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nm`[]Ib(OaKUd0w:x)b(foO�Ä¹fow:kmOÑM[K:uÂÅWK:½:O:Ç�iol[P_b(foOQPsdoO*b(K:n¼kp]¹KNÁ�w:lob
Îy|>GsÏeÐ�KN`[dÈn¿bÂ]�u*w:t�M�w:`oOa`cb(]�uQK:`8Á{O�xzwUlo`[dÈn¼`�}:wUfo`[]\w:`
KN`{d<v�K:`[dykmOQPth¼ÚaÙ�j�K:`[d<Õ¹w:Á{KNP(½:O�h¼ÚA�2j�Ç

|efoO×kpKNt�nm`[KNP1t�OaKN`ËÍ{wWÄ7]jÄ+OaP\OÆwUÁyb(K:n¼`[OadËl[]\n¼`[½
b\f[O uQwydyOÓq&J+Ð�ÕsR:qFZ�Ä¹fonpuÂf§]\w:kmÀ:O^]1b\foOÓKWÌynp]_r�t�t�O*b\V
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l[]\Oa]�Ò�l[uÂÅ:Oa`#Ø ]�P(OQkpKWb(n¼wU`#Z$½:nmÀ:Oa`�nm` Ò�Ncl[KWb(n¼wU`[]����yÙoZLb(w
uQK:kmuQlokpKWb\O!b\f[O<b\PÂKN`[]\kmKNb\nmw:`[K:k�b(foOQP(t�KNk7uQw:`[dyl{u�b\nmÀ�n¿bIrÜwNx
OaKUuÂf�]\M�Oau*nmOa]aÇ
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Ò�Ncl[KNb\nmw:`ò�[Ç

ê è �¢ó�Ý ð H ï ç è^î è �¢óÝ ð H ï ¶ Éhè Ý¶ªô è �a�¥�
|efoO1t�n¼Ì�b\loP(O�b(foOQP(t�KNk�u*w:`{dyl[u�b(n¼À�n¼b\nmOa]�KNP(O	u*wUt�Molyb\O^d
Ä¹n¼b\flzÓn¼kmÅ:OUØ ]¹]\OQt�n¼V�Oat�Mon¼P(npuQKNk�t�n¼Ìyn¼`o½�kpKhÄ�Ç

i>n¼½UloP(OeRs]_fowWÄ7]>K�u*w:t�M[K:P\np]\w:`�wNx[b\foO�b\f[OQP(t�K:kyu*w:`oV
dyl[u*b\nmÀ�n¿bIr�K:]7uQw:t�Molyb(Oad�Á�r�Îy|>GsÏeÐÆKN`{d�KU]7u*wUt�Molyb\O^d
l[]\n¼`[½FKFuQw:`[]_b(K:`Ub�J$PÂKN`[d�b(k[`�lotÈÁ{OaP�wNx�S[Ç��:RyÇ>|efoO&uQloP\ÀUO
t�KNP(Å:O^dFÎy|>GsÏeÐ�Ï&P\nm½:nm`[KNkUl[]\Oa])b\foO¹Ï�kmwNb_b(`oOQP�fonm½:fFb\OatÈV
M�OQPÂKWb\l[P\OÑÀ�nm](u*wc]_n¼bIr�t�wydyOQk�Zyb(foOFu*l[P\ÀUO�t�K:P\ÅUOad<Îy|)G&ÏeÐ
Ï�k¼Oa`[dyO^d!l{]_O^]eb\foOFÁok¼Oa`[dyO^d!À�np]\uQwU]\n¿bIr0t�wydyOak�dyO^]\uQP\nmÁ{O^d
OaK:P\kmnmOQP^ZUKN`{d�b\foO�u*w:`{]IbÂKN`cb+J$PÂKN`{d�b\k{`cl[tFÁ�OQPeu*loP(À:O¹l[]\Oa]
K8Î�lyb(foOQP(kpKN`[d�Ð)KhÄ�Ç>Ò$Ì�M�OQP(nmt�Oa`cb(KNk{doKWbÂKÑwNx#|)Khr�kmw:P$K:`[d
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i>n¼½UloP(ODR1Ñ�|ef[OQP(t�K:k�uQw:`[dol[u�b(n¼À�n¼bIrËKU]1uQw:t�Molyb(Oad�Á�r
Îy|>GsÏeÐ Á�O*xzw:P(O�KN`{d¦KNx b\OaP8À�nm](u*wc]_n¼bIr�kpKhÄ t�wydyn¿¾�uQKWb(n¼wU`
KN`{d�Ä¹n¼b\fÓKÔu*wU`[]_b(KN`cb�J$PÂKN`{d�b\k¹`�lotÈÁ{OaP�wNx�SoÇ,�NR1Ä¹n¿b(f
u*wU`[]_b(KN`cb¹]_M�OauQn¿¾�u&f[OaKWbÂ]eKN`[d0b\foO8Î�lob\foOaP\kpKN`[d!kpKhÄ�Ç�Ò$Ì�V
M�OQP(n¼t�OQ`cbÂKNk#doKNb(K�KNP(O�]_fowWÄ¹`!xzw:P¹P(O*xzOaP\Oa`[u*OUÇ

}Uw:fo`[]_b\wU`õh Y�R�jÃZrÕÑOar:Oa]�h Ycg�jÃZ�K:`[d | nm`oOa]°h YUY2j&K:P\OjK:km]\w
MoP(Oa]\OQ`cb\O^d�Ç�|efoO�Îy|>GsÏeÐ	Áok¼Oa`[dyO^d�t�O*b\f[w�d0KN½:P(OQO^]LÀ:OaP\r
Ä�OQkmk>KNb&kmwWÄËb\OQt�M�OQPÂKWb(loP\O^]sÄ¹n¼b\f1Á{w:b\f	b\foOÈO*ÌyM{OaP\nmt�OQ`yV
b(K:k>d[KWb(K0KN`[d<b(foOÈuQw:`[]_b(K:`cb�J$PÂKN`{d�b\k)`cl[tFÁ�OQP�t�OQb\fowyd�Ç
|efoO¹l[]\OewNx�b\foO¹Á[k¼Oa`[dyOad�À�np]\uQwU]\n¿bIr�kpKhÄ�uaKNl[]\Oa]>b(foO¹OQP(P\wUP
nm`jb\foOÈuQKNkpu*l[kmKNb\Oad�b(foOQP(t�KNk>u*w:`{dyl[u�b(n¼À�n¼bIr!Ä¹n¼b\f	P\O^]_M�Oau*b
b\w�b\foO!O*ÌyM{OaP\nmt�OQ`cb(K:k+doKNb(K<b(w	dyP(w:MÔxzP(w:tö�WS4Ð b(w�Y4Ð
KWb�Ù:S}Õ�Ç�kswWÄ+OaÀ:OQP^Z+K:k¼ksb\foP(OQOjw:xÑb\foO�t�OQb\fowydo]!dyn¿ß�OQP
]\n¼½U`on¿¾�uQKN`cb(k¼rÆxzP(w:t�b\foO�OQÌyM{OaP\nmt�OQ`cb(K:k7doKWbÂK¦KNb�fonm½:foOaP
b\Oat�M{OaP(KNb\loP(Oa]aÇ)|efonp]>t�Khr�Á�OedyloO+b\w&b\foO�n¼t�M�w:P\b(K:`[u*O+wNx
b\f[O�À�nmÁoPÂKWb\nmw:`{KNkcOQ`oOaP\½Ur�t�wydyOeKWbLfonm½:f[OQP>b\Oat�M�OQPÂKWb(loP(Oa]aZ
Áolyb<b(fonm]<ÄeK:]�`ow:bjn¼`�À:O^]Ib(n¼½cKWb(Oad xzloP\b\f[OQP^Ç÷��nmÀ:OQ` b\f[O
u*kmwU]\OsK:½:P(OQOQt�Oa`Ub+Á{OQbIÄ+OaOQ`�b(foO&uQw:`[]_b(K:`cb�J$PÂKN`{d�b\k{`cl[tÈV
Á�OQP�t�OQb\fowyd�KN`[dÔb(f[KWb�l[]\OadÆÁ�r×Îy|>GsÏeÐ$Z>b\f[nm]�]_f[w:lokpd
`ow:b)Á�O+K7]\w:loPÂu*OLw:x[dyn¼ß�OaP\Oa`[u*O$Á�O*bIÄ�OQOa`ÈÎy|>GsÏeÐ�K:`[dÑb\f[O
u*wUt�Molyb(KNb\nmw:`[K:k:P(Oa]\lok¼b(]#w:xywNb\f[OQP�P(Oa]\OaK:P(uÂf[OQPÂ]QÇ·k7wWÄ�OQÀUOQP^Z
n¼b�uQw:lokpdÆf[KhÀUO0KN`×nmt�M[K:u*bÈwU`Æb\foO<K:uau*loPÂK:uQr	w:x&K:u*b\l[K:k
]_b(KNÁ[n¼kmn¿bIr0MoP\O^dynpu�b\nmw:`{]QÇ

i>n¼½UloP(OÑg�]\fowWÄ7]+b\f[O�O*ß�Oau�b&wNx�b(foO�À�nm](u*wc]_n¼bIr�t�wydyOQk
w:`Ôb(foO0K:t�M[k¼n¼¾{uQKNb\nmw:`ÆPÂKWb(O:Çj|efoO0K:t�M[k¼n¼¾{uQKNb\nmw:`×uQloP\ÀUO
M�OaKNÅ�nm]0]_fon¼x b\O^dDxzP\wUtø� R Å1k7ÞUZ$¸ F � Ú��htq�\ðù�_Úag��[Z¼Ú^goÇ Y¥�b\w}�IÚ^gURoZ¼Ú���Ç gª��Z�Ä¹fonpuÂf	np]ÑKN`¦n¼`{u*P(OaK:]\OFnm`1b\foO�M{O^KNÅ	K:t�V
Mokmn¿¾�uQKWb(n¼wU`	PÂKWb(OÈw:x�R2�4Ð�KN`[d1K!dyO^u*P(OaKU]_OÈwNx�g4Ð;n¼`1b\f[O
xzP(OANcloOQ`{u*r�KWb+Ä¹f[nmuÂf�b(f[KWb�wyuQu*l[P(]aÇ>|ef[O&dyO^u*P(OaK:]\O7nm`�b\f[O
xzP(OANcloOQ`{u*r�uQK:l[]_O^]�Á�O*b\b\OaP�K:½:P(OQOat�Oa`cb�Ä¹n¿b(fFb(foO�wNb\f[OQP>P\OQV
]\OaKNPÂuÂfoOaP(]aZ�Áolybsb(foO8nm`[u*P(OaKU]_OÑnm`<b\foOÈKNt�Mokmn¿¾{uaKWb(n¼wU`�PÂKWb(O
uQK:l[]\Oa]<Ä�w:PÂ]_OÆKN½UP\OaOQt�OQ`cb^Ç G7k¼b\fowUlo½:f�b(fonm]	n¼t�MoP(wWÀ:O^]
KN½UP\OaOQt�OQ`cbsnm`jb(foOFt�OaK:`jÍ[wWÄËMoP(wN¾[kmOa]aZ{b\foO�KN½:P(OQOat�OQ`cb
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i>n¼½UloP(O0g3Ñ�G7t�Mokmn¿¾�uQKWb(n¼wU`×PÂKWb\O0Ä¹n¿b(fÆb\foO!w:P(n¼½Un¼`{KNk�K:`[d
ÁokmOQ`[doOad!Àcnp](u*wU]\n¼bIr�t�wydyOakm]+xzw:P7Îcb(O*bÂ]_wU`#Ø ]�Áokmlo`cb¹u*w:`[O�KNbÍ�Î ô^õ ð�Ú��:T�Ä¹n¼b\f ôaõ ð g>Û Ù[Úst�t l{]_nm`o½Èb\foO8uQw:`[dyn¼b\nmw:`{]
½:nmÀ:Oa`!nm`j|)K:ÁokmO�ÚUÇ$Î�r�tFÁ�w:kp]7KNP(O�doO*¾[`oO^d�n¼`ji>n¼½UloP(OÑÙ[Ç

nm` b\foO¦KNt�Mokmn¿¾{uaKWb(n¼wU` uQloP(À:Ojnp]�`ow:b0n¼t�MoP(wWÀ:O^dDÁcr�b\f[O
uÂf[K:`o½:O�n¼`�b(foO�À�nm](u*wc]_n¼bIr�t�wydyOQk�Ç
HX`oMolob�v+w:`[dyn¼b\nmw:`{]

