
���������
	��������������������	������ ����	!	������"�#�
$&%�'(	������)���
	�	������*� '+	!�,�-'.������
	�	������/10 24352464798;:56<6>=�8;8?240�7@:5A-B1A;7?8?2CBEDGFEH#DIF�J�:50LK16NM#B�8;KO2�PE2�QRK�QSP,BTAU798?2>B�DGF�H#6>F�0�V�=�6W79:5F�0 2>3X2>647?8?FO0LAD"F�J�:X0�KY7?M�8?F�=�KOMIBZ6>F�[�[�248<\]:X8?2EQ_^TF�7?2`7?M#BE7<79M�2]\]:58;2T:XA�2>3524647?8?:56>B�353Sa 0�24=L798?B�3�A?:X0�6>2]79M�2`6>F�[�[�248BE7?FODIAYb+FO8c:5F�0�ANdeB�8;2YBgfihL24Vkj#BE6Nl�K�8?FO=�0LVm7?M�8?FO=LKOMm\]ML:56NM�79M�2n2>3X2>6W798?F�0�A]DIF�JO2EQoqp orp oqp oqporp oqps s s s s/10#BE35FOK�autv\wBE7?2>8w:X0)B�MLFOA?2EQ@xyBE7?2>8z:50)BZM�FOA?2T:5Az0�F�7wB�0)2>3X2>6W798?:X6164=�8?8;2>0,7cA?:X0�6>2`79M�2TDIF�J�:50LK\wBE79248ZD"FO35246>=�3X2>A{BE8?20�2>=i7989BE3|Q/10�FE79M�248�B�0�B�35FOKEak:XAY6>B�8{}#F�\~V�F�\]0�79M�2gH+8?2424\wBCaOQ*�wM�B�8?KO2:XA6>F�0�A?248;JO24V��#B�024352>6W798;FO02>0,79248?:50LKZFO0L2`240�V"F�H�7?M�2c\]:58;2c6>FOD"2>A�FO=L7_7?M�2]F�79ML2>8>��:X7@V�Fi24A?0���7�JEB�0�:5A;M:50�79M�2�DI:XV�V�3X2mA;FOD"24\]M�248?2�Q��LB�D"2mH+F�8"\wBE79248�:X0�B�MLFOA?2��Z\wBE79248I79M�BE7)KOF�2>A":50,7?F�79ML2kM�FOA;26>F�DI24AYF�=L7YF�Hz7?M�2"M�FOA?2EQ��`0�V�248ZAU792CBEVLa,��A;79BE792"6>F�0�V�:X7?:5FO0LA"b(6>=L8?8?240,7Z7?M�2A9B�D"2gH+FO8nB�353-79:5D"2>A9dWP79ML2Y64=�8?8;2>0,7`}#F�\]:50�K[#B�AU7`/GD�=�A;7`B�3XA?Fg}#F�\�[�B�A;7T�1Q
− −

BA/10*:XA?FO35BE7924V)6>F�0�V�=�6W79FO8e:XAcB�0*24��=L:5[uF�79240�7?:�B�3��i0LF 6>=�8;8?240�7c}�F�\]A]:X0):X7>Q_�w=L7c:SH�\z2nBE7?79B�6NMmBZ\]:58;279F BZj#BE7;79248;aOP�79M�212>0�V�AwF�H�79ML21\]:58;2T\]:53X3#j�21BE7eVL:X��2>8?240,7e[uF�79240�7?:�B�3XA>Q@/�V�:X��2>8;2>0�6421:X0)[�FE792>0,7?:�B�3D"2CB�0�A`79M#B!7164=�8?8;2>0,7�\]:53X3�}#F�\q79F�7?M�2�3XF�\z2>8T[�FE792>0,7?:�B�3�QYb(�cM�:X0�l�F�H@79:X3X7?:50�K"B�[�:X[�2n\]:X7?M�\wBE79248:50�:X7�d�Q@/�[uF�79240,79:�BE3�V�:S��248?2>0L6>2�D"2CB�0LAw79M#B!7e79M�248?2{:XAcB�0*2>3X2>6W798?:X6Tf#2435V*:X0�79M�2�\]:X8?2T[�=�A?ML:50�Kg79ML26NM#B�8;KO2>A4Q
E

High VoltageLow Voltage

I

+ +

�
F�V�24f�0�2)6>=L8?8?240,7CP_:5DIB�KO:X0�2B�0y:XD�BEKO:50#BE8;a�[L3�B�0�2I[#B�A;A?:50LKk79M�8;FO=�KOM�B�\]:58;2�3X:5l�2IB�A;6>8;2>2>0�:X0B*[�:5[u2�QZ��He�,�):XA179ML2IBEDIFO=L0�7�F�Hw6NM�B�8?KO2[#BEA?A?:X0�K*79M�8;FO=�KOM�7?M�2g[�3�BE0�2g:50 B)79:XDI2 �,¡�P�7?M�2>0 79ML26>=L8?8?240,71¢I:5AcKO:SJO2>0mj,a
¢£ �,��O¡�cM�2�64=�8?8;2>0,7Z:5A{79M�2"B�D"FO=�0,7YF�Hw6NM#B�8?K�2I[#BEA?A?:X0�K�79M�8;FO=�KOM 79M�2"[�35B�0�2[�248n=�0�:X7n7?:5D"2�QI£�¤�n£¦¥L§¨ �,�n£�¥�§¨ ¢��O¡�:5Az7?M�2�BEDIFO=L0�7wF�H�6NM#B�8;KO2�[#BEA?A?:X0�K�7?M�8?FO=LKOM�79ML2�[�3�BE0�2T:X0�79ML2T79:XDI2`:50,7?2>8;JEB�3H+8?F�Dª©g79Fg¡�Q

I



«
¬#.®.¯ tT°�¢,±�£��wFO=�35F�D j�AN²!A?2>61£�BEDI[u2>8;2>AZb�B�D"[u2>8?24A`£´³,B�D"[�³�d�Q
µ#¶ · £ µ B�D"[u2>8?2`£ µC¸ b µ d

¢ :5AZBkA?6>B�3�BE8)b(B�0�=�D ju2>89dWP_0�F�7�B�J�2>647?FO8>Qk�w=L7BE0yB�8;8?F�\¹:5AZ=�A?24Vy79FkA;M�F�\¹79M�2)VL:58?24647?:5FO0�F�H6>=L8?8?240,7T}#F�\nQ��cM�2YB�8;8?F�\�:XAc:50*79M�2nV�:X8?246479:XFO0)79M�BE7`[�FOA;:X7?:XJO2{6>B�8?8;:5248?Ae\zFO=�35V�}#F�\nQsqp sqp oqp oqp oqp¢ p º ¢��Hv7?M�2n6>:58;6>=�:S7cj�8?B�0�6NM�24A>P
I

I

I
0

1

2

¢ ¨ £»¢�¼�½�¢>¾ b|¿�dju2>6CBE=�A?26NM#B�8;KO2g:5A{64FO0�A;2>8;J�2>V�Qg�cML:5A{:5A16CB�3X352>V�7?M�2]À �
�-����'(�u��	!�
Á(� QZ��7{:5A{FO0L2gF�HzÂn:X8?6NM�MLF��c�RA8?=L352>A4Q���7]:5Ac:5D"[uFO8;79B�0,7c:50mB�0#BE3Xa�Ã>:X0�Kg6>:X8?6>=L:X79A4Q���
	�	������I%*�i�
�C'.��ÄÅ FO8]Bg6>=�8;8?2>0,7`79M#B!7]:5A]=�0�:SH+FO8?DÆF�JO2>8]79ML2Y648?FOA;ATA;2>6W79:5F�0mFEH@Bg\]:58;2�P
Ç £ ¢¸ b�ÈOd

\]M�248?2 ¸ :5Az7?M�21648?FOA;AeA?24647?:5FO0#BE3�B�8;2CB�FEH�79M�2T6>FO0LV�=�647?FO8eFO8<\]:58;2�Q��w8;FOA?AÉ��A?24647?:5FO0#BE3�B�8;2CBLt@�cML:50�lF�HcA;35:X6>:50LKmA?B�3�BEDI:�Q��cM�2*BE8?2CBmF�He7?M�2IA?B�3�BEDI:_A;35:5642I:XAY7?M�2"6>8?F�A?A A;2>647?:5FO0�B�3<B�8?2>BLQ��cM�2�64=�8?8;2>0,7V�240�A?:S7�a Ç :5Ae79ML2Y64=�8?8;2>0,7T[�248`=L0�:X7]648?FOA;AU��A;2>6W79:5F�0#B�3�B�8;2CBgF�H
79M�2n6>F�0�V�=�6W79FO84Q«
¬#.®.¯ tT° Ç ±-£G/TDI[u2>8;2�ÊED ¾ËÇ :5AnB)JO246479F�8n7?M#BE7n[uFO:50,7?A{:50�79M�2V�:X8?246479:XFO0�F�H ËÌ Qmb.x�2g0�242>V ËÌ 79F�D�BEl�26>=�8;8?240�7n}#F�\nQÍd�cM�2n79F�79B�3�64=�8?8;2>0,7`¢�79M�8;FO=�KOMmBgA?=L8;H(B�642 Î�:5A
¢ £�Ï�Ð ËÇmÑ ��ËÒ b(Ó,d

