w r�i � � o r s ��p q�o q s���i jlo  1» � � ¼ �vz i x�olj}i � p q �l��i s | �n u w�w � m o n p i q ~
o x w�~ i r � w s/p qln u w�p q w x n p o r	� x o j}w�i ��x w � w x w q y w�� |lw j}k r i | p q �Do}� x p sl��u p y u/x w jlo p q ~
�   w s}n i�n u w�	i s |�o q s�jli � w ~�o r i q �}��p n uAp n �
�
n�w o y u�x w o r�n p j}wD~ n w k/Ì Í ÜDÌ �	~ n o x n p q �l� x i j¤n u w�~ i r m n p i qAo n�n u w�k x w � p i m ~n p j}w/~ n w kKÌ ��n u w/~ i r m n p i q1p ~}jlo x y u w s1p q1k ~ w m s iAn p jlwlÌ Ý/m ~ p q �;r i y o r"n p jlw/~ n w k k p q � �1� p q y wln u w/y u i p y w/i �k u | ~ p y o r�n p j}wl~ n w kKÜDÌDp ~Dq i�r i q � w xDr p j}p n w sK� |;~ n o �	p r p n |Ky i q ~ p s w x o n p i q ~ ��o�jDm y u;r o x � w x�n p jlwl~ n w k�����p n uKo�   w s;� m nD~ jlo r r�q m j}�	w x�i �"p q q w x�p n w x o n p i q ~�p q;k ~ w m s iln p jlw ��y o qA��w}m ~ w s�n i�x w s m y wDn u w}m q s w ~ p x o � r |;r o x � wy i jlk m n o n p i q o r	n p jlw�� i x
m q	~ n w o s |/� i �Ey o r y m r o n p i q ~ � � o ~ w s�i q/n u p ~vs m o r n p jlw�~ n w k k p q �}j}w n u i s/o q/p j}k r p y p n�vw | q i r s ~}o � w x o � w s � o � p w x � � n i � w ~D~ i r � w x}� 
��"��� � �;u o ~D��w w qKs w � w r i k	w sKo n � ����� i xDy i jlk m n p q �Ao���p s wx o q � w�i �vn u	x w w � s p jlw q ~ p i q o rvm q ~ n w o s |1� p ~ y i m ~ly i j}k x w ~ ~ p � r w�� i ��~ �1tvu p ~l�v� � �1~ i r � w x}u o ~l�	w w q1m ~ w s1n iy i jlk m n w}n u wlm q ~ n w o s |;�	i �¤i � w xDoAx w y n o q � m r o xDu w r p y i k n w xDx i n i x��	r o s wlp qK� i x �vo x s;� p � u n}m q s w xDq i q r p � n p q �o q s�r p � n p q �ly i q s p n p i q ~ ���� Ç�� µ�Å � �1� ² ´��E¶ � ��µv� � ¶ ³ ²tvu w/~ y u w j}o n p y/s p o � x o jRi �voAu w r p y i k n w xDx i n i x}� r o s w/i �vx o s p m ~}ßÈ· o ¸�p qKn u w/k r o q w/i �
x i n o n p i qKÓ Ï1i xDÓ � Ï��o q s;· �	¸
p q/n u w�~ w y n p i q o r�k r o q w�Ï�� Ñ ��p ~v~ u i ��q/p q/z�p � ��� · p ¸ �"§�w x w � n u w�y i i x s p q o n w�~ | ~ n w jl~
p qln u w�p q w x n p o r�o q sx i n o n p q	�D� x o j}w ~
i ��x w � w x w q y w�o x w�s w q i n w sl� |;· Ï�× Ñ	× Ó ¸"o q s;· Ï � × Ñ � × Ó � ¸"x w ~ k	w y n p � w r |lo q s}n u w�x i n o n p i q/o q	� r w ~
i �n u wD� r o s wDo �	i m nvn u wDÏ � �	Ñ � o q sAÓ � o   w ~vo x w�n o � w q/n il��w��
� �1o q s����vt
u	w ~ wDy i i x s p q o n wD~ | ~ n w j}~�o x wDy u i ~ w q~ m y u;n u o n}n u w/o   w ~}Ï � �"Ñ �
o q sKÓ �vr p wlp q1y u i x s ��p ~ w �"o   p o r
o q sK~ k o q ��p ~ w/s p x w y n p i q ~���p n uKn u w/i x p � p qKi �
n u w~ | ~ n w j�r | p q ��o n�n u w}y w q n x w}i �"x i n o n p i qAy · Ï � × Ñ � × Ó � ¸ �Dtvu w}� r o s w}u o ~�o/x w y n o q � m r o x�k r o q � i x jÀ��p n u;m q p � i x jy u i x s��}o q s;x i n o n w ~�o �	i m n�n u wlÑAi xDÑ �"o   p ~���p n u;o q;o q � m r o x�� w r i y p n |;ì¹p qAn u w}k x w ~ w q y wli �"o�� x w w}~ n x w o ji ��� w r i y p n |����Dp q/n u wDq w � o n p � wDÓls	p x w y n p i q��
tvu p ~�p ~vw � m	p � o r w q n�n ilolx i n o n p q �l� r o s w�jli � p q �}��p n u�ol� i x �vo x s� w r i y p n |�����p qln u w�Ó}s p x w y n p i q��"� nvj}o |l��w�q i n w sln u o n
n u w�� r o s w�k p n y u/u w x w�p ~
s w � q w sl� |ln u w�o q � r w � ��o q s��� i xvolu w r p y i k n w x�x i n i x�� r o s w�p q�u i � w x ��� � Ô �l~ p q y w�n u w x w�p ~�q i}� i x �vo x s/� w r i y p n | ��vw ~ m r n ~Do x wlk x w ~ w q n w s;� i x�n u wlm q ~ n w o s |;� i ��i � w x�o��	r o s wli �
o ~ k	w y nDx o n p i�ß � � Ô �/��p n u � ��h
