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N)!%�K��9$	K56!�  "��	"������	K#"! >1	��T=E�`$a'b6aUcTd�e'f,gih%j k6a l$a m�a%n'opd�qra
s<t�u�v$n�w�j$xKh%j6q�y$zAs<t�u�{}|Ia ~Pa ~Pa `$a
�Uw�j$x�*f�f��n���a u*s<v$a�|��Kf���z
d�f��6�*w�d�qI�1z����<h�f�jn��Ih%q�yY�
z�� w��
��w�q&zi�Ih���z�����g1h%j$�Jy$z�w�x � q&f � q&w�h%�
f�j6f���*f��<h%q&z��<h�xz��Cf���q�y$zph�j�j$z��
d�f�j$x"�$d�q&f��
n�h��@xz��
d��7h��*z�xAh%j)kp�
l$a�m�a%nU��z���aKs<t�u�{�n'w�j$xLh%jYq�y$z
s<t�u��p�Uw�j x�*f�f��n���a u����$a0|��<q�h%�%�
�Kf���z�d�f��6�*w�d�q��1z����<h�f�jnMh%j
�Iy�h�d�yLq�y$zM��h����<qTw�����w�j$�z��Kz�j�q
h��[w�xw��q&z�x4q&f�w3��z�j$�"q�y4f��
�%��z,� h ���zAd�f�w���h&w���d�w����z��-f���j$x
h%j�q&fMwDy$w�j��n@w�j$x;�*w���w�j$d�zYh��

f��q&w�h%j$z�x��Eg_�1w���g?h%j$� ~PnQh��
�<y$f,�IjTh%jTq�y$zSs<t�u�t��Uw�j$x�*f�f��n
¡a u����$a
m?y$zAf�q�y$z��p�Kw�h�j��1w��7h�z�qWg¢h���q�y$z

� f q&w�q&w����z���f�f���qWg?�*z"n��Iy�h�d�ySh��
q&z�j$x"h%j$�£q&fZ�<���*z����
z�xz2q�y$z
��f�� z �f�h�j$�PnL�*��z��<�$�Kw����g¤� z��
d�w��$�
zDh%qph��8�Kf���zD�<��h%q&w����zD��f��
y�h��"y$z��C����z�¥$�"z�j$d�h�z��@w�j$x8h��@w ��
��%h�d�w����zQq&f��-wV�1z��"��h�xz���aC¦�q@h��
w����
fQz�w��<h&z��6q&fQw�x�§¨�$�<qraP©$��qUq�y$z
x"h%�%��z���z�j$d�z��ªw���z«�Kf���z«� z��
d�y$w�j�h�d�w���q�y$w�jKz���z�d�q&�7h�d�w��¬a���h��Pa�v
�<y$f,�-�Cq�y$w�q"z���z�d�q&�7h�d�w��%��gh%q$h��Uz �<�
�
z�j�q�h�w�����giq�y$z��
w��Kz�w��8��h��PaCu$n
z,�?d�z��q'q�y$w�q'q�y$zS��f�f��Y�Kw�g®�*z
�<y$w��*z�x;q&fM���qTz,��q&��wYd�w��*w�d h%�
q&w�j$d�z6w�q"f�j$z6z�j$xPaVm?y$z6w����z��*��w
�$�
z�xQ��f��p��h��Pa*u8d�w�jSz�w��<h%��g��*z
w�xw��q&z�xS��f��@��h��PavT�Eg¯���q%q�h%j$�
e'°�±��Aw�j$xDeKsK±�epn*w�j$xQq�y$z
� z �<���%q*h��@q�y$z)�
w��Kz"n$w��*w��7q*����f��
¥$�$w�j�q�h%q�h�z��3�
�Kw����Lz�j$f��$�"y²q&f
j z �"��z�d�qra3cTz�d�y"w�j�h�d�w��%��g�n3q�y"z
��f�f��8h��'w�����w�j$�z�x8�
f�q�y$w�q$h%q"d�w�j
�*z ��f�q&w�q&z�x ����f�� f���q&�<h�xz
q�y$��f��$�"y³s<���Yxz����z�z���a@l�fMh%q&�
��h%j$�<y$h%���Ih%q�ySq�y$zSxPa �¬aPw�z��7h�w��Ch��
�Kf���z�f��1�?h�f��$��a
m?y�h�� d�f�j�q�h�j��$f��$� ��f�q&w��h��%h%qWg
�Kw��$z�� h%q´z�w��<h�z�� q&f q&z��%�
�Iy$z�q�y$z��Yq�y$z³d�w��*w�d�h%q�h �1z³w�j$x
h j x*�"d�q¬h���z d�f��"�P�&h&j"�P� w��
z