¢�:XAn7?M�2}#=ih�F�H<79M�2"6>=L8?8?240,7�V�240�A?:S7�a ËÇ 7?M�8?F�=�KOM�BmA;=�8;H(B�642)ÎeQI�cM�:5AnM�FO3XV�An24J�2>0y:SH ËÇ :5An0�FE7=�0�:SH+FO8?DÔF�JO2>8c7?M�2nA?=�8UH(B�6>2�ÎeP�:|QR2�Q_:SH ËÇ b>ËÕ dwJ�BE8?:524AeH+8?FODÔ[�F�:50,7c79F[uFO:50,7]FO0kÎeQ

S

I

¿



Ö :5648?FOA;6>FO[L:56CBE353Xa�P�79M�2Z6>=�8;8?240�7�V�2>0�A;:X7�am:5A]79ML2�[�8;FiV�=L647�FEH@79M�2�B�D"FO=�0,71FEH_6NM#B�8;KO2�[u2>8T=�0�:X7JOF�35=�D"2nB�0�VmM�F�\¦H(B�AU7c79M�2n6NM#BE8?KO2Y:5AcD"F�Ji:X0�K�t
Ç £ b(6NM#B�8;KO2�V�240�A?:S7�aud Ñ b+J�2>3XFi64:X7�a*F�H-6NM#B�8;KO2nV�2>0LA?:X7�a�dËÇ £ ×�Ø#ËÙ!Ú×�£G0�=�D ju2>8]F�H-6NM#B�8;KO2Y6CB�8;8?:5248?Ac[u2>8]=�0�:S7cJOFO3X=�D"2Ø�£r6NM#B�8;KO2nF�H@2>B�6NM�6>B�8?8;:5248Yb(=�A;=#B�353Sa�7?M�24a�BE8?2n2>3X2>647?8?FO0LANdËÙ!Ú £ÜÛ;VL8?:XH.7?³ JO2435F�6>:X7�a�F�H-6NM#B�8?K�2YVL2>0�A;:X7�a

%*��	E'.Ý��i��'(�u� t@/q[�:X2>6>2nF�H
\]:58;2nF�Hv3X2>0�KE79MmÞ�B�0�Vm6>8;FOA?A]A;2>647?:5FO0�B�3�B�8?2>B ¸ M�B�A]6NM#B�8?K�2�Q
I

I

A L L

ßg�Y£»×�Ø ¸ Þ��7179B�l�24A{B"7?:5D"2Yßg¡cH+F�8`7?M�:5A`6NM#B�8;KO2�79FI6>FOD"[�3X2479243Xa*3X2CBCJO2Z79M�:XA`J�FO35=�D"2�t ÙEÚ ß ¡e£GÞà£�¤ ß ¡c£Þ<² Ù!Ú Q_��0�79:XDI2�ßg¡w2CB�6NM�6NM#B�8;KO2n6CB�8;8?:5248cM#B�A]D":5KO8?BE7924V�BVL:5A;79B�0�642ZÞcQ
¢ £ ßg�ß ¡ £ ×�Ø ¸ Þáâ�ã £ä×�Ø ¸ Ù!Ú
Ç £ ¢¸ £�×�Ø ÙEÚÙ!Ú :XAc0�F�7c79ML2�JO2>3XFi64:X7�a�F�H�79M�2{24352>6W798;FO0�A>Q���a�[�:56>B�353SaI7?M�2n2>3524647?8?FO0*JO2435F�6>:S7�a Ù!å<æ µ ©�ç]D�ÊEA>Q��w=i779ML2{2>3524647?8?FO0�AcML:X7e7?M�:50�K�Ac35:5lE2{BE7?FODIA4PL:XDI[�=L8?:X7?:524A>PiB�0�V*:5D"[u2>8;H+24647?:5FO0�Aw:50)79ML2{6>FO0�VL=�647?FO8>Q��cM�:XAKO:SJO2>A8;:5A?2)7?F 	!���C'(�4�����-�O� Qà�iF�79M�2�24352>6W798;FO0�AV�FO0���7g798?BCJO2>3]j#BE3535:XA;7?:56CBE353Xa�b(:50�AU7989BE:5KOM,735:X0�2>A9dWQ�cM�2Wa�j�FO=L0�6>2YB�8;FO=�0�V�B�0�VmD�BEl�2{A?3XF�\�[�8;FOKO8?24A?A]V�F�\]0�7?M�2{\]:58;2�Q

�iF79M�2nV�8;:XH.7cJ�2>35F�6>:S7�a Ù!Ú�ènè�ÙEå Q<�<a�[�:X6CB�3X3Xa Ù!Ú]æ µ ©�é�ê]D�ÊEA>Q1b(��H
aOF�=kjuFO=�0�642ZF��k79M�2n\eBE3535A4P�:X77NBEl�2>A`35F�0�KO2>8z79F"KO247]FO=i7TFEH-7?M�2n8?F�FOD�QÍd��7]V�F�2>A?0��R7]7NBEl�2{35F�0�K H+FO8w7?M�2n35:5K�M�7z79FgKOFFO0)\]ML2>0�aOFO=�}#:5[�BgAU\]:X796NM*H+FO8e7?M�2{A9BEDI2�8;2CB�A;FO079M�BE7":X7"V�F�2>A?0��R7"7NB�lE2�3XFO0�K�H+FO8g\wBE79248�6>F�DI2�FO=L7"F�H�B�MLFOA?2m\]M�2>0�aOFO=�79=�8;0ëFO0�79M�2*H(B�=�64247>Q�cM�248?2��RA`B�358;2CB�Via�\wBE79248c:50)79ML2{M�FOA?2EQz�i:5D":535B�8?3Sa 79M�248?2nB�8;2{2>3X2>647?8?FO0LAc:50)79ML2�\]:58?2EP#B�0�V)7?M�24a*B�353
È



A;79B�8;7]7?F"VL8?:XH.7w\]M�2>0maOFO=�}#:5[*7?M�2nA;\]:X7?6NM�Q]ìo ìo ìo ìo ìo
í)���C'��W���#�
�O���H-\z2YB�[�[�3Sa)B�J�FO3X79B�KO2{ß"îïB�648?FOA;Ae79M�2{240�V�A]F�H-Bg6>FO0�VL=�647?FO8Yb(FO8z\]:58?2CdWP#B 64=�8?8;2>0,7`¢I}#F�\]A4Q�cM�2Y89BE7?:5Fß"îw²!¢�:5Ac6>B�353X2>V)7?M�2 	!���C'(�4�����-�O��ð t
ð £ ß"î¢ b|ñ�d

��H@¢�:5A]j�:5KLP ð £�ß"îw²E¢):XA]A?DIB�353�£�¤ A?DIB�3X3�8?24A?:5AU7NB�0L6>2YDI2>B�0�A]j�:5K"6>=L8?8?240,7CQe��Hv¢):5A]A?DIB�3X3�£�¤3�BE8?KO2�8;2>A;:5A;79B�0�642�Q ò �-'.���
° ð ±ó£ FOMLDµ F�M�D £ µ�ô £ µ JOFO3S7BEDI[u2>8;2 £ µ î ¸ £öõ ß"î¢ø÷

��H ð £´64FO0�A;79B�0,7`:50�V�24[�240�V�240�7TF�Hvß"î¹FO8c¢�PL7?M�2>0m79M�2n64=�8?8;2>0,7`¢�}#F�\]:50�Kg7?M�8?FO=LKOMkBgV�2WJ�:56>2n:XAV�:X8?2>6W793Sa)[�8;FO[�F�8;79:XFO0#B�3u79Fg79ML2Y[uF�7?2>0,79:5B�3�V�:S��248?2>0L6>2Yß"îÆB�648?FOA;Ac79M�2nV�2WJi:X6>2Etß"îr£�¢ ð ð £»64FO0�AU7NB�0,7Tù�©�cM�:XA`:XAc6CB�3X3524Vkú �-ûàüX�"����ý Q
I

