
���� ��� � �	
� �
� � ������ ���� �� �� ����� �� !" #�$% &�� '( )*+ 	
, -
���
�
./ 0 1234567 89:9; < /= >? 5 @ 5/ 51A4 7 24B>C2/ D
EFGH IJK LM N OO P QN O R N S T
UVWXWYZ[X\]Z\Y ^_`ab_c \W` d
e f P Qe R g S Th_ ie P gjf S Tk[^[WZ[l X__Z e S gm ]_ n[b[XW` ]_`oZ\_b \] dN ipj S qrst R qf pst u
E FGH IJK vM wN OO P wN O P xN S T
UVWXWYZ[X\]Z\Y ^_`ab_c \W` dwe f P we P x S Th_ iQe R gj iQe P xj S Th_ e y zP r

f { |f }u h_ ZV[ n[b[XW` ]_`oZ\_b \] dN ipj S qrs~ �� t R qf s �� t
E FGH IJK �M N OO P QN O R gTN S T
�o[]] N ipj S s�t uUVWXWYZ[X\]Z\Y ^_`ab_c \W` d
e f P Qe R gT S T� \]YX\c \bWbZ \] iPQjf P w � gT S w P wT S Px� � T m]_ ZV[X[ WX[ b_ X[W` X_ _Z] uUWb ]_`�[ �a �oWlXWZ\Y �_Xco`W u�X �a ][[�\bn Y_c^`[� Y_b�onWZ[ �WYZ_X] d�[Z ie R iPg P x�jj ie R iPg R x�jj S T u\ u[ u e S g � x� uh_ W Y_c^`[� ]_`oZ\_b \] ds �~r�

|��t S s~t iY_] ixpj R � ]\b ixpjj uh\bY[ ZV[ ��� VW] X[W` Y_ [� Y\[bZ] m ZV[ X[W` Wbl\c Wn\bWXa ^WXZ] _� ZV\] ]_`oZ\_b co]Z W`]_ � [ ]_`o�Z\_b] u�V[ X[W` ^WXZ \] N r ipj S s~t Y_] ixpj u�V[ \c Wn\bWXa ^WXZ \] Nf ipj S s~t ]\b ixpj u�V[][ WX[ `\b[WX`a \bl[^[bl[bZ ]_`oZ\_b] uh_ ZV[ n[b[XW` ]_`oZ\_b \] dN ipj S qrs~t Y_] ixpj R qf s~t ]\b ixpj u
./ 0 1234567 88 A/= 8: �A� 7 24� 5 >? 5 @ C� 5/ C/C�>CA4 �A4B 5 0 123456 D �3� �  5>¡? >? 5 @1A0 ? 2¢ >? 57 24B>C2/ A/= �¡� =57 ¡1C35 C>7 35? A�C21 ¢ 21 C/�¡15A7C/@ £ D

E FGH IJK LLM¤N OO P gQN O R wN S TN iTj S QN O iTj S Pg
¥¦§ ¨©ª«¬­©® ¯�V[ YVWXWYZ[X\]Z\Y ^_`ab_c \W` �WYZ_X] W] dixe P Qjf S T °h_ e S f

|
uk[^ [WZ[l X__Z u h_ n[b[XW` ]_`oZ\_b \] dN ipj S qrs �� t R qf ps �� t u��][X�[ ZVWZ N O ipj S i f

|
qr R qf js �� t R f

|
qf ps �� t u±^^`a \b\Z\W` Y_bl\Z\_b] u �[Z ]a]Z[c d

Q S qr
Pg S Qx qr R qf

h_ qf S P ²
|
uh_ ZV[ ]_`oZ\_b \] dN ipj S Qs �� t R iP ²

|
jps �� t u

¥³ ´µ § ¶·¸¦¹ ­©º ¦» p ¼ ½ ¦®¾ ¿º¦À¸ ¯± ZX\Y� ZVWZ YWb V[`^ a_o �o\Y�`a lXWÁ X_onV nXW^V]_� ]_`oZ\_b] \] Z_ l[Z[Xc \b[ ÁVWZ ZV[ �obYZ\_b `__�]`\�[ b[WX R½ m b[WX P½ m Wbl b[WX ZV[ \b\Z\W` Y_bl\�Z\_b u Â[Z N r ipj S Qs �� t m Wbl `[Z Nf ipj S iP ²
|
jps �� t uh_ N ipj S N r ipj R Nf ipj u ��][X�[ ZVWZ W] p n_[] Z_R½ m Nf ipj \] coYV �\nn[X ZVWb N r ipj u �ZV[X ÁWa] _�]Wa\bn ZV\] WX[ d