�¤� � � Ùo w x i � i p r�~ w y n p i q��v§�w x w � n u wD� r o s wDw   n w q s ~�� x i j"! � � Ô �Dn il�/i x#! � ß Ô � � �ln i��D��u w x w !}p ~�s p x w y n w sAo r i q �n u w}� r o s w}~ k o qAo �vo |A� x i jÀn u w}y w q n x w}i �"x i n o n p i q���o q sAn u w}� m	o x n w x � y u i x sAr p q w}i ��n u wD�	r o s w}p ~�o n n o y u w sAn in u w}u m ����tvu p ~�o r ~ i/p jlk r p w ~�n u o n�n u wDx i i nDi ��n u w}� r o s w}r p w ~�m q p n�y u	i x sAo �
o |A� x i jÀn u w}o   p ~�i �"x i n o n p i q��D�k u | ~ p y o r�n p jlwD~ n w k�ÜDÌ Ô � Õ � � � ½ � Ù�· y i x x w ~ k	i q s p q �}n ilo ��i m n�� Õ � ¦ x i n o n p i qAi ��n u	w�� r o s w�k	w x
n p jlw�~ n w k	¸vo q so;s m o r
n p j}w/~ n w k k	p q �A��p n u�� �;k ~ w m s iAn p jlw/~ n w k ~}o x w�m ~ w s��1h
i j}k m n o n p i q ~}o x w/y i q n p q m w sKn p r r"n u w�� r o s wo ¥ p jDm n u/o q � r w�x w o y u w ~v� ½ � ¦}· i x"i q w�o q slo}u o r ��y | y r w ¸��vu	w qln u w�� i �E�	w y i j}w ~"o r j}i ~ nvk	w x p i s	p y ���2h"� §E� x p si �"~ p ¥ wlÙ Ø �%$A� �&$A½ �/p ~�m ~ w s;� i x���i n uAn u w}q i q r p � n p q ��o q s;r p � n p q ��y o ~ w ~�k x w ~ w q n w s;u w x w �lt�| k p y o r"~ w y n p i q o r� x p s ~�o n�! � ß Ô � Õ �Do q sA� � �l� w q w x o n w sA� |Am ~ p q �ln u w}y i j}jlw x y p o r�~ i � n �vo x w�'�x p s � w qAo x wD~ u i ��qAp qAz�p � ��� · p p ¸n i}p r r m	~ n x o n w�n u w�n | k	p y o r�� x p s�~ n x m y n m x w�o nv~ w y n p i q ~
�	w | i q	sln u wvn p k/o q s/i qln u w�� r o s w �"� nvjlo |/�	w�q i n w s/n u o nw   k	w x p j}w q n o r	p q � w ~ n p � o n p i q�i ��o}n �
i � � r o s w s/jli s w r�x i n i x � ��p n u�w o y u�� r o s w�u o � p q �Dn u w�o �	i � w�y i q � � m x o n p i q���vo ~vy i q s	m y n w s/� |�h
o x o s i q q o}o q s/t�m q ��» � � ¼�� i xvu i � w xvy i q s p n p i q/o q s/� |Ah
o x o s i q q o}w nvo r"» � ¡ ¼�� i xv� i x �vo x s� p � u n�y i q s p n p i q ~ �"§�i �
w � w x �	i q r |/n u w�º"m	r w xvy o r y m r o n p i q;» ½ ¼�p ~vo � o p r o � r wD� i x
n u wDr p � n p q �ly o ~ w �z�p � ��Ù/~ u i ��~�n u w}n p j}wlo y y m x o n wl~ i r m n p i q ~�� i x�n u w}q i q r p � n p q ��y o ~ wA· k p n y uKo q	� r w � � Ô � ¸v��p n u;o s � o q y wx o n p i � ��� � ìvß Ô � Õ Ù �	n p k�
Ao y uAq m jD��w x�(�) * + Ô � Õ ¡/o q s�n p kA��w | q i r s ~�q m j}�	w x�ß�, ) * + Ô Ø Õ � �%$;� � í �Dtvu wn w jlk	i x o r"� o x p o n p i q ~Di �
n u wl� i x y wly i w -}y p w q n ~ ø ô . � ø ÷ . o q s ø ú . o r i q ��n u w/Ï � ��Ñ �
o q sKÓ �
o   w ~Dx w ~ k	w y n p � w r |o q s;jli jlw q n}y i w -}y p w q n ~ ø0/ ô . � ø0/ ÷ . o q s ø#/ ú . o �	i m nDn u wlÏ � ��Ñ �"o q sKÓ �"o   w ~Dx w ~ k	w y n p � w r |Ko x wl~ u i ��q;p qz�p � ��Ù · p ¸ �	��u w x wDn u wDx w � p i q�132¹� ¡ � ¦Dp ~�n o � w qA� x i j¤n u	wDx w � p i qAØ � � ¦�231322� ½ � ¦ ��tvu wDx o k p sA� m y n m o n p i q ~p q ø ÷ . o q s ø / ô . s m x p q �ln u w}x w n x w o n p q �/~ n o � w}o x wDjlo p q r |�n u w}x w ~ m r n�i �"y u o i n p y}� i �¹s w � w r i k	w sAs m wDn iln u w� x w wl~ n x w o j�u p n n p q �/n u w}n x o p r p q ��w s	� w �}§�i �
w � w x ��� i x�n u p ~Dq i q r p � n p q ��y o ~ w ��o r r�n u wly i w -}y p w q n ~�o x w}� i m q sAn i�	wl� w x |1~ j}o r r �;z�p � �"Ù · p p ¸�~ u i ��~Dn u w/~ m x � o y wlk x w ~ ~ m x w/s p ~ n x p � m n p i q ~}o n�! � ß Ô � Õ ¡ ¢A� i x}s p ¨�w x w q n}o ¥ p jDm n uo q � r w ~ ��� nvp ~
� i m q s}n u o n � � i x�n u wvo s � o q y p q �D� r o s wD· 142�� ¡ � ¦ ¸ � n u w�k x w ~ ~ m x wvs p ~ n x p � m n p i qly i jlk o x w ~"� w x |}�vw r r��p n u�n u wDw   k	w x p jlw q n o r�k x w ~ ~ m x wDs p ~ n x p � m n p i q1» � ¡ ¼ ��w   y w k n�q w o xvn u wD~ u i y �	��tvu wD~ u i y ��u w x wDp ~�k x w s p y n w s�n iØ