V∆

^TFE792�79M�BE7]0�FO0i��FOM�D":56TV�24J�:5642>ATB�8?2{[uFOA;A?:5jL352�PL2�QRK�QXP�BVL:5F�V�2�M#B�A`B 8;2>A?:XA;79B�0�6>2{7?M#BE7]V�24[�240�V�A`FO0ß"îIt
I

V∆

Ó



í)���C'(�4��'.Ý�'+��Ä�iFOD"247?:5D"2>A�:S7�:XA�D"FO8?2�6>FO0,J�2>0�:X2>0,7*79F�7?M�:50Llà:X0à79248?D"A)F�H ËÌ B�0�V ËÇ BE7)B�[uFO:50,7):X0ë79ML26>F�0�V�=�6W79FO84P�8?BE79ML2>8v7?M#B�0g79M�2eJ�FO3X79B�KO2eVL8?FO["ß"î�B�6>8;FOA?A<B�64FO0�V�=�6W79FO8�BE0�Vg79M�2c64=�8?8;2>0,7<¢Y}#F�\]:X0�K79ML8?FO=�K�Mþ:X7CQ ��0þ79ML:5A 6>B�A?2)\z2�V�24f#0L2�7?M�2)8;2>A?:XA;7?:XJ�:X7�a�ÿ�7?F�j�2)7?M�2*89B!79:5F Ì ² Ç Q��`2>8;2)\w2mB�8;2B�A;A?=�D":50�Kn79M�BE7 ËÇ [uFO:X0�7?A�:50g79M�2`V�:X8?2>6W79:XFO0F�H ËÌ Q]b(�cM#B!7C�RAzM�F�\�\z2`V�24f#0L2>V�7?M�2TVL:58?24647?:5FO0F�H ËÇ QÍd
ÿg£ Ì Ç V�24f�0�:X7?:5FO0gF�H�ÿò �-'.����� °�ÿO±�£���� ���]£ 	�
�� 
���� £�î Ñ�� ² ¸ £ ô Ñ�� \]ML:56NMm:5Ac6CBE353524V�B�0ëÛ;FOM�Dg��D"247?2>8?³LQ� 2>6W79FO8cH+FO8;D�t ËÇ £ ËÌ ²Eÿ

x�2n6>B�0�VL24f#0�2n79ML2 �O�u�
$-�
����'.Ý�'.�WÄ t��k£ µ ²Eÿ#Q_�cM�240ËÇ £�� ËÌ b��Od�T0L:X79A4t]°���±�£ b ô Ñ�� d9é ¼ \]M�:56NM�:5Aw6>B�353X2>V�Û;8?246>:X[�8?F�6CB�3�FOMLD��DI2W792>8;³�FO8�Û;:X0�J�2>8;A?2�FOMLD��DI2W792>8;³ZF�8Û;D"M�FOAc[u2>8]D"2479248?³�Q� 24A?:XA;79:SJ�:X7�a�:5A�B)[L8?FO[u2>8U7�akF�H_7?M�2gDIBE79248?:�BE3|P�0�F�71:X79A1V�:5D"2>0�A;:5FO0LA>Q � 2>A;:5A;79B�0�642gV�2>[u2>0�VLA{FO079ML2`DIBE7?2>8?:5B�3�BE0�V"7?M�2`V�:5D"2>0�A;:5FO0LA_F�H�7?M�2`8?2>A;:5AU79FO8 Qv/ä8?24A?:5AU79FO8�:XAzB{64FO0�V�=�6W79FO8�\]:X7?M"BYA;[�246>:Xf�2>V8?24A?:XA;7NBE0�6>2EP,2�QRK�QXP µ ©O© ô Q��<FO=g[�=L7v8?2>A;:5AU79FO8;A@:50 64:58;6>=�:S79A>Q
�cM�2WagB�8;2wV�240�F�7924V:50�64:58;6>=�:S7@V�:5B�KO89BEDIAj,a�Bg\]:5KOKO3Sa�3X:50�2EQ
R

xäM#BE7`:XAe79M�2n8?243�BE7?:5FO0�j�2W7�\w242>0�8;2>A?:XA;79B�0�6>2ZB�0�V�8;2>A?:XA;7?:XJ�:X7�a���wFO0�A;:5V�248�BI8;2>A;:5A;7?:XJ�2Z\]:58;2ZA;2>KOD"2>0,71F�H_6>8;FOA?AÉ��A;2>647?:5FO0�B�3vBE8?2CB ¸ Pu35240�K�79MkÞcPu\]:S79M�B"JOFO3S7NB�KO2V�8;FO[kß"îïB�648?FOA;A`:S7CQ_/TA?A?=LDI2 ËÇ B�0�V ËÌ B�8?2n64FO0�A;79B�0,7`24JO248;a�\]M�248?2�\]:S79M�:X0)79M�2{\]:58;2�Q

L

E

J

V

II

∆

A

ds

ñ



�cM�240
ß"î £  Ï"!$#&%! é % ËÌ�Ñ ��Ë· £ Ì Þ Ç £ ¢¸ÿg£ Ì Ç £ ßIîz²�Þ¢i² ¸ £ î ¢ ¸ Þ £ ð ¸ Þð £ ÿ Þ¸ b�'�d

x�2Y6>B�0m6NM�2>6Nl*79ML:5Acj,a*KOFO:X0�Kgj#B�6Nl,\wB�8?VLA>t
ÿ Ñ Þ¸ £ Ì ÞÇ ¸ £ ß"î¢ £ ð b�(Od

�
F*=�0�V�248?A;79B�0�V�\]M,ak7?M�:5A1H+F�8?D =�35BIDIB�l�24A�A?240�A?2EP�\w2g0�242>V�79F�8?2CBE35:5Ã42Z7?M#BE7{8;2>A?:XA;79B�0�6>2g8;2>A;=�3X7?AH+8?F�D 24352464798;FO0�AZj�=�D"[�:50�K�:50,79F�79M�:X0�KOA�b�BE7?FODIA4P@:5D"[�=�8;:X7?:52>A4P�:5D"[�248;H+2>6W79:XFO0�A>P
79M�2I\eB�3X35AYF�Hc79ML2\]:58;2�dcB�Ac79ML24a*798?BCJO2>3
V�F�\]0�7?M�2{\]:58;2�Q<�cM�2�3XFO0�KO248e79M�2{\]:58;2n:5A>P�7?M�2YDIFO8;2�79M�:X0�KOAc79ML2>8?2ZB�8;2n7?Fj�=�D"[�:X0,79Fk£�¤ ð*) ÞcQ)�cML2I79ML:56Nl�248Y7?M�2\]:58?2":5A4P
7?M�2"2CB�A;:52>8Y:X7n:XAY7?F�K�FkB�8;FO=�0�V�79M�2"8?FOB�Vj�3XFi6Nl�AT£�¤ ð+) µ ²E/T8?2>BLQz�iF ð £»ÿ�Þ<² ¸^TF�7?2�79M�BE7gÿ æ-, P_ju2>6>B�=�A;2�7?M�2)M�FE7?79248�79ML2)\]:58?2I:5A4P@79M�2*D"FO8?2"79M�2)BE79FOD"A�J�:5jL89BE7?2�P@79ML2M#B�8;V�2>8":X7:XAgH+FO82>3524647?8?FO0�A79F�KO2W7�j,a/.;FOAU7935:X0�K�BE79F�DIA4Q0�<FO=L8"juF�FOlyKO:SJO2>A79ML2mH+FO8;D =�35B ÿà£ÿ21�° µ ½43eb ,  , 1Nd�±|Q
ρ

T51�iý ��	I%�'��C�>'(�
�L��'+�u��i=�[�[uFOA;2)79M�248?2):XA�B�J�FO3X79B�KO2IV�8?FO[yB�6>8;FOA?A A;FOD"2�6>:X8?64=�:X7Z2>3X2>D"2>0,7 FO8ZV�24J�:X6>2�P_2EQ KLQXP�Bk3X:5KOM,7j�=�3Xj�P#B8?24A?:5AU79FO84P#BgDIFE79FO84P�247?6�Q
V

