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dApLcÊd»ti`�n�n0[ w tioL`Q` ]ihqpL~ ]�dAti�Qt_^
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n�`zpQ�
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ÿ¼°���ý ¯ ²�¢iª=·:­q§�µOþ��
ô�hq~zx w [�RL�S÷Ç[_d w pghkpg~�n0x w j�[0t/`Aa-®

W Ó�� � � r �
�SØedfn��QÛ/d w c��W � � r �
�×Ó6�O� r ��dApLc¥Ô�� � r �
� w hq~zoL]´]ix w p��QdApgcW � � r �
�×Ó6�O� r ��dApLc¥Ô�� � r �
�S{q[�a®]�]ix w p�^bHtSÛ�[�n_dAp t�[0[/a w `zu ]ioL[0t�[�çe~zx w [0t_�z]ioL[�ti]�dA]i[�ti\ydAn0[6n_dAp(Ø|[
w `zxg~ og{ks�n�{¼dAtit�hÂçe[0c hqp ]i[ w u�t�`Aa�dAn0]ihq`zpLt_^�×�oydA]Jhqt_��]ioL[/ti]�dA]i[
t�\ydAn0[�hqt´n�` pgti] w xLn0]i[�c
ti`(]ioydA]´]ioL[�n0` wiw [0{ÆdA]¥hq`zp
Øe[0]iÛJ[�[0p
dAp
dAn0]ihq`zp(dApLc
dHn0{Ædft�t�`Aaet�]�dA]i[0t�nfdfp»Øe[�u�dAá�hqu�hqõ0[0c�^:é6`AÛ�[�jz[ w
hq]�t�[0[0u�t/cLhÈâ�n0xL{q]J]i` w [0jQ[_dA{gd�\LoQsQtihqn_dA{gu�[fdfpghkpg~�a w `zu3]ioghkt
w [�{¼dA]ihq` pgtioLhq\�^
×�oL[6~ [�pL[ w dA]i[0c / V dfpgc / M6d w ['tioL`zÛ�p
Øe[0{q`zÛ��/ V c } � � r � ïL��� � � r � ïzïz� � � r �z�z��� �� � r ï �zïz� � � r ���zïz� � r Rz�z�� � r � ����� � r �����Y� � r � �z��� n/ M c í � � r �_��R�R � r ����� � � r �0�L��� ð � rô�hq~zt_^ �/dApLc»�/t�oL`zÛÝ]ioL[�[0áLdAu�\L{q[0t�`Aay]¥og[�çe{q]¥[ w [0c�hqu�dA~ [�t_^

bHtHÛ�[(n_dApÝti[0[(a w ` u ô�hq~g^ �L� /�V tioL`zÛ�tH]iog[»n�oyd w dAn0]i[ w hqti]ihkn
]i`Ê[0áQ] w dAn0]»jQ[ w ]ihqn_dA{�dfpgcæog` w hkõ0`zpg]�dA{�[0cL~z[0tf^@éH`fÛ´[0jz[ wd/ M
cg`z[0tHpL`z],t�oL`zÛ w [�u�d w ��dAØL{q[,n�oyd w dAn0]i[ w hqti]ihkn'Øe[0nfdfxgti[�]ioL[ w [
d w [
pL`z] t�df{qhq[0pL]»n�` {q` w `zØz��[0n0]it�hqpO]¥og[+[0pLjQh w ` pgu�[0pQ]ÒíÓ` x w
{ÆdAØL` w dA]i` w sLð0^+è«pL]ixLhq]ihqjz[0{qsz�:hk]�hku�\g{khq[0t(]¥oedf]»]ioL[
~ [�pL[ w dA]i[0c/�V hkt/~z`�`�cÊdA]6d»pydAj�hq~�dA]¥hq`zp
]�dAti� `Aa�d(u�`zØLhq{q[ w ` Øe`z]_^Ý��e�?Þ��TàÒ����ê�êe��á�æ�éÀ�Ü�:��ä�ä ×�oL[�~z[0pg[ w dA]i[0c / V dApLc / M
d w [�tiog` Û�pÌØÇ[0{q`AÛ�^"×�og["[0áLdAu�\L{q[0t�`Aa�]ioL[
çy{q]i[ w [0cÝhqu�dA~z[
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ÿ¼°��KJe¢�©0£«¬Q¢�²»³F§«©_§�¢�³�¦Q©_¤�¢
ô�hk~zx w [Ü�y��rQ]�dA]i['cLhqti] w hkØgxL]ihk`zpgt

d w ['tiog`zÛ�p
hqpÊô�hk~zt_^ �(dApLcÊ�L^/ÆV c }�� R r Rz� � � � r ïz��R � � r �z� �� r R���ïL� � � r Rz� � � r ��R ��R
� r �z�z� � � r �z�z� � r ���kR � n/ M c3í � r ��Rz� � r �L��� � � r �z�zï ðj� r/%V tiog`zÛ�tÜ]ioL[ n�oyd w dAn0]i[ w hqti]ihqnÏ]i` [�á�] w dAn0]OoL` w hqõ0`zpL]�dA{