z�¥$�$w��¬a"¦���eLh���q&f�f8�
�Kw��%��f��@q&f�f
��w����zQh%j���z���w�q�h�f�jDq&fQc8nCz�h%q�y$z��
q�y$z���z®�Ih%���p�*zDqW�-fDµ�z���f���z�w x"�
h%j$���z�w�d�yA�<h�xz8f��*q�y$z)�*f��<h%q&h�f�j
�Iy$z���z)q�y"z)��f�f��S��h�z���w���f�j$��q�y$z
�%h%j$zn�w��Uh%jK��h��Pa�{�¶&w�·<n�f���j$f6µ�z���f
w�q"w��%�¬n�¶&�·
a�m?y$z��
z6x"h�w���<w��K��n�h j��
d�h�xz�j�q&w��%��gBn�w���zi§¨�$�<q)d�w��7q&z��<h�w�j
�1z����<h�f�j$�Kf��¸�-y$w�qUd�f��Kz�f���qUw��
d�w���x"h�f�h�xªh%j4q�y$z_�*f���w��G��f����
¶���h��Pa"s�·<a
©"z��<h�xz��¹�*z�h%j$�_�*��f��*f��7q�h�f�j$z�x
��f��Qz�¥$�$w��)d�w��*w�d�h%q�h �1z;w�j$x¹h j��
x"� d q�h �1zMz"a �)a ����n@w���z��%��z�d�q&f�� z��
q&z����h�d�� � ���¹xz0�?h�d�zJ���$�<qTz ���
q&z�j$xQw���f�j$�Sq�y$z8�%h%j$z8��f��pf�j���gºw
�
�Kw��%�[����w�d�q�h&f�j2f��³w»�-wV� z��
��z�j$�"q�y � �Iy$h�d�y_�Kz�w�j$�¹w¼�1z���g
�
�Kw��%�½��f�f�� h%j d�z�j�q�h��Kz�q&��z
�-wV�1z��"��h�xz��«j$f�qª�*z£��w����z
z�j$f��$�"ySq&fSd�w��$�
zSw���*��z�d�h�w����z
��z��%��z�d�q�h&f�j)f��Uw��*�
f��7�q�h�f�j f��"q�y$z
q&��w�j$�
�6h%q�q&z�x4�*f,�-z��Jh%q&�
z��%�¬a¢|�q
q�y$z)�
w��KzTq�h��KzTh%qP�6�$�<q*�*z)�
z j��
� h q�h �1z z�j$f��$�"y q&f h%j$x"h�d�w�q&z
�
�Kw��%�;w��Kf���j�q&��f��;��z��%�&z�d�q&z�x
�*f,�-z��
a
l�����*f��
z"nQ��f��¹z,�?w��6���z"nQq�y$w�q
�<q&w�j$x"h%j$� � �-wV�1zM��w�q&h�f��Sw�q6��z�w��<q
xf,�Ij8q&fDs�a ��u)w���z)q&f8�*z8�Kz�w �<�
� � w����z"aVm?y$w�q�h���q&f��
w�g�n
 
 ¾  = 1.05 = V + v / V - v 
 ¿®À$Á�Â�Á�ÃLÄ�ÅAÆ�À$Á�Å�Ç ÈÉÇ Â
Ç'Ê�Ë$ÌÎÍ
Ê�Ë$Ì®Ï®Æ�À$Á¢Ï1Ð�Ñ%Æ&Ê�ÒÁ�Å)Ð�ÓUÆ�À$ÁQÌ Ä%Ô
Â�Á�Õ�Æ_Ê�Ë$Ì Â�Á�Ó%Ñ�Á�Õ�Æ&Á�ÌÖÈ-ÊVÏ1Á�Å�Ç
×�Â�Ð�ØMÆ�À�Ä�Å¸È-Á�ÒÁ�Æ
 
v / V  =  ¾  -1 / ¾  + 1  =  0.0244 
 Ù À$ÁKÂ�Ê�Æ�Ä�ÐKÐ�Ó"Â�Á�Ó%Ñ&Á�Õ�Æ&Á�Ì)Æ&ÐKÌ"Ä�Â�Á�Õ�Æ
Ã*Ð,È-Á�Â�Ä�ÅTÁ�Ú$Û$Ê�ÑCÆ Ð�Æ�À$ÁSÅ
Ú$Û$Ê�Â�Á
Ð�ÓYÆ�À�Ä�Å�ÜDÝ$Ç Ý�Ý�Ý�Þ$Ç Ù À$Á_Ã*Ð,È-Á�Â
Æ&Ê�ß$Á�ËªàEáâÆ�À$Á²Â�Á�Ó%Ñ�Á�Õ�Æ&Ð�ØKÁ�Æ&Á�Â