V

+

−

∆ V

�



/1A@7?M�2c6NM#B�8;KO2]�,�Y£»¢��O¡
DIF�JO24A_79M�8;FO=�KOM 7?M#BE7�[uF�79240�7?:�B�3iV�8?F�["îIP,:X7vKO:XJ�2>A_=�[[uF�79240�7?:�B�3i2>0�248?K�a��î ��6�£����Eß"îr£»¢��O¡UßIî b�7Od�cM�:XA1:5AT35:Xl�2ZB�j#B�3X3�H(BE3535:X0�KV�F�\]0k�c:S713XFOA?24A1[uF�79240�7?:�B�3
2>0L2>8?KEa�B�0LV�K,B�:X0�ATl�:X0�247?:56�240�2>8;K�aOQ1�cM�2[uF�79240�7?:�B�3i2>0�248?K�a 35FOAU7�j�a�79M�2c6NM#BE8?KO2]:5A_64FO0,JO248;7924V�:X0�7?F{A?FOD"2cF�7?M�2>8@H+FO8;D F�H�2>0L2>8?KEaOP�2�QRK�Q@M�2>BE7CP35:XKOM,7CP�\wFO8;l�Pu2W796EQ<�cML2Y8?BE792nF�H-2>0L2>8?KEa)798?B�0�A;H+248]:5Ac6CBE353524V�[�F�\z2>898"Q8q£ ��6�O¡ £�¢�ß"î b µ ©,dò �-'.��� t:6»£���ß"î £�¤ ßIîG£;6e²E�°<8n±u£ � FO3X7?A Ñ /1D"[�248?2>AT£Ôb µ>= ÊO�cdnb µ �cÊEA9d`£ µ?= Ê!A1£ µ xrQ��Hv\z2nM#BCJO2ZB"8;2>A?:XA;7?FO8 ð £»ßIîz²E¢�P�79M�240kß"îr£�¢ ð Q��TA;:50�K79ML:5A>Pi\w2n6CBE0m\]8;:X792Et8q£�¢�ß"îG£»¢�b+¢ ð d_£�¢ ¾ ð £�¤ 8q£�¢ ¾ ð8q£»¢�ß"îG£ ß"îð ß"î´£ b�ß"î d ¾ð £�¤ 8r£ b(ß"î d ¾ð�cM�24A?2nH+FO8?D =L3�B�AcV�24A?648?:5ju2n[�F�\z2>8]V�:XA?A?:X[#BE7?:5FO0*:X0�Bg8;2>A?:XA;7?FO8>Q^TF�7?2�t_/q3X:5KOM,7zj�=�35j*jL=�8?0�AcF�=L7e\]M�240ma�FO=)f#8?AU7c79=�8;0�:X7eF�0*j�246CB�=�A;2�79M�2�f�3�B�D"2>0,7nb+:|QR2�QSPL79ML28?24A?:XA;79F�8Nd1:5A16>FO3XV B�0�V :X7?A{8?2>A;:5AU7NB�0�642g:5A{3XF�\nQ?�T240�6>2g79ML2g[�F�\z2>8nV�:5A;A?:X[#BE7924V@8ó£ b(ßIîZd ¾ ² ð :XAM�:XKOMmB�0�V*79M�2{f#35B�D"2>0,7]j�=�8;0�ATF�=L7CQ A ûCB� 246CB�3X3#79M#BE7<\]M�240*BZj#B!7?79248;a6NM#BE8?KO24AeBZ6>B�[#B�64:X7?FO8>P�:X7�79B�l�24Ac½¦6NM#B�8;KO2TH+8;FOD~79ML2T0�24K,BE7?:XJO243Xa6NM#B�8;KO2>V [�35BE792�B�0�V [�=L7?A{:X71FO0�79M�2�[�FOA;:X7?:XJO243Xa�6NM#B�8;KO2>V [�35BE792EQ�x�2g6>B�0�79M�:X0�lmF�H�79M�2 j�BE7?7?2>8;aB�A`Bg6NM#B�8;KO2n[�=�D"[�Q���7]V�Fi24Ac\wFO8;l�Q
+

−

+ +

− −
+

�cM�2ZB�D"FO=�0,7cF�H-\wFO8;l)V�FO0L2Y[u2>8]=�0L:X7]6NM#B�8;KO2n:5Ac6>B�353X2>V)79ML2"DFEHGJI»b+³O2>3X2>647?8?FOD"F�7?:XJO2�H+F�8?6>24³�dWtI�£ �LK�,� b µOµ dI�:XA�B{A?6CBE3�B�84Qv�cM�2]j#BE7;79248;a :XA�B�02WhLB�D"[�352wF�H�BE0g2>DH�V�2WJ�:56>2EQNM_D"H�V�2WJi:X6>24AzBE8?2c6NM#B�8;KO2][�=�D"[�A>Q�cM�2Wa�[�8;F�Ji:XV�2"2>DHÉPv:|QR2�QSP�79M�2Wa�V�Fm\wF�8?l�QPO�7?M�2>8Z2WhLB�D"[�3524A>t 24352464798;:56"KO2>0L2>89B!79FO8;A>PvA;FO3�BE8Z642>353XA>P247?6�Q��cM�2YKO89BCJ�:X79BE79:XFO0#B�3�B�0#BE35FOK�aIF�H@Bj�BE7?7?2>8;a):5A]B�0m2>A;6CB�35BE79FO8cF�8]B�0�2>352WJEBE79FO8e7?M#BE7]KOF�2>A]=�[�Qò �-'.��� t`° I-±�£ = FO=�3X2�Ê�wFO=�3XFOD jm£ � FO3S7CQ]b+2�QRK�Q µ ¿ � j#B!7?79248;aLdQ 8?BCJi:S7NBE7?:5FO0�B�3uB�0#B�3XFOK�aut@�cM�2�\zFO8?l�V�FO0�2{[u2>8e=L0�:X7cDIB�A;Ae:50*3X:XH.79:X0�KZB�\w24:5KOM,7]:5Az79M�2nB�0�B�35FOKF�H�2>DHRIzQ@�cM�2`[uF�79240�7?:�B�3L2>0�248?K�ag[u2>8�=�0L:X7�DIB�A?A_79M�BE7�79M�2]DIB�A?A�K,B�:X0�A_:5A@7?M�2`B�0#B�3XFOK{F�H�2>3524647?8?:56[uF�79240�7?:�B�3�Q��cM�2 VL:X��2>8?240�6>2gju247�\z2>240SIëB�0�V ß"îó:XA135:Xl�2Y79M�2 VL:X��2>8?240�6>2gju247�\z2>240�K�FO:50�KI=�[�M�:X353B�0�Vmju2>:50LKIBEj�35217?FI8;FO353�V�F�\]0�M�:X353|Q '



�Z�#Á(�,�
Á(�L��'���T�����	�	!������-F�A;M�F�\Ô7?M#BE7>Ir£ø¢ ð P@\z2)6>B�0þ=�A?2�Bm792>6NML0�:5��=�2)7?M#BE7g:XA�=�A;24H+=�3z:50þB�0�B�3Xa�Ã>:X0�Kk64:58;6>=�:S79A>Q5��#��������'+�#ÁJU)	����
�
$������������Hw\z2"A;7NBE8;7YBE7ZB*[�F�:50,7n:50�79ML2"64:58;6>=�:S7{\]M�:56NM�M#B�AY[�FE792>0,7?:�B�3�î&V�P�79M�240�KOFmB�8;FO=�0�V 79M�264:58?64=�:X7B�V�VL:50�KgBE0�V�A?=�jL7?89B�6W79:X0�K JOFO3S7NB�K�2>AcB�Az\w2nD"2>247eV�:X��2>8;2>0,7c6>:X8?64=�:X7w2>3524DI240,79A>P�B�0�V)f#0#BE353Xa"8;2479=L8?079F"[L7>Qz/ZP#FO=�8cJOFO3S7NB�K�2YD�=�A;7TB�K,BE:50�j�2Zî&VEQ<�cM�=�A>P�B�3X3�79M�F�A?2nJOFO3S7NB�KO2nV�:S��248?240�6>24ATD =LA;7`A?=�Dª7?FÃ>248?F�Q
1

2

3

I

a

î&V_½àß"î�¼�½�ß"î�¾v½àß"î ê Ñ�Ñ�Ñ £�îWV�cM�:XAe:5Ae6>B�353X2>V�7?M�2 Á+�����à	!�
Á(� t@�cM�2nBE35KO24j�89B�:X61A;=�DóF�H�7?M�2�6NM#B�0LKO2>A]:50�[�F�7?2>0,79:5B�3�240�6>F�=�0,792>8;2>V:50B�64FOD"[�352W792z7?89B�0LA;JO248?A?B�3�F�H�B�0,a 6>:X8?64=�:X7vD =�A;7@j�2cÃ42>8?FLQ@�cM�2c35F�FO[ 8;=�352w:5Av7?M�2cF�79ML2>8_Â{:58;6NM�M�F��8?=L352�Q�Â{:X8?6NM�M�FE�c� A]8;=�3524A]B�8?2n=�A;2>Vk:X0�B�0#B�3Sa�Ã>:50LK"64:58;6>=�:S79A>Q

