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w�q Ê � É�� d �µ ;^É ; � µ ¸ É � µ ¹ Ë � É�� �



� Ì I�Í#Q)I�ÍÈH�NPV/Î9Í9Ï=L�ÐYJ�Î#X¬ÐYJ�ÎPÏ#Ñ²O#ÒÁXÓNYÏ<L�Ò>J�Ï#Í9I�LUT)LWV/NYXZL
��ª}o±���}i�uZn�kyn�{ Ê � É�� |+o^Ç�u}o�j5n�ª+o«��i���xvi�l>o/npq^i�u}jp�Ew�q^s w���n�ª}o«jpn�i�npo«w��Ín�ª+o«jp{9jpnpo�s
w�qàw	�+np���+nr®���ª+ot�Z��i�u�n�kyn${ Ë � É�� kmj/n�ª+o���i���xmi�l>otnpqJi�u}jp�Ew�q^s w��5n�ª+o�kmu+�3�+nr®R��ª+o
���}i�uZn�kyn�{ �µ ;^É ; � µ ¸ É � µ ¹
q�o�xvi�npo�j�n�ª}o�kmu+�3�+n�npw\n�ª+o�w	�+np�3�+n�i�u}|bkmjq�or�Torq^q�o�|�npw@i�j�n�ª+o ï�¦�û�§���¡$ Z¦@¡$¢Í§�¨�ï�îEð3§ ¬
�}j^�}i�xmxy{�|}o�u+w�npo�|~��{¢Ô�� É�� ®��ª��}jr�Ê � É,� d ÔÕ� É�� Ë � É�� � � �rË �
h8{Rn�i�Ê9kmu+z�n�ª}o�kmu Õ orq^jpo���i���xmi�l>o�npq^i�u}jp�Ew�q^s6w��)n�ª}o�o>�9�}q�o�j�j�kmw	u?Ô�� É,� Ë � É,� Ç�o9Ç�u}|
�W�En � ®

�9{�jpnpo�s�j8lri�u(� o±i�u}i�xy{�Dro�|bo�kyn�ª+orq�kmu�n�ª+o=Ö�n¨Ö\|}w	sti�kmubw�q�kmu�n�ª}o�npqJi�u}jp�Ew�q^sRo�|�²j¨Öb|+w	sti�kvuFi�u}|Fn�ª+o�uFq^ornpq^i�u}jp�Ew�q^sRo�|õkmu�npw�n�ª+orÖ�n¨Öb|+w	sti�kvuÓ®��}�+q�n�ª}orq^sRw�q�o�¬ xyornÁ�
n�kmu}z¤×U�f« � � o�n�ª+o/kmu Õ orq^jpo±��i��3xmi�l>o�npqJi�u}jp�Ew�q^s w���ÔÕ� É�� ¬+i�u}|bq�o�lri�xmxmkvu+z�n�ª+o±l>w	u Õ w��
xm�}n�kyw	u(�Tw�qJsà�}xviØ�_j�oroàu+w�npo�j � Ç�o�ª�i Õ o· �f« � d ÙÚ ¸^Û ÔÕ� É�� Ë � É��¦Ü � ��� �d ÝÓÞ¹ ×��f« j]ß�� ª/� ß�� ¶ ß � � ��e �
b�o�jporo8n�ª}i�n�w	u}l>oR×��f« � �Ew�q�n�ª+o8npq^i�u}j��TorqÍ�E��u}l>n�kyw	uÈÔ�� É��Á� kvj�Ê9u+wáÇ�u�n�ª+o5jp{9jpnpo�s�q�o>�
jp� w	u}j�o�npw�i�uZ{�kmu}���+n4ª��f« � lri�u�� o�lri�xvlr�}xmi�npo�|Ó®���w�npo5i�xmjpw��Eq�w	s Ê � É,� d ÔÕ� É�� Ë � É��
w�q(��kyz	�+q�o�� Ù � n�ª}i�n(ky�±Ç8oõl>w	�}xm|úl^ª+w�w	jpo i�uúkvu+���+nRÇ�ª}w	jpoõ��i���xmi�l>o÷npq^i�u}jp�Ew�q^sË � É,� d � n�ª+o�u�n�ª}oMw	�+np���+n Ê � É,� w���n�ª+o~jp{9jpnpo�s �Ew�qtn�ª}kvjRkmu+���+n Ë � É�� Ç8w	�}xm|
i�l>n��}i�xvxy{Mq�or�}q�o�j�o�u�n<ÔÕ� É�� i�u}|Fn�ª��}j�n�ª+oàn�kmsRo@|+w	sti�kmuFq�o�jp� w	u}jpo · �f« � Ç8w	�}xm|÷i�lC�
n��}i�xvxy{�q^or�}q�o�jpo�uZn9×��f« � ®ÅÁu~w�n�ª}orq�Ç8w�q^|}jr¬+Ç8oàl>w	�}xv|(w���jporq Õ oàn�ª+o�jp{9jpnpo�s |}o^Ç�u}kmu+z
�_�}u}l>n�kyw	u´×U�f« � �Z{Mi��}��xm{�kmu}z\itj��)o�lrkvi�x npo�jpn�j�kyz	u�i�x Ç�ª}kmlJª(Ç�w	�}xv|(q�o Õ o�i�x�kynr®