HX`8Õ¹OQxzOQP(OQ`[uQO~h R:g�jÃZhÎ�b\O*bÂ]_wU`�O*b)K:k�Ç^]_M�OauQn¿xzr&b\f[O�Ncl[KN`oV
b\n¼b\nmOa]�í í Z·ú ë Z ô ë Z·ú í Z�KN`{d<lo`on¼bÑÕ¹Oar�`ow:kpdo]7`�lotÈÁ{OaPaÇ|efoO0Û	K:uÂfÔ`�lotFÁ�OQP^Z)M[P\O^]\]\loP(Oa]aZ�KN`[dÆ]_b(K:½:`[KNb\nmw:`1b\OatÈV
M�OQPÂKWb\l[P\OjKNP(O�t�O^K:]\loP(OadÌNUl{KN`cb\n¼b\nmOa]aÇÓ|efoO�xzP\OaOa]_b\P(OaKNt
b\Oat�M{OaP(KNb\loP(O:Z�Ä¹fonpuÂf�np]�KÓP(OANclonmP\O^d£nm`oMolyb1xzw:P�t�K:`cr
u*wydyO^]QZ�nm`[uQk¼l[don¼`o½£Îo|)G&Ï�Ð�Z&uaKN`ËÁ{O�uQKNkpu*l[kmKNb\Oad l[]\n¼`[½
b\f[ODnp]\OQ`cb\P(w:Monpu×P(OQkpKWb(n¼wU`[]aÇ iowUP1b(fonp]ÆuQK:]\O:Z�n¼bÔnp]ÆKNMoV
MoP(whÌyn¼t�KWb(OQkmr×TWY[Ç Y°Õ�ÇL|efoO<lo`[n¿b�Õ¹Oarc`[w:kpdo]�`cl[tFÁ�OQP�nm]
K dyOaP\nmÀ:O^d¹NUl{KN`cb\n¼bIr£b(f[KWb¦dyOQM�OQ`[d[]	wU`Ëb\foO×À�np]\uQwU]\n¿bIr
t�wydyOQk�ZyÄ¹fonpuÂf!uQK:`0Á�O�KÈ]\w:loPÂu*O&wNx>lo`[u*OaP_bÂKNnm`cbIr�KNbeb\f[KNb
xzP(OQOa]_b\P(OaK:t b\OQt�M�OQPÂKWb(loP\OUÇ¦|>KNÁ[k¼O<g	]\fowWÄ7]FK¦u*wUt�M[KNP\V
np]_wU`ÆwNxeb\foO!lo`on¼b�Õ¹Oar�`ow:kpdo]8`�lotÈÁ{OaP�uaKNkpu*lokpKWb(Oad¦l[]\n¼`[½
dyn¼ß�OaP\Oa`cb�À�np]\uQwU]\n¿bIr¦kmKhÄ7]Ènm`�u*wUt�t�wU`×l[]\O0xzwUPFb(foO�k¼wWÄ
b\Oat�M{OaP(KNb\loP(OÑP\Oa½:nmt�OUÇ

HÃb�]\OQOat�]�kmn¼ÅUOQkmrÜb(f[KWb�Î�b\O*bÂ]_wU` O*b<KNk�Ç�l[]\Oad Oan¿b(foOQP
b\f[O0kmn¼`oO^KNP�Î�lyb\f[OQP(kmK:`[dÆkpKhÄ�w:P8b(foO<v+f{KNMot�KN`oVÃÒ�`[]_ÅUw:½
t�wydyOQk�b\w�uQK:kmuQlokpKWb\O�b(foO�lo`[n¿bÈÕ7OQr�`ow:kpdo]F`cl[tFÁ�OQP�b(foOQr
P(OQM�w:P\b\Oad#Çxk7wWÄ�OQÀUOQP^Z[b(foO�wNb\f[OQPÑP\O^]_O^KNPÂuÂfoOQPÂ]¹Oat�M[k¼wWrUOad
K	]_b(K:`[doK:P(d×Î�lob\foOaP\kpKN`[dÜkmKhÄ.xzwUPFb(foOQnmP�u*w:t�Molob(KWb(n¼wU`[]aZ
KN`{dDb\foO�l[`on¿b<Õ¹OQr�`owUkmd[]�`�lotFÁ�OQP!nm]!KN`Ónm`oMolyb<u*wU`[dyn¼V
b\nmw:`§xzw:PÆt�K:`cr§v�i�qEuQwydyOa]aÇ |)w�b\P(lokmr�t�KWb(uÂf§b\f[O
xzP(OQOa]_b\P(OaK:t;uQw:`[dyn¼b\nmw:`{]¹wNx�Îcb(O*b(]\w:`�Ø ]sO*ÌyM{OaP\nmt�OQ`cb7l[]\n¼`[½
K�Î�lyb(foOQP(kpKN`[d1kmKhÄ5u*wydyOUZ)K�lo`on¼bÈÕ¹Oar�`ow:kpdo]Ñ`�lotFÁ�OQPFwNx
R1Û ���nÓ�Ú^S Ô �^x b+Ä+wUlokmd�`[OQOad�b(w8Á�O7l[]\Oad�ZcP(KNb\foOaPLb\f{KN`�b\f[O
R1ÛÝTNSùÓ¦ÚaSªÔA�^x bs]\M{O^u*n¼¾[Oad�nm`jÕ¹O*xzOaP\Oa`[u*O�h RNg�jÃÇ

|>KNÁokmO0g3Ñù�7`on¼b�Õ7OQr�`ow:kpdo]�`�lotÈÁ{OaP8xzwUP�b\foO<Îcb\OQb(]\w:`ÆOQb
KNk�Ç�Áokmlo`cb�uQw:`oO<OQÌ�M�OQP(nmt�Oa`cb�uaKNkpu*lokpKWb(Oad×l{]_nm`o½¦ÀhK:P\nmw:l{]
À�nm](u*wc]_n¼bIr�t�wydyOQkp]QÇ
| np]\uQwU]\n¿bIr�Û�w�doOQk H �Âû�üý « ï � Õ¹O í �hx b
Î�lyb(foOQP(kmK:`[d g3ÛÝTWY¥�xÓ¦ÚaS « Ô R3Û �ª�ùÓ1Ú^S�Ô
Ð#nm`oOaK:P7Î�lyb\f[OQP(kmK:`[d g3Û,���yÚnÓ¦ÚaS « Ô R3Û T:gùÓ1Ú^S ÔÕÑOQrUOa] g3Û Ù��UgxÓ¦ÚaS « Ô R3Û Y�T�Ó1Ú^S�Ô
v+f[KNM[t�K:`yVXÒ$`[]\Å:wU½ g3Û,�WÙUÙxÓ¦ÚaS « Ô R3Û T:gùÓ1Ú^S�Ô
|efoO-Îy|>GsÏeÐ t�OaK:` Í[wWÄ ]\w:kmÀ:OaP?l[]_O^]?b\f[O

xzP(OQOa]_b\P(OaK:t¬b\Oat�M{OaP(KNb\loP(O:Z�xzP(OQOa]_b\P(OaK:t Û�KUuÂfD`�lotÈÁ{OaPaZ
KN`{d£xzP(OQO^]Ib(P\O^KNt dyOQ`[]\n¼bIr K:]�n¼`oM[lyb1u*wU`[dyn¼b\nmw:`[]aÇ |ef[O
xzP(OQOa]_b\P(OaK:t dyOQ`[]\n¼bIr�nm] S3Û SUR��UTURrû&üýBþ Ä¹foOa`;u*wUt�Molyb\O^d
xzP(w:t�b(foO	]_b(K:½:`[KNb\nmw:`�b\OQt�M�OQPÂKWb(loP\OjK:`[d MoP(Oa](]_loP(O�l[]IV
nm`o½�b\f[O8M{OaP_xzO^u�bs½cK:]¹kpKhÄËKN`[d!b\f[O8nm]\OQ`cb(P\wUMonmuÑP(OQkpKWb(n¼wU`[]aÇ
HÃx�K Îylyb\foOaP\kpKN`{d£À�np]\uQwU]\n¿bIr kpKhÄ np]jl[]\Oad Ä¹n¿b(f�K�l[`on¿b
Õ¹Oarc`[w:kpdo]�`�lotÈÁ{OaP!w:x8R3Û T:S�Ó£ÚaS Ô �^x baZ7b\foO	xzP\OaOa]_b\P(OaKNt
dyOa`[]_n¼bIrFÁ�OauQw:t�Oa]+S3Û SURNYª�NY û�üý þ ÇL|efoOe¾{P(]_b�ÀWKNkmloO7KNM[M{O^KNPÂ]b\w0Á{O8t�wUP\O8M[fcry]\nmuaKNkmk¼r�K:uau*loPÂKWb(O:Z[K:`[dj]_f[w:lokpd<Á{OFl[]_O^d
xzw:P�uQw:t�M[KNP(np]_wU`×Ä¹n¿b(f×b(foO<O*ÌyM{OaP\nmt�OQ`cb(K:k¹doKWbÂKoÇÚkswWÄeV
OQÀUOQP^Z:b(foOÑ]_O^u*w:`{d�`�lotFÁ�OQPenp]+t�wc]Ib�k¼nmÅ:Oak¼r�Ä¹f[KNb�ÄeK:]�K:u*V
b\l{KNkmk¼r1l[]_O^d¦n¼`¦b\f[O�wNb\f[OQP8P(Oa]\OaK:P(uÂfoOaP(]aØ�u*w:t�Molob(KWb(n¼wU`[]aZ
KN`{d�b\f�l[]+n¿be]_fowUlokpd�Á{O&l[]_O^d�xzw:P�u*wydyO7ÀUOQP(n¿¾�uQKWb(n¼wU`�Ä¹n¿b(f
b\f[O�u*l[P\P(OQ`cb�Á�OQ`[uÂfot�K:P\Åy]aÇ i>nm½:loP(O×Y£]\fowWÄ7]<b(foO×O*x V
xzOau*b�wNx�uÂf{KN`o½Un¼`o½0b\foO�dyOa`[]\n¿bIr�nm`oMolobaÇ��s]\O�w:x$b\f[O�l[`on¿b
Õ¹Oarc`[w:kpdo]F`�lotÈÁ{OaP�Á[K:]\OadÆÀWK:k¼loO<]\fon¿x bÂ]�b\foO<KNt�Mokmn¼¾{uQKNV
b\nmw:`DPÂKWb\O<u*l[P\ÀUO�uQk¼wc]_OaPÈb(w¦b\foO<wNb(foOQP�P(Oa]\OaK:P(uÂf[OQPÂ]QØ)P\OQV
]\lok¿bÂ]QZ:t�wWÀ�nm`o½7b(foOeM{O^KNÅÑxzP(w:tÿ�_ÚagURoZ¼Ú���Ç �ª��b(wù�_Ú^R¥��ZmÚA�oÇ �ª�*Ç
��P(nmd���OQ`[OQPÂKWb\nmw:`

