
��� � �����	��
�� �� ��� �������� ������������� ���
� �������� ����!"� �� #�$%�&�'�&�(�

)+*-,/.10324050368789:24*;*-.=<>24?	@BADC;*32EADFHGI68F4JBF4FK9:.1?L*
M GN*-,8.OC3.=PQ682KC;.19:.1?L*-0RG M CS*3,8.O<8.1TUC;.1. M G
VXWBY=Z\[Q]_^a`cbedLfI[hg&dU[ifjglkcgNmnfogN[Q[Q]pfjgqm

rts

uv]wWBxyuv]\znWBgHZ
r|{~}H{��8� C;2KTU,L* } *�A�*3.���?824�D.1C;0324* sD�e�\�U�U�

�������
� ���1�:��� � ������� ��� �=�:�c�����=���



���� \¡£¢>¤¥be¤S¦O¤§k©¨«ª« ¬£k|�>b� =¤§®
b&¯°¢²±�±:³´±:µ�¡	�	¦	¶£¨£¦O¤�k�b�¤°¨£¶	 =k§b

· M �U.=9v7H.=C �\¸¹�aºD»U»D»

¼S½¿¾ÁÀ�¾�rÁÂ�À¿¾ÁÃRÄOÅÆÅi¾�·¿Ç�È5½ ) È+È5½¿¾'È5½|¾Á}¹¼É}«Ê�À¿¾�Ê ) À¿¾�Ç � ·|Çc¾�À(Å£Â
} � ÊÁ¾�À�ËÌ¼É}h¼ÉÄO·�rÁÂ ÍQÎ/ÏUÐ+ÍQÎQÑ¹Ï�Ò¹Ó ¾�·¿ÈR¼ÔÈ5Õq¾�Ç ÖL×8Ø�Ù/Ø/Ú¹ÛwÜUÒÞÝ�ßXÏ�Ò+àLá¹ÐaÛUÝ
â Î/ØLãDá8Ø�ÒHäpÑ+å/Ï/ä\áháLæ(ÖLáQç8ØèàDæhéaê/ÛwßaÛ�ØUÎ rS¾ ) ÃRÃS¾ÁÊ�È5¾�ÇÞ¼ë·(Ê ) À�ÈR¼ ) Õ
ì � ÕNì&¼ëÕNÕNÅi¾�·�ÈXÄcì%È5½|¾íÀ�¾tî � ¼ëÀ¿¾ÁÅi¾�·¿È�}«ìNÄOÀ+È5½¿¾yÇc¾Áï§À�¾�¾yÄcì
ð Ï/ÚpÓ/ØUÎ´Ý�ßXñ/ähÛ�Ø�ÒHäDØ´ÛòÒôóQÒ¹ÜaÛòÒ8ØhØUÎaÛòÒ¹Ü

Å A�C32EA�?>õ { õOADö=2K9:2K.=C3÷1ö=68ø �BÊ , {ùÇv{
È ,8.=03240 Ç 24C3.=÷=* M C

ì C3.=< Çv{aï A�C37n.1C �aÊ , {ùÇv{
Ç .=@BADC;*39ú.=?L* Ã ,BAD2KC

Ã M 9:9ú2�*3*3.1. M ?ì 24?BADF ¾�û AD9:2K?BAp*-2 M ?

Å ADC32KAD?£õ { õ§A�ö12K9:2K.=C3÷=ö168ø �8Ê , {ùÇv{

À A s 9 M ?/< ¾R{n} 2�GI.1C;< �BÊ , {ùÇv{

õc.GI6£ü|68. �nÊ , {ùÇv{

ý M 0;.1@8, ìþ{8È , M 9úAD0 ý C {4�aÊ , {ùÇv{Ç .òA�? �a} ÷�, MhM F M G ï C-AD<868A�*-. } *368<82K.=0



ÿ��������	��
��
r C s AD?L* �nr C3AD< {ÁÅ {~}H{��HÇ .=@BADCÉ*-9:.1?L* M G ¾ F4.1÷*-C324÷òADF ¾ ?/TU2K?8.=.1C;2K?8T �¹� C;2KTU,L* } *-A�*-.�¿?/24�U.=C30;24* sU�nº�»U»U»/{�È ,8. Ç .=032KTD? M G�AD?«)|6/<82 M ì C3.=Ph6/.1?8÷ s	Ë AD÷1686/9 È 6/7H.§)|9:@8FK2�JB.1C {

)|? 24?�Ô<8.=@/*-,°@8C M ÷1.=<868C3.SG M C&*-,/.S<8.10;2KTU? M GnAD? AD68</2 M  GIC3.1PQ68.=?8÷ s ��AD÷16/689�*3687n.RAD9:@8FK2�JB.1C
2K0�? M *�C3.1AD<82KF s Aò��AD2KFKAD78F4. {Nr MhM øQ0�*-,BA�*Á<82403÷=68030���AD÷16/689Þ*-687n.10ÁADC;.5ADFK0 M <82��:÷16/F4*�* M J8?8<ú</68.
* M *-,/.OGoA�÷=*5*-,BAp*�*3,8.O�DA�÷168689�*3687n.��þAD0¿C3.1@/FEAD÷=.1<«7 s *3,8.O*-C-A�?803240;* M CR2K?£*-,8. �\���D»�� 0�AD05*-,/.
AD÷*-24�D.5÷12KC;÷1682�*�.1F4.19:.1?L* M GH÷�, M 24÷1.RG M C�9 M </.1C3? .=FK.1÷*-C M ?82K÷=0 {�È ,/. M FK<8.=C�7 MhM øQ0�ADC3.RFKAD÷�øQ2K?8TO24?
<8.*�AD24F � FK.1Aò�¹24?8T M 6/*t*3,8.|0É*-.=@80þ24?Q� M F4�D.1<_* M ADC;C32��U.¿A�*t*3,8.|0 M FK6¹*-2 M ? {�Ç 68.5* M *-,8.¿@H.=C30;2K0;*3.1?8÷=.
M Gn*-,8.R��AD÷=68689Þ*-6/7H.5C3.=9_A�2K?824?8T|*-,/.|AD÷*-2��U.5.1F4.19:.1?L* M GH÷�, M 2K÷=.RG M CÁAD68<82 M  GIC;.1PQ68.1?/÷ s AD9:@8F42�
JB÷1A�*-2 M ? � *3,8.1C;.R,BAò�U.R7n.1.1? ?8.��'7 MhM øQ0�@86878F42K03,/.1< M ?v*3,8.S* M @/2K÷ M Gn��AD÷=68689�*-687n.RAD9:@8FK2�JB.1C;0 {
½ M �t.=�D.1C � *3,8. s ADC3.�? M *Ì*3.1÷�,8?824÷òADF�AD?BADF s 032K0 {ÌÈ ,8. s 03øQ24@ M �D.1Cc<8.*�AD24FK0 � 7n.12K?/T_*�ADC;TU.=*3.1<iG M C
*-,/.Ì.1F4.1÷=*3C324÷òADF4F s 24FKFK2�*-.=C-A�*3. {qÈ ,82K0t*-,8.=032K0��52KF4Fn6/03.c÷124C3÷=6824*þAD?BADF s 032K0�*-.=÷�,8?824Ph6/.10S* M <8.=*3.1C39:2K?/.
.1PQ6BAp*-2 M ?80c*-,BA�*��524FKF&.1?BAD7/FK.:AD? AD9:@8FK2�JB.1C|* M 7H. <8.=032KTD?8.1< * M 9:.1.=*O</.10324C3.=< @n.1CÉG M C39úAD?8÷=.
03@n.1÷=24JB÷1A�*-2 M ?80 {�È ,8.:<8.1C;24��A�*-2 M ? M Gþ*3,8.10;._.1PQ6BAp*-2 M ?80��524FKF�7n.:@8C3.=03.1?L*3.1<%0;*3.1@ 7 s 0É*-.1@ { )
TUC3AD@8,824÷òADF89:.=*3, M < M G <8.10;2KTU?��52KF4FBADF40 M 7H.�@8C;.103.=?L*-.1< {ÁÈ ,/2K0Á9ú.*-, M < ÷òAD?úTU24�D.�24?80324TU,L*-0�2K?L* M
*-,/. <8.10;2KTU?²@8C M ÷=.1<86/C3.v*-,8A�*OADC;.v68?BA�*;*�AD24?BAD78F4.°7 s 6/032K?/T M ?8F s .=Ph68A�*-2 M ?80 {�¾ PQ6BA�*-2 M ?80��524FKF
7n.�<8.=C32��U.1<>0;*3.1@Æ7 s 0;*3.1@i* M .=?BAD78F4.§*3,8.§<8.10;2KTU? M G�AD?>AD÷*-24�D.�F M AD<	G M CR*-,/.°AD9:@8F424JB.=C {ÁÈ ,8.
680;. M G|A�? AD÷=*324�U.	F M AD<��524FKFÁ2K9:@8C M �D.£AD9ú@/FK24J8.1C§@H.=C;G M C;9_AD?/÷1. { È ,8240v*-,8.=032K0 @/C3.10;.1?L*-0 *-,/.
<8.=032KTD? M G¿Ai�DA�÷168689�*-687n.£AD9:@8FK2�JB.1C��524*3, AÆFK.�U.1F M G�<8.=*-AD2KFþAD?8<%24?80324TU,L*°*-,8A�* < M .10 ? M *
. û 240;*�.1F403.��5,/.1C3.§2K?«A FK24øD.ÌG M C;9 {

242K2



�! #" �%$ " �%�
&  1gnZ\]w^ex('NdDZwfI^ng &
�U{�� r AD÷�øQTUC M 68?8< ¼ ?/G M C;9_A�*32 M ? {�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �
�U{~º � ,BA�*52405A Ë AD÷=68689 È 687n.O)|9:@8FK2�JB.1C*) {§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �
�U{,+ Ê 68C3@ M 03. {§{�{§{§{�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ º

- ¤/.N[ ¯°^10!0 ^Hg32¯°W¹Z4.N^�xN[²¦507698of;:&[Q] <
º¹{�� È ,8. Ã M 9:9 M ?� Ã A�*3, M </.Ì)|9:@8FK2�JB.1C Ã 2KC3÷=6824* {§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ =
º¹{~º Õ M �> ì C3.1PQ68.=?8÷ s«À .10;@ M ?803. {�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ ?