U(S) X(S)
1

a.s  +b.s+c2

H(S)=Transfer Function

�Íkmz	�+q�o Ù � ô � o�uMxyw�w��Mnpq^i�u}j��Torq��_�}u}l>n�kmw	u

à  ´¡"��¨¡R£�å_áÓ¥4¡�ç@ëw �êM¥W(  �êM¥ çÈâ\�tè�( åç@ë è�ê�ç¤¡�Fë:&�ë�é)å)( ë

��ª}oõ��i��3xmi�l>oõnpqJi�u}jp�Ew�q^s sRorn�ª+w9|ÆÇ8w�q�Ê9j��Ew�q(u9��|}kmsRo�u�j�kyw	u}i�x�j�{�jpnpo�s�jbi�jbÇ8o�xmxÑ®
��w�npo�n�ª�i�n�|}kãA orq�o�uZn�kmi�n�kyw	u«i�u}|àkmuZnporz�q^i�n�kyw	u�i�q^o|+w	u+ol>w	st�)w	u}o�u�nÁ�!Ç�kvjpoi�u}|àª+o�u}l>o



×

n�ª+o���i�j�kml8�}q^w�l>o�j�jkmj�n�ª+o�j�i�sRo�i�j�kmxmxm��jpnpq^i�npo�|\kmu@n�ª+o�i�� w Õ o�o>�+i�sR��xmo�jr®���ª+o�sti�kmu
|}kãA orq�o�u}l>o�kvj�kmu�n�ª+o��Tw�q^s\�}xmi�n�kmw	utw��dn�ª+o�npq^i�u}j��Torq5sti�npq^kÒ�tÇ�ª}kml^ªbkmu Õ w	x Õ o�jKÇ�u}|}kvu+z
n�ª+o«kmu Õ orq^jpo/w���itsti�npq^ky�)®���w�npo�n�ª}i�n�kvuMnporq^stj�w���l>w	sR� w	u+o�uZn�j

ä�å � É�� dçæè Ê ¸ � É���E�E�Ê�é � É���êë d¼Ù Û 8 �f« �¦Ü d�æè Ù Û · ¸ �f« �¦Ü�E�E�Ù Û · é �f« �¦Ü�êë �
��o�lri�xmx�n�ª}i�n�n�ª}o«z�o�u+orq^i�xÍuF|}kvsRo�u}j�kyw	u�i�x)xvkmu+o�i�q�jp{9jpnpo�s Ç�kyn�ª~l>w	u�jpn�i�u�n±l>w�or�v�Ç�lrkyo�uZn�j�n�i�Ê�o�j�n�ª}o/�Tw�q^s 8 ½ �f« � d � 8 �f« � � ¢ �f« ��º 8 � Ë � d 8 ¹ �

�dorn ä å � É�� � o�n�ª+o���i���xmi�l>o�npq^i�u}jp�Ew�q^s w�� 8 �f« � i�u�| � å � É�� � o�n�ª+o���i���xmi�l>o�npq^i�u}jÁ�
�Tw�q^sþw�� ¢ �f« � ®���ª+o�u É�ä�å � É��/j 8 ¹ d ��ä�å � É�� � �´å � É��
w�q � É�ìRjc�Ø�íä�å � É�� d 8 ¹ � �´å � É�� �

��ª��}j ä å � É,� d � É�ìRjc�Ø� Ú ¸ 8 ¹ � � É�ìRjî��� Ú ¸ � å � É,� � � ��Ù �bùª�i�n�kmj'� É�ìRjî��� Ú ¸�ï ��o�lri�xmxÓ�Eq�w	s-o�i�q^xmkmorq�xyo�l>n��+q�o�j�n�ª�i�nä �f« � d¼ð�ñ Þ j�i�n�kmj¨Ç}o�j�n�ª+o«sti�npqJkÒ�bq^o�xmi�n�kyw	u¶¶ « ð ñ Þ d � ð ñ Þ
i�u}|Mª+o�u}l>o�j^i�n�kmjÁÇ}o�j�n�ª}o«sti�npq^kÒ�M|}kãA orq�o�uZn�kmi�x o��Z��i�n�kyw	uä ½ �f« � d �¢ä �f« �òä � Ë � d ì � � � F\�
Ç�ª+orq�o ä ½ º¦�Óº¨äóº i�u}| ä � Ë � i�q�o�s�i�npq^kml>o�jr®8�dornpn�kmu+z ä åÁå � É�� d�Ù Û ð>ñ Þ Ü ¬�n�i�Ê�o�n�ª+o��i���xmi�l>o±npq^i�u�jp�Tw�qJs w���n�ª+o«j�{�jpnpo�sÆ� � F\� l>w	sR� w	u+o�u�n���{(l>w	sR� w	u+o�u�nr®���ª}kmj8z	k Õ o�j
i��Tnporq�j�kmsR��kôÇ�lri�n�kyw	u�Ç�kyn�ªMsti�npq^ky�bq^��xyo�j� É�ä åÁå � É���j]ì�� d ��ä åÁå � É���º
w�q � É�ìRjî��� Ú ¸ d ä åÁå � É�� d�Ù Û ð ñ Þ Ü �bùª+o�uàÇ8o8n�i�Ê�o5n�ª+o�kmu Õ orq^jpo8��i���xvi�l>o8npqJi�u}jp�Ew�q^s w���� ��Ù � Ç�o8z�orn�n�ª+o8j^i�sRo�jpw	xm�+n�kyw	u
i�j�Ç�kyn�ª Õ i�q^kmi�n�kyw	u~w��Íl>w	u}j�n�i�u�n�j�|+o�j�l>q^km�)o�|(xmi�nporq��}j�kmu}zØ� É�ìRjî��� Ú ¸ d�Ù Û ð ñ Þ Ü ®
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7#8 û�� � ¤E  ÿ ó ��w	x Õ o/n�ª+o�kmu}kmn�kmi�x Õ i�xm�+o/��q�w���xyo�s8 ½ �f« � d÷ö � F

� �4ø 8 �f« � �ùö ��4ø ð Þ º 8 � Ë � d÷ö e �4ø �
�Íi�Ê�kvu+zt��i���xvi�l>o«npq^i�u}jp�Ew�q^s w���� w�n�ª~j�km|}o�j5w���n�ª+oà|}kãA orq�o�u�n�kvi�x o��Z�}i�n�kmw	uMz	k Õ o�jÉ�ä � É���j ö e � ø d ö � F

� � ø ä � É,� � �ÉMj � ö �� ø �
�8w	u�j�km|+orq^kvu+z�n�ª+o�jp{9jpnpo�s.l>w	sR� w	u+o�uZnÁ�!Ç�kmjpo8z	k Õ o�j�n�ª+o5�Ew	xmxywáÇ�kmu+z���i�kmqÍw���o��Z�}i�n�kmw	u}j
npw�j�w	x Õ o�j�kms\�}xyn�i�u}orw	�}j�xy{)�� ÉMj � � Ê ¸ � É��/j�F Ê ; � É�� d e � �ÉMj � ºÊ ¸ � É,� � � É#j � � Ê ; � É�� d � � �ÉMj � �
��ª}o«jpw	xm�+n�kyw	u(w��Ín�ª+o�jpo�o��Z�}i�n�kmw	u}j�kmjÊ ¸�� É,� d eÉMj Ù � �É ; j � º Ê ; � É,� d �É9j Ù � É� ÉMj � � � É � � � � É#j Ù � �
��wáÇ«¬

eÉ9j Ù d�Ù Û e ð�ú Þ Üaº i�u�| �É ; j � d¼Ù Û ð Þ j ð Ú Þe Ü �û o�u}l>o�¬ · ¸��f« � d e ð ú Þ � ð Þ j ð Ú Þe �
��w�kmu Õ orq�n Ê ; �f« � Ç�oà�}jpo/��i�q�n�kvi�x �Tq^i�l>n�kmw	u}j�i�u}|Mz�ornÉ� É#j � � � É � � � � É#j Ù � d j ��ü FÉ9j � � j ��ü��É � � � Ùaü��ÉMj Ù