r p wD~ r p � u n r |�m k ~ n x w o j�i ��n u wDw   k�w x p jlw q n o r r |�i � ~ w x � w sAk	i ~ p n p i q��vtvu w 
Ao y uAy i q n i m x ~�p q�n u wDx i n o n p q �/� x o j}wi ��x w � w x w q y w�o n�n u wD~ o j}wDx o s p o r�~ n o n p i q�! � ß Ô � Õ ¡ ¢lo x wD~ u i ��q�p q�z�p � ��Ù · p p p ¸ �	p r r m ~ n x o n p q �}n u wDk x w ~ w q y wDi ��o~ u i y �lo n�o ��i m n�� � £�i ��n u w�y u i x s��"� q/y i q ¿ m y n p i q/��p n u/z�p � �	Ù · p p ¸ � n u wD~ u i y �/p ~v� i m q s/n i}w   p ~ n�� x i j51 Ô � � ¦n i}o �	i m n61 Ô � � � ¦�o n#! � ß Ô � Õ ¡ ¢ �"tvu w�w   n w q n�i ��n u w�~ u	i y �lp ~vp r r m ~ n x o n w s/jli x w�y r w o x r |�p q�z�p � �	Ù · p �	¸���u w x wn u wDk	x w ~ ~ m x w}y i q n i m x ~�o x w}k r i n n w sAi q�n u wD� r o s wD~ m x � o y w ��tvu wD� � m x w}~ u i ��~vn u o n�n u w}~ u i y ���	w � p q ~vn il� i x jo nDo �	i m n�1 Ô ½ � ¦}o q sKk	w x ~ p ~ n ~Ds m x p q �Aj}i ~ n}i �"n u w/o s � o q y p q ��~ n o � w}n p r r"o ��i m n�1 Ô � ¡ � ¦ �/tvu wlk x w ~ ~ m x wy i q n i m x ~"p qlz�p � � Ù · p p p ¸�~ m � � w ~ n�n u o n"n u	wv� r o s wv~ w y n p i q ~"�	w u o � w�r p � w�Ù � {Eo w x i � i p r ~"s	m x p q ��n u wvo s � o q y p q ��~ n o � w��u w x w�n u wDÙ � {2o q o r | ~ p ~vi ��� r o s w�~ w y n p i q ~vy o q�k	i ~ ~ p � p r |��	w�m ~ w s/� i x
s	w ~ p � q/o q s�o q o r | ~ p ~vi ��u w r p y i k n w x
x i n i x� r o s w ~v� |�m ~ p q �}� r o s w�w r w jlw q nvn u w i x | �h
i j}k m n w s;x w ~ m r n ~D� i x�n u wlr p � n p q ��y o ~ w}��p n uKk p n y u;o q � r w � � Ô ¡ ¦ ��o s � o q y wlx o n p i � ��� � ìvß Ô � Õ Ø ��n p k
Ao y u�q m j}�	w x6(�) * + Ô � Õ � Ù ¡}o q s/n p k���w | q i r s ~�q m jD��w xvß�, ) * + Ô Ø Õ � ��$A� � í o x w�~ u	i ��q�p q�z�p � ~ � Ølo q s�½ �
� qn u w�o �	~ w q y w�i ��o q |/� x w w � �
o � w�o q o r | ~ p ~ � q i}y i x x w y n p i ql�vo ~vo k k r p w s/n iDn u w�k x w ~ y x p �	w s/k p n y u/o q � r w ��tvu w�� i x y wo q s�jli jlw q n�y i w -}y p w q n ~ �	~ u i ��qAp qAz�p � �	Ø	· p ¸ �	p r r m ~ n x o n w�n u wD� o y n�n u o n�jli ~ n�i ��n u w�� i x y w ~�o q s�jli jlw q n ~�o x w� w q w x o n w s;� |An u wlo s � o q y p q ��� r o s w �}tvu w}k x w ~ ~ m x wls p ~ n x p � m n p i q ~�i qAn u wl� r o s w ��o nDs p ¨	w x w q nDx o s p o r�~ n o n p i q ~! � ß�o q s�n u x w w}o ¥ p jDm n uAo q � r w ~�1 Ô � ¦ ��¢ � ¦}o q sKÙ � � ¦Do x wl~ u i ��qAp qAz�p � ��Ø	· p p ¸vn i/Ø	· p �	¸ �}z i x�1 Ô ¢ � ¦}o q sÙ � � ¦ � n u w ~ w�o x w�y i j}k o x w sl��p n uln u w�º"m r w xvy i jlk m n o n p i q/x w ~ m	r n ~D» ½ ¼�o n#! � ß Ô � Õ ¡ � � � ¡ ¢}o q s/� � ¢ � ��� n�p ~v� i m	q sn u o nDn u wl�vw o �;~ u i y � ~ �"k x w ~ w q nlp qKn u wli m n ��i o x s1x w � p i qE· ! � ß87�� Õ � ¸�o n%1 Ô ¢ � ¦ �"~ u p � n}m k ~ n x w o jÈs m wln i� p ~ y i m ~}w ¨	w y n �;tvu w x w/p ~ �"u i �vw � w x ��� w x |1r p n n r wl� p ~ y i m ~}w ¨	w y nli qKn u w/x w n x w o n p q �A� r o s w/o ~}jlo |1�	w/p q � w x x w s� x i j¤z�p � � Ø	· p �	¸
� i x#1 Ô Ù � � ¦ �"z�p �}½}~ u i ��~
n u w�
Ao y u/y i q n i m x ~
o n�s p ¨	w x w q n�x o s p o r�~ n o n p i q ~v� i x#1 Ô ¢ � ¦�o q sÙ � � ¦}o q sAk x w ~ ~ m x w}y i q n i m x ~�i qAn u w}� r o s w}~ m x � o y w}o n�s p ¨	w x w q nDo ¥ p jDm n u;o q � r w ~�1��D��~�~ w w q;p qAz�p � ��½ · p ¸ ��o n1 Ô ¢ � ¦ � n u w�~ u i y �/w   n w q s ~�� x i j"! � ß Ô � Õ �}n iDn u w�n p k�� n u p ~�p ~�� m	x n u w x�y i q � x jlw s�� |�z�p � � ½	· p p p ¸ �
tvu w�~ u	i y �� i x j}~Dy r i ~ wDn i/n u	w}r w o s p q ��w s � w}p qAn u wlp q �	i o x s;x w � p i q;o q s;� x o s m o r r |;j}i � w ~Do �vo |An i �vo x s ~�n u wli m n �	i o x sx w � p i q��
h
r i ~ w�n iDn u	w�n p k�� n u w�~ u i y �/o � o p qln w q s ~
n i}jli � w�n i �vo x s ~
n u wDr w o s	p q �lw s � w �9 Â ³ ² ��Å µv´D¶ ²#:;� Ç�Ã¹��� <v�tvu w/y i jlk r w  1m q ~ n w o s |K� i �Ài � w x}oAu w r p y i k n w x}x i n i x}� r o s w/p q1� i x �vo x s1� p � u nlp ~}~ p jDm r o n w sKn u x i m � uKn p j}w �o y y m x o n w}y i j}k m n o n p i q ~�m ~ p q �/� 
��"��� � �	��o/��w | q i r s	~�o � w x o � w s � o � p w x � � n i � w ~�y i s w �Dtvu w}p jlk r p y p nD�v� � �~ i r � w xvp ~v� o ~ w s�i q�o q�p q s p � w q i m ~ r |�s w x p � w sAp jlk r p y p n�� q p n w�� i r m jlwDq i s o r�k	i p q n�~ y u w j}wDo q s�p n�p q y i x k	i x o n w ~s m o r
n p jlw�~ n w k	k p q �An i;w q u o q y w�p n ~}y o k o � p r p n |Kn i;u o q s r w/k x i � r w jl~lx w � m p x p q �;r o x � wAh0� ¯ n p jlw �1tvu w x w�p ~x w o ~ i q	o � r |;� i i s;o � x w w jlw q n}�	w n �vw w q;n u wly i j}k m n w sKo q sKjlw o ~ m x w s;s	o n oAp q;n u wlq i q r p � n p q ��y o ~ w}��u p r w}n u wx w ~ m r n ~�� i x�n u wDr p � n p q �/y o ~ w}y i j}k o x wD�vw r r���p n u�n u wDº
m r w x�y i jlk m n o n p i q ~�w   y w k n�q w o x�n u wD~ u i y �	��h
m x x w q n r | �n u w�~ i r � w xv� 
��
�v� � �/p ~v�	w p q �lo k k r p w s�p q/n u wDh
z�{¹o q o r | ~ p ~vi ��n u w���p q s/n m x � p q wD� r o s w ~ �� Ç�= Ç�� Ç ² �	Ç��� � � i q p � o y w ���	��h���o q sK� p s w ~�� �#> � m jlw x p y o r"� p jDm r o n p i q;i �v� n w o s |Ao q s ¯ q ~ n w o s |Aº"m r w x�z�r i ��~���x i m	q s
Am r n p � r o s w sA§�w r p y i k n w x��vi n i x ~ ? �@�"x i y �l� ¢ n uAº
m x i k	w o q;�vi n i x y x o � nDz	i x m j�����~ ~ i y o ¥ p i q w}� n o r p o q o/s p��w x i q o m n p y olw���~ n x i q o m n p y o � �vi jlw � A"i r � � �	� w k n � � ¢ ¢ Ø � k kAh�� � � ���vh�� � � Ù � �Ù �#BKw � ~ n w x �"�D�
�	� �vh
u w q��C�	�D��� �CB�u p n w �	w r s��"{}�"�"� ��> � m jlw x p y o r�� p j}m r o n p i q1i �vo;§�w r p y i k n w x}��i n i x}p q§�i � w xvo q	s/z	i x �vo x s�z�r p � u n ? � ��� ���E��o k	w x � i �"¢ � � � � ¢ Ø ��� ¢ ¢ � �Ø � � i q p � o y w%�	��h���o q sF��o u r � w%G}� �6> h
o r y m r o n p i q ~Di �0
;m r n p � r o s w s;��i n i x ~Dp qKz i x �vo x sKz�r p � u n ¯ ~ p q ��Ø � {º"m r w x�
Aw n u i s ~li ��{����Ào q sIH � º"���6? �D�
x i y �eÙ Ù q s1º"m x i k�w o q1��i n i x y x o � nlz	i x m j/� � x p � u n i q�� ¯ G}���o k	w x � i �
� ¡ �	� w k n �v� � � � ¢ ��� ¢ ¢ � �½ ��� u w ¨	w x ���	�@'}� ����r i q ~ i �@� ��� � �@
Ao x n p q w r r p ���"��o q s�� o jlw ~ i q����D� �6> tvp jlw}��y y m x o n wl� p jDm r o n p i q;i �"§�w r p �y i k n w xv�vi n i xvz�r i ��~v� q y r m s p q �l��w x i w r o ~ n p y�º
¨	w y n ~ ? � ��� ���E��o k	w x � i �"¢ � � � Ø ¢ ¢ ��� ¢ ¢ � �� �6��o u r � w#G}� o q s/h
u w r r p	ºv� �D> h
o r y m r o n p i q ~"i ��
;m r n p � r o s w s}��i n i x ~"p qlz	i x �vo x s}z�r p � u n ¯ ~ p q ��oDØ { � o � p w x �� n i � w ~#
Aw n u i s ? � �"x i y �
Ù ¢ n u�º"m x i k	w o q/��i n i x y x o � n�z	i x m j/�	tvu w�§�o � m w � � w n u w x r o q s ~ ����o k	w x � i �
½ ¡ �Ù � � � �� �6��i j}p q���§D��o q s�BKo � q w x �
�	� ��> � o � p w x � � n i � w ~D��q o r | ~ p ~Di �v§�w r p y i k n w xD��i n i xD��w x i s | q o j}p y ~}p qK§�i � w xo q s�z	i x �vo x s�z�r p � u n ? ��� �	��p x y x o � n � Ø ¢ �	� �	Ù � � Ù �	k k��"¡ � Ø � ¡ Ù � �� ��J�m p o i � K�� {D� � L
o q � � �D� 
K� � K	u m�� � � �@> � m jlw x p y o r	� p jlr o n p i qli � � o � p w x � � n i � w ~"º"� m o n p i q	~"� i x"§�w r p y i k n w x�vi n i xvp q�z	i x �vo x s�z�r p � u n ¯ ~ p q ��
Ai � p q �/h
u p j}w x o%'�x p s ~ ? � � h
�D�/Ù � � Ù}h
i q � x w ~ ~ ��Ù � � Ù �½



