
���������
	����������������������������� �!�"���"�#�$�%	&�!���'���(	&���#) )*�+�,�-�$�.�0/21��3���
4 �#���-�2�3�5���76��98 �:	;�=<��->.�!���@?A�B�C���-��6,���$�

D�EGFIHKJGLMHKJ�NPO7EQO7EQDKR%S5TVUGW
XZY\[^]
_a`-bdc&cVe

fhgji�kmlZn�oqp�grp$sqgZtvuwu$kxp$ydp$tvkmzCyx{}|�p�uwg\yxlZt~zq�7�CkV��kx�#y'|$g\i�kmzC�%��kxuw�qg�u���oCt~��n�yx|�p+yM�mkmoq�xk&�2|��Kt}yxt~u$��kmt�{��,�BsCg
n�u$g\|$|$oquwgByxzC�rg��%p�uwy�|�p�uwg\|$|�ydu$g�g��ayx{~o�ydp�g\�joC|$t�zq�+p$sqg�tvuwu$kxp$ydp$tvkmzCyx{q��k&��p$sCg�kxu$�x�Kyxz��rp$sqg�{~t~��p��A�Cuwyd��yxzC�rp�kxu���oqg
kmz�p$sCg�yxtvu$��kmt~{�yduwg'kx�Cp$yxt~zqg\�P�K�Pt~z�p�g��xuwydp$tvkmz�kx��p$sqg'zqkxuwljyx{#|$p�u$g\|$|rkV�xg�uZp$sqg�|$oquw��yxi�g7kx��p$sqg'yxtvu$��kmt~{��P�@oCu
i�yx{�i�oC{~ydp$tvkmz�i�yxzM�mtv�xg,uwt~|�g+p�k�yj{~t~��pB��kxuwi�g,kxnCnGkm|$tvp�g+p�k���sCydpB�#kmoC{~�M��g+n�u$g\�Ct~i�p�g\�M��u$kml�p$sqg,i�{�yx|$|$t~i�yx{Qp$sCg�kxu$�
kx�:ydg�u$k%�q�%zCyxlZt~i�|��r�BsCg�uwg\|$oC{vp+t~|+t~zh�KoCyx{~t~p$ydp$tv�xgZyd�xu$g�g\lrg\z�p���tvp$s p$sCgrg��KnGg�uwt~lZg\zAp$|@kx�#p$sqgZ�CkV��kx�:y7��kmyxl
n3yx|�pByxzMyxtvuw��kmt~{��K��¡�km{~{~g�p���¢2oC��kmoC�£yxzC��¤@uwyxzqg�u2¥d¦x¦d§q�

¨ ©Cª�«�¬Q�®Z¯�°.«G±$�ª
¡�km{~{~g�p��%¢�oq�Gkmoq�ZyxzC�'¤�uwyxzCg�u+²´³�µ·¶¸sCg�u$g\yd��p�g�u!uwg���g�u$uwg\�jp�kryx|!¡B¢�¤+¥d¦x¦d§�¹!nGg�u$��kxu�lrg\�jg��%nGg�uwt~lrg\z�p$|�kx�ºp$sqg@�Ck&�
kx�9y���kmyxl»n�yx|�p!yxz�yxtvuw��kmt~{��.�BsCg��£kx��|$g�u$�xg\�'yr|�p�uwtv�%t~zq����g\ydp$oqu$g+p$sCydp!p$sqg�{�tv��p#��kxuwi�g�kmz7p$sqg�yxtvuw��kmt~{Gt~|#kxnCnGkm|$t~p�g
p�kj��sCydp:��kmo�{~�7�Gg�n�u$g\�Ct~i�p�g\�7��u$kml»p$sqg�i�{�yx|$|$t~i�yx{Gp$sqg�kxuw�£kx�9ydg�u$k%�q�Kz�yxlZt~i�|��·�BsCg��£ydu$�moqg\��p$sCydpBp$sCt~|!t�zA�xg�uw|$g
{�tv��p!t~|!��oqg+p�kZp$sqg�g�¼Gg\i�p�kx�.g\{~yx|�p$t�i�tvp½��kx�9p$sqg���kmyxl'�
¾#g\|$t~�Cg\|2p$sCg�t~z��xg�uw|�g�{~tv��p�kmz yxz yxtvu$��kmt~{��3lZyxzA��kxp$sqg�u+oCzKoC|$oCyx{¿��g\ydp$oquwg\|2kx���Ck&��|�kx��|$g�u$�xg\� t~zM�%t~|$i�kKg\{~yx|�p$t�i
�3oCt~�C|,��oqpZzqkxpZt�zÁÀ�g��Bp�kmz�t~yxz���oCt~��|�i�yxzÂ��g'oCz��qg�uw|�p�kKkK�P�K�Pi�kmz�|$t~�qg�uwt�zq��p$sCgMi�kmlrnGg�p$tvp$tvkmz��Gg�p½�#g�g\zÁp$sqg
g�¼Gg\i�p$|!kx�9t~zqg�u$p$t�y,yxzC���%t~|$i�kKg\{~yx|�p$t~i�t~p½��Ãq��kxu!g��qyxlrn�{vgx�%p$sqg�|$p$yd��{vg@kxuwtvg\z�p$ydp$tvkmz7kx�-yr|$g\�Ct~lrg\z�p$t~zq��{vkmzq��n�ydu$p$t~i�{~g
¶¸Ä-t~o�yxzC�h�xkm|�g�n�sÁ²Å¥Vµ��-¤@yx{��Ct:Æ\ÇBÈdÉvÊ£²ÅËaµ��Qf;yxzC�;Æ\Ç�ÈdÉvÊ£² §dµ�¹��ºi�sCyxt~zCt�zq�jkx��n�ydu$p$t~i�{vg\|�t~z�g��Kp�g\z�|$tvkmzCyx{9yxzC� |$sqg\ydu
��k&��|£yxzC�Ât~zÁ|�g\��t~lrg\z�p$ydp$tvkmzÂyxzC����oCt~�Ct~Ì\ydp$tvkmz�¶�ÍMt~i�sqg\{vgPÆ\Ç,ÈdÉvÊÎ²ÅÏaµ��B�xkm|$g�n�sÐ²ÅÑVµ���²ÓÒVµ��!iwsCydn¿�ÔÒx¹��!yxzC�Áp$sqg
p^��kd�½��t~lrg\zC|$t~kmzCyx{�i�oC|$nIydp7p$sqg�p�uwyxt~{~t~zC�;g\�q�xg�kx��yÕu�t~|$t~zq�Öyxtvu£�3oq�C��{vgÕ¶¸Ä-t~oQ�BÄ-t~ydkÖyxzC�Ô�xkm|$g�n�s×²ÅØdµ�¹��Î�@oCu
o�zC�qg�uw|�p$yxz��Ct~zq��kx�Qp$sqg\|�gBn3sqg\zqkmlrg\zCy�u$g\{~tvg\|}kmzjp½�#k�n�t�{~{~yduw|�Ù-y+�Kt�|$i�k�g\{�yx|�p$t~iZÚ
nCuwg\|$|$oqu$g\Û@�xg\zCg�uwydp�g\�����rzqkxuwljyx{
|$p�u$g\|$|+�Coqg�p�k�|$sqg\yduj¶��mkm|�g�n�shyxzC�hÜCg\zq�Õ²ÅÝVµ�¹�yxzC�hy7iwsCyxzC�xgZt~z�p$sqgZ|$tv�mz�kx��p$sCg�zCkxuwlZyx{}|�p�u$g\|w|+ydp�nGkmt~z�p$|�kx�
|$p$yd�mzCydp$tvkmz;¶�f;yxzq�ZyxzC�'�mkm|�g�n�sh²´³�¦dµ�¹��·�Bsqg\|$g�g��%n�{~yxz�ydp$tvkmzC|#ydu$g+|$oq�x�xg\|�p�g\�7�K�jyxzCyx{v�%|$t~|�kx�¿p$sCg@|$g\i�kmzC�%��kxuw�qg�u
�3oCt~�7lrk%�qg\{G��sCt~i�s'yduwt~|�g\|�yx|��KlZnCp�kxp$t~i�yx{~{v����kxu�lrkxp$tvkmzC|B��sCt~i�s'ydu$g�|${vkV�ÐyxzC�'|${~k&��{v���dydu$�Kt�zq�q�
f;yxzq�PyxzC���mkm|�g�n�sÐ²´³�¦dµ�i�kmzC|$t~�qg�uwg\��p$sqg'nGkxp�g\zAp$t~yx{B�Ck&�Þkx�@yh|$g\i�kmzC�%��kxuw�qg�u£��oCt~�PkV�xg�u�y;|$n�sqg�u$g7kxu£yxz
g\{�{~tvn�|�g�yxzC�;i�yx{�i�oC{~ydp�g\�hp$sqg£zqkxuwlZyx{}|�p�uwg\|$|�ydp�p$sCgZ|$oqu$�¸yxi�gx�j�BsqgZt~u$u$kxp$ydp$tvkmzCyx{}zCkxuwlZyx{}|�p�u$g\|w|��qg�nGg\zC�C|@t~zhy
|wtv�mzCtvß�i�yxz�p+�:y\�hkmz;p$sCgZ�Kt�|$i�km|$tvp^��yxzC�Õ�Kt�|$i�k�g\{�yx|�p$t~i�n�yduwyxlZg�p�g�uw|�yxzC�ÕnCu$k%�CoCi�g\|@p�kxuw�Koqg\|�kmzÕ|�km{~t��hn�ydu$p$t~i�{~g\|
yxz����qg���kxuwlZydp$t~kmzC|�kx�}�myx|���oC�C��{vg\|!�2sCt~iws�ydu$g�t~zM�KoCyx{~t~p$ydp$tv�xg,yd�xu$g�g\lZg\zAp@��tvp$sMg��KnGg�uwt�lrg\zAp$|\�2�Bsqg�|�p�u$g\|$|@à
t�z'yxz�t~zCi�kmlrn�u$g\|$|$tv�3{vg�|$g\i�kmzC�%��kxuw�qg�u���oCt~�7t~|:�mtv�xg\zM���

à×áãâ}ä-å�æPç¿èÎæÁé·êwëìæÁé-í\è íaî ¶
³&¹
�2sqg�u$g�è»áÔïhæ�ï·ðÕt�|!p$sqg�|��%lZlrg�p�uwt�i@n�ydu$p!kx�9p$sqg+�xg\{vk%i�tvp½�7�xuwyx��tvg\zApBïÂáÔñZò��

ë á�ó�è7ôdó�õ¿æ�¶�òMöVñj¹%èÎæÁè�ï æÁï ð è î ¶�¥m¹
ç÷t~|�p$sqg£Ì�g�u$k�|wsqg\ydu��%t~|$i�km|$t~p½�x�·é}ê�áøâ!ù9ê�ôd¥�yxzC�Pé¿í£áúù9ê·æ÷ùºír�2sqg�u$g�² ù9ê��.ùºíwµ�á�² ûjêV¶müý ¹ î û�ím¶müý ¹½µ�þ×üý í yx|üý�ÿ ¦Zydu$g�p$sqg�i�kmzC|�p$yxz�p$|Bkx��p$yxt~zqg\�'��u$kml»p$sqg+ß�uw|�pByxzC��|$g\i�kmzC��zqkxuwljyx{Q|�p�u$g\|$|2�Ct´¼Gg�u$g\zCi�g\|��

³



�
zMp$s�t~|B�#kxu$���3�#g�ydn�n�{v�7nGkxp�g\zAp$t~yx{-�CkV� p$sqg�kxuw�'p�k£p$sqg��CkV� kx��y£|�g\i�kmzC�%��kxu��qg�u2�3oCt~�'n�yx|$p�yxz�yxtvu$��kmt~{ºyxzC�
i�kmlZn�oqp�g#p$sqg!{~tv��p��a�qu�yd��yxzC�,p�kxuw�Koqg:���,t~zAp�g��xu�ydp$tvkmz�kx�Cp$sqg:zqkxuwlZyx{K|�p�u$g\|$|.kV�xg�u·p$sqg:|$oqu$�¸yxi�g�kx��p$sqg!yxtvu$��kmt~{��.�@oCu
i�yx{�i�oC{~ydp$tvkmz;i�yxzÕ�mtv�xgZp$sqgZt�zA�xg�uw|$gj{~tv��p+yx|�kx��|�g�uw�xg\�;�K��¡B¢�¤�¥d¦x¦d§q�·��oqp��KoCyxz�p$tvp$ydp$tv�xgji�kmlrn3yduwt~|�kmzh�Gg�p^��g�g\z
kmoCu�u$g\|$o�{vp$|ByxzC�Mp$sqg�g��%n�g�u�t~lrg\z�p$yx{ºkmzqg\|2�qk�g\|2zqkxp��%tvg\{~���xk�k%�Myd�xu$g�g\lZg\zAp�ÃGp$sqkmoq�msM��kmyxlj|2ydu$g,g\{~yx|�p$t~id��p$sqg��
yduwg�yx{~lrkm|�p�i�g�u$p$yxt~zC{v��zqkxp}�#g\{~{C�qg\|wi�uwtv�Gg\������y�|�g\i�kmz��%��kxuw�qg�u���oCt~��lrk%�qg\{��9¡B¢�¤+¥d¦x¦d§Z|$sCk&�#g\�Zg��%t~�qg\zCi�g!p$sCydp
p$sCg�t~z��xg�uw|�g,{�tv��p!kmz�yxzMyx|��%lZlrg�p�u�t~i+kx����g\i�p�g��qt~|�p$|2t~z�yj¦%� Ï��=�K�'��g\tv�ms�p�i�g\{~{�oC{vkm|�g�|�km{�oqp$tvkmzQ�C�2sCt~iwsM|$oq�x�xg\|�p$|
p$s�ydp+p$sqgZt~z��xg�uw|�gZ{~tv��p@kmzhyxz;yx|��%lZlrg�p�uwt�i�kx���
g\i�p,t~|@y�i�kmlZlrkmzh��g\ydp$oqu$gZt�z �Kt~|wi�k�g\{~yx|$p$t~i���oCt~�C|\�GzCkxp+kmzC{v��t�z
��kmyxlZ|����+oqu#i�yx{�i�oC{~ydp$tvkmz�nCu$kV�Kt��qg\|�y��:y\�£��kxu:g��%n�{~t~i�tvp�yxzCyx{v�%|$t~|�kx�¿p$sqg��Kt�|$i�k�g\{�yx|�p$t~i2g�¼�g\i�p$|!t~z�|$oCi�s�nCu$kx��{vg\lj|
yxz���kd¼Gg�uw|�n�ydu$p$t~yx{¿g��Kn�{�yxzCydp$tvkmz���kxu�p$sqg,t~z��xg�uw|�g�{~tv��p��!fhg�u$g��myduw��p$sqg�u$g\|woC{vp$|�o�|$t~zq�Zp$sCg�nGkxp�g\zAp$t�yx{¿�CkV� kx�·y
|$g\i�kmzC�%��kxuw�qg�u���oCt~��yx|�p�g\zAp$ydp$tv�xg@yxzC�Z|woq����g\i�p}p�k,oC{vp$t�lZydp�g:�ayx{~t��Cydp$tvkmzr�K�,g��%nGg�uwt~lrg\z�p$|·yxzC�j�Ctvu$g\i�p·zKoClrg�uwt�i�yx{
|wt~l,o�{~ydp$tvkmz7oC|$t~zC��kxp$sCg�u2lrk%�qg\{~|��

� �=¯��
	·¬º±w°������	9«����®
fhg�i�kmzC|$t~�qg�uryhoCz�tv��kxu�l�|�p�uwg\yxlZt~zq�h�CkV�»��tvp$sPp$sqg'�xg\{vk%i�tvp^�����£n3yx|�pZyhi�yxl��Gg�u$g\��yxtvu$��kmt~{�ydpZyxz�yxzq�m{vg7kx�
ydp�p$yxiw��é����Bsqg�i�yx{~i�o�{~ydp$tvkmz't~|Bi�yduwuwtvg\�7kmoqp�o�|$t~zq�r�Ct~lZg\zC|$tvkmzC{~g\|$|�n3yduwyxlrg�p�g�uw|���Üqkm{~{vkV��t~zq�Z|$i�yx{~g\|Bydu$g�oC|$g\�

² ���\ù��Aõ�� î�� ���! #"%$�õ'& î ä)(���*#*�+)(��-,�ù-./*&õ0(��1*1* î õ'$324��µGáÎ² � î �5� î ³¥�6 � í� î ���� µ î ¶�Ëm¹
�2sqg�u$g/��t~|¿p$sCg#{vg\zC�xp$s�kx�Cp$sCg#yxtvuw��kmt~{AyxzC� 6 t�|ºp$sqg:�qg\zC|$t~p½�+kx�Cp$sqg#��oCt��Q�¿�Bsqg�uwg�ydu$g#p½�#k+i�kmzAp�u$km{�{~t~zq�Bn3yduwyxlrg�p�g�uw|t�z7p$sCt~|:nCu$kx�3{vg\l'Ù

798!á 6 � � �ç î : á â�é ê6 � í
î ¶�§�¹

�2sqg�u$g;798:t~|·p$sCg=<�g��Kzqkm{��C|·zKoCl��Gg�u#yxzC� :?> 798#��kmoC{��Z�mtv�xg�p$sqg2¡�g��Gkxuwyxs�z�o�l��Gg�u\�·�@zC{v��p$sqg@zqkxuwlZyx{3|�p�u$g\|$|@�A#A áãâ9ä,æCB A#A ydpBp$sqg+|$oCu$��yxi�g�t�|!i�kmzC|$t~�qg�uwg\��yxz��7p$sqg�|$sqg\ydu�|$p�u$g\|$|!t~|!tv�mzCkxu$g\�Q�·�Bsqg+{~t~��p��q�quwyd�ryxzC�7p�kxu���oqg
i�kKgEDji�tvg\z�p$|�yduwg��qg�ß�zqg\�'yx|