(Continued on page 8) 
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� �!�#"%$'&)(%*+*+$�,��.-/,'�#"%$!0/-/,1$3254+6
7 ,%89�#"%$�*+$�:#��*+$;� �;�#"%$=<?>%( 7 *+$
*+�����@��:1�#"%$�*?A :�A�B@�DCE$�*?A12GFH"%$�*+$
-#<)IJ��:�&K��(%*+<?$LIJM�(��#( 7 0N-/,%81( &)O
� 7 ,%&K$QP@$��GCE$�$�,Q�#"%$RBL-#&)S O (�B
7 ,%8'��(�� $�*J&K��,%81(%&)� ��*?I�<?��TU-#<
*+$ 7 0/0WVX�#"1$�&K��(�BL0/-/,%Y!� ���#"%$�- ,%O
,%$�*�&K��,%81(%&)� ��*�M�-/,�(%<��#" 7 �J� �
�#"%$R��(�� $�*?A 6ZF["%$\�GVHB@$R��:�- ,%O
<5� * ( M�$�,��]<5"%�DC^,_-/,_`�-#YaAJb3-#<
*+$ 7 <?��, 7 PL0WV�CE$�0/0c&K�ed[$%*+$�8=PfV
2 gK6@-/:%h�4Ji!h�j 7 ,%8�h�4Jk�h�j�i
h�l�<5-#M�BL0/-/:WVH-/,%Y�-/��� �
 
M / Zo = L / R •  R C 
 m ,��#"%$�0#����B'�GVHB@$nC^-/�#"�& 7 B 7 & -/O
� 7 ,%&K$�&K��,%&K$�,�� * 7 � $�8�M 7 -/,�0WV 7 �
��,%$o$�,%8p2#`�-#YaA;gK65I;��,o�#"1$
���#"%$�*." 7 ,%8aI�h�j�i'q 7 ,%8!h�4�i
h�r 7 8 7 BL�#-/,%Y\2 sK6 7 &K&K��*+81-/,%Y10WV
Y1- d[$�<
 
M / Zo = R C / 1 + j ω CR  
 7 ,%8Q<5-/,%&K$utR-#<3M 7 8L$uM](%&)"
<?M 7 0/0#$�*a�#" 7 ,��#"%$�*+$ 7 &)� 7 ,%&�$���:
h�Iwv

ω xJyRzaz3{a|)}%~
 
M / Zo •  RC 
 �����#�)�R�#�;�#�%�\� |K� � | � �^�/�#�
���#�a�����D�H�K���L�1�#� | �1�#�%���+���#� }%��5�#�/�L��� | �#� ��}�|K�@� ���L�%��� � � ���#� | �
�^�/�#��� } �#�%�u�/� � �/� � ��� �#�%� | �L�
�@� � ��� ��| �#� ��} ���#�1� �@| � |)} ���
� ��}%~ �/�#� ��} �#�'� }%~ ���@� }%~ � } � ���
� �+���%�%� } �����@� � �#�%���?���#�#� } �3���
�#��� �/� ���)�#� �[� � �[��� | �^� ~ � � � ���
�%�%� } ��� �@|)}%~ �
 ¢¡K£¥¤)¦R§1¨)£ ©D¡)ª�¤¬«�¨®°¯a¨²±³£ ©�¤
´Lµw¶ · ¸�¹²º?»)¼¾½²¿wÀ�¸ÂÁK»EÃ Ä�À.Å)½)Ã Ä�¹²Æ®Ç

 
M / Zo =  R(C1 + C2 – C1ω^2 LC) + 
jω(C2 L – C1 R M / Zo)              (5) 