¡ ����r r w q���h�� � � �#> ��q ¯ q ~ n w o s |�
Am r n p � r i y ��
Am r n p � x p s;� y u w j}w}� i x���p � n p q �lz	i x �vo x sAz�r p � u n���i n i xD� p j}m �r o n p i q ? �	� q n �C� � � m jlw x �C
Aw n u��"z"r m p s ~ � ½ � � ¢ � Ø � ¢ ¡ ½ �	Ù � � ½ �¢ �#A�p jlo r o�{�m n n o � {�m n n o � ��� G}� o q s}� u	o x o q o k k o �@> ��qD� jlk r p y p n"�v� � �}� i r � w x�� i x ¯ q ~ n w o s |}h
i jlk x w ~ ~ p � r wz�r i �2h
i j}k m n o n p i q ~ ? � �"x i y �
� w j}p q o x
i q�� n o n w�i ��n u w���x nvo q s/z	m n m x w�t�x w q s ~
i ��h
z�{2o n � ���"� � ���� �e� Ø � � � � ���"� � o q � o r i x w ��Ù � � Ø �� � �6� o j}w ~ i q�� �D� �C> tvp j}w�{�w k�w q s w q n�h"o r y m r o n p i q ¯ ~ p q ��
Am	r n p � x p s/��p n u���k k r p y o n p i q ~
n i ¯ q ~ n w o s |�z�r i ��~k o ~ n���p x � i p r ~vo q s&BEp q � ~ ? �	��� ���E��o k	w x�¢ � � � � ¢ � ��� ¢ ¢ � �� � ��§�w p q x p y u����D� ����o u r � w ��G}��o q s � r w w y � w ��§D� �#> ��tvu x w w}{�p jlw q ~ p i q o r�{�m o r � tvp j}wl� n w k k p q �&
Aw n u i sA� i xn u wv� i r m n p i q}i � n u w ¯ q ~ n w o s | � o � p w x � � n i � w ~�º"� m o n p i q ~ ? � �"x i y � ¯ q ~ n w o s |}��w x i s | q o jlp y ~
h"i q � w x w q y w ���i q s i q���� ¢ ¢ � � k k��
� � � � � � � Ù �� Ù ��{�m � m	y � �"� � � o s y i y �	� G}� � � � �vp y u o x s ~ � � � º�� o q s�BKi i s � o n w � 
K� �D> � jlk r p y p n � o � p w x � � n i � w ~
� p jDm r o n p i q ~i � ¯ q ~ n w o s |�z�r i ��~ ? � �
x i y � ¯ q ~ n w o s |���w x i s | q o jlp y ~�h
i q � w x w q y w � ��i q s i q���� ¢ ¢ � �	k k��v� � � � � � � � ¢ �� Ø ��{�m n n o&���@G}� ��A�p jlo r o�{�m n n o ��o q	sK� u o x o q	o k k o �6> ¯ q ~ n w o s |;�v� � �;� p j}m r o n p i q ~ ¯ ~ p q ��� j}k r p y p n}{�m o rtvp jlwl� n w k k p q � ? �@�"x i y �l� p   n u;��q q m o r
h
z�{¤� | jlk	i ~ p m j/��h
z�{¤{�p � p ~ p i q;i �"��w x i q o m n p y o r"� i y p w n |;i �� q s p o � � o q � o r i x w �	��m � m	~ nD� � � � Ø �	Ù � � Ø �� ½ �#A�p jlo r o}{�m n n o �	� u o x o q o k k	o � o q s/{�m n n o���� Gl� �C> � o � p w x � � n i � w ~vh
i jlk m n o n p i q ~v� i x
o}§�w r p y i k n w x
��i n i x� r o s w�p q/§�i � w x � ? � �"x i y �"º"p � u n u/��q q m o r�h
z�{¹� | j}k�i ~ p m j�� h
z"{E{�p � p ~ p i q/i ����w x i q o m n p y o r�� i y p w n |/i �� q s p o � � o q � o r i x w �	��m � m	~ nD� � � � Ø �	Ù � � � �	h0�2� ¡ �� � �6�"m r r p o j�� t�� §D� �@> � jlk r p y p n
� i r m n p i q�
Aw n u i s ~�p qlh
i jlk m n o n p i q	o r z�r m p s}{v| q o jlp y ~ ? � ��k k�� � m j��D
Ao n u�� �· t�x o q ~ �"� 
A��hv� ¸ �	Ù � � ��� ¢ ¡ � � k k��"½ ½ � � ½ � ½ �� � � � o r s ��p q�� � �"�	��o q sK��i jlo  ��"§D� � > tvu p qK��o | w x}��k k x i   p jlo n p i q1o q s1��r � w � x o p y&
Ai s w r
� i xl� w k o x o n w st�m x �	m r w q nvz"r i ��~ ? � ��� ���E�"o k	w x � i �
� ¡ � Ù � � ��� ¢ � ¡ �� � ��h
o x o s i q q o � z
� M}� o q	sDt�m q � � h�� �@> º�  k	w x p jlw q n o r o q s}��q o r | n p y o r	� n m s p w ~�i � �4
Ai s w r §�w r p y i k n w x���i n i xp q�§�i � w x � ? � � ��� �2t#
�� ¡ � Ù Ø Ù ��� ¢ ¡ � �� ¡ ��h
o x o s i q q o � z
� M}� � ��o m ��� 'D� §D� o q slt�m q � � h�� �D> ��qlº�  k	w x p jlw q n o r	� q � w ~ n p � o n p i qli � n u w6��o x o r r w r � r o s w �A"i x n w  �� q n w x o y n p i q ? � � �D� �2t#
�� ¡ � � � � ��� ¢ ¡ ½ �
R