FHG á Iêí 6 � í� �
î FKJ á Lêí 6 � í� �

î F ð á @êí 6 � í� � í�M ¶�Ïm¹

¢�{~{Gp$sqg+�dyduwt~yd�3{vg\|!t~z'p$sqg+uwg\|�pBn�ydu$p!kx�.p$sCt~|�|�g\i�p$tvkmz�ydu$g,�Ct~lrg\zC|wtvkmzC{vg\|$|\�
�BsCg�yxtvu$��kmt~{Qt~|:kx�Cp$yxt~zCg\�'����p$sqg,�mkmoq�xk&�2|��Ktºp�uwyxzC|���kxuwlZydp$tvkmz

N áPO�æ " íO î ¶�Ñm¹
t�z£i�kmz#�$oCzCi�p$t~kmzj��t~p$s£y�i�tvuwi�{vg@t~z£p$sqgQO�n�{~yxzqgx�}�Bsqg�i�g\zAp�g�u�kx�ºp$sqg@i�tvuwi�{vg@t~|#�Ct~|�n�{�yxi�g\�jy��Ct~|�p$yxz�i�gR2 ��uwkml p$sqg
kxu�tv�mt~z7ydp�yxz�yxzq�m{~gTS���u$kml»p$sqgQU�ya�%t�|!yxzC��tvp!t~|!t~z7p$sCg�|�g\i�kmzC���KoCyx�quwyxz�p�¶¸|�g�g�Ü9tv�q��³&¹��/V�g�u$gT2 t�|!yx|$|$oClrg\�
p�k��Ggj|$lZyx{�{�i�kmlrn�yduwg\�Õ��t~p$s;oCzCtvp^�x�M�Bsqg£i�tvuwi�oClr��g�u$g\zCi�gjkx�Bp$sqg£i�t~uwi�{vgZn�yx|w|�g\|�p$sCu$kmoq�ms;p$sCg�i�uwt~p$t~i�yx{·nGkmt~z�pO�áW"@��kxu�p$sqg,�mkmoq�xk&�2|��Ktºp�uwyxzC|���kxuwlZydp$tvkmzº�q��sCt~i�s�i�kxu$u$g\|�nGkmzC��|:p�kZp$sqg�|$s�ydu$n�p�uwyxt~{�t~zq��g\�q�xg�kx�.p$sqg�yxtvuw��kmt~{Qt�z
p$sCg N n�{~yxzCgx��
z'p$sqgXOrn�{~yxzqgx�Cyr�xg\zCg�uwt~i@nGkmt~z�p�¶Y( î[Z ¹:kmz'p$sqg�i�tvuwi�{~g�|$ydp$t~|�ßCg\|

, í á\( í æC2 í â;¥#(]2ìi�km|V¶�S@â Z ¹ î ¶�Òx¹
�2sCt~iws7�mt~�xg\|Buwt~|$g�p�k (+á\2ìi�km|a¶�S�â Z ¹Qæ_^ , í â`2 í |$t~z í ¶�S�â Z ¹ M ¶�Øm¹

¥



m

a

δ

c−c

ζ plane

z plane 

Ü9tv�moCu$gÕ³dÙ �Bsqg�lZydnCn3t~zq�hn�{~yxzCg\|r��kxu�yÖ�mkmoq�xk&��|$�Kt2yxtvu$��kmt~{�� �
zÂp$sqg O;n�{�yxzqgx��p$sCg�i�g\z�p�g�u£kx�+p$sqg�i�tvuwi�{vgMt�|
��t~|�n�{~yxi�g\��y��Ct~|�p$yxz�i�gR2 ��u$kml p$sqg@kxuwtv�mt~z�ydp!yxz'yxzq�m{vg S+��u$kmlúp$sqg=UMya�qt~|:yxzC�7tvp!t~|�t�z£p$sCg@|$g\i�kmzC�'��o�yx�quwyxz�p��
��sqg�i�g\zAp�g�u2kx�9p$sqg�lZyx|$|2t~z7p$sqg N n3{~yxzqgZ¶YU �d� &��\¹:t~|�lZydu$�xg\�Q�
��sqg�i�uwtvp$t~i�yx{GnGkmt~z�p�¶!"a�3¦j¹:t~|:kmzMp$sqg�i�tvuwi�{~g�yxzC��|$ydp$t~|$ßCg\|

(q¶ Z á�¦A¹·áW"�á\2ìi�km|%S:æ � , í â 2 í |$t�z í S M ¶�Ým¹
��sqg�|$oqu$�¸yxi�g+kx�9p$sqg�yxtvu$��kmt~{Qt~z7p$sCg N n�{~yxzCg@t�|!p$sqg\z'�mtv�xg\z����

N áW(ag����·æ " í( g������ î ¶
³�¦A¹
kxu U7á
	�(Bæ " í(�� i�km| Z yxzC� &rá
	�(+â " í(� |$t~z Z M ¶
³x³&¹
��sqg�{vg\zq�xp$s'kx�.p$sqg�yxt~u$��kmt�{�i�yxzM�Gg@i�yx{�i�oC{~ydp�g\����u$kml U9¶ Z áÔ¦A¹9â U9¶ Z á��¿¹#�2tvp$s7p$sqg�yxt~�'kx�!¶�Øm¹!yxz��Õ¶
³x³&¹�Ù

³2áW2ìi�km| S!æÁË � , í â 2 í |$t~z í S!æ�� 2ìi�km| S!æ � , í â 2 í |$t~z í S�� íâ 2ìi�km| S!æ � , í â 2 í |$t~z í S M ¶
³\¥m¹
Ä¿g�pÁüU áÎ��UGôa� Z yxzC�úü&�áÎ� &qôa� Z �3p$sCg\z�p$sCg�o�zCtvp2zCkxuwl kmz�p$sCg�|woqu$�¸yxi�g,nGkmt~z�p$t~zq�£kmoqp½�:yduw� ��u$kml p$sqgryxtvu$��kmt~{
i�yxzM�Gg���uwtvp�p�g\z�yx| �

áIù������Bæ�ù������+á ü&����+â»üU����� üU í æ ü& í î ¶
³\Ëm¹
yxz��

� *2á � üU í æ ü& í � Z M ¶
³�§�¹
¢�lrkmzq�£p$sqg���kmoqu��xg�kmlrg�p�uwt~i,n�yduwyxlZg�p�g�uw|R"a��,�� 2�yxz���SA�3�#g�i�sqkKkm|�g,p�k�nCu$g\|wi�uwtv�GgQ2�yxzC� Sm�Gp$sqg\z�i�kmlrn�oqp�g"+yxz�� ,£��u$kml ¶�Ým¹!yxzC�Õ¶
³\¥m¹���uwg\|�nGg\i�p$tv�xg\{v�x�
�BsCg�i�kmlZn�{vg��MnGkxp�g\z�p$t~yx{.��kxu�y7oCzCt~��kxuwl��Ck&�În3yx|�p+y�i�t~uwi�{vg���tvp$s i�tvuwi�oC{�ydp$tvkmz�ydp+yxzhyxzq�m{~g�kx�#ydp�p$yxi$�;éÂt�z
p$sCgTOrn�{~yxzCg�t~| �

¶�O�¹}á �
¶�O�â 2'g ��! ¹^g ����" æ , í g ��"O�â 2'g ��!�# æ t%$¥�� {~kx� 	 O�â 2'g ��!, � M ¶
³\Ïm¹
��sqgri�tvuwi�oC{~ydp$t~kmz&$�t~|+�qg�p�g�u�lZt~zqg\� �K�('�oqp�p$y'i�kmzC�Ctvp$t~kmzQ�Q��sCt~i�s u$g\�KoCtvu$g\|+� � ôa� O�á ¦'ydp�p$sqg£i�uwtvp$t~i�yx{9nGkmt~z�pO�áW"a�*):yx{~i�o�{~ydp$tvkmz7|$sqkV��|Bp$sCydp$�áI§+�j¶!"G|$t�zCé�â 2ìi�km| S.|$t~zqé'æC2ì|$t~z S.i�km|�é9¹ M ¶
³\Ñm¹

Ë



����o�ydp$tvkmzÕ¶
³\Ïm¹:yx{vkmzC�Z��tvp$s7p$sqg,t~zA�xg�u�|�g��xkmoq�xkV��|��%tQp�uwyxzC|$��kxuwljydp$tvkmz
O,á N ¥�� � N

í
§ â " í ¶
³&Òx¹

�mt~�xg\|+p$sqg�nGkxp�g\zAp$t~yx{9��kxu�p$sqgr��k&�În�yx|�p�yxzhyxt~u$��kmt�{.t�z�p$sCg N n�{~yxzqgx���Bsqg��xg\{vk%i�tvp$tvg\|+i�yxz �Gg�g��ayx{�oCydp�g\�;oC|$t�zq�p$sCg+n�kxp�g\z�p$t~yx{
+'á ³¥ 	 �

�
� N æ

���
�
� �N � yxzC� � á t¥ 	 �

�
� N â

���
�
� �N � î ¶
³\Øm¹

�2sqg�u$g7p$sqg'k&�xg�uw��yduj�qg\zqkxp�g\|ji�kmz#��oC�mydp�g��aydu�t~yd��{vg\|��Öf;yxzq�ÕyxzC�Á�mkm|�g�n�sì²´³�¦xµ!�my&�xgMp$sqg'g��%nCu$g\|$|wtvkmzP��kxurp$sqg
|$p�u$g\|$|!kx�}yr|�g\i�kmzC�q��kxuw�qg�u��3oCt~��g��ayx{�oCydp�g\��oC|$t�zq�ryrp½�#kd�½�Ct~lrg\z�|$tvkmzCyx{GnGkxp�g\z�p$t~yx{Q�CkV�Ð|�km{~oqp$t~kmz
àãá���â}ä	�×âÂ³�æC+ í æ ��í æ : ¶�ù í æ * í ¹�
9å@æ ¥798 � ù ** â!ù # âÖ¥ : + �� �� â � # âÖ¥ :-� ��� â �â � â � # î ¶
³\Ým¹

�2sqg�u$g
ù�á �

í
�
� N í æ

� í
�
� N í î *2á�t 	 � í �� N í â � í

�
� N í � î ¶�¥d¦A¹

� á ���
�
� N � æ ���

�
� N � î � á�t 	 ���

�
� N � â ���

�
� N � � M ¶�¥%³&¹

��sqg�zqkxuwlZyx{Q|$p�u$g\|$|BydpBp$sCg�|$oqu$�¸yxi�g+kx�9p$sqg�yxtvu$��kmt~{Qi�yxz'�Gg�i�kmlrn3oqp�g\�'��u$kml
@�A1A á � öaàìö � î ¶�¥x¥m¹

�2sqg�u$g
�
t~|+�mt~�xg\zÕt~z�¶
³\Ëm¹��'�BsCgj�quwyd�Myxz��Õ{~tv��p+i�k�gED£i�tvg\zAp$|�ydu$g£kx�Cp$yxt~zqg\�h�K�ht~z�p�g��xuwydp$tvkmzÖkx� @�A#A kV�xg�u,p$sqg

yxt~u$��kmt�{�|woqu$�¸yxi�g FKJ á�� @ A#A ù��}�)* î FHG á�� @�A1A ù��¿�)* M ¶�¥xËm¹
fhg,i�kmlrn�oqp�g�p$sCg�p�kxuw�Koqg+��tvp$s7u$g\|$n�g\i�p�p�kZp$sqg�i�g\z�p�g�u2kx�.p$sqg�lZyx|w| N áÎ¶YU � î & � ¹#���7t~z�p�g��xuwydp$tvkmz

F ð á���²v¶YU7â U �\¹^ù��2â÷¶Y&�â &��\¹^ù��aµ @�A1A �)* M ¶�¥a§�¹

� � 	��G¯�
«	�
fhg£oC|�gZyM�mkmoq�xk&��|$�Kt·yxt~u$��kmt�{.�Cg\|$i�uwtv�Gg\�ht~zh¡B¢�¤�¥d¦x¦d§q�}��sCt~i�shi�yxz;�Gg�kx�Cp$yxt~zh�K��|$g�p�p$t~zq� 20á ¦ M ¦mÝ%³x³£yxzC�S+áÔ¦ M ÑxØxØ��7t~z�kmoqu-i�yx{�i�oC{~ydp$tvkmzQ�9�Bsqg�yxzq�m{vg�kx�Cydp�p$yxiw��t�|ºßq�%g\��ydp}éháÔ¦%�xt~z�yxi�i�kxuw��yxzCi�g:��tvp$s+p$sqg#g��%n�g�u�t~lrg\z�p$|kx��¡B¢�¤+¥d¦x¦d§q�,¢�{vp$sqkmoC�msMp$sqg��xg\{vk%i�tvp½��t~|2ß�zCtvp�g�g��xg�uw����sCg�u$g�kmzMp$sqgryxtvuw��kmt~{-|$oqu$�¸yxi�gx��p$sqg,�xg\{~kKi�tvp^�M�xuwyx��tvg\zAp$|
yduwg7|wt~zq�moC{~ydu�ydprp$sqg���u$kmz�przqkm|�g'yxzC�Pp�uwyxt~{�t~zq�Mg\�C�xgh¶¸i�kxuwu$g\|�nGkmzC�Ct~zC�Mp�k Z á �Iyxz�� Z áÞ¦%��uwg\|�nGg\i�p$tv�xg\{v�C¹��
��sqg+z�oClZg�uwt~i�yx{Qt~z�p�g��xuwydp$tvkmzC|,¶�¥xËm¹:yxzC�;¶�¥a§�¹!i�yxz�zqkxp�i�kmz��xg�u$�xg,zqg\ydu!p$sCg\|�g�|$t~zC�moC{~ydu:nGkmt~zAp$|#��sCg\z :��áÔ¦ryxzC�
p$sCg��PsCy&�xg�p�kh�Gg'g��%i�{�oC�qg\�P��uwkml p$sqg�t~z�p�g��xuwydp$tvkmzÂt�zAp�g�u$�dyx{���¢Þ|wlZyx{~{:z�o�l��Gg�u���t~|rt~z�p�u$k%�CoCi�g\��yxzC��p$sqg
t�zAp�g��xuwydp$t~kmzC|Bydu$g�nGg�u$��kxuwlrg\�'t�z7p$sqg+��km{�{vk&��t�zq�rt~zAp�g�uw�ayx{~|

¦2æ�� � Z � ��â!� î yxzC� �jæ�� � Z ��¥ > �'â"� M ¶�¥xÏm¹
Ü9tvuw|$p��#grp�g\|�p+p$sqgZt�zA�%t~|$i�t~��À2g��Bp�kmzCt~yxz ��o�t~�Q�):{~yx|w|$t~i�yx{.nGkxp�g\zAp$t~yx{9��k&�Îp$sqg�kxu$����kxu�t~zA�%t~|$i�t��M��o�t~��|wsqk&��|
p$s�ydpBp$sqg��quwyd�£t~|:Ì�g�u$k�¶¸¡�#Ó¢�{vg\l��Gg�u$p$#Ó|�n�yduwyx�qk&�C¹���yxzC�7p$sqg�{�tv��p!i�kKgEDji�tvg\z�p�t~|

FHG á 6 �5� $êí 6 � í� � á�¥ $���E� áÎ³ M Ýd¦mËd¦m¥ î ¶�¥xÑm¹

§



�2sqg�u$grp$sqgj��t~lrg\zC|$t~kmzC{vg\|$|2g��Kn�u$g\|$|$tvkmz ��kxu�p$sCgZi�tvuwi�oC{~ydp$t~kmzÂ¶
³\Ñm¹+sCyx|���g�g\zho�|�g\�h��kxu�p$sqgji�yx{~i�o�{~ydp$tvkmzQ� ê �BsCg
p�kxu���oqg£kmzPp$sqg£yxtvuw��kmt~{·��tvp$s;uwg\|�nGg\i�p,p�k�p$sqgjkxu�tv�mt~z N á�¦Mi�yxzP�Gg£i�kmlrn�oCp�g\�ÖoC|wt~zq��p$sqg�¾:{~yx|$t~oC| #ºp$sqg�kxu$g\l¶���uwtvp�p�g\z�t~z'��t~lrg\zC|$t~kmzC{vg\|$|���kxu�l£¹

F �ð á � ¶YU�ù���â &�ù��m¹ @ A#A �)*2áãâ;<Bg\yx{ 		� N � í � N � áÎâB¦ M ¦mÝxÑxÏxÏxÑx¥ î ¶�¥xØm¹
�2sqg�u$g�� á��

�
¶ N ¹�ôa� N t~|:p$sCg@i�kmlZn�{vg��£�xg\{~kKi�tvp^�x���Bsqg\z�p$sqg+p�kxu���oqg@��t~p$s£uwg\|�nGg\i�p#p�krp$sCg�i�g\zAp�g�uBkx�-p$sqg�lZyx|$|¶YU � áãâB¦ M ³\ËxÑx¥K� & � áÔ¦ M ¦mÝmÒdØm¹ i�yxz���g+kx��p$yxt~zqg\�

F ð á���¶YU�ù � â &�ù � ¹ @ A#A �)*Bâ U � � ù � @ A1A �)*�æ & � �úù � @ A#A �)*
á F �ð â U � FHG æC&�� FKJ á�¦ M ³\Ñx¥xÑxÏ%³ M ¶�¥xÝm¹