È[É_Ê�Ë)Ì%Í=Î#Ï�Ð#Ñ!Ò@É�Ñ?Ñ?Ð#ÓLÔ#Í1ÕcÎ#Ï%ÍuÖG×ÙØ
Î Í�Ú+Ê\Ê�Û%Ñ5Î�Ó@ÍNÜ�Í�Ú+É1Ý�Ð�Þ Í1Þ/Õ
 
C2L = C1 R M / Zo 
 
or M / Zo = C2 L / C1 R 

ÈHÏ%Í�ß#ËKà)Î É�Ú á â)ã ä]å�ã�æ/ç!è éKê@æ#ëJì#í%î
ï+ð ì#æ#ñ�ñ�ò%ì#í%î ï î ðKó ì ð ç ó î�ñ�ò%ä�ì ñ�ì#í%î
ï î ðKó ì ð ç ó î ñ�ò%å�ã%ô ð ç%õ�æ/ç�ö ï+ðKó ì#æ ó î
ì#í�æ#ëuæ#ë\÷]ø ó íúù#î�ë?ë9ì#í ð çüû�ý!è#þ#ç
ñ�ì#í%î ï ÿ ñ ï õLë)ô_ì#í%î öLæ ó � � ø�ö æ#ë
÷�ø ó í9ì ñ�ñ9ë?÷ ð ù/ù�ì ñ ï î�ë?ñ�ç ð ì î ð ì
ì#í%î ÿ ñ ï �%æ/ç��;ò ï î��%ø î�ç ó�� ê5ý	��ñ�å�û

 â)ã ä�å�ã óKð ç��@î3ç%î�1ù#î ó ì î�õ_æ/ç
ó ñ�÷�ö ðKï æ#ë?ñ�ç ÿ æ/ì#í�å�û���å�ã%ý���æ/ì#í
ì#í%î�ç ð ÷�î�ç%õL÷�î�ç�ì ë)ô è éKê��@ñ�æ/ù#ë
õLñ ÿ ç]ì ñ
 
M / Zo = C2 L / C1 R •  R(C1 + C2)                                            
(6) 
 � í�æ#ë�ë5ì ð ì î�ëNí%ñ ÿ ì#í%î ó æ ï+ó ø�æ/ìa÷�ø%ë5ì
�@î�ö ï ñ�ö@ñ ï ì#æ#ñ�ç%î�õ'æ/òLì#í%î ï î�ò#ù#î ó ì ñ��
÷�î�ì î ï æ#ëcì ñ]æ��1ç%ñ ï î ÿEð�� î�ëcì ï5ð�� î ù��
ù/æ/ç���æ/ç�ñ�ç%î�ñ�ò%ì#í%î�ì ÿ ñ�õ1æ ï î ó ì#æ#ñ�ç%ë
ì#í ï ñ�ø��1í9æ/ì ý���í%î�ç9ì#í%î=ö@ñ�ë5æ/ì#æ#ñ�çLô
ñ�ò�ì#í%î=õLî�ì î ó ì ñ ï ô.ñ ï ì#í%î3ù#ñ�ñ�öuæ ì��
ë?î�ù/ò�ôNæ#ë ï î � î ï ë?î�õaôNæ/çQè��Kê!æ#ë ï î��
� î ï ë?î�õ'æ/ç!ë5æ��1ç ð ç%õ ð�ï î ð õ1æ/ç��'æ#ë
�1æ � î�çLý � í%î ó ø ï+ï î�ç�ì1æ/ç�ì#í%î�õLî�ì î ó �ì ñ ï�ó æ ï+ó ø�æ/ì�æ#ë�ì#í%î�ç=ö ï ñ�ö@ñ ï ì#æ#ñ�ç ð ù

(Continued from page 8) û�� ó ÷�ý ÿEð�� î�1ø�æ#õLî�ì î ó í�ç�æ��%ø%î1ý
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i1 / j ω C1 + (i1 + i2) R = V    (1) 
 
 i2 / j ω C2 = V                        (2) 
 
( i1 + i2 ) R + i2 j ω L – I j ω M  =  0                                           
(3)  
 
V = I Zo                                     (4) 
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CE,6�23,/60n\6�8:*�4�cM�@!f�?3M�@ed;4�+�,a?A.0-
8�c�d;8�+�6�+�c+�-@/6�Maz��A|�f�CE,�-.0-&)6�8\. -�]
9	1�?A2A-@�d�=BqS�[��4B*�.045�z��A|�Wk� *�]
+�-.g?wd	6�+a4�*/5/?3M6�9	c1�?3+�6�4�MR+�,6�8
=k6�-�1�@	8`y
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