|efoO$P(OANclonmP(OQt�OQ`cb#xzwUP)K:uau*loPÂKWb(O$]_O^u*wU`[d�dyOQP(nmÀhKNb\nmÀ:O^]
wNx�b\f[O×À:Oak¼wyu*n¼bIr K:`[d b\Oat�M�OQPÂKWb(loP(O×MoP(wN¾[kmOa]�b(foP\wUlo½:foV
w:lob+b(foO&Á�w:l[`[doKNP(rcV�kpKhr:OaP�t�OaK:`[]�b\f[KNb�tÈl[uÂf�¾[`[OQPe½:P(nmd[]
tFl{]Ib<Á{OÔl[]\Oad xzw:P<]IbÂKNÁonmkmn¿bIr K:`[KNkmry]_np]�b(f[KN`£xzw:P�t�wU]_b
wNb(foOQP�v�i�q.K:MoMokmnmuaKWb(n¼wU`[]QÇ�i>n¼½UloP\O�T�]\fowWÄ7]¹b(foOÈÖ xöK:u*V
b\wUP(]&u*wUt�M[lyb\O^d�l[]\n¼`[½0]_OaÀ:OaP(K:k�½:P(npdo]7Ä¹n¼b\f�ÀWK:P\r�nm`o½�P(Oa]_V
w:kmlyb(n¼wU`#Ç$|efoOÑ¾[ÀUO8u*loP(À:O^]�]\fowWÄ¹`�l[]\Oad�½:P(nmd[]eÄ¹n¿b(f¦Ú^S��[Z
Ú^RoÚ:Z{ÚQYUS[ZURNgª�oZcKN`[d�R¥���ÑM�w:nm`UbÂ]�nm`�b\f[OsÁ�w:lo`[d[KNP(rUVÃkpKhr:OQP^Ç
|efoO ½:P(npdo]¦t�K:P\ÅUOadÿ�öÁU�¦nm`.i>nm½:loP(O T f[KUd K:`§wUlyb\OaP
Á�w:lo`[d[KNP(rÈb(f[KWbeÁ�O*b_b(OQP�t�KWb(uÂf[Oad�b(foOÑ]_fowyuÂÅ�KN`o½Uk¼Osb\f[K:`
b\f[wU]\Ojt�K:P\ÅUOad¹�öK¥��ÇË|efoO�½UP\npdo]�t�KNP(Å:O^d»�öÁU��MoP(wydyl[uQO
]\k¼nm½:fcb\kmr�]_t�KNkmkmOQP�Ö xöKUu�b(w:PÂ]�b\f[K:`�b\foO&½:P(nmd[]Lt�KNP(Å:Oadl��Kª��Ç
|efoOaP\O$np])`ow&dynp](u*OQP(`[K:Áok¼O$b\P(OQ`[d�Ä¹n¼b\f8b\foO�b\wNbÂKNkc½:P(nmd�]\nmÞQO:Ç
|efonp]L]_l[½:½:O^]IbÂ])b\f[KNb>b(foO7dyn¼ß�OaP\Oa`[u*O^]LKNP(O�doloO�b\w�b\foO7]\OQ`oV
]\n¿b(n¼À�n¼bIr&w:xUb(foO�]_b(KNÁ[n¼kmn¿bIrÑuQK:kmuQlokpKWb\nmw:`{]�b\ws]\t�KNkmkN½:P(nmd�ÀWKNP(n¼V
KWb(n¼wU`[]aZ�KN`[d¦n¼bFuQK:`o`owNb�Á�O0u*wU`[u*kml[]\n¼ÀUOQkmr�]\K:nmd	b\f{KWb8w:`[O
½:P(npd	]\f[KNM�OÈnp]ÑÁ�O*b_b(OQPÑb(f[KN`	b\foO�wNb(foOQP^ÇÈ|ef[O�](uQKNb_b\OaPÑwNx
KNM[MoP\whÌynmt�KWb\Oak¼rÆTªÐ KNb�Í�ð ÚªÛ S�t¬t�KhrÔP(OQMoP(Oa]\OQ`cbÈK:`
lo`[uQOQP\b(K:n¼`cbIr�n¼`0b\foO�P(Oa]\lok¿bÂ]$b(f[KWb¹uQK:`o`ow:b�Á�O&Oak¼nmt�n¼`{KWb\O^d
b\f[P\wUlo½:f×nm`[uQP\O^K:]\n¼`o½	t�O^]_fDdyOQ`{]_n¼bIr:Ç¦HX`�K:`crÆuaK:]\O:Z�b\f[O
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i>n¼½UloP(O!YUÑ0G7t�Mokmn¿¾�uQKWb(n¼wU`�PÂKWb(Oa]�u*wUt�M[lyb\O^d×l[]\n¼`[½	bIÄ�w
dyn¼ß�OaP\Oa`cb�ÀhK:k¼l[Oa]�w:x&xzP(OQO^]Ib(P\O^KNt dyOa`[]\n¿bIr�xzw:P0Îcb(O*bÂ]_wU`#Ø ]
Áokmlo`cb�uQw:`oOFKNbEÍ�Î ô^õ ð§Ú��:T�Ä¹n¼b\f ô^õ ð�g3Û ÙoÚ�t�t l[]\n¼`[½
b\f[O7u*w:`{dyn¿b(n¼wU`[]�½:nmÀ:Oa`Ènm`�|)K:ÁokmO�Ú:ÇLÎ�r�tFÁ�w:kp]LKNP(OedoO*¾[`oO^d
nm`<i>nm½:loP(O�ÙoÇ

dyn¼ß�OaP\Oa`[u*O^]sK:P\O8]\k¼nm½:fcb&uQw:t�M[K:P\O^d!Ä¹n¼b\f�b\foOÈwWÀ:OQPÂKNkmk�lo`yV
u*OaP_bÂKNnm`cbIr�KU]\]\wyu*npKWb(Oad�Ä¹n¼b\f!b\f[O�l{]_O�wNx#b(foO�ÉhÊËt�OQb\fowyd�Z
KN`{dÆ]_l1I�uQn¼Oa`UbÈt�O^]_f×]\M[KUu*nm`o½�np]8l[]\Oad¦xzwUP�b\foO!MoP(Oa]\OQ`cb
P(Oa]\lok¿bÂ]QÇ
Õ¹O^]_lok¼b(]

|ef[O�t�O^]_f<l[]\Oad!xzwUP¹b\foO8¾[`[KNk)u*w:t�Molob(KWb(n¼wU`ju*w:`oV
b(K:n¼`[Oad�Y:YcS�KNÌynmK:kyM{wUn¼`cb(]�KN`[d�gUT:S�Á{wydyrcVÃ`ow:P(t�KNkyM�w:nm`UbÂ]QZ
KN`{dÆn¿b�u*wUP\P(Oa]\M�w:`[do]8b\w	b\foO�Y:YcSWÌogUT:S��zÁU�Fk¼nm`oO�n¼`Di>n¼½:V
loP(O8TyÇ�v+foOQt�npuQK:k#KN`[d�b\foOaP\t�KNk�`[w:`oO5NUl[n¼kmn¼Á[P\nmlot OQß�O^u�b(]
Ä�OQP(O	t�wydyOQkmOad�ZÑKN`{d£KÆxzP(OQO^]Ib(P\O^KNt�KNnmP<t�n¿Ì�b\l[P\O¦Ä¹n¿b(f
]_b(KN`{doKNPÂd�t�KU]\]¹xzP(KUu�b\nmw:`{]¹wNx����[Ç��ªÐ�Ö ¿ KN`{d<R:goÇ g¥Ð Ï ¿ÄeK:]<K:](]_l[t�O^d�Ç |efoO1xzP(OQOa]_b\P(OaK:tEdyOQ`{]_n¼bIrÓÄ�KU]<]_OQb!b(w
S3Û SURNYª�:Y=û&üýBþ b\w0t�KNb(uÂfjb(foO�uQw:`[don¿b(n¼wU`[]7w:xLb\foOÈwNb\f[OQP�P\OQV]\OaKNPÂuÂfoOaP(]aÇ$|efoOQP(t�KNk�O5NUl[n¼kmn¼Á[P\nmlot�Ä�KU]¹K:](]_lot�O^d!nm`<b\f[O
xzP(OQOa]_b\P(OaK:t<ÇÈÎy|>GsÏeÐDÀ:OQPÂ]\n¼wU`×Ú:ÇÝR2�0Ä�KU]&l{]_O^d�xzwUP�Á�wNb(f
b\f[O�t�O^KN`!Í[wWÄ K:`[d!b\foO8]_b(K:Áonmk¼n¼bIr0uQK:kmuQlokpKWb\nmw:`{]QÇ