[�cL~z[0t�íÓti[0[´ô�hq~y^ � ð0^ / M [0u�\goydAtihqõ0[0t:]¥og[ w [�c(ØedA{k{YdApLc»s�[�{k{q`fÛ
~z`�dA{=ØLxL]�hqpLoLhqØLhq]it�]ioL[HÛ�oghk]i[�{qhqpL[,dApgc Û6df{q{�^|×�oghkt�hqt�[0ÚQxLhqj��
dA{q[0pg]6]i`
d
n0oed w dAn�]¥[ w hkt�]¥hqn'`Aa�d w [0jQ[ w ti[0cÒ�ån0`zu�\y`zpg[0pL]�`fa
L,�HÞOhqu�df~z[�^|×�oL[�~ [�pL[ w dA]i[0c / M hkt:~z`�`�c dA]:dHti`�n0n�[ w�w `zØy`z]
]�dAti�
hqpÒ]ioL['n0`z{q` w [0cÒti`�n�n0[ w çy[0{qc�^��,�"%����,�*  L,%��"NM�&����
×�`(j�[ w hÈa®s�]ioL[(j�dA{khqcLhq]�s
`AaS]ioL[�{q[_d w pg[0cÒu�`�cL[�{��yÛ�[,dA\g\L{qhk[�c
]ioL[(u�`�cL[�{|Û�hq]¥o /%V íÓ]�dAti�Ì�0ð�]i`�d pydAjQhq~�dA]ihq` p"]�dft��
`Aa�]¥og[�H`zu�dAcÌu�` Øghk{q[ w `zØy`z] íÓti[�[ ô�hq~y^ �Lí�dzðið�^�ô�hq~g^ ï
t�oL`zÛ�t,d
t�[��
ÚQxL[�pLn0[(`faS]ioL[�dAn0Ú�xgh w [�cÒØy[�oydAj�hq` w ^�×�oL['[0ti]ihqu�dA]¥[�cÒti]�df]i[0t



(a) Io (b) If (c) Ic

ô�hq~ x w [H�L��}SáYdAu�\L{q['`AaS]ioL[�çe{k]i[ w [�cÒhku�dA~z['Û�hk]io /%V

(a) Io (b) If (c) Ic

ô�hq~ x w [,�L�S}SáYdAu�\L{q['`AaS]ioL[�çy{q]i[ w [0cÒhqu�dA~ [�Û�hk]io / M
hqpÒ]ioLhqt,[�á�\e[ w hqu�[0pg]6d w [�pL`z]6[�áYdAn0]i{qsÊn0`zhqpLn0hqcL[0pg]�Û�hq]ioÙ]ioL[
t�]�dA]i[0t�n0`zu�\Lxg]¥[�cOa w `zu ]ioL[+]i[_dAn0oLhqpL~Ùcedf]�dÝti[�]���ØLxg]
]iog[
w `zØg` ]´dAn0n0`zu�\L{qhqtioL[�c
]ioL[�]�dAti�Ç^:é6[�pLn0[�hq]�hku�\g{khq[0t/]ioydA]J]ioLhqt
u�`zcg[0{�hktÒdAp [POÇ[0n�]¥hqjQ[ w [�\ w [0t�[0pQ]�df]ihq`zpÜaÓ` w ]ioL[m]�dAti�êdApLc
[�pQj�h w `zpLu�[0pQ]_^