i�u}|~n�ªZ�}j · ; �f« � d j �� ð�Ú Þ j �F ð Þ � ���� ð ú Þ �ý $'&�ë}é å)( ëP¡�ç¤¡�Á&àë)è^ë
��u}i�xy{�n�kmlri�xÍnpwZw	xvj��Ew�q/i�u}i�xy{�D�kmu+zbn�ª+o@jpnpo�i�|+{õj�n�i�npoR�)o�ª�i Õ kyw�q�w��8l>w	u�npq^w	x�jp{�j�npo�stj
kmu�lrxm�}|+o�j8n�ª+o�uÓ�

gP�Íkvu}|}kmu+zàn�ª+o/jpnpo�i�|+{(jpn�i�npo�j�w���n�ª+o/jp{�j�npo�s Ç�ª+orq�o±n�ª+o/jp{9jpnpo�s-kmjKÇ+�9o�|(i�u}|
|+wZo�j�u}w�n�lJª}i�u+z�o�w Õ orqn�kmsRo�®���ª}kvj�kmj�|+w	u}o8��{àj�ornpn�kmu+z/i�xmx9|+orq^k Õ i�n�k Õ o�jÍo����}i�x
npw?Drorq�w�i�u�|Mjpw	x Õ kmu+zR�Ew�q�n�ª+o«jpn�i�npo�j�Ç�ª}kmlJª(�}q�w9|}�}l>o±n�ª}kmj�l>w	u�|}kyn�kyw	uÓ®

gP�Íkvu}|}kmu+z�n�ª+o�npq^i�u}j��Torq��_�}u}l>n�kyw	u\��{ài��}�3xy{�kvu+z�npo�jpn�kvu+���+n�j�w�ql>w	uZnpq�w	xmj�Ç�ª}kvl^ª
i��}�}q�wá�9kms�i�npo«n�ª+o«kmsR�3�}xmjpo=þ\|}kyq^i�l±�_�}u}l>n�kyw	u



���

g<��n��}|}{�kmu}z¯n�ª+o jp{�j�npo�s q^o�jp� w	u}jpoFnpw Õ i�q^kyw	�}jbl>w	u�npq^w	xmj(j��}l^ªùi�j(n�ª+o �rïá  �
¦# Z� � ð3§���  w�q ¡�¦# \ÿd¢� 9§�¨�ýþ¦# �� � ð3§���  ®'ÅÁuúz�o�u+orq^i�x�n�ª+orq�o÷Ç�kmxmx��)o÷jpw	sRo
i�xynporq^i�n�kmw	ubkvutn�ª+o±jpnpo�i�|+{�j�n�i�npo�w���n�ª+o�j�{�jpnpo�s Ç�ª}o�u�l>w	uZnpq�w	xmj5i�q�o±i��}��xmkyo�|d®
��ª}kvj8kvj�q�or�Eorq�q�o�|Mnpw�i�j�jpnpo�i�|+{Mjpn�i�npo�orq^q�w�q�®

� $�ê9���àé è�ê�ç@ë.êM  é��@å �^èJç@å�¡R¥ ë:&�ë}é å)(
��ª+o«jporn�w���o����}i�n�kyw	u}jr� 8 ½ � ï,� d � 8 �f« � ��� ¢ �f« � � � �a�

ý �f« � d � 8 �f« � � ìÖ¢ �f« � � ��Ø �
Ç�ª+orq�o 8 �f« ¹ � d 8 ¹ ¬�|}o^Ç�u+o�j«n�ª}o�jpw	xm�+n�kmw	u¯kmsR��xvkmlrkyn�xy{�®@ÅÁu¯n�ª}kmj�lri�jpoó�_kmu¯z�o�u+orq^i�xÑ¬
n�ª+o�w	u�xy{�lri�jpo � Ç�oMlri�uÕÇ�u}| i�uÞo>�9��xmkmlrkmn«q�or�}q�o�j�o�u�n�i�n�kyw	uP�Ew�q@n�ª+obj�w	xm�+n�kyw	uÓ®õ��w
�)orz	kvuÓ¬+l>w	u}j�km|+orq�n�ª}o��}u}l>w	uZnpq�w	xmxyo�|Mj�{�jpnpo�s~�8 ½ � ï,� d � 8 �f« � � � ��` �
Ç�ª+orq�o 8 �f« ¹ � d 8 ¹ ¬�i�u�| ¢ �f« � d Ë ®�b�o(Ê9u+wáÇ �Eq�w	s o�i�q^xmkyorq@xyo�l>n��+q�o�j\n�ª}i�n\n�ª+o
jpw	xm�+n�kyw	uMkvj 8 �f« � d¼ð ñ�� Þ Ú Þ�� 	 8 ¹ �
�8w	u}j�km|}orq5u}o>��n�n�ª}o«lri�jpo�� 8 ½ � ï,� d � ¢ �f« ��º � �>� �
Ç�ª+orq�o 8 �f«í¹ � d 8 ¹#®�� j�kmst��xyo�kmuZnporz�q^i�n�kyw	u��E�Ew�q Õ o�l>npw�qJjr¬ o�u�npq�{F�Z{Mo�uZnpq�{ � {9kyo�xm|}j
n�ª+o«jpw	xm�+n�kmw	u 8 �f« � d 8 ¹ � Ý´ÞÞ�� � ¢ � ß�� ¶ ß ���w�Ç'l>w	u}j^km|+orq�n�ª+oàjp{�j�npo�s � � �a� i��)w Õ oài�u}|Fxyorn 8 �f« � � o/n�ª+o�jpw	xv�+n�kyw	u(w���n�ª}kmj
jp{�j�npo�sM®�}�+q^n�ª+orq�xyorn