+

− Rε

I

A
I

��0mFO=�8cA?:XDI[L352�64:58?64=�:X7>P�:XH�\z2ZAU7NB�8U7TBE7][L7CQ_/ZP�79M�240�Pî&VH þ¢ ð ½XI�£¦î&V F�8 IY þ¢ ð £¦©£�¤ZI�£�¢ ð FO8 ¢g£ Iðí)���,'+�_�PB���	"U*���#Á.Ä\[�'(�]Tþ��'(	!�,�
'+���µ QT�wM�F�FOA;2k79M�2kV�:58;2>647?:5FO0LAIF�H{7?M�2�64=�8?8;2>0,79A*:X0ë2CBE6NM&A?2>K�DI240�7)FO8�A;2>647?:5FO0ëF�H{79M�2k6>:58;6>=�:S7CQ�iF�DI2W79:5D"2>A\z2kDIB�a�0�FE7)l�0�F�\ 79M�2m798?=L2�V�:58;2>6W79:5F�0àF�H{7?M�2k64=�8?8;2>0,7*¢�Q = =LA;7)K�=�2>A;A*BV�:X8?246479:XFO0 H+FO8_¢�P�B�0�VIB�V�ML2>8?2c7?Fn7?M�2]8?24A?:5AU7NB�0L6>2]8?=�3X2�Q@��HuaOF�=I6NM�F�FOA;2`\]8;FO0�K�POa�FO="\]:X353�f#0�V¢ è © \]M�:56NMmDI2>B�0�Ac79ML2Y64=�8?8;2>0,7TKOFi24Ac:50*79ML2YF�[�[�F�A?:X7?2{V�:58;2>6W79:5F�0�H+8;FODÔa�FO=�8]6NM�FO:X6>2EQ(



¿iQT�wM�F�FOA;2n7?M�2nV�:58;2>6W79:5F�0m:X0)\]M�:56NMmaOFO=mD"2>0,7NB�3X3XaIKOF"B�8?F�=�0�V�2CB�6NM�35F�FO[*:50*7?M�2n6>:58;6>=�:S7CQÈLQ`�`A?2{79M�2n3XFiFO[*8;=�352{7?F\]8;:X7?2{V�F�\]0�24��=�BE79:XFO0�A>Q<Â{2>24[m7?M�2{H+FO353XF�\]:50�K :X0�DI:X0�V�tb�BOd í��i�>'��4�C�#�-�O�&í)�-Á+��� ��H`aOFO=àDI240�79B�353Sa�[�B�A?Ag79ML8?FO=�K�M ð :50y7?M�2�V�:58;2>647?:5FO0�F�H`79ML264=�8?8;2>0,7`¢�PL79M�2{[uF�7?2>0,79:5B�3�V�246>8;2CB�A;2>A`j�a/ T¢ ð Q��cM�:XAc:5Ae3X:5l�21KOFO:50LK V�F�\]0�M�:X353|Qv��H
a�FO=K�F�B�KOB�:50�AU7c79M�2Y6>=L8?8?240,7T7?M�8?FO=LKOM ð P�a�FO=kKOB�:50�[uF�79240�7?:�B�3�½{¢ ð Q<�cM�:5A]:XA`3X:5lE2{KOFO:50LK=L[�M�:53X3|Qb(j#d A_^a` í*�
Á+�u� ��H�a�FO=�D"2>0,7NBE353Xa�[#B�A;AI79ML8?FO=�K�MëB�0à:5V�2>B�3]2>DH�V�2WJ�:56>2�H+8?F�D  7?F½ P�7?M�2>0�aOF�=�KOB�:50�[uF�7?2>0,79:5B�3@½bIzQn��H<a�FO= KOF*:50�7?M�2 FO[L[�FOA;:X7?2 V�:58;2>6W79:5F�0�P�a�FO= 35FOA;2[uF�7?2>0,79:5B�3� cIwQÓ�Q`�`A?2n79M�2:.;=�0�6W79:XFO0�8?=�3X2�79F"M�2>3X[�\]8;:X7?2YVLF�\]0�2>��=#BE7?:5FO0LA>Qz�iFOD"247?:5D"2>Aw\z2ZD"2>2W7�.;=�0�647?:5FO0LAFO8cjL89B�0�6NML2>A`:50�6>:X8?6>=L:X79A4Q_��0m7?M�:5Ac6>B�A?2EP#\w2YB�[�[L3Xa)7?M�2<À �-�
����'+�u�ë	!�-Á+���¢�¼�£ä¢>¾v½�¢ ê b µ ¿Od
I

II

1

32

Û;�cML2"A;=�D F�H<79M�2"6>=L8?8?240,79AZB�[�[�8;F,B�6NM�:X0�KmB�0,ad.;=�0�647?:5FO0 D =LA;7Yj�224��=�B�3_79F*79M�2"A?=LDÜF�H7?M�2n6>=�8;8?2>0,7?AT3X2CBCJ�:50�Kg79M�BE7�.;=�0�6W79:5F�0�Q ³Â{:58;6NM�M�F��c�RA�8;=�3524A)B�8;2�7?M�2�35F�FO[�8?=�3X2�B�0LVë79M�2e.;=�0�647?:5FO0à8?=�3X2�Q»x�2m\]:5353]=�A;2k79ML2>A?2k8?=�3X2>AI7?F=�0�VL2>8?AU7NB�0LVkM�F�\¦7?Fg798?2>BE7`8?24A?:5AU79FO8;A]:50�6>:X8?6>=L:X79A4Qí)���C'(�4����	!�g'��gf���	!'(���/10�2WhLB�D"[�3X21F�H
8?24A?:XA;7NBE0�6>2{:X0)A?248?:524Ae:5Aw8?2>A;:5AU79FO8;Aw79M#B!7c6>FOD"2�FO0L2�8?:XKOM,7cBEH.7?2>8w7?M�2{F�79ML2>8e3X:5l�2B�AU798?:X0�K F�H-�wML8?:5AU79DIB�Az7?8?242�35:XKOM,79A>Q_�wFO0�0�24647924V�8?2>A;:5AU7NB�0�642>A]B�8;21A?B�:5V�7?F ju2�:50)A;2>8;:52>Az\]M�2>0*79ML2[uF�79240�7?:�B�3#VL:X��2>8?240�6>2TB�[�[L35:524V�BE6>8?F�A?A�79M�2`6>FOD�j�:50#B!79:5F�0":XA_79M�2`A?=�D¹F�H�79M�2`8?24A?=�3S79:X0�KZVL:X��2>8?240�6>24AB�648?FOA;A]7?M�2n:50�VL:XJ�:5V�=�B�3�8;2>A?:XA;79B�0�6>24A>Q
+

− Rε I

R

R1

2

3��0�79M�2YB�juF�JO2n2WhLB�D"[�352�\z2n\eB�0,7]79Ff#0�V�Bg8?24A?:5AU79FO8 ð å�h 79M#B!7]:5A]2>��=�:SJ�BE352>0,7c7?F ð ¼Fi ð ¾�i ð ê Q7



+

− Rε
eq

I

�-F"V�Fg79ML:5A`B�[�[�3Sa�7?M�2n35F�FO[*8?=�3X2nB�0�VmKOF"B�8?F�=�0�V*79M�2n64:58?64=�:X7>t
IY þ¢ ð ¼� y¢ ð ¾j þ¢ ð ê £ ©I £ ¢ ð ¼�½�¢ ð ¾v½�¢ ð êI £ ¢�b ð ¼�½ ð ¾@½ ð ê dI £ ¢ ð å�h b µ È,d\]M�248?2 ð å�h £ ð ¼�½ ð ¾@½ ð ê��0�K�2>0�2489B�3�FO0L2ZBEV�V�A]8?24A?:5AU7NB�0L6>2>A`:50�A;2>8?:X2>Ac79FKO2W7TB�0�24��=�:XJEB�3X2>0,7]8?24A?:5AU7NB�0L6>2�t

ð å�h £ klmon ¼ ð m b µ Ó�d
\]M�248?2k×�:5Ag79ML2k0�=�D ju2>8IF�H�8;2>A?:XA;7?FO8?AI:50�A?2>8;:524A>Qä��0ë79ML2�juFiF�luPgÛ;8?2>B�35³�2>DH�V�2WJ�:56>24A)M#BCJO2kB8?24A?:XA;7NBE0�6>2 Õ :50*A;2>8;:52>A]\]:X7?MmB�0�:5V�2>B�3�2>DH-V�24J�:5642�Q</10m:5V�2>B�3�24D"H-V�24J�:X6>2nM#B�A]0�F8?24A?:XA;7NBE0�6>2EQ