À2k&�ú�#g£i�kmlrn3oqp�g FKJ � FHG yxzC� F ð �K�;t~zAp�g��xu�ydp$tvkmzÕkx�!p$sCg�zqkxu�lZyx{�|�p�uwg\|$|�kV�xg�u�p$sqg�yxt~u$��kmt�{·|$oqu$�¸yxi�gx�M�BsCgt�zA�%t~|$i�t~�7À2g��Bp�kmzCt~yxz���oCt~�7i�yxz��Gg�yxi�sCtvg��xg\�����7|�g�p�p$t~zq� 7=8 ÿ�� yxz�� : áÔ¦%�#�Bsqg+u$g\|woC{vp$|!ydu$g�{�t~|�p�g\�'t~z7p$sqgß�uw|�p@u$k&� kx�:�.yd��{vg'³Zyxz�� p$sqg���yduwgjt~z�nGg�u$��g\i�p�yd�xuwg�g\lrg\zAp,��tvp$s p$sqgZi�{�yx|$|$t~i�yx{9nGkxp�g\z�p$t~yx{}�CkV��p$sqg�kxu$�x�Z�BsCg
i�yx{�i�oC{~ydp$tvkmz���kxu#p$sCg@t�zA�%t~|$i�t~�j��oCt~�£i�yxz'i�kmzA�xg�uw�xg���tvp$s � áÔ¦%Ãq�#g+|�g�p � áÔ¦ M ¦mÏ�yxzC��u$g�nGg\ydp:p$sqg@i�yx{~i�oC{~ydp$tvkmzp�k�p�g\|�p�p$sCgjg�¼Gg\i�p,kx� �7�'�Bsqg£|�g\i�kmzC�;uwk&� kx�:�.yd��{vg�³j|$sqkV��|�p$s�ydp�p$sqg��Ct~|�p$oquw��yxzCi�gri�yxoC|�g\�Ö��� p$sCt�| � t�|
|wlZyx{~{QyxzC� FKJ � FHG yxzC� F ð u$g\ljyxt~z'yx{~lrkm|�p!p$sCg�|$yxlrgx��BsCgjp�kxp$yx{!|�p�u$g\|w|,i�yxzP�Gg£�qg\i�kmlZn�km|$g\�Öt~z�p�k�p$squ$g�gjn3ydu$p$|��}p$sqg�t~zqg�u$p$t~yMp�g�uwl'�9p$sqg��Kt�|$i�kmoC|,p�g�uwl�yxz��Õp$sqg
�%t~|$i�kKg\{~yx|�p$t�i:p�g�uwl'�·Üqkxu#yxzjt~z��Kt�|$i�t~��À�g���p�kmzCt~yxzZ�3oCt~�Q�xp$sqg2t~zqg�u$p$t~y@p�g�u�l t~|}p$sCgBkmzC{v��p�g�uwl t�zrp$sqgBp�kxp$yx{3|�p�u$g\|$|��
fhg£i�yxzhnCu$kx�Gg�p$sqgr�Kt�|$i�kmoC|@p�g�uwl �K��|$g�p�p$t~zq� 798�p�k'�Ggry7ß�zCtvp�grzKoCl��Gg�u\�X� z p$sCg�|$g\i�kmzC�;|�g\i�p$tvkmzÕt~z �-yd��{~g
³d�¿��gr|�g�p 798�á»³�yxzC�Á³�¦'yxzC� : á�¦%���Bsqg��%t~|$i�kmoC|�g�¼Gg\i�p$|�{vg\yx� p�k'y7nGkm|$tvp$tv�xg��quwyd�q�-t~zC�Ct~i�ydp$t�zq�jp$sCydp@p$sqg
�%t~|$i�kmo�|�|$p�u$g\|$|@�mtv�xg\|@uwt�|�g,p�k�y7�qu�yd��kmz p$sCg�yxt~u$��kmt�{-t~z�p$sqgr|$yxlZg���tvu$g\i�p$tvkmz yx|@p$sqgrt~zCi�kmljt~zq���Ck&�����Bsqg�{~tv��pFHG t~zCi�u$g\yx|�g\|:��u$kml p$sqg@�dyx{~oqg@��kxu!yxz't~z��%t~|$i�t~��À�g���p�kmzCt~yxz���oCt~�º��|$sqkV��t~zq��p$sCydp!p$sqg@�%t~|$i�kmoC|:|�p�uwg\|$|:�mtv�xg\|!uwt�|�g
p�k£yZ{~tv��p!��kxu�i�g�nGkmt~zAp$t�zq�roqn��:yduw�Q�Ct�z7p$sqg�|$yxlrg,�Ctvu$g\i�p$tvkmz'yx|�p$sqg�ydg�u$k%�q�%zCyxlZt~i+{�tv��p��·��sqg+�Kt�|$i�kmoC|B|�p�uwg\|$|�yx{~|$k
�mt~�xg\|2u�t~|�g�p�k7y�i�kmoCzAp�g�u$�½i�{vkKiw���2t~|�g�p�kxuw��oCgx���2sCt~iws�t~|�t~z�p$sqg�|$yxlrg��Ctvuwg\i�p$tvkmz�yx|2p$sqg�p�kxuw�Koqg�t�zC�CoCi�g\�M���'p$sqg
t�zqg�u$p$t~y�p�g�uwl'���Bsqg+�%t~|$i�kmoC|:g�¼Gg\i�p$|2yduwg�|�p�u$kmzq�xg�u���sqg\z 7 8 t�|!|$lZyx{~{vg�u&�
fhgM|$g�p 798 ÿ � yxzC� : á ¦ M ¦q³d�:¦ M ¦mÏhyxzC��¦ M ³7p�k;|$oqn�nCu$g\|$|,p$sqg'�%t~|$i�kmoC|�g�¼Gg\i�p$|jyxzC��t~z��xg\|�p$tv�mydp�g'p$sqg�%t~|$i�kKg\{~yx|�p$t�i�g�¼Gg\i�p$|����Bsqg�p$sCtvuw�÷|�g\i�p$tvkmzÔt~zI�-yd��{~gÖ³�|$sqk&�2|£p$s�ydp£p$sqg��%t~|$i�kKg\{~yx|�p$t~i�p�g�uwl(�mtv�xg\|7uwt~|�g�p�kPy
zCg��mydp$tv�xg��Cuwyd�q�B��sCt�iws�t�|jkxnCnGkm|$t~p�g�p�kÖp$sCg�t~z�i�kmlZt~zq�;��k&���×�Bsqg��%t~|$i�kKg\{~yx|�p$t~iMp�g�uwl"{vg\yx�C|jp�k�yÖzqg��mydp$tv�xg
{�tv��p�����sCt~i�s�kd¼G|$g�p$|jp$sqg�{�tv��p��K�Át~zqg�u$p$t~y yxzC�Â�mtv�xg\|jyhp�kxp$yx{2{~tv��pr��sCt~i�s�nGkmt~zAp$|r�Ck&��z��#ydu��Â��sqg\z : t~|r{~ydu$�xg
g\zCkmoq�msQ�·�BsCt�|�u$g\|woC{vp�t�|#t�z£yd�xu$g�g\lZg\zAp!��t~p$sjp$sqg+i�kmzCi�{�oC|$tvkmz�t~z�¡B¢�¤+¥d¦x¦d§�p$sCydp:p$sqg�t�zA�xg�uw|$g@{�tv��p#t~|#�xg\zqg�uwydp�g\�
�K���%t~|$i�kKg\{~yx|�p$t~i�t~p½��kx��p$sqg,�3oCt~�Q�@�Bsqg�p�kxuw�Koqg���oqg,p�k7p$sqg��%t~|$i�kKg\{~yx|�p$t~i�|�p�u$g\|w|�t�|�i�{~kKiw����t�|�gx�GkxnCnGkm|$tvp�g�p�k7p$sqg
t�zqg�u$p$t~y�yxzC�'�%t~|$i�kmo�|:p�kxuw��oCg\|��
À2g��Kp9�#g�i�kmzC|wt~�qg�u.p$sqg�i�kml,��t~zqg\�,g�¼Gg\i�p$|9kx�qp$sqg#t�zqg�u$p$t~y!p�g�u�l'�dp$sqg��%t~|$i�kmo�|¿p�g�uwl×yxzC�,p$sqg��%t~|$i�kKg\{~yx|�p$t�i·p�g�uwl'�
fhg+ydu$�3tvp�uwyduwt~{~��|$g�pH798:��u$kml ³�p�kZË�yxzC�£�xg�g�n : p�k��Gg@y,i�kmzC|$p$yxzApBydp:¦%�~³d�·fÔsqg\z ³ � 798 ��¥ M ÏK�qp$sCg2�%t~|$i�kmoC|i�kmz�p�uwtv�3oqp$tvkmz�p�k FKJ kmoCp½�#g\tv�ms�p$sqg,�%t~|$i�kKg\{~yx|�p$t�i�i�kmz�p�uwtv��oqp$t~kmzMyxzC��{vg\yx�C|2p�k�y£nGkm|$tvp$tv�xg��quwyd�qÃQsqkV��g��xg�u\�Gp$sqg
�%t~|$i�kKg\{~yx|�p$t�i+i�kmzAp�uwt~��oqp$tvkmz7p�k FHG nCu$g��dyxt~{~|:kV�xg�u�p$sqg��%t~|$i�kmo�|!i�kmzAp�uwt~��oqp$tvkmz'yxzC���mtv�xg\|Buwt�|�g@p�kjyZzqg��mydp$tv�xg�{~tv��p��
��sqg£�%t~|$i�kmo�|�g�¼Gg\i�p$|Zydp�p�g\zKoCydp�gMyx| 7 8 t~zCi�u$g\yx|�g\|�yxzC�Pp$sqg7�%t~|$i�kKg\{~yx|�p$t~ijg�¼�g\i�p$|Z��g\i�kmlZg7�CkmlZt~zCyxz�p�� fIsqg\z798ZáÞËK�·�Gkxp$s FKJ yxz�� FHG ydu$g7zqg��mydp$tv�xgx��|$sqk&�2t~zq���CkmlZt~zCyxz�p��%t~|$i�kKg\{~yx|�p$t~ijg�¼�g\i�p$|\��fÔsqg\zPp$sqg�p�kxuw�Koqg�t�|
i�kmz�i�g�uwzqg\�Q��p$sqg��%t~|$i�kKg\{~yx|�p$t�i�p�g�uwlÞ�mtv�xg\|�p$sqg,ljy1�
kxu@i�kmzAp�u�tv��oqp$tvkmzM��sqg\zÖ³��W798 ��ËZyxz�� : á ¦ M ³�yxzC��p$sqgp�kxu���oqg�t�|Bi�{vk%i$�K��t~|�gx�

���	��
�
����������������������� ��!"��#�� $&%(')'�
�*,+��-.%(/��*10)#2/�*3/�4��65)
�#7/"*1
�$���
8*19;:<%10=$>*�?�/�%1�0)� $&%10)*(/�4)��
"�@+�'�
��A#�#��*�0&9B*1
8/�4)�6C��9B/EDA*F��GHDA��A0F/
*�0I/�4���%1�
�9J*1�C2�0K%10IL0NMN�#�DAL$PO=��L$

QSRITVU,W �7�SXY:ZDA*�#�[�!�#��0\�^]P_`��:V#��0)[�! T �1a b�c�bNd � U�e !

f 4)�D@4IL#gDAC�*1#��h/�*i/�4)�j��+�%(D�/kCL�9l/mD�*F��GnDA��A0F/i� U co!@�

Ï



798 : � FKJ FHG F ð
� ¦ ¦ ¦ ³d� Ýd¦mË ¦%�~³\Ñx¥mÒ
� ¦ ¦%�Ó¦mÏ ³�¦ ��� ³d� Ýd¦mË ¦%�~³\Ñx¥xÑ
³ ¦ ¦%�Ó¦mÏ ³x³d� ÑmÒV§ §q� ¥xØxØ ¥K� ÑmÒa¦
³�¦ ¦ ¦%�Ó¦mÏ ³d�~³\ÑmÒ ¥K�~³�§C³ ¦%�Å§C³\Ëa§
� ¦%�Ó¦q³ ¦%�Ó¦mÏ �½¦%� ËxÝxËmÒ ³d�Ó¦m¥xÝ �½¦%�Å§C³\ÑmÒ
� ¦%�Ó¦mÏ ¦%�Ó¦mÏ �w³d� ÝxÑxÝ �^¥K�Å§AÑxÏ �^¥K� ÒdËa§
� ¦%�~³ ¦%�Ó¦mÏ �^ËK� ÝxËmÒ �^ÑK� ØxËxË �^ÏK� ÑxËd¦
³d�Ó¦ ¦%�~³ ¦%�Ó¦mÏ Ò�� ÒdËmÒ ��§q�Å§x§AÝ �^ËK�~³\¥xË
³d� Ï ¦%�~³ ¦%�Ó¦mÏ ËK� Øa§AÑ �^ÏK� ¥a§x§ �^ËK� ÝxÏxÝ
¥K�Ó¦ ¦%�~³ ¦%�Ó¦mÏ ³d� Ýd¦x¦ �^ÏK� Ña§C³ ��§q� ËmÒxÒ
¥K� Ï ¦%�~³ ¦%�Ó¦mÏ ¦%� ÒdËx¥ �^ÏK� ØmÒdÝ ��§q� Ñx¥mÒ
ËK�Ó¦ ¦%�~³ ¦%�Ó¦mÏ �½¦%�Ó¦d§AÏxÝ �^ÑK�Ó¦mËxØ ��§q� ÒdÝxÏ

