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Linear Growth Rate? !
Clauser 1954: Moderate Adverse Pressure Gradient"
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Linear Growth Rate?%
Clauser 1954: Moderate Adverse Pressure Gradient"
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Apparent Linear Growth:'
Ludweig & Tillmann: Moderate Favorable. Press. Grad.(
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Ludweig & Tillmann: Moderate Favorable. Press. Grad.(
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�Lq�s�s�q�{Ñ��lrk��)t>�9�"v³£�~r�9{��Lv�Êax}k���~KvLl®·�Á�Â�Ð�¥�t>q��yu�q*q�~rv��Fk�x}��vL~�j�q�l\  ¡ mHu��9�yuÑk�lKv��"q�{�~K�9~/tLvL{>t
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q�l�~rq�mHu�vLlrvOt>u�vH|�kyt>k�|�q�{�qyt��Lq�x9x9k���~rv�k�tHk�x9x}�

©au��9~-��lrq���x9vLs�mH��t>u�tLu�v_�}{�{�vLlÖ~r�"k�x9�}{���u�k�~��]vLv"{�{�qytLvL|��]vLj�q�lrvH£/v"�9���}� ì x}�9{�v�vKt_k�x}�3·yÁ�ý���¥r�
k�{�|p�BtH~KvLvLs�~ÖtLq�u�k?�4vn�]vLv"{6�"��~/tLq�s�k�l/o�tLq�q���t�j�q�l-tLu�v�s�vKtLu�q*|�mHu��9�yu��Lq�x}x9k���~rvL~-tLu�v³»¸x}q��
x9k?o4vLl � �nk�{�|clrkytL�9q�{�k�x}�9ËLv.t>u�v���lKq���x}vLs�~�t>u��}~���lKvL~rvL{>t>~��<o½k�~K~r��s��9{���tLu�v�s�vLk�~K��lrvLs�vL{>t>~
{�vLk�l�tLu�v:m3k�x9x-t>qÈ�]vp�}{¯v"lrlrq�lr��À u��9x9v��LvLl/tLk��}{�xBoDk�x9xas�vLk�~K��lrv"s�vL{>t®~KvKt>~�k�lKvp~K���0/)vL�Kt�tLq



Ù-Xn[nd\W-Ú�`5Û�Ü5Ùa^OÝ�d�[n`�U¢Þ	^Oßà^OáTW-X�Ú�^O`RQTSVU"W-XZY�[\W][Zá_^a`cb d\eOfag h�h

101 0
101 1

101 2
101 3

101 4

y
+

0.0

10.0

20.0

30.0

U
+

u2 * Clauser method

13 10 1001 1000 100001
y

+

0.0

10.0

20.0

30.0

U
+

u2 * slope at wall

Re in
cre

asin
g

4
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t>u�vLlrv��9~�vK���9|�v"{��LvÖtLu�kytwt>u�v�~ru�vLk�lw~/t>lKvL~r~�u�k�~a�]vLvL{���{�|�vLlKvL~/tL�9s�kytLvL|��<o6k��]q���tHi�Ã�A«�>o�t>u��}~
s�vKt>u�q*|��\����t�mH�Bt>uVlrvLx}kyt>���4v�v"lrlrq�lr~�mHu��}�¹u¼k�lrv�{�v"k�lrx�oDz�vKo�{�q�x9|�~�{���s��]vLl��}{�|�vL�]vL{�|�vL{<tL�9¥
©au�v�|�k�t>k�~ru�q$m �Lx9v"k�lrx�o�t>u�k�tHtLu�v�x}�9{�v"k�lnlKvL���}q�{��]qytLu§vK���9~�t>~nk�{�|®t>u�v�|�k�t>k��9{���t:�"q�x9x}k���~Kv
{�vLk�lrx�o³�]vLlKj�vL�Kt>x�o±�_Ì�q�lrvLq?�4vLl	t>u�v�vK��t>v"{<tnq�jÒt>u�v�x9�}{�vLk�l_lrv"���9q�{�k����]vLk�lr~wtLq��4v���lrvLk�t>vLl-tLu�k�{
j�q�lw���9�]vL~wk�{�|��yu�k�{�{�vLx9~K�]����t3|�vL�Llrv"k�~rv"~ÖmH�BtLu��9{��LlrvLk�~r�}{���z\vKo�{�q�x9|�~w{F��s��]vLlK�_�n~wvK���4v"�Kt>vL|
j�lrq�s t>u�v�{�vKmZt>u�v"q�l/o*�]tLu�v�|�k�t>k�q���t>~K�9|�v�tLu�v�x}�9{�v"k�lax9k?o4vLla|�q*vL~�{�qyt��]vLlrj�vL�)t>xBo��Lq�x}x9k���~rv��}{
�9{�{�vLlä��k�lr�}k���x}vL~r������t:~Ku�q?mH~Ot>u�v�z\vKo�{�q�x9|�~n{���s��]vLl�|�vL�]vL{�|�vL{��LvRmHu��9�yups���~�t:�]v���lKvL~rv"{<t
�9jÒt>u�vH�}{�{�vLlwk�{�|¦q���tLvLl�~r�Lk�x9vw�4vLx}q*�L�BtL�9vL~wk�lKvH|��9²]vLlrv"{<tL�

¾��9s��9x}k�lw��lrq�¤�x9vL~aj�q�l�tLu�v�{�vLk�l-m3k�x}x lrvL���9q�{�mnvLlrv�������x}�9~ru�vL|��<o ç x}k��y­<mnvLx9|�vLl�k�{�|p�nk�lr�BÓ
t>q�{��9|��9~�·yÁ�h�¶�mHu�q¦|�q*�L��s�vL{>t>vL|®t>u�v�|��}²4v"lrvL{��"v��]vKt¢m3v"vL{�t>u�v�~ru�vLk�l�~/t>lKvL~r~��9{�j�v"lrlrv"|�j�lrq�s
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t>u�v��4vLx9q*�"�Bt¢o§��lrk�|��9v"{<t�{�vLk�lRt>u�vHm3k�x}x�k�{�|Ñj�lKq�s÷kp¤�t�t>q.t>u�v�»Éx9q�� � lrv"���9q�{��¿£/©au�vL~Kv�~/o�~/Ó
t>v"s�k�t>�9��|��9²]vLlKvL{��Lv"~�mnvLlrvRt)o����}�Lk�x}xBo�·�Â�Aêk�{�|�k�lrv3t>k�����x}kyt>v"|��9{�©Ök���x}v�æaq�jÖtLu�vL�}l\��k��]vLlr�}¥
©au�vL�}la��x9q�t:q�j]tLu�v��4v"x9q*�L��t)o6��lrq�¤�x9v®£�{�q�lKs�k�x9�}ËLvL|���~K�9{��3t>u�vH~Ku�vLk�l\~�t>lrv"~r~�|�vKt>v"lrs��9{�vL|�j�lrq�s
t>u�vax9�9{�vLk�l�lKvL���}q�{�¥-�9~�~�t>lr�}­F�}{���x�o�~r�9s��9x}k�lÒt>qOt>u�kytRq�j�t>u�va����l/t>v"x9x�|�kytLkH��x9qytKt>vL|��}{�µ��9����lrva¶��9Ð��
Ø�j�~r�]vL�"�9k�x-�9{>t>vLlKvL~/tH�}~wt>u�v�j�k��Kt�t>u�k�tnt>u�vR�4vLl/o§{�v"k�läm3k�x}x�|�kyt>k�~Ku�q?m �"x9vLk�lrxBo�t>u�v�q�{�~rvKt�q�j
t>u�vn{�vLk�l-m3k�x}x�s�vLk�~K��lrv"s�vL{>t\vLlrlKq�lK~-m3vLx}x4�}{�~r�}|�vät>u�v�x9�}{�vLk�l�lKvL���}q�{�� v)���Lv"��t\j�q�l-t>u�vnu��9��u�vL~�t
z�vKo�{�q�x9|�~a{F��s��]vLlK~r�

æ¢{�tLu�vak���~KvL{��Lv�q�j�|��9lKvL�KtRj�q�lr�Lv�s�vLk�~K��lrvLs�vL{>t>~K��t>u�vaj�k��Kt�t>u�k�t_tLu�v-�4vLx9q*�"�Bt¢o���lrq�¤�x9v�{�vLk�l
t>u�v�mnk�x9x]�Lq�x9x}k���~KvL~��9{��4q�t>u:t>u�vL~rv�|�kytLk�~KvKt>~���~K�9{��Rt>u�väm3k�x9x]~ru�v"k�l_~�t>lKvL~r~w�9{�j�vLlKlrvL|�j�lKq�sTtLu�v
��lKk�|��}vL{>tR~r������vL~�t>~w~/t>lKq�{���xBo�tLu�kyt\�]qytLu�tLu�vas�v"k�{��4vLx}q*�L�Bt¢o�k�{�|3t>u�va~ru�vLk�l�~/t>lKvL~r~-u�k?�4va�4v"vL{
lrv"k�~rq�{�k���xBo¿vL~/tL�9s�kyt>v"|��_k�t®x9v"k�~/t�kyt�t>u�v�x}q?m3vLl�z�vKo�{�q�x9|�~�{���s��]vLlr~K��� ~r�}s��}x9k�l��}{�j�vLlrv"{��Lv
�Lk�{�{�qyt��]v�s�k�|�v���~r�}{���k��Fk�x9��v�q�j�t>u�v�~�t>lKvL~r~wmHu��9�yup�Lq�x9x9k���~rv"~nk�»¸x}q�� � lKvL���}q�{��-~r�9{��Lv®£�k�~
�]q��}{<tLvL|�q���tHk��4q?�4vL¥a��tH�9~w��k�~KvL|pq�{�tLu�v�k�~K~r��s���t>�}q�{�~ät>u�kytH~r���¹u�k�lrvL���9q�{�vK���9~�t>~wk�{�|.t>u�k�t
t>u�vH�"q�{�~�t>k�{>t>~�|�vL~r�"lr�9���9{�����tHk�lrv�z\v)o�{�q�x9|�~a{���s��]vLla�}{�|�vL�]vL{�|�vL{<tL�\Êax}vLk�lKxBo�t>u�v�~rvL�"q�{�|¦q�j
t>u�vL~rv��9~��9{��Lq�lKlrvL�Kt��}j tLu�v���lKq�¤�x}vL~�{�q�lKs�k�x9�}ËLvL|���~K�9{��.t>u�v�~ru�v"k�l�~�t>lKvL~r~��9{�j�vLlKlrvL|�j�lKq�s tLu�v
�4vLx}q*�L�Bt¢o6��lKk�|��}vL{>tHk�lrv��Lq�lKlrvL�)t>��k�{�|:t>u�v�¤�lK~/t�s�k?o&�]vOmHlrq�{���k�~äm3vLx}x9�

©au�v�¤�lr~�tR�9s��]q�l/tLk�{>t\�9{�j�vLlKvL{��Lv	mHu��9�yu��Lk�{��4v�~rv"vL{�j�lrq�sTt>u�vL~Kva¤�����lrvL~��9~4t>u�k�t�tLu�va|�k�t>k
�Lq�x9x9k���~rv�£��9jÖk��LlKq�~K~/Órq$�4v"l\�Lk�{p�]v��"k�x9x}vL|ED}�Lq�x}x9k���~rvL×}¥_�9{.t>u�v³»Éx9q�� � lrv"���9q�{pq�{�xBo&�}j]tLu�v�~Ku�vLk�l
~/tLlrvL~K~a�9~w�Lk�x}�L��x9k�t>vL|�j�lrq�s k�s�vKt>u�q*|:mHu��}�¹u�j�q�lK�LvL~a��t_t>q��>opk�~r~K��s��9{���~K���¹u�k�x9k?o4vLl�vK���9~/tL~r�
k�{�|�tLu�vL{�q�{�xBop�>o³�Lq�s���lrq�s��9~K�9{��Rt>u�v��Lq�x}x9k���~rvn�}{�t>u�v�x9�9{�vLk�lwlrvL���9q�{��aØH{Ht>u�vnq�t>u�v"lau�k�{�|��
mHu�vL{Rt>u�vws�v"k�~r��lrvL|�~ru�vLk�l�~�t>lKvL~r~Ö�9~Ö��~rv"|���t>u�v���lrq�¤�x9vL~Ö�Lq�x}x9k���~rv	m3vLx}x"�4vLl/o��Lx9q�~rv	t>qät>u�v	m3k�x}x9�
����tH{�qytH�9{Ht>u�v³»¸x}q�� � x9k?o4vLlr�w©au�v�x9k��¹­�q�j��Lq�x9x}k���~Kvn�9{:t>u�vnx9�}{�vLk�lwx9k?o4vLl�mHu�vL{:tLu�v¦»¸Êax}k���~KvLl
s�vKt>u�q*| � �9~���~rvL|,�}~���k�l/tL�9�L��x}k�lKxBo½~rvLlK�9q���~�~K�9{��"v�t>u�vLlrv¦k�lrv�{�qÑk�|:/)��~/t>k���x9v��"q�{�~�t>k�{>t>~�q�l
z�vKo�{�q�x9|�~n{F��s��4v"l\|�v"�4v"{�|�vL{��"�9vL~�u�vLlKv ö t>u�v�s�vLk�~r��lKvLs�vL{<tL~ns���~�t\o��9vLx}|�  - �F+ - �9j�tLu�vKo
k�lKvOt>q��4v��]vLx}�9vK�4vL|��
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�Z~rvL�Lq�{�|p�}s��]q�l/t>k�{<t��9{�j�vLlrvL{��Lvnj�lrq�søt>u�vH¤�����lKvL~\�}~�tLu�kyt�mHu�vL{:tLu�v�|�k�t>k�k�lKv�{�q�lrs�k�xBÓ
�9Ë"vL|��<o§kå»¸��lKq��]vLl � ~Ku�vLk�l�~/tLlrvL~K~r��tLu�v��]q��9{>t:q�j�|�vL��k�l/tL��lrv�j�lrq�s tLu�v�x}�9{�vLk�l\lKvL���}q�{¦s�q?�4vL~
�Lx}q�~rv"lÖt>q3t>u�vwm3k�x9x�mH�BtLu��9{��LlrvLk�~r�}{���z\v)o�{�q�x9|�~w{F��s��4v"lÖt>q?mnk�lr|.mHu�kytHs��9��u<tn�]vHk�x9�}s���t>�}{��
�Fk�x}��vL��©au��9~��9~��Lx9vLk�lavK���9|�vL{��LvOt>u�k�t.�9jÒt>u�v"lrv��}~\k�{��9{>t>vLlKs�v"|��9k�t>vnx}k$o4v"laq���tL~r�9|�v�t>u�v�x9�9{�vLk�l
lrv"���9q�{���tLu�vL{��Bta�9~�q�{�xBo�k�~/o�s���t>q�t>�9�"k�x9x�o��9{�|�v"�4v"{�|�vL{>tOq�j]z\vKo�{�q�x9|�~�{���s��]vLlK�_©au�vak�����k�lKvL{>t
z�vKo�{�q�x9|�~�{F��s��4v"l�|�v"�4v"{�|�vL{��"v_q�j�tLu�vavK��t>vL{>tOq�j�t>u�va{�v"k�l/Órx9�}{�vLk�l�lrvL���9q�{��9~��Lq�{�~r�}~/tLvL{<tÖmH�BtLu
t>u�v�{�vKmZt>u�v"q�l/oÑ��lrv"~rvL{>t>vL|¦vLk�lKx9�}vLl\~K�9{��"vHGJILK MONQPSREK TUILRWVJXYX�R[Z�T\GJI]G\^_NQPSRa`CGJbcTUdfegR
M:ILGhKjiJd
I$kml�nWR
X_TUILihRpo.R
ILihR
IqNrTUIsTUI$IqR
XEtuVJXvT\Vhn�KjR
d$��Ø�{��"v�tLu�v�s�vL~Kq�x9k?o4vLl�k�{�|Ñq?�4vLlrx}k��ÈlrvL���9q�{Èk�lKv
vL{>t>vLlKvL|��a{�v"�Bt>u�vLl\  ¡ {�q�l Î�Ï �Lq�s���x}vKt>vLx�o��"q�x9x}k���~Kv�t>u�v6|�kyt>kÈ��{>t>�}xÖt>u�v6�}{�ª���v"{��Lv�q�j�tLu�v
�9{�{�vLl_lKvL���}q�{�u�k�~a|��9~Kk����]vLk�lrvL|�k�{�|�tLu�vnq���t>vLlaª�q$m1u�k�~a�4v"vL{�lrvLk��¹u�v"|��_Ì�k�{<oå£ü���aÔ�k�|�ÓrvLxBÓ
�nk�­�k�{�| ç k�{�|�o4q���k�|�u>o4k$oV·�Á�Á�¶�¥�u�k?�4v\{�q�t>vL|�~r�9s��9x}k�l�t>lKvL{�|�~�j�q�l-t>u�vät>��lK����x}vL{��Lv�s�q�s�v"{<t
|�k�t>k�{�vLk�l-tLu�vOm3k�x9x9� v"~r�]vL�L�}k�x9x�o¦Ä� Sw(x k�{�|pÄcyR SzEx3�
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µ��}����lKv�¶��9Â¦~ru�q?mH~�x9q��yÓrx9q��å£/x}vLj
t>s�q�~�t>¥nk�{�|Ñ~KvLs��}x9q��&£/lK�9��u>t>s�q�~�t>¥���x}qyt>~��}{§�}{�{�vLlw�Fk�lr�9k���x9v"~
£/��~r�9{���tLu�v��4vLx9q*�L��t¢oH��lrk�|��9v"{<t_kyt tLu�vÖmnk�x9x�t>q�q���tLk��}{�t>u�v�~Ku�vLk�l�~�t>lrv"~r~r¥Öj�q�l k�j�vKmDq�j<tLu�v�s�k�{<o
�Lk�~rvL~wmHu��9�yu�m3v"lrv��"q�{�~K�9|�vLlKvL|���æít��9~nvLk�~/o¦t>q�k�lr����v�j�lrq�sàt>u�v�x}q���Ó?x}q�����x9q�t>~wtLu�kyt�t>u�vLlKv��}~
vK���9|�v"{��Lva�9{�k�x}x�t>u�v�|�kytLk�q�j�k�{�vK��t>v"{�~r���4va�4q?mnvLl�x9k?m lrvL���9q�{�lKk�{����9{���j�lKq�s«k�����lrq?���9s�kyt>v"xBo
+ - x Â�Ã:t>q +§Ä Ã<;}i�����q$mnvK�4vLlK� k�~�{�qytLvL|��9{�~KvL�KtL�9q�{�~1i��}h�k�{�|�i��9Á��-��lrv"kyt��Lk�lKv�s���~�t.�]v
��~KvL|��4v"j�q�lrv��}{�j�vLlrlK�9{��Rt>u�k�tat>u��}~a�9~-tLu�v�q$�4v"lrx9k���lrv"���9q�{���v"~r�]vL�L�}k�x9x�o³k�tat>u�v"~rv�x9q?m z�vKo�{�q�x9|�~
{���s��]vLlr~K� æít�mH�9x}xa�4v�~KvLvL{�x9kytLvLl3t>u�k�t&�9{�|�vLvL|¿��t6�9~�{�qyt>�ø©au�vp~KvLs��9x9q��§��x9qytL~�~ru�q$m´j�q�l
�Lq�s���k�lr�}~rq�{³tLu�v�~rk�s�v�|�kytLk��9{³t>u�v�tLlrk�|��BtL�9q�{�k�x_~KvLs��BÓrx9q�����x9qyt6�}{Ñ�9{�{�vLl��Fk�lr�9k���x9v"~�k�x9q�{��
mH�BtLu�tLu�vät>u�vät>lKk�|���t>�9q�{�k�x]x}q�����lrq�¤�x9v�£r· Í:� �5i�;}Ð�Ð��.���5Â�;}Ã�¥K�aØ��<���9q���~rx�o®k�{�k�lr����s�vL{<t\j�q�l
k�x}q���lrvL���9q�{¦�Lk�{�k�x9~Kq��]v�s�k�|�vL� k�xBtLu�q�����u��]vLlru�k���~n{�q�tnt>u�v�t>lKk�|���t>�}q�{�k�x�q�{�vL��µ��9����lrv�¶��}ý
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~ru�q$mH~-tLu�v�x9q���Ó?x}k?m ��~r�}{��\  ¡ j�lrq�sTt>u�v�Êax9k���~rvLlws�vKtLu�q*|&£�x9vLj
tLs�q�~/t>¥�k�{�|�j�lrq�sZtLu�vä�4vLx9q*�L��t¢o
��lKk�|��}vL{>t:k�tnt>u�vRm3k�x9x�£/lK�9��u<tLs�q�~/t>¥K�9&nqytLv�t>u�v�k�����k�lKvL{<t��Lq�x9x9k���~rv��9{.t>u�v��9{�vLl�t>�}k�x ~r����x9k?o4vLl
mHu�vLlKvLk�~K��t>u�v����9~K�Lq���~�~K����x9k?o4vLl��9~nz�vKo�{�q�x}|�~�{F��s��]vLl�|�vL�]vL{�|�vL{>t�v)�4vL{�tLu�q�����uÑ�Bt��9~wmnvLx9x
­�{�q?mH{�t>u�k�tHtLu��9~�lrvL���9q�{��}~\|�vL~r�LlK�9�]v Î - �c+ - ��Ø�{�t>u�v�q�t>u�v"lnu�k�{�|���mHu�vL{� -¡\j�lrq�s tLu�v
�4vLx}q*�L�Bt¢oå��lrk�|��9vL{>t®�}~���~rv"|¦t>u�vH���}~r�Lq���~�lrvL���9q�{Ñ�9~��9{�|�v"vL|Ñx9�}{�vLk�lHk�{�|³t>u�v�q$�4v"lrx9k��Ñlrv"���9q�{
~ru�q$mH~�z�vKo�{�q�x9|�~a{F��s��]vLla|�vL�]vL{�|�vL{��LvL���"q�{�~K�9~/tLvL{��Lv�mH�Bt>u:tLu�v���lrvL~KvL{>tat>u�vLq�l/o±�

¾���k�x9k�l�t�·yÁ�h�h�lrvL�Lq���{��}ËLvL|Ot>u�va|��76��L��x�t)o�q�j]|�vKtLvLlrs��9{��}{��aj���{��)t>�9q�{�k�x�|�vL�]vL{�|�vL{��L�}vL~Öj�lrq�s
�4vLx}q*�L�Bt¢o§��lrq�¤�x9v���x9q�t>~�k�{�|V~r������vL~�t>vL|Ñ��x9qytKt>�}{���+ -��   -�Í:� + - �4v"lr~r��~C+ - ~r�}{��Lv�kp�Lq�{�~/tLk�{>t
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t>u�kyt�t>u�v�|��}²4v"lrvL{��"vL~��}{¯~Ku�vLk�l�~�t>lrv"~r~�vL~�t>�9s�kytLvL~�j�lrq�s°t>u�v6��lrk�|��9vL{>tp�Lq���x}|¼�4v�vK����lKvL~r~KxBo
k��"�Lq���{>t>v"|§j�q�l��>o¯��~r�}{��pk�©Ök$o�x9q�l�vK����k�{�~r�}q�{Èj�q�l�tLu�v3�4vLx9q*�L��t¢oåkyt�t>u�v3m3k�x9x\£/~KvLv��4v"x9q?mH¥r�
��lKq$���9{���t>u�k�t\tLu�v��4v"lr�LvL{>t3v"lrlrq�l-m3k�~\�}{�|�vLvL|�z�vKo�{�q�x}|�~a{F��s��4v"l_�9{�|�vL�]vL{�|�v"{<tL�

��k�l�t>�}�L��x9k�l�kytrtLvL{>t>�9q�{Ñs���~�t®�]v���k��9|¦tLq�t>u�v�vK��t>vL{�~K�B�4v�|�k�t>k�q�ja¾�s���t>u�â�À�k�x9­*vLlK���4q�t>u
�]vL�Lk���~rv�q�jÖ�BtL~aëF��k�{>t>�Bt¢opk�{�|:tLu�v�j�k��KtatLu�kytatLu�lrvLv�|��}²]vLlrvL{>t3s�vKtLu�q*|�~-m3v"lrvn��~KvL|·) |��9lKvL�Kt
j�q�lK�Lv�s�vLk�~r��lKvLs�vL{<tL~n��~K�9{���kpª�q�kytL�9{��¦vLx9v"s�vL{>t>�Ö�Lk�x9�L��x}kytL�9q�{Èj�lrq�s t>u�v�s�q�s�vL{<tL��s �}{<tLvKÓ
��lKk�xw��~r�}{�� � � Í�� �Ö�ak�{�|6t>u�v�Êax9k���~rvLl�s�v)t>u�q*| ) k�{�|��a�]vLlru�k���~�k�~��9s��]q�l�t>k�{>t>�	t>u�v�|�k�t>k
u�k?�4vn�]vLvL{��Lq�{<�4v"{��9vL{>t>x�o�t>k�����x9k�t>vL|��}{�tLu�v�lrvL�]q�l/tH~rq3t>u�vLlrv��9~a{�q���{��LvLl�t>k��9{>t)opk�~ät>q�mHu�kyt
t>u�vKoålKvLk�x}xBo§k�lKvL��©au�v�½ å |�vL|����LvL|�j�lKq�s t>u�v�¾�s���t>u�â�À�k�x9­*vLl�s�q�s�vL{<tL��s tLu��9�y­�{�vL~r~�|�k�t>k
lrv"��lrvL~KvL{>t>~ai � � Í�� �5£/k��Kt>��k�x9x�o&i � ÅOÆ Í�� Å?>�¥\q���t>k��9{�v"|pj�lrq�sÕ¤�t>~ät>q3t>u�v�s�vLk�~K��lrv"|��Fk�x}��vL~�q�j
ÅOÆ�k�{�|VÅ@>���©au�v��Fk�x9��vL~�~ru�q?mH{Èk�lrv�{�qyt�t>u�q�~rv���lKvL~rv"{<tLvL|��<o§¾�s��BtLu�âyÀ¿k�x}­*vLlämHu�q�¤�trtLvL|
kÈ�L��l/�4vHt>qOÒÔÆBA4ÅOÆ Í ÒÔÆBA4Å@>Èk�~�k��4q�xBo�{�q�s��9k�x\�}{¯Å@>���k�{�|�q���tLk��9{�vL|¼lrvL~K��xBtL~��Lx}q�~KvLl�t>q�tLu�v
Êax9k���~rv"lns�v)t>u�q*|�tLu�k�{�tLq�tLu�vL�}l\ª�q�kytL�9{���v"x9vLs�vL{>tHlrvL~K��xBtL~nj�q�lwtLu�v�x9q?mnvL~/t�z\v)o�{�q�x9|�~�{���s�Ó
�]vLlr~K�Ñ©au�v��Fk�x9��vL~�~ru�q?mH{³m3v"lrv�q���tLk��9{�vL|Ñ�>o�¤�tKt>�}{��³ÅOÆ Í Å ã C ã Ð á> k�~�k¦�4q�xBo�{�q�s��9k�x_�}{VÅ@>��
£/©au�v_j�k��)t>q�l-q�j	·v;É·yý:�wm3k�~��yu�q�~KvL{�tLq\�Lq�lrlKvL~r�]q�{�|�k�����lKq?���}s�k�t>vLx�ont>qwtLu�vÖ�Fk�x9��vwq�j�²�q?�4vLl�tLu�v
lrk�{���v�q�j]tLu�vn|�k�t>k�k�{�|�tLu�vn|�lKk���x}k$m,mHu��9�yu�m3q���x9|�lKvL~r��xBt3j�lKq�s �Btn��~r�}{���vLë���kytL�9q�{�i��¸·�·yh��9¥
ç qytLuÑq�j-tLu�vL~Kv�lKvLx9k�t>�9q�{�~���lrv"|��9�Kt�{�v"k�lrx�o�t>u�v�~rk�s�vH��k�x9��v"~�q�j"½ å q?�4vLlwtLu�v�u��}��u�v"~/t�lrk�{���v
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~rv"�Kt>�}q�{�i��}Á��Òt>u�vO�4q�{ ì k�lKs�k�{�â���lKk�{�|�t�x9q�����lKq�¤�x}v�£
mH�BtLu6��t>~�s������}{���x}vL{���t>u�q�lK�9���}{�~r¥��9~a�}{
j�k��)t6k�¤�lr~�t®k�����lrq?���9s�kyt>�}q�{³t>q�tLu�v�s�vL~rq�x9k?o4vLlKâ�q?�4vLlrx}k��ÈlrvL~K��xBt�k�lKq���{�| + - � ·yÃ�Ã�mHu��}�¹u
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k�����lrq?���9s�kyt>�}q�{�� ~Kq�tLu�v�j�lr�}�Kt>�}q�{�vL~�t>�}s�k�t>vL~aj�lKq�søtLu��9~as�vKt>u�q*|6k�lrv�{�qytHlKvLx9�}k���x}vL�
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ëJx"º������¥ª��6�^uw®$¶	xbv��J®©��v�x��_�w���¿���Â��v�ª�xbv4���-®h��s��wq¯�_uwªwxV��¶	�BÆÇxJ�b�w�~�Ï�����_�wxVªw�~�b�:u��_qt�¥qt¹bxbª
�wxbv"xbz
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l �wxÌ��ª�Æ����_�_��s�xV���r�w�BÆ�q¥�ws$���w���¯º��bq¥Åb���£x"ð��wv�xb�"��qt���w�F�Ä��v¬7 = �:7¤���wª����:7·�8��v¬� Q ���wª��_ c�Fqt�
�_���~��7 9 Åb���¢¶	xhÅb��®h��u��_xbª¢�Ä��vÌs�qÀÆÇxb�[Æ����tuwxb�Ì����ô²±K³¤��v<ô@õbz·´F�wq¥�@�4���<ª����wx\�_�ì�wv���ªwu�Åbx
prqts�uwv"xky�zý{§¦5uw�"q¥�wsÂxc÷�uw�§�_qt���w�$y�z¥¨�¼Gy�z¥}�Í�¼Jy�zt}î{����wª]�_�wx·Ðw�w���F���w��v��Bð�qt®h�§�_x·�Ä��v"®h�$�Ä��v�� Q
����ª´�   ªwxbv"qÀÆÇxbª���¶	��ÆÇxcz��4�¥�"�Â���w�B�¾�µ�Ä��vhÅc��®©�w��v"q¥�����µ��v�x¤�_�wxìv�xb�"uw�À�b�$�Äv���® �_�wx·�wv"��Ðw�tx
q¥�_�_xcs�v��§�_qt���wz��4��x"ð��ÇxcÅ"�_xbª\�_��x4��s�v�xbxb®©xb�_�6q¥�Fx"ð�Åbxb�t�¥xb�_�@��¶	��ÆÇxq7 9 « }�Í�Í�Í©���wªkô@õF�Úy�Í�Í�Í�z

prq¥�����¥�¯ºù¼Fprqts�uwv"xky�z¥}�Í5�"�w�B�¾�[ô@õ¤ÆÇxbv"��uw�Ïô¶µÂ�Äv"��® �¢��u�®hxbv"q¥Åb���Rq¥�_�_xbs�v��~�bq¥���¬���4xb÷^uw�kf
�_qt���ì}�zý{�{~¨:u���q¥��shxb÷^uw�§�_q¥���¿}�z·
�Í¾�¾qÀ�_�Ï�_�wxVÅb�����8�_�����b�6ª�x"�_xbv"®hqt�wxbª·xb��v��¥qtxbv�z��4�t���©���w�B�¾�¿qt�
�_��x$Ðws�uwv"xh��v�x\�_�wx$ª��~�_�·���?­w®©qÀ�b�Â���wª�±²���¥��xbv"zh�G�:�~�"�_xb®©���h�w���Ì¶	xbxb�Â®©��ª�xG�_�·��ª�í u��8�
�Ä��v-Æ�q¥v��_uw������v�q¥s�q¥�:qt� C ¶_º¿Å»�w������qt�ws$�$�w����fB¹bxcv��GÆ����tuwx4�Ä��v�ô?�»z l ¶�Æ�q¥��uw���¯ºù¼^�b�wx4��s�v�xcxb®hxc���
q¥�©x"ð�Åbxb�t�¥xb�_�h��ÆÇxcvG�_�wxÏ�_�wxìxb���bq¥v"xkv"���ws�x¿���F�b�wx¿ª��~�_��zI´F��uw�"¼Ìuw�w�¥qt��x:q¥�Á�~�b�wxbv\�_�wxb��v�qtxb��¼
®©��®©xb���buw®Ã���w�	xb��v����b�$¶ÇxVÅb������xbv�ÆÇxbªwz
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prqts�uwv"xhy�zý{~¨��¨¹6��v�q¥�§�_qt���¢���@ô²± = ���wªaô?õh���V�Äuw�wÅ"�bq¥���Â���¬7 9 uw�"q¥�ws·�^uw®©xbv�qtÅb��� q¥�_�_xbs�v��§�_q¥���
���-Åb��®©�	����q¯�_xÌ�wv"��Ðw�tx¾���wª¿���w���¯º��bq¥Åb�������w�wv��Bð�q¥®©�~�bq¥������z<� �_���w®©���8�b�F�¥qt�wxb��vºfB�tq¥�wxc��v���¶	�~���b��®rf
®©���8�b�F�¥��skf��¥��s��
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prqts�uwv"x$y�zý{§¦��$ÊF��uw�wªw��v8º¬�¥�BºÇxbvJq¥�_�_xcs�v����r�w��v���®©x"�bxbv��"��«�­w®©qÀ�b�w°~±µ���t��xbvÏ�"{~¦�³�j��"¼¶½�¡Ruwv8�bxb�¥�
x"�¾���¥z¾��{§¦�¨w{~��¼Y¾ ± q¥xbs��w��v"ª��[��{§¦:j�y����r�tq¥�wx$�À¿§m B ¦PÁ����BÑ
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prqts�uwv"xhy�z¥}�Í��¿´F�wx¾ðÃf�ªwxb�	xb�wª�xb�wÅbx©���-�b�wx:¶	��uw��ªw��v�º �¥�BºÇxbv"zÂ­w®hq¯�_�w°§±²���¥��xbvGªw�~�b�¬��{~¦�³�¦���¼
�¥qt�wxÏ� �_�wxb��v8º���z
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�����2� ����� ���).�Ä)�)&��'�)(N� ÅÆ�)�I��"² �"² ��'�
´F�wxbv"x?�w�BÆÇxR¶	xbxb�V��uw®©xbv"��uw�r�����	xbv��Ç�¾v�qÀ�"�_xb�Ì���G�_�wx��Ä��q¥�tuwv�xR�����b�wx?Åc�¥���"��qtÅb�����"Åb���tq¥�wsJ�¥�B�¾���b�
Åb���¥�¥���w��xË�_�wxJ®h��®hxc���b�?���£ø�uwÅ"�_u��~�_qt�ws$÷^uw���_�_q¯�_q¥xc�Ëqt�Ì�b�wx��4���¥�	v"xbs�qt���5�8¶_º$�¾�wq¥Å~�©q¥�?u���uw���¥�Àº
®©xb���_�Ì�_�wx°Çý�t��s:ÈÂv"xbs�qt���¢���G�4xb�¥�r���J�b�wxh¶�uRh	xbv<�t��ºÇxcv4¶	x"�à�\xbxb�¢qÀ�h���wªì�_��xh�tq¥�wxb��vÌ�¥�BºÇxbv��"z
�4®©���ws��_�wxJ®©���8���_v"��uw¶w�txb����®hxG÷�uw�����bqÀ�bq¥xb�r��v�x��b�wx�Æ���v�qt���wÅbxc�?�����b�wx4���_v�xc��®G�¾q¥�"xFøwuwÅ"�buw�~��f
q¥��sGÆÇxb�¥��Åbq¯�_qtxb�r����ª$�b�wxÌë6x º��w���¥ªw���8�bv�xb�"�¾�8xbs�z¥¼F¯Ì�¥x"�¾qtÅ»�^q	���wª·p	���tÅb��{§¦�¦�y�¼ ÊFv"��ªw�"�w�B� {§¦�¦�Í�¼
­w�w���¥��v8�©{§¦�¨�¨���z�ÉÂ��v�xJv�xcÅbxb�_�_�Àº:�wv���¶w�¥xc®h���¾qÀ�b�V�_��x4¶	xb�w�BÆ�qt��vR���î�à�\��fB�	��qt���4Åb��v"v�xb�t�~�bq¥�����Ëqt�
�_��xF�4���t�£v�xbs�q¥���·�w�BÆÇx4¶	xbxc�¿�w�§�_xbª·¶_º]ÊF�¥��Å»�_�\xb�tªwxbv�{§¦�¦�y�zq¯Ì�¥x �¾q¥Å~��q	����ª¿p	���tÅb�$Åb����Åb�¥uwª�xb�

Ê Ç|ö �©s�xc�wxbv����¥¼wqt�w�wxbvÇÆ���v�qt��¶w�tx6�w��v�®©���tq¥¹b�§�_q¥���w�r�����8�b�~�bq¥�8�bq¥Åb���	�wv���Ðw�¥xb�-ªwxbv�q¯ÆÇxbª$�Äv���®��b�wx
; ���wª2ËìøwuwÅ"�buw�~�bq¥�����6���wª¤�_�wx ; Ë¿�"�wxb��vF�wv���ªwu�Å"�¤ª��$�w�~�¾�wv"��ªwuwÅbxVq¥�_Æ���v�qt���_�\Åbu�v8ÆÇxb�
qt�G�_�wxFqt�w�wxbvr���wª©�wxb��vºf �4���t�wv�xbs�q¥���w�R��� �_�wxJ¶	��uw��ªw��v�ºk�¥�BºÇxbv ��ÆÇxcv��_�wxFs�qÀÆÇxb�<ô õ v����ws�x
�"{~Í�Í�Í�ÌÚô?õ�Ì ³�Í�Í�Í��"z·È

Ê Ç|ÊF�~�_�¤�b�wx4�	xb���\Æ����tuwx4����ª$�b�wx?� 9 �	���"qÀ�bq¥���·�����_�wx4�	xb���VÆ����tuwx4�����b�wx ;AÍ � ; = ¼ÎË Í � ; = ¼
���wª�Ì ; Ë « � ; ¤ = �wv"��Ðw�txb�6qt�wÅbv"xb���"xbªV�¾qÀ�b�·q¥�wÅbv"xb���"q¥�wsÏô õ z·È

Ê Ç|´F�wx4�wv"xb��xb�_�6®hxc����u�v�xb®©xb�_�_�R��uw���Ç��v8�F�b�wx4�_º��	�~�b�wxb�"q¥� �b�w�~�4�Ä��v � 9 �¥xb�"�£�b�w���·��¶Ç��u��
³�Í<����ªÌ�¾q¯�_�©q¥�w�wxcv�Æ���v�qt��¶w�txF�w��v"®h���¥qt¹b�~�bq¥����¼��b�wxJ�8�_�§�_qt�8�_qtÅb����Å»�w��v���Å"�_xbv"q¥���_q¥Åc� ���£��q¥��s��¥x
�	��qt���¾�"�w���_�¾q¥�"xJÆÇ��v8�_qtÅbqÀ�àºk®©xb���"uwv�xc®hxb�_�_����v"x¾qt��Æ���v�q¥�����¾�BÆÇxbv��_�wxÌs�qÀÆÇxb�kô õ v"���ws�xbz·È

