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8)u ß�=/� ø\ÿu÷{ü ö}ô«ÿ	�*� ü ö�ö�ý_ýeö}ü ÿ~ô¬ò�û�ÿu÷úö}ð�ô«õ«ûxò�ù¢ð\ÿ	�_õ«öBü¢ù ÿ 3Iù õ�ø�ù¢ðFõ�ø\ÿ4ô«ýeÿ~÷{ù&CGÿ	�y��ù¢ô�÷ á ù ä ÿ ä

5 8)V��h�v�>V =76 �­8*) o,+ = o 8 Ü_=
�cö�ûIò�ü¢ü	ò
��ñ�ù¢ô�ô�ù þGü ÿ � ð�÷úÿ{û�õ�ò�ù¢ð�õ�ù ÿ~ô ä
8)u �_=/� ø\ÿ �"! ð\ö�ûxñKö
��õ�ø\ÿ(��ù¢ô«õ � û�þGò�ð�÷úÿ�õ«ûxò�ð�ôu�cÿ{ûIñ�ò�õ«ûxù&�y�{8'& = �cû�ö}ñ � 8KJ = õ«ö � 8KJ = ñQÿ{ÿ{õ�ô¬õ�ø\ÿ4÷úö}ð�ô«õ«ûxò�ù¢ð�õ

XA�{8'& = X�! �98 o 8 ß��
=
3Iø\ÿ{û�ÿ�XA�{8'& = X�! Û Y ô � ý%:<;>= 5 :�?A@ � �{8+Q�B =V� ò�ð�� 5 :�?A@ � T � �\ÿ~ð\ö�õ«ÿ~ô¬õ�ø\ÿqü¢ò�û � ÿ~ô«õIô�ù¢ð � � ü¢ò�û���ò�ü � ÿuö
� � T � ^eò�ð�� 8 ù¢ô¬ò � ù+��ÿ~ðýeö}ô�ù õ�ù+��ÿu÷úö}ð�ô«õ�ò�ð�õ ä
8)u Ý_=/� ø\ÿuô«õ«ÿ~ò
�\ó
� ô«õ�ò�õ«ÿq÷úö���ò�ûxù¢ò�ð�÷úÿ D ñQÿ{ÿ{õ�ô

� D � �C� � 5 �� o L7Y ß o � o T�T�T o.; @ o 8 ß�ß�=
3Iø\ÿ{û�ÿ � D � �C� �\ÿ~ð\ö�õ«ÿ~ô³õ�ø\ÿ���ò�ûxù¢ò�ð�÷úÿ�ö
��õ�ø\ÿ>� õ�ø_ô«õ�ò�õ«ÿ á ò�ð�� 5 �� 8KL7Y ß o � o T�T�T o.; @ = ô«õ�ò�ð���ô#�cö�û¬õ�ø\ÿ�ý�û�ÿ~ô«ýeÿ~÷{ù&CGÿ	�Fô«õ«ÿ~ò
�\ó
�ô«õ�ò�õ«ÿ(��ò�ûxù¢ò�ð�÷úÿu÷úö}ð�ô«õ«ûxò�ù¢ð�õ¬ö}ð � õ�ø�ô«õ�ò�õ«ÿqò�ð���÷{ò�ð_þeÿ �\ÿ{õ«ÿ{ûxñ�ù¢ð\ÿ	�-þ�óFõ�ø\ÿuý�ûxò�÷úõ�ù¢÷{ò�ü´ýeÿ{û��cö�ûxñ�ò�ð�÷úÿ�ù¢ð���ù¢÷úÿ~ô ä
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� ø\ÿ(�cö}ü¢ü ö�3Iù¢ð � û�ÿ~ô � ü õ¬ý�û�ö���ù6�\ÿ~ôIòFñ�ò�ù¢ð�'�ÿ{ó��cö�û�ô«ö}ü+��ù¢ð � õ�ø\ÿ4ý�û�ö�þGü ÿ~ñ 1L��3�� � � ä ï�õ�ù¢ôIô�ø\ö�3IðXõ�ø�ò�õ�õ�ø\ÿ4ÿ~ð �cö�ûx÷úÿ��ñQÿ~ð�õIö
��õ�ø\ÿ4û�ÿ ��� ù û�ÿ~ñQÿ~ð�õ�ô(8�� ß�= ò�ð��m8�� �_= ù¢ð_õ�ø\ÿ4ý�û�ö�þGü ÿ~ñ 1L��3�� � �°ù¢ô¬û�ÿ~ü¢ò�õ«ÿ	��õ«öFò�ñQö*��ù&CGÿ	� 1Iù¢÷{÷{ò�õ�ù	ÿ ��� ò�õ�ù ö}ð ä
l ö�û�ÿ{ö���ÿ{û á õ�ø\ÿ_ô«ö}ü � õ�ù ö}ð ö
�Iõ�ø�ù¢ôQñQö*��ù&CGÿ	� 1Iù¢÷{÷{ò�õ�ù³ÿ ��� ò�õ�ù ö}ð � ù+��ÿ~ô�ò�ð � ý�ýeÿ{ûMþeö � ð��jö}ð[õ�ø\ÿ�ò�÷úõ � ò�ü¬ô«õ«ÿ~ò
�\ó
� ô«õ�ò�õ«ÿ÷úö���ò�ûxù¢ò�ð�÷úÿqñ�ò�õ«ûxù&��D ä��� �0+��0�	��

� 
�ù+��ÿ~ð#òF÷úö}ð�ô«õ�ò�ð�õ 8 J � ò�ð��#òb��ù¢ôu'��­8*) o,+ =xä�� ô�ô � ñQÿ4õ�ø�ò�õ�õ�ø\ÿ$�cö}ü¢ü ö�3Iù¢ð � ñ�ò�õ«ûxù&��ÿ ��� ò�õ�ù ö}ð#ø�ò�ô�òýeö}ô�ù õ�ù+��ÿ �\ÿ�CNð�ù õ«ÿ�ô«ö}ü � õ�ù ö}ð90 J �

8)V��R�v�>V = 0/8)V��h�v�>V = f � 8*) � N4+ � = 0
� ) � 8)V��R�v�>V = 0I�50/8)V��h�v�>V = f � 8 ( � 0 � f �(0����E� f ��u � Y � o 8 ß	�_=