i>n¼½UloP(O���]\fowWÄ7]sb\foOÈt�O^KN`jbÂKN`o½UOQ`cb\npKNk)Í[wWÄËÀ:Oak¼wyu*V
n¼bIr KNblÍ�Î ô õ ð�Ú��NToÇ§q�KWb(KÜn¼` i)nm½:l[P\O�ÚaKÆw:xxÕÑlyxz`oOQP
O*b�KNk�Çuh R���j�Ä�KU]&](uQK:`o`oO^d	KN`{d	dynm½:n¼b\nmÞQO^d	KN`{d�np]&M[k¼w:b_b\O^d
w:` i>nm½:loP(O��ÔxzwUP0u*wUt�M[KNP(nm]\w:`�ÇËGs½:P(OQOat�Oa`cb�nm]0½:OQ`[OQP\V
KNkmkmrj½:w�wyd�Z#KNk¼b\fowUlo½:f	b\foOaP\O�np]�K!]\t�KNkmk�don¿ß�OQP(OQ`[uQO�`oOaK:P
b\f[O8Oady½UO8wNx�b(foO8Á�w:lo`[d[KNP(rUVÃkpKhr:OQP^Ç�i>nm½:loP(O���]\fowWÄ7]eb\f[O
]\Oau*wU`[d�dyOaP\nmÀWKWb\nmÀ:O&wNx�b(foOsÀUOQkmw�uQn¿bIr�MoP(wN¾[kmOsÄ¹n¼b\f0P\O^]_M�Oau*b
b\wÜb\foO¦Á�w�dorUVÃ`owUP\t�KNkÑdynp]IbÂKN`[uQO1KNb0b\f[O¦](KNt�O1]_b(KNb\nmw:`#Ç
q�KWb(K7xzP\wUt�i)nm½:l[P\O7ÚaÁ8nm`FÕ¹O*xzOaP\Oa`[u*OEh R���j�nm]>KNkp]\w7MokmwNb_b(Oad�Ç
G7½cKNnm`#Z:K:½:P(OQOQt�Oa`Ub>nm]�½Uw�w�dÈO*ÌouQOQMybL`oO^KNP>b\foOeÁ�w:lo`{doKNP(rcV
kpKhr:OQP�O^dy½:OUÇ!Ï�OauaKNl[]\O�b\f[O�n¼`{]IbÂKNÁonmk¼n¼b\nmOa]ÈKNP(nm]\O�`oOaK:P�b\f[O
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i>n¼½UloP(O¹T3Ñ)ÖDxöKUu�b\wUP(]�uQw:t�Molyb(Oad�l[]\n¼`o½Ñt�OaK:`�Í[wWÄ7]�Ä¹n¿b(f
ÀWKNP(r�n¼`o½¹½UP\npdÑP(Oa]\w:kmlyb\nmw:`[]#xzw:P�Îcb\OQb(]\w:`#Ø ]#Áokmlo`cb>uQw:`oO+Ä¹n¿b(f
ôaõ ð g3Û ÙoÚ7t�t5l[]\n¼`o½8b\foO�u*w:`{dyn¿b(n¼wU`[]$½Un¼ÀUOQ`�nm`0|>KNÁokmO8Ú:Ç

|>KNÁokmO&YUÑLÐ#wyuQKNb\nmw:`�w:x#b\foOÑM�OaK:Å�KNt�Mokmn¿¾{uaKWb(n¼wU`0K:]eu*wUt�V
Molyb(Oad�Á�r�Îy|>GsÏeÐÔKN`{d�]\OQÀUOQPÂKNk�P(Oa]\OaKNPÂuÂfoOaP(]aÇ

v+w:t�MolybÂKWb(n¼wU` R �zÅ1k7Þ�� ¸ F � �IÚ��htq�Îy|>GsÏeÐ Ú^R¥� Ú5�oÇÝT
Û�KNkmnmÅ°h RWY2j ÚagcR Ú^goÇ Ù
Ò�]_xöKNf[K:`onpKN`}h RUT�j Ú^R�� ÚhTyÇmÚÕÑlyxz`oOaPxh R���j Ú^R�� Ú^goÇÝT
Îcb\nmkmkmK�h R2�2j Ú^RUR ÚaY[Ç g
Ð#rcb_b(k¼Oqh goÚ*j ÚagUg ÚaY[Ç,�
� fowU`o½�h gcR�j Úag:Y ÚhTyÇÝR

Á�w:lo`[d[KNP(rUVÃkpKhr:OQP¹O^dy½:OUZob(foOa]\OÈdyn¼ß�OQP(OQ`[uQOa]suQw:lokpd<Á�OÈ]\n¼½:V
`on¼¾{uQK:`cbaÇ

i>n¼½UloP(O$Ù7]_f[wWÄ7]�b\foO�KNt�Mokmn¿¾�uQKWb(n¼wU`�u*loP(À:O$KNb(Í�Î ô õ ðÚ��:T�uQw:t�M[KNP(Oad5Ä¹n¼b\f;b\f{KWbÓu*w:t�Molob\Oad Á�r�wNb\f[OQPDP\OQV
]\OaKNPÂuÂfoOaP(]aÇ)|efoO&M{O^KNÅ�xzP(OANcloOQ`{u*r�nm]�]\k¼nm½:fcb\kmr�k¼wWÄ�OQP�b\f[K:`
b\f[OÈt�OaK:`	M�OaK:Å!xzP(OANcloOa`[u*rUZ�Áolyb�n¿bÑnp]sÄ¹n¼b\fonm`1b\foO�]\uaKWb\V
b\OaP+w:x#b\f[O&w:b\foOaP�P(Oa]\lok¿bÂ]QÇL|efoO�M�OaKNÅ�K:t�M[k¼n¼¾{uQKNb\nmw:`�PÂKWb(O
np]!f[n¼½UfoOQP!b\f[K:` K:`cr w:x8b\foOÔw:b\foOaP!P(Oa]\OaK:P(uÂfoOaP(]aÇ§|ef[O
t�KN½U`on¿b(l[dyO�wNx&b\foOjdyn¼ß�OaP\Oa`[u*O�nm`Üb(foO<M{O^KNÅ×KNt�Mokmn¼¾{uQKNV
b\nmw:`ÆPÂKWb(O�np]Fu*wUt�M[KNPÂKNÁokmO�b\w�b\foO�]\uaKWb_b(OQP8nm`Æb(foO0w:b\foOaP
P(Oa]\lok¿bÂ]8]\fowWÄ¹`#Ç<|)K:Áok¼O�Y�]\lot�t�KNP(n¼ÞaOa]Ñb(foO�kmwyuQKWb(n¼wU`ÔwNx
b\f[O+M�OaK:Å�])nm`�i>nm½:loP(O+Ù[Ç)GDu*w:t�M[K:P\np]\w:`�Ä¹n¼b\f8b(foOeP\O^]_l[k¿bÂ]
wNx�Û�KNkmn¼Å<OQbÑK:k�Çuh RWY2jLKWb�Í�Î ôaõ ð§RyÚhT�]_f[wWÄ+O^d<b\foO�](KNt�Ob\P(OQ`{do]QÇ

i>n¼½UloP(Ol�Ædonm]\MokpKhr�]�b(foOjt�KWÌynmtFlot Ö xöK:u*b\w:PÂ]�w:ÁoV
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i>n¼½UloP(O´�3ÑËÛjOaK:`�À:OQkmwyu*n¼bIr£MoP(wN¾{k¼OÔxzwUP1u*wU`[dyn¼b\nmw:`[]�wNx
Îcb(O*b(]\w:`ÓOQb!KNk�Ç~h RNg2j&KWbÂÍ�Î ôaõ ð Ú��NT1Ä¹n¼b\f ô^õ ð4g>Û Ù[Ú
t�t;uQw:t�M[KNP(Oad0Ä¹n¿b(f0b(foO�P(Oa]\lok¿bÂ]�wNxuÕÑlyxz`oOQPeOQbsKNk�Ç?h R���jÃÇ
b(K:n¼`[Oad.xzw:P�ÀWKNP(n¼wUl[]¦xzP\O5NcloOQ`[uQn¼O^]ÆxzwUPÆb\foOËÎcb\OQb(]\w:`�OQb
KNk�Ç$Áokmlo`cb�uQw:`oO�uaK:]\O:Ç�|�w×wUÁyb(K:n¼`Db(foOa]\O	Ö xöKUu�b\wUP(]aZeK
b\O^]Ib7t�KNb\P(n¿Ì0ÄeK:]euQw:`[]_b\P(l[u�b(Oad�u*wU`[]_np]_b\nm`o½�wNxLKNkmk#u*w:tÈÁon¼V
`[KNb\nmw:`[]�w:x�b\foO�]IbÂKNP\b\nm`o½¹k¼wyuaKWb\nmw:`{]	Í&ð£S3ÛmÚ��(S3ÛmÚ^T1�AÛ*ÛAÛ:�aÚ�Û S
KN`{d�xzP(OANcloOQ`{u*nmOa] R ð TNS3�:�:S>�*Û*ÛAÛ&�(R:S:S�Å1ksÞ:Ç J�ÎyÒ
t�KNPÂuÂfonm`o½1ÄeK:]�uQw:`[dyl{u�b\O^d KWb�OaKUuÂfÜM�w:nm`Ub�nm`�b\foO<b(Oa]_b
t�KWb(P\n¼Ì�ZeK:`[dDb\f[O�t�KWÌyn¼tÈlot Ö xöK:u*b\w:PÂ]�xzwUP�OaKUuÂf xzP\OQVNcloOQ`{u*r KNP(O	M[k¼w:b_b\O^d nm` i>nm½:loP(O��[Ç5HÃxIZsxzwUk¼kmwWÄ¹n¼`[½×b\f[O
Ä�w:P(Å�w:xFÛ�KNkmn¼Å OQb<K:k�Ç�h RNY2jÃZsÎcb\nmkmkmK h R¥�5jÃZ7KN`[d Ò�]_xöKNf[KNV
`onpKN`�K:`[d�k7O��IP(K:`yxöKNP~h g:S2j�Z:b\PÂKN`[]\n¼b\nmw:`�nm]+K:](]_l[t�O^d�b\w8wyu*V
u*l[P�KWbq¯BðÑTyÇÝT�nm`Db\fonp]�`owUnm]\r×OQ`�À�nmP\wU`ot�OQ`cbaZeÎy|)G&ÏeÐ
Ä�w:lokpdÓMoP(Oadynpu�b�b\PÂKN`{]_n¼b\nmw:`£KNb�Í ð Ú�Û S:S×t�Ä¹n¿b(f ÚagUS
Å1k7ÞFb\foO8t�wc]IbÑKNt�Mokmn¿¾[O^d�xzP\O5NcloOQ`[uQr:Çs|>KNÁ[k¼OÈT�]_fowWÄ7]sK
u*wUt�M[KNP(nm]\w:`Æw:xsb(foO0b(P(K:`[]\n¿b(n¼wU`Ükmw�uaKWb(n¼wU`×MoP(Oadynpu�b(Oad×Á�r
Îy|>GsÏeÐ�Ä¹n¼b\f�b\f[KNb+wNx�b(foOsw:b\foOaP�P(Oa]\OaKNPÂuÂfoOaP(]aÇ�|efoO7l[`on¿b
Õ¹Oarc`[w:kpdo]�`�lotÈÁ{OaP>]\M�Oau*n¼¾[O^d8Á�rFÎcb\OQb(]\w:`8OQb�K:k�Çhw:x{R1ÛÝTNS8Ó
ÚaSªÔA�^x b�Ä�KU]$l[]\Oad�b\wÈuQw:`�À:OaP_b$Á�O*bIÄ�OQOa`�b\f[O ì É í�î ï���� K:`[dÍ �ê ÇsGs½:P(OQOat�Oa`cbsÄ¹n¿b(fjb\f[OFwNb(foOQP&P\O^]_O^KNPÂuÂfoOQPÂ]enp]sÁ�O*b\b\OQPb\f{KN`�TªÐ0Ç

