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ZYX�

• []\�^`_ba�cedgfh^jikchl	monqprdgftshajuPsbvkwxdg^0yo^{zk|}f
c~d�fS��wLv�l�ajdgc��}^�d��q��w�^�nbwL�Llkw�aj�Lvq|-aj�t�}v�lkw��Ld�n�sq�� _��`d��k|k^��`�LcSse\��q^�w�^�aju5dgv�vq|k^0mbnSa{��^`sb|}cSs~�
^`_bajwLv}v}w�s�fh�omocSsba�����a{��yoft|knb��_ba{��sQv�l�s�\��`|}^� vP_~� : D � ?3> nbwL�Llkw����

• ��wL��sQfh��i}a`s~�}d�noft|}v	^`_ba`s�^jw�v}vPs�^�_ � dBa�a�|}c
���LcSs � :� �E�¡�>�¢�¢ME�I�£q¤P?3>�4 � � |k^j\M|�c¥zqwLf=sQf
��d��ka`shlkw�¦5|}^M§{yo\�vq|}^�a{dBc¨��dgv}nr§jse^`_ba`s���^jd�����|k^
zkw�fh��w�v}l}wLvPsq�

• ©�_r��|}c¥�kª}^���d�w��j��vP«¬nr§�shs�f=a{�omoftse^`_bajwLv�s~\��k^jw�^
t > 0 �

• ­ � dBaja�|�c¨�bsQ®PsZztd�^jft|}^0dgwLv}nbytvknt|	\¯§�sQ����sQfS|�c
\��q^`a���|�no^`_Qfo|	^`_bajw�^g� � sQf~dg^�^`_Qajw�^�ajdgc
wLv�vkw���sQ�LlPsedgwLv�shaju5°b��|�dgf�sedgwLv}v �}± �j��w²�

=⇒ ³-´hµ�¶,·�¸�¹H·;¹
=⇒ ³-´hµ�¶,·�¸�¹Lº�¹
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¼ 
¾½�½�¿X�ÀY�Á���
Â�3ÃeÄ,�ÀY���ÅrÆ=�À�3½�Y

���
�Ç�Y�È�����ÅQ�X�

• Éq�bmofo|�c¨�od�^jªÊajdgc�wLv�vkwL�}dg�Ll}|}^�dgv}ntsQ^���wLv�lkw�^
zkw�^j�bs�^�d�\���wL^�����chsbv�v t = 0 ��Ë¾w�� §j|}c'ª�v�v�s
a{��^`sb|}cSs~mbnqprdgf�s~aju;dBv�v�|}^�\��k^jw�^ t > 0 �

• Éq�bmofo|�cÌ§{yb\Mvq|}vPseajdBc¨now��Ll}w�^�|�c¨�odg^jª}fS\��q^jwL^
t > 0 �

• Í�Î�v	d�^�_e\�mo^�c~wLv�|
l x
l t + αx = 0

\��q^�w�^0\��q^�a{�`|	no^`_Qfo|-�bdg^jª
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¼ 
¾½�½�¿X�ÀY�Á���
Â�3ÃeÄ,�ÀY���ÅrÆ=�À�3½�Y

���
�Ç�Y�È�����ÅQ�X�

i
+

+ +

-

-

-

3 V R

L

t = 0

• Ð�dgw��`|�c�Ñ¾Ë¾©Ò_e^`_QajwLvPse\��k^jw�^ t > 0 mbnS\M_b|�c
L
l i
l t + Ri = 0

dgfts l i
l t +

R

L
i = 0, t > 0

• Í ± ^0dg���od�^j��wLv�v�cedg^j�qwx��w���a{��sQftsQ^g�
• Ó¾w�¦5|k^H§jsQ\Mv�sbv-ajdBc¨\H«�a���\��q^jwL^�aj�����bs~^`_ba�dg^
°t�k��wLfb^�|}f��

• Éq�bmofo|�c�vqÎ	�tztd�^�v}w�nS��d��}a�shcS_~aj�����bs�§{yo\Mv�|x�
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¼ 
¾½�½�¿X�ÀY�Á���
Â�3ÃeÄ,�ÀY���ÅrÆ=�À�3½�Y