3Iø\ÿ{û�ÿ	u F � ù¢ô�ò�ð ò�û�þGù õ«ûxò�û�óZñ�ò�õ«ûxù&� ä5� ø\ÿ~ð á 3©ÿXø�ò	��ÿ�õ�ø\ÿX÷úö}ð�÷{ü � ô�ù ö}ð�ôqõ�ø�ò�õ ÛZß�= 5 8)V��M� �>V = 6 �­8*) o,+ = ^ �_=
XA�{8'& = X�! �98 ^Gò�ð�� Ý_= õ�ø\ÿuô«õ«ÿ~ò
�\ó
� ô«õ�ò�õ«ÿM÷úö���ò�ûxù¢ò�ð�÷úÿ D ÿ��\ù¢ô«õ�ô¬ò�ð���ô�ò�õ�ù¢ôRCGÿ~ôZD � 0 ä�M�.+
+���� ��ÿ�CNð\ÿ

. Û Y ß
+ 8)V������m���v�>Vv� ) P*= Y ß

+ 8)V��R�v�>Vv� ) P*= �
ï�õMù¢ô4ÿ~ò�ô«ójõ«ö#ô«ÿ{ÿ-õ�ø�ò�õqõ�ø\ÿ-ô«ýeÿ~÷{ù&CGÿ	���\� ô«õ�ò�þGù¢ü¢ù õ óS÷úö}ð�ô«õ«ûxò�ù¢ð�õ 5 8)V���� �>V = 6 �­8*) o,+ = ù¢ô4ÿ ��� ù+��ò�ü ÿ~ð�õqõ«öOõ�ø\ÿ a ÷xø � ûô«õ�ò�þGù¢ü¢ù õ ó#ö
�¬õ�ø\ÿ-ñ�ò�õ«ûxù&� . á ù ä ÿ ä á õ�ø\ÿFÿ~ù � ÿ~ð
��ò�ü � ÿ~ô4ö
�\.µò�û�ÿ-ò�ü¢ü©ü ö�÷{ò�õ«ÿ	�Zù¢ð�ô�ù6�\ÿQõ�ø\ÿ � ð�ù õ4÷{ù ûx÷{ü ÿE�­8 � o ß�=xä]- û�ö}ñ õ�ø\ÿ
��ù¢ô�÷úû�ÿ{õ«ÿ���õ�ù¢ñQÿ Q ó}ò�ý � ð\ö��Qô«õ�ò�þGù¢ü¢ù õ óqõ�ø\ÿ{ö�û�ó á 3©ÿ�'�ð\ö�3 õ�ø�ò�õ`.Zù¢ô�ò a ÷xø � û²ñ�ò�õ«ûxù&��ù+�eò�ð��Qö}ð�ü óMù+�Nõ�ø\ÿ{û�ÿIÿ��\ù¢ô«õ�ô�òuýeö}ô�ù õ�ù+��ÿ
�\ÿ�CNð�ù õ«ÿuñ�ò�õ«ûxù&�}0 ñQÿ{ÿ{õ�ù¢ð � 0 N4.#0�. f J ��ä�� ö�õ«ÿ4õ�ø�ò�õ�ô�ù¢ð�÷úÿ�õ�ø\ÿqñ�ò�õ«ûxù&��� ù¢ô³ö
��� � ü¢üeû�ö�3;ûxò�ð ' á õ�ø\ÿ~ð1�E� f J ��áò�ð���ø\ÿ~ð�÷úÿ�3©ÿ4÷{ò�ð�û�ÿ~ò�û�ûxò�ð � ÿb8 ß	�_= ò�ô��cö}ü¢ü ö�3Iô

0 N4.#0�. f Y )
+ � 8 8 ( � 0 � f �(0I���E� f ��u = J � o

3Iø�ù¢÷xø_ù¢ñQýGü¢ù ÿ~ô²õ�ø�ò�õ¬õ�ø\ÿ��\� ô«õ�ò�þGù¢ü¢ù õ óFû�ÿ ��� ù û�ÿ~ñQÿ~ð�õ 8�� ß�= ù¢ô¬ñQÿ{õ ä�� ÿ���õ á 8 ß	�_= ÷{ò�ð�ò�ü¢ô«öQþeÿ�û�ÿ@3¬ûxù õ«õ«ÿ~ð_ò�ô³õ�ø\ÿ��cö}ü¢ü ö�3Iù¢ð �
8)V��h���>V = 05�50/8)V��R�v�>V = f � 8 ( � 0 � f �(0I���E� f ����Y � o 8 ß~Ý_=

3Iø\ÿ{û�ÿ
� Û Y�) ( � � 8)V��h�v�>V = 0/8)V��R�v�>V = f � 8*) � N4+ � = 0 � ��u � 8 ß�;�=

a ù¢ð�÷úÿ�� J ��á õ�ø\ÿMý�û�ö�ö
��ö
��XA�{8'& = X�! � 8 ÷{ò�ðOþeÿM÷úö}ñQýGü ÿ{õ«ÿ	�Oþ�óXòFô«õ�ò�ð���ò�ûA�Oñ�ò�ð�ù ý � ü¢ò�õ�ù ö}ð�ö
�?8 ß~Ý_= ^��cö�û��\ÿ{õ�ò�ù¢ü¢ôô«ÿ{ÿ Q ÿ~ñ�ñ�ò ß ö
� ��ß~Ü���ä� ÿ���õ á ù õ#�cö}ü¢ü ö�3Iô��cû�ö}ñ 8 Y
= ò�ð��48 ß~Ý_= õ�ø�ò�õ
8)V��h�v�>V = 8V0 NmD = � 8V0 NmD = 8)V��h�v�>V = f � 8 ( � 0 � f �(0I����Y �

3Iø�ù¢÷xø_ù¢ô á þeÿ~÷{ò � ô«ÿ�ö
��õ�ø\ÿ��\� ô«õ�ò�þGù¢ü¢ù õ óFö
��õ�ø\ÿuô«ó�ô«õ«ÿ~ñ 8 ã_=xá ÿ ��� ù+��ò�ü ÿ~ð�õªõ«ö
0 NmD Y�� !t ÿ���ý � 8)V��h�v�>V = J � 8 8 ( � 0 � f �(0I��� = ÿ���ý � 8)V��h�v�>V = f J ��� JMF �%�

� ø�ò�õ¬ù¢ô á D � 0 ä�� ø\ÿ�ý�û�ö�ö
��ö
��õ�ø�ù¢ô³õ�ø\ÿ{ö�û�ÿ~ñ'ù¢ô³õ�ø\ÿ~ð�÷úö}ñQýGü ÿ{õ«ÿ ä�g�	������� 

� � ø\ÿ{ö�û�ÿ~ñ ß ô�ø\ö�3Iô-õ�ø�ò�õ�õ�ø\ÿ �"! ��ù¢ô«õ � û�þGò�ð�÷úÿ#ò�õ«õ«ÿ~ð � ò�õ�ù ö}ð;ò�ð��Jõ�ø\ÿm�\� ô«õ�ò�þGù¢ü¢ù õ óJ÷úö}ð�ô«õ«ûxò�ù¢ð�õ�ô�ò�û�ÿò � õ«ö}ñ�ò�õ�ù¢÷{ò�ü¢ü ójÿ~ð �cö�ûx÷úÿ	�v3Iø\ÿ~ð ò#ýeö}ô�ù õ�ù+��ÿy�\ÿ�CNð�ù õ«ÿ-ô«ö}ü � õ�ù ö}ð50)õ«ö 8 ß	�_= ù¢ô$'�ð\ö�3Ið õ«ö%ÿ��\ù¢ô«õ ä{- � û�õ�ø\ÿ{ûxñQö�û�ÿ á ù+�Iõ�ø\ÿýeö}ô�ù õ�ù+��ÿ �\ÿ�CNð�ù õ«ÿ�ô«ö}ü � õ�ù ö}ð90 ô�ò�õ�ù¢ôRCGÿ~ô
� 0 � �C� � 5 �� o L7Y ß o � o T�T�T o.; @ o 8 ß~à_=
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õ�ø\ÿ~ðG3©ÿ�3Iù¢ü¢üNø�ò	��ÿ � D � �C� . � 0 � �C� � 5 �� o�L7Y ß o � o T�T�T o.; á ò�ð��-õ�ø\ÿ{û�ÿ@�cö�û�ÿ�ö � û¬õ�ò�ôu'-ù¢ô³ò�÷{÷úö}ñQýGü¢ù¢ô�ø\ÿ	� ä ï£ðy3Iø�ò�õ��cö}ü¢ü ö�3Iô áö � û � ö}ò�ü�ù¢ôIõ«ö-ô«õ � �\ó_õ�ø\ÿqÿ��\ù¢ô«õ«ÿ~ð�÷úÿM÷úö}ð���ù õ�ù ö}ð�ôIò�ô?3©ÿ~ü¢ünò�ô�ò�ð�ò�ü ó�õ�ù¢÷{ò�ünÿ���ý�û�ÿ~ô�ô�ù ö}ð�ö
�²ò"�cÿ{ÿ	�\þGò�÷�' � ò�ù¢ð/� ô � ÷xøXõ�ø�ò�õ
8 ß	�_= ø\ö}ü6��ô ä
�R�	� ��� 

� � ���g��Q ÿ{õ�òQýeö}ô�ù õ�ù+��ÿuô�÷{ò�ü¢ò�û�� J � ò�ð��XòQýeö}ô�ù õ�ù+��ÿ �\ÿ�CNð�ù õ«ÿuñ�ò�õ«ûxù&�}0~J � þeÿuô � ÷xø�õ�ø�ò�õ�� �]0 � f . P�ä

� ø\ÿ~ð
8)V����d���>V = 0/8)V����d�v�>V = f � V����@0�V f ��� ��V����@0 � f 8�� ( � P N��]0 � f = ( � �]0�V f ���

��� ( � ��� f o 8 ß~ã_=
3Iø\ÿ{û�ÿ�V���� Û Y V��R� ) P Y V������m��� ) P�ä��� �0+��0�	����� Q ÿ{õ�õ�ø\ÿ �\ÿ~ô�ù û�ÿ	�9��ù¢ôu'��­8*) o,+ =xá õ�ø\ÿq÷úö}ð�ô«õ�ò�ð�õ 8 J � ò�ð��Xõ�ø\ÿqö � õ«ý � õ\�cÿ{ÿ	�\þGò�÷�' � ò�ù¢ð/� þeÿ � ù+��ÿ~ð ä ïM�õ�ø\ÿ{û�ÿuÿ��\ù¢ô«õ¬òQýeö}ô�ù õ�ù+��ÿ�ô�÷{ò�ü¢ò�û	� J � ò�ð��_òQýeö}ô�ù õ�ù+��ÿ �\ÿ�CNð�ù õ«ÿ�ñ�ò�õ«ûxù&�90 J � ô�ò�õ�ù¢ôu�có�ù¢ð �

� �]0 � f . P 8 ß�Y
=
V�����
+0I�50 � f 8�� ( � P N��]0 � f = ( � �]0��#V f ��� �
� ( � ��� f

Y + � 0 N�) 8 8 ( � 0 � f �(0����E� f = o 8 ß	Z_=
õ�ø\ÿ~ð õ�ø\ÿOÿ~ù � ÿ~ð
��ò�ü � ÿ~ôBö
�uõ�ø\ÿ � ð�÷úÿ{û�õ�ò�ù¢ð ÷{ü ö}ô«ÿ	�*� ü ö�ö�ýJô«ó�ô«õ«ÿ~ñ ñ�ò�õ«ûxù&�IV��Z� �>V ò�û�ÿ#ü ö�÷{ò�õ«ÿ	� 3Iù õ�ø�ù¢ð[õ�ø\ÿ}�\ÿ~ô�ù û�ÿ	�
��ù¢ôu' �­8*) o,+ =xá õ�ø\ÿ"�"! ð\ö�ûxñ ö
�ªõ�ø\ÿ"��ù¢ô«õ � û�þGò�ð�÷úÿMõ«ûxò�ð�ôu�cÿ{ûqñ�ò�õ«ûxù&�]�{8'& = �cû�ö}ñ � 8KJ = õ«ö � 8KJ = ñQÿ{ÿ{õ�ô4õ�ø\ÿB÷úö}ð�ô«õ«ûxò�ù¢ð�õ
XA�{8'& = X�! �98 á ò�ð��_õ�ø\ÿuô«õ«ÿ~ò
�\ó
� ô«õ�ò�õ«ÿM÷úö���ò�ûxù¢ò�ð�÷úÿ D ô�ò�õ�ù¢ôRCGÿ~ôZD � 0 ä�M�.+
+���� - û�ö}ñ Q ÿ~ñ�ñ�ò ß�á 3©ÿ4ø�ò	��ÿ