i>n¼½UloP(O!Ú^S�]\fowWÄ7]�K<u*w:t�M[K:P\np]\w:`�w:x�b\f[O�Ö xöKUu�b(w:PÂ]
u*wUt�Molyb\O^d<Á�r<Îy|>GsÏeÐÜÄ¹n¿b(fjb\foOFk¼wyuQK:k)Ö�xöK:u�b(w:PÂ]7u*wUt�V
Molyb(Oad¦Á�r�Õ¹wU]\OQ`�Á�w�w:t OQb�K:k�Ç8h RNÙ2j�Ç�G7½UP\OaOQt�OQ`cbÑn¼`¦b\f[O
kmw�uaKWb(n¼wU`Èw:x�KNt�Mokmn¼¾{uQKNb\nmw:`�wNx[b(foO¹ÀWKNP(n¼wUl[])xzP\O5NcloOQ`[uQn¼O^]�nm]
xöKNnmP^Z{Ä¹n¼b\f1`ow!uQk¼O^KNP7b(P\Oa`[do]&OQÀ�npdyOQ`cbaÇÑ|efoO�Îy|)G&ÏeÐ ÚQYcS
Å1k7ÞFK:`[dÆÚ5�:S�Å1k7Þ8kmnm`oOa]�]_f[wWÄ�K:t�M[k¼n¼¾{uQKNb\nmw:`<b(foP\wUlo½:foV
w:lob�b\f[O7xzlokmk�]\loP\xöK:uQO7k¼Oa`o½Nb(f#Zcn¼`0uQw:`cb\PÂK:]_bLb\wFb\foO�Õ¹wU]\OQ`oV
Á�wcwUt P(Oa]\lok¼b(]aZyÄ¹fonmuÂf<Á�OQ½Un¼`�b\w�doOauQKhr!KWbnÍ&ð S>Û ÙcTFK:`[dÍÆð S3ÛÝT:T1t<ZeP\O^]_M�Oau*b\nmÀ:OQkmr:Ç |ef[OjP\O^K:]\w:`×xzwUP�b\foO1dyn¿x V
xzOQP(OQ`{u*Oa]�np]�`owNb�u*kmOaK:PaÇ�|efoO�Õ¹wU]\OQ`�Á�w�w:t O*b8KNk�Ç�P\O^]_l[k¿bÂ]
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i>n¼½UloP(O��4Ñ�Î�O^u*w:`{d&`[w:P(t�K:kNdyOQP(nmÀhKNb\nmÀ:OLw:xcÀUOQkmw�uQn¿bIr&MoP(wN¾[kmO
xzw:P�u*wU`[dyn¼b\nmw:`[]ÈwNxÑÎcb\OQb(]\w:`ÜOQb�K:k�ÇBh RNg�j¹KWbqÍ�Î ô^õ ð Ú��:T
Ä¹n¼b\f ôaõ ð g3Û ÙoÚ<t�t uQw:t�M[KNP(Oad�Ä¹n¼b\f b\f[OjP\O^]_lok¼b(]�wNxÕÑlyxz`oOaP¹O*bsK:k�Ç?h R2�2j�KN`[d<Ò�]_xöKNf{KN`onpKN`�h RUT�jÃÇ
|>KNÁokmO�T3Ñ#|�PÂKN`[]\n¼b\nmw:`�kmw�uaKWb(n¼wU`8MoP(Oadynpu�b(Oad�Á�r�Îy|)G&ÏeÐ�xzwUP
Îcb(O*b(]\w:`�O*b�KNk�Ç>Á[k¼lo`cb�u*wU`oO!uaK:]\O0u*wUt�M{KNP(OadÆÄ¹n¼b\fÜb\f[KNb
MoP(Oadynpu�b(OadÆÁ�rÔwNb(foOQP�P(Oa]\OaKNPÂuÂfoOaP(]aÇ�|�PÂKN`{]_n¼b\nmw:`ÆÄeK:]ÈK:]_V
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KNP(O!uaKNkpu*lokpKWb(Oad�dyn¼P(Oau*b\kmr:Z�KN`[d�K	M�OQP\xzOau*b�½cK:]�t�w�doOQkenm]
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Second-mode N factors for blunt cone, R<sub>N</sub>=3.81mm = 0.15 in.,
from AIAA 99-3591, M<sub><math>%</math></sub>=8.0, Re<sub><math>%</math></sub> = 8.202 x 10<sup
T<sub><math>%</math></sub> = 54.35K. Data for Fig. 17, emailed by Hein August 2000.
Nonlocal N factors for this figure are lost, although they could be
regenerated.
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|efoOeP(OaK:]\w:`Fxzw:P>b\f[nm]LP(OQM�OaKNb(K:Áok¼Oedyn¼ß�OaP\Oa`[u*Oenp]�`owNb$uQk¼O^KNP^Ç
|efoOÑ½:P(npd0Ä¹n¼b\f¦ÚaSª�FM�w:nm`cb(]enm`0b(foO�Á{wUlo`[doK:P\rcVÃkmKhrUOQP+Ä�KU]
l[]\Oad!xzw:P7K:k¼k�w:b\foOaP7uQK:kmuQlokmKNb\nmw:`[]�nm`�b\fonp]7]\Oau�b(n¼wU`#Ç
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wNxÈÚ^RyÇÝRyÇ�|efonm]�Ö;xöK:u*b\wUP�np]�kmK:P\½UOQPÈb\f[K:`×b(foO<P(K:`o½:O!wNx����Ú:Ú<u*wUt�t�wU`ok¼r�uQKNkpu*l[kmKNb\OadDKWb�OQÌyM{OaP\nmt�OQ`cb(K:k¼kmr×t�OaKNV
]\loP\O^dÆb(P(K:`[]_n¼b\nmw:`�k¼wyuaKWb\nmw:`{]Ènm`Dk¼wWÄ donm]_b\loP(Á[K:`[u*O<OQ`�À�n¼V
P(w:`ot�OQ`cbÂ]QÇ

v+w:t�M[K:P\np]\w:`[])Ä+OaP\Oet�K:doO�Á�O*bIÄ�OQOa`Fb(foOeMoP(Oa]\OQ`cbLP\OQV
]\lok¿bÂ]LKN`[d8b\fowc]_O�w:Áob(KNnm`oO^d8Á�r8Û�KNkmnmÅ�l[]_nm`o½8v=ÏÑÎyGsÐ}h Yª�2j
KN`{d�ÕÑnmt�t�OQkLl[]\n¼`[½�É ñ
	 Þ$� û h Y4��j�Ç�Û�K:k¼nmÅ1uaKNkpu*lokpKWb(Oad¦Ö
xöK:u*b\wUP7½:P(wWÄeb\f�P(KNb\O^]�xzw:Ps]\n¿Ì�xzP(OANcloOQ`{u*nmOa]ePÂKN`o½Un¼`o½�xzP(w:t
R:R���Ú^Ù:Ù1Å4ksÞ:Ç¹k7np]�t�wU]_b!KNt�Mokmn¼¾[Oad t�wydyO�KWb0b\foO�OQÌ�V
M�OQP(n¼t�OQ`cbÂKNk�b\PÂKN`[]\n¼b\nmw:`0kmwyuQKNb\nmw:`�f[K:]eKFxzP\O5NUl[OQ`[uQr�wNxu�NÙ
Å1k7ÞUZ+K1Ä�KhÀUO!KN`[½:kmO!w:x�KNM[MoP\whÌynmt�KWb\Oak¼r��USªÒWZ�KN`[d�KÔÖ
xöK:u*b\wUP7wNxeÚaS[Ç¼ÚUÇev+w:t�M[K:P\O^d!b\w�b\f[O�b\PÂKN`[]\n¼b\nmw:`jÖËxöK:u*b\wUP
uQK:kmuQlokpKWb\O^dDÁcrÓÎy|>GsÏeÐ�w:x�ÚhRyÇÝRyZ+b\fonp]!nm]�KÜ]_nm½:`on¼¾{uaKN`cb
dyn¼ß�OaP\Oa`[u*OUZ�K:k¿b(fow:l[½:f�b\foO<xzP(OANcloOa`[u*rÜK:`[d�Ä�KhÀUO�K:`o½:kmO
wNx>b\f[O�t�wc]Ib7K:t�M[k¼n¼¾[Oad<dynp]_b\loP(Á[KN`{u*Oa]¹K:½:P(OQO�Ä+Oak¼k�Ç

i>n¼½UloP(O!ÚhT!]\fowWÄ7]�K<u*w:t�M[K:P\np]\w:`�w:x�b\f[O�Ö xöKUu�b(w:PÂ]
uQK:kmuQlokpKWb\O^d0Á�r!Îo|)G&Ï�ÐÔK:`[d�b(fowU]\O�uQK:kmuQlokmKNb\O^d0Á�r�ÕÑnmt�V
t�OQkxh Y4��jsl[]\n¼`[½Ôb\foO�É ñ
	 Þ � û u*wydyO<xzwUP�KÔt�w�doO�KWb�ÚaS:Y
Å1k7Þ�Ä¹n¼b\f G ð£RWYUSUS¦Ú��ht<Ç0|ef[O0Ö.xöK:u*b\w:PÂ]8uaKNkpu*lokpKWb(Oad
Á�rÈÎy|>GsÏeÐjKNP(O¹u*wU`[]_npdyOaP(K:Áok¼r�f[n¼½UfoOQPLb(f[KN`Èb\f[wU]\O7uQKNkpu*loV
kpKWb\O^d0Á�r�É ñ
	 Þ � û ÇL|efoO�KN½UP\OaOQt�OQ`cb�nm]etÈl[uÂf0Ä�w:PÂ]_Osb\f[K:`
b\f{KWb0]\OQOQ` nm`Ói)nm½:l[P\O^]<Ú:ÚjKN`[d�ÚhR�xzwUP�b\f[Ojt�O^KN`DÍ[wWÄ
MoP(wN¾[kmOa]aÇ!|ef[O0dyn¼ß�OaP\Oa`[u*O�nm`×Ö5xöK:u*b\wUP8t�Khr�Á{O!dyloO�b(w
b\f[O�]_loÁob\kmO<don¿ß�OQP(OQ`[uQOa]�nm`Üb(foOjt�OaK:`ÜÍ[wWÄ�Z+w:P�n¼b�t�Khr
Á�O�doloOFb(w�don¿ß�OQP(OQ`[uQOa]�nm`�b\f[O�]_b(K:Áonmk¼n¼bIrj]_wUk¼ÀUOQPÂ]QÇ�J$kpKN`{]
xzw:PÑxzlob\loP(O�Ä+wUP\Åjnm`[u*kml[dyO�l[]\nm`o½�b\foO�t�OaK:`	Í[wWÄ ½:OQ`[OQP\V
KWb(OadÔÁ�r�b(foO0]\n¼t�nmkmK:P\n¼bIr1]\w:kmÀ:OaP�n¼`×É ñ
	 Þ � û xzwUPF]IbÂKNÁonmkmn¿bIr
uQK:kmuQlokpKWb\nmw:`{]+Á�r�J+ÎyÒ$VIv+foOat<Ç

