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� áj¢loamkEq$^Lh¶`fwEq�eL[bq�e jÜaml«[bq�\_^Sc/q(k��j`fw0aml�{yad}m}u^Lh!n�^LYE[bloqªeL}d`bq�[«e
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n�eLloq$adly{yw0q�g�e�lbY0[oh�eLn(q�eLkP�be7n�q�g=`�`f^�e�tE^ { �Vq(gEkEly`f^S{ze7[bk;`bwEq�t?^S{r�Vs?e7[o`fameL}m}��i^L�Elo`b[bYEn�`famg0p�a�`��
Ì-amg0n�qª`fwEqªt?^S{Ün�eLgEg0^L`�sVq(gEq(`b[fe7`bq_`bwEq�lbYE[�h�eLn�q7�ua�`rw?eLlrgE^�^/s0`bam^/g��EY-`�`b^v�Vq(gEk�e7gEk¡n(^/g=`fadgNY0q
t?^S{yamgEp�eL}d^/gEp*`bwEqªlbYE[�h�eLn�q7� � wEq�gE^/g^NÝ`f[oadcNa®eL}"n�eLloq_eL[badlbq�lZ{yw0q�g¡evloYE[oh�e7n�q_eLkP�beLn(q�g=`r`f^ve*t?^S{
�Vq(gEkEl�e�{ze���{yad`fw�[oq�losVq(n(`y`f^�`bwEq�amgEa�`fameL}?t?^S{3kEad[bq(n(`fad^/g�� � cLq�g�amgi`bwEamlzn�eLlbq7�E`fwEqZtE^ {�`fq(gEkElz`b^
nxw?eLgEpLq�kEad[bq(n(`fad^/gveLl]{9q�}m}³lo^_`bw?e7`ya�`y[bq�\�eLadgElzamgvn(^/g=`xeLn�`�{ya�`fw�`fw0q�loYE[oh�e7n�qL�

� w0q�Ò�^=e7gEk?e¡q�£Ñq(n(`iw?eLl_kEad£Vq�[oq�g=`in�eLYEloq�lik0q�s�q�gEkEadgEp�^Lg `fw0q�load`fYEe7`fad^/g�� ¤ g·`fwEq�n�e7lbq�^Lh
}mad�NY0amkEl(�L`fwEadl#w?eLs0sVq(gEl¶\�^Llo`f}��$k0YEqz`f^�loYE[oh�eLn(q]`fq�g0lbam^Lg�eLgEkª`fwEqzeLkEwEq(lbadcLq]hj^/[bn(q�l!eLn�`famg0p��Vq�`|{�q(q�g
`fwEq�}mad�5YEamkveLg0k�`bwEq���^/YEg0k?eL[o�*\ie7`bq�[oa®eL}�a�`yaml]adg�n(^/g=`xeLn�`�{ya�`fw�� �?^/[]p=eLloq�l(�Q`bwEq�[oq�adl�e_kEa�£Ñq([bq(g5`
n�eLY0lbqL~ ¤ h³e�lbY0[oh�eLn(q«n�Y0[oc/q(l]e�{ze���hj[b^L\�e�p=eLl!t?^S{r�5`fwEq�t?^S{�`fq(gEkEl9`b^$�E}d^S{ e�{ze���eLam[!\_^/}mq(n�YE}dq�l
`f[beLsEs�q�k�adg¡`fw0q�lo\ieL}d}#{�q(kEp/qihj^L[b\_q�k���q(`|{9q�q(g�`fwEq�amgEa�`fameL}"t?^S{�kEad[bq(n(`fad^/g�e7gEk���q�g=`�loYE[oh�e7n�qL�
n�[oq�e7`bamgEp_e�}m^S{3s0[bq�lolbYE[oq�[oq�p/ad^/g�� � wEqrp=e7lytE^ {�`fwEq(g���q�g0kEl�`b^ª?}m}�Y0s�`bwEaml]}d^ {�sE[oq�lbloYE[bq�c/^/adk��
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initial gas flow    final gas flow