QêCFNQÖÇKHNQNQCFGJEUPSEHR ��K�XYKHI��SRÝG�IYV
è«pm]¥oghkt(\ydA\y[ w Û�[�\ w `z\e`zti[0cÌ]ioL[�u�[0]ioL`QcÙ]i`Ê~z[0pL[ w dA]i[�dAp
hqu�dA~z[
aÓ[_dA]ix w [�dfpgcO]¥`æ{q[_d w p�dÝ\ w `���[0n0]ihq` p u�df] w hqáÜa w `zu
]ioL[/hqu�dA~ [�a®[_dA]¥x w [�]i`�]ioL[�ti]�dA]i[�� ]ioydA]�tixL~z~z[0t�]¥tSÛ�oLhqn0o»\yd w ]
hqpÝ]ioL[
j�hq[0ÛUhqt»hqu�\y` w ]�dApL]_�:]ioydA] hqt_��dÊ~�dAõ0[
ti[0{q[0n�]¥hq`zpOØQs
jQhqtihq`f�«u�` ]i` w u�dA\L\ghkpg~g^ ×�og[Ì~z[�pL[ w dA]i[0cëhqu�dA~ [Ùa®[_dA]¥x w [0t
d w [�df\g\ w `z\ w hÆdA]¥[ÊaÓ` w ]ioL[Ù]�dAt���dfpgc�[�pLjQh w `zpgu�[0pz]_^ bH{kt�`
]ioL['dAn0ÚQxLh w [0cÊ\ w `0��[0n0]ihq`zpÊu�dA] w hqn0[�t�~ hqjQ[,dA\L\ w ` \ w h¼dA]i[�~�dAõ0[
t�[0{q[0n0]ihq` p+aÓ` w ]iog[»]�dAti�ÙdApLcÝ[�pQj�h w `zpLu�[0pQ]_^(×:`
t�oL`zÛë]¥oghktf�
Û´[�hq{k{qxLt�] w dA]i[�]ioL[+dfØgti`z{qxL]i["jzdA{kxg[�`Aa�N dfn�Ú�xgh w [�cæhqpæ]ioL[
u�`zcg[0{SÛ�hq]¥o / M hqpÌ]ioL[�]�dAti�©�L^(ô�hk~zt_^q���Lí®dzð,dApLcOíÓØyðHt�oL`zÛ
]ioL[�j�dA{qxL[0t/`AaSn0`zu�\y`zpg[0pL]it´`Aa�N w [0{ÆdA]¥[�cÒ]¥` ]¥og[�ç w ti]HdApLc
t�[0n0`zpLc�n0`zu�\e` pg[0pL]it�`Aa=]ioL[/ti]�dA]¥[Z1e� w [0ti\e[0n0]ihqj�[�{ksz^�è«p»]¥og[0ti[
çe~zx w [0t�Ø w hk~zoL]i[ w \ghkáQ[0{qt d w [
u�` w ["n0{q`zti[0{qs w [0{ÆdA]¥[�cO]¥`Ù]ioL[
t�]�dA]i[�jQ[0n0]i` w �=]ioydA]�hqt_��]ioL[ w `zØy`z]�~�dAõ�[0t']¥oghkt�\ed w ]¥t'hqpÙ]ioL[
jQhq[0Û�^|×�og[ w [�a®` w [/Û�[/n_dAp w [0~�d w c»]¥oedA]�d,\ w `���[0n�]¥hq`zp u�dA] w hká
~zhqjz[0t�d(~�dAõ0[�ti[0{q[0n0]ihq`zp�^
è«p�` x w [0áQ\Ç[ w hqu�[0pQ]it_�f]iog[�hkpgti] w xLn0]i` w ~�dAjz[´d,u�`z]i` w n0`zu(�

u�dApgc(dA]�[0jQ[ w s,tihq]¥xedf]ihq`zp�dA{q]ioL`zxL~zo»oL[/` w t�oL[/{khq�z[�c(]i`�~zhqjz[
u�` w [�dfØgti] w dAn0]i[0cÌhkpgti] w xLn0]ihq`zpLt�tixgn�oÝdAt'à�dfj�` hqcÙdApÌ`zØLti]�d_�
n�{k[�à�` w àzu�dA��[�d(cg[0]i`zx w à
tihqpLn0[(]¥og[ w `zØe` ]HcL`zt�[�pL`z]HoydAjz[
dApQs,u�[0n0oedfpghkt�uÐ]i`'hqpL]i[ w \ w [0]�tixLn�o�hqpLti] w xLn�]¥hq`zpLt_^Sô�hq~y^ ��í®dzð
hqpLcghknfdA]¥[�t�]ioLhqt�t�hk]ixydA]ihq` p»Û�oL[ w [´]iog[ w [�hqt�pg`�n0` wiw [0{ÆdA]ihk`zp»Øe[��
]FÛ�[�[0p(dAn0]ihq`zp�dApLc»ti]�dA]i[�^�é6`zÛ´[0jz[ w ��]io w `zxL~zo ]ioL[/\ w `z\e`zti[0c
{q[_d w pghkpg~(\ w `�n0[�tit_�L]¥og[ w ` Øe`z]�n�` pgti] w xLn0]i[0cÒ]ioL['t�]�dA]i['ti\ydAn�[
dAt�tioL`zÛ�pÒhqp�ô�hq~y^ �ÝíËØeðHÛ�oL[ w [»[_dAn�o+dAn�]¥hq`zpÝdf{qu�`zti],n�` wiw [��
t�\L`zpLcgt
dÌn0{qxLti]i[ w `Aa'ti]�dA]i[0t_^ ×�oghkt�u�dAsÝhqu�\L{qsæ]¥oedA] ]ioL[
\goQs�t�hknfdf{yu�[_dApLhqpL~�`Aa�hqpLt�] w xgn0]ihk`zpgt,íÓ]ioL[�tisQu�ØL`z{Æð�hkpg]¥[�pLcL[�c
ØQs»]¥og['hkpgti] w xLn0]i` w n_dApÒØe[HhqpL]i[ w \ w [0]i[0cÊíÓ~ w `zxLpLcg[0cyð/ØLs(]iog[
w `zØg` ]_^

(a) Io (b) If (c) Ic

ô�hq~ x w [��Y�S}SáLdfu�\g{k['`AaS]ioL[�çe{k]i[ w [�c
hqu�dA~ ['Û�hq]io /�V

(a) Io (b) If (c) Ic

ô�hq~ x w [��Y��}�áLdAu�\L{q[H`AaS]ioL[�çe{k]i[ w [�c
hqu�dA~z['Û�hk]io / M
è«pÌ]ioLhqt�\ydA\e[ w Û�[�cL[�çypL[�cÙ]ioL[
cLhqu�[0pLtihq`zpÝ`Aa/]ioL[�ti]�dA]i[

jQ[0n�]¥` w dft�]iÛ´`
oL[�x w hqti]ihknfdf{q{qsL^�éH`fÛ´[0jz[ w �:dAt»d w [�tixL{q]_�:]¥oghkt
pgxLu(ØL[ w Û6dAt�dA\L\ w `z\ w hÆdf]i[�^Sô�hq~y^k�z�zí�dzð´tiog` Û�t/]ioL[ w [0{ÆdA]¥hq`zpQ�
t�oLhq\OØy[�]¥Û´[0[�pæ]ioL[+pLxgu�Øg[ w `fa'cghku�[�pLtihq`zpêdApLc�®½hkpO]ioL[
nfdft�[�`Aa/{k[_d w pghkpg~+]ioL[�u�`�cg[0{�Û�hq]io / V hkpÌ]ioL[�]�dAti�æ�z�:dfpgc
ô�hq~y^q� �zíÓØyð�t�oL`zÛ�t�]ioL[ w [0{¼dA]ihq`zpLtioghk\»Øe[0]iÛ�[�[0p�]ioL[/pLxgu'Øe[ w `Aa
cghku�[�pLtihq`zpÝdfpgcÙ]iog[»dAn0]ihk`zpÌ[0t�]¥hqu�dA]¥hq`zpÌ[ wiw ` w ^'×�oLhqt'[ wiw ` w
t�oL`zÛ�t�]ioL["t�xLu*`Aa�[ wiw ` w pL` w u�t�Øe[0]iÛJ[0[�pÝ]ioL[+[0ti]ihqu�dA]¥[�c
dAn0]ihq`zpÀdApLcO]ioL[
tixg\y[ w j�hqti[0cOdAn0]ihk`zp�^Üô w `zu*]ioL[0t�[�çe~ x w [0t
Û�[(n_dApÝti[0[�]ioydA],]ioL[�pL[�n0[0tit�d w sÊpLxLu(ØL[ w `Aa�cLhqu�[0pgtihq` pÌhqt
]iÛ´`(]¥` [0ti]ihqu�dA]¥[�]ioL[�dAn0]ihk`zp"a w ` uã]ioL['ti]�dA]i[�^
è«p»]ioL[/ti[0ÚQxL[0pgn0[/`AaÇô�hq~y^ ï6]ioL[ w [�d w [´t�`zu�[�n_dAti[0tS]ioydA]�]ioL[