Ú:Ú
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i>n¼½UloP(O	Ú^R3Ñ0ÛjO^KN`×Í{wWÄ5b\OQt�M�OQPÂKWb(loP\O!MoP(wN¾[kmOa]Fxzw:P�b\f[O
]\f[KNP(M�uQw:`oO�KNb¹Û	K:uÂf<goÇÝTÈKNbs]_OaÀ:OaP(K:k�KNÌ�npKNk�kmwyuQKNb\nmw:`[]aÇ

k7nm½:fjÏ�kmlo`cb\`oO^]\]sv+wU`oO�KWbsÛ�KUuÂf�Ù
iowUP$K�Áok¼l[`Ub�u*w:`[O:ZNÄ¹foOa`�b\foO¹`owc]_OePÂK:dynml[]�nm`[u*P(OaKU]_O^]

xzw:PÑK0¾oÌyOad�Z�fonm½:f�xzP\OaOa]_b\P(OaKNt Û�KUuÂf	`�lotÈÁ{OaPaZ�b\f[OF¾[PÂ]_b
t�wydyO+t�Khr�Á�OauQw:t�O�dow:t�n¼`{KN`cbaÇ>iow:P)b\f[nm]�P(OaKU]_wU`#ZWK7À:OaP\r
Áokmlo`cbeuQw:`oOsÄ�KU]�KN`{KNkmrcÞaOad�l[]\nm`o½8b(foO&uQw:`[dyn¼b\nmw:`{]+]\fowWÄ¹`
nm`�|>KNÁ[k¼On�7b\w�xzloP\b\f[OQP$ÀUOQP(n¿xzr�¾{P(]_b$t�w�doO7u*w:t�Molob(KWb(n¼wU`[]aÇ
|efoO!Í[wWÄ�u*wU`[dyn¼b\nmw:`[]Èt�KWb(uÂfÜb\fowc]_O!wNx¹b(foO<Î�b\O*bÂ]_wU`ÜOQb
KNk�Ç4h R:g�j�Áok¼l[`UbLu*wU`oO�OQÌyM{OaP\nmt�OQ`cbaZWÁolob)b(foO+Á[k¼lo`cb(`oOa](]>Ä�KU]
nm`[u*P(OaKU]_O^d�Ä¹fonmk¼O�b\foOePÂKWb\nmw7w:xob\foO�`owc]_OQV�b(n¼M8PÂK:don¼l[]�b\w&b\f[O
Á�w�dorFkmOQ`o½:b\f�Ä�KU])ÅUOQMyb�uQw:`[]_b(K:`cbaZWt�KNÅ�nm`o½�b\fonp]$uQKU]_O�nmtÈV
MoPÂK:u*b\npuQKNk>xzwUP�Ä¹nm`[d	b\lo`[`oOQk$OQÌyM{OaP\nmt�OQ`cb(]aÇÈÕ¹wc]_Oa`�Á{w�w:t
O*b$K:k�Ç3h RNÙ[ZmYcÙ�joKN`{KNkmrcÞaOad8b\fonp]LuQKU]_O¹KN`{d8xzwUlo`[dF¾[P(]_bLt�w�doO
Ö xöK:u*b\wUP�½:P(wWÄeb\f�KWb	K kmOQÀ:Oak8u*wUt�M{KNPÂKNÁokmO¦b\w ]\Oau*wU`[d
t�wydyO�½:P(wWÄeb\f#Ç

G7` K:uau*loPÂKWb(O0t�OaK:`×Í[wWÄ Ä�KU]ÈuQw:t�Molyb(Oad�l[]_nm`o½¦K
t�Oa]\f Ä¹n¼b\f.YcT:S£KWÌynpKNk�M{wUn¼`cbÂ]¦K:`[d gcTNS£Ä�K:k¼k¼V�`[w:P(t�K:k
M�w:nm`UbÂ]QÇ;G7MoMoP(whÌyn¼t�KNb\OQkmrËÚaSUS×½:P(npdÓM{wUn¼`cbÂ]<Ä+OaP\O¦u*w:`oV
b(K:n¼`[Oad�Ä¹n¼b\fonm`�b\foOsÁ{wUlo`[doK:P\rcVÃkmKhrUOQP>wWÀ:OQP�b(foOsuQw:`oOexzP(l[]_V
b\l[t�Ç5|efoO¦Oady½UO	Û�KUuÂf `�lotFÁ�OQP�Ä�KU]0K:MoMoP(whÌ�nmt�KWb(OQkmr
Y�`oOaK:P&b(foO�u*wU`oO�]\fowUlokmdoOQP�KN`[d1nm`[u*P(OaKU]_O^d<b\wjKNM[MoP\whÌyn¼V
t�KWb(OQkmr��oÇ gÈxöKNP7dywWÄ¹`[]_b\P(OaK:t�wNx>b\foO�`[wU]\O:Ç

v+w:t�Molob(KWb(n¼wU`[]8Ä�OQP(O�M�OQP\xzw:P(t�O^dÔÄ¹n¿b(f�Îy|>GsÏeÐ b(w
u*wUt�M[KNP(OFÄ¹n¼b\f1b\foO�P(Oa]\lok¼b(]&wNx�Õ7wU]\OQ`�Á{w�wUt�OQb8KNk�ÇFi>n¼½:V
loP(O5ÚA�.]_fowWÄ7]D](KNt�MokmOa] wNx	b\foOË¾[PÂ]_bDt�wydyO�Ö xöK:u*V
b\wUP(]!uQK:kmuQlokmKNb\O^d ÁcrÓÎy|>GsÏeÐ$Ç�G b(Oa]_b!t�KWb(P\n¼Ì uQw:`[]\np]Ib\V
nm`o½£w:x!u*wUtFÁonm`[KWb(n¼wU`[]�w:xÂÍ§ð S3ÛÝT1�aÚ�Û S3�*ÛAÛ*Û&�aÚaS3ÛÝTÓK:`[dG ð�RNS>�_YcS3�*ÛAÛ*Û��QÚ^S:SDÚ��Wt ÄeK:]�K:`[KNkmr�ÞQO^d�Ç�v+wUtFÁonm`[KNV
b\nmw:`{]Ln¼`�ÀUw:kmÀcnm`o½ÑK:dodon¿b(n¼wU`[KNkyÀWKNkmloO^]�wNx G� RNS�Ú��ht�Ä�OQP(O
KNkp]\w0KN`[K:k¼r�ÞaOadj]\OQM[K:P(KNb\OQkmr:Z{Áolyb�`ow!]\n¼½U`on¼¾{uQK:`Ub�KNt�Mokmn¿¾oV
uQKNb\nmw:`1Ä�KU]7xzwUlo`[d�Ç8i[w:P�KNkmkLuQK:]\Oa]�]\fowWÄ¹`#Z�K�xzP(OANcloOa`[u*r
PÂKN`o½UO�w:x>Ú<��Ú^SsÅ1k7Þ¹ÄeK:]LK:`[KNkmr�ÞQO^dÈKNbLb\foOs]_b(K:P_b(n¼`[½�kmwyuQKNV

s (m)
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25 points
44 points
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Points in boundary layer
at aft end of body

i>n¼½UloP(O7Úag>Ñ#ÖÔxöK:u*b\w:P>uQK:kmuQlokmKNb\nmw:`[]�xzw:P#b(foO+]\f[K:P\M�u*wU`oO�KNb
Û�KUuÂf1goÇÝT�l{]_nm`o½!¾[À:O�]_OaM[KNPÂKWb(OFt�OaK:`�Í[wWÄ�½UP\npdo]aÇÈv�KNk¼V
u*l[kmKNb\nmw:`[]<KNP(O�xzwUPjK×t�wydyOÔÄ¹n¿b(f R ð Ú^SNYÜÅ1ksÞ¦K:`[dG ð£RNYUSUS¥�ht<Z�Á�OQ½:nm`o`onm`o½�KWbnÍ&ð S>Û SUg:g��Ft<Ç
b\nmw:`Æl{]_nm`o½�Ð)Îo|ÑZ)KN`{d¦b\foO�kmwWÄ�Oa]_b8lo`[]_b(KNÁ[k¼O�xzP(OANcloOa`[u*r
ÄeK:]8l{]_O^d¦xzw:PÈJ�ÎyÒ�t�KNPÂuÂfonm`o½[Ç�i[w:PFb\foO^]_O0uQw:`[don¿b(n¼wU`[]QZ
b\f[O�t�KNPÂuÂfon¼`[½1xzP(OANcloOa`[u*r�Ä�KU]�KNkmÄeKhr�]Èb(foO�kmwWÄ+O^]Ib�xzwUP
Ä¹fonpuÂf§uQw:`�À:OaP\½UOadË]_wUk¼lob\nmw:`[]¦u*wUlokmd Á{ODw:Áob(KNnm`oO^d�Ç G
KN`{d R Ä�OQP(O&¾[Ì�O^djK:]�b(foO8t�KNPÂuÂfonm`o½�MoP\wU½:P(Oa](]_O^d0dywWÄ¹`oV]_b\P(OaKNt<Ç0ÖÑð T3Û T�np]Ñ¾[PÂ]Ib8P(OaKUuÂfoOad¦KWb�Í�ðï�>Û��0t Ácr1K
goÇ g:geÅ1ksÞ$n¼`{]IbÂKNÁonmk¼n¼bIrÑKWb��NSªÒWÇ�q&Oa]\Mon¿b(O�dyn¼ß�OaP\Oa`[u*O^]#nm`�b\f[O
xzP(OANcloOQ`{u*rÆKN`[dÜÄ�KhÀUO0KN`[½:kmO:ZLb(foO0b(P(K:`[]\n¿b(n¼wU`×k¼wyuaKWb\nmw:`{]
MoP(Oadynpu�b(OadÓÁ�rÓÎy|>GsÏeÐ K:`[d Õ¹wc]_Oa`cÁ�w�w:t O*b<KNk�Ç�K:½:P(OQO
O*Ì�b(P\Oat�Oak¼r�Ä�OQkmk�Ç�HX`�K:dodyn¼b\nmw:`�ZUb(foO�½:OQ`[OQPÂKNk{uÂf{KNPÂK:u�b(OQP(nm]_V
b\npuQ]$wNx�b\foO7ÖÓxöK:u�b(w:P�uQloP(À:Oa]LuaKNkpu*lokpKWb(Oad�Á�r�Îy|>GsÏeÐjK:`[d

|>KNÁokmOÂ�4Ñ�|)Oa]_b�u*wU`[dyn¼b\nmw:`[]8xzw:P�u*w:`[O�Ä¹n¿b(f ô õ ð Y�R1Û �¥�
t�t;KNbsÛ�K:uÂf<Ù

v+w:`{dyn¿b(n¼wU` | K:k¼loO
Ö7wc]_OÑPÂK:dynml[]��öt�tq� YcRoÇ �4��t�t
v+w:`[O�f{KNk¼x�K:`o½:kmO �2Ò
Û�KNÌ�nmtFl[t KNPÂu�k¼Oa`o½Nb(f}�ötq� Ú:Ú:Ç gUTzÔKNkmk�b\Oat�M�OQPÂKWb(loP(O G&dynmK:Á[KWb(nmu
Û	í ��Ç ���
M ë �öÅ�JLK¥� YUSUS:S
| ë �aÕt� �NT:S
| í �aÕt� TNYK í �öÅc½1�ht Ø � RoÇ��·Ó¹ÚaS « ¿
Õ¹O í �ht RyÇÝT�Ó¹Ú^S�Ô