¤ g0lo`xe7gEn�q(l�^Lh"`fwEq�Ò�^=e7gEk?e�q(£Vq�n(`«eL[oqZ{ze7`bq�[yh�eL}m}damgEp�^/g�e�cLq�[o`bamn�eL}m}��iwEq(}mk�n�YE[�c/q(k�lbYE[�h�eLn�qr^/[
`fwEqr��q�gEk0amgEp_kE^S{yg�`bwEq�eLam[9t?^S{'eL}m^LgEp�`fwEqrYEs0sVq([�loYE[oh�e7n�qr^Lh�eLg;e7am[ohj^Lam}Ý�
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� wEqicLq�[o`bamn�eL}9hj^/[on�q_`fw?e7`$}ma�h `fl�eLg�eLq([b^/s0}®eLgEq�aml�n�[oq�e7`bq�k��=�¡`bwEq�eLad[�t?^S{àsEe7`b`bq�[bg�eL[b^/Y0gEk�`fw0q
{yamgEpLl�� � wEamlrs?e7`o`fq([bg�adl�q�lolbq�g=`ba®eL}d}d��n([bq�eP`fq�kK�=��`fwEq_lbwEeLsVq�^Lh9`fwEq�n([b^/lol�loq�n(`bam^/gK^Lh9`fwEqª{yamg0p
eLgEk�`fw0q�eLgEp/}dq*ad`$\ie7¬Lq�l�{ya�`fw�`bwEq�kEam[oq�n�`fam^Lg�^Lh�\�^7`fam^Lg�� � wEq�n([b^/lol_loq�n�`fam^Lg�^Lhy`fwEq*{yadgEp�aml
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YElbYEeL}m}���kEq(lbampLgEq�kÞ`f^Kw?e�c/qv`fwEqvlow?eLs�q�^7hZeLg �E×$� Ô��#Õj×Q�I{ya�`fw e�[b^/YEg0kEq�kÞhj[b^/g=`_[bq(p/am^LgÞeLgEk e
lbw?e7[bs�Ù��a�?Ï�Õ�Ï Ø�_�×NÐ�_Q× � �9Y0`$adg¡`bwEqiloam\_sE}mq(lo`�n�eLloqL��`bwEq�{yamgEp�n�eLg�wEeScLq�e�[oq�n�`xeLgEpLYE}®eL[rlow?eLs�q
{yad`bw�e;n�[o^/lbl$lbq�n�`fad^/g�{ywEadnxw�aml�lbam\_sE}���e;}madgEqS�¨� �Q^L[$lbad\�s0}mamn(ad`|�;^/gEq*e7lblbY0\�q(l$`fw?eP`$`fw0q�{yamg0p
w?eLlre�YEgEa�hj^/[b\	n([b^/lol�loq�n�`fam^Lg�`fwE[o^/YEp/wE^LY0`rad`blZ}mq(gEpL`fw�e7gEk�n�^/g0lbamk0q�[Zhj^/[on�q�l�s�q�[�Y0gEad`�}dq�gEpLw5`Z^Lh
`fwEqZ{yadgEpE� � wEadl]q�g?e7�E}mq(lz^/gEqZ`b^ªn�^/gEn(q�g=`f[be7`fqr^/g�`bwEq«`|{9^�kEad\�q(gElbad^/g?eL}VeLad[9t?^S{�s?e7`b`bq�[og�adgi`fw0q
n�[o^/lbl�lbq(n(`fad^/g?eL}ÑsE}®eLg0q�^7h"`bwEq�{yamgEpE�
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¤ gªs0[feLn�`famn(qL�=a�`¶aml�`bwEq]\_^L`fad^/g$^LhQ`bwEqz{yamgEpZ{ya�`fw�e«cLq�}m^Nn�a�`|�
��á	 `bwE[b^LYEp/w�`fw0qyeLam[u`fw?e7`!n([bq�e7`fq(l
`fwEq�t?^S{Üs?eP`b`fq([bg�eL[o^/YEgEk�a�`�����Y0`�^Lh `bq�g�a�`Zaml�YElbq�hjYE}�`b^*n�^/g0lbamk0q�[�ei[oq(hjq([bq�g0n�qªhj[feL\_q�amg;{ywEadnxw
`fwEq�{yamgEp�adl$l�`xe7`bam^/g?e7[o�KeLgEkÞe7am[�[bYElowEq�l�`b^ {�eL[ok�ad`�{yad`fw¡c/q�}d^-n(ad`|��á	 �j`bwEaml�aml�`bwEq�eLad[�cLq�}d^-n(ad`|�
{�q(}m}Q��q(hj^/[oq�[oq�eLnxwEadgEp�`bwEqy{yamgEp � `bwEq«Î����(Ù�� ×$�?Ö Ó�×NÕjÔ��=ÏjÙ��u�¨� ¤ g_{yamgEk_`fYEg0gEq�}Qq�§-s�q�[oam\_q�g=`fl9ad`!aml
n�^Sc/q(gEamq(g=`Z`f^�YElbq$e�lbq�`ZYEs�{yad`bw�e_-§0q(k;{yamg0p*eLgEk�\�^ScNamg0pieLad[�� ¤ g�`fwEq�hj^/}m}d^ {yadgEpE�0{9q$s0amn(`bYE[bq
`fwEq�{yadgEp_eLly\�^ScNamgEpªhj[o^/\ [oamp/w=`]`f^�}dq(h `��0^/[z`fwEq�eLad[]eLly\_^ cNadgEp�hj[b^/\ }mq(h `]`b^�[bampLw5`��

� w0q�cLq�[�`famn�eL}�hj^/[on�q�s�q�[�YEgEa�`�}mq(gEpL`bwK^7h9`bwEq�`fwEqª{yadgEp�aml�n�eL}m}dq�k�`fw0q�Õ�Ï��ÝÙ��]��©«\_^/gEpv^L`bwEq�[
`fwEadgEp/l(���¢kEq(sVq(gEkEli^Lg�`bwEq;e7gEp/}mq*`bw?e7`_`fwEq�eLq([b^LE}mqv\ie7¬Lq�l�{yad`bw�`bwEq�kEam[oq�n(`bam^/gÞ^LhZeLam[�tE^ {r�
n�eL}d}mq(kv`bwEq �?Ø�_�Õj×�Ô � �-Ù�Ù���� �#���9� � wEaml�eLg0p/}mq�adl�k0q(?gEq(k�lbY0nxw�`fwEe7`���)%��n�^L[b[bq(lbs�^/gEkEl�`f^ª`fw0q
eLq�[o^L?}dq$^/[oamq�g=`fe7`fad^/g�`bw?e7`�p/q�g0q�[feP`fq�l«¦�q�[o^�}ma�h `���� ) �=�¨� � wEq�eLam[�t?^S{'eL[b^LYEgEk;`bwEqªeLq([b^L?}dq$e7}mlb^
p/q�g0q�[feP`fq�l�eªwE^/[oam¦(^/g=`xeL}�hj^/[bn(q«`fw?eP`y^/sEs�^/lbq(lz`fwEqr\_^L`fad^/gi^Lh¥`bwEqZ{yamgEpª`bwE[b^/Y0p/w*`fwEqre7am[��¶Ì-YEnxw�e
hj^/[bn(qL�³s�q�[ZY0gEad`�}dq�gEp7`fw�^Lh¶`bwEq�{yamgEp0��aml�n�eL}d}mq�k�`bwEq��c�a�g_
	ß��amg�^LYE[Zn�^Lg5cLq�g=`fad^/gEl(��	¹wEeLl«`fw0q
lfeL\_qrkEam[oq�n�`fam^LgveLl�á	 �¨� � §-`bq�[og?eL}³{�^L[b¬*adl]gEq�q(kEq�k;`b^�^ cLq�[on�^/\_q�`fwEqrkE[beLpE�

F

F

 v

v

v

higher  pressure
(~ 1 atm )

lower  pressure
( < 1 atm)

higher p

lower p

( > 1 atm)

(~ 1 atm)

A

B

B

A

� q�eL[oq�gE^S{ adg�e�s�^/lba�`fam^Lg·`f^�k0q�lbn([bad�Vq
wE^S{��ÞeLgEk	àeL[bq�p/q�g0q�[feP`fq�ki�5��`bwEqZeLad[¶t?^S{
s?e7`o`fq�[og3e7[b^/YEg0k `bwEq�{yamgEp0� ¤ g�e�hj[beL\_q�amg
{ywEamnxwU`bwEq�{yamgEp�adl;l�`xe7`bam^/g?e7[o�/��n�^/g0lbamk0q�[�e
YEgEa�hj^/[b\ßw0^/[bad¦�^/g=`xe7}�t?^S{ ^LhZeLam[�{ya�`fw�lbs�q�q�k
	 `b^S{zeL[ok�`fwEq�eLq([b^LE}mqL��©«lZ`bwEq$t?^S{ [bq�eLnxwEq�l
`fwEq9eLq([b^L?}dqL�Pad`¥losE}ma�`fl¥amg=`f^�eys?eL[�`"pL^/amgEp�eL��^Sc/q
`fwEqK{yamgEp�{yad`bw�c/q(}m^Nn�a�`|�3e�sE[b^7?}mq�á	 e ��eLgEk
e�sEeL[o`�p/^/adgEp���q�}m^S{ `fwEq�{yamgEp�{ya�`fw c/q�}d^-n�N
ad`|��s0[b^L?}dq¡á	 � � � w0q*Ò�^=e7gEk?evq(£Vq�n(`�gE^S{ [oqON
�5YEam[oq�l$`bw?e7`$`bwEq�tE^ {àeL��^Sc/qi`bwEq�{yadgEp�\�Y0lo`
¯op/q(gEq�[beL}m}�� ± hj^/}m}d^S{Ü`fw0q*lbw?e7sVq�^Lh]`fwEqiYEsEs�q�[
lbYE[�h�eLn�q_^Lh!`fw0q�{yadgEp � e7gEk��¥wEq�g0n�qL�¥`fw0q�t?^S{
��� * : �%'!@�E;Ge=��`�K.D���%� :�9�� �4GM*,�N�O* ��EX*,��'A@ V �e*,� 9;: .M�PW]�KgI��EF� 9 #�*,��� V �K#��� "�!E : �%����� '�)C*"��� Y%'O\ ^?9 *cGI'?� : #�'!*c� :
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lo`b[bq�e7\�}damgEq(l�eL��^ cLqª`fwEq_eLq([b^L?}dq$?[olo`�[badlbqªYEs
eLgEk�`fw0q�gv�Vq(gEkvkE^S{yg�`b^�hj^/}m}d^S{�`fwEq�low?eLs�q�^Lh¥`fwEqreLq([b^LE}mqL�0p/q�gEq([fe7`bamgEp�e�n(^/g=c/q¨§�YEs={zeL[okvs?e7` N
`fq([bg�� � wEq�t?^S{U��q�}m^S{�`fwEq�{yadgEp���q�g0kElykE^S{yg�{yad`bwE^/Y0`y[oamloamgEpªYEsv?[olo`��QwEq(gEn�qr`fw0q�l�`f[oq�eL\_}madgEq�l
eL[bq�eLp=e7amg�n�^/g=cLq�§�YEs={zeL[ok����0Y0`�{ya�`fw¡e�lo\ie7}m}mq([�n�YE[�c7e7`fYE[oqie7l�n(^/\_s?eL[bq(k¡`b^�`bwEq�l�`f[oq�eL\_}madgEq�l
eL��^ cLqz`fwEqz{yadgEpE�L{yw0amnxwª`fw5YEl¶sE}me���eZkE^L\�adg?eLg=`#[o^/}mq7� � wEq]n(YE[oc7e7`bYE[bq(l!^Lh?`fwEq]l�`f[oq�eL\_}madgEq�l�eL�V^ScLq
`fwEq�{yadgEp�amg0kEamn�e7`fqªe��jp/q�g0q�[fe7}m}d�0�ykE^S{yg5{�eL[ok ¯on(q�g=`f[oams�q(`feL} ± hj^L[bn�q�`bw?e7`�adlZq�§-q([o`fq(k¡^Lg�`bwEq�eLad[ N
t?^S{��=��`fw0q�{yadgEpE� �I��²�q�{]`f^/g98 l!`fwEad[bk�}®e�{r�=`fwEq�eLad[ot?^S{ \�YEl�`9q¨§-q�[o`�eLgEk�q(�NYEeL}�eLgEk_^/sEs�^/lba�`fq�}��
kEam[oq�n�`fq�kÞ[oq�eLn�`fam^LgÞhj^L[bn�qi^/g�`fwEq*{yadgEp�sEYE}d}mamg0p�ad`$YEs={zeL[ok�� � wEq*cLq�[o`bamn�eL}zn�^L\�s�^/gEq(g5`�^7h�`bwEaml
hj^/[bn(qramlz`fw0q � a�h ` �·eLg0k�a�`fl]wE^/[oam¦(^/g=`xeL}�n(^/\_sV^/g0q�g=`yamlz`bwEq %Z[feLp�	;� � w0qrtE^ {3�Vq(}m^S{3`bwEqZ{yamg0p
q�gEwEeLgEn�q(l�`bwEaml]q�£Ñq(n(`��EY0`y`f^�eª}mq(lblbq([yq�§N`fq(g5`��

¤ `�aml"amgEl�`f[bY0n(`fa�c/q�`b^ZYEgEk0q�[bl�`xeLg0k�`fwEqz}dadh `uamg�`fq�[o\�l"^LhQsE[oq�lbloYE[bq]pL[feLkEadq�g=`fl]�j`fw0aml�adl"`bwEq�q¨§0s0}mamn(ad`
\�q(nxw?eLgEadlb\ `fwE[o^/YEp/w {ywEamnxw�`bwEq;[oq�eLn�`fam^Lg·hj^/[bn(q;adlip/q(gEq�[be7`fq(kQ��� 	 q�\_q�\$�Vq([�`fwEe7`*adg·t?YEadkEl��
hj^/[bn(qZc/q(n(`f^L[blysV^Lamg=`�hj[o^/\à[oq�p/ad^/gElz^7h¥wEamp/w0q�[zsE[oq�lolbYE[oqr`b^ª[bq(p/am^/g0lz^Lhu}m^S{9q�[zsE[oq�lolbYE[oqL� � wEq�g�`fw0q
kE^S{yg={zeL[okÞ¯on(q�g=`f[oams�q(`xe7} ± hj^/[on�qyeLn�`famg0p�^Lg�`bwEq�eLam[#eL�V^ScLqy`bwEq]{yamgEprad\�sE}damq(l#e�sE[bq(lbloYE[bq�p/[fe7kEamq(g5`
{yad`bw�e*}m^S{ sE[bq(lblbY0[bq�[bq(p/am^/g��oYElo`�eL��^Sc/q�`bwEq${yamg0pE�³eLgEk�adgEn�[oq�eLloamgEpisE[bq(lblbY0[bq_eLl�^/gEq$p/^-q(lZYEs��
��Y0`I`fwEq�\ie §0ad\�YE\ sE[bq(lblbY0[bq«h�eL[IeL��^Sc/q�`fwEqy{yamgEp�amlIlbad\�s0}d�$`bwEq�e7`f\_^/lbs0wEq�[oamnysE[bq(lbloYE[bq7����q�gEn(q
`fwEq$sE[bq(lblbY0[bq«�oYElo`�eL�V^ScLq$`fwEq�{yamgEp*\$YElo`���q�}dq�lbl�`fw?e7g�`fwEqªeP`f\_^/lbsEw0q�[badn�c7eL}dYEqL� �I��eiloam\_am}meL[
eL[bpLYE\�q(g=`��9`bwEq�sE[bq(lblbY0[bq_�oYEl�`i��q�}d^S{ `fw0q�{yadgEp¡adl�lb^/\_q({yw?eP`iwEadp/wEq([�`bw?eLg�`fwEq�e7`f\_^/losEwEq�[oamn
c7eL}mYEq;� eP`�}dq�eLl�`�w?e�c-adgEp�`bwEq�e7`f\_^/lbs0wEq�[oamnªc7eL}mYEq7�"a�h9{9qiadp/gE^/[oqª`fwEq�t?^S{ n�Y0[oc7e7`fY0[bqi��q�}d^S{Ü`fw0q
{yamgEp=���QeLsEs0[b^=eLnxw0amgEpª`fw0q�eP`f\_^/lbsEw0q�[badnZc7eL}mYEq�h�eL[]��q�}d^S{3`fw0qr{yadgEpE� � wEq�}m^S{9q�[ysE[oq�lbloYE[bq�[bq(p/am^/g
eL��^ cLq�`bwEq�{yadgEp�`bw5YElzlbY0nx¬Nl9`fwEqy{yamgEp�YEs={ze7[bk��-p/adcNamg0p�[oamlbq]`b^�`fw0q«}ma�h `�� � wEaml!{yam}d}QeL}mlo^�pLq�gEq([fe7`bq
e_k0[feLpªhj^/[on�q�eLlz{yam}d}���q�q�§-sE}®e7amgEq(k�}me7`fq([��

� w0qIk0q�lbn([bads0`fad^/g�eL�V^ScLqL�P^Lh-`bwEq#t?^S{�sEe7`b`bq�[bg0l"e7[b^/YEg0kr`bwEq¶{yamgEp�� {yad`bwr`bwEq!q�§N`f[beyeLlbloYE\�s-`fam^Lg
^Lh#t?^S{ lbq(sVq([fe7`bam^/g;e7`�`fwEq�[bq�e7[«q�k0p/q�`b^i��qy�oYEl�`fadEq�k�}me7`fq([x�]eLgEk�^7h#`fwEq$eLlblo^-n(a®e7`bq�k;hj^L[bn�q(lZeLg0k
sE[bq(lbloYE[bq(l���eL}m[oq�eLk-��sE[b^ScNamk0q�l�eK�5Y?eL}dad`fe7`fa�c/q�q�§-sE}meLg?e7`bam^/gÞ^Lh�t?ampLw5`�� � w0aml�n�eLg �Vq�lbwEeL[bs�q�gEq(k
hjYE[o`bwEq�[I�=�_lo`fY0k0�NamgEp�`fwEqyc/q(}m^Nn�ad`|��sE[b^LE}mqy^LhÑ`bwEqyt?^S{r� � wEam}dqy`bwEq�amgEn(^/\�adgEpZt?^S{�adlIw0^/[bad¦�^/g=`xe7}Ý�
`fwEq�n�^Lg5cLq�§_g?eP`fYE[oq�^7h�lo`b[bq�eL\�}damgEq(l¶eL��^Sc/qy`fwEq�eLq([b^L?}dq]\�q�eLgEl¶`fwEe7`!�=�ª`fwEq]`fad\�q9`fwEq]t?^S{�}dq�e�c/q(l
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aml�gE^L`�s�^/lbloam�E}dq_adg�e�sEYE[oq�}d�L�N|kEad\�q(gElbad^/g?eL}"lbq(`bYEs���q�n�eLYElbq�`fwEq�eLq�[o^L?}dq�e7n(`fl�eLl�e;Ð¥×�� ×��LÙ*amg
lbs?e7n�q]sE[oq(c/q(g=`famg0p�Y0l#hj[b^/\U?}d}mamg0p�`fw0qz[bq(p/am^/g�{yad`fw0amg$`bwEqzn�Y0[oc/q]{ya�`fwªeZloYE[oh�eLn(q2�z�H�?^/["`bwEqzlbeL\�q
[bq�eLlb^/gÑ�-`fw0q�n(YE[ocLq��Un�eLg0gE^L`9�Vq�n�^/g=`f[beLn(`bq�ki`b^$e�sV^Lamg=`IwE^S{�q�c/q�[�ad`IamlIkEq(hj^L[b\_q�k�eLgEk�`bwEq«los?eLn(q
aml¥gE^L`]��Ï�Ö��"Õ �2�/Ô�ØuØu×��LÙS×NÐ��j[fe7`bwEq�[(�Lad`¥adl¥\�YE}d`bamsE}��«n(^/gEgEq(n(`bq�kQ�¨�!Ì-YEnxwªe]`|{9^«kEad\�q(gElbad^/g?eL}/loq(`bYEs
aml�q(�NY0adc7eL}mq(g=`�`b^�e�{yadgEpv^Lh9amg0?g0ad`fq$}mq�g0pL`fw�amg + kEad\�q(gElbad^/gEl��ªÌ-amgEn(q_ÌN`f^Nnx¬Lq(l18 l�`bwEq�^/[oq�\¹k0^-q(l
gE^L`IeLs0sE}d��`f^�loYEnxw�n�eLloq�l��Nad`�aml#s�^/lolbam�0}mq9`b^�w?e�c/qygE^/g�N|¦�q([b^�n(am[bn(YE}®eP`fam^LgªeL[b^LYEgEkªgE^/g�N|n�^Lg5`b[feLn�`fad�E}mq
}m^N^/sEl9q(c/q(gvamg*e7g*am[o[b^L`fe7`fad^/g?eL}Et?^S{��S����^L[bq�^ScLq�[��-`fwEqZlow?eLs�qZ^Lh �'amlIgE^L`][oq�}dq(c7eLg=`�`b^$`fwEq�c7eL}mYEq
^Lh!`fwEqªn(am[on�YE}me7`fad^/g��jlbadgEn�qªadg;`fwEqª[oq�p/ad^/g;{ywEq([bq á� 
 á	 ) �i{9qªn�e7gKk0q(hj^/[o\ n(^/g=`f^/YE[olZ`f^�q�eLnxw
^L`fw0q�[]{yad`bwE^/Y0`�e7£Vq�n�`fadgEpª`fwEq�c7eL}mY0q�^Lh�n(am[on�YE}me7`fad^/gQ���

��^S{�q�c/q�[(�5adh?`fw0qz{yamgEpZwEeLl!e«?gEa�`fqz}dq�gEpL`bwv� e7l#aml#[oq�eL}d}d�r`fw0qzn�eLloqS�¨�5`bwEq�gªa�`#adl¶eL}d{�e��Nl¶sV^/lolbad�E}mq
`f^vn�^LgElo`b[bYEn�`$e�loYE[oh�eLn(q�`fw?eP`rp/^-q(l�^Sc/q�[�`bwEq�^/sVq(g�q�gEk�^LhI`fwEq�{yadgEp�{yad`bw � eLl�ad`blZ��^/YEgEk?e7[o�/�
¤ g�loYEnxw�e�n�e7lbq�ÌN`f^Nnx¬Lq(l18 l�`bwEq�^/[oq�\ adlyeLsEsE}damn�eL�E}mqZeLgEkv`fwEq([bq(hj^L[bq � �) �ªad\�sE}damq(l á��
 á	 �)J�0�

�]»�� ��ÇZÅ � ¾�Ë-Ë0Â�Æ !�ÈZÀr¿ Ë?¿ !9È
©«l${9q*w?e�cLq*lbq(q�g��¶`fw0qiq�§-adlo`fq(gEn�q�^7hye;gE^/g�N|¦�q([b^�n(am[on�YE}me7`fad^/g�e7[b^/YEg0k�`fwEq�{yamgEp�aml$n([bYEn(a®eL}¶hj^/[
`fwEq�p/q(gEq�[be7`fad^/g�^7h#}ma�h `�� � wEq��;Î³Ù�Ù���/ÔVØuÐuÏjÙ ÏjÔ�Ø�kEq(lbn�[oam��q�ly`fwEq�^/[oamp/adg�^Lh�`bwEaml�n�ad[bn�Y0}®e7`bam^/gveLg0k
wE^S{ ad`�pLq�gEq([fe7`bq�l$`bwEq*n�^L[b[bq(n(`�tE^ {às?e7`o`fq([bg�eL[o^/YEgEk�`bwEqi{yadgEp � lb^/\_q(`bwEamg0p�`fwEe7`${9q�w?e�c/q�lo^
h�eL[9eLlbloYE\�q(k*{yad`bwE^/Y0`�e�sE[o^/s�q�[�q¨§-sE}®eLgEe7`fad^/g��jad`I{ze7l�q�\_sEw?e7lbam¦(q�ki`bw?e7`I`fwEadlzeLlosVq(n(`�^Lh�`fw0q�t?^S{
n�eLg0gE^L`��Vqrq¨§0s0}®eLadgEq�kvamg�`bq�[b\_l]^Lh"`fwEq�Ò�^=eLg0k?eªq(£Vq�n(`x���

� q�`rYElrn�^/gEloamkEq([�e�{yadgEp*`fw0q_n([b^/lolrlbq�n�`fad^/g¡^7hI{yw0amnxwKamlreLg�q�}d}madsElbq�adgElo`bq�eLk�^Lh�eLgKeLq([b^L?}dqL�
� wEaml�aml�sE}®e7n�q�k�amg¡eLg�eLad[blo`b[bq�eL\�e7`�¦�q�[o^�eLgEpL}mq_^Lhye7`o`xeLnx¬Q� � ) �0��\_q�e7gEamgEp�`fw?eP`�`bwEqi\�e �o^/[
eP§-amlZ^7h9q(}m}damsEloq$aml�s?eL[beL}m}dq�}¥`f^i`bwEqªYEsEl�`f[bq�eL\ cLq�}d^-n(ad`|��^Lh!`fwEq$tE^ {r� � wEq�t?^S{ gE^S{ÜwEeLl�eihj[b^Lg5`

A B A’
B’

lo`feLp/g?e7`bam^/g�s�^/amg=`�j�eLg0k�e�[oq�eL[!lo`feLp/g?eP`fam^LgªsV^/adg=`��i�/`fwEq(lbq��Vq(amgEp�`bwEq]sV^Lamg=`fl#{ywEq([bqy`fwEqy\�e �o^/[
��� gI�A$�*"EXW *,��� : ��.D�2.M�O*"���K.M��* 9 $ :�9F:  "���+@ 9  ,�4G])B'! f@�#%GI�� : *"�!#%G 9 # V �b>!�K "W 9 .D��'! ,*"�!#A*f������#�'!.D�K#%'!# 9 #��+@%�!#��*"@�. ���?W :�9 $ :�	 *,���DS �N�� "'!#�'O>
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*,���L\ 9 # VD9F:  ,����EF�A$&�4Ge=?W
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eP§-aml�adg5`bq�[olbq�n�`fl�`fw0qªq�}m}damsEloqL� � q(`rYElrgE^S{ amgEn([bq�eLlbq�`bwEq�eLgEp/}dq�^Lh9e7`o`xeLnx¬�lb}m^S{y}��;`f^�lo^/\_q$c7eL}mYEq
�9� � wEq�hj[o^/g=`]lo`feLp/g?e7`bam^/g�s�^/adg5`z\�^Sc/q(lz`f^�lb^L\�qZs�^/adg5`@j��Q��q�}m^S{ j3{ywEad}mq«`bwEq�[bq�eL[]lo`feLp/g?e7`bam^/g
sV^Lamg=`y\�^ScLq�ly`f^�lb^/\_qrsV^Lamg=` � � eL��^ cLq ��^/g�`fw0q�YEs0sVq([�loamkEqr^Lhu`fw0q�q(}m}damsEloqL� � wEadl�\_q�e7gEl]`fw?e7`
e7`¶`fw0q][bq�e7[¶q�gEk��/`bwEq]t?^S{·l�`f[oq�eL\_}madgEq�l#��q�g0k�e7[b^/YEg0k�eP` �'eLgEk�n�^/g=`bamg5YEqzhj^/}d}m^S{yamgEp�`fwEq]n(^/g=`f^/Y0[
^LhÑ`bwEqyq�}d}mams0lbqzYEs={�eL[bk0l�YEg=`fad}0`fw0q(��kEq�`xeLnxw�amgª`fwEqygEq(amp/w5��^/YE[owE^-^Nk�^Lh�`fwEqygEq�{�lo`feLp/g?e7`bam^/g�s�^/amg=`
� � � � wEqz}m^Nn�eP`fam^Lg�^7h � � adl�kEq�`fq�[o\�adgEq�k��=��`bwEqzamg=`bq�[fe7n(`fad^/g$��q(`|{9q�q(gª`fwEqIt?^S{yl#�Vq(}m^S{�eLgEk�eL�V^ScLq
`fwEq«q�}m}damsEloqL� � cLq�g*`bwE^/YEp/w�`fwEq«eLgEp/}dq�^LhueP`b`xe7nx¬_adl9g0^/g^N|¦(q�[o^E�-`bwEq�t?^S{�w?eLl9¦�q([b^�n(am[bn(YE}®eP`fam^LgieLg0k
wEq�g0n�q�gE^�}dadh `�aml�p/q�g0q�[feP`fq�k�� � wEqit?^S{ n�Y0[oc7e7`fY0[bqiadl$loYEnxw�`fw?e7`�`fwEq�YEs={ze7[bk�hj^/[bn(qip/q(gEq�[be7`fq(k
gEq�e7[�`bwEq�hj[o^/g=`«[oq�p/ad^/g�amly�?eL}meLgEn�qr�=��e�kE^S{yg={�eL[bk;hj^L[bn�q�eL[o^/YEgEk�`fwEq�[bq�eL[yq�gEkQ�¨��Ì-YEnxw�eª{yamg0p
n�[o^/lbl�lbq(n(`fad^/g�aml]^/�=cNam^/Y0lb}d�igE^L`�eLsEs0[b^/sE[oa®e7`bq«hj^/[zt?adp/w=`��

� q�`�YEl�gE^S{ [bq�s0}®eLn(q$`fwEq$[b^/YEg0kEq�k�[bq�eL[Zq(gEk�^Lh!`fwEq�q(}m}damsEloq�eL[o^/YEgEk � �=��e*low?eL[osKq(kEp/qªlo^
`fw?eP`�`bwEq�{yadgEp�n([b^/lol$loq�n(`bam^/g¡�Vq(n�^/\_q�l�eLg�eLq�[o^L?}mq�{yad`bw�e�lbw?e7[bs¡`b[feLad}madgEp�q�kEpLq*e7`��i��©�l$amg
`fwEq�n�eLlbqi^Lh�q�}m}damsEloqL�u`fwEq*t?^S{ ��q�}m^S{�`fw0qi{yamgEp�`bq�gEk0l�`f^;`bYE[bgÞeL[o^/YEgEk�`bwEq*low?eL[bsÞq(kEp/q�e7` �
eLgEk�pL^*YEs;`bwEq�eLq([b^LE}mq�YEg=`fam} � � � � wEadl«adgEkEq�q(k�amly`fw0q$t?^S{'s?e7`o`fq�[og;hj^/[�eilbw0^/[o`�`fam\_qramg=`fq([oc7eL}
e7h `fq([Z`fwEqªl�`xeL[�`r^Lh!`fwEq�tE^ {r����^S{�q�c/q([��ulbamg0n�q� amlZg0^ {¢e*lbw?e7[bsKq�kEp/q7��`fwEq�tE^ {Ü\�YEl�`�`xeL¬7q�e
c/q([o�Klbw?e7[bs¡`bYE[bg¡adh9ad`radlr`b^�hj^L}m}m^S{ `fwEq_lbwEeLsVq_^Lh9`fwEq�[bq�eL[�q�gEk¡^Lh�`bwEq_eLq�[o^L?}mq7� � wEadlram\_sE}madq�l
e�}meL[bp/q�nxw?e7gEp/qiadgKcLq�}d^-n(ad`|��^Sc/q([�e�lbwE^/[�`�`bam\_q�amg=`fq([oc7eL}!eLgEk¡w?eLgEn(q*evc/q�[��K}®eL[op/qªhj^/[bn(qL����Y0`
t?YEadkEl�n�eLgEgE^7`ZlbY0lo`xe7amg;}meL[bpLqi�jYEg5�?eL}d}®eLgEn(q�kQ��hj^/[on�q(lZeLgEk�wEq�g0n�q�`bwEq�tE^ {3`fq�g0kEl�`b^ikEq�`xeLnxw;hj[o^/\
`fwEq�eLq([b^LE}mqre7` � [fe7`bwEq�[]`bw?eLgv\�^ScLq�Y0s�`b^���� � � wEaml�eL}dlb^�q�}dam\_amg?eP`fq�lI`fwEqr[oq�lbadlo`feLgEn�q�`bw?e7`]`fw0q
t?^S{¢e7�V^Sc/q�`fwEq${yadgEp*q(gEn�^/Y0g5`bq�[oq�k¡e7` ���m�V{ywEadnxw�`fwEq(g�n�^/g=`fadg5YEq�l«hj^L}m}m^S{yadgEp_`bwEq�low?eLs�q�^Lh¶`fw0q
eLq�[o^L?}dq�YEg=`bam}Iad`r`f^N^;kEq�`xeLnxw0q�lªe7` �i�v©«l$e;[bq(lbYE}�`$^Lh�`fwEadl�`bwEqi[oq�eL[�lo`xe7p/g?e7`bam^/gKsV^Lamg=`$\_^Sc/q(l
kE^S{yg�hj[o^/\ � � �?e7nx¬*`f^ ��{yw0q�[bqra�`ylo`xe��Nl��

A’
B’ B

A’’

� w0q�k0^ {yg={�eL[bk;lbwEa�h `y^Lh"`bwEqr[bq�eL[]lo`feLp/g?e7`bam^/gvs�^/amg=`yadlyeLn�n(^/\�sEeLgEamq(kv�5�i`fwEqrp/q(gEq�[be7`fad^/gv^Lh
e_g0^/g^N|¦(q�[o^�n(am[bn(YE}®eP`fam^LgveL[b^/Y0gEk�`bwEq�{yamgEp_eLlyhj^/}d}m^S{yl�~IÌ-^N^/g�e7h `bq�[]`fwEqrl�`xeL[�`�^7h�`fw0qrtE^ {r�?{ywEq(g
`fwEqªl�`xeLpLg?e7`fad^/g;s�^/adg5`«aml�lo`fad}m}"e7` � � �Ñ}dq(`ZY0l�kEq�gE^7`fq$`bwEq�c/q(}m^Nn�ad`|�v?q(}mk�eL[o^/YEgEk�`bwEqªeLq([b^LE}mq$�=�
á	 � � ¤ gKs?eL[�`fadn�YE}meL[��Ñ`bwEamlradl�lbYEnxwK`fw?e7`�eP` �	`bwEqªc/q�}d^-n(ad`|�;aml�gE^/g�N|¦�q([b^E�¥��q(`|{9q�q(g � e7gEk � � eLam[
eLkP�beLn(q�g=`�`f^�`fwEqªe7q�[b^7?}mq�\�^Sc/q(lZYEs={�eL[bkKeLgEk � á	 � I á:�� )7�0� � wEq�adg=`fq�[beLn(`bam^/g;^LhIeLam[y{yad`bw;`fw0q
eLq�[o^L?}dq�nxw?e7gEp/q�l�`fwEq_t?^S{ eLkP�beLn(q�g=`�`f^�`bwEq�{yadgEp��5�Kp/q(gEq�[be7`fadgEp�e�eLgE^7`fwEq([�c/q(}m^Nn�a�`|��?q�}dk á	 �
{yad`bw�e*n�am[on�YE}me7`fad^/g�e7[b^/YEg0k�`fwEq�{yadgEp � á	 � I á: � ) � �) �*lbYEnxw�`fwEe7`vá	 )¹á	 � ? á	 � adl«¦(q�[b^�e7` �
eLgEkKgE^L`�e7` ���m�_��q�g0n�qL�u`f^v¬Lq(q�sK`fwEq�lo`feLp/g?eP`fam^LgKs�^/adg5`�eP` �	{9q�g0q�q�k¡evlbs�q�n�a�?n�n�ad[bn�Y0}®e7`bam^/g
� ) � á	 I á:�� eL[o^/YEgEk�`fwEqr{yamgEp0� � w5YEl�`bwEq �;Î³Ù�Ù�� �/Ô�ØuÐ"Ï Ù ÏjÔ�Ø�lo`fe7`fq(l�`bw?e7`��QYEg0kEq�[�lo`xe7�E}mq�t?^S{n�^/g0kEad`bam^/gEl(�EeLgve7q�[b^7?}mqZn([bq�e7`flye�n(am[bn(YE}®eP`fam^Lgiamg�`fwEqZcLq�}m^Nn�a�`|��Eq�}mkve7[b^/YEg0k�ad`floq�}�h¥lbYEnxw�`fwEe7`z`fw0q
[bq�eL[ylo`xe7p/g?e7`bam^/g�s�^/amg=`yadl]\ieLadg=`xeLadgEq�kve7`]`bwEqrlbw?e7[bsv`f[fe7am}madgEp�q(kEp/qL�

²�^L`fq�`fw?e7`�`fwEq ��Y0`o`xe�n�^LgEkEad`bam^/gikE^-q(l]gE^L`]adg=`fq�g0k*`f^ªq�§-sE}meLamg*`bwEqZsEw=�Nlbadn�eL}³^L[bampLamgi^7h¥n�am[on�Y^N
}®e7`bam^/g��j{ywEadnxwK{9q�w?e�c/q��5Y?eL}ma�`xe7`badcLq�}d��q¨§0s0}®eLadgEq�k�amg�`bq�[o\�l�^Lh!cLq�}m^Nn�a�`|��kEa�£Ñq([bq(gEn�q(l�e7�V^Sc/q_eLg0k
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�Vq(}m^S{�`fwEq*{yadgEp�[bq(}®e7`bq�k��¶�=�¡`fwEq���q([bgE^LYE}m}da9sE[oamgEn(amsE}dqL��`b^�sE[bq(lbloYE[bqvkEa�£Ñq([bq�g0n�q�lf��� 	 eP`fwEq([��!ad`
p/adcLq�l�e�n�[ba�`fq([bam^Lg�hj^L[�k0q(`fq([b\_amgEadgEp*`fw0q_n(am[on�YE}me7`fad^/g � YEloamgEpv`fwEq�[oq��5YEam[oq�\_q�g=`�^Lhz¬7q�q(sEamgEpv`fw0q
[bq�eL[9l�`xeLpLg?e7`fad^/g�sV^Lamg=`Ie7`!`fwEqy`f[beLam}damgEp«q�kEp/q$��adgElo`bq�eLk_^LhÑkE^/amg0p�n(^/\_sE}madn�e7`bq�k�n�eL}dn�YE}me7`fad^/gEl#Y0lbamg0p
`fwEq�²�eScNadq�[ NÁÌN`f^L¬Lq�l�q��5Y?eP`fam^Lg�adg�`fwEqrsE[oq�lbq(gEn�q�^Lhu`fwEq�cNamlon�^/YEl]hj^/[on�q(lx���

�?^/[�`fwEqªlbeL¬Lq�^LhIn�^L\�sE}dq(`bq�gEq(lblZ{9q_lowE^/YE}dkKeL}mlo^veLkEkE[oq�lbl�`bwEqªamlolbYEqª^LhIn(^/gElbq([oc7e7`bam^/g�^LhIn�ad[ N
n�YE}me7`fad^/gKamg�adg=c-adlbn(amk�t?^S{yl��;Ò�^/gElbadkEq�[$e�}d^-^/sKamg¡e�t?Y0amk�\_^ScNamgEp�eL}m^LgEp�{ya�`fw¡ad`�lbYEnxw�`bw?e7`�ad`
n�^/g=`feLamgEl!`fw0q�lbeL\�q�lbq�`z^LhÑs?eL[�`famn(}mq(l9eP`�e7}m}E`fad\�q(l��#©z`�erp/adcLq�giadgElo`feLg=`�^7hÑ`fad\�q7�/{�q�n�eLg�q(c7eL}dY?e7`fq
`fwEq_n�ad[bn(YE}®e7`bam^/g�eL[b^/Y0gEkK`bwEaml�}d^-^Ls�� ¤ `�n�eLgK��q_lowE^S{yg���eL}d`bwE^/YEp/w�gE^7`rwEq�[oqS�Z`fw?e7`radgKeLg¡adg=c-adl N
n�adk�tE^ {r�³`bwEq�c7eL}mYEqª^7h9`bwEamlZn(am[on�YE}me7`fad^/g�[bq(\ie7amgElZn(^/gEl�`xeLg=`�amg�`bam\_qL� � w0aml�[bq(lbYE}�`radhI¬5gE^S{yg�eLl
��×NÕ Ó¥Ï Ø � ���=Ï � �=Î"Õ �0Ù ÏjÔ�Ø�Ù��¥×5Ô=� ×NÖ·� ¤ g�sEeL[o`bamn�Y0}®eL[(�?adh�`bwEq$n(am[on�YE}me7`fad^/g�{zeLl�¦�q([b^E��ad`�{yam}d}³[bq(`feLamg
`fw?eP`Ic7eL}dYEq]kEYE[oamgEp�t?^S{r� � w0aml!lbq(q�\_lI`b^�n(^/g=`f[beLkEamn�`!`fwEqyq�lolbq(gEn�q�^LhV`bwEq ��Y0`b`fern(^/gEkEa�`fad^/gª{ywEq�[oq
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