�4�¥�J���@�b�wxb��xÂ��¶w��xcv8Æ��~�bq¥�����k�Ä��v¤�_�wxÂ�"q¥�ws��¥x�f��	��q¥�_�]���_�~�bq¥���_q¥Åc�h��v�x¢Åb���w�"q¥���_xb�_�h�¾q¯�_�a�b�wx
�_��xb��v�º �wu��k�Ä��v8�_�½�wxcv�xbzÁ´F�wx·v�xb�������½÷^uwqÀ�bx:��qt®h���Àºµq¥�G�_���~�$�_��xk®©xb�"���¥�BºÇxbvÌ���wªµ�BÆÇxbv"�¥���
�¥�BºÇxbv"�6Åc���¢�w�~�h¶	x$Åb������q¥ª�xbv�xbª[�b�·¶Çx$ëJx"º��w���tªw�4�^uw®$¶	xbv4qt�wªwxb�	xb�wª�xb���$q¥�Âxbq¯�_�wxbvJq¥���wxbv4��v
��uñ�_xbv�Æ���v"q¥��¶��¥xb�R�Ä��v����_º2Ï©ÐRÑXÒÔÓ�ëJx"º������¥ª��Ë�^uw®$¶	xbv"z²�4�r�VÅb������xb÷^uwxb�wÅcxb¼w���_ºk®©xb���"uwv�xb®©xb�_�_�
��uñ�_��qtªwx©�b�wx¤Æ�qt��Åb��uw�$��u�¶w�¥�BºÇxbv�Õ v"��uws��w�Àº½�_��xk�tq¥�wxc��v$v�xcs�q¥���ªÕ ���wªµqt�w��qtªwx¤�_�wx·ªwxbÐ�ÅbqÀ�
v�xcs�q¥���w¼r�"�w��uw�tªÂ¶	xhx"ð��	xbÅ"�bxbª¤�_�·ªwq¥�"�w�¥�Bº5ëJx"º������¥ª��4��u�®$¶Çxcv6ªwxc�Çxc�wªwxb�wÅcq¥xb�"¼	�¾�w�§�_x"ÆÇxcvR�b�wx
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÷^uw���_�_q¯� ºµ®©xb���"uwv�xbª�zÉp	��v$�"��®©x¿÷^uw���_�_q¯�_qtxb��¼F�tq¥��x\�_�wxì®hxb��� ÆÇxb�¥��Åbq¯�àº¬���wª]ÆÇ��v8�bq¥Åbq¯�àºù¼ �b�wx
ëJx"º������¥ª��4��u�®$¶Çxcv4ªwxb�	xb�wª�xb�wÅbxV��� �b�wx$�BÆÇxbv��t���ìv�����s�x©q¥�4�w��v�ªw�¯ºï�	xbv"Åbxb���bq¥¶w�txb�r�Ä��vG�~�_��xbv��"¼
�¥qt��x��_��x$ë6x"º��w���¥ªw�J�8�bv�xb�"��xb�JqÀ�<q¥�J��¶_Æ�qt��uw�"z<­wqt�wÅbx@�_��xJÆÇxb�t��ÅbqÀ�àº¿��Åb���¥x<v"�~�bq¥��¼ ; = �����4¼	Æ���v�q¥xc�
®©��v�xRv"���wqtªw�Àº<���î�_�wxRëJx"º��w���tªw�£��u�®$¶Çxcv�q¥�£v"xbªwuwÅcxbªw¼c�_��xb��xRx�h	xbÅ"�b���¾q¥�t��¶	x?®©��v"xr�wv����w��u��wÅbxbª
�~�<�¥�B�4xbv?ëJx"º��w���tªw�F��u�®$¶Çxcv���z

´F�wx��_�wxc��v8º$�wu��?�Ä��v8�b�Ì�wxbv�xR�w���£��uws�s�xb���_xbª��_�w�§�@�"q¥®©q¥�t��v�q¯�àº¾���_�_�wx��_u�v�¶wuw�txb�wÅbx-÷�uw�����bqÀ�bq¥xb�
q¥�[�b�wx$��uñ�_xbv4�t�BºÇxbv6��ÅcÅbuwv��Ì���w�Àº��~�ÏëJx"º��w���tªw�4�^uw®$¶	xbv��4��q¥s��Âxc�w��uws��5�Ä��v@�_�wx$ªwqt���"q¥�w�§�_q¥���
����ªhëJx"º��w���tªw� ���_v"xb���"xb���_�4¶	xJx�h	xbÅ"�_q¯ÆÇxb�Àº<q¥�_Æ�q¥��Åcq¥ªwz�± ��q¥�¥x�qÀ��qt�rªwq�ÖhÅbu��À� �_�4÷^uw���_�_qt� ºÌ�_�wqt��¼wq¯�
q¥�£s�xb�wxbv"���t�ÀºÏ������u�®hxbªVq¥�@�_u�v�¶wuw�txb�wÅbx��b�w�~� �_�wqt�£��ÅbÅbuwv"� ���w�ÀºÌ�¾�wxc�F�b�wx �buwv�¶�uw�¥xb��ÅbxrëJx"º������¥ª��
�^uw®$¶	xbv�¼ ;Y× ��Ø�¼	q¥�����V�b�wx6��v�ªwxcv?���Ë{§Í W ��v?�¥��v�s�xbv6�8Åbzt�Äz?ÊF�~�bÅ»��xb�¥��v�{~¦�³�y��"z6­�q¥�wÅbx ;
Ù�; = ���wª
×6Ù �ñ¼��b�wq¥�-v�xb÷^uwq¥v"xb�îÆ����¥uwxc�Ë���Çô@õ6���-{§Í J ��vR�¥��v�s�xcvr�Ä��v��_��xb��xFÅb���wªwq¯�_q¥���w���_�Ì¶	xF®hx �_z?´F��q¥�rqt�
�\xc�¥�w¶	x"ºÇ���wªÌ�b�wxJv�����s�xJ��������ºkx ð��	xbv"q¥®©xb���b���_��fBª��~�_xczF´F�wxR�b�wxb��v8ºkªw��xb����uws�s�xb���_¼��w�B�\x"ÆÇxbv"¼
����®hx©���¯�_xbv"�w�~�bqÀÆÇxb���¾�wqtÅ»�Â®©q¥s����4�4��v"�Â¶Çxc�Ä��v�x\�_��q¥�Ìq¥�4v"xb��Å~�wxbª�z:´F�wxb�"xhªwq�h	xbv�xb�_�Ï�"Åb���tq¥�ws��
�Ä��vË�_�wx��_uwv"¶wuw�¥xc�wÅbxÌ÷�u����_�_qÀ�bq¥xb�Jq¥�Ï�_�wxV��u��bxbv4�t��ºÇxcvF�Ä���¥�t�B��ªwq¥v"xbÅ"�b�Àº]�Äv"��®��_�wxG�bv����w���Ä��v�®©xbª
xb÷^uw�~�bq¥���w�?���wª:ªwxb�	xb��ªh���:¶	�~�_� ; = ���wª����6zF´F�wxJ�w��v�®©�������_v"xb���"xb��¼	�Ä��v�x"ð���®©�w�¥xb¼���Åb���¥xJ���
� ¤� ¼^�¾��q¥�¥x-�b�wxJë6x"º��w���¥ªw�R����xb��v��8�_v"xb������Åb���¥xb�6� �_�ÌÐwv����\��v�ªwxbv"���¾qÀ�_� ; ¤ = zF�4�~�bxR�b�w�~�6�w�§�_�wqt�ws
������uw�tªk¶	xVx"ð��	xbÅ �_xbª\�_�©Åb���t�¥���w��x4qt�¤�_�wxÌ�BÆÇxbv��t���:v"xbs�qt���·��qt�wÅbx4q¯�\ªwxc�Çxc�wªw�J���·¶	�~�_� ; = ���wª
���6z¨Ú4�B�\x"ÆÇxcv �_��x¾�Ä��Å"�J�_�w�§� ; = ������Æ���v"q¥xb�F®©��v"x<�"�¥�B�¾�Àº:�¾q¯�_�ìq¥�wÅbv"xb���"q¥�wshô@õÌ®hqts��_�¾�¥xb��ª
�_�\�_��x¾xcv�v����wxb��uw�FÅb����Åb�¥uw�"q¥���$�b�w�~�<���ì����º�®©���_�§�_xÌq¥�F¶	xbqt�ws©���w�wv"����Å»�wxcªwz

prq¥s�uwv�xG}î{\���w�B�¾�-�_��x¾v"®h�F���_v"xb��®G�¾qt��x4øwu�Å"�_uw�§�_qt�wsGÆÇxb�¥��ÅcqÀ�àº�®©xb���"uwv�xc®hxb�_�_����� ¡Ruwv8�bxb�¥�
x"�<���tzÏ{~¦�¨î{V�w��v�®©���tq¥¹bxbª·¶_ºa�a�Jz¾ö �¾qt�6Åb�txb��v-�b�w�~�G�_�wxÌÅb���¥�¥���w��xVq¥�Jv�xb®©��v"����¶w�tx¾�Ä��v � « Í Ñ ³
�Ä��v©���t�?ëJx"º��w���tªw�$��u�®$¶Çxcv���¼J����ª¢�_��xkv"xbs�qt���½���GÅb���t�¥������x:®©�BÆÇxb�G�_�B�\��v�ªw�\�_��x$�4���t� �¾qÀ�b�
q¥��Åbv�xb����qt�ws4ëJx"º������¥ª��r��u�®$¶Çxcv��6� í uw���������Ä��v��b�wxJ®hxb���GÆÇxb�¥��ÅcqÀ�àºh�wv���Ðw�¥xb�-��¶	�BÆÇxb��z�´F�wx6�"��®©x
ªw�§�_�©�w��v"®h���¥q¥¹cxbªV�¾qÀ�b� ; = ���w�	xb��v"�6qt�V�_��x¾�����	xbvF���-¡Ëu�v8�_xc�¥��x �\���Ë{§¦�¨w{Ì���wª©�b�wxbv�xGq¥�F�¥q¯���b�¥x
x"Æ�q¥ªwxc�wÅbx:���4x"ÆÇxb�����_v"xb�wª]�_�B�\��v�ªµÅc���¥�t���w�"x·q¥� �_�wx·��u��_xbv©�w��v8�¿�����b�wx·øw�B�¾z<� ��q¥®©q¥�t��v
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p-q¥s�u�v�x4y�z¥}î{§�6´ uwv"¶wuw�¥xc�wÅbxÌq¥�_�_xb����qÀ�àºk�"Åb���txbª¤�¾qÀ�_�k���4¼�ªw�§�_�©���r¡Ruwv��_xb�t��x"�¾���¥z¾�"{~¦�¨w{~�"z
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�Ä��qt�¥uwv"x·�����b�wx ; = ��Åc���¥qt�wsÂ�Ä��v\�_��x¿�w��v�®©���FëJx"º������¥ª��$�8�_v"xb���"xb�©q¥� �_�wxì��u��bxbv$�w��v8�¿�����b�wx
øw�B���\���F���~�_xcªk¶_º¿­w®hq¯�_�¿{~¦�¦:j�z�Û£ÆÇxc�:®h��v�x4�"q¥s��wq¥ÐwÅc���_�_�Àº�¼Ç­�®hq¯�_�]�"{~¦�¦�j��J���w�B�¾�-�b�w�~�F�b�wx
�wv"��ªwuwÅ"�bq¥���É�8�ÜÌ ; Ë « �����:�c���$Åb���t�¥������xb�Vq¥�ì�b�wx:��uñ�_xbvVv�xbs�q¥���a��¶	��u��©�_��x:����®hxV�¾��xb�
�w��v�®©���¥qt¹bxbª·¶_ºaxcqÀ�_��xbv ; ¤ = � � �:7Ï��v6�  � ��7�z4Åb���w��qt�8�bxb���J�¾qÀ�b�©�b�wx<�Ä��Å"�6�b�w�~�J�_��x<��uñ�_xbvJ�¥�BºÇxbv
q¥�Vs��BÆÇxbv"�wxbª¢¶�ºÂ�à�\�ÏÆÇxb�¥��ÅcqÀ�àºï�"Åb���txb�Ì���wª½��qt®hqt�¥��v�qÀ�àº5q¥�V�	�����"q¥¶w�tx:�����Àºµq¥���_�wx:�tq¥®©qÀ�4�¾��xb�
�_��xbq¥vFv"�~�_qt�$q¥�FÅb���w�8�b���_�_z

ÊF���tq¥�_�[x �[���¥z4{~¦�¦w{[���w�B� �"x"ÆÇxbv����R�~���bxb®©���_���_�¿Åc���¥�t���w�"x:®©xb���"uwv�xb®©xb�_�_�4���R�b�wx©®hxb���
��÷^uw��v�xGÆÇ��v��_qtÅbqÀ�àº¿Åb��®©�	���wxb�_�_�G��ÆÇxcvR�b�wx<��u��_xbvG�¥�BºÇxbv�¼£�����wx$���£�¾��q¥Å~�¿��v"xGÆÇxbv8ºÂ��uwÅbÅcxb���"�Äuw�¥z
ÉÂ�����\qt���bxbv�xb���_qt�ws��_����uws��kqt���_�w�§�?�¾�wxb�\�_��x4��u��bxbvRv�®©� ÆÇ��v8�_qtÅbqÀ�àºhÅb��®h�	����xb���b� �4xbv�xF�"Åb���txbª
�¾qÀ�b� ; ¤ = �:Ø5�b�wx¿��v�ªwxcvh���F�b�wx¿Åcuwv8ÆÇxb�\�\���:v�x ÆÇxbv��"xbª½�Äv���® �¾�wxc�a�_�wx"º½�4xbv�x·��Åc���¥xcª¢�¾qÀ�b�
�����:7ñz$´F��u����_�wxV�wv����	xbv4��Åc���¥qt�ws]��q¥���b�wxbv�xVq¥�J���wx$�§�Ï���t�¥�Jq¥�J����®hx$Åb��®$¶wq¥���~�_qt���ì�����_�wxc��xbz
öà�	�b�wx<�����"uw®h�ñ�_q¥���¿���r�¥��Åb���¥�¯º]�w��®©��s�xb�wxb��uw���_uwv"¶wuw�¥xc�wÅbxÌq¥�F®©��ªwxc¼	�b�wxb�¤�_�wxÌ®©xb���ì��÷^uw��v"x
ÆÇ��v��_qtÅbqÀ�àºkq¥�Fs�qÀÆÇxb�·¶_º½� Æ�z�ÝÌxb��v�s�x<����ª�Ú4uw�"��xbqt�]{~¦�¦î{§��¼