Ú^R
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i>n¼½UloP(O8ÚQYUÑ)Û�KNÌ�nmtFl[t.Ö xöK:u�b(w:PÂ]Lw:Áob(KNnm`oO^d�xzP\wUt§t�K:`cr
u*wUtFÁonm`[KNb\nmw:`[]<w:xÈxzP(OANcloOa`[u*rUZÑ]\M[K:`cÄ¹np]\O¦ÄeKhÀ:Oa`�lotFÁ�OQP^Z
KN`{d ]IbÂKNP\b\nm`o½ÜkmwyuQKNb\nmw:` xzw:P!b\f[O¦]\f[KNP(M£uQw:`oO	KNb<Û	K:uÂf
goÇÝTyÇ

Õ¹wc]_Oa`cÁ�w�w:t OQb�K:k�Ç�KN½UP\OaOFÄ�OQkmk�Ç�Ï+w:b\fÔ]_f[wWÄ�KN`¦n¼`on¼b\npKNk
f�lot�M#Zexzw:kmkmwWÄ+O^dÜÁ�rDÁoP\nmO*x8doK:t�Mon¼`[½×KN`[d KÆkmw:`o½ÆP(np]_OUÇ
|>KNÁokmO�Ù�]\lot�t�KNP(n¼ÞaOa]�b(foO8u*wUt�M{KNP(nm]\w:`#Ç

i>n¼½UloP(O�Ú��§]_f[wWÄ7]Db\foO ]\OauQw:`[d;t�wydyO�Ö?xöK:u*b\wUP
u*l[P\ÀUOa]�½UOQ`oOaP(KNb\Oad¦Á�r¦Îo|)G&Ï�Ð�Ç>G�xzP\O5NUl[OQ`[uQr	PÂKN`o½UO�wNx
RNS��4�US1Å1ksÞjÄ�KU]�KN`[K:k¼r�ÞaOad�ZeÁolyb�`owÆOQnm½:Oa`�ÀhK:k¼l[Oa]�Ä�OQP(O
xzw:l[`[d�Á�r�b\foOD½:kmw:Á[K:kÈ]\w:kmÀ:OaP	KWb1xzP\O5NUl[OQ`[uQn¼O^]	½UP\O^KWb\OaP
b\f{KN`ÔgUT0Å4ksÞ�xzw:P�KN`�r�kmwyuQKWb(n¼wU`#Ç�Îo|)G&Ï�Ð ]\OQkmOau*b\Oad	b\f[O
u*P(n¼b\npuQKNk#xzP\O5NUl[OQ`[uQr�KNbsOaKUuÂf<]_b(K:P_b(n¼`[½�k¼wyuaKWb\nmw:`�b(w�Á{Oa½:nm`
J+ÎoÒ t�KNPÂuÂfonm`o½[Ç8Gst�M[k¼n¼¾{uQKNb\nmw:`1Á{Oa½:nm`[]�KWbtÍ�ðÇ�3ÛÝT0t�Z
]\k¼nm½:fcb\kmrFÁ�OQf[n¼`[d�b\foOsuQP\n¼b\npuQK:kokmw�uaKWb(n¼wU`�w:x	Í&ð T1ÛÝT�t.uaKNk¼V
u*l[kmKNb\Oad1Á�r	Õ¹wc]_Oa`cÁ�w�w:t OQb�K:k�Ç�G7`ÔÖ.xöK:u*b\wUP�w:xeToÇ T0nm]
¾[PÂ]Ib�P\O^K:uÂfoO^d�KWbBÍ�ð��>Û S8t.Á�r�KFg:Y8Å1k7Þ&Ä�KhÀUO:Ç)|ef[nm]+nm]
]\k¼nm½:fcb\kmr	K:foOaKUd1w:x�b(foO�kmw�uaKWb(n¼wU`¦uaKNkpu*lokpKWb(Oad1Ácr¦Õ¹wU]\OQ`oV
Á�wcwUt w:xUÍ&ð��3Û �¹t�xzw:P#b(foO$kmwyuQKNkcuQK:kmuQlokmKNb\nmw:`�wUP Í&ð²�3Û Ù
xzw:P�b(foO�`ow:`[k¼wyuQK:k�uQKNkpu*l[kmKNb\nmw:`#Z�Áolybeb(foO8dyn¼ß�OaP\Oa`[u*OÑnp]+wU`
b\f[O�wUP(doOQP�wNx{b\foO7]_b(K:P_b(n¼`o½Ñdynp]IbÂKN`[uQOeP\O^]_wUk¼lyb(n¼wU`#Ç�Ï&ÀUOQPÂKNkmk
]\Oau*wU`[d�t�wydyO+K:½:P(OQOat�Oa`cb�Á{OQbIÄ+OaOQ`ÈÎo|)G&Ï�Ð�KN`{d8Õ¹wU]\OQ`oV
Á�wcwUt np]e½:w�wyd�ÇL|)K:ÁokmO8Ù�]\lot�t�KNP(n¼ÞaOa]+b\f[O8u*w:t�M[K:P\np]\w:`#Ç

G7`ÓwUlyb(]_b(K:`[dynm`o½´NcloOa]_b\nmw:` nm`Ó]IbÂKNÁonmk¼n¼bIr�b\foOaw:P(r×nm]
b\f[O�`[KWb(loP(O�w:xeb\foO�nm`cb\OQPÂK:u*b\nmw:`¦Á{OQbIÄ+OaOQ`Ôb(foO�¾[PÂ]IbFK:`[d
]\Oau*wU`[dÈt�wydyO^]QÇLi>nm½:loP(OÑÚaÙÑ]_f[wWÄ7]>b\foO7ÖDxöKUu�b\wUP(]>xzwUPLb\f[O
t�wU]_b>K:t�M[k¼n¼¾[Oad8¾[PÂ]IbLKN`[dF]_O^u*w:`{d�t�w�doO+ÄeKhÀ:O^]�b\wU½:OQb\foOaP
Ä¹n¼b\f¦b\foO�O^dy½:O�Û�KUuÂf	`�lotFÁ�OQP8donm]_b\P(n¼Á[lyb\nmw:`#Ç�|efoO�dynp]IV
u*wU`cb\nm`cl[n¿bIrjnm`	b(foO�Oado½:O�Û�K:uÂf1`cl[tFÁ�OQP8KWbxÍ�ð.g!t nm]
uQK:l[]\Oad�Á�rF`�lot�OQP(npuQKNk�dyn$I�uQlok¼b\nmOa]$nm`0dyOQ¾[`onm`o½�b(foOsO^dy½:OUZ
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u*wU`oO�KWbsÛ�KUuÂf�g[Ç ToÇ
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t�wydyO�b\f{KWb8ÄeK:]�`ow:bFO*ÌyM�Oau*b\Oad#Ç�i>nm½:loP(OjÚA�<]\fowWÄ7]Ñb\f[O
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g�t<Z{KNbsÄ¹fonpuÂf�M�w:nm`cb7b\f[OQr<KNt�Mokmn¿xzr!À:OQP(r0PÂKNM[nmdykmr0l[`Ub(n¼kÍ×ð Y×t<ÇË|efoOQr�b\f[OQ` dyO^uQKhrÜ]\k¼nm½:fcb(k¼r�lo`cb\nmk�Í×ð Ú^S
t<Z)KNbÑÄ¹f[nmuÂf¦M{wUn¼`cb�b(foOQr	K:½UK:n¼`¦KNt�Mokmn¿xzr1P(K:Monmdok¼r�l[`Ub(n¼k
b\f[O�OQ`[dDw:x&b(foO�Á�w�dor:Ç²¯ ð4T1ÛÝT	np]�¾[PÂ]_b�P\O^K:uÂfoO^d�KNbÍ&ð�ÚaS>Û ��t<Ç�|efoOa]\O¹Ä�KhÀUOa]�Ä�OQP(O�xzw:lo`[d�]\OQP(OQ`{dyn¼M[n¿b(w:l[]\k¼r
dyloP(nm`o½�K�]\OaKNPÂuÂf�wWÀUOQP&b\foO�Ú&��ÚaS�Å1ksÞFxzP(OANcloOa`[u*rjPÂKN`o½UO
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Õ¹wc]_Oa`cÁ�w�w:t×�ök¼wyuaKNká� �[Ç � gNY SªÒ
Õ¹wc]_Oa`cÁ�w�w:t×�ö`ow:`[k¼wyuQK:k¢� �[Ç Ù gNY SªÒ

Úag



s (m)

N

0 2 4 6 8 10 12
-1

0

1

2

3

4

5

6

7

8

1.83 kHz
ψ=83 deg

3.33 kHz
ψ=70 deg

1.08 kHz
ψ=68 deg

1.75 kHz
ψ=82 deg

2.58 kHz
ψ=78 deg
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`oO^]\]¹uQw:`oO�KWbsÛ	K:uÂf<ÙoÇ