� Û Y V�����
+0I�50 � f 8�� ( � P N��]0 � f = ( � �]0��#V f ���
�
� ( � ��� f N 8)V����7�v�>V = 0/8)V����d�v�>V = f J �%� 8 ß~Ü_=

� ø\ÿ~ð á þ�ó � ô�ù¢ð � 8 ß~Ü_=xá 8 ß	Z_= ù¢ôªÿ ��� ù+��ò�ü ÿ~ð�õ³õ«ö
8)V����7�v�>V = 0/8)V����d�v�>V = f Y + � 0 N�) 8 8 ( � 0 � f �(0I���E� f � ) ( � � = � 8 ���
=

��ÿ�CNð\ÿ u Û Y�) ( � � F � ò�ð���ð\ö�õ«ÿuõ�ø�ò�õLV����ZY V��R� ) P�á 8 ���
= ÷{ò�ð�þeÿ�û�ÿ@3¬ûxù õ«õ«ÿ~ð_ò�ô
) 8)V��h�v�>V = 0I� )_0/8)V��R�v�>V = f � 8)V��h�v�>V = 0/8)V��R�v�>V = f

�,8*) � N4+ � = 0I� ) � 8 ( � 0 � f �(0I���E� f ��u � Y � o 8 ��ß�=
3Iø�ù¢÷xø_ù¢ô³õ�ø\ÿuô�ò�ñQÿ4ò�ô$8 ß	�_=xá õ�ø\ÿ~ð_õ�ø\ÿ�ý�û�ö�ö
��ö
��õ�ø�ù¢ôªõ�ø\ÿ{ö�û�ÿ~ñ �cö}ü¢ü ö�3Iô#�cû�ö}ñ � ø\ÿ{ö�û�ÿ~ñ ß ��ù û�ÿ~÷úõ�ü ó äï�õ�÷{ò�ðQþeÿ³ô«ÿ{ÿ~ð �cû�ö}ñ � ø\ÿ{ö�û�ÿ~ñ � õ�ø�ò�õ á ù+�Gõ�ø\ÿ{û�ÿªÿ��\ù¢ô«õ�ô�ò�÷úö}ð�õ«û�ö}ü¢ü ÿ{û � ò�ù¢ð �)ô � ÷xøMõ�ø�ò�õ\8 ß�Y
= 8 ß	Z_= ø\ö}ü6�$�cö�û²ò�ô«ýeÿ~÷{ù&CGÿ	�ýeö}ô�ù õ�ù+��ÿ �\ÿ�CNð�ù õ«ÿMñ�ò�õ«ûxù&� 03ò�ð��#ò-ýeö}ô�ù õ�ù+��ÿMô�÷{ò�ü¢ò�û�� á õ�ø\ÿ~ð#õ�ø\ÿ � ö}ò�ü�ö
�²õ�ø�ù¢ô�ýGò�ýeÿ{û 3Iù¢ü¢ünþeÿMò�÷xø�ù ÿ@��ÿ	� ä �%ÿQû�ÿ@�cÿ{û�õ«ö
õ�ø�ù¢ô²ý�û�ö�þGü ÿ~ñ°ò�ô©õ�ø\ÿ�?	8V0io�� = ��ýGò�ù û³ò�ô�ô�ù � ð�ñQÿ~ð�õ0C4ý�û�ö�þGü ÿ~ñ á ò�ð��Bõ�ø\ÿ{û�ÿ@�cö�û�ÿIõ�ø\ÿ�ò
���\û�ÿ~ô�ô«ÿ	��1L��3�� � �1ý�û�ö�þGü ÿ~ñ�÷{ò�ðFþeÿ
÷úö}ð
��ÿ{û�õ«ÿ	��ù¢ð�õ«öQô � ÷xø-ò�ð-ò � �\ù¢ü¢ù¢ò�û�óm?	8V0io�� = ��ýGò�ù û¬ò�ô�ô�ù � ð�ñQÿ~ð�õ0Cqý�û�ö�þGü ÿ~ñ ä � ö�3 á 3©ÿ�÷{ò�ð_÷úö}ð�÷{ü � �\ÿ�ö � ûªõ�ò�ôu'Fò�ô³ô«ö}ü+��ù¢ð �õ�ø\ÿ �cö}ü¢ü ö�3Iù¢ð � õO3©öBò�ü õ«ÿ{ûxð�ò�õ�ù+��ÿuý�û�ö�þGü ÿ~ñ�ô Û
8)V ß�=/- ù¢ð��qõ�ø\ÿ³÷úö}ð���ù õ�ù ö}ð�ô � ð��\ÿ{ûD3Iø�ù¢÷xøqõ�ø\ÿ{û�ÿ³ÿ��\ù¢ô«õ�ô�ò?�cÿ{ÿ	�\þGò�÷�'M÷úö}ð�õ«û�ö}ü¢ü ÿ{û � 3Iø�ù¢÷xøMô�ò�õ�ù¢ôRCGÿ~ô�8 ß	Z_= �cö�û�õ�ø\ÿ¬ô«ýeÿ~÷{ù&CGÿ	�ýGò�ù û(8V0io�� = ñQÿ{ÿ{õ�ù¢ð � 8 ß�Y
=xá 3Iø\ÿ{û�ÿ$0 J � ù¢ôªýeö}ô�ù õ�ù+��ÿ �\ÿ�CNð�ù õ«ÿ�ò�ð�����J � ù¢ô¬òQýeö}ô�ù õ�ù+��ÿ�ô�÷{ò�ü¢ò�û ä ï£ð-õ�ø�ù¢ô¬÷{ò�ô«ÿ á õ�ø\ÿ�ýGò�ù û
8V0io�� = ù¢ô³÷{ò�ü¢ü ÿ	��ò�ð �^ , ���� ���&%#' �³ýGò�ù û ä
8)V �_=/- ù¢ð��-õ�ø\ÿuô«ÿ{õ¬ö