r

-Wo

x

β = ψ

z

x’

z’

β

Ω
β

(a)

(b)

x’

y’

−γ

c

-W  sin ψo

c

(a)

(b)

z�p � ���}� y u w j}o n p y�s p o � x o jÀo q	s/� x p s�� i xvolx w y n o q � m r o xvx i n i xv� r o s w�p q/� i x �vo x s�� p � u n ���~ k	w y n�x o n p i}ß � � Ô � �	� w y n p i q�� � ��h
�2� � � Ù}o w x i � i p r �
N O P%QDR SDT UWV X O R�YDO V Z�[ V U N O O P&Q@T R X O \�]CV ^#Z�[ O YD_�V X�N V�P�`�a�bdcfe�g eV ]DY;N hCP�`�a�bdcdiDg j@k

�



0 60 120 180 240 300 360
-0.0004

-0.0003

-0.0002

-0.0001

0.0000

0 60 120 180 240 300 360
-0.00030

-0.00025

-0.00020

-0.00015

-0.00010

-0.00005

0 60 120 180 240 300 360
0.0000

0.0001

0.0002

0.0003

0.0004

0.0005

0 60 120 180 240 300 360
-0.000004

-0.000002

0.000000

0.000002

0.000004

0.000006

Cy'

CMx'

Cz'

Cx'

0 60 120 180 240 300 360
-0.000004

-0.000002

0.000000

0.000002

0.000004

ψψψψ (deg.)ψψψψ (deg.)

CMy'

0 60 120 180 240 300 360
-0.0000002

0.0000000

0.0000002

0.0000004

0.0000006

CMz'

ψ=30o

ψ=90o

ψ=150o

-0.8

-0.4

0.0

0.4

0.8

ψ=60o

-0.8

-0.4

0.0

0.4

0.8

ψ=120o

-0.8

-0.4

0.0

0.4

0.8

ψ=180o ψ=210o

-0.8

-0.4

0.0

0.4

0.8

ψ=240o
ψ=270o

-0.8

-0.4

0.0

0.4

0.8

1.2

X/cX/c

-CP

-CP

-CP

-CP

-CP

-CP

ψ=0o

0.0 0.2 0.4 0.6 0.8

ψ=330o

0.0 0.2 0.4 0.6 0.8
-0.8

-0.4

0.0

0.4

0.8

ψ=300o

270 degrees 315 degrees

0 degree 45 degrees

90 degrees 135 degrees

225 degrees180 degrees

ψ = 45

ψ = 90

ψ = 135

ψ = 180

ψ = 225

ψ = 270

LE

Root ψ = 0

TE

Tip

ψ = 315

z�p � ��Ù}h
u o x o y n w x p ~ n p y ~�i ��o}x w y n o q	� m r o xvq i q r p � n p q �lx i n i xv� r o s w�p q�� i x �vo x s�� p � u n �"��~ k	w y n�x o n p i}ß � � Ô � �� w y n p i q�� � ��h
�2� � � Ù}o w x i � i p r � � ��� � ìvß Ô � Õ Ù � (F) * + Ô � Õ ¡ � ß�, ) * + Ô Ø Õ � �}jlp r r p i q��i �"º�  k	w x p j}w q n o r�k x w ~ ~ m	x wl» � ¡ ¼ �

N O P%lD\�[ R T _&V�]DYIUW\�UWT ]�X _ N O O P&m�[ T _ _ nD[ T�YDO _ X [ O hDn@X O \�]D_�V X�`�a�b8c�iCg o�p

N O O O P&q�T ^ V X O r�T�sEV R S3R \�]�X \�nD[ _&V X&`�a�bdcdiDg o�ptN O rCP%m�[ T _ _ nD[ T�R \�]�X \�nD[ _&\�]3hD^ V�YDT�_ nD[ u V R T

�



0 60 120 180 240 300 360
-0.0010

-0.0008

-0.0006

-0.0004

-0.0002

0.0000

0 60 120 180 240 300 360
-0.00030

-0.00025

-0.00020

-0.00015

-0.00010

-0.00005

0 60 120 180 240 300 360
0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

0.0012

0 60 120 180 240 300 360
0.000

0.002

0.004

0.006

0.008

0.010

0.012

Cy'

CMx'Cz'

Cx'

0 60 120 180 240 300 360
0.000

0.002

0.004

0.006

0.008

0.010

ψψψψ (deg.)ψψψψ (deg.)