w `zØe`z]�cL[�n0hqcL[0tS]ioL[´dAn0]ihq`zpLtSÛ�hk]io w [�{¼dA]ihkjQ[0{qs,{k`AÛÝ\ w `zØydAØLhq{qhk]isª í ��§ 1Qð0��]¥oedf]´hqt_��]ioL[ w `zØe`z]´hkt�pg`z]´ti`(tix w [HdfØe`zxL]´hq]it�dAn0]ihq`zpcg[0n0hqtihq`zp�^:×�oL[ w [�aÓ` w [���hq]´ti[0[�u�t´pg[0n0[0t�t�d w s»aÓ` w ]ioL[ w `zØy`z]´]i`
t�[0{q[0n0]»u�xg{k]ihq\L{q[»hqu�dA~z[�a®[_dA]¥x w [0t(a w `zu ]¥og["hqu�dA~ [
aÓ[fdf]ix w [
t�[0]"]¥`ÀdAn0n�` u�\g{khqtio u�` w [mn0`zu�\L{qhqn_dA]i[0cê]�dAti�Qt_^��H`AÛ'��Û/[
d w [�hqpLjA[0t�]¥hq~�dA]¥hqpL~,oL`zÛÝ]i`'hqpL]i[0~ w dA]i[�]ioL[�\ w `z\e`zti[0c u [0]ioL`�c
dApgcæ]ioL[
hku�dA~z[�a®[_dA]ix w [�ti[�{k[�n0]ihk`zpÜu�[0]ioL`�cÜØydAti[�cæ`zpÜ]¥og[
hqpQa®` w u�dA]¥hq`zp ]ioL[0` w [0]ihqn´n w hk]i[ w hq`zpÊí�lÒhqpydA]i`�î bHt�dAcyd
�z�z� �zð0^

T����
�|I��|EHÖT�|N
b w Øy[�{���×�^q�gdApLcÒôg[ wiw hq[��Yô´^VU�^��0ïzïzïL^|ÞHhq[0Û�\e`zhkpg]Jti[�{k[�n0]ihk`zp
ØLsÒpydAj�hq~�dA]ihk`zpÌ]¥o w `zxL~zoÌ[0pL] w `z\Qs
u�dA\Ltf^�è«pXWZ:C@�7P>P>PDFEHIZYk<@CB\[^]è>`_.>ba
>
Ic[^]ed=Ic[¬>
:5IcfZ[¬EK@FIcfhgjiÎ@FI�B5>
:=>
Iè7P>U@FIki#@�GmlT9n[¬>
:
oÆE¼<?EK@FIg�è�����qpJ�z���y^
ôe[0{q{qu�dfp�� Z(^��e^q��dApLcÒ}Stiti[�p��YZ(^�ó,^zÞ»^S�0ïzïL�z^�Z6hqti] w hqØLxg]¥[�c
oLhq[ w d w n0oghknfdf{y\ w `�n�[0tit�hkpg~(hkp"]ioL[H\ w hku�dA]i[Hn�[ w [0Ø w df{=n�` w ]i[0áÇ^
iÎ>
:=>qr
:sfhgji#@F:P[¬>ut��z�k�vp_���L^
è«tioLhq~zx w `y�Sé»^qöÎ��dfu�hqoyd w dA�Q`g�:lÝ^qö/dfpgcæè«t�oLhqcydL�:×�^Ü��ïzïzïY^
rQ]�dA]¥[�ti\edfn�[Hn0`zpgti] w xLn0]ihq` p�ØLs�dA]i]i[0pL]ihq` p�n0`zpL] w `z{�^yè«pwWs:=@hx7?>P>PDFEKIZYk<X@CBy[^]è>z_.E{t|[¬>?>
Ic[^]}d=Ic[¬>
:5IcfZ[¬EK@FIcfhg�~;@�EKIc[�i#@�I�B5>
:ux>
Iè7?>
@FIz�
:P[+E �-7
E�f�g�d=I�[¬>�g�g»E�YF>�Iè7�>_�e�z��RL�vp=� ��Rz�L^� w
	`zti[��Î�,^J�e^:b(^q�/dApLc��´xgpLtin�oL`z]i[0p��j�'^Ð��ïzïzïL^�U w `zØyd_�
ØLhq{khqti]ihqn�{q`�n_dA{qhkõfdf]ihq`zpÙØgsÙdf\g\e[_d w dfpgn0[�u�`Ycg[0{qt�dApgcædAn0]ihkjQ[
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