º¹{~º¹{4� Õ M �> ì C;.1PQ68.1?/÷ s>Ã M 9:9 M ?� Ã A�*3, M <8.Ì)|9:@8F424JB.=C Ã 2KC;÷1682�* {�{§{�{§{§{ ?
º¹{~º¹{ º ¾A@ .1÷* M GABDC M ? Õ M �> ì C3.=Ph6/.1?8÷ siÀ .10;@ M ?803. {�{§{§{�{§{O{�{§{�{§{§{ �
º¹{~º¹{E+ ¾A@ .1÷* M GAB>F M ? Õ M �> ì C3.=Ph6/.1?8÷ s«À .=03@ M ?803. {�{§{§{�{§{O{�{§{�{§{§{ ¸
º¹{~º¹{,= ¾A@ .1÷* M GAB>G M ? Õ M �> ì C3.=Ph6/.1?8÷ siÀ .10;@ M ?803. {�{§{§{�{§{O{�{§{�{§{§{ H

º¹{,+ Å 2K<� ì C3.=Ph6/.1?8÷ s£À .=03@ M ?80;. {�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �\»
º¹{I= ½ 24TU,� ì C;.1PQ68.1?/÷ s£À .10;@ M ?/03. {§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �U�

º¹{I=8{4� ½ 2KTU,� ì C3.=Ph6/.1?8÷ s«Ã M 9:9 M ?� Ã A�*3, M </.Ì)|9:@8FK2�JB.1C Ã 2KC3÷=6824* {§{�{§{§{ �U�
º¹{I=8{ º ¾A@ .1÷* M G&*3,8. È C;2 M <8. ¼ ?L*-.1CJ ¾ FK.=÷=*3C M <8. Ã AD@BAD÷=24*�A�?8÷1.=0 M ?	*3,8. ¼ ?8@86/* �wº
º¹{I=8{E+ ¾A@ .1÷* M G&*3,8. È C;2 M <8. ¼ ?L*-.1CJ ¾ FK.=÷=*3C M <8. Ã AD@BAD÷=24*�A�?8÷1.=0 M ?	*3,8. Ä 6¹*-@86/* �K+

º¹{E? ï C3AD@8,824÷òADF Ç .10;2KTU? Ê C M ÷1.=<868C3. {§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �L=
º¹{E?¹{4� } .1FK.=÷=*32 M ? M G À .=03240;* M C Ë ADFK68.=0 {§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �L=
º¹{E?¹{ º Ç .*-.=C39:2K?824?8T°*-,/. È C32 M </. Ê ADC3AD9ú.*-.=C30NMPO �	Q*RL� AD?8<TS {O{�{§{�{§{§{ �\�
º¹{E?¹{E+ } .1FK.=÷=*32 M ? M G Ã AD@BAD÷=24* M C Ë ADFK6/.10 {O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ º¹�
º¹{E?¹{,= ì C;.1PQ68.1?/÷ s:À .103@ M ?80;. M GH*3,8. Ç .10;2KTU?/.1< Ã M 9:9 M ?� Ã A�*3, M </.S)|9:@8FK2�JB.1C ºU+

24�



º¹{,� Ç .1C;24��A�*-2 M ? M Gh*3,8. È ,8.=�D.1?824? ¾ PQ682��DA�FK.1?L* Ã 24C3÷=6824*�G M C *-,8. Ã M 9ú9 M ?� Ã A�*-, M <8.
)|9:@8FK2�JB.1C {§{�{§{§{�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ ºP=

V ¤/.N[ ¯°W¹Z4.N^�xN[�2-µq^18W8o^�Xv[Q]�¦507698of;:&[Q] -ZY+/{�� È ,8. Ã FEAD0;0324÷òADF Ã Ap*-, M <8.� ì M FKF M �t.1Cþ)|9:@8FK2�JB.1C Ã 24C3÷=6824* {§{§{�{§{O{�{§{�{§{§{ ºU�+/{~º Ã FEAD0;0324÷òADF Ã Ap*-, M <8.� ì M FKF M �t.1Cþ)|?BADF s 032K0 {§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ ºU¸+/{,+ È ,8.=�D.1?824? ¾ PQ6824��ADF4.1?L* Ã 2KC;÷1682�*RG M CS*-,/. Ã Ap*-, M <8.� ì M FKF M �t.1Cþ)|9:@8FK2�JB.1C {§{§{ ºD�+/{I= Ã A�*-, M <8.[ ì M F4F M �þ.=C�AD0ÁAD?_)¿÷=*324�U. Õ M AD< G M C�*-,8. Ã M 9:9 M ?� Ã Ap*-, M <8.5)|9:@8FK2�JB.1C +/�+/{I=8{4� È ,/.§)¿÷=*324�U. Õ M AD< Ã 2KC;÷1682�* È M @ M F M T s {§{�{§{�{§{§{�{§{O{�{§{�{§{§{ +/�+/{I=8{ º )¿?BADF s 0;2K0 M G�*3,8. Ã A�*-, M <8.[ ì M F4F M �þ.=C�AD0£A�?è)¿÷=*324�U. Õ M A�<�G M C_*-,8.
Ã M 9ú9 M ?� Ã A�*-, M <8.Ì)¿9ú@/FK24J8.1C {§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ +Lº

< ¯�^HgNd\8W'&YòfI^ng&Y <1]
¦^6_6�[¹gNxNfjdU[hY < -

¦ < -
u <a`
¯ <ab
¶ <ac

��[Q` [Q]w[hg&dU[hY `	]

�



dfe ���  #gih eJjDk �	$l�
� Ã M 9:9 M ?�Ô÷òAp*-, M <8.cAD9:@8F424JB.=Cþ÷124C3÷=6824* {�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ =
º Õ M �> GIC3.=Ph6/.1?8÷ s ÷ M 9:9 M ?�Ô÷1A�*-, M <8.cA�9ú@8F424JB.=CS÷124C3÷=6824* {�{§{§{�{§{O{�{§{�{§{§{ ?+ Ç .1C;24��A�*-2 M ? M GN*-,/. È 9 M <8.=F {|{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �= Õ M �> GIC3.=Ph6/.1?8÷ s 039úADFKFmÔ0324TU?BADF È 9 M <8.1F M G�÷ M 9ú9 M ?� ÷òA�*3, M <8.cAD9:@8FK2�JB.1C {�{§{ ¸? Õ M �> GIC3.=Ph6/.1?8÷ s 039úADFKFmÔ0324TU?BADFn9 M <8.=F M G�÷ M 9:9 M ?�Ô÷1A�*-, M <8.ÌAD9ú@/FK24J8.1C {²{§{§{ H� Õ M �> GIC3.=Ph6/.1?8÷ s .1PQ6824��ADF4.1?L* M 6/*3@86/*5÷124C3÷=6824* M G&÷ M 9ú9 M ?� ÷òA�*3, M </.cAD9:@8FK2�JB.1C { �
¸ } 2K9:@8F424JB.=<úF M �> GIC3.=Ph6/.1?8÷ s .=Ph6/24��ADFK.=?L* M 6/*3@86/*R÷=2KC;÷1682�* M Gq÷ M 9:9 M ?�Ô÷òAp*-, M <8.

AD9:@8FK2�JB.1C {�{�{§{§{�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �H Å 2K<� GIC3.=PQ68.1?8÷ s ÷124C3÷16/24* M G&÷ M 9ú9 M ?� ÷òA�*3, M </.cAD9:@8FK2�JB.1C {°{§{�{§{O{�{§{�{§{§{ �\»
� Å 2K<� GIC3.=PQ68.1?8÷ s 039úADFKFmÔ0;2KTU?BA�Fn9 M <8.1F M G�÷ M 9ú9 M ?� ÷òA�*3, M <8.cAD9:@8FK2�JB.1C {l{§{§{ �U�
�\» ½ 24TU,� GIC;.1PQ68.=?8÷ s 0;9_A�FKF� 0324TU?BADFa9 M <8.=F M G&÷ M 9:9 M ?�Ô÷1A�*-, M <8.ÌAD9ú@/FK24J8.1C {�{§{§{ �wº
�U� Å M <824JB.=<l,/2KTU,� GIC3.=Ph6/.1?8÷ s 039úADFKFmÔ0324TU?BADFÁ9 M <8.=F M G|÷ M 9:9 M ?�Ô÷1A�*-, M <8.£AD9n

@8FK2�JB.1C {�{�{§{�{§{§{�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �wº
�wº Ã 2KC;÷1682�*&* M <8.=*3.1C39:2K?/.t*-,/.R,82KTU,� GIC3.=PQ68.1?8÷ s 24?8@86/*�@ M F4. M GH÷ M 9:9 M ?�Ô÷òAp*-, M <8.

AD9:@8FK2�JB.1C {�{�{§{§{�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �K+
�K+ Ã 2KC;÷1682�* * M <8.*-.=C39:2K?8.�*3,8.�,824TU,� GIC;.1PQ68.=?8÷ s M 6/*-@86¹*q@ M F4. M Gh÷ M 9ú9 M ?� ÷òA�*3, M </.

AD9:@8FK2�JB.1C {�{�{§{§{�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �L=
�L= Ç .1@n.1?8</.1?8÷=. M G(opO M ?rqpsJt Q*RL{�{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �K�
�4? Ç .10;2KTU? TUC-AD@/, �Auwv �¹0 {yxZv A�*v÷ M ?80É*�AD?L* TUC;2K< � M F4*-ADTU.=0�G M C �wº )�ü ¸ *3C32 M <8.

��AD÷1686/9 *-687n. {è{§{�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ �w¸
�K� Ê F M *SG M CSJB?8<824?8T QzRU� MPO � AD?/<TS A�*R*3,8.O÷�, M 03.=?iPQ6824.103÷=.1?L* M @H.=C-A�*32K?8T @ M 2K?L* { ºD»
�w¸ r M <8.c<82EA�TUC-AD9 G M CS*-,/.§</.10324TU?8.=<>÷ M 9ú9 M ?� ÷òA�*3, M <8.cAD9:@8FK2�JB.1C {�{�{§{�{§{§{ ºU+

�h2



�KH r AD0;2K÷Ì*-,/.=�U.=?82K?>.1PQ682��DA�FK.1?L*5÷=2KC3÷=6824* M G�Av� M F4*�A�TU.OAD9:@8FK2�JB.1C {l{§{O{�{§{�{§{§{ ºP=
�\� È ,8.=�D.1?824?i.=Ph6/24��ADFK.=?L*5÷12KC;÷1682�* M GN*-,8.O÷ M 9ú9 M ?� ÷òA�*3, M </.cAD9:@8FK2�JB.1C {�{�{§{§{ º�?
ºD» Ã FEAD0;0324÷òADF�÷1A�*-, M <8.[ G M F4F M �t.1CRAD9:@8F424JB.=Cþ÷124C3÷=6824* {°{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ ºU�
º¹� } 9úADFKFmÔ0324TU?BADFa9 M </.1F M G&÷òAp*-, M <8.� G M FKF M �þ.=CRAD9:@8FK2�JB.1Ct÷12KC;÷1682�* {R{§{O{�{§{�{§{§{ ºU¸
ºUº Ã A�*-, M <8.[ G M F4F M �t.1CSTLA�2K?��h0 { q�FKt Q*R�{q{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ ºD�
ºU+ È ,8.=�D.1?824?i.=Ph6/24��ADFK.=?L*RG M CR÷òA�*3, M <8.� G M FKF M �t.1CSAD9ú@/FK24J8.1C { {§{�{§{O{�{§{�{§{§{ +U»
ºP= Ã A�*-, M <8.[ G M F4F M �t.1CRAD0�AD?«AD÷*-2��U.OF M A�<�G M CR÷ M 9:9 M ?�Ô÷1A�*-, M <8.ÌAD9ú@/FK24J8.1C {è{§{ +/�
º�? } 9úADFKFmÔ0324TU?BADFH9 M <8.=F M G�÷òA�*3, M <8.� G M FKF M �t.1C�AD0¿AD?²A�÷=*-2��U.�F M AD<£G M C�÷ M 9:9 M ?�

÷òA�*3, M <8.§AD9ú@/FK24J8.1C {�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ +�+
ºU� } 9úADFKFmÔ0324TU?BADFa) Ã ÷12KC;÷1682�* M G�÷ M 9:9 M ?�Ô÷1A�*-, M <8.cA�9ú@8F424JB.=C#�52�*-,«AD÷=*324�D.§F M AD< { +��
ºU¸ Å M <824JB.=<�039úADFKFmÔ0324TU?BADFR) Ã ÷124C3÷16/24* M G�÷ M 9ú9 M ?� ÷òA�*3, M </.²AD9:@8FK2�JB.1Cf�524*-,

AD÷=*324�D.§F M AD< {"{§{§{�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ +L¸
ºUH } 2K9:@8F424JB.=< 0;9_A�FKF� 0324TU?BADF�) Ã ÷=2KC3÷=6824* M G5÷ M 9ú9 M ?� ÷òA�*3, M <8._A�9ú@8F424JB.=C��524*-,

AD÷=*324�D.§F M AD< {"{§{§{�{O{§{�{§{�{§{§{�{§{�{§{O{�{§{§{�{§{�{§{§{�{§{O{�{§{�{§{§{ +�H

�¹242



�|{#}	��~���� ���Æ� ��� � � ���

¼ � M 6/FK<£FK24øD.Ì* M *3,BAD?8ø_9 s AD<¹�¹240 M C �BÇ C {BÅ ADC32KAD?£õ { õOADö1249ú24.1C;÷1ö16/ø � G M CR,8240RTU682K<8AD?8÷1.OA�?8<
2K?/@86/* M ?£*-,8.c*3,8.10;2K05<8.=�D.1F M @89:.1?L*�@8C M ÷1.=030 {
¼ A�FK0 M �52403, * M *3,BAD?8ø Ç C {UÀ A s 9 M ?8< ¾R{Q} 2�GI.1C;<úA�?8< Ç C { õc.GI6 ü|68.RG M C�0;.1C;�h24?8T§AD0�9ú.=9�

7n.1C30 M G�9 s>ÅÆ} *3,8.10;2K0¿<8.=GI.=?803.v÷ M 9:9ú2�*3*-.=. � TU2��¹24?8T *-,8.�÷ M ?80É*-C;68÷=*324�U.°÷1C32�*-24÷12K0;9"?8.1÷=.10;0-ADC s
* M @8C M </68÷1.§A Ph68ADFK2�* s *-.=÷�,8?824÷òADFeC;.103.1ADC3÷�,>< M ÷1689:.1?L* {

¼ � M 68F4<§ADFK0 M FK2Kø�.�* M *3,BAD?8ø�*-,8. Ç .=@BADCÉ*-9:.1?L* M G ¾ FK.1÷*-C;2K÷òA�F ¾ ?8TU24?8.1.=C32K?/T5AD?8< Ç C {1ì C;.1< Çv{
ï ADC37n.1C � *3,8. Ç .=@BADC;*39ú.=?L* Ã ,BA�2KC � G M CNTU24�h24?8T59ú.�*-,8. M @8@ M C;*368?82�* s * M¿M 7/*�A�2K?§9 s�ÅÆ} <8.=TUC3.=.
A�* � C324TU,L* } *�A�*3.§�¿?82��U.1C;032�* sU{

�h2K242



� �q� ��� ~ ��� { ��� ~:�
����� � ��
1� j �  k "�����"�g[ �Z���9� e  D"
� , s � M 68F4< M ?8. 0É*-68< s *-,8. <8.10;2KTU? M GvAD68<82 M  GIC;.1PQ68.1?/÷ s ��AD÷16/689 *-687n. AD9ú@/FK24J8.1C30*)

Ë AD÷=68689�*3687H.=0n�þ.=C3.£<82K0;÷òADC;<8.1< 2K? GoAò� M C M G�*-C-A�?803240;* M C30 M �U.=C *3,82KCÉ* s s .òADC;0úA�T M { ¼ ? *-,/.
AD9:@8FK2�JB÷òAp*-2 M ? M Ge.1F4.1÷=*3C324÷|9v680;2K÷1ADFa2K?80É*-C36/9ú.=?Q*30 � �DA�÷168689©*-6/7H.=0S,BAò�U.Ì? M *S7n.1.=?�<82K0;÷òADC;<8.1< {
½ 24TU,i.=?8<Æ9v6/032K÷1ADFq2K?80É*-C;689ú.=?L*cAD9:@8FK2�JB.1C;0�ADC3.§<8.10;2KTU?/.1<��524*3,>��AD÷=68689"*-687n.10 {cÅ 6/032K÷=2EAD?/0
@8C;.=GI.1CR*3,8.O0 M 68?/< M G&��AD÷1686/9 *-687n.§AD9:@8FK2�JB.1C;0 M �U.1CR*3C-AD?80;2K0É* M C5AD9:@8F424JB.=C30 {
È ,8.R<8.=7BA�*-. M �D.1C�*3,8.R<82 @ .1C;.1?8÷=.S7n.=*��t.1.1? *-,/.103.S*�� M *-.=÷�,8? M F M TU2K.=0�,BA�0�7H.=.1?:ADC M 68?8<°G M C

*-,/2KC;* s°s .òA�C30 {�È ,/2K0�<8.178A�*-.N�52KF4FBADF��SA s 0�7H.�ADC M 68?8< {�È ,8.¿</.17BA�*3.¿240�7BAD0;.1<_6/@ M ?:2K?/<824�h2K</6BADF
M @824?82 M ? M ?��5,824÷�,v*-.=÷�,8? M F M T s 0 M 68?/<80�7n.=*3*3.1C {�È ,8.5AD6/*3, M C M GB*-,8240�*-,/.1032409�52KF4FQ? M *�A�*;*-.=9ú@/*
* M @/C M �U. 0;÷12K.=?L*-24J8÷òADF4F s *-,8. C;.òAD0 M ?ÆG M CcA�@n.1C;÷1.=24�U.=< <82 @ .1C;.1?8÷=. 2K? AD68</2K78F4.°0 M 68?8< PQ6BADFK2�* sU{
È ,8240�� M 68F4< 7n. @ M 24?L*-FK.=030O7n.1÷òA�6803.:*-,8.=C3.:2K0O? M *3,82K?8T£24?8,8.1C;.1?L*-F s 03÷=2K.1?L*324JB÷:AD7 M 6/*§,Q689úAD?
M @824?82 M ? {_È ,8._AD6/*3, M C��52KFKF�0É*-68< s *3,8._</.10324TU? M GS��AD÷1686/9 *3687n._AD9:@8F424JB.=C30O7H.=÷òAD6/03.ú*3,8. s
ADC;.O*3,8.O, M *52�*-.19�2K?	*-,/.§9°680324÷òADFeA�9ú@8F424JB.=CS2K?/<8680;*3C sD{

����� � � �9� e �����y��
 k�k � � k �/$(ÿ������ e�� $l�� 
)|?«AD9:@8FK2�JB.1C�240RA°÷124C3÷=6824*t*-,BA�*D�52KFKFB*-ADøD.OAv0;9_ADF4Fa) Ã 24?8@86/*R0;2KTU?8ADF M G M ?8.|� M F4* M CþFK.=030 �

AD?8< AD9:@8FK2�G s 24* {�¼ <8.1ADFKF sU� *-,8. M 6/*3@86/* M GS*-,/.�AD9:@8FK2�JB.1Cc240§A>9:2KC3C M Cc2K9úADTU. M GS*-,8.:2K?/@86/* �
. û ÷=.1@/*ÌG M C�,8A\�h24?8TúFKADC3TD.1C59_A�TU?824*368<8. { )(�DA�÷168689"*3687H.�AD9:@8FK2�JB.1CR6/03.10���AD÷1686/9 *3687n.10ÌA�0
*-,/.°AD9:@8F424G s 2K?8T°.1FK.=9ú.=?L* � AD0 M @8@ M 03.=<>* M 680324?8T *-C-A�?803240;* M C30 {þÈ ,8.�0É*�AD?/<BADC3<«��AD÷1686/9 *3687n.
AD9:@8FK2�JB.1C°2K?L�U.=C;*-0:*-,8. M 6/*3@86/*��524*3,lC;.10;@H.=÷=*_* M *3,8.«2K?8@86¹* {'È ,/.«* s @n. M G¿��AD÷1686/9 *3687n.
* M 7n.�680;.1< 2K? *3,8.�<8.=0324TU? M G5*-,8.£A�9ú@8F424JB.=C�240vA �wº )¿ü ¸w� ) � ADFK0 M øh? M �5? AD0vA ¸D»Lº�? M C
¾ÁÃRÃ>H�+ *3687n. {�È ,8. �wº )�ü ¸p� )è240ÁA§,824TU,�¡S	<86BADF8*3C32 M <8. � ÷òAD@BA�78FK. M G <82K0;032K@8A�*-24?8T M ?8.¢�SAp*3* {
½ 24TU,�¡S 9ú.1AD?80|*3,8.v*-6/7H.v,8AD0OAD? AD9:@8FK2�JB÷òAp*-2 M ?«GoAD÷* M C¿GIC M 9 ?D» * M �ò»U»/{OÈ ,8. �wº )�ü ¸p� )

�



º

÷ M ?803240;*-0 M GÁ*�� M *3C32 M <8.=0c.1?8÷=F M 0;.1<£�524*3,82K?Æ*3,8. 0-AD9:.v��AD÷16/689�*-6/7H. � ,/.1?8÷=._A	<86BA�F�*-C;2 M <8. {
)X*-C;2 M <8.c÷ M ?/032K0É*-0 M G&G M 68CR.1F4.19:.1?L*-0 {tÈ ,/.103.§.1F4.19:.1?L*-0�ADC;.c*-,8.O÷ M ?Q*3C M FeTDC32K< � *-,8.§÷òAp*-, M <8. �
*-,/.�,8.1A�*-.=C � AD?8<£*-,/.�@8FKA�*-. {tÈ ,/.°@8FKA�*-.c240¿A�FK0 M øQ? M �5?²AD05*-,/.�A�? M </. {þÈ ,/.�÷ M ?L*-C M FNTDC32K<£240
F M ÷òAp*-.1<«7n.=*��t.1.1?Æ*3,8.§÷òA�*3, M </.°AD?/<«*3,8.°@8FKA�*-. {þÈ ,8.§,8.1A�*-.=C¿240¿F M ÷1A�*-.=<>24?«÷=F M 0;.�@/C M û 2K9:24* s
* M *3,8.O÷òA�*3, M </. {