���
�Ç�Y�È�����ÅQ�X�

• Éqd��H§j|�c¨\HsQa{��sbv}v R/L = k � � _edg^À§�s�\MvPsQvx�
l i
l t + ki = 0, t > 0

• Ë�wLfSaM§�_Q|�c's�fS\Hs����Lw�f i(t) monSl}w�¦5|}^j��zo°b��w � dBa�a
ztd�^jf�shsQfS�PsQ\Ms~a`sbchs~�t�k��nr§j|k\�mo^�c~w�f}�;sbv}vPs�^`a
n�« ��w�a�|�c~cSs � dgw�^j^`shdg���qwxmb^�fbw�f=vqÎ}���H�

• Ë�wLf~zkw��`|�c'sQfSl}w�¦5|}^j�tzt°b��w3ztdg�Llkw�a{\HsQ���La�dg^
dgwLv}v}w�nhztd���lkwLaj\HsQ���H�Pu}^�°b\M|�c � zk���oztmo^{�
ztd��Ll}wLaj\Hs��L��w�f=dg^0��sQ|�a�v3�

•
� wLaj�k|}c _e��sQ|�a�v

i(t) = Aest

� s�^�a{dBc A mbn s d�^�|-\HsQa{��sQ^g�
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¼ 
¾½�½�¿X�ÀY�Á���
Â�3ÃeÄ,�ÀY���ÅrÆ=�À�3½�Y

���
�Ç�Y�È�����ÅQ�X�

• ��_ed�^ l i
l t = sAest

ajdgc¨zkw�fSajd��H§j|}c�wLv�v���l}w�¦5|}^M§{yb\Mvq|}vPs
sAest + kAest = 0

dgfts
s + k = 0

dgfts
s = −k

a{zom=sQfh��sb|�ajv}wLv-d�^
i(t) = Ae−kt

• Ë�wLf~zkw��`|�c'sQfSa{��^`sb|�c�|}^jwLv�v	dg^�ztd��Ll}wLaj\Hs��L��mon
a{�`|}fo|}����wLv�v k _Q�tzosQ^jftsba{��s�\�a{��«�^jf
^`_ba`s�dgwLv}wLvkn�sbv}vPs
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¼ 
¾½�½�¿X�ÀY�Á���
Â�3ÃeÄ,�ÀY���ÅrÆ=�À�3½�Y

���
�Ç�Y�È�����ÅQ�X�

• ��s�\MvPsQv
s + k = 0

�bs�����sQa{��� £k4�4�E ��8
	 4�8 d�f�s £}E�¤3E�4���8�	 4�8 �bdg^jªPa{w�v}a
• ©�sQ|�a�v	�}dgv�v�sQ^g� s = −k �bs��L��sQa{� £kE�¤5EM4�¤5E�¢MA�E� � £k4�4�E�¤5E�¢MA�E ���od�^jªPajwLv�a
• ©�sQ|�a�v�°t�k��wLfb^�|}ft|�lkw�¦5|}^M§{yo\�vq|�v}vPs�^0�QsQ����sba{�4�
 DgD�� OQ>�¢�£�¤Ò:� ��5OQ>�4 �od�^�ª�ajwLv�ag� � zq���qÎ�v�dg^
dgwLvknoytvknt|-�P_�fhdgwLv}wLvknt|�c�mbnS|}u}u����qnonbw�vknt|
�od�^jªPajwLv�a0aM§�_��L\�ag�}dg���qw�vkdgwLvq|}c���wLv�l}|�c'a{dBc
l}^j��\Hse�od�^�ª}f

• Ë�wLf~���LcSsbv}v t = 1/k d�^
i(t) = i(1/k) = Ae−k( 1

k ) = Ae−1 = 0.3679 �

monezkw�fh����chsbv�v t = 1/2k dg^
i(t) = i(1/2k) = Ae−k( 1

2k ) = Ae−2 = 0.1353 �
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¼ 
¾½�½�¿X�ÀY�Á���
Â�3ÃeÄ,�ÀY���ÅrÆ=�À�3½�Y