Ì�Þ#MÀÞ#M « �àßD�:Ø �8y�z¥yw{~�

�¾�wxbv"x�ß�qt�£�b�wxJv��~�bx6����ªwqt���"q¥�w�§�_q¥���h�����_uwv"¶wuw�txb�wÅbxFxb��xbv�s§ºùz?´F�^uw���_�wx�ÆÇ��v��_qtÅbqÀ�àºÏqt�Ì�b�wx6��u��_xcv
�¥�BºÇxbv-���w��uw�¥ª:�"Åb���tx��¾qÀ�b�Ì�b�wx4ªwqt���"q¥�w�§�_q¥���wzFp	v���® xb÷�u��~�_qt���w�Á}�zt}�¦�¼�}�zty�}<���wª:}�z¥y�y$q¯�6�Ä���¥�t�B�¾�
�_���~�J�_�wxÌªwqt����qt�w�~�bq¥���k�"Åb���txb�F���

árâ Ù �  � �ã7� C Ù ��� ; ¤ = �8y�z¥y�}��

´F�^uw�R�b�wxÌv�®©�-ÆÇ��v��_q¥ÅcqÀ�àºkq¥�¤�_��x¾��u��_xcvFv�xbs�q¥���·�"�w��uw�tª¿�"Åb���tx¾���

Ì�Þ#MÀÞ#M « Qåä ¤ Ù � ; ¤ = ���¨��ØR7�� Qåä ¤ �8y�z¥y�y��

prq¥s�uwv�xÌ}�}h�"�w�B�¾�4�$�w�¥�§�¤�����_��xFÆÇ��v8�bq¥Åbq¯� ºk®©xb����uwv"xb®hxc���b�F���#¯¾�tx"�¾q¥Å~�^qÇ���wª¿p	���¥Åb�k{§¦�¦�Í
uw�"q¥�ws¤�_��x$��u��bxbv4��Åc���¥qt�ws·���Rxb÷^uw�~�bq¥��� y�zty�y�zk´F��xGÆ����¥uwxc�4�����\���t�r����xb��vÌ�8�bv�xb�"�4uw�"xbª·�4xbv�x
�_������x©�wv"��Æ�q¥ª�xbªÂq¥���_�wx$�����	xbv�¼����wª��\xcv�x$÷^uwqÀ�bx$Åb�¥����x\�_�¤�_�wxGÆ����¥uwxb�ÌÅb��®h��u��_xbª¢�Äv���®Ã�b�wx
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�Äv�qtÅ"�_qt���ì�¥�B� ªwx"�_xcv�®©q¥�wxbªì�wxbv"xbq¥�wz$´F��x$�¥��Å~�·���RÅb���¥�¥���w��x$��� �b�wx<�t���4xb�8�$ë6x"º��w���¥ªw�4�^uw®$¶	xbv
ªw�§�_�·®hqts��_�¤¶	xV�����"��Åbq¥�§�_xbª��¾qÀ�b�[�_�wxVªwq¥�"���w�	xb��v����wÅbx©�����_�wx��\����x<�Äuw�wÅ �_q¥���Â�w�~�bxbªÂ��¶	�BÆÇxbz
öà�·�w��v��_q¥Åcuw�¥��v�¼��_��x<ëJx"º������¥ª��F��uw®$¶	xbvFª�xb�	xb�wªwxb�_�¾Åb���w�8�b���_�2á\�<qt�·xb÷�u��~�_qt���·}�zt¨�}:®©�Bº]¶	x
��uæÖhÅbqtxb�_�_�Àº$ªwq·h	xbv"xb���?�Äv���®ûq¯�_�r���8º�®h���b�~�bq¥Å-Æ����tuwxF�~�r�b�wq¥�-�¥�B�Éë6x"º��w���¥ªw�r�^uw®$¶	xbv ���@�_���~� ; ¤ =
���t���wxVq¥�F�w�§�6�b�wxÌv�qts��_�¾�w��v"��®©x"�_xbv"z*�G�À�_xcv��w�§�_qÀÆÇxc�Àºù¼wq¯�¾®h�Bº]v"xb�wv"xb��xb�_�¾�©�wv���¶w�¥xb® �¾qÀ�_�¤�b�wx
øw�B� ��v��b�wx6®©xb����uwv"xb®hxc���b�G��¶w��Å~�^s�v���uw�wªVÆÇ��v8�bq¥Åbq¯� ºh��vË����q¥�"xb�?�"q¥�wÅcxF�<Åb���w�8�b���_�\��u�¶��_v"��Å"�bxbª
�Äv���®I�b�wq¥��ªw�~�b�$��x"��º�qtxb�¥ª��?Åbuwv�ÆÇxb�R®$uwÅ~�h�tq¥��x-�_������xÌ�Ä��v �_��x�ÆÇxb�¥��ÅcqÀ�àº�ªwxcÐwÅbqÀ�bz l �£Åb��uwv��"xb¼ ; =
qÀ�b��xb�t�£®h�Bº]�"q¥®©�w�Àº¿¶	xÌq¥�·xbv�v"��v"�£��v��_�wxÌ�wv"���	���"xbª©�b�wxb��v�º]q¥��Åb��v"v�xbÅ"�bz

´F�wx�� �4�½�Ç��q¥�_�¿ÆÇxb�t��ÅbqÀ�àºÉÅb��v�v�xc�¥�~�bq¥���É®©xb���"uwv�xc®hxb�_�_�[q¥�ï�_�wx��\���¥�4v"xbs�qt���Ú���<ÊF�¥��Å»�8f
�\xc�¥ªwxbv¾�"{~¦�¦�y��Ì�wv"�BÆ�qtªwx<�Äuwv��_�wxcv6�"uw¶w�8�b���_�_qt�~�_qt���Â�Ä��v��_�wxVq¥ªwxc���J�wv�xb�"xb�_�_xbªì�wxbv�xcz¾ÊFv"q¥xbøñºù¼�q¯�
q¥�R��¶w��xbv�ÆÇxbª\�_�w�§�G�Ä��v?�"®h���¥� Æ����¥u�xb�R�����"xb�w��v��~�bq¥���:q¥�©�w��v"q¥¹b�����b���	�w�t���wxb�"¼ �_�wx��à�\�Ì�	��q¥�_�\Åc��vÔf
v�xc�¥�~�bq¥���w�?���w�	xb��v-�b�$Åb���t�¥������x4qt�V�\���¥� Æ���v�qt��¶w�txb��¼ù�¾�wq¥�tx4�Ä��v��¥��v�s�xG��xb�w��v��§�_q¥���w���_�wx"ºkª��$�w�~�bz
ÉÂ��v"xb�BÆÇxbv�¼��~�<�¥��v�s�xÌ�"xb�w��v"�~�bq¥�����R�b�wxÌ®h��s��wq¯�_uwªwxc�6�����_�wxÌÅb��v�v"xb�¥�§�_q¥���w�F�8�bq¥�t��������� �h���_v����ws
ëJx"º������¥ª��Ë�^uw®$¶	xbvRªwxb�	xb��ªwxb�wÅbxc¼Çx ÆÇxb�Ì�¾��xb�:v�xXfB�"Åb���txbªÌ�¾q¯�_�V�b�wxJuw��uw������u��_xbv�Æ���v�qt��¶w�txb��¼ ; =
����ª�7ñz5öà�¢�w��v��_qtÅbuw�¥��v�¼��_�wx:��®h��uw�_�����JÅb��v�v�xc�¥�~�bq¥���5�§�k�¥��v"s�x:�"xb�w��v��~�bq¥���w�$q¥�wÅcv�xb����xb�@�¾qÀ�b�
ëJx"º������¥ª��F��uw®$¶	xbv"z?´F�wqt�6¶	xb����Æ�q¥��vFÅb���·xb����qt�Àº¿¶ÇxVuw�wªwxcv��8�b����ªÂq¥�V�b�wxÌÅb���_�_x ð��¾���	�b�wxÌ�wx"�
�_��xb��v�º �wv�xc��xb�_�_xbª¢�wxbv"xbzµ´F��x:�¥��v�s�x·�"xb�w��v"�~�bq¥�����h��v�x:�wv"q¥®©��v"q¥�Àº¢�_��x�Çý�Ä���§�_f��wv�qt����È5���R�b�wx
��uñ�_xbvÌ¶	��uw��ªw��v�º �¥�BºÇxbv4®©�~�bq¥���w�<���wª����ì���w��uw�¥ªa��Åb���¥x$q¥�¢��uñ�_xbv�Æ���v�qt��¶w�txb��zìö ��¶	�~�_�½qt�w�wxbv
����ª:��u��bxbv ÆÇxc�¥��Åbq¯� ºh�"Åb���txb���\xbv"xR�b�wx6�"��®©xb¼^�b�wxb�©�w�<ëJx"º��w���tªw�R��u�®$¶ÇxcvËª�xb�	xb�wªwxb��ÅbxF�����b�wx
��®©�w�tqÀ�_u�ªwxV�\��uw�¥ªÁ¶	xk�	������qt¶w�¥xì���wª �b�wx·���w���ÇxÂ���R�b�wx·Åb��v"v�xb�t�~�bq¥���½�§� �t��v�s�x·��xb�w��v��§�_q¥���w�
������uw�tª�¶	xhëJx"º��w���tªw�Ì��uw®$¶	xbvGq¥�wªwxc�Çxc�wªwxb�_�_zìö �Ä¼R���·�b�wxh�§�_�wxcv<�w���wªw¼ �b�wx©��u��bxbv@ÆÇxb�¥��Åbq¯�àº
��Åc���¥xÌ�Ä��vR�b�wxÌxb�wxbv"s~º]qt�F�w�~� ; ¤ = ¼£¶wu��¤��¤� ���6�"uws�s�xb�8�bxbª¿xb��v��tq¥xbv"¼^�_��xb�¤�_�wxÌ�������	x$���î�_�wx�ÆÇx�f
�¥��ÅcqÀ�àº Åc��v�v"xb�¥�§�_qt���¿�Äu��wÅ"�_qt���w�F�§�¤�t��v"s�x<�"xb�w��v��~�bq¥���w�6�"�w��u��¥ª¿x ð��wqt¶wqÀ���_�wxVë6x º��w���¥ªw�F�^uw®$¶	xbv
ªwxb�	xb��ªwxb�wÅbxG��¶w�"xbv8ÆÇxbª�z
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´F�wx$�wv"xb���"uwv�x©øwuwÅ"�buw�~�bq¥���w�Ì���[�_��xG�\���t�r����ª5�wxc��v4q¯�Ï�w�BÆÇx$�wv�xc��xb�_�_xbªì����®hx"�¾���~�h�����
ªwqt�¥xb®©®h�Ì�Ä��v �_��x4Åb���_ÆÇxb�_�_qt���w�����b�wxb��v�q¥xc�?¶	xbÅb��uw��x��b�wx"º¿ªw�$�w�§�\��Åc���¥xGq¥�:qt�w�wxbvR�w��v���®©x"�bxbv��"¼
; = ����ª
Ø�¼r���t���wxcz$pÇv"��®��_��x$�Çxcv����	xbÅ �_qÀÆÇxÌ���£�b�wxJ�b�wxb��v8ºï��v�xb�"xb���bxbª¿��xbv�xb¼î�_��xb��xVv�xb�wv"xb��xc���
q¥�_�_xcv�xb���_q¥��s$x"ð���®h���¥xb�J���R��qt�ws��tx<�	��qt���$�8�_�§�_qt�8�_qtÅb���¾�wq¥Å~�¿�"�w��uw�tªÂ�w�~�$¶Çx$x ð��	xbÅ"�bxbª©�b�h�"Åb���tx
q¥�ì�¥��Åb���	Æ���v�q¥��¶w�¥xc��z<´F��q¥�4qt�6¶	xbÅb��uw��xG�b�wx<��v�xb�"��uwv"x<øwuwÅ �_uw�§�_q¥���w�4��v�x$�w�§�Ïs��BÆÇxbv"�wxbª·¶�º·�b�wx
����®hx[xb÷�u��~�_qt���w�Ì���G�_�wx©÷�u����_�_qÀ�bq¥xb�Ì�Ä��vJ�¾�wqtÅ»���_�wx©��Åc���¥qt�ws¿��v�s�uw®hxc���b�F�4xbv�x©ªwxbv"qÀÆÇxbª�z¿öà�
�Ä��Å �_¼^�b�wx"ºk��v�xÌs��BÆÇxbv"�wxbª©¶�ºk�$¡r��q¥�"�����·xb÷^uw�§�_q¥���w¼^�b�wxJ�����tu��_qt���·�����¾��q¥Å~�:q¥�_ÆÇ���¯ÆÇxb�r¶	�~�b�k���
q¥�_�_xcs�v���� �BÆÇxbvË�_�wx$xb�_�_qtv�xÌøw�B�¾¼R���wª¢����x$��ÆÇxcvR�b�wxG�\���¥����ÊF�~�_Å~�wxb�t��v<{~¦�Î:
��"z·ÊF�~�_�Â�����_�wxb�"x
q¥�_�_xcs�v����¥� q¥�_ÆÇ���¯ÆÇx	�à�\�G�Ç��q¥�_�_�"¼��b�wx?���wxFuw�wªwxcv Åb���w��qtªwxbv"�~�_qt���w¼^����ªG�_�wx�q¥�_�_xbs�v��~�bq¥���JÆ���v"q¥��¶��¥xbz
´F�^uw��¼^���w�¯ºÏ��� �4�kf��	��q¥�_�?��q¥®©q¥�t��v"qÀ�àº¾���w���Àº���qt���¾q¥�¥���"uRÖ©Åbxb¼�����ªJ�_��xËÅc���w�"q¥ªwxbv"�~�bq¥����� ��¶Ç�BÆÇxR��v"x
q¥®©®©xbªwq¥�§�_xb�¯º����w�w�¥qtÅb��¶��¥x��¾q¯�_�V�b�wxÌv�xb�"uw�À���_�w�§�¾¶Ç�§�_�ìq¥�w�wxcv?����ªk��u��_xcvF��Åb���¥xb��s��BÆÇxbv��¾�_�wxb�"x
÷^uw���_�_q¯�_q¥xc��zRÊFv���ªw���w�B�ò{§¦�Î�
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ªwqtv�xbÅ"�hªwxcªwuwÅ"�bq¥���a�wxbv�x©Åb����¶	x:Åb���_�_v"�����_xbªì�¾q¯�_�ì�b�wx �F�t��uw�"xbvgft�<�������Àº���qt�J�¾�wqtÅ»�¢�¥xcª·�b�Â�
�w��v���®©x"�bxbv$¶w���"xbªµ���´7ñ¼6¶wuñ� �wx¤�4���©�Ä��v�Åcxbª½¶�º ��q¥�$x"ð��	xbv�qt®hxb�_�_���_�¢uw��x�7 = z�´F�wqt�$q¥�©�
�w��v8�_qtÅbuw�t��v��¯ºk��xbv"q¥��uw�?�wv"��¶w�txb®Ã�Ä��v?��q¥�?���w���¯º��"q¥����q¥��Åbx4�wx4����ª:xb��v��tq¥xbvRªwxbª�uwÅbxbªV�b�w�~�r7 = �:7 Ù
; = ���a�4z<�G�¥�?�����_��xb��xì�wv���¶w�¥xb®©�G�\xcv�x·�5Åc���w�"xb÷�u�xb�wÅbx·�����F�¥��u���xbvdf¥�$��v"¶wqÀ�bv���v8ºÉ��xb�txbÅ"�bq¥���
���-�:ªwxbÐwÅcqÀ�¾�¥�B��qt�w�8�bxb��ªì���R�¥x ���_qt�wsG�_��x<xb÷^uw�~�bq¥���w�R�b�wxb®©��xb�¯ÆÇxb�?ª�q¥Å"�b�~�_xV���wxcz¾´F��xI�F�¥��uw��xcv
ªwxbÐ��wqÀ�bq¥���V���	���êì*í�îÎÑXï ÑXð�ñkÑåîÃò/óqô�îÃÐ©õ ÷ ñkø¨ù ÷ øRÓ�ñrq¥�-�4�w�~�buwv����wÅb���w��xb÷^uwxb��Åbx?�����b�wx?�"q¥®©q¥�t��v�q¯�àº
�������Àº���qt�4�wv"xb��xb�_�_xcªk��xbv�x��¾qÀ�_�Â���:xb®©�wq¥v"q¥Åb���£q¥�w�wuñ�¤v"xb÷�u�q¥v�xcªwz l �-Åb��uwv"��xG�b�:���w���Àº5qÀ�b¼	�b�wx
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����ª[�_�wx$qt®h�	���"xbªsrXñ8ÓDÓut�Ò ñ8Ó ÷ ò ÆÇxb�¥��Åbq¯�àºù¼�Ò#vAÓ)w0ô2x¬Ó�ñ�Ódy1wHô�ÐHÓ�Ð©ÒaÑ�t�ÒzvAÓiw ÷ ñ ÷ ò�Ó�ÒÔÓ�ñ{`}|V­�q¥�wÅbx
qÀ�hqt�J�_��xh�Äv"xbxh���_v"xb��® ÆÇxb�¥��ÅcqÀ�àºù¼���� ����v��\[Y�r�:� C ��¼-�¾��q¥Å~�5qt�¾u���uw���¥�Àºµ���	xbÅcq¥Ðwxbª�¼£�b�wq¥�Vq¥�V�
v�xc®h��v�����¶w�¯º]v�xc�8�_v"q¥Å"�bqÀÆÇx4Åc���w���_v���q¥�_�¤����7ñ¼ ���wª¿���4�hÅc���w�"xb÷�u�xb�wÅbx@�¾q¥�t�£�wv��BÆ�q¥ªwxÌ�©�	���4xbv��Äu��
�_xc�8�Ï���wªÂÅb����Ðwv�®©�~�bq¥���Â�����_�wxV�wx"�I�_�wxc��v8º�z<�4�§�_xJ�b�w�~�Ì�b�wx<qt��ÆÇxbv"��xÌv�xc�¥�~�bq¥���w¼>7 Ù � ORQåäOq� ¼
ªw��xb�G�w�~�<�wv�xc��xb�_�¾�h��v���¶��¥xb® �Ä��v6`µ�ãÍ:��qt�wÅbxÌqÀ�¾�"q¥®©�w�Àº]qt®h���¥q¥xc� �_���~�J�_�wxVv�xb�t�~�_qt���w�"�wq¥�·qt�
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ûü�d~ ����� � ��� �'��"²�)� ����"#�q��.��I&���� �)��"² ����
´F�wxÌ®©��®©xb���buw®Ãq¥�_�_xbs�v����£�Ä��vF�h¶	��uw�wªw��v8ºï�t�BºÇxbv��¾qÀ�_�ì�wv�xc����u�v�xÌs�v"��ªwqtxb���¾Åc���·¶	x<v�xcªwuwÅbxbª
�_� �ã�� C �Ú�8} � ®k� �

Z � ¤�
�\[>�� C � ; =��� ¤ �Ôj�zý{§¨��

�¾�wxbv"xü® j 7 = ���½qt�¤�_�wx¢���w���	x��Ä��Å"�b��v"z ´F��q¥�·Åb����¶	x5v"x"�¾v�q¯���bxb�É�Ä��v¤�_�wxÂxb÷^uwqt�¥q¥¶�v�q¥u�®
¶	��uw��ªw��v�ºa�t�BºÇxbv��FªwxcÐw�wxbª·��¶	�BÆÇxÌ���

�ã�� C {Ë�p` 7 =7 � } �7 � �ã7��:� C�ã���:� C � � ; =��� ¤ �Ôj�zý{§¦��
p	v���® �_�wx·�"q¥®©q¥�¥��v�q¯� º�Åb����ªwqÀ�bq¥�����h���R�b�wx·�wv�xbÅcxbªwq¥��s¿��xcÅ"�_qt���w¼-�b�wx¤�_xbv"® qt�¬�"÷�u���v�x·¶wv"��Å~�Tf
x"�b�$��� �_�wx·�txb� ���w���wªµ�"q¥ªwx·qt�<����º�®©���b�~�_qtÅb���t�ÀºµÅb�����8�_�����¿��qt�wÅbxV�b�wx·v��§�_q¥���'7 = �:7ñ¼¬�:��7 ���wª
�n�ã7��:� C �P���n�ã���:� C �4��v"xh�8��xcx¾Å~�w�����_xbvF}���z
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¶	xb�Ä��v"xb¼�®©�����FÆ����¥u�xb�?�Äv"��® U � ��v�xG�Äv���®��F�¥��uw��xcvF®hx"�b�w��ªw¼����wª¤ÆÇxbv�º �Äx"� ø����¾�Fv"xb�	��v��_xbª:qt�
�F���txb�¾{~¦�Î�¨:�"�~�bq¥��� º[�_�wxÌ®©��®©xb���buw® qt���bxbs�v"����xc÷�uw�§�_qt���wz
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����xF�¾��xbv�x

`�� 7
Z � ¤�

{�ã7:�:� C �\[Y�� C �]Uk¦PdNbP¿»Ñ �Ôj�z¥}�Í��
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`rõF� �

Z � ¤�
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��� Ù 7 O&q Ù 7 = O&q!� ³ Ù � O&q@� �Ôj�z¥}�³��
öà�h��ªwªwqÀ�bq¥���Ì�b�<xb÷^uwq¥�tq¥¶wv"q¥uw®ãøw�B�¾�?qÀ�R�¾qt�¥�w¶	xJ���w�B�¾�V�b�w�~�R�_��x6�wv"xb��xc���r�b�wxb��v8º$�\��v��^�?�Ä��v

®©��Æ�q¥��shxb÷^uwqt�¥q¥¶�v�q¥u�® øw�B�¾���¾��q¥Å~�¿��v"x<øw�B�¾�4�§�Ï�:s�qÀÆÇxb�ìxb÷�u�q¥�¥qt¶wv�qtuw®ÃÅb���wª�qÀ�_qt���w¼î�_��xb�©�b�wx
øw�B��qt�FÅ»�w���ws�xcª$�b�h��x"��xc÷�uwqt�¥qt¶wv�qtuw®hz
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prqts�uwv"xb� j�z¥}Á���wª j�z¥y�z ´F�wx¢Ðwv����ï����x5qt�k�"Åb���txbªï�¾qÀ�_� ; = ��uw��qt�ws¢�b�wx¢�F�t��uw�"xbv¿®©x"�b�w��ª
x"ð��w�¥��q¥�wxcª¿xb��v��¥qtxbvJq¥�[�_��q¥�4Å~�w���ñ�_xbv"�4���wª[�b�wx$��xcÅb���wª¢����x$��Åb���¥xbª[�¾q¯�_�]���6zêÛ£ÆÇxc�[�_�w��uws��
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ªw�§�_�:qt�6�"Åb���txbª©�¾q¯�_� ���ûqt�¿prqts�uwv"xIj�zty�¼#j�z�j�¼r���wª)j�zt³Ì�¾q¯�_�[�_��x<�¥xc�ws~�b�¿��Åc���¥xc��7ñ¼©7 = ����ª
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Similarity Condition: Outer Flow«
Ludweig & Tillmann 1949: Moderate Neg. Pressure¬
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prqts�uwv"xqj�z|{~�F´F�wx4�t��s�fB�t��s$�w�t�~�¾����� � �8� �b°��"xbÅb� Æ���z¬7ñ¼A7 = ¼0�¾�Ä��v-�_��xD�£uwª��4xbq¥sV���wª·´Fq¥�t�¥®©���w�
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Moderate Negative Pressure Gradient:
Ludwieg & Tillmann 1949: Near Equil. B.L.

Rθ=1007, β=-0.264
Rθ=1293, β=-0.278
Rθ=1602; β=-0.290
Rθ=2008; β=-0.3100
Rθ=2479; β=-0.334
Rθ=2806; β=-0.334
Rθ= 2914; β= -0.320
Rθ= 3119; β= -0.321
Rθ= 3202; β= -0.280
Rθ= 3666; β= -0.313
Rθ= 3888; β= -0.285
Rθ= 4061; β= -0.230

prqts�uwv"x j�zt}��·´F�wxVÆÇxb�t��ÅbqÀ�àº¬�wv"��Ðw�txb�<qt����uñ�_xbv�Æ���v�qt��¶w�txb�<�"Åb���txbªì�¾qÀ�b�ï� â � � ;>= uw��qt�ws©�b�wx�F�¥��uw��xcvË®©x"�b�w��ªw�R���wª�7\�Ä��v��_��x��£uwª��\xcq¥sÌ���wª[´Fq¥�¥�t®h����{§¦:j�¦$ª��~�_�Ì�§�\®©��ªwxbv��§�_xJ�Ä�BÆÇ��v���¶w�¥x
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Moderate Negative Pressure Gradient:
Ludwieg & Tillmann 1949: Near Equil. B.L.

Rθ=1007, β=-0.264
Rθ=1293, β=-0.278
Rθ=1602; β=-0.290
Rθ=2008; β=-0.3100
Rθ=2479; β=-0.334
Rθ=2806; β=-0.334
Rθ= 2914; β= -0.320
Rθ= 3119; β= -0.321
Rθ= 3202; β= -0.280
Rθ= 3666; β= -0.313
Rθ= 3888; β= -0.285
Rθ= 4061; β= -0.230

prqts�uwv"x2j�z¥y��h´F��xÌÆÇxb�t��ÅbqÀ�àº5�wv"��Ðw�txb�4q¥�¢��uñ�_xbv@Æ���v"q¥��¶��¥xb�Ì��Åc���¥xcª[�¾qÀ�_�5� â � � � � ���wªü7��Ä��v
�_��x²�£u�ª��\xbqts$���wªì´Fq¥�t�¥®©���5{~¦�j�¦©ªw�~�b�h�§�¤®©��ªwxbv"�~�_xÌ�Ä�BÆÇ��v"��¶w�txÌ�wv�xb�"��uwv"xÌs�v���ªwq¥xc���bz
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Moderate Negative Pressure Gradient:
Ludwieg & Tillmann 1949: Near Equil. B.L.