È ,8.£7BAD0;2K÷�@8C;2K?8÷=2K@8F4. M G M @H.=C-A�*32 M ? M G|Ai*3C32 M <8.ú2K0 A�0°G M FKF M �50 { È ,8.	÷124C3÷=6824*°2K0v782KAD03.=<�524*3, A ÇOÃ ÷168C;C3.=?Q*�¤ M �524?8T�GIC M 9 *3,8. @8FKA�*-.§* M *3,8. ÷òA�*3, M <8. {OÈ ,8. ÇOÃ ÷=68C3C;.1?L*O2K0Ì0;.=*Ì* M
.1?8AD78FK. ÷=FEAD0;0§) M @n.1C3A�*-2 M ? { È ,8.:0324TU?BADF�* M 7H.:AD9:@8FK2�JB.1<²240§AD@8@8F42K.1<²* M *3,8.:÷ M ?L*-C M F�TUC;2K< {
)�÷�,BAD?8TU.�2K?£*-,8.O� M F4*�A�TU. M ?>*3,8.�÷ M ?L*-C M FqTUC324<>÷=C3.òAp*-.10|AD?i) Ã ÷168C;C3.1?L*¿GIC M 9�*3,8.�@/FEA�*3.O* M
*-,/.�÷1A�*-, M <8. {RÈ ,8.°@8FKA�*-.O240�÷ M ?8?8.=÷=*3.1<Æ* M A:,/2KTU, ÇOÃ � M F4*�A�TU.O0368@8@/F s 7 s A F M AD<>C;.10;2K0;* M C {
� ,8.=?%AD? ) Ã ÷168C;C3.=?Q*/¤ M �50�*3,8C M 6/TU, *3,8.:*3C32 M <8. � 24*O÷1C;.òA�*3.10°AD? ) Ã � M F4*-ADTU.:AD÷=C M 0;0�*-,/.
F M AD<úC;.10;2K0;* M C {�È ,/2K0Á) Ã � M F4*-ADTU.�2K0Á2K<8.1ADFKF s 2K</.1?L*-24÷òADFB24?_03,8AD@H.�* M *3,8.|24?8@86/*t0324TU?BADF � . û ÷1.=@/*
G M CR7n.124?8T:AD9ú@/FK24J8.1<£AD?8<£24?Q�D.1CÉ*-.1< {

È ,8.�,8.òA�*3.1C�GI68?8÷*-2 M ? 2K0�* M ,8.1A�*�*-,/.�÷1A�*-, M <8.50 M 2�*A�52KF4F/C3.1AD<824F s TD24�U.R6/@ú.=FK.1÷*-C M ?80 {�È ,8.
,8.1A�*-.=C|÷òA�?²7H.°Aú0 M 68C3÷=. M G�? M 2403.�2K?>*3,8.vA�9ú@8F424JB.=C5<868.°* M 24*30|F M ÷1A�*-2 M ?£?8.òADC�*-,8.°÷òA�*3, M </.
AD?8<§*-,8.ÁGoAD÷=*N*-,8A�*�2�*�240qTU.1?8.=C-ADF4F s ,8.1A�*-.=<v7 s AD?°) Ã � M F4*-ADTU. {&¼ ?�*3,82K0q*-,8.=03240 � *3,8.t,/.òA�*3.1C(�524FKF
7n.¿÷ M ?80324<8.1C;.1<_* M 7n.1,BAò�D.Ì2K<8.1ADFKF sU{NÈ ,82K0t2K0ÁA�03A�GI.ÌA�03036/9ú@/*32 M ?:TU2��U.1?_A§*3687H.¿2K0�GI68?8÷*-2 M ?82K?/T
@8C M @H.=C3F sU{�¼ G�*3,8.O,8.òA�*3.1C52K0524?Q*3C M <868÷=2K?8T ? M 2K03.O24?Q* M *-,8.O÷124C3÷=6824* � *-,8.§0 M FK6/*32 M ?	240S* M C3.1@/FEAD÷=.
*-,/.Ì*-687n. { ) ÇOÃ � M F4*�A�TU.|0;68@8@8F s ÷òA�?«7n.Ì680;.1<	* M M @H.=C-A�*3.Ì*-,8.Ì,/.òA�*3.1CR24Ge*3,8.c? M 2403.Ì÷1AD?8? M *
7n.§C;.19 M �U.1<£* M A * M F4.1C3AD78FK.|FK.=�D.1F {

���¡¥ ¦ k �Z�  ��$
È ,8.R@868C;@ M 03. M GB*3,82K0N*-,8.=032K0�240&* M <8.10;2KTU? A�? AD68<82 M  GIC;.1PQ68.1?/÷ s AD9ú@/FK24J8.1Cl�524*-,�*-,8.S@ M @86�

FEA�CÁ*3.1÷�,8? M F M T sD{ ) *3.1÷�,8?824÷òADFH68?8<8.=C30É*�AD?8</2K?8T��524FKFa7H.¿<8.=�D.1F M @H.=<	7 s <8.=C32��¹24?8Tv.=Ph68A�*-2 M ?80t* M
AD24<«24?£÷12KC;÷1682�*5<8.10;2KTU? {ÁÈ ,/2K0R*-,8.=03240¢�524FKF�</.=�U.=F M @iA <8.=*-AD2KF4.1<£<8.10;2KTU?«@8C M ÷=.1<868C;.��52�*-,£.=�D.1C s
0;*3.1@ M G�.=PQ6BA�*-2 M ?£<8.1C;24��A�*32 M ?	24?8÷1F468<8.1< {þÃ M 9ú9:.1C;÷12EA�FH��AD÷16/689 *-6/7H.§AD68</2 M  GIC3.1PQ68.=?8÷ s AD9�
@8F424JB.=C30ÁADC3.5? M *þA�0ÁT M¹M <:AD0Á*3,8. s ÷ M 68F4<ú7n. {�È ,/.¿÷1AD@824*-ADFK240;*�0 M ÷=2K.* s *-,BA�*§�t.¿F424�D.R2K?:÷1C3.1A�*-.=0



+
2K?%TD.1?8.=C-ADFþAÆ9_ADC;øD.* @8FEAD÷=.¨�5,8.=C3. s M 6 TD.=*n�5,BA�* s M 6 @BA s G M C { È ,8.1C;.=G M C;. � *-,8.£A�6/*-, M C
,BAD0RTDC3.òAp*R2K?L*-.=C3.=0;*52K?���AD÷=68689 *-687n.OAD9:@8FK2�JB.1Ct<8.10;2KTU? { )XT M¹M <	AD9:@8FK2�JB.1CÁ÷òA�?«7n.c786824F4*þ7 s
AD?£2K?L*3.1FKF42KTU.=?L*þ@n.1C;0 M ?£G M CSF4.103059 M ?8. s *-,8AD? s M 65� M 68FK<£@BA s G M CRAD?£2K?/GI.=C32 M Cþ÷ M 9ú9:.1C;÷12KADFKF s
@8C M <86/÷1.1<>AD9:@8FK2�JB.1C {



© � �Æ� ��~ � � ~:�«ªq� ����� ~ �Æ� � � ¬ � �� �c�
�>��� � � $ �! ���  #"¯®�� �9� �  ¢� $�ÿ������ e�� $l� � e �	
 k�e �
È ,8.£JBC30É*ú0É*-.=@l24? </.10324TU?824?8T AD? AD9ú@/FK24J8.1C°240 * M <8.=*3.1C;9ú24?8.�*-,8.£÷=2KC3÷=6824*°* M @ M F M T s * M

7n.:6/03.1< {�È ,8._9 M 0É*O@ M @/68FEADCÌ��AD÷=68689�*-6/7H.:AD9:@8FK2�JB.1C|÷12KC;÷1682�*§6803.=< 2K? 039úADF4F�Ô0;2KTU?8ADFNAD9�
@8F424JB÷1A�*-2 M ?i240|*-,8. ÷ M 9:9 M ?�Ô÷òAp*-, M <8. ADC;C-AD?/TU.19:.1?L* {�ì 24TU68C3. � 03, M �50§A	÷ M 9:9 M ?�Ô÷1A�*-, M <8.
AD9:@8FK2�JB.1Ct÷124C3÷16/24* {

G

P

K

+

Rb

Rk

Rs

Ck

−

Ci

s RG

Rh

Co

RL

o

v

v

V
−

+

ì 2KTU68C;. ��°tÃ M 9:9 M ?�Ô÷1A�*-, M <8.cA�9ú@8F424JB.=Cþ÷=2KC3÷=6824* {
¼ ? ì 2KT {t�U�\±U² A�?8<¨q ² ADC3.R*-,/.�0;9_A�FKF� 0324TU?BADFQ0 M 68C3÷=.�� M F4*-ADTU.5AD?8<:C3.=03240;*�A�?8÷1. {�È ,8.�*3C32 M <8.

*-.=C39:2K?BA�FK0vA�C3._*3,8.	TUC324< �Áï � *-,/.�÷òA�*3, M <8. � õ � AD?8< *3,8.	@8FKA�*-. ��Ê&{ q�³í240v6803.=<%* M øD.=.1@lA
@ M *-.=?Q*32EADF�GIC M 9�786824FK<824?8T£68@ M ? *-,8.úTUC324< M Gþ*-,8.:*-C32 M </. { q�´�240�6/03.1< * M F42K9:24*|*3,8._,/2KTU,�
GIC3.=PQ68.1?8÷ s C;.103@ M ?80;. {ÌÈ ,/. M C;.=*-24÷òADF4F sD� ? M ÷168C;C3.1?L*�¤ M �50|2K?L* M *-,8.vTDC32K< M G�*3,8.°*-C;2 M <8. {�È ,8240
GoAD÷* 9ú.1AD?80°*3,BA�*fq�´i�52KF4Ft,BAò�D.«? M . @ .=÷=* M ? F M � M Cv9:2K<� GIC3.=PQ68.1?8÷=2K.=0 { BDC5240°*-,/.	2K?8@86¹*
÷òA�@BAD÷12�* M C { BDC(�524FKFeøD.=.1@ A ÇOÃ ÷168C;C3.1?L*ÌGIC M 9 <8.=�D.1F M @82K?/Tú*-,/C M 68TD,>*-,/.°0 M 68C3÷=. { qpF�240¿*-,/.
÷òAp*-, M <8.�782EAD0�C;.10;2K0;* M C { )|?�A�</��AD?L*�ADTU. M G 680324?8T�A§÷1A�*-, M <8.�C3.=032K0É* M C�G M C�0;.1F4Gµ 782EA�032K?/Tc2K0�*-,BAp*
*-,/.�TUC;2K<£÷òA�?>7n.�ø�.1@/*|A�*�TUC M 68?8< � *3,Q680¿.=?BAD78F42K?8T *3,8.�0 M 68C;÷1.O* M 7H. ÇOÃ ÷ M 68@8F4.1<T�524*-,£*-,/.