���
�Ç�Y�È�����ÅQ�X�

A

A
1/k 1/2k

0.3679 A

0.1353 A

i(t)

Í¾sQ����s���sQ��sbv-� t = 0+ dg^
l i
l t

∣

∣

∣

∣

t=0+

= −kAe−kt
∣

∣

t=0+ = −kA

����chsba{�`|}fo|}����wLv�v�d�^ τ = 1/k
� � db�

i(t) = Ae−t/τ

=⇒ ³-´hµ�¶,·�¸�¹���¹
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¼ 
¾½�½�¿X�ÀY�Á���
Â�3ÃeÄ,�ÀY���ÅrÆ=�À�3½�Y

���
�Ç�Y�È�����ÅQ�X�

� _��j�`Î}^�|}��dgntsha{ztyb^�|�v	^`_ba�sQ^�ajdgc�wLv�vkw��kdg�Ll�|k^�d�w�v�s
aju;°o�L|	dgfts~d�wLv�v ��± �j��w�mbnhdBvkn�s�^0�LwLv}l}w�^�cS_~ª�v�v�sh_
dg\��`w�^j\Hs�^�sQv�lkw��P_r�j���
� ����wLv�vPs~l}w�¦5|k^H§�yo\Mv�|-ajdBc¨now��Ll}w�^�\��k^jw�^0���LcSs���w���wLf
ajdgc'aj�bmof�sh_ � ztdgvQ§j|k��dgn�s t > 0 ��� ��dga�ajw
l}w�¦5|k^H§jsQ\Mv�sedg^0°t�}��w�fo^�|kf � dBvkn�s�^0�LwLv}l}w�^����

� � � wLaj�bsh_e��sQ|�a�v-_~\�mb^�c~wLvq|
Aest = x(t)

� ��Éqd��H§�s � d��j��se\Hs��L� x(t) mbn=lkwL¦5|k^j��zt°Q��s � dBa�a
l x/ l t wLv�v	��l}w�¦5|}^M§{yb\Mvq|}vPsq��l}dgw���s~�xnod�ntv-c~dgf
Aest mon � _~a��`dgv�l}|}^��odBv}v}w §�s�\MvPsQv	dg\���w�^g�

� ����wLv�vPsedgw�nbw�vknow��Ll}w�f � ^�°Q���odgv�v}w §{yb\Mvq|}v�v�sQ^��¬mbn
ajd��²§js � s�fhwLv�v	�x��sQ|�a�vkwLvPse��aj�q^jdgª � �
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���
 ���3½�YXÇZY	Á�Á

• ����chsba{�`|}fo|}��wLv�v�cS_eªPv}vPsZ�5d�wLvt��Îk�0\�^`_
now��Ll�|}c¨^`_Qa`sQd�w�vkwLv}n�sQv�v�se�5\��q^�a{�`|Xno^`_Qfo|�^`_ba�|}c

• É ± ^�_QajwLv�c~dgf ��± �j�`w � _edg^�����chsba{�`|}fo|}����wLv�v
τ = RC �Pa ± ^`_bajwLv-c~dgfSaju5°b�L| � _edg^
���LcSsba{�`|kft|}����wLv�v τ = L/R � � sQ^�ajdgc R d�^0�
�;_�ft|}c¥�`w���\�d��L�L|}c ��� ± ztdBvkwLvQ§�s�\Mv}nbwL�Llkw�a�zkw�ftv�_bc
^`_ba`s�^jw�v}vPs�^�a ± fS\�^`_ �}± �j��wLvq|�c¨dgftshaju;°o�L|�v}v}w

L

R τ = L/R

R

C

τ = RC

RR τ = L/(R  + R  )
2 211
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� ÆX���xY	�X���À�xÈ=��Á�Æ=��ÇZ�

•
� _��j�`Î}^�|}��dgnSa{zoyo^�|�v�sSs��L��^`s~\��q^`a���|�no^`_Qfo|-�bdg^j\Hs
dg^

x(t) = Aest

� s�^�a{dBc x(t) dg^�a{��^`sb|}cZ|}^jwLv�v	dgftshaju;dBv}vPsbv
ajdgc�ªPv}vPsh_Zmon s dg^0d�wLnbwLv}now��Ll}w�f � ^j°b�
�odgv�vkw §�yo\Mv�|�v�v�sQ^�����a{dBc�d�^���_QfhnbwL�Ll}|�c
^`_ba`s�dgwLv}wLvkn�sbv}vPs