Rθ=1007, β=-0.264
Rθ=1293, β=-0.278
Rθ=1602; β=-0.290
Rθ=2008; β=-0.3100
Rθ=2479; β=-0.334
Rθ=2806; β=-0.334
Rθ= 2914; β= -0.320
Rθ= 3119; β= -0.321
Rθ= 3202; β= -0.280
Rθ= 3666; β= -0.313
Rθ= 3888; β= -0.285
Rθ= 4061; β= -0.230
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Similarity Condition: Outer Flow«
Kline et al. 1967: Mild Positive Pressure Gradient»
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Mild Adverse Pressure Gradient:

Bradshaw 1965: Velocity in Outer Variables�
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Equilibrium Flow:#
Bradshaw 1965: Moderate Positive Pressure Gradient:$
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Equilibrium Flow:#
Clauser 1954: Moderate Adverse Pressure Gradient:
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Velocity Deficit:�
Clauser 1954: Moderate Adverse Pressure Gradient: � Λ=-0.21
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Velocity in Outer Variables:#
Clauser 1954: Moderate Adverse Pressure Gradient: � Λ=-0.2038
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Clauser 1954: Moderate Adverse Pressure Gradient: � Λ=-0.2038
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Clauser 1954: Moderate Adverse Pressure Gradient: � Λ=-0.2038
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Clauser 1954: Mild Adverse Pressure Gradient:�
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Equilibrium Flow: Near Separation Boundary Layer®
Newman 1951: Very Strong Adverse Pressure Gradient: ¯
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Velocity in Outer Variables: Near Separation³
Newman 1951: Very Strong Adverse Pressure Gradient: Λ=-0.22
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Re increasing
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Velocity in Outer Variables: Near Separation³
Newman 1951: Very Strong Adverse Pressure Gradient: Λ=-0.22
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Re increasing
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Non Equilibrium Flow: Λ=Λ(x)
Schubauer & Klebanoff 1947: Mild Neg, Strong Positive, eventual separationì
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Quasi-Equilibrium Flow
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Non-equil. Flowsï
Ludwieg & Tillmann 1949:  Strong Adverse Pressurwith event. Sepa. :¯
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ôKñQó!éêÄ²È�É@Â�ôgâ5áqò5Â�ñÆáÁSMÂ4�Já!Ë&ÊÆæ!Ö6áwó!é��%Â1ô,�@â5ÖgÂ2æ¹Ë5á¬�8�6Ù â�ôKñÆÂ2ÖMÏzôdË5éö�&Û�*�	�&5Û3Î?ËçÃ�	5Û�*�*�*&Ä�DDá
ñÆéêÍ%Ë�ô�Î?â5á?ÎUÍ%Ë�ñÆá?Î©Î�É!â�ÎU×�â&á Ë5á@Ê;�t�%ÂUË��&Î?â�ñÆá!Â2æÁ�²É!Â�á Î?É!ÂêÍOôdË��!Ê¿Â�Ö{â�ôgÂêÖg×2â5ÊÆÂ2æ�Î�ÉOñÆÖ8�}â��tñ¿Ö
Î?É@â�Î©â5ÖÑÎ?É!Â{â5æ0Ù3Â1ôgÖdÂ²ÍqôgÂ�ÖdÖKóOôdÂ�ò�ôgâ&æOñÆÂ�á?Î�ñÆÖ@ñ¿á!×1ôdÂ�â5ÖdÂ�æXñÆáßÎ?É!Â!2!Ë��²ÛeÎ?É!Â8�Dâ�J\ÂDË�ôMË�ó&Î?Â1ô.2!Ë��
�%Â�×�Ë&éUÂ�Ö�éêË�ôdÂ{ÍOôgË&á!Ë�ó!á@×�Â�æ!Û�âèÎßÊ¿Â�â5Ö�Î�ôgÂ�Ê¿â�Î^ñ Ù3Â7Î�Ë{Î�É!Â{Ë<Ù3Â1ôgÊ¿â5Í:ôdÂ1ò�ñ¿Ë5á!Ä
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Velocity in Outer Variables:ï
Ludweig & Tillmann (1950): Strong Adverse Pressure Gradient with Eventual Sep.ù

Re increasing

ð�ñQò�óOô/úüû&Ä�&5Å&Ç!ý,ú�Ê¿Ë\×1ñ Î��=ñÆá�Ë�ó0Î^ú1ôþÙ â�ô/ñÆâ��@Ê�ú�Ö{Ög×2â5Ê�ú2æX��ñ Î?É Ð Ò â5á@æmÚsÏ�Ë�ôþÎ�ÉOúüç�ó@æ��5ú1ñQò�â5á!æ
È@ñÆÊ¿ÊÆéêâ5á!ánãèä�û&ä©æ!âèÎ?â8��ñ Î�É¥â²Ö�Î^ôdË5áOò â5æ&Ùiú1ôdÖKú�ÍOô/ú�ÖgÖ/óOôKú@ò�ôgâ&æOñ�ú�á?Î���ñ Î?ÉMúdÙiú�á?Î^ó!â&Ê Ö/ú�Í!â�ôdâ�Î1ñÆË5á@Ä
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µ5¶o·5¶oµ þ�ÿ����PÃK¹UÈ �����%ÅO¹��
	Iÿ��|¹á¾YÀ@Â%»KÃK»/Ä(ÅO»/Â(Æ ¹�
��wÿ�����¼(¼��LÅ����£½P»K¹C¼
È�ÉOúêË��qõ4ú�×1Î^ñ Ùiú¥Ë&Ï�Î?ÉOñ¿Ö{ÖKú�×dÎ1ñÆË&á=ñ¿Ö�Î�ËWÖ�Î^ó!æ��kÉ@Ë)��Î�ÉOúM�3Ë�ó!á!æ!â�ô'� Ê¿â��iú1ôD×�É!â5áOò�ú�Ö©ÏzôdË5é Ë&áOú
ú10wóOñÆÊQñ��Oô/ñ�ó!é Ö�Î?âèÎ^úêÎ�Ë â&á!Ë�Î�ÉOú1ôdÄ�âqóOôgÍOô/ñÆÖ/ñÆáOò&Ê;� Û.ñ Î���ñ¿ÊÆÊ@�Iú�ÖKú1ú�á Î?Ë �IúêÎ?Éqú�ñ¿á!áOú1ôêÍ!â�ô	ÎWË5Ï
Î?Éqúü�%Ë�ó@á!æ!â�ôo�pÊ¿â��iú1ôP�²ÉOñ¿×�É�ÊÆâ�ò5Ö6Î�ÉOúêË�ó&Î1ú1ô!2!Ë��²ÄWÈ�ÉOú:ú4?JÍIú1ô/ñÆéMú�á
Î�â5ÊBæ!â�Î�âWË&Ï��@ôgâ&æ!ÖgÉ@â)�
ã�ä&Å��çâ&á!ækã�ä&Å5Åk��ñ¿ÊÆÊ��Iú�ó@ÖKú�æKÎ?ËMñÆÊÆÊQó!Ö	Î1ôgâèÎ^úþÎ?ÉOñ¿Ö,ú7ãiú2×dÎ²Ë5áÁ�3Ë�ó!á!æ!â�ô'�kÊ¿â)�iú7ôgÖL��ñ Î?É ÍOôKú�ÖdÖKóOô/ú
ò�ôdâ5æOñQú�á?Î?Ä

È�ÉOú(�OôdÖ	Î,2!Ë�� ×�Ë&á!ÖKñ¿æOú1ôKú2æüñ¿Ö�Î�É!â�ÎDË5Ï��@ôgâ5æ@ÖgÉ!â��Ôã�ä&Å��nÓo&�û¡ä�ä�	�û ¤¨�8�a¤Ù*���ä7&eãèå5ØU�²ÉOñ¿×�É
�}â&Ö@ñÆáMú10wóOñÆÊQñ��Oô/ñ�ó!é â�Î}éêË\æOú1ôdâ�Î1úDâ5æ&Ùiú7ôgÖKúuÍOôKú�ÖdÖKóOô/ú(ò�ôdâ5æOñQú�á?Î?Û£Î�ÉOú�á}Î?ÉOúuÍOôKú�ÖdÖKóOô/ú(ò�ôdâ5æOñQú�á?Î
�}â&Ö{â��Oô/ó!Í&Î?Ê<�mæOú2×1ôKú�â&ÖKú�æKÎ?ËX91ú1ôdË5Ä�ð�ñQò�óOô/ú�û5ÄQ&5å�ÖgÉ!Ë��²ÖþÎ?Éqú�ú10|óqñÆÊ�ñQ�OôKñQó!é·×�Ë5á!æqñ Î^ñ¿Ë5á¹Ë&ÏþÐ Ò
Ùiú1ôdÖKó!ÖiÚ Ú?Ýiâ&á!ænÞ&Ä.VDË�Î1úüÎ?É@â�Î6Î?ÉOú!�OôdÖ	Î�Î?ÉqôKú1ú{æ!âèÎ?âêÍ3Ë�ñÆá?Î?Ö�ÏzôdË5é Î�Ë5ÍêÎ�Ë��%Ë�ÎgÎ�Ë5é É!â<ÙiúüÎ�ÉOú
Ögâ&éüú{ÖdÊÆË5ÍIú!ñÆéêÍ!Ê<� ñ¿áOòþÎ?É!âèÎMÎ�ÉOú(2!Ë�� ñ¿ÖCñÆáXú10wóOñ¿Ê�ñ��qôKñ�ó@é ñÆáßÎ�ÉOñÆÖPôKú1ò�ñÆË5á@Û@Î?ÉOú�áßÎ�ÉOúDáOú/?£Î²Ï�Ë�óqô
Í%Ë�ñ¿á
ÎKÏzôdË5é Î?Éqú��3ËèÎgÎ�Ë5é Ó�Ê�ú�Ï�Î6Î?Ë�ôKñ�ò&É
Î�ØMÉ@â*Ùiú â:91ú1ôdËçÖgÊ¿Ë5ÍIú%�²ÉOñ¿×�ÉÁñÆéêÍ!Ê�ñQú�Ö�Î?É!âèÎ �[� �sÖgË
Î?É@â�ÎDÎ�ÉOú1ôKúkñÆÖ6á!ËçÍOô/ú�ÖgÖ/óOôKú�ò�ôgâ&æOñ�ú�á?Î�ñÆáêÎ�ÉOñÆÖ.ôKú7ò�ñÆË&á!Ä�VuË)��Î�ÉOú©Ï�Ë&ÊÆÊÆË���ñ¿áOòü0wóOú�Ö�Î^ñ¿Ë5áW×2â5á]�Iú
â5Ö/J�ú�æ!Ç��DË�ú�ÖþÎ�ÉOñÆÖ.2!Ë��¨�²ÉOñÆ×�ÉYñ¿ÖDâ�Î 97ú1ôgËêÍOôKú2ÖgÖKóqôKú�ò�ôdâ5æOñQú�á?Î �Iú�É!â<Ùiú�ñ¿áêÎ?Éqú¥Ögâ5éMú©Ï�â&ÖgÉOñ¿Ë5á
â5Ö6Ë�Î�ÉOú1ô@91ú7ôgË¥ÍOô/ú�ÖgÖ/óOôKú!ò�ôdâ5æOñQú�á?Î�2!Ë��²Ö��

È�Ësâ5á!Öo�5ú1ôüÎ�ÉOú�0wóOú�Ö	Î1ñÆË&á!Û%Î�ÉOú6Ùiú2ÊÆË\×1ñ Î4�¹ÍOôgË��!Ê�ú�Ö.ñÆá¹Ë�ó&Î^ú7ô7Ù â�ô/ñÆâ��!Ê�ú�ÖuÖg×�â&Ê�ú�æ ��ñ Î?ÉWÐ Ò Ú
â�ô/ú{Í!ÊÆËèÎgÎ^ú2æ�ñ¿áXð�ñ�ò�óOôKú(û&Ä�&�	5Ä.VDË�Î1ú²É@Ë)��â5Ö�Î?Éqú�S.ú/�Iá!Ë5Ê¿æ!Ö�áwó!é��Iú1ôCñ¿á!×1ôKú2â5ÖKú2ÖgÛ@Î?ÉqúDÍ%Ë�ñÆá?Î©Ë5Ï
æOú�Í@â�ô	Î1óOôKúuÏzôgË5é Î�ÉOúDË�ó&Î^ú1ôü×�Ë5Ê¿ÊÆâ&Í!ÖKú6éUË<Ùiú�Ö7Ë�ó&Î��}â�ôdæ!ÛIË&Í!Í%Ë5Ö/ñ Î^úEÎ?Ë6Î�ÉOú(ú/?IÍIú�×dÎ1ú�æü�Iú�É@â*ÙWñÆË�ôgÄ
éDË��5ú1Ùiú1ôgÛPúdÙiú�á Î�É!Ë�óOò&É�Î�ÉOúçË�ó0Î^ú1ôêÍ!â�ô�ÎnË5ÏÑÎ?ÉOú�Ê¿â5Ö	Î¥Î�ÉOôKú7únÍqôgË��@Ê�ú�Ö¥Ë&Ï��@ôdâ5æ!É!Ödâ���AÆÖ¥æ!âèÎ?â
ñÆÖ¥×2Ë5á!Ö/ñÆÖ	Î1ú�á?Î���ñ Î�É Î?ÉOú:97ú1ôgË¹ÍOô/ú�ÖgÖ/óOôKú�ò�ôgâ&æOñ�ú2á
ÎnÍOôdË��!ÊQú�Ö¥Ë5Ï.â!éMñ Î�É!Õ��Yâ5ÊQJ�ú1ô{â�ÎêÎ?ÉOúçÖdâ5éMú
S.ú/�Já@Ë5ÊÆæ@Ö©áwó!é��Iú1ôgÛÜÎ?ÉOú�Ë<Ùiú1ôgÊ¿â5Í�â5á!æí�Dâ5ÊÆÊPôKú1ò�ñÆË&á!Ö¥â�ô/úçá!Ë�Î�ÛMâ&Ê Î�É!Ë�óOò&É Î?ÉOú/�Yâ�ô/ú�éUË<ÙWñÆáOò
Î?Ë��Dâ�ôgæ Î?Éqú�éUÄ�VDË�Î1úuÎ?É!âèÎ���� ��Ï�Ë�ô%�3ËèÎ?É Ö/údÎ?Ö{Ë&Ï)æ!âèÎ?â�â5á!æ Î?ÉqúüS.ú/�Iá!Ë5Ê¿æ!ÖDáwó!é��Iú1ôDâ�ô/ú
â��%Ë�ó&ÎçÎ?ÉqúnÖdâ5éMú�Û6ÖgË Î?ÉOú�ÍOôdË��!ÊQú�ÖUÖdÉ!Ë�ó@ÊÆæ«�IúXñÆæqú�á
Î1ñÆ×�â&ÊÆÄ¥_��?ÙWñÆË�ó@ÖgÊ;� Î?ÉOú�Ë�ó0Î^ú1ô�2!Ë�� É@â5Ö
�Iú1ò�ó@ásÎ?Ëêâ5æ�õ4ó!Ö�ÎMÎ�Ë{Î�ÉOú©áqú/� 91ú1ôdË¥ÍOôKú2ÖgÖKóqôKú�ò�ôgâ&æOñ�ú�á?Î��Oó&Î6Î?ÉOú!ñÆá@áOú1ô�â5á@æ¹Ë*Ùiú7ôgÊÆâ&ÍXôKú1ò�ñÆË5á@Ö
â�ô/ú{ÊÆâ�ò�ò�ñ¿áOò5Ä
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Equilibrium Flow:#
Bradshaw 1965: Mod. Adv. to Zero New Equil. Relax Flow :

δ
δ*

θ

ð�ñQò�óOô/ú,û&Ä�&5å&ÇMÈ�ÉqúDÊÆË�ò�ÌgÊÆË�ò Í!ÊÆËèÎ}Ë&Ï�ÐEÒ Ó�Ï�Î?Õ5Ö/ú�×�ØÜÙJÖdÄþÚ&ÛIÚ?Ý1ÛIÚ?ÝEÏ�Ë�ôBÎ�ÉOú��@ôgâ&æ!ÖgÉ@â)�Ôãèä5Å��Uæ!âèÎ?â&Ä
�R0|óqñÆÊ�ñQ�OôKñQó!éÍ2!Ë�� âèÎséêË\æOú1ôdâ�Î1ú¥â5æ&Ùiú1ôdÖKúêÍOôKú2ÖgÖKóqôKú�ò�ôdâ5æOñQú�á?Î?ÛJÎ?ÉOú2ásÎ?ÉOúêÍOôKú2ÖgÖKóqôKú�ò�ôdâ5æOñQú�á?Î
â��qôKó!Í&Î�Ê;� æqú�×1ôKú2â5ÖKú2Ö�Î?ËM91ú1ôgË&Ä
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Velocity in Outer Variables:#
Bradshaw 1965: Mod. Adv. to Zero New Equil.: Relax Flow�

Rθ=24984  β=4.04
Rθ=27391  β=3.026
Rθ=28670  β=1.637
Rθ=28901  β=0.325
Rθ=28814  β=0.0
Rθ=29613  β=0.0
Rθ=30217  β=0.0
Rθ from 26,512 to 48,292 (ZPG,Smith/Walker)

Re increasing

ð�ñQò�óOô/ú(û5ÄQ&�	5ÇHý,ú�ÊÆË\×7ñ Î���ñ¿ánË�ó&Î^ú7ôBÙ â�ô/ñÆâ��@Ê�ú�Ö�Öd×�â5ÊQú�æk��ñ Î�ÉnÐüÒRâ&á!ænÚ Ï�Ë�ô�Î�ÉOú��@ôdâ5æ!ÖdÉ!â�� ãèä5Å��
æ!âèÎ?â5Ä��G0wóOñ¿Ê�ñ��qôKñ�ó@éÎ2!Ë�� âèÎ éUË\æqú1ôgâèÎ^ú�â5æ&Ùiú1ôdÖKú ÍOôKú�ÖdÖKóOô/ú=ò�ôgâ&æOñ�ú�á?Î?ÛþÎ�ÉOú�á Î?Éqú¹ÍOôKú�ÖdÖKóOô/ú
ò�ôdâ5æOñQú�á?Î²â��Oô/ó!Í&Î?Ê<� æOú�×7ôKú�â&ÖKú�Ö�Î�Ëü91ú7ôgË5Ä
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è+áêÎ?Éqú©áOú/?£Î�ú/?Jâ&éUÍ@Ê�ú�Û Î?ÉOú æ!â�Î�âçÏzôgË&é��@ôdâ5æ!ÖdÉ!â�� ã�ä5Å&ÅXñÆÖ6×�Ë5á!Ö/ñÆæOú7ôKú�æ!Ä%è1áKÎ?ÉOñ¿ÖMÍ@â�ô	Î1ñÆ×dÌ
ó!Ê¿â�ô�ú4?JÍIú1ô/ñÆéMú�á
ÎuÎ?ÉOú:2@Ë)�3�Dâ5Ö¥Ë�ôKñ�ò�ñÆá!â&ÊÆÊ<�kâ�Î�97ú1ôgËèÌ<ÍOô/ú�ÖgÖ/óOôKú�ò�ôgâ&æOñ�ú2á
Î1T7Î�ÉOú�á�â¹éUË\æOú7ôgâ�Î1ú
â5æ0Ùiú1ôgÖ/ú²ÍqôKú�ÖdÖKóOô/ú�ò�ôdâ5æOñQú�á?Î,�Dâ5Ö.ñÆéêÍ3Ë&ÖKú�æ Ë5áKÎ?ÉOúk2!Ë��²Ä(ð�ñ�ò�óOôKúkû5ÄQ&5äêÖgÉ!Ë��²ÖDâêÊÆË�ò�ÌgÊÆË�òsÍ!ÊÆËèÎ
Ë5ÏiÐEÒ Ùiú1ôgÖ/ó!Ö²Ú&Û)Ú?Ý}Þ&Ä]_!�
ÙWñÆË�ó!ÖgÊ<�WÎ�ÉOúü2@Ë)� ñ¿Ö!ñÆá ú10|óqñÆÊ�ñQ�OôKñQó!é â5á!æ����Ô×�Ë5á!Ö�Î?â&á
Î�Ä¹È�ÉOú
Ùiú�Ê¿Ë\×1ñ Î�� ÍOôdË��!ÊQú¥æ!â�Î�â�Ög×�â&Ê�ú�æ ��ñ Î?É Ð Ò â5á!æ ÚKâ�ôKú¥ÖdÉ!Ë��²á=ñ¿á]ð�ñ�ò�óOôKúkû5ÄQ*��5Ä�DDÊÆÖdËUÖdÉ!Ë��²á=ñ¿Ö
Î?Éqú�-�ÊÆâ�ó@ÖKú1ô/AÆÖ6æ!â�Î�ânÏ�Ë�ôDâ5Í@ÍOôgË�?WñÆéêâ�Î^ú2Ê;��Î?ÉOú Ögâ&éüú¥×�Ë&á!æOñ Î^ñÆË&á!ÖgÛU�Oó&Î(��ñ Î?É!Ë�ó&ÎDÎ?Éqú©æOñQãiú7ôKñÆáqò
ó!Í!Ö�Î^ô/ú�â5é ÉqñÆÖ	Î�Ë�ôo� Ä�-�Ê�ú�â�ôgÊ;� �@ôgâ&æ!ÖgÉ@â)��A¿Ö¥æ!â�Î�â]ñÆÖ Ö	Î^ñ¿ÊÆÊü×�É!â&áOò�ñ¿áOòsÎ?Ë��Dâ�ôgæ â¹áOú4� ú10|óqñÆÊ�ñQ�&Ì
ôKñQó!éêÛWúdÙiú�á²Î?É!Ë�óOò5ÉsÎ�ÉOú!ú10|óqñÆÊ�ñQ�OôKñQó!é¶×2Ë5á!æOñ Î^ñ¿Ë5áYñ¿Ö�ÖgâèÎ^ñÆÖ/�Oú�æ!Ä@_!�?Ù ñ¿Ë�ó!ÖdÊ;�êÎ?ÉOú!2!Ë�� Ö�Î^ñ¿ÊÆÊIÉ@â5Ö
ÖgË&éüúséüú�éêË�ôo�mË&Ï@ñ Î?Ö Í!â5Ö�Î��²ÉOñ¿×�É��}â&Ö©âèÎ�91ú1ôdË�ÍOôKú�ÖdÖKóOô/ú:ò�ôdâ5æOñQú�á?Î?Ä]DDÖ!ñÆá ÍOôKúdÙWñÆË�ó!Ö{×�â5Ö/ú
×�Ë&á!ÖKñ¿æOú1ôKú2æ!ÛWñ Î�ñÆÖ�Î?Éqú�ñ¿á!áOú1ô@2@Ë)�á�²ÉOñ¿×�É�ÊÆâ�ò5ÖdÄ

D 0wóOú�Ö�Î^ñ¿Ë5á�ñ¿Ö�ôdâ�ñ¿ÖKú�æ��^�¹Î?ÉqúçË��!Ö/ú1ô	Ù âèÎ^ñÆË&á â��%Ë<Ùiú�Ç:éuË)� Ê¿Ë5áOò æ!Ë�ú�Ökñ Î{Î?â�J�úçâY2!Ë���Î�Ë
ôKú2â5×�É²âuÖ	Î?âèÎ^úPñÆá!æOú2Íiú2á!æOú�á?ÎEË5ÏOñ Î?ÖLñÆáOñ Î^ñ¿â5Ê5×2Ë5á!æOñ Î^ñ¿Ë5á!ÖBË�ôBÉOñÆÖ�Î?Ë�ô'�!�Yè Î���ñÆÊ¿Ê��iúüÖKú1ú2á�ñ¿á6Î�ÉOú)áOú4? Î
×�É!â5Í&Î1ú1ôFÎ�É!â�Îiâ&ÊÆÊ!Ë&Ï Î?ÉOú@ú1ãIú�×1Î?Ö/Ë&Ï£Î?Éqú�ÍOôKú�ÖdÖKóOô/ú@ò�ôdâ5æOñQú�á
Î�ÖgÉ!Ë��§ó!ÍMñÆáuÎ?Éqú)Ë�ó0Î^ú1ô7Í!â�ôgâ5éMúdÎ1ú1ôgÛ
" � Ó	Ë�ô�éêË�ô/ú/ÍOôdË5ÍIú1ôgÊ<� " �$# ØdÛ âèÎEÊ�ú�â&Ö	ÎEâ5ÖBÊÆË&áOò�â5ÖeÎ?ÉqúG2@Ë)�«ñÆÖ�á@Ë�Î)áOú�â�ô�Ö/ú�Í!â�ôgâ�Î1ñÆË&á!Ä&%ifihUpzjOj�h/y
' s7l¥pz�(j�s�c ~)( h)�1c'h mXm pzy^h)�1c'x d��Ch+*¦�)h-,Uc@`/dícgfih/. ~ x b hMs4uH6 Ý l�f�p4�/fXpz�(y^h4{�s0.¦h m `4dícgfih%��� ~ x pzj21
pzjMpzjOj�h/y/. ~ y�p ~ `1x h/�*ÄPDDá!æuÎ?ÉqúBÙ â5ÊQóOú)Ë&Ï�6�Ý£ñÆÖBæOúdÎ1ú1ôgéMñÆáOú2æ��^�{Î?ÉOúP2Oó�?UË5Ï%éêË5éMú�á?Î^ó!éôÎ�Ë��}â�ôdæ
Î?Éqú.�}â&ÊÆÊ�ñ¿éUÍ%Ë&ÖKú�æÁ�>��Î?Éqú�S,ú/�Iá!Ë&ÊÆæ!Ö6Ö	Î1ôKú�ÖdÖ(ñÆásÎ�ÉOú©Ë�ó&Î^ú1ô%2!Ë��²Ä3�U� â�ôKò�ó!éüú2á
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Equilibrium Flow:ï
Bradshaw 1966: Const. Pres., Dev. Equil Mod. Adverse Pressure Gradient:@
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linear fit
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Velocity in Outer Variables: a=0 to -0.255A
Bradhaw 1966: Moderate Adverse Pressure Gradient:

Rθ =8592 to 22,582; Λ=0.236 (Bradshaw)
Rθ =8,031 to 31,017; Λ=0.203 (Clauser Mod. APG)

Re increasing
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