Ideal emf
Device

ε +

−

r Real emf
Device (Battery)

V =    ε − I r∆

/qJOFO3S7NB�KO2{VL:XJ�:5V�248c6>FO0LA?:5AU79A]F�H@¿�b+FO8cD"FO8?2Cdw8?2>A;:5AU79FO8;A`:X0*A?248?:524A>t

R

R

1

2

I

V   = I R

V   = I R

11

22

∆

∆

µ ©



��H ð ¼eù ð ¾�P�ß"î�¼wù&ß"î�¾>Q 5��#��������'+�#Á<%m'qp���	��i�
�O����-Fnf#0�V79ML2`[uF�7?2>0,79:5B�3�V�:S��248?2>0L6>2]j�2W7�\w242>0�7�\zFY[�FO:X0,79A_:50"B{6>:X8?64=�:X7>P,A;7NBE8;7<BE7�FO0L2`[uFO:X0�7<BE0�V798?B�0�AUJO2>8;A?217?M�2164:58;6>=�:S7_79FZ7?M�21FE79M�248>P,H+FO353XF�\]:50�KYB�0,a[#BE7?M�PiB�0�V)BEV�V)B�3XKO2>jL89B�:X6CB�3X3XaY79M�2T6NM#B�0�KO24A:50I[�FE792>0,7?:�B�3�7?M#BE7<aOFO=)240�6>F�=�0,792>84Q � 246CB�3X3�7?M#BE7<79M�2T[�FE792>0,7?:�B�3#V�:S��248?240�6>2�îWV] �î&r_ju247�\z2>2>0)7�\zF[uFO:50,79Ac:XAc:50�VL2>[u2>0�V�240,71F�H
79ML2Y[�BE79M�aOFO=�7NBEl�2nj�2W7�\w242>0k7?M�2>DmQ

ε +

− 1 2

a

bî&VH �î&rz:XAe79M�2nA9BEDI2{\]M�2W79M�248]a�FO=kK�F7?M�8?F�=�KOM µ F�8e79M�8;FO=�KOM�¿iQí)���C'(�4���#�
�O���'��s51��	��#Á�Á+��Á/10m2WhLB�D"[�352{FEH_¿g8?24A?:5AU7NB�0L6>2>A`:50*[�B�89B�3X35243�:5A4t

ε +

−

R1 R 2

I

I1 I 2

�wFO0�0L2>647?2>Vy8;2>A;:5A;79B�0�642>AZB�8?2"A9B�:XV�79Fmj�2":50 [#B�8?B�353X2>3
\]M�2>0þB�[uF�79240�7?:�B�3vV�:X��2>8;2>0�642"7?M#BE7Y:5AYB�[i�[�3X:52>VkB�6>8;FOA?A`79M�2Z6>FOD�j�:50#B!79:5F�0�:XA`7?M�2�A?B�DI2�B�AT7?M�2�8;2>A;=�3X7?:50�KI[�F�7?2>0,79:5B�3�V�:X��2>8;2>0�642 B�648?FOA;A179ML2:50LV�:XJ�:5VL=#B�3�8;2>A?:XA;79B�0�6>24A>Qz�cM�=LAT79ML2Z[uF�79240,79:�BE3�V�8?F�[�B�648?FOA;A ð ¼w:5Ac7?M�2ZA?B�D"2ZBEA]7?M#BE7TB�648?FOA;A ð ¾�tß"î´£ä¢!¼ ð ¼eB�0�Vmß"îG£»¢>¾ ð ¾�Q�-F)f�0�V�B�0�24��=�:XJEB�3X2>0,7�8;2>A?:XA;79B�0�6>2 ð å�h 79M#BE716CB�0�8;2>[�35B�6>2 ð ¼-½ ð ¾�\]:X79MLFO=L7�6NM�B�0�KO:X0�K�79ML26>=L8?8?240,7z¢Y79M�8;FO=�KOMg7?M�2c6>FOD�j�:50#B!79:5F�0 FO8@79ML2]J�FO3X79B�KO2cß"îqB�648?FOA;A<:S7CP�\z2]0�F�7?2e79M#BE7_7?M�2t.;=�0�6W79:XFO08?=L352�7924353XAc=�A ¢£�¢�¼�½�¢>¾ b µ ñOd
ß"îG£»¢!¼ ð ¼�£�¤ ¢!¼ £ ßIîð ¼ B�0�V ß"îG£»¢>¾ ð ¾e£�¤ ¢>¾w£ ß"îð ¾¢ £ ¢!¼�½�¢4¾£ ßIîð ¼ ½ ßIîð ¾£ ßIîvu µð ¼ ½ µð ¾�w£ ßIîyx µð å�h{z b µ �,d

µOµ



\]M�248?2 µ ² ð å�h £ µ ² ð ¼�½ µ ² ð ¾ b µ 'Od��0�K�2>0�2489B�3�\z2�BEV�V�:X0,JO2>8;A?2Y8?24A?:5AU7NB�0L6>2>Ac\]M�240�7?M�24amB�8;2{:50�[#B�8?B�353X2>3�tµð å�h £ klmon ¼ µð m b µ (,d
\]M�248?2n79M�248?2YB�8?2n×�8;2>A?:XA;79B�0�6>24AT:X0�[#B�89BE3535243|Q�wFOD"[#B�8?:XA?FO0�F�H-8?24A?:XA;79F�8?A`B�0�Vm6CB�[�B�6>:S79FO8;A>t

�i248?:X2>A |-B�89BE3535243� 24A?:XA;79F�8?A ð å�h £�} km~n ¼ ð m ¼�L��� £�} km~n ¼ ¼�{��eB�[#B�64:X7?FO8?A ¼� ��� £+} km~n ¼ ¼� � ¶ å�h £+} kmon ¼ ¶ m^TF�7?2e79M#B!7_\w2c6>B�08?2CBE8?89BE0�KO2c6>:X8?64=�:X7?Av79F�7?FO[�F�35FOKO:X6CB�3X3Xa{24��=�:XJEB�3X2>0,7�6>FO0iH+FO8?DIBE79:XFO0�A-j�246CB�=�A;2\]:58;2>A`B�8;2{2>��=�:5[uF�7?2>0,79:5B�35A4Q��T2>8;2YB�8?2nA?F�DI2{2�h�BEDI[�3X2>A4t
−

+

R1

R 2 R

R

1

2

−
+

−
+

R

R

1

2 C2

C1−

+
R
1

R
2

C1

C2M@hLB�D"[�3X2�t�|_8?FOjL352>Dª¿ µ Q ÈO©�cM�8?242 µ ©�© ô 8;2>A?:XA;7?FO8?ATB�8?2Y6>F�0�0�2>6W7924V�B�A`A?M�F�\]0�Qc�cM�2ZD�B�hL:XD =�Dª[uF�\w248`7?M#BE7T6CB�0�A9BEH+243Xaju2gV�2>3X:XJO248?24V�7?F�B�0,a�FO0�2g8;2>A?:XA;7?FO8{:5AY¿Oñ�QÍ©�xrQ�b(B,dTxäM#BE7n:XA179ML2"DIB!hi:5D�=�DøJOFO3S7NB�KO2 7?M#BE7n6>B�0ju2nB�[�[�3X:52>VI79Fg79M�2�7?2>8;DI:X0#B�35A Ò B�0LV����þb+j�d Å FO8w7?M�2�JOFO3S7NB�K�2�V�247?2>8;DI:X0�2>V*:X0*[#B�8;7Zb(B,dWP�\]M#BE7]:XA79ML2Y[uF�\w248TVL2>35:SJO248?2>V*7?FI2>B�6NM�8;2>A;:5A;7?FO8���xäM�BE7]:5Ae7?M�2{79F�79B�3�[uF�\z2>8`V�2435:XJ�2>8;2>VW�
a b