��f« � d¼ð�Ú ñ�� Þ Ú Þ � 	 8 �f« � � 
��f« ¹ � d 8 �f« ¹ � � � ��× ���kEA)orq�o�uZn�kmi�n�kmu}z�
��f« � Ç�kyn�ª(q�o�jp� o�l>n�npw�«<�_�}j^kmu+z@n�ª+o/�}q�w9|}�}l>n�qJ�}xyo � z	k Õ o�jr�

 ½ � ï�� d jM� ð Ú ñ�� Þ Ú Þ�� 	 8 �f« � ��ð Ú ñ�� Þ Ú Þ�� 	 8 ½ � ï,�d jM� ð�Ú ñ�� Þ Ú Þ�� 	 8 �f« � � ð�Ú ñ�� Þ Ú Þ�� 	 � � 8 �f« � ��� ¢ �f« �Á�d ð�Ú ñ�� Þ Ú Þ�� 	 � ¢ �f« � �û o�u}l>o


��f« � d 
� � Ý ÞÞ�� ð�Ú ñ���� Ú Þ �
	 � ¢ � ß�� ¶ ß �
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��wRn�ª�i�n�q�o�xmi�n�kmu}z · i�u}|����Z{(����}i�n�kyw	uc� ��× � i�� w Õ o�Ç8o�ª}i Õ o��8 �f« � d ð ñ�� Þ Ú Þ � 	 
��f« �d ð ñ�� Þ Ú Þ � 	 
��f« ¹ � ��ð ñ�� Þ Ú Þ � 	 Ý ÞÞ�� ð�Ú ñ���� Ú Þ �

	 � ¢ � ß�� ¶ ß
d ð ñ�� Þ Ú Þ�� 	 8 �f« ¹ � � Ý ÞÞ�� ð ñ�� Þ Ú �

	 � ¢ � ß�� ¶ ß
i�u}|~n�ª+o/w���jporq Õ i�n�kyw	uFw	�+np���+n Õ i�q^kmi���xmo ý �f« � kvj�z	k Õ o�uM��{

ý �f« � d � ð ñ�� Þ Ú Þ�� 	 8 �f« ¹ � � Ý ÞÞ � � ð ñ�� Þ Ú �
	 � ¢ � ß�� ¶ ß � ì~¢ �f« � �

� $'&�ë}é å)( ( ê'�Rå�ë
��ª}o/o�kyz�o�u Õ i�xm�+o�j�Ç�ª}kmlJªMi�q�o«�Ew	�}u}| Õ kmi\n�ª+o�l^ª�i�q^i�l>nporq^kmjpn�kvl/o��Z��i�n�kyw	u~|+ornporq^s�kmu+o�j
iRjpw	xv�+n�kyw	u(lri�xmxyo�|Mi ¡£¢�§�ü�û:�Þ 9§)ïáû�¤�� ðÓüÍ  �9�+���)w	j�o�n�ª}i�n � ª}i�j�n�ª}o���|}kvjpn�kmu}l>n
o�kyz�o�u Õ i�xm�+o�j�� ¸ º �E�E� º � é i�u}|õl>w�q�q�o�jp� w	u}|}kvu+zto�kyz�o�u Õ o�l>npw�q^j  ��aº �E�E� º� �� ®���ª+o�u~n�ª}o�jpo
Õ o�l>npw�q^j«�Tw�q^s i���i�j�kmj��Ew�q�� é i�u�|÷i�q^o@xvkmu+o�i�q^xy{Mkmu�|+or� o�u}|+o�uZnr®���ª��}j�i�u�{÷kmu}kyn�kmi�x
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