
���������	��

������������������������� ���"!#�%$�&'�)(*��+,������� �
-/.1032#465,712	8�.9-/:<;=7�:>0?0?5,7�:<;A@B0?C<8�5D46EA0�:%4FHGBIKJ 8L4 F 4DM=:%NPO�5,MHM�Q

RTS�UWV#XH�ZYLV#[ \ ]�^`_�V#[baLcd X"c	egfhaBi9c?c#j?e�k d X"c	egfhaK\lc#mgfhe�kn��_Lc	oLpqe rlfhs�fh[ tnf�p uDv3kTuhw#w#x
u�] yqz�{}| 4D~)��M�4D8�.�� rlf�mgf�p�[bS�ULf���_Lf�m�_Lf�p9fhV#sq_�c#�>m�_Lfl�1c	X�X"c6��S�UL��eg��egmgfh[be�S�el��S1��X�S�ULfhV�phk%��S�S���m�S�[bf���S�U���V�pqS�V#U3m�kH��S�S�S��s�V#oWe�V#X�k<��S"�W�9i���i���egm�V�t�X�f#kWc#p �1�W��[)fh[)c#p���X"fhe�eh]��V���yq� C>4D~#��� �1���Z�����1�g� ���1�T¡£¢3��]�1t%�¤yq� C>4D~#��� �1���Z��¢�¥,���1�g�<¦§�T�1�T¡A¥	��]��sD��yq� C>4D~#���n¨ ©nª �
[bS�U=«h� ¨ © ¡�u ª�¬ � ¨ ©nª�¬ � ¨ © ¦­u ª¯® ]��a=�¤yq� C>4D~#���n¨ ©nª �°�1� ¨ ©nª �²±`¦§� ¨ © ¡³u ª ¦­u�]¥?] y�´��°| 46~��9MW4D8=.�� d c	U�e�S�aLf�pµm�_Lp�f�f�s�V#oWeqV#X/aWS�e�s�p�f�mgf���m�S�[)f¤¶?·��¸eg��egmgfh[be�¹»ºn¼ ¨ ©nª�¬ º ± ¨ ©nª�¬ V#UWa
ºW½ ¨ ©nª ]¾·�_Lfhegfeg��egmgfh[be�V�pqf¿aLfhe�s�pqS�t%fhaµt?��m�_Lf/Ànc	X"f���Á�f�p�cbÀ�X�c#m�eÂ�	S"�#fhUBtnfhX"c6�Ã]

1

-j

-1

j
z-plane

1

-j

-1

j
z-plane

1

-j

-1

j
z-plane

Pole-Zero of H  (z)1 Pole-Zero of H  (z) Pole-Zero of H  (z)32��V���y�Ä C>4D~#��Å _�S�sq_Bc#�Tm�_LfÃm�_Wp�f�fÃeg��egmgfh[be�V�pqfÃi���i��Æegm�V�t=X"f6ÇK��Y?À=X�V#S�UH]�1t%�¤y�È C<4D~���É e�eqoW[)fÊm�_WV�mÂm�_Lf/Ànc	X"fÊc#��Ë ± ��Ì3��S�eÂV�m���]Ív�V#U�aKV#e�e�oW[bf�m�_�V�mlº ± ¨ � ª �Î�?]`R�S�UWaBº ± ¨ ©nª �1c#p�V#X�X © ]�?] y�´?{�| 4D~Ï��M�4D8�.��lÉ s�c	U3m�S�U3oWc	oWe���m�S�[)fÃ¶�·Â��eg��egmgfh[Ð_WV#e�S�[)À�oWX�egflpqfhegÀnc	UWegf¿º>�1�����
Ñ#Ò�±�Ó¯ÔT�1����]
��V���yqz C>4D~#� �²e�m�_WS�eÂeg��egmgfh[Õs�V#o�e�V#X�ÇÖ�ZY�À�X�V#S�UH]�1t%�¤yqz C>4D~#� �²e�S"m�i9�²i���egm�V�t=X"f6ÇK��Y?À=X�V#S�UH]��sD��y�È C<4D~�� �LoLÀWÀnc	egf/m�_Lf�eg��egmgfh[×S�ULÀ�oLm�S�e��T�1�����ØÑ#ÒWÙgÓ¯ÔT�1����]�r�f�mgf�pq[bS�ULf�m�_Lf�eg�?e�mgfh[Õc	oLmgÀ=oLm � �1�g��] ¨ Ú S�U3m�¹Û�c	o¤[bVD�ÖaLcµm�_WS�elt3�Öa�S"p�fhs�mÊs�c	U��#c	X�oWm�S"c	UÜc#p�m�V�j#f)m�_Wf�¶<V�À�X�V#s�f�mgpqV#UWeg�1c#pq[BknV�ÀWÀ�X"��S�UL�¸m�_Lf)s�c	U��#c	X�oWm�S"c	UÀWp�c#Ànf�p�m �µV#U�aBm�_LfhUBm�V�j#f m�_LfÃS�U3�#f�pqegfÃ¶>V�À=X�V#s�fÃmgpqV#UWe���c#pq[K] ª

u



¢L] y�´�� C<4D~¸�9MW4D8=.���É s�c	U3m�S�U?oLc	oWe���m�S�[bfÃ¶?·��9eg��egmgfh[×_WV#eÂ�1p�fhÝ3oWfhUWs��ÏpqfhegÀnc	UWegf#¹
Ë§�"Þ#ß9���áà u S"�Ââ ß�â3ã����#ä� S"�Ââ ß�â3å����#ä æ

