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S�R.] P ^ h d � « ^ m R.^E}oR m ]�^
j.^a`Id�] m ZIj.]¨] P RqR.krcr\o`Id�X_^a`�\E]:] P R�d�R.j.^a` h ^ m h R m XY`�] P R,�r^aZr` h \ m i
[Y\�ioR m:� R � X_[_[ m R.d�] m X_j.]:�¥^ m d�XYS9cI[_X_j.X_]�i®^aZ m j4\s[gj4ZI[YZId,]�^�\­�IX h XYS�R4`Id�X_^a`r\s[©�oR.^aS£R.] m i �
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¡ X_] P ] P R,"I`I^ � [_R h �oR9^E�©] P R9�uR P \4}IX_^aZ m XY`¢d"cr\Ej.R�^E�©] P R�XY` h ZIj.]�X_^a` � R � X_[_[¨�uR£\L�I[gR
]�^��rZIX_[ h R���j.X_R4`o]�dfj P R4S�R¢]�^�j4\E]�j P ] P R¸�r^IZr` h \ m i [Y\�ioR m R"¯/R.j.] � O�P R¢X h R4\�X_d�]�^�ZId�R
XY`L�¥^ m S9\E]fXg^I`Id9^a�I]e\EXY`IR h �Li dfX `I�IZI[ \ m cuR m ]eZ m �r\E]fXg^I`�\o`r\E[_iadfXgd%X ` ] P R�d�j P R4S£R�^E� h ^aS9\sX `
h R.j.^aS%cr^od�X_]�X_^a`¢S�R.] P ^ h d �Kd�R.R,	 � 

� �<O
P Xgd,\EdecuR.j.] � X_[_[<`I^L]q�rR h R4\E[_]�XY`�] P X_d,cr\ocrR m.�

� ` ] P R�� m d�]®dfR.j.]�X_^a` � R��oX_}oR�] P R�`r\s]eZ m \E[ P i¦cu^o] P R.d�R.db�K^ m ] P ^odfR�\LcrcI[gX_j4\E]fXg^I`Id�]�^
^a�I]"\EXY` « \Ek � R.[_[K¹ d�R.�¦Zr\E]fXg^I`Id m R �qm X_]�]�R4` ^a`I[_i � X_] P ] P R�S9\E�a`IR.]�X_j¢XY` h ZIj.]�X_^a` ��R.[ h �¥� �
�¥^ m S�ZI[Y\E]�X_^a` � ��� `¢] P R.X m `I^a` h XYS�R4`Id�X_^a`r\s[©�¥^ m S£d « \sk � R.[_[ R.�¦Zr\s]�X_^a`Id�XY`�] P R9j.^a` h ZIj.]�^ m
P \�}oR�\�deS9\E[_[ªcr\ m \oS�R.]�R m h R4`I^o]�R h �Li�� ��� `bd�R.j.]�X_^a`®�u� � R,X `L] m ^ h ZIj.R�] � ^�]�XYS�R
d�j4\E[_R.d�X `
] P R:d�iId�]�R4S � � d"S9\E[_[a^I`IR¨�LXg}LR4`­�Li�] P R©� m R.�rZIR4`Ij.i�^E��] P R¨XYS9cu^od�R h j4Z mfm R4`o] h R4`Id�X_]�i�j4\E[_[_R h
] P R�S9\E�a`IR.]�X_j�]fX S£R�d�j4\E[_R,\o` h \�[Y\ m �oR
^a`IR h R"��`IR,�oi����	��
 � « ^ m R.^E}oR m&� R:X `L] m ^ h ZIj.R�] P R
h R.j.^aS%cr^od�X_]�X_^a`�^s�¨] P R9XY` h ZIj.]�X_^a`�XY`�\�S�R4\o`¢}E\E[YZIR9��R.[ h \o` h \ ��ZIj.]eZr\E]�XY`I�®^I`IR � ) i�\
d�XY`I�aZI[Y\ m crR m ]eZ m �r\E]�X_^a`�S�R.] P ^ h ] P R
� m d�]:^ m h R m ]�R m S ^s�ª] P R�X ` h ZIj.]fXg^I`���R.[ h X_d�^a�I]"\EXY`IR h �
O�P R4`�XY`�] P R�] P X m h d�R.j.]�X_^a` � R�\ocrcI[_i�] P R�c m R.}IX_^aZId m R.d"ZI[g]�XY`�] P R�j4\Ed�R�^E���aZIX h XY`I�®n�R.] �
§ X m d�]f[gi
�¥^ m \ P \ m S�^a`IX_j�j4Z m�m R4`L] \o` h \
�oR4`IR m \E[Ij m ^od�d dfR.j.]�X_^a`
^E��] P R:j.^o[YZrS9` � R1j.^a`Id�] m ZIj.]
� m df] \o` h dfR.j.^a` h ^ m h R m ]�R m Sø^E� ] P R�XY` h ZIj.]�X_^a`¢\o` h ] P R�XY` h ZIj.R h j4Z m�m R4`L] �1§ X `r\s[g[_ib�K^ m \
j.iI[_X ` h R m j m ^od�d�d�R.j.]fXg^I`�d�^aS£R�`aZrS�R m Xgj4\s[ m R.deZI[_]�d,\ m R,�oX_}oR4` �
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� `�] P X_d
d�R.j.]�X_^a` � R9�oX_}oR%] P R P i¦cu^o] P R.d�R.d�\o` h � R9R.d�]e\L�I[gX_d P ] P R�`I^I` h X S£R4`Id�X_^a`r\E[:d�R.],^E�
R.�rZr\E]�X_^a`Id �

¡ R h R4`I^L]�R®�oi�� \�j.^aS%cr\Ej.]�d�R.]�X `����!�@j.^ mfm R.decr^I` h X `I��]�^¢] P R�XY` h ZIj.]�^ m d#�.���ø\o`
^acuR4`�d�R.]:XY`�� � � X_] P j.^IS9cr\Ej.]�j.[_^odeZ m R��� �Kj.^ m�m R.decu^a` h XY`I�9]�^�] P R,d�^L[gX h j.^a` h ZIj.]f^ m d#� � ¡ R
\EdfdeZrS�R,] P \E]�� \o` h �� h ^�`I^o]:X `L]�R m dfR.j.] � ¡ R h R4`I^o]fR­�Li����,] P R,j.^aS%cI[gR4S£R4`o]�^s� ������
� ��P Xgj P j.^ m�m R.decr^a` h d%]�^®] P R�}E\Ej4ZrZrS ^ m ] P R®\EX m ��\o` h �oi��� "!$#,] P R�R.kI]�R m X_^ m ^E� �� �Kd�R.R
�&% ~ � �

¡ R�\Ed�deZrS£R,] P \E]�] P R��¥^o[_[_^ � XY`I� P i¦cu^o] P R.d�R.d P ^o[ h �

' O�P R « \Ek � R.[_[/R.�rZr\E]�X_^a`Id,\ m R�}°\s[gX h XY`�] P R �qP ^o[_R,decr\Ej.R �

' O�P R�\EX m Xgd�`I^a` �Òj.^a` h ZIj.]�^ m �

' O�P R�S�R h XY\ P \4}LR�\�[_X `IR4\ m �uR P \4}IX_^aZ m \o` h�* P S�¹ d�[Y\ � Xgd�}°\s[gX h �

' O�P R,j4Z m�m R4`L] h Xgd"cI[ \sj.R4S�R4`o]�j4\o`��rR�`IR.�o[_R.j.]�R h XY` � S9crR m Ro¹ºd�R.�rZr\E]�X_^a` �
' O�P R m R,X_d,`I^9XY` h ZIj.R h j4Z mfm R4`o]fdqXY`Id�X h R�] P R,XY` h ZIj.]�^ m d �

� [_[ª] P R.dfR�\Ed�deZrS9cI]fXg^I`Id \ m R�`r\E]eZ m \E[�XY`�^IZ m�m \o`I�oR,^s�<\ocrcI[_X_j4\E]�X_^a`Id �
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conductor
Ω

Ω

0

K

inductor

§ X_�aZ m R��&% ~�� VIR.j.]�X_^a`b^E�©\�d�^o[_X h j.^o[YZrS9`
O�P R,]�^o]e\s[��LXg}LR4`�j4Z m�m R4`L] h R4`Id�X_]�i�^aZI]�dfX h R,] P R�j.^a` h ZIj.]�^ m X_dq�oX_}oR4`��Li� � K�� 
 � � � � � K�� 
 ���	� � �

x �	� � ��

\o` h de\E]�X_d���R.d � �	� � � x XY` �� "!$# 
�� � ��������� � � K�� 
 � � x 
� ` h R m ] P R.d�R P i¦cu^o] P R.d�R.d�] P RqXY` h ZIj.]�X_^a`���R.[ h�� \o` h ] P R�R.[_R.j.] m X_j���R.[ h�� de\s]�X_d��Ki �@d�R.R 	ãy�

�¥^ m S�^ m R h R.]e\EX_[_d#� �������� ������ 

� �	� � � x �!� �#" �$&%&
�')(+* � � � �!� �� "!$# �, �, 
.- ~/+' $&%&
0$&%&
 � � x �!� � �, �, 
.- $&%&
 � � x �!� �� "!$# �
�qP R m R1' � �2'�� K �:X_d�] P R�S9\E�I`IR.]�X_j�crR m S�R4\L�IXg[_X_]�i¸\o` h /¢] P R,R.[_R.j.] m X_j
j.^a` h ZIj.]�X_}aX_]�i®^s� � �

O�P R��r^aZr` h \ m i�j.^a` h X_]�X_^a`Id�\E]&] P R:XY`o]�R m � \Ej.R��uR.] � R.R4`
] P R:j.^a` h ZIj.]�^ m \o` h ] P R:}°\Ej4ZrZrS
\ m R

	 � 
 7 
 � x � 	3' (4* �65 7 
 � x�\L` h 	 �75 7 
�� x
�qP R m R 	 
 
 h R4`I^o]fR.d�] P R�n�ZrS9c�\Ej m ^od�d:] P R�XY`L]�R m �Ò\Ej.R �
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� ]�XY`L��`IX_]Åi � R,XYS9cu^od�R
[_XYS���������	��
 � 
 � x 


�-8 	¸² 7 �(8Ë¶ 7 �Y²r�4� ²=< ���r�(8Ë¶ 7 ��
 O ^�df]eZ h i ^aZ m c m ^a�I[_R4S � R¢X `L] m ^ h ZIj.R h XYS�R4`Id�X_^a`I[_R.d�d
�rZr\o`L]�X_]�X_R.d �¨O
P Rq]�XYS�R,X_d�`I^ m S%\E[_XgdfR h �Li9] P R�X `L}oR m dfR,^E�/] P R�� m R.�¦ZIR4`Ij.i %�^s�á] P R,X S%cr^od�R h
j4Z m�m R4`o] h R4`Id�X_]Åio�&] P R%decr\Ej.R�j.^a^ m h X `r\s]�R.d­�Li����ª\bj P \ m \Ej.]�R m X_d�]fXgj%[gR4`I�L] P �&] P R9XY` h ZIj.]�X_^a`
��R.[ h �oi�� " ' � ���r] P R,R.[gR.j.] m X_j���R.[ h �oi�� "�� / � ��P R m R�� " X_d�] P R�S9\EkIXYS­ZrS ^E�<] P R,X S%cr^od�R h
j4Z m�m R4`o]�\o` h ' � ��T�� ~ x (������ (+* ] P R�}E\Ej4ZrZrS S9\s�a`IR.]�X_j9crR m S�R4\L�IXg[_X_]�i ��¡ R h R"��`IR%] P R
m R.[Y\E]fXg}LR­S9\E�I`IR.]�X_j­crR m S�R4\o�IX_[_Xg]�i�� �oi

��� K � � �
��� � �

�
�! #" #$ X¬� K�% � �

� � � ~ X¬� K�% � � �
�'&��  �( )$ X¬� K�% � �

\o` h � R,X `L] m ^ h ZIj.R�] P R�cr\ m \oS�R.]fR m � h R"��`IR h �oi
� �

~' � /*�,+ % 
 �¥� % ~ �
) R.j4\oZId�R � R¨\ m R©XY`L]�R m R.d�]�R h XY` P X_� P � m R.�rZIR4`Ij.X_R.d4� �&X_d \�d"S9\E[_[¦cr\ m \oS�R.]�R m �ªO�P X_d©cr\ m \LS�R.]�R m
��X_d�] P R�XY`o}oR m d�R�^E��] P R�d�^��Òj4\E[_[_R h  dfj m R.R4` cr\ m \oS�R.]�R m  ®h R"��`IR h �Li % " � '�� /'� + ��O�P R
cr\ m \oS�R.]�R m % " � X_d,] P R�decuR.R h ^s� h Xã¯ªZId�X_^a`�^E�©] P R9S9\E�a`IR.]fXgj���R.[ h XY`Id�X h R�] P R
j.^a` h ZIj.]�^ m �
� [_d�^q] P R©cr\ m \oS�R.]fR m �/j4\L`,�rR©j.^I`Id�X h R m \Ed+] P R m \E]�X_^�^s�¦] P R&� m R.�rZIR4`Ij.i,^E�r] P R©j P \ m \Ej.]fR m X_d�]�X_j
S9\s�a`IR.]�X_j h X¬¯ªZId�X_^a`�]fX S£R9XY`�] P R�j.^a` h ZIj.]f^ m ]�^ % ] P R��oX_}oR4`�� m R.�¦ZIR4`Ij.i�^E�¨] P R%X S%cr^od�R h
j4Z m�m R4`o] h R4`Id�X_]Åi �øO�P X_d¸S£R4\o`Id�] P \E] �qP R4` ��Xgd�deS9\E[_[,] P R¢decuR.R h ^s� h X¬¯ªZId�X_^a` ^E��] P R
S9\s�a`IR.]�X_j:��R.[ h XY`Id�X h R,] P R
j.^a` h ZIj.]�^ m Xgd1deS9\E[_[r]�^I^�\o` h ] P R4`�] P RqS9\s�a`IR.]�X_j:��R.[ h�h ^IR.d¨`I^L]
 c m ^acr\E�a\E]fR  XY`Id�X h R�] P R9j.^a` h ZIj.]�^ m.�­O
Prm ^aZI� P ] P X_d­cr\LcrR m�� R � X_[g[1d�R.R9] P R�XYS9cu^ m ]e\o`Ij.R
^E� ] P X_d,cr\ m \oS�R.]fR m ^I`�] P R­�uR P \4}IX_^aZ m ^E�ª] P R
X ` h ZIj.]fXg^I`���R.[ h �

¡ X_] P ] P R�de\oS£R�`I^o]e\E]�X_^a`Id1�¥^ m � � � \o` h � �r] P R h X S£R4`Id�X_^a`I[_R.d�d,d�R.]�^E� R.�rZr\E]�X_^a`Id�Xgd�������� ������ 
� �!� � � x �!��� " �$&% 
�� (+* � � � �!���� "!$# �, �, 
 - �-� (+* $&%&
0$&%&
 � � x �!��� �, �, 
 - � $&% 
 � � x �!���� "!$# � �¥� %¦���

� X_] P ] P R��r^IZr` h \ m i�j.^a` h X_]�X_^a`Id
	 � 
 7 
�� x � 	.� (+* �65 7 
 � x � 	 �75 7 
�� x9\L` h [_XYS�����/���0� 
 � 
 � x 
 �¥� %¦w��
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,) i�[_X `IR4\ m X_]Åio� � R P \�}oR�]�^�c m ^E}oR
] P \E] � � x%XYS9cI[_XgR.d � ��x �
¡ R h R4`I^o]fR��oi �  "!$# � m R.dec � ��� ��] P R�}°\s[ ZIR%^E� � ^IZI]�d�X h R�� m R.d"c � XY`Id�X h R��
] P R�j.^a` h ZIj.]�^ m
� \o` h ] P R,de\LS�R,�¥^ m �  "!$# � � � � ¡ R�S�ZI[_]�XYcI[_i¸�Li � ] P R�R.�rZr\E]�X_^a`�XY`�� XY`�d�iId�]�R4S � �&%¦��� �
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¡ X_] P ] P R P R.[Yc�^E� � S9crR m Ro¹ dªR.�rZr\E]�X_^a`�\o` h ^E��] P R * P S [Y\ � ] P R¨j.^I` h Xg]fXg^I`�^I`�] P R©R.[_R.j.] m X_j
��R.[ h 	 �75 7 
 � x
^a` , � S9\�i��uR m R ��m X_]�]�R4`�\Ed:�¥^o[_[_^ � d
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O�P X_d�XYS9cI[_XgR.d,] P \E] ! �.- � 
 � ! + � x0/ 
 / 
 �!��
�\o` h j.^aS%cI[gR.]fR.dq] P R�c m ^a^E� �
) R.j4\LZId�R � R \ m R�^a`I[_i�XY`L]�R m R.d�]fR h X `�] P RqXY` h ZIj.]�X_^a`���R.[ h �uX `�] P R m R.df]¨^s�á] P R�cr\ocrR m1� R

h ^�`I^o]:j.^a`Id�X h R m ] P R�R.�rZr\E]�X_^a`�\o` h ] P R,j.^a` h X_]�X_^a`�^a`�] P R,R.[_R.j.] m Xgj
��R.[ h �

1 � �������
	��
	��f�!�ø�������������

� ` ] P Xgd�d�R.j.]�X_^a` � R�d�]eZ h i�] P R¢�rR P \�}aX_^aZ m XY` �9^E�,] P R�X ` h ZIj.]fXg^I` � ¡ R�X `L] m ^ h ZIj.R®] � ^
]�XYS�R,dfj4\E[_R.dq\o` h \
j.^ m�m R.d"cr^a` h XY`I�9]�XYS�R h R.j.^IS9cr^odfXg]fXg^I`��¥^ m ] P Rq}E\ m X_^aZId��rZr\o`L]�X_]�X_R.d �:O�P R
XY` h ZIj.]�X_^a`�X_d �qm X_]�]�R4`�\Ed,] P R�d"ZrS�^E�¨\�S£R4\o`�}°\E[YZIR�\o` h ^E�¨\o`�^od�j.X_[_[Y\E]�XY`I�®]fR m S � � d � R
� X_[_[/d�R.R�\°�K]�R m ^a`I[_i�] P R�d�iadf]�R4S�^E�ª] P R,^odfj.Xg[_[Y\E]�XY`I��]�R m S�d P \Ed�\
deS9\s[g[/cr\ m \oS�R.]�R m \E[_d�^ � R
� X_[_[ j.^a`Ij.R4`L] m \E]fR�^a`�] P X_d�d�iadf]�R4S!] Prm ^aZI� P ] P X_d�cr\ m ] �
¡ R � X_[_[ �oX_}oR�\9j.^aS%cI[gR.]fR9d�j P R4S�R
]�^%j.^a`Id�] m ZIj.]�\E[_[/]�R m S�d
^E�ª] P R
d�XY`I�aZI[Y\ m R.krcr\o`Id�X_^a` �
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) R.j4\oZId�R � R P \�}oR%] P R��Ò\Ej.]�^ m � (+* XY`�� m ^I`o],^E�,\E[_[©] P R9]fX S£R h R m X_}E\E]�X_}oR.d9XY`��¥�&%¦���,\sd � R
P \�}oR:d P ^ � `��Li­\Ed�irS9cI]�^L]�X_j2\L`r\E[_iad�X_d1X ` 	ãw�
Å�o\E[_[r] P R��rZr\o`L]�X_]�X_R.d©\ m R:d�]e\E]fXg^I`r\ m i�\E] ] P R1� m df]
^ m h R m X `�] P R9S�R.]e\E[ \E],] P R9S9\E�I`IR.]�X_j­]fX S£R9d�j4\E[_R ��� `¢S9\o`Li¸\ocrcI[_X_j4\E]�X_^a`Id�] P R9S9\s�a`IR.]�X_j
]�XYS�R
X_d,j.[g^Ld�R h ]�^%] P R­S�X_[_[_X_d�R.j.^a` h �qP R m R4\Edq] P R h X¬¯ªZId�X_^a`�]�XYS�R
X_dqj.[_^od�R h ]�^%] P R�d�R.j.^I` h �
O ircIXgj4\s[g[_i���X_d�j.[_^od�R h ]�^ ~ x0( � �

O�P R,X h R4\ P R m R,X_dq]�^�ZId�R�S�ZI[g]fX cI[_R �Òd�j4\s[gR�\o`r\E[_iadfXgd,�@d�R.R 	 ~o~ 

�1]�^9^E}oR m j.^aS�R�] P R.d�R h X � �
j4ZI[_]�X_R.d �:¡ R,XY`L] m ^ h ZIj.R­\�df[g^ � ]fX S£R � h R"��`IR h �Li

� � �	��

\o` h � R®j.^I`Id�X h R m ] P R��¦Zr\o`L]�X_]�X_R.d4� � \o` h � ��\Ed%� Zr`Ij.]fXg^I`Id�^E��] P R¢] Prm R.R¢XY` h R4crR4` h R4`L]
}E\ m XY\o�I[_R.d K�� 
©\L` h ��\Ed:�¥^o[_[_^ �� � K�� � � 
 � � � � K�� ��
 � 
 � � � � � K�� 
 � 


� � � R�j.^aS£R­�r\Ej$"�]�^�] P R h XYS�R4`Id�X_^a`r\s[ �¦Zr\o`L]�X_]�X_R.d4��] P R�`I^a` h XYS�R4`Id�X_^a`r\E[1d�[_^ � ]�XYS�R��
X_d h R"��`IR h �Li�� � � '�� /'� + ��
�)�� % " 
�)E� �qP R m R 
�),X_d�] P R�\Ej.]eZr\E[+]�XYS�R�\o` h % " X_d h R"��`IR hXY`%] P R�c m R.}aX_^aZId:d�R.j.]fXg^I` �<O
P Xgd1d P ^ � d ] P \E] �£Xgd1] P R��o^I^ h `I^I` h X S£R4`Id�X_^a`r\E[�]�XYS�R�]�^��¥^o[_[_^ �
] P R h X¬¯+ZIdfXg^I`�XY`�] P R,j.^I` h ZIj.]�^ m.�

¡ R�cI[YZI��] P R m R.[Y\E]�X_^a` ,, 
 � � ,, 
 - � ,, � 

XY`�] P R�d�iId�]�R4S �¥�&%r���1]�^9^a�I]e\sX `�] P R�`IR � d�R.]
^E�<R.�rZr\E]�X_^a`Id �� �	� � � x XY`�� " � �¥w % ~ �$&%&
 � (4* � � � � K�� � � 
 � X `��� "!$# � �¥w %¦���

� (4* , �, 
 - , �, � - � (+* $&%&
 $ %&
 � � x XY` � � �¥w %¦w��
� X_] P ] P R��r^IZr` h \ m i�j.^a` h X_]�X_^a`Id

	 � 
 7 
�� 	.� (+* �65 7 
�� x � �¥w %aT �

[_XYS���������	� 
 � � K�� � � 
 � 
 � x � �¥w % � �
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\o` h ] P R,XY`IX_]�XY\E[ª}E\E[YZIR � � K�� x � x�� �����$� K � �K^ m K�% � 
 �¥w %¦z��
� ZIR
]�^9] P R
j P ^oX_j.R�^E� ] P R h XYS�R4`IdfXg^I`I[gR.dfd�]�XYS�R
] P R��oX_}oR4`bj4Z m�m R4`L] h R4`IdfXg]�i � � K�� � � 
 � X_d,\
��� �ÅcrR m X_^ h Xgj
�ÒZr`Ij.]�X_^a`�XY` 
 �

¡ R h R.j.^aS9cu^od�R�] P R��oX_}oR4`�j4Z m�m R4`o] h R4`Id�X_]Åi9\o` h ] P R�XY` h ZIj.]�X_^a`�XY`o]f^�] P R.X m S£R4\o`�}°\s[ ZIR
\o` h \o`�^od�j.X_[_[Y\E]�XY`I��]�R m S \Ed1�K^o[_[_^ � d��  � � K�� � � 
 � � ���� � K�� � � -�� � K�� � � 
 � �� � K�� � � 
 � � �	�� � K�� � � - � � K�� � � 
 � � �¥w % � �

�qP R m R�
 
 �rX_dq] P R�S�R4\o`�^acuR m \E]�^ m h R"��`IR h �Li�] P R�\�}oR m \E�oR�^E}oR m \9crR m Xg^ h
�� � K�� � � � � ~

���
�
+
�
�

� � K�� � � +�� � + �
\o` h ] P R,^od�j.X_[_[Y\E]�XY`I��XY` h ZIj.]�X_^a`�]�R m S�d � \o` h � \ m R���� �ÅcrR m X_^ h Xgj�XY`�
 �
�%² 	¢����� : � ��	�, 	�, !$%
!�� �"��	����
�*�2��	�, !��$!4�
� �4�=!(12�
	��
1 )+!$, ����!�� � � x �
� [Y\Edfd�X_j4\E[_[gio� � R,^a�I]"\EXY`�] P R,d�iId�]�R4S de\E]�X_d���R h �Li�] P R­S�R4\o`%��R.[ h �qP X_j P Xgd������������������������ ���������������������� 

� �!� �� � x XY` � " �$ %&
�� (+* �� � �� � K�� � � XY`��� "!$# �, ��, � - � (+* $ %&
 $&% 
��� � x ^I`�� �
	 �� 
 7 
 � x XY` , � �
	.� (+* ��65 7 
�� x ^I` , � �
[_XYS���������	� 
 �� � K�� � � 
 � x �

�� � K�� x�� ��� � � K � �¥^ mNK�% � 

�¥w %¦y��
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O ^�j.^a`Id�] m ZIj.]q] P R
d�iId�]�R4S de\E]�X_d���R h �Li®] P R
^od�j.X_[_[ \s]�XY`I�®]�R m S£d � R�d"Zr�I] m \Ej.],�¥w&%¦y �:]�^!�¥w&%
~ � � �¥w&%¦z��f\o` h � R,^a�I]"\EXY`������������� ����������� 

� �	� � � x XY`�� " �$&%&
 � (+* � � � � K�� � � 
 � XY` �  !$# �
� (+* , �, 
 - , �, � - � (+* $&%&
0$&%&
 � � x XY` � �
	 � 
 7 
 � x �
	.� (+* � 5 7 
 � x �
[_XYS���������	� 
 � � K�� � � 
 � 
 � x 


�¥w % � �

��R.],ZId�R4S9c P \sd�X_d�R�] P R��K^L[g[_^ � XY`I�%�KR4\E]"Z m R.d:^E�<] P Xgd h R.j.^aS9cu^od�X_]�X_^a`
' ) R.j4\oZId�R9] P R%d�iadf]�R4S �¥w&% ~ � � �¥w&%¦z �©X_d
[gXY`IR4\ m ] P R�d�iId�]�R4S �¥^ m ] P R�^odfj.Xg[_[Y\E]�XY`I�¢]�R m S£d
�¥w&% � �¨\L` h ] P R,d�iId�]�R4S��¥^ m ] P R�S£R4\o`�}°\E[YZIR��¥w&%ry�� ]�R m S�dq\ m R�Zr`Ij.^IZrcI[gR h �

' * `I[_i¸] P R�^od�j.X_[_[Y\E]�XY`I�®dfiad�]fR4S �¥w % � � P \Ed,\%deS9\E[_[ cr\ m \oS�R.]fR m.� VI^ � R�^a`I[_i P \�}oR
]�^
R.k¦cr\L` h � X `b]�R m Sø^s� � �

����� ��������$ 
(� 
(�����%��� �
	�������
 ��� 
���� � ������������

����� 

��

� �
� d�d P ^ � `�XY`!	¬w$
�� � R,R.krcrR.j.] P R m R�\9�u^aZr` h \ m i�[Y\4iLR m `IR4\ m , � � � ` h R.R h ��X_]qX_d�R4\sd�i�]f^­�LR.]
\�j.^a`o] m \ h X_j.]�X_^a` �qP R4`9\Ed�d"ZrS�XY`I� m R.�aZI[Y\ m R.krcr\o`Id�X_^a`£�K^ m ] P R S%\E�a`IR.]�X_j:��R.[ h �©� `��Ò\Ej.]4�L] P R
] m \o`IdeS�X_d�d�X_^a`bj.^a` h X_]�X_^a`Id,\E]�] P R,XY`L]�R m �Ò\Ej.R­\ m R,^°}LR m h R.]fR m S�XY`IR h �

? 
 : 
 5 ��� ³ 	 @+�.¶��(8@��²'KJ@/� 7 �(8Ë¶ 7 �
¡ R�ZId�R9] P R��u^aZr` h \ m i��ÒZr`Ij.]�X_^a`�S�R.] P ^ h �Kd�R.R�	ãz�
Å� 	 ~ � 
 ��]�^�d�^o[_}oR9] P Xgd
d�XY`I�aZI[Y\ m crR m ]"Z m �
�r\E]fXg^I`�c m ^a�I[_R4S � w&% � � �¢O�P R®cuR m ]eZ m �r\E]fXg^I`�]�R m S ^E�,] P R�XY` h ZIj.]�X_^a` X_d h R.j.^aS%cr^od�R h \sd
�¥^o[_[_^ � d��¥^ m \E[_[/XY`o]fR.�oR m��

� �

��� � � �� � - � ���� � X `IdfX h R�] P R,j.^I` h ZIj.]�^ m�  "!$#� � �
+ �� -�� � �

-�� + �  "!$#- ^aZI]�d�X h R�] P R,j.^a` h ZIj.]�^ m - % � � � � �
�qP R m R � �� � Xgd:] P R m R.�aZI[Y\ m cr\ m ]1^E�/] P RqR.krcr\o`Id�X_^a`�� � ���� � Xgd:] P R
j.^ m�m R.j.]�^ m ]�R m S �oX_}oR4`��oi� �� � � + �� -�� � �

-�� + � �- � 
 � ���� � � + �� -�� � �
-�� + � ���- � � w&% ~ x��
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� X_] P�� �- �e�  !$#- \L` h � ���- ��� �ÅcuR m X_^ h X_j�XY`�
 �
�b¶��.�r�(8Ë¶ 7 � O�P R�deZrcuR m d�j m XYcI] + � %�� 
 � m R.dec ����� ��X_d�ZIdfR h �K^ m ��R.[ h d�XY`Id�X h Ro�:^aZI]�d�X h R�] P R
j.^a` h ZIj.]f^ m � m R.dec � �K^ m ��R.[ h dqXY`Id�X h R�] P R­�u^aZr` h \ m i�[Y\�ioR m � �

O�P R�\L�r^E}oR h R.j.^aS%cr^od�X_]�X_^a`�[_^I^ "Ld­d"cr\E]�XY\E[_[_i [_X'"ER�XY`�] P R%�K^o[_[_^ � XY`I��cIXgj.]"Z m R �¢¡ R�d�R.R

N

s

N

out

bl

Ω

E   b
out

N E  b + E  b

Ω

s
E  bN

Maxwell in the solid conductorMaxwell in the air

Boundary layer

interface

§ X_�aZ m R­w&%¦� � ] P R,] m \o`Id�X_]�X_^a`b[Y\4iLR m.�
] P \s]�] P R��u^aZr` h \ m i¢[Y\�ioR m X_d9\E],] P R�n Zr`Ij.]�X_^a`�^E�:] � ^  m R.�aZI[Y\ m h ^aS%\EXY`Id  ��O
P Xgd9S�R4\L`Id
] P \s]q] P R��r^aZr` h \ m i�[Y\4iLR m X_d�\Ej.]eZr\s[g[_i¢\�] m \o`IdfXg]fXg^I`®[Y\�ioR m.��O
P Xgd,XYS9cI[_X_R.d�] P \E] � R�j4\o`r`I^L]
j.^a`Idf] m ZIj.]�XY` h R4crR4` h R4`L]�[_i¢] P R�] � ^ m R.�aZI[Y\ m R.krcr\o`Id�X_^a`Id �  !$#� � \L` h�� �� �©�¡ R,R.k¦cr\L` h ] P R,�oX_}oR4`b^od�j.X_[_[Y\E]�XY`I��j4Z m�m R4`L] h R4`Id�X_]�i � \Ed2�K^o[_[_^ � d

� � K�� � � 
 � � + �� -�� � �
-�� + � - � K�� � � 
 � - % � � � � 
 � w&% ~o~ �

� `�S9\o`Li£\LcrcI[gX_j4\E]fXg^I`Id � X_d�^a`I[_i9�oX_}oR4`��oi � � K�� � � 
 � � � � � K�� 
 � �ªO
P Xgd:j4\EdfR � X_[_[/�rR,d�]"Z h XgR hXY` h R.]"\EX_[ªXY`�dfR.j.]�X_^a`�T �
p�^ ��� R�j.^a`Id�] m ZIj.] ] P R�d�R.]1^E��R.�rZr\E]�X_^a`Id1de\E]�X_d���R h �oi�] P R:�ÒZr`Ij.]�X_^a`Id�\ocrcuR4\ m XY`I��XY`%] P R

m R.�IZI[ \ m cr\ m ] ^E�/] P R�] � ^,R.krcr\o`Id�X_^a`Id:^E�/] P R�XY` h ZIj.]�X_^a` � ) i9ZId�XY`I� � w&% ~ x�� � �¥w&% ~o~ ��XY`��¥w % � �
� R,^a�I]e\sX `��K^ m R4\sj P cr^ � R m ^s� �
] P \E]:] P R,XY` h ZIj.]�X_^a`�]�R m S£d�de\E]�X_d��¥i�] P R,] � ^�d�iId�]�R4S£d
* ZI]�dfX h R�� ���� �� 