=



?
TUC;2K< {�½ M �t.=�D.1C � *3,8.v@ M FK.O24?Q*3C M <868÷=.1<²7 s BDC9�52KF4Fq7H.�03, M �5?Æ* M 7H.��¹24C;*36BADFKF s A�* ÇOÃ|� 0 M 24*�52KF4FH÷1AD680;.§? M ,BADC39 { B>FÌ240S6803.=<«* M 7 s @8AD030R*-,/.c) Ã 0324TU?BADF AL�SA s GIC M 9¶qpF � *3,h6/0R.1?BAD7/FK2K?/T
*-,/.¿782KAD0Á@ M 24?L*Á* M C;.19úAD2K? ÷ M ?80;*-AD?L* { q�s�240�*-,8.¿@8FEA�*3.5F M AD<:C3.=03240;* M C � �5,82K÷�,ú2K0Á÷ M ?8?/.1÷=*3.1<_* Mxú� *-,8. ,824TU,i� M F4*-ADTU.v0;68@8@8F sU{ B>GÌ2K0�*-,8. ÷ M 68@8F42K?8Tú÷òAD@8AD÷12�* M C|*3,BA�*|2K0Ì680;.1<²* M C;.19 M �U.v*-,/.
ÇOÃ M @ 0;.=*5GIC M 9 *-,8. M 6¹*-@86/* M GN*-,/.O*3C32 M <8. { q�·	240S*-,8. M 6/*3@86/*�F M AD<	C3.=032K0É*�AD?/÷1. {
�>��� d  (¸¹®Ph �	$lº k $ " 
3»½¼¾$l�%�  #" ��$-3¿�-À¿W& ³Á^�X�2-µe]w[�Á�'N[hgNdDz ¯�^10!0 ^ngÀ2¯�W/Z4.q^exq[²¦50�6(8jfÂ:�[Q]�¯°fo]pd\'NfIZ
ì M C¿) Ã A�?BADF s 0;2K05*-,8. x � M F4*�A�TU.�0;68@8@8F s 2K0�03, M CÉ*-.=< {¿È ,/2K0�÷1C3.1A�*-.=0|*-,/.°F M �> GIC3.1PQ68.=?8÷ s

÷124C3÷=6824*SG M C�) Ã AD?BADF s 032K0 � 03, M �5?>2K? ì 24T {Bº¹{

G

P

K

+

−

s RG

R

Rb

Rk

Co

Ck

RL

hRs
Ci

o

v

v

ì 2KTD68C3. º�°�Õ M �> GIC3.1PQ68.=?8÷ s ÷ M 9ú9 M ?� ÷òA�*3, M <8.cAD9:@8FK2�JB.1Ct÷124C3÷16/24* {
· . û *¿*-,8.§*-C;2 M <8.O2K0�C3.1@/FEAD÷=.1<«�52�*-,>24*-050;9_ADF4F� 032KTD?BADF 9 M <8.1FeG M C5) Ã AD?BA�F s 03240 {5ì 24C30;*¢�t.�52KF4F8<8.=C324�D.�*3,8. È 9 M <8.=F/GIC M 9�*-,8.50;9_ADF4F� 032KTD?BADFh÷168C;C3.1?L*t0 M 6/C3÷1.�9 M <8.=F M G *3,8.R*-C;2 M <8. {&È ,8.

È 9 M <8.1F§�52KF4Fþ@8C M �U.	680;.=GI68FR24? *-,8.£A�?BADF s 0;2K0 M G5*3,8.�. @ .1÷*-0 M GpB>F { ì 24TU68C;. + 03, M �50 *-,/.
0;*3.1@80§2K?L� M F4�D.1< { · M *-24÷1.v*-,8A�* Q*RL� *-,8. < s ?8AD9ú24÷ @8FEAp*-. C3.=03240;*�A�?8÷1. � ,8AD0O7H.=.1? M 9ú9:24*3.1<iG M C
03249ú@/FK24J8÷òA�*32 M ? {N¼ *�÷òAD?«7n.OAD<8<8.=<i7n.=*��t.1.1?«*-,8.O@8FKA�*-.OA�?8<«*3,8.O÷òA�*3, M <8. {



�
g = 0

vgk

vgk

(d)

P

K

G

1 / gm

+

−

i g = 0

i

gm

i k

p

(c)

ip

g

vgk

vgk
vgk

G

+

−

P

i

i

K

X
g = 0

k

gm

gm

k

ip

i

m

vgk

vgkvgk

G

+

−

P

i

i

K

X
g= 0

gm

gm

i p

k

vgk
vgk

(b)

G

+

−

P

K

(a)

i

ì 24TU68C;. +�°�Ç .1C;24��A�*-2 M ? M GN*-,/. È 9 M <8.=F {
-3¿�-À¿�- k�Ã�[hdDZú^a` BDC ^ngí³Á^�X�2-µe]w[�Á�'N[hgNdDzy��[hYw6�^ngNY1[
� ,8.1? *-,/. *3C32 M <8.°2K0cC3.=@8FEA�÷1.1<��52�*-, 24*30 È 9 M </.1F9�t. TU.=*c*3,8. ÷12KC;÷1682�*c2K? ì 24T {1=8{ · M ��t.úJB?8< *-,8.:*-C-A�?80;GI.=C�GI68?8÷*-2 M ? G M Cc*3,8.ú� M F4*-ADTU. M GS*-,/._TUC;2K< {_� ._</2K03C;.1TLA�C3<!qp´	7H.=÷òAD680;.

? M ÷168C;C3.=?Q*¯¤ M �505*-,8C M 68TU,«24* {ÁÈ ,/.1C3.G M C3. � *3,8.c� M F�*�ADTD.�Ap*R*-,8.§TUC324<£2K0RG M 68?8<«7 s M 780;.1C;�h24?8T
GIC M 9 ì 24T {l= *-,BAp*°*-,/.	TUC324< � M F4*�A�TU.�2K0§*�ADø�.1?%GIC M 9�Ai� M F4*-ADTU.ú<824�h2K</.1C°÷ M ?8?8.=÷=*3.1< * M *-,/.
2K?/@86/*50 M 68C3÷=. {ÁÈ ,8.c� M F�*�ADTU.OAp*R*-,8.OTUC;2K<£2K0RTU2��U.=?>7 s *3,8.O.1PQ6BA�*32 M ?

±4ÄPÅÇÆ4È§É q�³q ²ÀÊ Ë²ÇÌ�Í Ê q�³ ±P²wÅÎÆ4È ÅÉ�KÈ
� .��524FKFH9v68F4*32K@8F s *-,8.OC324TU,L*5,BAD?8<«0324<8. M G ¾ P {_Åë�4È 7 s ²² � �5,824÷�,>C;.10;68F4*30�24?

±ÏÄPÅÎÆ4È�É q�³ ÆÆ�Å q ²ÀÊ q�³ ÈÀÊè� tUBDC ±P²�ÅÇÆ4È Å ºUÈ
· M �Ð�t.Æ9_A�?82K@86/FEA�*3. ¾ P {�Åjº�È 7 s <82��¹24<82K?/T 7 M *-,'032K</.10 M Gc*3,8.i.=PQ6BA�*-2 M ?y7 sÑ±U²�ÅÇÆ4È� A�?8<
9v68F�*-24@8F s *-,/. C32KTD,Q*O,8AD?8< 0324<8.��524*3, ËÎÒ�ÓÕÔ�Ö¡×	Ô�Ø�ÙËÎÒ�ÓÕÔ�Ö¡×	Ô Ø Ù {vÈ ,/2K0OTU24�D.10c680c*3,8.v*-C3AD?80;GI.=CcGI68?8÷=*32 M ?ÆG M C



¸

g
P

m

1/gm

+

_

(s) (s)

(s)(s) R G

(s)

k p

R kvgk

vgk

vgk

ov v

gv

Rs Ci

i i

G

+

−
K

−

+ −

+

s

Rh
Co

RL

C k

Rb

ì 24TU68C;. =%°�Õ M �> GIC3.=Ph6/.1?8÷ s 0;9_A�FKF� 0324TU?BADF È 9 M <8.1F M G�÷ M 9ú9 M ?� ÷òA�*3, M <8.cAD9:@8FK2�JB.1C {
*-,/.§TDC32K<	� M F4*-ADTU. � �5,82K÷�,«2K0±4ÄPÅÇÆ4È±U²�ÅÎÆÏÈ ÉÛÚ q�³q ²ÀÊ q�³DÜ�ÝÞ ÆÆDÊ ËÌ�Í ÓÕÔ Ö ×	Ô�Ø�ÙÏßà ÅÎ+�È
ì C M 9 ¾ P {(ÅW+\È� �t.O÷òAD?«03.=.§*3,BA�*¯BDCN2K?L*3C M <868÷1.=0�A ö=.1C M A�* ÇOÃ|� A�?8<iA @ M FK.¯á R A�*

á R�É �BDC Å q ²ÀÊ q�³ È ÅW=\È
-3¿�-À¿�V k�Ã�[hdDZú^a` B>F ^ngy³Á^�Xn2�µe]w[�Á3'N[hgNdDzy��[hYw6�^ngNY1[
· . û *9�þ.þJ8?8<v*-,8.þ@8FEA�*3.t÷=68C3C;.1?L*�â R�ÅÇÆ4È{�ì C M 9 ì 2KT {Ï=/� �t.S÷òAD? 0;.1.þ*3,BA�*&*-,8.t@8FEA�*3.þ÷=68C3C;.1?L*

2K0RTD24�U.=?>7 s â R�ÅÇÆ4È§É âÎF ÅÎÆÏÈ§É ±4ÄPÅÇÆ4È
� tÏMÏO Ê�ã F ÅÇ?UÈ

¼ G��þ. 9úAD?82K@/68FEA�*3.�*3,8. C32KTD,Q*Ì,BAD?8< 0324<8. M G ¾ P {�ÅÎ?�È 7 s 9v68F�*-2K@/F s 2K?8Tú7 M *-,²*-,8. ?Q689:.1C3A�* M C
AD?8<«<8.=? M 9:2K?BA�* M CD�52�*-,5MPO#äZFOA�G *-.=CRC3.=@8FEAD÷=2K?8T ã F��524*3, � t�ä1F � �t.§TD.=*

â R\ÅÇÆ4È§É MÏO ±4ÄPÅÇÆ4È äZFMÏO Ê ä1F ÅÎ��È
� .§? M �ôC3.=@8FEAD÷=.c*-,8.§AD<89:24*;*�AD?/÷1.�äZF��524*3,«2�*-0S��ADF468.