\lc#mgf¿m�_WV�m�Ëç�"Þ�ß9�ÂS�e�V)X"c6�Â��À�V#e�e�è%X"mgf�ph]�¶éf�m��T�1������u`¦§¢�s�c	e��¯�#��än�g�>¦»w�s�c	e,�¯�#���#än����tnf/m�_LfÃe��?egmgfh[×S�ULÀ�oWm�]��V���y�ê C>4D~#� r�f�mgf�pq[bS�ULf/m�_WfÃÀnf�pqS"c�aÏc#�T�T�1����]�1t%�¤ygë C>4D~#� r�f�mgf�pq[bS�ULfÃV#U�aBÀ�X"c#mÂm�_LfÃRWc	oLpqS"f�p�·<pqV#UWe���c#pq[KkLì§�"Þ�ß9��k=c#���T�1����]��sD��ygë C>4D~#� r�f�mgf�pq[bS�ULfÃV#U�aBÀ�X"c#mÂm�_LfÃRWc	oLpqS"f�p�·<pqV#UWe���c#pq[KkWíµ�"Þ#ß9��k�c#�Tm�_Lf¿eg��egmgfh[îc	oLmgÀ=oLm � �1����]��a=�¤ygë C>4D~#� r�f�mgf�pq[bS�ULf/m�_Wf¿eg��egmgfh[îc	oLmgÀ�oWm � �1����]�?] yqz�{�| 4D~Ï��M�4D8�.�� ·<pqoLf/c#p�R�V#X�egf#]�i9pqS�f�ï��¸f�Y�À�X�V#S�U��#c	oWp�V#UWeg�9f�pqe�]��V���yqz C<4D~���É X�S�V#eqS�UL�)c�s�s�oLpqe��l_LfhUKm�_Lf�e�V#[)À�X�S�UL�)pqV�mgf�S�e��#pqfhV�mgf�p�m�_�V#UKm��9cµm�S�[)fhelm�_Lf e�S��	UWV#XHt�V#UWaW��S�aLm�_S�U Ú Á#]�1t%�¤yqz C>4D~#� ·�_LfÃX"c6�Â��À�V#e�eÂè=X"mgf�ph¹ Ë§�"Þ#ß9��� à u S"�Ââ ß�â3ã����#ä� S"�Ââ ß�â3å����#ä æS�eÂS�U3�#f�p�m�S"t=X"f#]��sD��yqz C>4D~#�¸ð S"�#fhUçm�_LfKS�[)À=oWX�egfbpqfhegÀnc	UWegf#k�º<�1�g��k�c#�lV#U»¶�·Â� e��?egmgfh[Kk`�1c#p�f��#f�pq�§S�UWÀ�oLm eqS"�	UWV#X¯k����1�g��k`m�_Lfc	oLmgÀ�oWm�e�S"�	UWV#X¯k � �1�g��k=s�V#UKtnf/ÀWp�fhaWS�s�mgfha�f�Y�V#s�m�X"�#]��a=�¤yqz C<4D~�� �²�ém��9c)Ànf�pqS"c�aWS�sÂe�S"�	U�V#X�e�_WVh�#fÊm�_Lf/e�V#[)fÊÀnf�pqS"c�aHk3m�_LfhUµm�_LfhS"p�RLc	oLpqS"f�pÂegf�p�S"fhe�s�c3f�ñÏs�S�fhU�m�e���S�X�XWtnff�YLV#s�m�X"��m�_Lf¿e�V#[)f#]�1f6��yqz C>46~�� �²��m ��cÜaWS�e�s�pqf�mgf���m�S�[)f¸e�S��	UWV#X�eÃ_WVD�#f¸m�_LfÏe�V#[)f¸RLc	oWpqS"f�p¿mgp�V#UWeg�1c#pq[Bk>m�_WfhU¤m�_Lfbm ��còe�S"�	UWV#X�e/V�p�ff�YLV#s�m�X"��m�_Lf¿e�V#[)f#]�1���¤yqz C>4D~#� ·�_Lf/�1c	X�X"c6��S�UL��S�e�V)��V#X�S�aµp�f��	S�c	UBc#�Zs�c	U��#f�p��#fhU�s�f���ó�� d ���1c#plV)¶<V�À�X�V#s�fÃmgp�V#UWeg�1c#pq[B¹¡lw�ã³ôÃÑ#«6õ ® ãÎ¡�¢ æ�1�3��yqz C>4D~#�lÉ s�c	U3m�S�U?oLc	oWe���m�S�[)fÃ¶�·Â�9e��?egmgfh[Kk�Ë§�¯õ���kW��S�m�_BóÂ� d¡�¢)ã³ôÃÑ#«6õ ® ã�w ¬S�eÂi9��iÂ�°egm�V�t�X"f#]��_=�¤yqz C>4D~#� ·�_LfÃe�S��	UWV#Xn� ¨ ©nª � Ò9ö�÷ùø6úÍû#üû S�e�V#UBf��#fhU}e�S"�	UWV#X¯]��S��òyqz C>4D~#�lÉ s�V#o�e�V#Xé¶�·Â��eg�?e�mgfh[ÕS�eÂV#X"��Vh��e�[bfh[)c#p���X"fhe�e�]�'ý��¤yqz C>46~�� �²�éV¿eqS"�	UWV#X¯kù���1�g��k�S�e�pqfhV#X=V#UWaÏf��#fhUHk�m�_LfhUµS"m�e`RWc	oLpqS"f�p9mgpqV#UWeg�1c#pq[Bk?ì§�"Þ#ß9� ¬ S�e`V#X�e�c¿p�fhV#X%V#UWaÏf��#fhUH]

Ú Vh�#f�V)��c	U�aLf�p���oWXn_Lc	X�S�aWVD�Öþ"þ"þ
¥