� �!� �  "!$#- � x XY` �  !$# �$ %&
�� (+* �  "!$#- � � - � K�� � � 
 � XY` �  !$# �
[gXYS���������	� 
 �  "!$#- � K�� � � 
 � 
 � x 
 � �	� x � w&% ~ ���

ÉËÊªÌ&ÉYÍ



���������
	��
	������
���
������������������� �"!�	��#�$���"%
&'�(	����
�*)+��	�,-, �.�/,0��12!43(&'!(���(� ~ w

� `Id�X h R � ����� ��� , � ��, 
 �
, � � *, 
 � x �, � �-, 
 ��� , � �- ( +, � - � (+* $ %&
 $&% 
 � �- ( + �	� � �� �	� � �- � x �	� x 
 � w&% ~ w��

O ^�^a�I]e\EXY`¢] P R£�u^aZr` h \ m i�j.^a` h X_]�X_^a`Id�^E�©] P R9\o�u^°}LR­dfiad�]fR4S�d � R P \�}oR
]�^�XY`o] m ^ h ZIj.R%] P R
�u^aZr` h \ m i�[Y\�ioR m ]�R m S�d �

? 
 : 
 : � KJ@+� 7 ��8Y¶ 7 8 7 ��F�²�� 8B· 8 	¸² 7 ��8Y¶ 7 � �
�&¶ � 7 ·+����³ �Ë�a³�²r�
� `�] P R��u^aZr` h \ m i�[Y\�ioR m ] P R,j.^ m�m R.j.]�^ m � ���� � � � � � �� � de\s]�X_d���R.d
� (+* , � ���� �, 
 - , � ���� �, � - � (4* $&% 
 $&%&
 � ���� � �	� � � , � ��, � - � (+* $&%&
0$&%&
 � �� �|XY`�� � w&% ~ T �

§ ^ m d�XYS9cI[_X_j.X_]Åi µ�² 7 ¶rµ ���4��� 	¢²®��F��r� � 8@� : ´�·©�:O�P R­w � h j4\Ed�R,�oX_}oR.d,ZId�^a`I[_i®\9S�^ m R
j.^aS%cI[gX_j4\E]fR h R.�rZr\E]�X_^a`Id m R �qm X_]�]�R4` � X_] P ] P R,[_^Ij4\E[ª}E\ m XY\o�I[_R.d�^E�<] P R,deZ m �Ò\Ej.R �

¡ R m R �qm X_]�R � w&% ~ T ��XY`�j4Z m }IX_[gXY`IR4\ m j.^I^ m h XY`r\E]fR.d ��¡ R m R"�¥R m ] P R m R4\ h R m ]�^ § Xg��z&%aT
XY` � crcrR4` h X_k��¥^ m h R.]e\EX_[_d �®¡ R�\Ed�deZrS£R�] P \s],] P R�] P R��r^aZr` h \ m io� , �,�/X_d�deS�^I^o] P���O�P X_d
XYS9cI[_X_R.d�] P \s]¨] P R,[g^Ij4\E[&j4Z m }°\s]eZ m R,X_dqd"ZIj P ] P \E]

� � +-� ��� � ~ � 

¡ R�d�] m R.]�j P ] P R,`I^ m S9\s[ h X m R.j.]�X_^a`�^E�&] P Rqj4Z m }oRo� $,�oi $ ��� ��� �&¡ R ��m X_]�Rq] P R,R.�¦Zr\E]fXg^I`Id
\Ed�\�d�R m X_R.d�X `��q\L` h �oi�X h R4`o]�X¬��j4\E]fXg^I` � R,^a�I]"\EXY`�] P R�d�iId�]�R4S£d��  
	 � � ���� � x

�
,, 
 ��� (+*�� � � � ���� � x��� � 	 � � ���
 ��� 	 * � ���
 (+*

�
,, 
 ��� (+*�� � � � ���
 ��� 
 
 ,, � � ���
 ( + - � (4* 
 (4*� -�� � � 
 ( - � ���- � %&$���� x � � w&% ~ � �

�qP R m R9] P R�^acrR m \E]�^ m d 	 - \o` h � - \ m R h R"��`IR h XY` � crcuR4` h Xgk�\o` h ] P R�j.^IR���j.X_R4`o]�d 
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