• Éqd��H§j|�c¨wLv�v t = 0+ monh\H_b|}c
x(0+) = Aes0 = A

• � d�f � zk��sQfSaj�ombf�sembnSnb^�d�wLvPs~^`_bajwLv�sezqwLf
���LcSsbv}v t = 0+ cS_ � zk�xª�v�v�s~a���|kft|k�LwLv}v A �

=⇒ ³-´hµ�¶,·�¸�¹���¹
=⇒ ³-´hµ�¶,·�¸�¹���¹
=⇒ ³-´hµ�¶,·�¸�¹���¹
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� ÆX���xY	�X���À�xÈ=��Á�Æ=��ÇZ�

• É��`|}v�l�|}c¨d�^�|-�t�k^M§j|�v�sQ^�aj��wL���q^�fbwLv-nodgª�v	\��q^�w�^
dgwLv}�tztd�^�v	�`�LcSs t 6= 0 � � � do�ÀzqwLf � d��q�B§j|�c¥�B� l3�
v(to) dBv�dg�q��w v(0+)

• É�zoyo^�|�vkwLv�ztd�^�fo|}^ � _h_e\�mo^�c~wLvq|
v(t) = v(to) exp (−(t − to)/τ)

� � do��ztdBv�§j|}��d�n=a{zoyo^�|�v-ajdgc'�}��w�fo^`s�fSdg^0dg\��`w�^
���LcSso_Qa�vq|}c	�

=⇒ ³-´hµ�¶,·�¸�¹���¹
� �0�gÁ �������3ÃeÄ,�ÀY��

• ©����`|�c�vqÎ�_hs�fo\�d�^jfh��w���s�fSª�v�vPs
�}d�w���l�sQ^�a{zoyo^�|�v-\��q^jwL^0���Lvq|k��dgn=�bdg^jª � d��q��w��;s�^`s
\��q^`a���|�no^`_Qfo|	�od�^�ª;�

• Éq�bmofo|�c�vqÎ�^�_Qajw�^�ajdgc�d�^`|	yo^{zbsQf�s�^�c~d�f
��wLv�l�|}c�\��q^jwL^ t > 0

=⇒ ³-´hµ�¶,·�¸�¹�!�¹
=⇒ ³-´hµ�¶,·�¸�¹�"�¹
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� �0�gÁ �������3ÃeÄ,�ÀY���ÅrÆ=�À�3½�Y�
,��
,ÇZY
È�����Å��

��fo\�d�^�fbwLv	�`w���sQfh��d��ka`s~\��q^`a���|�no^`_Qfo|	^`_bajw�^�cedgf
��wLv�l�|}c�d�^ � zq�xd�\���w�^�\MsQ^`sbv}l}w �
� ��Éq��^jwL\MshlkwL¦5|k^M§{yo\Mv�|�v�se\��k^jw�^ t > 0

� ��©�d��}a`se°o�}��w�fo^�|}fo|�l}w�¦5|}^M§{yb\Mvq|}vPs � ª�v�vPs
vP_r�j��Îk^�|}��dgno|�a{zoyo^�|�vkwLvPst� �
•
� d�^`s~^`_Qfh\��q^�w�^

xn(t) = Aest

• É�d��H§�s xn(t) wLv�v	�x°o�}��w�fo^�|}fo|�l}w�¦5|}^M§{yb\Mvq|}vPs
mbnhªPv}vPs s � A dg^0dBv�v�° � d��q�t�r�

� ����wLv�vPs~a ± ^���sQ|�a�v xp ajdBc'|ku�u�\��k����wL^��k��wLfb^�|}ft|
l}w�¦5|k^H§�yo\Mv�|�vPs

� ��©�d�nonr§js~a`sbchsbv	��sQ|�a�vkw�^�Î}^�aj��^�d�ª � � mbn � �
x(t) = xn(t) + xp(t)

� ����wLv�vPs A cedgf=�Q§j_Q��u-���q^M§j|�v�sQ^�aj�qw����k^jfts

V�Ï
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¼ ¿�ÁgÁ�
��3½����	���5ÃeÄ���Y	���,

�h¿�ÁgÁg���	� 
 ����ÈS�g���3ÃeÄ,�ÀY	��ÅrÆ=�À�3½�Y

���
�Ç�Y�È�����ÅQ�

Í�yo\M|}c�a ± f=sQfS�}d�wL�Ll�sQ^�a{ztyb^�|�v-�od�^jªPa0d�^�a�|�c~cSs
vP_r�j��Îk^�|}��dgno|-��sb|}a�vPs�^jw�v}vPs�^0monSa ± ^j��sb|}a�vPs�^�wLv}vPsQ^g�
[ v�zkw�fhnod���|}c�d�w�v}v}w�n=�q|knta`s�fhmo���k|k^�s�f=�kdgw��LlPsQ^
��sb|}a�v}wLv-a ± a{d��j��a�sbcSsQv�Îk^��jztd�wLcZ|}^�yofb^�|�c� _r�j��|}c �
• � � ¢�¢ME�4�4�79£kO � EM:B¢�8;>�:g4 �5ajdBc¨dg^�a�ztyo^�|}v	dgfts
yo^{zk|�v-c~d�f=|ku�u��PsQ\�ajnow��Ll�|}c¨dgwLv}nbytv}no| � dgv}n�s�^
��wLv�l}w�^��

• � � ¢�¢ 
P: D 8;4�A�:B¢�8;>�:B4 �;ajdgc�dg^�a�ztyo^�|}v	zqwLf
yo^{zk|�v	cedgfhwLv�v}c~dg^j��wxdgwLv}nbytv}no| � |ku�u��PsQ\�ajnow��Ll}w
yo����vqÎ}�������

=⇒ ³-´hµ�¶,·�¸�¹H·�¸�¹
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� �����	�3ÃeÄ,�ÀY�����
Â� 
 �-¿	Á����3ÃZÄ��ÀY��
ÅrÆ=�À�3½�Y 
���
,ÇZY�È,�0��ÅQ�

��O�£q¡�:� ��5OQ>�4 mon E�7 ¡ � ¢�:B:� ��5OQ>�4 \��k^�a{�`|	nb^�_�ft|
�od�^j\Hs~d�^�|�aj��w��Lnb^jdgwLv�l�sQ^�ajdBc'v�Î}����_ba{��sbv}l�aj��sQ|�a�v
�od�^jªPajwLv�a � d�n�sQ^0wLv}v�c~d�^���w�f=dg^0d�wLv}wLv}ntsQ^ � ^jdgu�dgfts
dgwLvkw�vkn�s�^�wLc~u�Î}�La � a��`^`sQ|�cZ|k^0dgf�s~aju;dBv�v�st���
[ v}nbw�v	mo^j�Qs~d�^ � _enbd��}c~l-�x^`_ba{w�v}v}w3zkw�fh���LcSsQv�v
t = 0 �
=⇒ ³-´hµ�¶,·�¸�¹H·;·5¹
[]\�a{��^`sb|�c�|}^0� ��± �j�`wxdg^0wLc~u�Î}�Lag� � � do�

iC(t) = δ(t)

� _ea{��dg�q�q|}^�aju;dBv}vPsbv	|ku�u-|�c 1/C ztmb���B� � � db�
vC(t) =

1

C

∫ t

0−

iC(τ) l τ + vC(0−)

dgfts
vC(0+) − vC(0−) =

1

C

∫ 0+

0−

δ(t) l t =
1

C

V �
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� �����	�3ÃeÄ,�ÀY�����
Â� 
 �-¿	Á����3ÃZÄ��ÀY��
ÅrÆ=�À�3½�Y 
���
,ÇZY�È,�0��ÅQ�
	 a`sbchs~�P_r���0now��Ll}w�^�sQfhdg\�a{u5dBv}vPsZ�qª�^0aju5°b�L|	dg^
wLc~uPÎk�Lag� � � db�

vL(t) = δ(t)� _ea{��dg�q�q|}^�a{��^`sb|}cZ|}^jwLv�v-|}u}u-|�c 1/L sbceu5dg^g�� � do�
iL(t) =

1

L

∫ t

0−

vL(τ) l τ + iL(0−)

dgfts
iL(0+) − iL(0−) =

1

L

∫ 0+

0−

δ(t) l t =
1

L

� Î}����_ba{��sbv}l�a�a�ztyo^�|}v � �}d�w���l�sQ^�a{zoyo^�|�v-���Lvq|k�Ld�no^`sQ^
^`_ba`s�^�ajdBc'�kdg\M|k^0dgv}n�sZmo^j�k|	nod��}chl�sezqwLf t = 0 �
zkw�fhyo^{z}|}v-c~d�fSdgwLv}wLv}ntsQ^jwLc~uPÎk�Lajw δ(t) dg^0�byo���L|}f
wLc~uPÎk�La�a{ztyb^�|�v	^�_Qa`sQ^jwLv�v�sQ^ h(t) �
=⇒ ³-´hµ�¶,·�¸�¹H·qº�¹
=⇒ ³-´hµ�¶,·�¸�¹H· ��¹

V �
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[]\�zkw�f � dg���r§j|}c¨wLv�v�cedg^j�qw x(t) mon~��w��La{zos�^`sbv�lkw
Îk�`c~d�^j�qw � v�Î}����_ba{��sbv}l�a�a�ztyo^�|}v;� y(t) \��k^jw�^����Lvq|}��d�nb�
�od�^jª�mbnSyb^jzk|�c�aj��ftsbv-a`sbcSse�od�^jªÊc~d�f
wLv�v}c~dg^j�qwLv�|�l x/ l t � _ed�^�Îk�`c~d�^j�qw�f=l y/ l t
� c~uPÎk�La�a{ztyb^�|�v-cS_~ª�v�v�s~cedgf � zk��s�f=lkw�¦;^�s� ^jd�uPa{zoyo^�|�vkw�v�sk�
=⇒ ³-´hµ�¶,·�¸�¹H· �À¹
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� �}��w�fo^�|}fo|-\��q^�a{�`|	no^`_Qfo|~§�yo\Mv�|}^�vPs�^�ajdgc¨zqwLfh\H_Q|�c
dg^�|�_e\�mb^`cew�v�|

l x
l t + αx = f(t)

mon � «¬^0cS_S« ����fS�Ld��}a`se\��q^�w�^ x(t) _Zdg\���w�^j\HsQ^`sbv}l}w
�P_r�j���
�9s�^�nb\�yo�Ll}|�c��P_QftsQ^��}��w�f�s�^ §{yb\Mvq|}v�v�sQ^0c~d�f eαt� � sk�

eαt l xl t + αeαtx = eαtf(t)

ajdgc'aj��^�w�\Hs~cS_
l
l t (eαtx) = eαtf(t)

��dgnb^�|�c��P_QftsQ^��}��w�f�s�^�\�^`_ −∞ ��w�� t
xeαt =

∫ t

−∞

eατf(τ) l τ

=

∫ 0−

−∞

eατf(τ) l τ +

∫ t

0−

eατf(τ) l τ
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���q^�^`sZ��dgno^jw�fSdg^0\Hsba��`wH� � zk��c~yb^���wLv-dg^�|-\Msba{��sQ^��
xeαt = K +

∫ t

0−

eατf(τ) l τ
�9s�^�nb\�yo�Ll}|�c'cedgf e−αt

x(t) = Ke−αt +

∫ t

0−

e−α(t−τ)f(τ) l τ
� s�^�ajdBc¨\Hsba��`wLv}v K _���zos�^jf�sba���sQ\����q^M§j|�v�sQ^��
aj��wL���q^�fo|�c � Ke−αt dg^�v�Î}����w�v}v�c~d�^j�qwLaj��sb|}a�v�mon

∫ t

0−

e−α(t−τ)f(τ) l τ
dg^�v�Î}����_ba{��sQv�l�a{��sQ|�a�v3�
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