100Ω
100Ω

100Ω

µ ¿



������� ®� � ¬ tT�cM�2[�F�\z2>8nV�:5A;A?:X[#BE7924V�:50 B)8;2>A?:XA;7?FO8{:5A�K�:XJO240 j�aY8ó£øb(ß"î d ¾ ² ð Qg�iF)7?M�2gJOFO3S7NB�KO2V�8;FO[kBE6>8?F�A?Ac79M�2n8;2>A?:XA;7?FO8c:5A ßIîG£;� 8 ð b µ 7,dx�2`0L2>2>V"79F{f#0�V\]M�:X6NMI8;2>A?:XA;7?FO8@\]:53X3�M#BCJO2c79ML2`D"FOAU7�[�F�\z2>8<V�:5A;A?:5[�BE7924V�Qv��7�\]:53X3Lju2c79M�2]8?24A?:XA;79F�8\]:X7?M{79M�2�j�:XKOKO2>AU7�JOFO3S7NB�KO2_VL8?FO[�Q Å :X8?A;7�3X247>� A�f#0LVY7?M�2z24��=�:XJEB�3X2>0,7�8?24A?:5AU7NB�0L6>2 ð å�h H+FO8�7?M�2<8?2>A;:5AU79FO8;A:50�[#BE89B�3X352>3�Qv�cM�2n8;2>A?:XA;7?FO8?A`B�3X3�M#BCJO2{79ML2YA?B�D"2Y8;2>A;:5A;79B�0�642�QJ��247 ð £ µ ©O© ô Q��cM�2>0µð å�h £ µð ½ µð £ ¿ð b|¿�©,d
FO8 ð å�h £ ð ²O¿Y£¦ñ�© ô Qz�iF"0�F�\�FO=L8c6>:58;6>=�:S7]35F�FOl�Ac35:Xl�2

ΩR = 100

a b

eqR    = R/2 = 50 Ω�cM�:XA{:5A{B�J�FO3X79B�KO2 V�:SJ�:5V�248�6>:X8?6>=L:X7CQY�cM�2 J�FO3X79B�KO2 V�8;FO[�ß"î�¼1B�648?FOA;A ð :XA{ß"î�¼T£ ¢ ð B�0�V�79ML2JOF�3X7NBEKO2�V�8;FO[�B�6>8;FOA?A`ß"î å�h £�¢ ð å�h £�¢ ð ²O¿iQ��iF"ß"î�¼eù&ß"î å�h Q���0)H(B�647`ß"î�¼�£�¿�ß"î å�h Q<�iFg79ML2[uF�\z2>8{VL:5A?A;:5[#B!792>Vk:50 ð \]:53X3�j�2 K�8?2CB!792>8T79M#B�0�7?M�2 [uF�\w248{V�:5A;A?:5[�BE7924V�:50 ð å�h Q{�cM�2�D�B!hi:XD =�D[uF�\z2>8 7?M#BE7g6>B�0�j�2�V�:5A;A?:5[�BE7924Vþ:50þB�8;2>A?:XA;7?FO8 :5Ag¿Oñ�xrQ_�iF�7?M�:5A�:5A�7?M�2*[�F�\z2>8gV�:XA?A;:5[#BE7?2>Vþ:X079ML2kf#8?AU7*8?24A?:XA;79F�8>Q��cM�2�JOFO3S7NB�KO2�V�8?F�[&B�6>8;FOA?A ð :XA�KO:SJO240�j,aë24�uQÆb µ 7,d�t�ß"î�¼�£ � 8 ð £� b�¿Oñ1x�d>b µ ©O© ô d�£ � ¿OñE©O© � ¾ £´ñ�© � QL�cM�2{64=�8?8;2>0,7]79M�8;FO=�KOM)7?M�2{8?24A?:XA;79F�8e:5Ae¢ £¦ß"î�¼?² ð £ñ�© � Ê µ ©O© ô £¦©iQ ñ�/�Q,�cML2`J�FO3X79B�KO2cV�8;FO["H+8;FOD Ò 79F>�w:5A�ß"î § 1 § £�¢�b ð ½ ð å�h d<£»¢�b ð ½ ð ²O¿Od_£È�¢ ð ²O¿n£´È�b µ ©O© ô d4b�©LQÍñ /{d?Ê�¿"£v'Oñ � Qb(j�d��cML2<[uF�\w248-VL2>35:SJO248?2>V{7?F]7?M�2@f#8;A;7
8?24A?:5AU79FO8�:XA�¿Oñwx B�A�\w2_H+FO=�0LVY:X0{[#B�8U7
BLQ�M�B�6NMY8?24A?:XA;79F�8:50"[#B�8?B�353X2>3L\]:X353�M�B�J�2 µ Ê�¿{7?M�2T64=�8?8;2>0,7eK�FO:50�K{7?M�8?FO=LKOMI:S7CQ@�iFZ7?M�2T[uF�\w248wV�:XA?A;:5[#BE7?2>V":50"2CB�6NMI8?2��A?:XA;7?FO8v:X0 [#B�8?B�353X2>3�:5A�8q£~b(¢i²O¿�d ¾ ð £Gb�©LQÍñT/�ÊO¿Od ¾ b µ ©O© ô d?£��LQ ¿�ñ`xrQE�cML2e79F�79B�3i[uF�\w248_V�2>3X:XJ�2>8?24V:5A�7?M�2zA;=�DqF�Hi79M�2<[�F�\z2>8
V�:5A;A?:X[#BE7924VZ:X0Z2>B�6NM�8;2>A;:5A;7?FO8>t]8 § 1 § £�¿Oñex ½4�LQ ¿�ñcx ½4�LQ ¿�ñcx £�È2'iQÍñxrQ í)� �,'+	E�,�
'.������
�L	�Tu'(�]T��y�O���
�#�,'.����	 tz�i=L[�[�F�A?2n79M�2Y6CB�[�B�6>:S79FO8c:XA`:X0�:X7?:�B�3X3Xa=�0L6NM#B�8?K�2>V�Qe�cML2>0�7?M�2>8;2Z:XA]0�FJOF�3X7NBEKO2cV�8?F�[IBE6>8?F�A?A�:X7>Q
xäM�240"\z2`6>35F�A?2e79ML2cA;\]:X7?6NM�P�6>=�8;8?240�7zA;79B�8;7?A@79F{}#F�\&BE0�Vg79M�2]6CBE[#B�6>:S79FO8ju2>KO:X0�Ae79F"6NM#B�8;KO2n=�[�Q
R

C

I

S

+

−ε

/1646>FO8;V�:50LK7?F"7?M�2n35F�FO[*8?=L352�Pi\w2nKO2W7 b+=�A?:X0�K�Y£ ¶ ß"î £�¤ ß"î´£ä�O² ¶ dIY y¢ ð  �¶ £»©Q FO:50�KgH+8;FODó79ML2Y[uFOA;:X79:SJO243Xa*6NM#BE8?KO24Vk[�35BE792�7?F"7?M�2Z0L2>K,BE7?:XJ�2>3Xa)6NM#B�8?K�2>Vk[L3�BE7?2Y:X0*79M�2YV�:58;2>6W79:5F�0F�H
79M�2n64=�8?8;2>0,7164FO8?8;2>A;[�FO0LV�A`7?F"BgJ�FO3X79B�KO2{V�8;FO[�P
µ È



+

−

+ + +

− − −
I

A?F\z2n\]8;F�792e `�O² ¶ Q_x�2Y8;24\]8;:X792�7?M�2n2>��=#BE7?:5FO0I�£»¢ ð ½ �¶ £�¤ ¢ ð ½ �¶ £�I¢)BE0�V�� B�8?2n8?243�BE7?2>V�j,a�¢g£¦�,��²��O¡�QN|_35=�K�KO:50�K 7?M�:5Ac:X0*ai:X2>3XV�A
ð ����O¡ ½ µ¶ �n£gI�cM�:XA1:5ATB µ AU7�FO8;V�2>8T35:X0�2CB�8]V�:S��248?240�7?:�B�3�24��=�BE79:XFO0kH+FO8`��b.¡;dWQ`�cM�2 :X0�:X7?:�B�3�64FO0�V�:S79:XFO0k:XAT� £´©�B!7¡�£»©LQ���0�:X7?:�B�3X3Xa�P�\]ML2>0k�{£¦©LPL7?M�2>8;2Z:XAc0�FgJOFO3S7NB�KO2{VL8?FO[�B�6>8;FOA?A ¶ P#A?Fg\z2ZM#BCJ�2I�£»¢ ð b|¿ µ d/1A_7?M�2]6NM#B�8?K�2`�1FO0"7?M�2]6CB�[�B�6>:S79FO8@:X0�6>8;2CB�A;2>A�\]:X7?M7?:5D"2�PO¢ ð j�246>FOD"2>A�3524A?A�:5D"[uFO8;79B�0,7CP�:�Q 2EQv79ML26>=L8?8?240,71V�246>8;2CB�A;2>A>QjM@JO240�7?=#B�3X3XaOP#\]M�240m7?M�2n6CB�[�B�6>:S79FO8c:XAeH+=�353Sa�6NM#BE8?KO24VI�£ �¶ b|¿O¿Od