�.yd��{vg�³dÙ·�Bsqg�{~tv��p��K�Cuwyd��yxz��jp�kxuw�Koqg+i�kKgEDji�tvg\z�p$|:kmz�y��xkmoC�xk&��|��%tGyxtvu$��kmt~{�t�zjp$sqg@nGkxp�g\z�p$t~yx{���k&�Ôkx�-y�|�g\i�kmzC�%�
kxu��qg�uj��o�t~��yx|£yÕ��oCz�i�p$tvkmz�kx�+p$sqgMi�kmz�p�u$km{~{~t�zq�hn�yduwyxlrg�p�g�u�| 798�yxzC� : ¶�§�¹��Ô��sqg�nCu$kxß3{vg'kx�@p$sqgMyxtvu$��kmt~{Bt�|
�Cg�p�g�uwlZt~zqg\�7�K� 2ÞáÔ¦ M ¦mÝ%³x³,yxz��4S+áÔ¦ M ÑxØxØ��9��yxz��7p$sqg�yxzq�m{vg+kx�}ydp�p$yxiw�Mt~|:ßq�%g\��ydp2éháI¦%�
fhg�n�{vkxp�p$sCg£zqkxuwljyx{·|�p�u$g\|$|�kmzÕp$sCgjyxtvu$��kmt~{·|$oCu$��yxi�g£yx|,y'�¸oCzCi�p$t~kmz;kx�:p$sqg£yxzC�m{vg Z t�z;Ü9tv�q��¥KÃ}p$sqgZp$squ$g�g
i�oCu$�xg\|�i�kxu$u$g\|�nGkmzC�Õp�k�p$sCg�t~z��%t~|$i�t~�;À2g��Bp�kmzCt�yxzÖ�3oCt~�h��t~p$s 7 8 á � �}p$sqg��Kt~|wi�kmoC|,À2g��Bp�kmzCt�yxzÕ��o�t~�;��t~p$s798'á0³�¦%�!yxzC��p$sCg��Kt�|$i�k�g\{�yx|�p$t~i���oCt~�P��t~p$s 7=8�á0³�¦;yxzC� : áø¦ M ¦q³d�!u$g\|$n�g\i�p$t~�xg\{v�x�ÁfhgM|�g�p+ä � áø¦;t�zp$s�t~|Bi�yx{~i�oC{�ydp$tvkmzQ�!�Bsqg�n�u$g\|$|$oquwg�t~|Bp$sqg,kmzC{v�7i�kmlrnGkmzqg\z�p�kx�}p$sqg�zqkxuwlZyx{º|$p�u$g\|$|2��kxu2p$sqg,t~z��%t~|$i�t~�'À2g��Bp�kmzCt~yxz
�3oCt~�Q� �Bsqg£��u$kmz�przqkm|�g;¶ Z á �¿¹�t�|,p$sCg�|�p$yd�mz�ydp$tvkmz�nGkmt~zAp�yxzC�Pp$sqg�nCu$g\|$|woqu$gj�mt~�xg\|�uwt~|�g�p�khy�i�kmlZnCu$g\|$|$t~�xg
zCkxuwzCyx{�|�p�u$g\|$|!ydp Z á��9�·Üqkxu�p$sqg+À�g��Bp�kmz�t~yxz���oCt~�j��tvp$s 7=8:áã³�¦%�qp$sqg@�%t~|$i�kmoC|:|�p�u$g\|w|#i�kmlZg\|Bt~z�p�k,n�{�y\��Ã%Ü9tv�q�
¥�|$sqkV��|�p$sCydp�p$sqg£�%t~|$i�kmo�|�g�¼Gg\i�p$|ZlZyd�xg7p$sqg7zqkxuwlZyx{#|�p�u$g\|w|,lrkxuwg�i�kmlrn�u$g\|$|$tv�xg7ydp�p$sqg7|�p$yd�mzCydp$tvkmzPnGkmt~z�p��
ÜCkxu+p$sqg,�%t~|$i�kKg\{~yx|�p$t�i���o�t~����t~p$s�798�á ³�¦'yxz�� : áÎ¦ M ¦q³d�ºp$sqg�zqkxuwlZyx{9|�p�u$g\|w|2�dyduwtvg\|��quwyxljydp$t~i�yx{~{v��zqg\ydu@p$sqg|$p$yd�mzCydp$tvkmz�nGkmt~z�p�� ¢�{vp$sqkmoC�msÖ�#g'i�yxzCzqkxpri�kmlrn�oCp�g�p$sCg7zCkxuwlZyx{:|�p�u$g\|$|�nCuwg\i�t~|�g\{v�;ydp Z á �I��g\i�yxo�|�g�t~p�t�|
|wt~zq�moC{~ydu&�m��g�i�yxz£i�kmlZn�oqp�g�n�kmt�zAp$|�i�{vkm|�g�p�k Z á���yxzC�ji�kmzCzCg\i�p�p$sqg\l p�k�kx�Cp$yxt~z�y�i�oqu$�xgx�·��sqg�i�oqu$�xg@t~zZÜ9tv�q�
¥�|$sqk&�2|+p$sCydp @�A1A �Gg\i�kmlrg\|+p�g\zC|$t�{vgZzqg\ydu Z á �Á�Coqgrp�k�p$sCgZ�Kt�|$i�k�g\{�yx|�p$t~i�g�¼�g\i�p$|\���Bs�t~|@iwsCyxzq�xg£kx�#|wtv�mz kx�
p$sCg@zCkxuwlZyx{�|�p�u$g\|$|!ydp:p$sqg+|�p$yd�mzCydp$t~kmz7n�kmt�zAp�n�{~y\�%|!y,u$km{vg+t~z£p$sqg+t~zA�xg�u�|�g�{�tv��p���kxu�i�g+kmz£p$sCg@yxt~u$��kmt�{�Ã�tvp:yx{~|�krsCyx|
|wtv�mzCtvß�i�yxz�p�t~lZn�kxuwp$yxzCi�g�t~zZljyxzA�ZoCzKoC|$o�yx{q��g\ydp$oCu$g\|:t~zr�%t~|$i�kKg\{~yx|�p$t~i���oCt~�C|\�m|$oCiws�yx|�p$sqg2|�p$yd�3{vgBkxuwtvg\z�p$ydp$tvkmz£kx�
y�|�g\�Ct�lrg\zAp$t�zq�j{vkmzq�£n�ydu$p$t~i�{~gx�3iws�yxt~zCt~zq�£kx�}n�ydu$p$t~i�{~g\|2t~zMg��Kp�g\z�|$tvkmzCyx{.yxzC��|$sqg\ydu��Ck&��|\��yxzC��p$sqg�i�oC|�n ydp2p$sqg
p�u�yxt~{~t~zq��g\�q�xg�kx�}yru�t~|$t~zq��yxtvuB�3oq�C��{vgr¶�f;yxzq�jyxz��M�xkm|�g�n3sÕ²´³�¦dµ�¹��
¡B¢�¤�¥d¦x¦d§�lrg\yx|woqu$g\��p$sqg!�quwyd�+yxzC��{~tv��p.kmz�yxzryxt~u$��kmt�{�t~z,p$sqg!|�p�u$g\yxljt~zq�@�Ck&�Ákx��y���kmyxl'�}�BsCg#�qu�yd�@t�|.t�z�p$sqg
|wyxlrg,�Ct~u$g\i�p$tvkmz'yx|2p$sqg�|�p�u$g\yxljt~zq�Z�CkV��Ã�p$sCg�{~tv��pBt~|Bt~z�p$sqg�kxnCnGkm|$t~p�g��Ctvu$g\i�p$tvkmz�p�kj��sCydp���kmoC{��'�Gg�nCu$g\�Ct�i�p�g\�
��u$kml�p$sqg,p$sCg�kxu$�'kx�·ydg�u$k%�q�Kz�yxlZt~i�|�� )#kmlZn�ydu$g\��p�k�kmoqu�i�yx{~i�oC{~ydp$tvkmzº��p$sqg\tvu2g��KnGg�uwt�lrg\zAp$|2i�kxu$u$g\|�nGkmzC�Mp�kjp$sqg
uwg��mt~lrgrt~z���sCt~i�s�p$sCg��%t~|$i�kmo�|�i�kmz�p�uwtv�3oqp$tvkmz�nCu$g��dyxt~{~|2��kxu+p$sqgr�qu�yd�q�Q��sqg�u$g\yx|@p$sqg��%t~|$i�kKg\{~yx|�p$t~i�i�kmz�p�uwtv��oqp$t~kmz
n�u$g��ayxt�{~|¿��kxu9p$sqg!{~tv��p�� �
z�Ü9tv�moqu$g!Ë2p$sqg!{~tv��p.yxzC���qu�yd�@i�kKgEDji�tvg\z�p$|}lrg\yx|$oCu$g\������¡B¢�¤+¥d¦x¦d§�ydu$g:n�{vkxp�p�g\��yd�myxt~zC|�p
p$sCg <Bg��%zqkm{~�C|BzKoCl,�Gg�u\�
�@oCu�i�yx{~i�oC{~ydp$t~kmzÕi�yxzCzqkxp,u$g�nCu$k%�CoCi�grp$sCgZg��KnGg�uwt�lrg\zAp$yx{·u$g\|$oC{vp$|�kx�B¡B¢�¤+¥d¦x¦d§;|$sqkV��zÕt�zhÜ.t~�moqu$g£ËM��oCyxzq�
p$t~p$ydp$tv�xg\{v�x���Bsqgjn�yduwyxlrg�p�g�u : ��kxu�p$sCgj��kmyxl�oC|$g\�Õt~zhp$sCgjg��%n�g�u�t~lrg\z�p$|�t~|�zCkxp��%zqk&��zº��fhg7i�yxzCzqkxp,ß�zC�;y
�dyx{~oqg@kx� : ��sCt~i�s�{~g\yx�C|:p�kr�xk�k%�'yd�xu$g�g\lrg\z�pB�Gg�p½�#g�g\z'kmoqu!i�yx{~i�o�{~ydp$tvkmz'yxzC��p$sqg+g��%nGg�uwt~lrg\z�p$yx{�u$g\|$oC{vp$|\���9ydu$p
kx�}p$sCg,u$g\yx|$kmz�lZy&���Gg,�CoCg�p�k�p$sqg��¸yxi�p@p$sCydp2p$sCg�g��%n�g�u�t~lrg\z�p$|Bkx��¡B¢�¤�¥d¦x¦d§Mydu$g�t~zM{vkV� <�g��KzCkm{~�C|�zKoCl,�Gg�u
¶!7 8�� ¦ M ³&¹�u$g��mt�lrgZyxzC� p$sqgZ�%tvg\{~� |�p�uwg\|$|+kx�#p$sqgr��kmyxl n�{~y&�K|+yxz;t�lrnGkxu$p$yxzAp@u$km{~gx�º��sCt~i�sht~|+zqkxp�yxi�i�kmoCz�p�g\���kxu�t~z�p$sqg�|�g\i�kmzC�q��kxuw�qg�u��3oCt~�7lrk%�qg\{���À2g��xg�u$p$sqg\{vg\|w|���kmoqu2i�yx{~i�oC{~ydp$tvkmzMi�yxzMi�kxu$u$g\i�p${~��n�u$g\�Ct~i�p!p$sqg,�Ctvu$g\i�p$tvkmz�|
kx�2p$sqg��quwyd�hyxzC�Á{�tv��p�yxzC�Át~|�yxzÂt�lrnCu$kV�xg\lrg\zAp�kmzÁp$sCg7t�zA�%t~|$i�t~�ÖnGkxp�g\zAp$t�yx{:�Ck&�»p$sqg�kxuw�Pt~z�ydg�u$k%�q�%zCyxlZt~i�|\�

Ñ



0 1 2 3 4 5 6
-25

-20

-15

-10

-5

0

5

10

15

20

25
Inviscid Newtonian
Re=10 Newtonian
Re=10 =0.01

θ

Tnn

β

Ü9tv�moCu$g�¥KÙ-�BsCg·zqkxuwlZyx{m|$p�u$g\|$|ºkmz�p$sqg�yxtvuw��kmt~{x|woqu$�¸yxi�g�yx|¿y!�¸oCzCi�p$t~kmz+kx�%p$sqg�yxzq�m{vg Z �-�BsCg·|�km{~t~��{�t~zqg}i�kxu$u$g\|�nGkmzC��|
p�k�p$sqg�t~zA�%t~|$i�t��hÀ�g��Bp�kmz�t~yxzÕ�3oCt~� ��tvp$s 798�á � �9p$sqg£�Cyx|wsqg\�Õ{~t�zqgrp�k�p$sCgj�%t~|$i�kmoC|�À�g���p�kmzCt~yxz;�3oCt~�h��t~p$s798:áã³�¦%��yxzC�'p$sCg��Cyx|$s%�½�Ckxp�p�g\��{~t~zqg@p�kZp$sCg��Kt�|$i�k�g\{�yx|�p$t~i���oCt~�7�2tvp$s 798#áã³�¦Zyxz�� : áÔ¦ M ¦q³d�

Re

m
ag

ni
tu

de
of

fo
rc

e
co

ef
fic

ie
nt

s

0 0.02 0.04 0.06 0.08 0.1
100

101

102

103

CD

CL

Ü9tv�moCu$gjËKÙ,�BsCgZlZyd�mzCtvp$oC�Cgrkx� FHG yxzC� FKJ kmzÖyxzÕyxtvuw��kmt~{9t~z;p$sqgZ�CkV� kx�!y'��kmyxl lrg\yx|$oCu$g\�h�K� ¡�¢�¤+¥d¦x¦d§
yd�myxt�zC|�p:p$sqgQ<Bg��%zqkm{~�C|#zKoCl��Gg�u\�}�BsCg��qu�yd��t�|#t�zjp$sqg+oCz�tv��kxu�l �CkV���Ctvu$g\i�p$tvkmzºÃKp$sCg@��tvu$g\i�p$tvkmz£kx�¿p$sqg+{~t~��p���kxuwi�g
t�|:kxnCnGkm|$tvp�g+p�kZ��s�ydp!��kmoC{��7��g+n�u$g\�Ct~i�p�g\�7��u$kml»p$sqg�p$sqg�kxu$�7kx�.ydg�uwkK�q�%zCyxlZt�i�|��

Ò



�.kxp�g\z�p$t~yx{9�CkV�Îkx��y�|�g\i�kmzC�%��kxuw�Cg�u+��oCt~�MnCu$k&�%t~�qg\|@yxz�g��%n�{~t~i�tvp�yxzC��g�¼�g\i�p$t~�xgr�#y&��kx��yxz�yx{v��Ì\t�zq�£�%t~|$i�kKg\{~yx|�p$t�i
g�¼Gg\i�p$|�t~z'|$t~lrn3{vg2��k&��|��

� °���ª���  	·®��R��	�ª�«	�
��sCt~|}�#kxu$�r�:yx|#|woqnCnGkxu$p�g\�Zt~zjn�ydu$p����rp$sqg@À��%Ü;oCzC�Cg�u·�xuwyxz�p$|���u$kml ):sqg\lZt�i�yx{C�¿u�yxzC|�nGkxu$p	�%�K|�p�g\lj|��9fhg�ydu$g
p$s�yxzq���¸oC{Qp�k�¾��3¡�km{~{vg�p��GÍ;��¢2oq�Gkmoq�'yxzC��Ü#�G¤�uwyxzCg�u���kxu2|$sqkV��t~zq�jp$sqg\tvu�uwg\|$oC{vp$|!p�k�oC|�yxz�����kxu�g\zC{~t~�msAp�g\zCt�zq�
��t~|$i�oC|$|wtvkmzC|��

� 	�
 	·¬ 	�ª�°�	��
²´³5µ�¡�km{~{vg�pB¾��v��¢�oq�Gkmoq��ÍÕ��yxzC��¤@uwyxzqg�u�Ü#�3¥d¦x¦d§ � z��xg�uw|�g�{�tv��p!t~z'yZ�Ck&��t�zq����kmyxl'���%oq��lZt~p�p�g\�Q�
²Å¥Vµ�Ä¿t~oº����A�q�myxz��Z�xkm|�g�n�sº�A¡��m¡,�3³\ÝxÝxË��Kg\�Ct~lZg\zAp$ydp$tvkmz�kx��n�ydu$p$t�i�{vg\|}t~z�nGkm{v�KlZg�u9|$km{~oqp$tvkmzC|\���qÊ���É��������ÕÆ����KÊ��

 "!#! �3ÏxÑxÏ%$KÏxÝxÏK�
²ÅËVµZ¤@yx{~�Ct��q¤�� �.�v� �.kx�xkml��x�GÍ;�v��&·yxt~�C�my%�%¢,�v���xkm|$g�n�sQ�%¡,�C¡��qyxzC�7Üqg\zq�q���C�%¥d¦x¦m¥£��uwtvg\z�p$ydp$tvkmz�kx�¿|��%lZlrg�p�uwt�i
�GkK�Ct~g\|-�¸yx{~{~t�zq��t�zry+|�g\i�kmzC�%��kxuw�Cg�u�{~t~�KoCt~��ydp�zqkmz%��Ì�g�uwkT<Bg��%zqkm{~�C|}zKoCl,�Gg�u\�'�;ÈxÇ(�KÊ#�*)+�AÆ�É-,.�ÕÆ�Ç(��)+�/,	0	1213ÉvÊ
3 ����Ê-å  ¶
³x³&¹��.³\ÑxÏxË4$�³\ÑxÝd¦%�

² §dµ�f;yxzq�q���C�v��¾:yxt��;<��v��Äºg��:yxzC�qkV��|��%t�� )��v��¤@yx{��Ct���¤�� �.�#yxzC�Ô�xkm|$g�n�sQ�B¡��#¡��!¥d¦x¦d§5�Kg\�Ct~lZg\zAp$ydp$tvkmz�kx�
i��K{�t~zC�quwt�i�yx{�n�yduwp$t~i�{vg\|!t~z'yr�%t~|$i�kKg\{~yx|�p$t�i+{~t~�KoCt~�QÙ.|$sCydnGg���p$t~{vp$t~zC�q�768�9�;:3È�<�È>=5Ç?�����@)dÉA)�B2Ca�  ¶
³&¹��.³\ËD$�³\ØK�

²ÅÏVµrÍMt�iwsqg\{vgx�º�C�v� �FEydÌ�km{~�Q� <��Gyxz���¡�kmzCt~|\��<��}³\ÝmÒxÒ�¢2{~t~�mzClrg\z�p�yxzC� yd�x�xu$g��mydp$t~kmzhg�¼�g\i�p$|�t~z�|woC|�nGg\zC|$tvkmz�|!kx�
|�n�sqg�uwg\|!t~z'zqkmz%�½À2g��Bp�kmzCt~yxzMlrg\�Ct~y%�#GH�%ÆI)dÉ´ÊJ0K�&Ç�ÈmÊ-å9LQ��Ë%³&ÒD$7Ëx¥%³d�

²ÅÑVµr�xkm|�g�n3sQ�¿¡��º¡���³\ÝxÝxÑ�Ü9{vkV� t~zC�Co�i�g\�hlZt~i�u$km|�p�u�oCi�p$oqu$grt~zhÀ2g��Bp�kmzCt~yxzhyxz��h�Kt�|$i�k�g\{�yx|�p$t~i���oCt~��|�� �
zM<.=N)+�VÊ
O@PRQTS )>=5ÉU�V67)>:9B2=�ÆW,I,X)NYZ68�%Æ�[ZÊ]\	:9B�ÊA^_<�È>=5Ç?����É~Æa`3ÆI�W�':#)xÉU)�B2Cb`@=
È'�Wc%^ 3 È>:*d���ÆeB9)d�¿�mo�{v�;³�§d�w³\ØK�-¢R� ) V��
LQ�3Ë%$3³\ÑK�

²ÓÒ&µr�xkm|�g�n3sQ��¡��G¡��G¥d¦x¦x¦gfh:�Ç½Æ�=h=i)�B�ÈxÇ?�?)j:b)NY��>�(=�ÆI�\Ç.:"��[jÆ�=h���wÈdÉJ,k�;[4�%É´ÈmÇ?�?)>:b)NYD,W)dÉl�?�jm^Él�?n+���?�po.)>q}�ºy&�ayxt~{�yd��{vg,ydp
sAp�p�n¿Ù þxþV�B�B���Åg���o�t~�C|��Ói�kml£þVg��3oCt~�C|�þV�GkKkx�K|5þ[�
km|�g�n3sQ�ÓsAp$l��

²ÅØVµ�Ä¿t~oº�'����q�v�qÄ¿t�ydkq�C�+����CyxzC���mkm|�g�n�sQ�q¡��C¡��º³\ÝxÝxÏr¢ìp^��kd�½��t~lrg\zC|$t~kmzCyx{Qi�oC|�n'ydp!p$sqg+p�uwyxt�{~t~zq�,g\�q�xg+kx�.yxz
yxtvu!��oq����{vg�uwt~|$t~zC��t�z'y��Kt~|wi�k�g\{~yx|$p$t~i+{~t~�KoCt~�Q�#�%Ê8�·Él���?���ÖÆ��W�%Ê~�"r#s@tº�GËx¥%³h$KËa§A¥K�

²ÅÝVµr�xkm|�g�n3sQ�K¡��C¡��qyxzC�7Üqg\zq�q���C��³\ÝxÝxÑr¢Ðzqkxp�g+kmz�p$sqg@��kxuwi�g\|:p$s�ydp:lZk&�xg+n�ydu$p$t�i�{vg\|:t~z£y�|�g\i�kmz��%��kxuw�qg�u!��o�t~�Q�
�%Ê�uD)>:@meu�ÆWq·Ç�Ê���É������mÊv�ÖÆ��W�%Ê#L"tº�3¥xÝxÝ%$KËd¦m¥K�

²´³�¦aµ�f;yxzq�q�C�q�%yxzC�£�mkm|�g�n�s�¡��K¡��q¥d¦x¦d§ �-kxp�g\z�p$t~yx{��CkV�÷kx�¿y�|�g\i�kmzC�q��kxuw�qg�u#��oCt~�rkV�xg�uBy,|$n�sqg�u$g2kxu#yxz£g\{~{~tvn3|�gx�
�%Ê���Él���?���ÕÆI�W�KÊ ! å3åC�G¥d¦q³w$7¥%³\ÏK�

²´³x³5µ ):oqu$u�tvgx� �5��¤��-³\ÝmÒV§x����:#�AÈ>[jÆW:�Ç�ÈdÉ��ÕÆI�W�KÈj:@�?��,D)NYF��É������/,��GÍMi&¤@uwy\�!� V�t~{~{�� � zCid�

Ø