äZF É´� tPq�F Ê�Æ B>F Å ¸UÈ
È ,8240�TD24�U.=05680 â R�ÅÇÆ4È�É MÏO ±ÏÄPÅÎÆÏÈ � tUq�F ÊÑÆ B>FMPO Êè� tPq�F Ê�Æ B>F ÅÎH�È



H
)¿G *3.1Cc9v6/F4*-24@8F s 24?8Tú*3,8. ?Q689ú.=C-A�* M COAD?8< <8.=? M 9:2K?BAp* M C M G�*-,8. C324TU,L*c,BAD?/< 0;2K<8. M G ¾ P {§ÅÎH�È�524*3, � tUB>F � �þ. M 7/*-AD2K?

â R�ÅÎÆ4È�É MPO ±4ÄPÅÇÆ4È Æ#Êè� tPB>Fwq�FÆ#ÊåÅ MÏO Ê�� tUq�F È tUB>F Åj��È
È ,8240S03, M �50S6/0þ*-,BAp*S*-,8.¿÷òA�*3, M <8.Ì7 s @BAD030R÷1AD@BAD÷=24* M C>B>F�2K?L*-C M </68÷1.=0RA°C3.1ADF ö=.1C M AD?8<£A°C;.òADF
@ M FK. {�È ,8.cGIC3.1PQ68.=?8÷ s M GN*-,/.§C;.òADFeö=.1C M á(æ�2K0

á(æ É �B>FLq�F ÅÉ�\»\È
È ,8.OGIC3.=Ph6/.1?8÷ s M G&*3,8.OC3.1ADFe@ M FK.�á R Ë 240á R Ë É MÏO Ê�� tUq�FB>F É �B>F Å qpF�ç � tÏMÏO È ÅÉ�U�4È
-3¿�-À¿ < k�Ã�[hdDZú^a` B>G ^ngí³Á^�X�2-µe]w[�Á�'N[hgNdDzy��[hYw6�^ngNY1[
· M �å�t.��52KF4F 680;.Ì*-,8.cF M �> GIC3.=PQ68.1?8÷ s 039úADF4F�Ô0;2KTU?8ADFa9 M <8.1FH03, M �5?«2K? ì 2KT {%? * M JB?8<£*-,/.

. @ .1÷* M G5*-,8._÷ M 68@/FK2K?/TÆ÷òAD@8AD÷12�* M CnB>G {²� .^�524FKFÁ9_ADø�.	AD? AD0;03689:@/*32 M ? G M C M 68C AD?8ADF s 03240 {

Rb

rp

−

(s)

(s)+

(s)

(s) (s)

gm
gk

gk

v
v

gkv

R G

C kR kk

gv

vv

i

i

CiRs

p

PG

+

−
K

−

+ −

+

s

Rh
Co

RL o

ì 2KTD68C3. ?�°�Õ M �> GIC3.1PQ68.=?8÷ s 0;9_ADF4F� 032KTD?BADFa9 M <8.=F M G&÷ M 9:9 M ?�Ô÷1A�*-, M <8.cA�9ú@8F424JB.=C {
È ,8240RAD030;689:@/*-2 M ?	2K0Á*-,BA�*þ*-,8.c÷1A�*-, M <8.��524FKFn7H.OAp*STUC M 68?8<£@ M *-.=?Q*32EADF {�ì M CtF M �> GIC;.1PQ68.1?/÷12K.=0
24*�2K0�? M *�*3C368F s A�*�TUC M 68?8< {�È ,82K0�240�Ac<82K03AD</��AD?L*�ADTD. M G 0;.1F4Gµ 782EA�032K?/T��524*3,úAc÷1A�*-, M <8.5C3.=03240;* M C
AD?8<£7 s @BAD0;032K?/Tú*-,/.c) Ã 0324TU?BADFn* M TUC M 68?8<£*-,8C M 68TU,«A ÷òAD@8AD÷12�* M C {�½ M �t.=�U.=C � *-,8.OC;.òAD÷*�AD?8÷=.
M G9B>F��52KF4F 7n.O039úADFKFH.1? M 6/TU,	* M AD030;689:.O*3,8.c÷òAp*-, M <8.O2K0R÷ M ?8?8.=÷=*-.=<«* M TUC M 6/?8< {�� 24*3,�*-,8240
AD0;03689:@/*-2 M ?5�þ.§÷òA�?«9úAD?824@868FKA�*-. ì 2KT {%? * M TU.=* ì 24T {%�/{



�

o

+

−

P

K

ovRbrp RLpi (s) (s)

C

ì 2KTU68C;. ��°�Õ M �> GIC3.=PQ68.1?8÷ s .1PQ6824��ADF4.1?L* M 6/*3@86/*�÷124C3÷=6824* M G�÷ M 9ú9 M ?� ÷òA�*3, M </.cAD9:@8FK2�JB.1C {
· . û *¯�t.§÷ M 9v7824?8.�q�sþAD?8< Q*R 2K? ì 2KT {%�£� AD?8<«÷òADF4F *-,/.§C;.10;68F4*¯q�è {Á} M q�èa240

q è É q�s¢ç Q*R ÅÉ�wº�È
� .�? M �'9_A�?82K@86/FEA�*3. ì 2KT {�� * M TU.=* ì 24T {L¸h{�ì C M 9 ì 2KT {U¸ �t.5÷òAD?:03.=.�*3,BA�*�*-,/. M 6/*-@86¹* ± G ÅÎÆ4È

+

−
RL

’R

ov
i (s)

Co

+

−

R(s)

P

K

p ’

ì 24TU68C3. ¸�°�} 249ú@/FK24J8.1<:F M �> GIC;.1PQ68.1?/÷ s .=PQ6824��ADF4.1?L* M 6/*3@86/*R÷=2KC;÷1682�* M Gq÷ M 9:9 M ?�Ô÷òAp*-, M <8.¿AD9�@8F424JB.=C {

2K0S*-ADøD.=?>GIC M 9�Av� M F4*�A�TU.c<824�h24<8.1CR÷ M ?8?8.=÷=*-.=<>* M *3,8.O@8FEA�*3. {A± G ÅÎÆÏÈ 240
± G ÅÇÆ4È§É â R�ÅÇÆ4È q è qp·q�· Ê q è Êè� t Æ B>G ÅÉ�K+\È

� 24*3,£9_AD?/2K@868FKA�*-2 M ?é�t.§TU.=*
± G ÅÎÆÏÈ�É â R�ÅÇÆ4È q è q�· Å ²Ô�êÏ×	Ô�ë È² ÓÕÔ ê ×	Ô ë ÙÓÕÔ�êÏ×	Ô�ëEÙ Ê ²² ÓìÔ�êP×	Ô�ëìÙ ÌUí ÅÉ�L=�È

�5,824÷�,>C;.1<868÷=.105* M ± G ÅÎÆ4È�É â R�ÅÎÆÏÈ�Å q è çDq�· È ÆÆDÊ ËÌUí ÓìÔ�êP×	Ô�ëìÙ ÅÉ�4?�È
)¿G *3.1C5036/780;*324*-6¹*-2K?/T G M C¢q�è � �t.§TD.=*

± G ÅÇÆ4È§É â R�ÅÎÆ4ÈwÅWQzR ç>q�s¯ç>q�· È ÆÆDÊ ËÌUí ÓìÔ�êP×�îÂï�ðWÔ�ñÎÙ ÅÉ�K�\È



�\»

ì C M 9 ¾ P {(Åë�K�\È� �þ.O÷òA�?>0;.1.O*-,BA�*¯B>G524?Q*3C M <868÷=.10�A ö1.1C M Ap* ÇOÃ|� AD?8<«A:C;.òADF @ M F4.OA�*>á R[ò
á R[ò#É �B>G Å q�· ÊóQ*R ç>q�s È ÅÉ�w¸�È

� .§÷1AD?«? M �ôJB?8<£*-,/.§F M �þ.=C + Ô< r GIC3.=PQ68.1?8÷ s á9·_7 s 6/032K?/T ¾ P {_ÅÉ�LH\È
á(·�ôÉöõ á òR Ê á òR Ë Ê á òR�ò§÷ º%Å á òæ È ÅÉ�KH\È

È ,8.5GIC3.=Ph6/.1?8÷=2K.10§á RU� á R Ë � á R[òò� AD?8<�á9ætADC;.�G M 6/?8<:GIC M 9�*3,8. ¾ PQ0 {aÅ;=�È�aÅÉ�D�4È�aÅÉ�\¸�È� AD?/< Åë�\»\È�
C3.=03@n.1÷*-24�D.1F sU{

�>�¡¥ ø e �p®Ph �	$lº k $ " 
3»Ð¼¾$l���  D" ��$
� .«? M �¶�524FKFþJ8?8<�o¯O � *-,/.>9:2K<� GIC3.=Ph6/.1?8÷ s TLAD24? M G¿*3,8.>÷=2KC;÷1682�* {%È ,8240:240 < M ?8.5�524*3,

*-,/.�,8.=FK@ M G�*3,8.°9:2K<� GIC3.=Ph6/.1?8÷ s ÷12KC;÷1682�* � 0;, M �5?Æ2K? ì 2KT {	H/{Rì C M 9 ì 2KT {%H/� �þ.�÷òAD?>03.1.§*-,BAp*

R

G

h L

v

vs

o

G

P

K

+

−

s

R

RR Rb

ì 2KTU68C;. H�°ÁÅ 24<� GIC;.1PQ68.1?/÷ s ÷124C3÷=6824* M G�÷ M 9ú9 M ?� ÷òA�*3, M </.cAD9:@8FK2�JB.1C {
*-,/.1C3. A�C3.v? M ÷òAD@BA�÷124* M C30|2K?i*3,8. ÷124C3÷16/24* {|È ,8. ÷òAD@8AD÷12�* M C;0Ì,BAò�U. ? M . @ .=÷=* M ?>*-,8. TLA�2K?>G M C
9:2K<� GIC3.1PQ68.=?8÷124.10 {�È M JB?8<TopOù�t.§C3.1@/FEAD÷=.O*3,8.c*-C;2 M <8.��524*3,£24*-0R0;9_A�FKF� 0324TU?BADFn9 M <8.=F * M TU.*
ì 24T {8�/{�ì C M 9 ì 24T {B� �t.§÷1AD?«03.1.O*-,8A�* ± G5240RTU24�D.1?>AD0

± G É ÷ MÏO ±4Ä F Å;Q*R ç>q�s¢çNq�· È ÅÉ�\�\È
opOy2K0S*-,/.O*3C-AD?/0;GI.1CRGI68?/÷=*-2 M ?