CMy'

0 60 120 180 240 300 360
-0.00008

-0.00006

-0.00004

-0.00002

0.00000

0.00002

C
Mz'

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

-Cp

-Cp

-Cp

r/R=0.30

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

r/R=0.38

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

r/R=0.8

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

X/cX/c

-Cp

r/R=0.20

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

r/R=0.89

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

r/R=0.68

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

r/R=0.5

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

r/R=0.96

0.0 0.2 0.4 0.6 0.8 1.0
-2

-1

0

1

2

3

Lower

Upper

-Cp

-Cp

-Cp

r/R=0.30

0.0 0.2 0.4 0.6 0.8 1.0
-2

-1

0

1

2

3

Lower

Upper

r/R=0.38

0.0 0.2 0.4 0.6 0.8 1.0
-2

-1

0

1

2

3

Lower

Upper

r/R=0.8

0.0 0.2 0.4 0.6 0.8 1.0
-2

-1

0

1

2

3

Lower

Upper

X/cX/c

-Cp

r/R=0.20

0.0 0.2 0.4 0.6 0.8 1.0
-2

-1

0

1

2

3

Lower

Upper

r/R=0.89

0.0 0.2 0.4 0.6 0.8 1.0
-2

-1

0

1

2

3

Lower

Upper

r/R=0.68

0.0 0.2 0.4 0.6 0.8 1.0
-2

-1

0

1

2

3

Lower

Upper

r/R=0.5

0.0 0.2 0.4 0.6 0.8 1.0
-2

-1

0

1

2

3

Lower

Upper

r/R=0.96

0.0 0.2 0.4 0.6 0.8 1.0
-5000

0

5000

10000

15000

20000

25000

30000

Lower

Upper

-Cp

-Cp

-Cp

r/R=0.30

0.0 0.2 0.4 0.6 0.8 1.0
-5

0

5

10

15

20

25

Lower

Upper

r/R=0.38

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

r/R=0.8

0.0 0.2 0.4 0.6 0.8 1.0
-2

0

2

4

6

8

Lower

Upper

X/cX/c

-Cp

r/R=0.20

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

r/R=0.89

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

3.2

Lower

Upper

r/R=0.68

0.0 0.2 0.4 0.6 0.8 1.0
-2

0

2

4

6

8

Lower

Upper

r/R=0.5

0.0 0.2 0.4 0.6 0.8 1.0
-1.6

-0.8

0.0

0.8

1.6

2.4

Lower

Upper

r/R=0.96

z�p � � Ø/h
u o x o y n w x p ~ n p y ~vi ��olx w y n o q � m r o xvr p � n p q �}x i n i xv� r o s w�p q�� i x �vo x s�� p � u n �"��~ k	w y n�x o n p ilß � � Ô � �� w y n p i q�� � ��h
�2� � � Ù}o w x i � i p r � � ��� � ìvß Ô � Õ Ø ��(�) * + Ô � Õ � Ù ¡ �	ß�, ) * + Ô Ø Õ � �}j}p r r p i q��� Ô � ¡ ¦ �"{�o ~ u w s�r p q w � øCv s p ~ n x p � m n p i q�� |�º"m r w x�y i j}k m n o n p i qK» ½ ¼ �

N O P%lD\�[ R T _&V�]DYIUW\�UWT ]�X _ N O O P&m�[ T _ _ nD[ T�YDO _ X [ O hDn@X O \�]D_�V X�w5cdi�x

N O O O P&m�[ T _ _ nD[ T�YDO _ X [ O hDn@X O \�]D_�V X�w5c8p i�x N O rDP&m�[ T _ _ nD[ T�YDO _ X [ O hDn@X O \�]D_�V X�w5c8y�z i�x

�



r/R = 0.2 r/R = 0.3

r/R = 0.38 r/R = 0.64

r/R = 0.8

r/R = 0.99

r/R = 1.02 r/R = 1.05

r/R = 0.89

r/R = 0.95

r/R = 1.02 r/R = 1.05

r/R = 0.38

r/R = 0.2 r/R = 0.3

r/R = 0.64

r/R = 0.89

r/R = 0.95 r/R = 0.99

r/R = 0.8

LE

Rootψ = 0

TE

Tip

ψ = 45

ψ = 90

ψ = 135

ψ = 180

ψ = 270

ψ = 225

ψ = 315

ψ = 45

LE

Root ψ = 0

TE

Tip

ψ = 90

ψ = 180

ψ = 225

ψ = 270

ψ = 315

ψ = 135

z�p � �	½�
Ao y u�o q s�k x w ~ ~ m x w�y i q n i m x ~�i q�olx w y n o q � m r o xvr p � n p q �}x i n i xv� r o s w�p q�� i x �vo x s�� p � u n ���~ k	w y n�x o n p ilß � � Ô � �	� w y n p i q�� � ��h
�2� � � ÙDo w x i � i p r � � ��� � ìvß Ô � Õ Ø � (�) * + Ô � Õ � Ù ¡ �ß�, ) * + Ô Ø Õ � �}j}p r r p i q�� � Ô � ¡ ¦ �

N O P%sEV�R SIR \�]�X \�nD[ _�V X�w5c8p i�x N O O P%sEV R SIR \�]�X \�nD[ _�V X&w"cdy�z i�x

N O O O P&{%|D|0T [&_ nD[ u V R T�|D[ T _ _ nD[ T�R \�]�X \�nD[ _ N O rDP&}0\ ~%T [%_ nD[ u V�R T�|D[ T _ _ nD[ T�R \�]�X \�nD[ _

¡