��ò�ü¢üeö � õ«ý � õ��cÿ{ÿ	�\þGò�÷�'_÷úö}ð�õ«û�ö}ü¢ü ÿ{ûxô³õ�ø�ò�õI÷{ò�ðXò�÷xø�ù ÿ@��ÿ4õ�ø\ÿuò�ô�ô�ù � ð�ò�þGü ÿ�ýGò�ù û$8V0io�� =xä� ö�õ«ÿQõ�ø�ò�õ � ø\ÿ{ö�û�ÿ~ñ �"� ù+��ÿ~ô�ô � %F÷{ù ÿ~ð�õ�÷úö}ð���ù õ�ù ö}ð�ôIö}ð#õ�ø\ÿ 1L��3�� � ��ý�û�ö�þGü ÿ~ñ á ò�ð��Oõ�ø\ÿQò � �\ù¢ü¢ù¢ò�û�óv?	8V0io�� = ��ýGò�ù ûò�ô�ô�ù � ð�ñQÿ~ð�õ0CMý�û�ö�þGü ÿ~ñ3ù¢ô#�\ÿ~ô�÷úûxù þeÿ	�FþGò�ô«ÿ	�-ö}ð � ø\ÿ{ö�û�ÿ~ñ ��ä�� ø\ÿ{û�ÿ@�cö�û�ÿ á õ�ø\ÿuð\ÿ~÷úÿ~ô�ô�ò�û�óFò�ð��_ô � %F÷{ù ÿ~ð�õ³÷úö}ð���ù õ�ù ö}ð�ô`�cö�ûõ�ø\ÿBÿ��\ù¢ô«õ«ÿ~ð�÷úÿBö
�¬ô«ö}ü � õ�ù ö}ð�ô�õ«öXõ�ø\ÿF÷úö}ð
��ÿ{û�õ«ÿ	� ?	8V0io�� = ��ýGò�ù ûMò�ô�ô�ù � ð�ñQÿ~ð�õ0C�ý�û�ö�þGü ÿ~ñ á 3Iø�ù¢÷xø]3Iù¢ü¢ü�þeÿ"�\ÿ	� � ÷úÿ	�Sù¢ðSõ�ø\ÿð\ÿ���õqô«ÿ~÷úõ�ù ö}ð á ò�û�ÿ�) � ô«õ�õ�ø\ÿFô � %F÷{ù ÿ~ð�õ4÷úö}ð���ù õ�ù ö}ð�ô��cö�û4õ�ø\ÿBô«ö}ü+��ò�þGù¢ü¢ù õ óOö
�ªõ�ø\ÿ +������ �(����' 1L��3�� � �Ký�û�ö�þGü ÿ~ñ äb� ø\ÿ~ô«ÿ
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ô � %F÷{ù ÿ~ð�õ�÷úö}ð���ù õ�ù ö}ð�ôIñ�ò~ó�þeÿq÷úö}ð�ô«ÿ{û���ò�õ�ù+��ÿ$3Iø�ù¢÷xø á ù õ�ù¢ô�ð\ö�õ ��ù&%F÷ � ü õ³õ«ö"CNð�� á ò�û�ÿqý�û�ö*� � ÷úÿ	��ý�ûxù¢ñ�ò�ûxù¢ü ób� � ÿ4õ«öFõ�ø\ÿù¢ð�õ«û�ö*� � ÷úõ�ù ö}ðQö
�eõ�ø\ÿ�ñ�ò�õ«ûxù&� � F � ù¢ð � ø\ÿ{ö�û�ÿ~ñ ��ä`a ù¢ð�÷úÿ � F � �\ÿ{ýeÿ~ð���ô���ù û�ÿ~÷úõ�ü óqö}ð�õ�ø\ÿIýGò�ûxò�ñQÿ{õ«ÿ{û � J ��á 3©ÿ�÷{ò�ðû�ÿ	� � ÷úÿIõ�ø\ÿ�÷úö}ð�ô«ÿ{û���ò�õ�ù¢ô�ñ°þ�ó�ñ�ù¢ð�ù¢ñ�ù+2~ù¢ð � õ�ø\ÿ�ñ�ò�õ«ûxù&� � F � ö���ÿ{ûªõ�ø\ÿIýGò�ûxò�ñQÿ{õ«ÿ{û � J � ù¢ð�òqñ�ò�õ«ûxù&��� ð\ö�ûxñ°ô«ÿ~ð�ô«ÿ äd�û�ÿ~ü¢ò�õ«ÿ	�9�\ÿ{õ�ò�ù¢ü ÿ	�_û�ÿ~ô«ÿ~ò�ûx÷xø�ö}ð�õ�ø�ù¢ô¬ù¢ô�ô � ÿ�÷{ò�ð�þeÿ��cö � ð���ù¢ð � ��ß�� ò�ð���û�ÿ@�cÿ{û�ÿ~ð�÷úÿ~ô¬õ�ø\ÿ{û�ÿ~ù¢ð ä2� ô�3Iù¢ü¢üeþeÿ ��ù¢ô�÷ � ô�ô«ÿ	�_ü¢ò�õ«ÿ{û áø\ö�3©ÿ@��ÿ{û á 3Iø\ÿ~ð,3©ÿ?�\öqð\ö�õ²÷úö}ð�ô�ù6�\ÿ{û²õ�ø\ÿ � ð�÷úÿ{û�õ�ò�ù¢ð�õ ó�ò�ð��"�"!µù¢ð��\ÿ�� á õ�ø\ÿ�1L��3�� � � ý�û�ö�þGü ÿ~ñ 3Iù¢ü¢ü�þeÿIô�ù¢ñQýGü¢ù&CGÿ	�4õ«ö
õ�ø\ÿIý�û�ö�þGü ÿ~ñ ö
�´÷{ù ûx÷ � ü¢ò�û�ýeö}ü ÿIò�ô�ô�ù � ð�ñQÿ~ð�õ���ù¢ò�ö � õ«ý � õ��cÿ{ÿ	�\þGò�÷�' á 3Iø�ù¢÷xø�ù¢ô�ÿ ��� ù+��ò�ü ÿ~ð�õ�õ«öqõ�ø\ÿ$8V0io�� = ��ýGò�ù ûªò�ô�ô�ù � ð�ñQÿ~ð�õý�û�ö�þGü ÿ~ñ äï£ð�õ�ø\ÿ4ð\ÿ���õ�ô«ÿ~÷úõ�ù ö}ð á õ�ø\ÿqô«ö<� ÷{ò�ü¢ü ÿ	�I?	8V0io�� = ��ýGò�ù û�ò�ô�ô�ù � ð�ñQÿ~ð�õ0C�ý�û�ö�þGü ÿ~ñ 3Iù¢ü¢üNþeÿ4ô«ö}ü+��ÿ	�X÷úö}ñQýGü ÿ{õ«ÿ~ü ó-þGò�ô«ÿ	��ö}ðXõ�ø\ÿ
� ÿ~ð\ÿ{ûxò�ü¢ù+2{ÿ	��ù¢ð
��ÿ{ûxô«ÿ�õ�ø\ÿ{ö�û�ó_ò�ð��_õ�ø\ÿuô�ù¢ð � � ü¢ò�û���ò�ü � ÿ��\ÿ~÷úö}ñQýeö}ô�ù õ�ù ö}ð-õ«ÿ~÷xø�ð�ù ��� ÿ ä