B�0�Vm¢g£�©LP�:|QR2�QSP�64=�8?8;2>0,71VLFi24A?0���7]}#F�\nQe�iFg\z2Y\wB�0,7]79FA?F�3XJO2Et
ð �,��,¡ ½ �¶ £�Ix�2Y6>B�0m8?2CBE8?89BE0�KO2�79ML2n7?2>8;DIAc\]:X7?M�� FO0mFO0�2nA?:XV�2nB�0�V��O¡eFO0*79ML2YFE79M�248>t���b+�_ ¶ I@d £  �O¡ð ¶Ï h¨ �,��_ ¶ I £  µð ¶ Ï §¨ �O¡350Y° �_ ¶ I
± h n hh n ¨ £  ¡ð ¶350"u �_ ¶ I ¶ I�w £  ¡ð ¶Mvhi[�FO0L2>0,79:5BE79:X0�Kj�F�7?M�A?:5VL2>A]352>B�V�Ac79Fu �_ ¶ I ¶ I�w £ Ø é § 
 � ���b.¡;d £ ¶ I�� µ  yØ é § 
 � �\� £��;� µ  �Ø é § 
 � ���µ Ó



\]M�248?2Y�ö:5Ag7?M�2kDIB!hi:5D =LD 6NM#B�8;KO2�F�0ë79M�2m6CBE[#B�6>:S79FO84Q��cM�:XA�6>F�DI24A"H+8;FOD 2>��Q´b|¿ µ d \]ML:56NMB�[�[L35:524A�\]M�2>0�79M�2"6CBE[#B�6>:S79FO8{:XA{H+=�353Sak6NM#BE8?KO24VyB�0�V�79M�2[uF�79240,79:�BE3@V�8?F�[yB�648?FOA;A ¶ :XA{79M�2"2>DHI&F�H�7?M�2j#BE7?7?2>8UaOQ^TFE79:5642 79M#B!7YBE7{¡1£¹©iP�Ø é § 
 � � £ÆØ ¨ £ µ P��Lb+¡T£¹©,d1£ ¶ Icb µ  µ d1£¹©mBEAV�24A?:58;2>V�Q�/e7c¡_£��¦P#Ø é § 
 � � £�©�i9��b.¡�£��&d_£ ¶ Ieb µ  y©,d_£ ¶ I�£��´FO8HI�£ä�O² ¶ B�AcV�24A?:X8?2>V�Q�cM�2Y6>=�8;8?2>0,7 ¢£ ����O¡ £ ��O¡ � ¶ Ieb µ  þØ é § 
 � � d � £ Ið Ø é § 
 � � b|¿�È,d�iF"BE7]¡�£��¦P�¢£»©LQ��cM�2{JOFO3S7NB�KO2nBE6>8?F�A?A]79M�2n6CBE[#B�6>:S79FO8î � £ �¶ £�I@� µ  þØ é § 
 � �\� b|¿EÓ�dî � b+¡_£�©,d�£�©iQwî � b.¡_£+�&d_£�IwQ

t

ε
V

C

�cM�2nJOFO3S7NB�K�2nB�6>8;FOA?Ac79ML2Y8;2>A;:5A;7?FO8c:5A î � £»¢ ð £gIvØ é § 
 � � b|¿OñOdî � b+¡@£¦©,d_£�IwQ<î � b.¡�£+�&d_£�©LQ

t

ε
V

R

^TFE79:5642�79M#B!7�î � ½àî � £�I�B!71BE353�7?:5D"2>A4Q� ������'(û�� �O�u�
�4���#��� t`��0�7?M�2g2Whi[uFO0�240�7nFEH<ØEé § 
 � � P ð ¶ M#B�A{=�0L:X79ATF�H_79:XDI2Yju2>6CBE=�A?2g79ML22Whi[uFO0�240�7`¡;² ð ¶ D =LA;7`j�2nV�:XDI240�A?:XFO0�3X2>A?A4Q ð ¶ :5Ac6>B�353X2>V*79M�2{7?:5D"2{6>FO0�AU7NB�0,7`F�H-79M�2n6>:X8?64=�:X7>Q_��7:5AwF�H.79240*V�2>0�FE792>V�j,ad��P�:|QR2�QSP���£ ð ¶ Q_��7]:XAz79ML2{6NM#B�89BE6479248?:XA;79:X6179:XDI2`:50,J�FO3XJ�2>V�:50)6NM�B�8?KO:X0�K 79ML26CBE[#B�6>:S79FO84P#:|QR2�Qz:X7`A?2W79AT7?M�2n79:5D"2{A?6>B�352EQwxäM�240k¡z£���£ ð ¶ PuØEé § 
 � � £�ØEé ¼ £ µ ²�Ø æ ©�� È2'iQe�iFb µ  þØEé § 
 � � d ��� § n&� � æ ©��¡�OÈ��#�iF"\]ML2>0�¡_£ ð ¶ P�79M�2n6CBE[#B�6>:S79FO8c:XAc6NM#B�8;KO2>Vm=�[�7?F¢�OÈ2£ÆFEH@ju2>:50LKH+=�3X3XaI6NM#B�8?K�2>V�Q %�'(�C�E����	 Tu'���T����O���
�#�,'.����	�i=�[�[uFOA;2Y7?M�2n6CB�[#BE6>:X7?FO8c:5AeH+=L353XaI6NM#B�8;KO2>V�\]:X7?M�6NM�B�8?KO2n� ¨ Qµ ñ



+

−

+ + +

− − − − q
0

0q

x�2Z6>B�0�VL:5A?6NM�B�8?KO2n79ML2Y6>B�[#B�64:X7?FO8e79M�8;FO=�KOMkBg8?2>A;:5AU79FO8 ð j,a�6>3XFOA?:X0�Kg79M�2nAU\]:X796NM�:50*79ML2Z64:58?64=�:X7A?MLF�\]0�Q<�i:50�642e¢£»����²��O¡zù&©LP�7?M�:5A@:XDI[L35:524A
7?M#BE7_�T:50�648?2>B�A?24A�B�A@79:XDI2z:50�648?2CBEA?2>A4Q@��0[#B�8U79:564=�3�BE8>P79ML2gV�:58;2>647?:5FO0�FEHz¢mA?MLFO=�35V ju2 A?=L6NM�7?M#BE7{79ML2g6NM#B�8?K�2gFO0�79M�2g6>B�[#B�64:X79F�81:50L6>8?2>B�A?24A{\]:X79M�7?:5D"2�P:|QR2�QSP�¢�}�F�\]Ac7?F�\wB�8;V�79ML2Y[uFOA;:X79:SJO243XaI6NM#B�8?K�2>Vm[�3�BE7?2�Q

− − − −

++ + +

R

C

I

S

�cM�2Y35F�FO[*8?=L352>AcK�:XJO24A  �¶  þ¢ ð £»© b|¿¤�,dO�0�2{\eBCa*7?F"K�247]79M�:XAc:5Ae7?F"A;247cI�£�©g:X0�7?M�2n6NM#B�8;KO:50�K24��=�BE79:XFO0�¶ ½�¢ ð £¦© b|¿�'Od|_35=�K:X0m¢ £¦�,�O²E�,¡<79FKO2W7 ð �,��O¡ ½ �¶ £¦© b|¿¤(,df��uÁ(����'(�u� t ��b.¡;d<£ä� ¨ Ø é § 
 � � b|¿¤7,d¥ :5A;6NM#B�8;KO:50�Kg6>B�[#B�64:X7?FO8>t �Lb+¡@£¦©,d_£�� ¨ i �Lb+¡�£��&d_£�©/e7`6NM#B�8?B�647?2>8?:XA;7?:56{79:XDI2�¡_£ ð ¶ P#�Y£�� ¨ Ø é ¼ £~b(©�� È2'OdU� ¨ Qw�iFFO0�3Xa*È2'�£ÔF�H
79ML2ZFO8;:5KO:X0#B�3u6NM#B�8;KO28?24D�BE:50�AcFO0*7?M�2n6CB�[#BE6>:X7?FO8]BE7c¡_£ ð ¶ Q���
	�	������I$-��	!'���Ty$
'��>�E����	 T�� t
¢g£ �,��O¡ £¦ � ¨ð ¶ Ø é § 
 � � £§ T¢ ¨ Ø é § 
 � � b�ÈO©,d

\]M�248?2n¢ ¨ £ h� � Q_�cM�2nD":50�=�AcA;:5KO0�:50LV�:56>BE7924Aw79M#B!7c79M�2nV�:XA?6NM#B�8;KO:50LKg6>=�8;8?2>0,7T:5Ae:X0*79M�2{FO[L[�FOA;:X7?2V�:X8?2>6W79:XFO0)H+8?FODÔ79M�2n6NM#B�8;KO:50LK"64=�8?8;2>0,7CQ

µ �


