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yqk����dk>�Vk�r���yq~�rzs_��{vk�yox0��ki�
s�|i�l�t��ywxzsC����xzki{v����yoxzsi�v�X�e�0�����¡ i¢�n6|>k�£�yqk�m
n_k���mos¤�XnC|>��{vk�xzs¥ |>p�xVxtsb~�pvm¦r§~V��y¦rzu2rzu�s�{�p��vmwyq~�uvs_��¨\k�mop�s_~§�L�}�Xn_�Vk©��yoxts6�ª��x§k�{2��ywxzs��imop�s_��rt|©rzu�s�~�pvx��Xk>nCsl|���k©«�j��}|>kixz����¬\­�®°¯v±² 8ki�v�³ ��yom
�
yos6mos_nLrzxtyqn[rtu�yqn§´���s_~z~µrt|�¶vxz~�rV{�moki��slmok ¥ s6x�����|ix"rtuvyo~"|i�vsi� ¥ |>p2n_k���s_y¦rzu�s6xVyo�i��|>xts�rtuvk�r"rzu�slmwyo��s�yo~"yo��u�|>��|>�is_��s6|>pv~|ix·¶v�v�¸rzu�s�ki{�{�xz|i{�xzyqk\rts0s_��{�ywxzyqn6k�m>��|ixz��pvmok>~�yw��|i��s�|���rtu�slxzsC��s6xzs6�enCs_~§�L±µ¹�|ix·rtu�yq~µsC£
s6x§nCyq~�s>�º�i|�rz|�rtu�s���k���p
�XkinCrtp�xzs6xb» ~��k�rzk�|i�GnC|>����|>�¼��yoxzs¸ki�v�¼n6k��vmws©rt|�¶e�v�½rtu�s¤¨\k�xzyo|ipv~l{�u ¥ ~�yqn6kim'k��v�½s6mos_nCrtxzyon_k�m�{vkixzki��sCrts_xz~_±�Xk¾�[r���yo~�rtsb�½{ek�yox���k>�
s¸|��¸����yoxts6�ª��x§k�{e�A��yoxts>�¿8~tyo���Àj�|¾|>{es_x�rz|�|imq~���yoxzsC����xzki{À��yoxts¸��ywrtu4~�{}s_n6y¦¶}n6k\rzyw|>�v~¤�X~ts6s¤u¾rtrt{'�ÂÁiÁ\�����¤± n6|¾|>{es_x�rz|�|imq~6± nC|>�ÃÁi�

«0k�xtr�Ä�|v± ÅµÆÇ� j�|i�e�
pvnLrz|ix È¡�v~�pvmok�rt|ix É�p
rts_x�Ê8yqk���s6rts6xA�X�����ËiË>Ì>Í>ÍiÍ ÎiÌ j�|i{v{es_x Ï·s6Ðv|i� Ì ±² 
Ñ ��� ®ÓÒ¾ÔÕ
Öa® ¬\×Ø
Ù � ®ÛÚ ÖØ¹�xz|i�ÜÏ"k��vmws Î �§�©|i�¼{vk��>s©¢ Í ����s¤~ts6s©rtuek\r�nC|>{�{es_x�uvki~�k�xzs_~tyo~�rtyo¨�y¦r ¥ � Ò ��|i���i±ÂÝßÞ�� Ì�à}á6âäãæå ±�¹�xz|i�ÜÏ"k���mos Í � Í|i�¼{vki�is¤  Ì �
�ls¤~�s_s©rtuvk�r Î>Ì ���¸k�p��>s8��yoxts¸uvk>~�k��
yoki��sCrts_x�|�� Ì ± Í  \¯¾¢A����� Í ±² \¯>¢NÞ�� Ì
à}ç �Ã�C±�Ï�u¾pe~6��rzu�s¤xzk>�
yopv~l|��rtuvsA��ywxzs¤yq~ Ì ±² Ãè Í ±² \¯¾¢NÞI� Ì àeç �é®Ü�i± Í Ýº¯�ÞI� Ì àeç �G±lÆNs�n_k�mqnCp�mqk\rzs¸rtu�s2Ê¸j�xzs_~tyo~�rzki�vnCs¸{}s6x8pv��y¦r�mws_����rzu½��|>x�|i�vs��yoxts¤ki~_�

Ñ ��� ® ÒÕ ® �>ê²Ý�Þ&� Ì
àëá_âaãNåìÀí ���>ê Í Ýº¯�ÞN� Ì àeç å ��î ® Ì ê Î>ÎiÎ âåÏ�u�sGrz|�rzkim8Ê¤jï��s_~tyo~�rzki�vnCs4|i��rzu�s4r���yq~�rzs_�Ç{vkiywxÃyq~�r���yqnCsGrzu�sæÊ¤jÜxzs_~tyq~�r§k��vn6s¼|i�¤|i��s4��yoxts>±gÏ�u�pv~_�lrtu�sæÊ¤jxzs_~tyo~�rzki�vnCs©|��"rtu�s¸r���yq~�rts_�¼{vkiywx�yq~_�
Ñ ��� ® Ì ê ³>³i³ âåð[ñ¾pvk�rtyo|i� Î �� �|>�½{ek��is¤¢ Î �>yw¨>s_~�pv~lrzu�sAn6ki{vkin6y¦r§k��vn6s©sbñ¾pvk\rzyw|>�À��|>x Í ��yoxzs_~_�
Ø�ò ® ì ¬Ô�ó �ºô­ �Æ&s¸¶v�v�½rtu�s¤xzs6mqk\rzyw¨>s�{}s6xz��y¦rtrtyo¨�y¦r ¥ �
¬�­��
|��"rtuvs¤yw�v~tp�mqk\rz|ixb��Ï·s6Ðv|i�'�
yo�4Ïµki��mos Î � Í |>�½{vki�is¤¢�¯e�"¬\­A® Í ±Ï�u�pv~_�
��s¸uvkº¨>si�

Ø�ò ® ì�í Í í ¢vê ¢¾ \¯iõµ� Ì�à�ö î}÷øÔ�ó ��ù6ú û ø�øù6ú ö îzü ç§ø�ø � ®ý¯vê Ì Ý�ÞN� Ì à'ötö}þå ® ¯ Ì ê²Ý
ÿ þå
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ð[ñ¾pvk�rtyo|i� Î �¡¢2|>�½{ek��is¤¢i¯2�>yw¨>s_~�pv~lrzu�s¤s_ñ¾pvk�rtyo|i�'�

Ø í Öä®Ç¬\×Ï�u�pv~_�
��s¸uvkº¨>si�
Öa® ¬º×Ø ® Í í ¢vê ¢¾ \¯>õ·� Ì à�ö î ÷ø í ¯ ì Þ&� Ì à ü � ø¯eê Ì Ý�ÞN� Ì à�özö ÷ø ®� �ê ¯
ÝAÞ&� Ì à ü�� å ® Ì ê  �¯�Ý × �å

ð[ñ¾pvk�rtyo|i� Î � Î �©|i�¼{vk��>s Ë>Î �iyo¨is_~lpv~�rtu�s¤sbñ>pek\rtyo|i�
Ù���®ÛÚ ÖØÏ�u�pv~_�

Ù � ® �  �ê ¯
ÝAÞ&� Ì à ü �ø¯vê Ì Ý�Þ&� Ì à'ötö þå ® �i� ³¾â
���}�������� �¢�nC|¾k\£
yqk�m�n6ki��mws¿8~tyo������s_mo��s6�4�����¡ i¢2n6|>k\£
yqk�m�n6ki��mos©��ywrtu4~t{esbnCyw¶en6k�rtyo|i�v~¤�d~�s_si�0u¾r�rz{'�ÂÁiÁº�����¤± �}s6mq�
s6�'± nC|>�ÀÁ��

«0k�xtr�Ä�|v± Å·Æ°� j�|i�e�
pvnLrz|ix È¡�v~�pvmok�rt|ix É�p�rts6x�Ê8yqk���sCrzs6xA�Xyw�e� «V|im ¥ s6rtu ¥ mws_��s8¬ËiÎ � Ì Í�Ì ��k�xzs�j�|i{�{}s6x «V|im ¥ sCrzu ¥ mos6�vs Ì ±w�>�6¯ Í ± Î¹�xz|i� Ï"k���mos Í � Í |i�æ{ek��is�  Ì � ÍiÌ ���¸k�p��>sA��ywxzs�ueki~©kÀ�
yqk���sCrzs6x©|�� Ì ± ¢v�i�b¢���� �d¢�±o�i�b¢TÞ � Ì�àeç �Ã�C±AÏ�u¾pe~6�}rtuvsx§ki�
yopv~0|i��rtu�s���yoxzs�yo~ Ì ±² �è©¢�±o�i�b¢GÞÇ� Ì
à}ç �Ü®ý¯e± Ì   Ë ÞÇ� Ì�àeç �G±VÆNs©n6kimon6p�mok�rts�rzu�s8Ê¤j xtsb~�yq~�rzk��enCs�{}s6x[pv��y¦rlmws_����rzuki~_�
Ñ©���ä® ÒÕ ® �>ê²Ý�Þ�� Ì�à}á6âaã&åìÀí ��¯eê Ì   Ë ÞN� Ì à}ç å ��î ® Ì ê Ì>Î>Í ¢ âåÄ�|irts>�N�lsßk�xzsßyo�i��|>xtyo���&rtu�sNxtsb~�yq~�rzk��enCs4|��¸rzu�sæxzsCrzp�xt�Ç{vk�rtu'��rtu�sß|>p
rts_x½n6|i�v�
penLrt|>x_��~tyw�enCsßywrz~Àxtsb~�yq~�r§k��vn6s4yo~��s_�imoyw�>yw��mos��V¯�ÞN� Ì
à��	�ø �L±ð[ñ¾pvk�rtyo|i� Î ��¯2|>�½{ek��is¤¢ Î �>yw¨>s_~lpv~�rzu�sAn6ki{vkin6y¦r§k��vn6s�sbñ¾pvk\rzyw|>�À��|>x Í ��yoxzs_~_�

Ø�
 ® Í ì ¬Ô�ó � ­
�­�� �
� î ® Ì ±² �è Ì ±w�>�6¯�yw�æ® Ì ± Ì  >ÝAyo�ß®Ó�i± ¯¾ ����Ï�u�pv~_�
��s¸uvkº¨>si�

Ø 
 ® Í ì�í Í ê Î í ¢vê ¢¾ \¯iõµ� Ì�à�ö î ÷øÔ�ó �0ö ú ç û ø�øù_ú ç ù�� ø�ø � ® �>ê Ì �¸ÞN� Ì à�ö ù þå ® � Ì �>ÿ þå
ð[ñ¾pvk�rtyo|i� Î �¡¢2|>�½{ek��is¤¢i¯2�>yw¨>s_~�pv~lrzu�s¤s_ñ¾pvk�rtyo|i�'�

Ø í Öä®Ç¬\×
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Öa® ¬\×Ø ® Í ê Î í ¢�ê ¢> �¯iõ·� Ì
à'ö î ÷ø í ¯ ì ÞN� Ì
à ü �ø�>ê Ì �¸ÞN� Ì à�ö ù ÷ø ® Í ê² \¯�ÞN� Ì à ü�� å ® Ì ê Í  �¯ × �å
ð[ñ¾pvk�rtyo|i� Î � Î �©|i�¼{vk��>s Ë>Î �iyo¨is_~lpv~�rtu�s¤sbñ>pek\rtyo|i�

Ù���® Ú ÖØÏ�u�pv~_�
Ù���® � Í ê² \¯�Þ&� Ì à ü � ø�iê Ì �¸ÞN� Ì à'ö ù þå ®   Ì ê Î>â

j�|i��{vkixtyo����|ip�x�¨\kimwp�sb~���y¦rzu¼rtu�s¤¨\k�mop�sb~�{�p���moyo~tu�sb�½� ¥ �ls_mo�
s_�'���ls¸uvkº¨is
� |>p�xzn6s � � Ø jlk�{vk>nCywrzki�vnCs È¡�v��pvnLr§k��vn6s È¡��{}s_��ki�vnCs�ls6mq�
s6� Ë ± ¯ �ö ùtùzù���� ® Ì ± Ì>ÎiÌ ¢ �ø ÎiÌ ± ¢�� ÷

���
®Ó� Ì ��� ÷ø Ì ± Ì>Ë
	 �

���
® Ì ± Í�Ë   	 �ø   Ì�âjlk�mqnCpvmok�rts_� Ì ± Ì>Î>Í ¢ �ø � Ì ��� ÷ø Ì ± Í  \¯ 	 �ø   Ì ± Î�â

Ï�u�s_xts6��|ixzsi�
|ipvx�n6k�mqnCpvmok�rts_�¼¨\k�mop�sb~�k�xzs¤�
y��ës6xzs6�¾r���xz|i�ïrtu�s¤{vp���moyo~tu�s_�G¨\kimwp�sb~�� ¥ � ³ ±  �
À� Ì 
À���§� Î ± Ë 
À��k��v� Ì ± ³ 
xzs_~t{esbnLrtyo¨is_m ¥ ±�Xnb��k���yoxts6�ª��x§k�{G��yoxts��imop�s_�¼rz|�rtu�s2~�p�xt�Xkin6sA|���kÃ«�j��e|¾k�x§����¬ ­ ®Û¯v±² �k��e� ³ ��ywm"�
yws_mwsbnLrzxtyqn¸rtuvyon§´���sb~t~�rt|�¶vx§~�r{�mqk���s¸mqk ¥ s_x_±����v|�rts>��� Ì>ÌiÌ ��yom"®Ü�©yo�vn§ue�Æ&s¤��ywmom�yw�>��|ixzs©rtuvk�r�rtu�s¸moyw�vs¤yo~�yo��u�|>��|i�is_��s6|>pv~_±¹�xz|i� �Xk>���ls¤´���|\�°rtuek\r�rtuvsAÊ¸jýxtsb~�yq~�rzk��enCs¸|��µrtu�s¤��yoxts¸yq~6�
Ñ����ä® Ì ê Î>ÎiÎ âåÄ�|irts>�'ÆNs�k�xzs[yo�i�v|ixzyw���8rtu�slxzs_~tyo~�rzki�vnCs�|i��rtuvslxzsCrzp�xz�A{vk\rzu'�ºrtuvsl�>xt|>p��v�¸{�mqk��vsi�i~tyw�enCs[ywrz~"xzs_~tyo~�rzki�vnCs�yo~"��s_�imoyw�>yw�vmws>±ð[ñ¾pvk�rtyo|i� Î � ³ |>�½{ek��is¤¢ Î �>yw¨>s_~�pv~lrzu�sAn6ki{vkin6y¦r§k��vn6s©sbñ¾pvk\rzyw|>�À��|>x�k�~tyo���imos¸��ywxzs¸|\¨is6x�k��ixz|ipv�v�À{vmoki��si�
Ø�� ® Í ì ¬ÔXó � î ô­ �x©® Ì ±o� Í Ýº¯�����~¸® Ì ± Í  ���� ��uek�mw�0rtu�s���yoki��s6rts_x8|��0rzu�sAs_�>rzywxzsA��yoxtsº��� Ì ± ÌiÌ>³ yw�'±�® � Ì ± Í  �� Ì ±o�b  Í ¯��¡��� ®Ì ± ¯ Ì¾Í ���Ï�u�s�s_mwsbnLrzxtyqn0¶vs_mo�Amwyo��s_~·�i|�rzu�xz|ip��>uAÏ·s6Ðv|i�'�brzu�s��
yos6mos_nCrtxzyon[|���rtuvs[�}|>k�x§���\k��e�¤k�yox_±µÆNs�yw�>��|ixzsVrtu�s�yw�vu�|i��|i�>s6��s_y¦r ¥|��"rtuvsA�
yws_mwsbnLrzxtyqn���ki�v�Ãr§k�´>s�rzu�s¤xzs6mqk\rtyo¨is¤�
yos6mos_nCrtxzyon¸n6|i�v~�rzki�>r�rz|��}s¸rtuek\r�|��0ÏµsCÐv|>�'±Ï�u�pv~_�
yw�>��|ixzyw�v��rzu�s¤yw�vu�|i��|i�>s6��s_y¦r ¥ |i�µrzu�s¤yo�v~�pvmok�rt|ixb�
�ls©uekº¨isi�

Ø � ® Í ìÀí Í í ¢�ê ¢> �¯iõµ� Ì
à'ö î ÷øÔXó � î�� ù_ú ç ù î ø�øù_ú ö îzü çzø�ø � ® ³ ê Ì ¯�Þ&� Ì à�özö þå ® ³>Ì ê ¯vÿ þå
� |>mw¨�yo������|>x�rtu�s¤yo�v�
penLrzki�vnCs>���ls©�>sCrb�

Öa® ¬º×Ø ® Í í ¢vê ¢¾ \¯>õ·� Ì à�ö îe÷ø í ¯ ì Þ&� Ì à ü � ø³ ê Ì ¯�ÞN� Ì à�özö ÷ø ® Î ê ³ ¢2Þ&� Ì à ü�� å ® Ì ê Î>³ ¢ × �å
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�"`X]����4W�����ceZ��'^>h.É���sän_k�� {�xz|i{vki�>k\rzs&k°~tyo�i�vkimA�es6r���s_s6�Irtx§k��e~���yq~t~tyw|>�gmoyo��s_~4|i����y��ës6xzyw�v�yo��{}s_�vk��vn6s½��ywrtu�|>p
r�xts6Ðvs_nCrtyo|i�v~�� ¥ yw�v~ts6xtrtyo���&kæ��k\r§n§u�yo���æ��s6r���|>xt´��}sCr��ls6s_�ärtuvsÀr��l|æmoyw�vs_~_± j�|i�v~tyo��s6x2rtu�sG~�ywr��pvk�rtyo|i�Gyw�ß¹"yo�ip�xzs Î ��  ³ ��u�s_xtsAk�~tyo�i�vkim'yo~�rtx§k��v~t��y¦rtrts_�¼¶exz~�r�|\¨is_x�kÃ  Ì � â mwyo��si�vrtu�s_�ßkG� Ì>Ì � â moyw��s>��rzu�s6�4�vk>n§´Ãrz|Ãk  Ì � â mwyo��s>±©�dk>��¿�~�yo����|i�vm ¥ xtsb~�yq~�rz|ix§~6����s_~tyw�>�½rzu�sA��s6r���|>xt´
~_��ÄA��ki�v�GÄ Í �e~t|�rtuvk�r�rtu�s_xtsAkixts¸��|Àxts6Ðvs_nCrtyo|i�v~l��xz|i� k��kº¨is�rzxzkº¨>s6moyw�v�A��xz|i�ÓmosC� r�rt|�xtyo�iu¾rb±��X�e�lÄ�|\�ý��|
�
yw� ¥Ã¥ |>p�x��
s_~tyw�>�¼~t|Arzuvk\r�ywr���|>xt´
~[��|ix�k���kº¨is8rtx§kº¨is_mwyo���Ayo�½s_y¦rzu�s6x�
yoxtsbnLrzyw|>�'±��Xn_����|\���2pvn§uG~�yo�i�vkim�mws_¨is_m�yo~�mo|>~�r�{vki~z~tyw���2rtuvxt|>p��iu½rtu�s¸r��l|���sCr��l|ixz´
~����8|\����pen§uG~tyo�i�vkim}s_��s6xz� ¥ �

Ω50 Ω100 Ω50
N1 N2

�Xk¾���'|�|i´�yo����yw�¾rt|ÃÄ��i�
�ls¤�lki�¾rlrz|���k�rzn§u¼rtuvs¤yw��{}s_��ki�vnCs¤|i�·rtuvs�  Ì � â rzxzki�v~t��yq~z~�yo|i�½mwyo��si±�Ï�u�pv~���s¸��k��¾r�rtu�sAÄ����s6r���|>xt´�yo�G{vk�x§k�momws_më��y¦rzuGrtu�s�� ÌiÌ � â rtx§k��e~���yq~t~tyw|>�½moyo��s¸rtuvk�r���|imomw|\��~�ywr�rt|�s_ñ¾pvkimµ  Ì�â ~_±Ï�u�pv~_�v�ls¤{�p
r�yo�ßkG� Ì>Ì � â xzs_~tyo~�rt|>x8nC|>����sbnLrtsb�½rt|Ã�>xt|>p��v�½��|ix8Ä��i±�Ï�u�sÃ� ÌiÌ � â rtx§k��v~tyo~�rt|>x�yw�æ{vk�x§k�momws_m���y¦rzu4rtuvs� Ì>Ì � â rtx§k��e~���yq~t~tyw|>�Ãrzu�s6�Gmo|¾|>´Ãmoyw´>s¤  Ì�â ~lrt|�rtuvs¤{�xtsbnCsb�
yw�v�2rzxzki�v~t��yq~z~�yo|i�½mwyo��si±
� yo��ywmqk�xzm ¥ ����sN�lki�¾r¼Ä Í k��v�°rtu�sN{�xt|
n6s6s_��yw���Ç  Ì � â rtx§k��v~t��yo~z~tyw|>�°mwyo��sNrt|amo|�|i´ mwyo´is � Ì>Ìaâ ~Ãrz|a��k\r§n§u°rtuvs{�xzs_n6s6s_��yw���G� ÌiÌ � â rzxzki�v~���yq~t~tyo|i�Àmoyo��si±�Ï�u�pv~_����|ix�Ä Í ��s¸{�p
r�yo�4k�  Ì � â ~ts6xzyos_~lxtsb~�yq~�rt|ixb±

N2
Ω50 Ω100 Ω50

N1

Ω50Ω100

���}�Ä�|\�¤�
�ls¤~�|>mw¨>s8��|>x���|�xzsCÐvsbnLrtyo|i�e~�yo�¼rtu�s¸��|>xt��k�x§�Àki�v�¼xts_¨is_xz~ts��
yoxzs_nLrzyw|>�v~_�¹�|>x©rtu�s�¶vx§~�r¤��s6r���|>xt´ë���ls2�vs6s_�&ÄA��ki�v�ßrzu�sG� Ì>Ì � â rtx§k��v~t��yo~z~tyw|>�ßmwyo��s�rz|½mo|�|i´ßmoyw´>s�  Ì¼â ~��dki~¸�}sC��|>xtsº�L± ��p�r��|\� �ls�k�mq~�|�xzs_ñ¾p�yoxzs¸rtuvk�r©ÄA�2k��v�¼rzu�s�  Ì � â rzxzki�v~���yq~t~tyo|i�Gmwyo��sÀ�Xmw|�|>´¾yo���Ãyo�4rzu�sAxzs6¨is_xz~tsA�
yoxtsbnLrzyw|>�e��mo|¾|>´½moyo´is�� Ì>Ìâ ~_± È��[�ls�{�p�r¸kÀxtsb~�yq~�rz|ix©nC|i�v��s_nCrts_�4rt|¼�ixz|ip��v�'�}� ö �}��|imomw|\�ls_�G� ¥ k½~�s_xtyos_~8xtsb~�yq~�r§k��vn6si��� î �}�ls�n6k��N~�|>mw¨>s¤��|ix�rtu�s_ywx¨\k�mop�s_~��>yw¨>s6�½rtu�sAki�e|\¨>s©n6|i�v~�rtx§k�yo�¾rz~_���vk���s6m ¥ �
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