å��_æ����	îØç[é {��{ì�z�è � �	ç	ë[ëR{�é´î��<��èNî­ê	ç
ï£ð_õ�ø�ù¢ô¬ô«ÿ~÷úõ�ù ö}ð á 3©ÿqô�ø�ò�ü¢üICGûxô«õ���ù¢ô�÷ � ô�ôªõ�ø\ÿ4÷úö}ð���ù õ�ù ö}ð�ô � ð��\ÿ{û�3Iø�ù¢÷xø_õ�ø\ÿ{û�ÿuÿ��\ù¢ô«õ�ô¬ò�ð�ö � õ«ý � õ��cÿ{ÿ	�\þGò�÷�'�÷úö}ð�õ«û�ö}ü¢ü ÿ{û

� ò�ù¢ð�� ô � ÷xø�õ�ø�ò�õ�8 ß�Y
= 8 ß	Z_= ò�û�ÿ�ô�ò�õ�ù¢ôRCGÿ	� á õ�ø�ò�õ©ù¢ô á ÿ~ô«õ�ò�þGü¢ù¢ô�ø�õ�ø\ÿ�ò�ô�ô�ù � ð�ò�þGù¢ü¢ù õ óM÷úö}ð���ù õ�ù ö}ð�ô�ö
�	ò4ô«ýeÿ~÷{ù&CGÿ	��ýGò�ù û?8V0io�� =xä
� ø\ÿ~ð á 3©ÿ�ô�ø�ò�ü¢üI�\ÿ{ûxù+��ÿ�õ�ø\ÿ � ÿ~ð\ÿ{ûxò�üeÿ���ý�û�ÿ~ô�ô�ù ö}ðFö
��ò �cÿ{ÿ	�\þGò�÷�'F÷úö}ð�õ«û�ö}ü¢ü ÿ{û � ò�ù¢ð�� õ�ø�ò�õ¬ò�÷xø�ù ÿ@��ÿ~ô³õ�ø\ÿ�ò�ô�ô�ù � ð�ò�þGü ÿ�ýGò�ù û
8V0io�� =xä
� ø\ÿ��cö}ü¢ü ö�3Iù¢ð � ü ÿ~ñ�ñ�ò 3Iù¢ü¢üGþeÿ � ô«ÿ	��ù¢ð-õ�ø\ÿ�ý�û�ö�ö
��ö
��ö � û¬ñ�ò�ù¢ð_û�ÿ~ô � ü õ�ô ä
�R�	� ��� ��� � �
���9Q ÿ{õRD �	47:�8&6 ò�ð�� H �	47:�8�� 8KE �
	 =xä�� ø\ÿ{û�ÿ²ÿ��\ù¢ô«õ�ô�ò�ñ�ò�õ«ûxù&��� õ�ø�ò�õ�ô�ò�õ�ù¢ôRCGÿ~ô�ô�ù¢ñ � ü õ�ò�ð\ÿ{ö � ô�ü ó

H~Y5D
�7o
��� f Y P o
ù+��ò�ð��_ö}ð�ü ó-ù+�

D1D f Y H H f �
ï£ð_õ�ø�ù¢ô³÷{ò�ô«ÿ á ò � ÿ~ð\ÿ{ûxò�ü	ô«ö}ü � õ�ù ö}ðy�cö�û���÷{ò�ð_þeÿ�ÿ���ý�û�ÿ~ô�ô«ÿ	��ò�ô

� Y���� � P �
����� � f� o ���	4�� 6 (���� � 8 � � (����!� o �"� f Y P 8 �
�_=

3Iø\ÿ{û�ÿ����µò�ð��#� � ÷úö}ñQÿ �cû�ö}ñKõ�ø\ÿuô�ù¢ð � � ü¢ò�û���ò�ü � ÿ��\ÿ~÷úö}ñQýeö}ô�ù õ�ù ö}ð-ö
��D ò�ð���H á û�ÿ~ô«ýeÿ~÷úõ�ù+��ÿ~ü ó á
D Y � � �%$ � �

� �
� � f� Y'& � � � � � �)( �%$ � �
� �
� � � f� �� f� � � 8 ��Ý_=

H~Y � � ��$ � �
� �
� � f� Y'& � � � � � �)( ��$ � �

� �
� � � f� �� f� � � 8 �g;�=

ò�ð���+*��Y+ûxò�ð 'e8(D =xá+� � Y � � á $ � Y $ � ä� ö�3 á ù¢ð ö�ûA�\ÿ{ûFõ«öZö�þ�õ�ò�ù¢ð õ�ø\ÿ#÷úö}ð���ù õ�ù ö}ð�ô,�cö�ûFõ�ø\ÿOÿ��\ù¢ô«õ«ÿ~ð�÷úÿOö
� �\ÿ~ô�ù û�ÿ	� ÷úö}ð�õ«û�ö}ü¢ü ÿ{ûxô á � á 3Iù õ�ø û�ÿ~ô«ýeÿ~÷úõFõ«öZõ�ø\ÿ
1L��3�� � �µý�û�ö�þGü ÿ~ñ á 3©ÿ4÷{ò�ð�û�ÿ~ò�û�ûxò�ð � ÿb8 ß	Z_= ò�ô��cö}ü¢ü ö�3Iô Û