opO É ± G±ÏÄ F ±4Ä±P² É ÷ MÏO ÅWQ*R çNq�s¢çDq�· È ±ÏÄ±P² Å ºD»\È



�U�

v
v

Rs

s
vogkgk rpgv

PG

+

−

+

−

K

R

R

h

Rb RG
gm L= v

ì 24TU68C;. ��°ÁÅ 2K<� GIC3.=PQ68.1?8÷ s 039úADFKFmÔ0;2KTU?BA�Fn9 M <8.1F M G�÷ M 9ú9 M ?� ÷òA�*3, M <8.cAD9:@8FK2�JB.1C {
ì C M 9 ì 2KT {N� �t.�÷1AD?%03.=._*-,BAp* ±4Ä 2K0§*-,8. M 6/*-@/6/* M G�A£� M F�*�ADTD._<82��¹24<8.1C§÷ M ?8?8.1÷*-.=< * M ±P²{
¾ PQ6BA�*-2 M ? Å º¹�KÈ TU24�D.10R*-,8.c��ADF468. M G ±ÏÄp{

±ÏÄ>É q�³q ²ÀÊ q�³ ±P² Å º¹�4È
È ,8240�C;.1<86/÷1.105* M ±4Ä±U² É q�³q ²ÀÊ q�³ Å ºUº�È
� .§÷1AD?£03.=.OGIC M 9 ì 2KT {/� *3,BA�* ±4Ä¢Éú±ÏÄ F {�È ,/2K05FK.*-0R680RC;.1@8FKAD÷1. ±4Ä t ±U² 2K? ¾ P {_Å ºD»\È �52�*-,	*-,/.
��ADFK6/.ÌG M C ±ÏÄ t ±U² GIC M 9 ¾ P {_Å ºUºUÈ{�È ,8.=C3.=G M C3. � o¯Oí2K0

opO É ± G±P² É ÷ MPO Å;Q*R çDq�s¢çNq�· È q�³q ²3Ê q�³ Å ºU+\È
�>�Wû ü eýj � ®Ph �	$lº k $ " 
3»Û¼¾$l���  D" ��$-3¿ < ¿W& ¢ifIma.32-µq]w[�Á3'q[hg&dDz�¯�^a0�0 ^ngÀ2¯�W/Z4.q^exN[Æ¦50�698ofÂ:�[Q]�¯°fo]pd\'NfIZ
È ,8.²,824TU,� GIC;.1PQ68.=?8÷ s C3.10;@ M ?803. ÷124C3÷=6824*ú2K0�24<8.1?L*32K÷òA�F�* M *-,8.Æ9:2K<� GIC3.=PQ68.1?8÷ s C;.103@ M ?80;.

÷124C3÷=6824*Á2K? ì 2KT {\H/{�½ M �t.=�D.1C � *-,8.�2K?L*-.=C3.=FK.1÷*-C M <8.�÷òA�@BAD÷12�*�AD?/÷1.10 M G�*3,8.�*3C32 M <8.¢�52KF4F8. @ .1÷*S*-,/.
,824TU,� GIC;.1PQ68.=?8÷ s C;.10;@ M ?/03. { È ,82K0 ÷1AD? 7H.	0;.1.1? 7 s M 7/03.1CÉ�h2K?8T²*-,/.	,82KTU,� GIC3.=PQ68.1?8÷ s 039úADF4F�
0324TU?BADF 9 M <8.1F 2K? ì 2KT { �\»/{
È M A�?BADF s ö=.�*-,/.°÷124C3÷=6824*¿2K? ì 2KT {q�\»/� �t.þ�52KF4FN6/03.°*3,8.v,8.=FK@ M G Å 2KFKF4.1C � 0R*-,/. M C;.19 {|� 24*3,

Å 24FKFK.=C � 0�*3,8. M C3.19 ì 24T {q�\» ÷òA�?Æ7H.°9_AD?/2K@868FKA�*-.=<«* M TU.*|*-,/.v÷124C3÷16/24*¿03, M �5? 2K? ì 2KT {e�U�D{Ì¼ ?
ì 24T { �U�D� B Ë A�?8<rB ò ADC;.OTU24�D.1?«7 s *-,8.O.1PQ6BAp*-2 M ?80B Ë É BNÿ�� ÅÉ� ÷ o¯O È Å ºP=�È



�wº

Rh
CGP

PKC rp R L o(s)(s)

+

−

m

(s)

gk

gkv

v vg

= (s)v

sv (s)

Rs

g

PG

K

+

−

R C RGK bG

ì 2KTU68C;. �\»�°�½ 2KTU,� GIC3.=Ph6/.1?8÷ s 039úADFKFmÔ0;2KTU?BA�FH9 M </.1F M G�÷ M 9ú9 M ?� ÷òA�*3, M </.cAD9:@8FK2�JB.1C {

rp Rb RL o(s)CGK C1 2

Rh PG

+

−

K

+

−

gv gkmv v

(s)

Rs

gkv

(s)

vg(s)

(s)s
RG

=

C CPK

ì 24TU68C3. �D��°�Å M <82�JB.1<ú,82KTU,� GIC3.=PQ68.1?8÷ s 039úADFKFmÔ0;2KTU?BA�F¹9 M </.1F M G ÷ M 9:9 M ?�Ô÷1A�*-, M <8.5AD9:@8F424JB.=C {
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M 6/*3@86/* 2�G¿?/.1.1</.1< {l} 249ú@8F s 0;*�Ap*-.1< *-,/.	@ M *3.1?L*-2 M 9:.=*-.=Cv2K0 AÆ� M FK689:.�÷ M ?L*-C M F { È ,/.«7n.10É*�þA s * M ÷�, M 03.���ADF468.10RG M C¯q�sþAD?8<rq�FO2K057 s 6/032K?/T_A TUC-A�@8,82K÷1ADFe9:.=*-, M < {þì 2KC;0;*N�t./�524FKF�680;.
¾ P {�Å ºU+\È * M ,8.1F4@ 6/0§</.=*-.=C39:2K?8. 24?824*32EADF4F s �5,8A�*§<82KC;.1÷=*32 M ?Æ* M *�ADø�.:24? 03.1F4.1÷*-2K?/T£*3,8. ��ADFK68.
M G#q�s {§¼ ? ¾ P {�ÅjºU+\È �t.n�52KFKFN03.*�q�sþç�q�· É q {�� . ÷òA�? 0;.1. *-,/. F M TU24÷�G M C¿*-,8240Ì9 M �D. 7 s
M 780;.1CÉ�¹24?8T ì 2KT {q�/{�� .��52KFKF�A�FK0 M 2KTD? M C3. *3,8.ú*3.1C39 Ô�ØÔ Ö ×	Ô�Ø 24? ¾ P {DÅ ºU+\È {�� .:÷òA�? < M *-,8240
7n.1÷òA�6803. Ô�ØÔ Ö ×	Ô�Ø0/ �U{ )�G *-.1CN�t.O< M *3,8.10;.�0É*-.=@80 ¾ P {_Å ºP+\È 7H.=÷ M 9:.10

o¯O É ± G±P² É ÷ MÏO Å;Q*R çNq È§É ÷ MPO � Q*R qQ*R>Ê q � ÅÎ+\?�È
� .��524FKFHøh? M �ô*�ADø�.�A�</��AD?L*�ADTU. M GN*-,/.OGoA�÷=*R*-,8A�*NMPO Q*R�É S � *3,8.§AD9:@8FK2�JB÷òA�*32 M ?:GoAD÷=* M C M G�A
��AD÷16/689 *-6/7H. {trÁs 680324?8T *-,8240SGoAD÷=* ¾ P {(ÅÎ+\?�È 7n.1÷ M 9:.10

o¯O É ± G±U² É ÷ S � qQ*RDÊ q � É ÷ S � �Q*R tPq Ê�� � ÅÎ+��\È
ì C M 9 ¾ P {lÅÎ+U�\È �t.c÷òAD?	0;.1.Ì*-,8A�*S* M 9úA û 2K9:2Kö=.R*-,8.cTLA�2K?¨�t.��SA�?Q*R*3,8.ÌC3A�*-2 M Q*R tUq+* M 7H.cA�0
039úADF4FBAD0�@ M 03032478FK. {�¼ *t2K0�9 M C3.5680;.=GI68FB* M *3,82K?8ø�*-,BA�*§�t.¯�þAD?L*Á* M 9_A û 249ú24ö1.þ*3,8.�C-A�*32 M q�t Q*RL{
} 24?8÷1.¢q É q�s¢çNq�· � AD?8<�qp· É´��Å.,Ì� �þ.>�þAD?L*�* M 9úADø�.¢q�sNAD0�FEADC;TU.SA�0�@ M 0;032478FK. {�ì 24T {h�L=
03, M �50v*3,8._</.1@n.1?8<8.=?8÷1. M G¢o¯O M ?¹q�sJt QzRL{iÈ ,8240°03, M �50 6/0°*-,BAp*nq�s M ?/F s ?8.=.1<80v* M 7H._A
GI.��ô*-2K9:.10S*3,8.O9_A�TU?824*368<8. M G Q*R * M TU.=*¿AD@8@/C3.1÷=2EAD7/FK.OTLAD24? {�� .��52KF4F�÷�, MhM 03./q�s É +�+U» ø ,Ì{
� 24*3,²*-,8240Ì�DA�FK68. M G>q�s¢�þ.��52KF4F�,BAò�U. *-,/. ÇOÃ F M A�<²FK2K?/.v03, M �5? 2K? ì 2KT {��4?¹{:ì 24T {��K? 240OA
@8F M * M G�*-,8.¿÷�,BADC3AD÷=*3.1C3240;*32K÷|÷=68C;�D.10SG M C uzR �h021 x\R G M CtAD?	AD÷*-6BADF �wº )�ü ¸ *-C32 M </. {�È ,8. ÇOÃ F M A�<
FK24?8.��þAD0�÷1C3.1A�*-.=<>7 s 680;2K?8T *3,8.cGoAD÷=*R*3,BA�*5*-,8.O@8FKA�*-.Ì� M F4*-ADTU.c240RTU24�D.1?£7 s
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ì 2KTU6/C3. �L=%°�Ç .=@H.=?8<8.=?8÷1. M G(opO M ?«q�sJt Q*RL{
� ,8.=? u�R�É » 9:) �Zx	v«É�=L»U»°Ë {�� ,8.=? x\R�É » Ëv�	uzR �52KFKFH7H.

u�v«É xq�s É =L»D» Ë+�+U» ø , É(� 1 ºh� 9:) ÅÎ+�H\È
)+0É*-C-A�2KTU,L*SF42K?8.¿2K0þ*3,8.1?	</C-AL�5?£÷ M ?8?/.1÷=*32K?8Tv*3,8.10;.Ì*�� M @ M 2K?L*30þ* M ÷=C3.1A�*-.Ì*3,8. ÇOÃ F M A�<�FK24?8. {
� .c? M � @824÷�ø_Av0;6824*-AD78FK.¿PQ682K.=03÷1.=?L* M @H.=C-A�*32K?8Tv@ M 24?Q*þ7 s M 780;.1CÉ�¹24?8T ì 2KT {n�K?¹{�� .|÷ M 68F4<

03.* M 6/C¿PQ6824.103÷=.1?L*Ì@ M 24?Q* M G M @H.=C-A�*32 M ?>A�* x ³ É ÷ º 1 ? Ë {RÈ ,/2K0¢�52KFKFe.=?BAD78F4.�6/0¿* M AD9:@8FK2�G s
AD?²24?8@86/*|032KTD?BADF M GÁAD@8@8C M û 249_A�*3.1F sÆº 1 ?:Ë �52�*-, M 6¹*Ì÷1F42K@8@/2K?8T {Ìì 2KC;0;* � �þ.°?8.1.=< * M JB?8<²*-,/.
��ADFK6/.c?8.1.=<8.1<«G M C¢q�Fc* M AD÷�,824.=�D. x ³ É ÷ º 1 ?°Ë {�� .��524FKF�6/03.c*-,8.cGoAD÷*5*-,BA�*
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ì 24TU68C3. �K?�°NÇ .10324TU?§TUC-AD@/, �Pu�v �h0 {�x	v A�*&÷ M ?80;*-AD?L*�TUC;2K<c� M F4*�A�TU.10qG M C �wº )�ü ¸ *-C32 M </.��DA�÷168689*-6/7H. {

ì C M 9 ì 24T {¹�K? �þ.5÷òA�?:0;.1.S*3,BA�*ÁA�* x ³ É ÷ º 1 ?|Ë �\u�R�É » 1 =�H 9ú) {&� .R9_AD?/2K@868FKA�*-. ¾ P {1ÅÎ+U�\È
* M JB?/< q�F É x ³÷ uzR É ÷ º 1 ?÷ » 1 =\H 9:) É ? 1 º ø , ÅW=L»\È
� .��52KFKFn÷�, MhM 03.�q�F É�= 1 ¸ ø ,Ì{�� 24*3,�*-,8.Ì��ADF468. M G(q�F|÷�, M 03.=?«�t.c÷òAD?£<8C3AL� *3,8.c782EA�0SFK24?8. {
È M < M *-,82409�þ.N�524FKFh6803. ¾ P {ZÅÎ+U��È{&� ,/.1? uzR�Éô» 9ú) ��x ³ Éè»cËv{�È ,82K0�2K0 M ?/.R@ M 24?L*�G M C M 6/C
782KAD0tF42K?8. {&� .¯�524FKF8JB?/<ú*-,/.|?8. û *þ@ M 2K?L*Á7 s <8.*-.=C39:2K?824?8Tc*-,8.��DA�FK68. M G u�R *-,8A�*þ÷ M C3C;.10;@ M ?/<80
* M x ³ É ÷ = Ë {�� .§9úAD?824@868FKA�*-. ¾ P {_ÅÎ+D�\È * M M 7/*-AD2K?

u�R�É x ³÷ q43 É ÷ =:Ë÷ = 1 ¸ ø , Éè» 1 H\? 9ú) ÅW=8�4È
� ._<8C3AK� A«FK24?8. ÷ M ?8?/.1÷=*32K?8T>*-,8.=03.ú*�� M @ M 2K?L*30�* M G M C39 M 68C�7/2EAD0§FK24?8. {	È ,8.ú@ M 2K?L*/�t.1C;.
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Bode Diagram of Designed Common−Cathode Amplifier
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� µ � / µ j µ Ä µ ¡ µ Û µ ½ µ l µ+´gµ�Æ�µ Ñ µ j µgµ jgj µ j Ä µ j�¡ µ j�½ µ j�l µ j ´gµ j Æ�µ 3 �	 µ � / µ�¶ Û ¶ l ¶ÇÆ j�j ¶ j�lÉj ¶ ¡�½Éj ¶ ½ Ä j ¶Ç´ j ¶ Ñ Ä ¶Çµ Ñ Ä ¶ ¡ Ä ¶ ½ Ä ¶ ´ Ä�Ä ¶ Ñ ½k¡ ¶ j Æ ¡ ¶ Û Ä ¡ ¶ ´ Û�3 �
 µ � 
����	 õ>���2¼ � µ�� 	 µ�� ÿ µ ¿ �� µ �Í�  � ÿ���
������ ¼ µ�� j Æ�µ�� j µ�µ�µgµ ¿ �� µ � 
����	 � �� ¼ 
 µ�� � µ �'¿ �
��� �2¼ � µ � � � µ ¿ ý ¼ � � 	 ���   � ��� � � � � ��� m � ¿ý�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþ�þÞþ�þÞþ�þÞþ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþ�þ�þÞþÞþ�þ|x��! �#" �$  � �%���&'�( ¼ � �b�o¼¾��¿ � ¿ � 	����&#�( ¼ � �2�o¼*) û ¿ � ¿ � �+� � � ¼ / µ�� ½ µ�µ���µ�� Ä 3K¿� ��� �� ¼ � �8��� � ¶ �=���-,=x	� �.�(� �p� �	ÿ�� � � ÿ �p¾�x	�/ � �� � � | �.� õ � x
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� j;� / ½ µ l µ�´gµkÆ�µ Ñ µ j µ�µ j�j µ j Ä µ j�¡ µ j?Û µ j�½ µ j�l µ j ´�µ j Æ�µ j Ñ µ Ä µ�µ Ä j µ Ä�Ä µ Ä ¡ µ Ä Û µ 3 �	 j;� / ¶ j ¶ j ÆÉ¶ Ä ½ ¶ ¡g¡ ¶ Û�j ¶ ½ ¶ l�j ¶ ´ ½ ¶ÖÆ Ñ j�j ¶ j ´ j ¶ ¡
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 Ä � 
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������ ¼�j µ�µ�� ½ µ�µ�� j µgµ�µ�µ ¿ �� Ä � 
����	 � �� ¼ 
 Ä � � Ä �'¿ �
��� �2¼ � Ä � � � Ä ¿ ý ¼ � Ä � 	 Ä �3�   � ��� � Ä � � � Ä �3� m � ¿
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� ½�� / Û µ ½�Û Ä µ Û�¡ µ Û�Û µ Û�½ µ Û�l µ Û�l�½	3 �	 ½�� / ¶ j ¶ j�½ ¶ Ä ¶ Ä l ¶ ¡�j ¶ ¡ Æ§¶ Û�3 �
 ½�� 
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��� �2¼ � ½�� � � ½�¿ ý ¼ � ½ � 	 ½ �3�   � ��� � ½�� � � ½ �3� m � ¿ý�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþ�þÞþ�þÞþ�þÞþ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþ�þ�þÞþÞþ�þý ���Ýº<�N¸m�åºÂ��ñ;úý�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþ�þÞþ�þÞþ�þÞþ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþ�þ�þÞþÞþ�þ
� � / j�mbj�m½ µ�µ 3 ��Í�¹j�m½ µ�µ��	 ¼��'¿©�¹  µ�¶Öµ�µ ¡ µ Ä ½54 � ¼��'¿ÂÁ j ¶ Ä j �
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� ¼N�'¿ô�¹  µ�¶Çµgµ Û µ ¡14 � ¼���¿ÈÁ j ¶ ÛV½ Ä �
��� �2¼�� � � ¼���¿a¿



Û�Û
ý�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþ�þÞþ�þÞþ�þÞþ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþ�þ�þÞþÞþ�þý X��'¸ - ºÂ��ñ�úý�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþ�þÞþ�þÞþ�þÞþ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþ�þ�þÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþÞþ�þÞþÞþÞþ�þÞþÞþÞþ�þ�þÞþÞþ�þ
& ¼���¿ô� µ�¶Çµgµ Ä 4 � ¼N�'¿ �
��� �2¼�� � & ¼N�'¿C¿
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] �C^Þ�mª;�mòTóu�oõ
/ j§3�¸;wb~�·y�2{ô£��
Î��Xt~g�CdA��ú©pAi2�2r\hCq�v�dE�8� - i8hCdAi2��òô¸�·y��pAdEu�i8h���dEha�8f�dEr\� � �'v�w�dK~gvb~���q�pEdA�2{©�'v�w�dIò~gvb~�m ÷ q�¤t~ghCw§Ó<� - ~g·y�`_���q��E{��'v��g�I{�j Ñ l�j��/ Ä 3Ø����hadE�Cr8{a�k��b���£Íf��Ji8�N~gv�wL��dEha�8f�dEr\� �¦ñNi2¤��ôq�hCº�j�jg{�ñ�i¤��ôq�haº=mN��i2hav��C�b~g��ºLºÂdE��h\~ghH��{�'v��g�I{Âj Ñ l µ �/ ¡�3Ebgq�v�i2�8{>
���¢ô~gpI��i�¸;·+��pEdEubi2ha� �:X�q��Hr\q�v�môñNi2¤¥v�i2�8{�j Ñ�Ñ�Ñ �/ Û�3;7�h\~g��ºV�b~ghCw�r?{���� ÷ �¢ô~g�8f�f�· £Íf��Ji�ú©pAi8�r\hCq�v�dA�2� �!��q�pAf�·Q��f��8{!�4��dAq�mö���b~ghCpAi8�¥ú��!
-i8h�òhadEpAp9X�q
qgº�2{b�'v��g�I{�j Ñ l�l
�/ ½	3Ø
-dApEpA·y~gv�{�b���¢ô~g�8f�f�·�ò¾r\f��Ji�~gv�w - i2·ydE�8q�v�w�f��2raq�h¥ú©pAi8�r\hCq�v�dA�2� �=ñNi2¤c�ôq�hCº=m�
-�J��ha~?¤tò÷ dEpAp9X�q
qgº)��q�·+�b~gv���{b�'v����E{Âj Ñ ½ Æ �/ l�3 - i8w�h\~�{J¸Q� - �J~gv�w - ·ydIr\��{%7k� �;��
-dE�8haqi8pEi8�r\haqgv�dA����dEha�2f�dEra� �9���
sYqghaw�{�ñ�i¤d�ôqghaº=m����VòsYq�haw9�Nv�dE�gi8ha�CdEr'��n©hCi8�a�2{�j Ñ�Ñ Æ �/ ´ 3 - i8i2pE�g{ - �=ú©pAi2�2r\hCq�v�dE��úov�e�dAv�i2i8hCdAv�e ��ñ�i2¤e�ôq�haº=m
-�J��ha~�¤tò ÷ dEpAp¾{�j Ñ ½gl
�/ Æ 3 - �b~gv�e�i8vV�Ji8hae�{:7k� - � ¢ô~g�8f�f�· £Íf���i2� �oñ�i¤f�ôq�haº=mL
-�(��h\~?¤tò ÷ dApEp�X�qq�º2��q�·+�b~gv���{�'v��g�I{Âj Ñ Û Æ �
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