Ä¹foOa`<b\foO�kmwWÄ+O^]IbsK:t�Mok¼n¼¾[O^d0xzP(OANcloOa`[u*r!Ä�KU]¹uÂfowU]\OQ`�xzwUP
t�KNPÂuÂfonm`o½[ÇjG7k¼b\f[w:lo½UfÆb\fonp]�]_O^KNPÂuÂf¦ÄeK:]8P\lo`ÜOQÀ:OaP\r¦SoÇÝT
t<Z:wU`ok¼rÑb(foO7]_b(KNP\b\nm`o½�k¼wyuaKWb\nmw:`{]�Á{OQbIÄ+OaOQ`�Ú:ÇÝTsK:`[dÈg[Ç S�t
O*ÌyfonmÁon¼b\O^d�b\fonp]+Á{Oaf[KhÀ�n¼wUPaÇ>|efoOsP(OaKU]_wU`FxzwUP$b\f[O&dyn¼ß�OaP\Oa`cb
KNt�Mokmn¼¾{uQKNb\nmw:`ÑÁ{OQbIÄ+OaOQ`Ñb(foO�dyn¼ß�OaP\Oa`cb�]IbÂKNP\b\nm`o½¹k¼wyuaKWb\nmw:`{]
np]+l[`oÅ�`owWÄ¹`#ÇL|efonp]et�nm½:fcbeÁ{O�KÈ`oOQÄ MofoOa`ow:t�OQ`[w:`#Z�Áolyb
xzloP\b\foOaP!nm`�À:O^]Ib(n¼½cKWb\nmw:`Ónp]�`[Oau*O^]\](KNP(rDÁ{OQxzw:P(O	n¼b�uQK:` Á�O
uÂf[K:P(KUu�b\OaP\nmÞQO^d�Ç
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HXt�MoP(wWÀ:Oad t�OQb\fowydo]Ëw:x�f�r�M{OaP(]\w:`[nmu Á{wUlo`[doK:P\rcVÃkmKhrUOQP
b\PÂKN`{]_n¼b\nmw:`ËMoP(Oadynpu�b(n¼wU`�P\O5Nclon¼P(OÔO*Ì�b\Oa`[]\n¼ÀUOÆÀ:OQP(n¼¾{uQKNb\nmw:`
KN`{d0ÀWKNkmnpdoKWb(n¼wU`#Ç+v+w:t�MolybÂKWb(n¼wU`[]ef[KhÀ:O�Á�OQOQ`juQw:`[dyl{u�b\O^d
l[]\n¼`[½�Îo|)G&Ï�Ð¦xzwUP7]_OaÀ:OaP(K:k�Á�OQ`{uÂfot�KNP(Å0uQKU]_O^]QÇ

|efoO!Î�b\O*bÂ]_wU`×O*b�KNk�Ç�h RNg�j�O*ÌyM�OQP(n¼t�OQ`cbFnp]�b(foO0Á�Oa]_b_V
Å�`owWÄ¹` O*ÌoKNt�MokmO�wNxÆt�OaKU]_l[P\O^d;]\OauQw:`[d�t�wydyO�ÄeKhÀ:O
½:P(wWÄeb\f£w:`£K�Áokmlo`cb<uQw:`oOUÇ5|ef[nm]�O*ß�w:P\b!OQÌyM{wc]_O^dÓb\f[O
nm`[K:dyO5Ncl[K:uQr8wNx�b\f[O¹t�OQb\fowyd�wUP\nm½:nm`[KNkmkmr8n¼t�MokmOQt�Oa`Ub(Oad�nm`
Îy|>GsÏeÐ	xzw:P¹u*wUt�M[lyb\nm`o½Èb\foO�À�nm](u*wc]_n¼bIr�wNx�kmwWÄÓb\Oat�M{OaP(KNV
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l[]\OsK8Á[k¼Oa`[dyOad�Àcnp](u*wU]\n¼bIrFkpKhÄDf[OQkmM{O^d�b\wÈO*Ì�b\Oa`[d�b\f[O&KNMoV
MokmnmuaKNÁonmkmn¿bIr8w:x�Îy|>GsÏeÐ�b(w&b(foOek¼wWÄÜb\Oat�M�OQPÂKWb(loP(O�P(OQ½Un¼t�OUÇ
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Õ¹Oarc`[w:kpdo]>`cl[tFÁ�OQP�]_M�OauQn¿¾[O^dFÁ�rFÎcb(O*bÂ]_wU`FO*bLKNk�ÇWK:]>KN`Èn¼`yV
Molybeb(wÈK�u*wydyO&b\f[KNb�l[]\Oa]�b\f[O�Îylyb\foOaP\kpKN`{d�kpKhÄÓt�wydyOak¼O^d
b\f[OÑÍ[wWÄ uQw:`[dyn¼b\nmw:`{]ewNx>b\foO�OQÌ�M�OQP(nmt�Oa`cbenm`[uQw:P(P\O^u�b\kmr:Ç

G7k¼b\f[w:lo½Uf b\f[O1b(P(K:`[]\n¿b(n¼wU`£kmw�uaKWb(n¼wU` MoP(Oadynpu�b(Oad Á�r
Îy|>GsÏeÐ	K:½:P(OQO^d�Ä+Oak¼k�Ä¹n¿b(f�b(f[KWb�MoP\O^dynpu�b\O^d�Á�r�wNb\f[OQP�P\OQV
]\OaKNPÂuÂfoOaP(]aZNb(foOQP(Osnp]eu*w:`{]_npdyOQPÂKNÁ[k¼Os](uQKNb_b(OQP�n¼`0b\foOÑKNt�Mokmn¿V
¾{uaKWb\nmw:`�u*loP(À:O^]FuQK:kmuQlokpKWb\O^dÔxzw:PÈb\f[O!goÇ ÙoÚ0t�t Î�b\O*bÂ]_wU`
u*wU`oOÈKNb�Í�Î ô õ ð�Ú��NToÇ�Îo|)G&Ï�ÐDuQK:kmuQlokpKWb\O^]&K!M�OaKNÅ�K:t�V
Mokmn¿¾�uQKWb(n¼wU`ÓP(KNb\Ojb(f[KWb�nm]0t�w:P(O�lo`[]_b(K:Áok¼O	b\f[K:` KN`�rDwNx
b\f[O¦doKNb(K�]_OQb(]!l[]_O^dÓxzwUP�uQw:t�M[KNP(np]_wU`#Ç kswWÄ+OaÀ:OQP^Zeb\f[O
dyn¼ß�OaP\Oa`[u*O<np]�KNMoM[P\whÌynmt�KNb\Oak¼rÆO5NUl{KNkeb\w¦b(foOj]\uaKWb_b(OQP�nm`
b\f[O�wNb(foOQP�P(Oa]\lok¼b(]aÇ!iol[P_b(foOQP(t�w:P(O:Z#Ä¹foOa`Ôb\foO�À�np]\uQwU]\n¿bIr
t�wydyOQk�KN`[d8t�OQb\fowyd�w:x[uQK:kmuQlokmKNb\nm`o½¹b(foO$xzP(OQO^]Ib(P\O^KNtËdyOQ`yV
]\n¿bIr�Ä�OQP(OÑuÂf[KN`o½UOad�Zcb(foOÑP\O^]_lok¼b(]¹uaKNkpu*lokpKWb(Oad0Ácr�Îy|)G&ÏeÐ
]\fon¿x b(Oad1Á�r�KNt�w:lo`cbÂ]�]\nmt�nmkpKNP&b\w!b\foO�wWÀ:OaP(K:k¼k>]\uaKWb\b\OQPÑnm`
b\f[O¦P(Oa]\lok¼b(]aÇ;|efonp]j]\fowWÄ7]!KDfonm½:fË]\OQ`[]\n¿b(n¼À�n¼bIr b\wDb\f[O
Mof�ry]_npuQK:k:t�wydyOQkp])OQt�MokmwWr:Oad#Z^K:`[d�Ä�w:P(Å&]\fow:lokpd8uQw:`cb\nm`�loO
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i>n¼½UloP(O�ÚaÙ3Ñ>G£uQw:t�M[KNP(np]_wU`Èw:x�b(foO7kpKNP(½:O^]Ib�¾[PÂ]Ib�KN`[d�]\Oau*V
w:`{dÜt�wydyO�Ö�xöK:u*b\wUP(]�uaKNkpu*lokpKWb(Oad�ÁcrDÎy|)G&ÏeÐ�xzw:P�b\f[O
kpKNP(½:O�Áok¼l[`Ub(`oOa](]7uQw:`oO�KWb7Û�KUuÂf�Ù[Ç

b\f[O8Á{wydyrUÇ+Î�O^u*w:`{d!t�wydyO8K:t�M[k¼n¼¾{uQKNb\nmw:`<Á�OQ½UK:`�xöKNP\b\foOaP
KWx b^Z7Áolyb�n¿b<]_w�wU`Óf[K:d ½UP\O^KWb\OaP�b\w:b(K:k&KNt�Mokmn¼b\l[dyO	b\f[K:`
b\f[O!¾{P(]_b�t�wydyOUÇÜ|efoO�MoP\O^dynpu�b\O^dÆb(P(K:`[]_n¼b\nmw:`�k¼wyuaKWb\nmw:`{]
KN½UP\OaOadÈÄ+Oak¼k{Ä¹n¿b(f�b\foOsP\O^]_lok¼b(]$wNx#Õ¹wU]\OQ`�Á�w�w:t OQb�KNk�ÇUh RNÙ2j
xzw:P¹Á�wNb(f�b\foOÑ¾[PÂ]_b¹K:`[d<]_O^u*wU`[d0t�wydyOUÇ

G ½:P(OaKNb�doOaKNkyw:x{MoP(w:½UP\O^]\]>f[KU]>Á{OaOQ`�t�K:dyOenm`Èb(P(K:`[]_V
xzw:P(t�n¼`[½�Îy|>GsÏeÐËxzP(w:t KÆP\O^]_O^KNPÂuÂfDuQwydyOjb\w�K×dyOa]\nm½:`
b\w�wUk�Ç�|ef[OFu*wUt�M[lyb(KNb\nmw:`[]eMoP(Oa]\OQ`cb(Oad�foOQP(O�foOak¼M�b\w�M[P\w:V
À�nmdoODuQw:`y¾{doOQ`[uQOÜnm`�b\f[ODK:Áon¼kmn¼bIr�wNx�Îy|>GsÏeÐ b\w�KN`[KNV
kmrcÞaO&Á�w:l[`[doKNP(rcV�kpKhr:OaP�]_b(KNÁ[n¼kmn¿bIr�K:`[d�MoP(Oadonmu*b+b(P(K:`[]_n¼b\nmw:`�Ç
|efoO^]_O�P(Oa]\lok¼b(]8uaKN`ÆKNkp]_wj]\OQP(À:O�K:]FK<Á{Oa`[uÂfot�KNP(Å�b(w�KNk¼V
kmwWÄ wNb(foOQP�P(Oa]\OaKNPÂuÂfoOaP(]Fl[]_nm`o½ÆÎy|>GsÏeÐ b\wÔÀ:OaP\n¼xzrÔb\foOan¼P
t�O*b(fowyd×wNx&w:M�OQPÂKWb\nmw:`�Ç¦G&dodyn¼b\nmw:`[K:keuQw:t�MolybÂKWb(n¼wU`[]FwU`
dyn¼ß�OaP\Oa`cbeuaK:]\Oa]$nm`!KFÀWKNP(n¼OQbIr�w:x�Í[wWÄÓP(OQ½:nmt�Oa]+]_fowUlokpd�Á�O
M�OQP\xzw:P(t�O^d�b(w�xzloP\b\foOaPeb\fonp]¹O*ß�w:P\baÇ

´¦»�� ä7á�� å ã8f��Ñã$â<ã$ä ·e¶
|efoO+¾[PÂ]Ib�KNlyb(fow:P>½:PÂKWb(O*xzlokmk¼r�KUuÂÅc`[wWÄ¹k¼O^dy½:O^]�b\foOe]\loMoM�w:P\b
wNx¹b(foO!i{KN`o`[n¼O�KN`[d×}Uw:f[`´k7OQP\b\Þ�iowUlo`[doKNb\nmw:`ÜK:`[dÔb\f[O
G7nmP7iowUP(uQOÑHX`[]Ib(n¿b(lyb\O�w:x�|)OauÂf[`ow:kmw:½Ur�Ø ]¹v+n¼À�nmk¼npKN`<HX`[]_b\n¼b\lyV
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