V���� 
 0I�50 � f 8�� ( � P N4�]0 � f =A( � �]0 � V f ���
Y + � 0 N�) 8 8 ( � 0 � f �(0I���E� f = N � ( � ��� f � 8 ��à_=

� ö}ð�ô�ù6�\ÿ{ûxù¢ð � 8 ��à_=xá ô�ù¢ð�÷úÿuù õ�ô³ü ÿ@�cõR� ø�ò�ð���ô�ù6�\ÿ�ù¢ô³ýeö}ô�ù õ�ù+��ÿ�ô«ÿ~ñ�ù6�\ÿ�CNð�ù õ«ÿ á 3©ÿ4ò�ô�ô � ñQÿ�õ�ø�ò�õ 0 ò�ð����4ô�ò�õ�ù¢ôu�có
+ � 0 N�) 8 8 ( � 0 � f �(0����E� f = N � ( � ��� f J �%� 8 ��ã_=

�%ÿ(� � û�õ�ø\ÿ{û¬ñ�ò<'�ÿuõ�ø\ÿ �cö}ü¢ü ö�3Iù¢ð � �\ÿ�CNð�ù õ�ù ö}ð�ôªò�ð���ô ��� ò�û�ÿ�û�ö�ö�õ\�\ÿ~÷úö}ñQýeö}ô�ù õ�ù ö}ð�ô, Û Y 0I�50 � f 8�� ( � P N��]0 � f = ( � �]0io 8 �_Y
=- Û Y�+ � 0 N4) 8 8 ( � 0 � f �(0����E� f = N � ( � ��� f o 8 �
Z_=
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ò�ð��_õ�ø � ô�3©ÿ4÷{ò�ð_û�ÿ@3¬ûxù õ«ÿ"8 ß	Z_= ò�ô
8)V���� , ���q� = 8)V���� , ���q� = f Y 8 - ���q� = 8 - ���q� = f � 8 ��Ü_=

ï�õ?�cö}ü¢ü ö�3Iô?�cû�ö}ñ Q ÿ~ñ�ñ�ò � õ�ø�ò�õ/8 ��Ü_= ø\ö}ü6��ôIù+�²ò�ð��Xö}ð�ü óXù+��õ�ø\ÿ{û�ÿMÿ��\ù¢ô«õ�ô�ò�ð#ö�û�õ�ø\ö � ö}ð�ò�ü�ñ�ò�õ«ûxù&�
� á � �m4�6��W8&6���áñQÿ{ÿ{õ�ù¢ð �
V���� , ���q� Y - ���q� �7o 8 Ý��
=

ö�û
���m��Y - ���q� � , ( ���q� N VIN�) P<� 8 Ý�ß�=

�Iÿ~ð�÷úÿ á 3©ÿ�ö�þ�õ�ò�ù¢ð_õ�ø\ÿ �cö}ü¢ü ö�3Iù¢ð � û�ÿ~ô � ü õ ä
�R�	� ����� � a � ý�ýeö}ô«ÿMõ�ø�ò�õy8 ß�Y
= 8 ��ã_= ò�û�ÿFô�ò�õ�ù¢ôRCGÿ	� äb� ø\ÿ~ð á 8 ß	Z_= ø�ò�ô4òXô«ö}ü � õ�ù ö}ð]�cö�û � ù+�³ò�ð��%ö}ð�ü ó%ù+��8 Ý�ß�= ø�ò�ô4òô«ö}ü � õ�ù ö}ðy�cö�û�� ä
� ø\ÿ��cö}ü¢ü ö�3Iù¢ð � û�ÿ~ô � ü õ³ù¢ôªÿ~ò�ô�ù¢ü ó-ò�÷{÷úÿ~ô�ô�ù þGü ÿ��cû�ö}ñ � ��Ý���ä
�R�	� ����� � � ø\ÿ{û�ÿQÿ��\ù¢ô«õ�ô4ò�ð%ö�û�õ�ø\ö � ö}ð�ò�ü©ñ�ò�õ«ûxù&� ��ô � ÷xøSõ�ø�ò�õb8 Ý�ß�= ø�ò�ôuò�ô«ö}ü � õ�ù ö}ð]�cö�û � á ù+�ªò�ð��%ö}ð�ü ó#ù+�©õ�ø\ÿ{û�ÿÿ��\ù¢ô«õ�ô¬ò�ð_ö�û�õ�ø\ö � ö}ð�ò�ünñ�ò�õ«ûxù&� �°ô � ÷xø�õ�ø�ò�õ

8 P N �i��� = 8 - ���q� � , ( ���q� N VIN�) P*= Y � o 8 Ý
�_=
8 - ���q� � , ( ���q� N VIN�) P*= 8 P N�� � � = Y � o 8 Ý�Ý_=

3Iø\ÿ{û�ÿ�� � ò�ð�� � � �\ÿ~ð\ö�õ«ÿuõ�ø\ÿ l ö�ö�û�ÿ�� ��ÿ~ð\û�ö}ô«ÿqù¢ð
��ÿ{ûxô«ÿ�ö
�7�3ò�ð��1� á û�ÿ~ô«ýeÿ~÷úõ�ù+��ÿ~ü ó äï�õIù¢ôªÿ~ò�ô«ó-õ«öBô«ÿ{ÿuõ�ø�ò�õ$8 Ý
�_= ù¢ôªÿ ��� ù+��ò�ü ÿ~ð�õ³õ«ö
8 P Nm�i��� = - ���q� � Y 8 P N �i��� = 8)V�� ) P*= , ���q� � 8 Ýg;�=

� ö�õ«ÿQõ�ø�ò�õ�3Iø\ÿ~ðv8 ��ã_= ø\ö}ü6��ô á 3©ÿ�ø�ò	��ÿ%-OJ � ò�ð��Oõ�ø � ô - ( ���q� J � ÿ��\ù¢ô«õ�ô ä$- � û�õ�ø\ÿ{ûxñQö�û�ÿ á ÷úö}ð�ô�ù6�\ÿ{ûxù¢ð � õ�ø\ÿ �­ò�÷úõõ�ø�ò�õ P N�� � � ù¢ô³ô«ó�ñ�ñQÿ{õ«ûxù¢÷�ò�ð�� � f Y�� ( � á 3©ÿ4÷{ò�ð�û�ÿ~ò�û�ûxò�ð � ÿ"8 Ý�Ý_= ò�ô
8 P N�� � � = 8)Vv� ) P*= f - ( ���q� � Y 8 P N�� � � = , ( ���q� � 8 Ý�à_=

�%ÿqð\ö�3 �\ÿ�CNð\ÿ
D Y

� 8 P N �i� � = - ���q�
8 P N�� � � = 8)V�� ) P*= f - ( ���q� � o H~Y

� 8 P N �i� � = 8)VI� ) P*= , ���q�
8 P N�� � � = , ( ���q� � o 8 Ý�ã_=

õ�ø\ÿ~ðjõ�ø\ÿ{û�ÿBÿ��\ù¢ô«õ�ô4ò�ðjö�û�õ�ø\ö � ö}ð�ò�ü©ñ�ò�õ«ûxù&� �)ô � ÷xøSõ�ø�ò�õG8 Ýg;�= 8 Ý�à_= ø\ö}ü6�Sù+�³ò�ð��Sö}ð�ü ó%ù+�ªõ�ø\ÿ{û�ÿBÿ��\ù¢ô«õ�ôqò�ðSö�û�õ�ø\ö � ö}ð�ò�üñ�ò�õ«ûxù&� �°ô � ÷xø_õ�ø�ò�õ
D
� Y5H2o 8 Ý_Y
=

3Iø�ù¢÷xø_ù¢ô á þ�ó Q ÿ~ñ�ñ�ò ��á ÿ ��� ù+��ò�ü ÿ~ð�õ³õ«ö
D1D f Y H H f � 8 Ý
Z_=

a � þGô«õ�ù õ � õ�ù¢ð � 8 Ý�ã_= ù¢ðFõ«ö�8 Ý
Z_= ó�ù ÿ~ü6��ô��cö � ûªÿ ��� ò�ü¢ù õ�ù ÿ~ô á ö
��3Iø�ù¢÷xøBõO3©ö�ò�û�ÿ�ù6�\ÿ~ð�õ�ù õ�ù ÿ~ô á ò�ð��Fõ�ø\ÿ�ö�õ�ø\ÿ{ûxô³ò�û�ÿ�ò�ô#�cö}ü¢ü ö�3Iô Û
8 P N �i� � =�� -5N 8)V�� ) P*= , 8)V�� ) P*= f � 8 P N �i� � = Y � o 8 Ý�Ü_=

8 P N�� � � =�� 8)V�� ) P*= f - ( � 8)V�� ) P*= N , ( � � 8 P N�� � � = Y �%� 8 ; �
=
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� ö�3 á 3©ÿ³÷{ò�ð�÷úö}ð�÷{ü � �\ÿªõ�ø\ÿ¬ò�þeö���ÿ³û�ÿ~ô � ü õ�ô�ù¢ðqõ�ø\ÿ��cö}ü¢ü ö�3Iù¢ð � õ�ø\ÿ{ö�û�ÿ~ñ õ�ø�ò�õ � ù+��ÿ~ô�õ�ø\ÿ³÷úö}ð���ù õ�ù ö}ð�ôD�cö�û�õ�ø\ÿ¬ò�ô�ô�ù � ð�ò�þGù¢ü&�ù õ ó-ö
��ò � ù+��ÿ~ð_ýGò�ù û(8V0io�� =xä��� �0+��0�	� � � � ö}ð�ô�ù6�\ÿ{û³õ�ø\ÿ � ð�÷úÿ{û�õ�ò�ù¢ð�ü¢ù¢ð\ÿ~ò�û¬ô«ó�ô«õ«ÿ~ñ 8 ß�= 8 �_=xä 
�ù+��ÿ~ð_õ�ø\ÿ(�\ÿ~ô�ù û�ÿ	����ù¢ô�÷��­8*) o,+ = ò�ð���õ�ø\ÿ(�"!3ð\ö�ûxñ
� ý�ýeÿ{û³þeö � ð�� 8 ä#a � ý�ýeö}ô«ÿ�õ�ø�ò�õIòQýeö}ô�ù õ�ù+��ÿ��\ÿ�CNð�ù õ«ÿ�ñ�ò�õ«ûxù&�90 J � ò�ð���òQýeö}ô�ù õ�ù+��ÿ�ô�÷{ò�ü¢ò�û	� J � ô�ò�õ�ù¢ôu�có

� �]0 � f . P o 8 ;�ß�=
+ � 0 N�) 8 8 ( � 0 � f �(0����E� f = N � ( � ��� f J �%� 8 ;
�_=

� ø\ÿ~ð á õ�ø\ÿuô«ýeÿ~÷{ù&CGÿ	�-ýGò�ù û(8V0io�� = ù¢ô³ò�ô�ô�ù � ð�ò�þGü ÿuù+��ò�ð��_ö}ð�ü óFù+�#8 Ý�Ü_= 8 ; �
= ø\ö}ü6��ô äï£ð 3Iø�ò�õ(�cö}ü¢ü ö�3Iô á 3©ÿ"3Iù¢ü¢ü�ù¢ð�õ«û�ö*� � ÷úÿ�õ�ø\ÿFô«ö}ü � õ�ù ö}ð%õ«öOõ�ø\ÿBò � �\ù¢ü¢ù¢ò�û�ó ?	8V0io�� = ��ýGò�ù ûMò�ô�ô�ù � ð�ñQÿ~ð�õ0C�ý�û�ö�þGü ÿ~ñ äy- ù ûxô«õ áõ�ò<'�ÿ4õ�ø\ÿ �cö}ü¢ü ö�3Iù¢ð � ô�ù¢ð � � ü¢ò�û#��ò�ü � ÿ �\ÿ~÷úö}ñQýeö}ô�ù õ�ù ö}ð�ô
D Y

� 8 P N �i� � = - ���q�
8 P N�� � � = 8)Vv� ) P*= f - ( ���q� � Y � � � $ � �

� � � � f� o 8 ;�Ý_=
H~Y

� 8 P N �i� � = 8)V�� ) P*= , ���q�
8 P N�� � � = , ( ���q� � Y � � � $ � �

� � � � f� � 8 ;
;�=
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Case 1: State Responses to Initial Conditions (3,1,−3)
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Case 2: State Responses to Initial Conditions (4,2,−4)
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Case 3: State Responses to Initial Conditions (3,2,−3)
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Case 4: State Responses to Initial Conditions (2,2,−3)
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