Ã `\c tÄÅ Æ� �t�Æ � �t�
S �½

Ã `\c tÄÅ Æ� �t�Æ� �t�
S T

Ã Nf ipj l_c \bWZ[] N r ipj W] p ¼ ½ u
�V\] c [Wb] ZVWZ N ipj `__�] `\�[ Nf ipj W] p n_[] Z_ R½ u�ZV[X ÁWa] _� ]Wa\bn ZV\] WX[ d

Ã `\c tÄÅ Æ �t�Æ� �t�
S g

Ã N ipj \] W]ac^Z_Z\Y Z_ Nf ipj W] p ¼ ½ u
Ã N ipj Ç Nf ipj W] p ¼ ½ u

È VWZ VW^^[b] W] p n_[] Z_ P½É U[XZW\b`a N r m Nf mWbl N W`` n_ Z_ T u ÊoZ Á[ YWb ]Wa c_X[ ^X[Y\][`a
g



V_Á ZV[a n_ Z_ �[X_ u �_Z\Y[ ZVWZ WnW\b Nf ipj \] coYV�\nn[X ZVWb N r ipj W] p n_[] Z_ P½ u h_ N ipj Ç Nf ipj W]p ¼ P½ u
h_ nXW^V\bn Nf ipj YWb V[`^ a_o nXW^V N ipj u

−5 −4 −3 −2 −1 0 1
−5

−4

−3

−2

−1

0

1

2

3

4

t

y
(
t)

solution: y(t) →

y
2
(t) →

y
1
(t) →

� \noX[ gd �XW^V �_X � X_� `[c gg

EFGH IJK Lv M¤N OO R �N O R �QN S TN iTj S PgN O iTj S PQ
¥¦§ ¨©ª«¬­©® ¯�V[ X__Z] _� ZV[ YVWXWYZ[X\]Z\Y ^ _`ab_c \W` WX[ d
e S P r

|
� x� u h_ ZV[ n[b[XW` ]_`oZ\_b \] dN ipj S qrs~ �� t Y_] ixpj R qf s~ �� t ]\b ixpj u

�_Z[ d N O ipj S qr iP r
|
s~ �� t Y_] ixpj P xs~ �� t ]\b ixpjj Rqf iP

r
|
s~ �� t ]\b ixpj R xs~ �� t Y_] ixpjj

�V[ \b\Z\W` Y_bl\Z\_b] n\�[ d
Pg S qr
PQ S qr iP gx j R qfx

h_ qf S �� u h_ ZV[ ]_`oZ\_b \] dN ipj S s~ �� t iPg Y_] ixpj �� ]\b ixpjj u

¥³ ´µ § ¶·¸¦¹ ­©º ¦» p ¼ ½ ¦®¾ ¿º¦À¸ ¯

�_ ]�[ZYV ZV[ nXW^V m Á[ X[ÁX\Z[ Pg Y_] ixpj R �� ]\b ixpj\b ZV[ �_Xc � Y_] ixp P � j uk[YW`` ZVWZ Y_] i	 P 
 j S Y_] i	 j Y_] i
 j R ]\b i	 j ]\b i
 j uh_ � Y_] ixp P � j S i� Y_] � j Y_] xp R i� ]\b � j ]\b xp uh_ Á[ YWb ][Z d
� Y_] � S Pg
� ]\b � S �¤

�V\] \c^`\[] ZVWZ � f S iPgjf R i �� jf S rf�� r u
h_ � S �
 ���� � g°QwQ u
h_ N ipj S �
 ���� s~ �� t Y_] ixp P � j uÈ[ Y_o`l Y_bZ\bo[ Wbl �bl � i�a �bl\bn ZWb � j m �oZWZ ZV \] ^ _\bZ Á[ �b_Á ZVWZ N ipj \] Wb [�^ _b[bZ\W``al[YWa\bn ]\bo]_\l ZVWZ ]WZ\]�[] ZV[ \b\Z\W` Y_bl\Z\_b]Wbl ÁV\YV _]Y\``WZ[] Á \ZV \b ZV[ [b�[`_^[ �s~ �� t u�V\] \] [b_onV \b�_Xc WZ\_b Z_ ]�[ZYV W nXW^V iW]]oc �\bn ZVWZ Á[ l_b �Z YWX[ W�_oZ [�WYZ`a ÁV[X[ ZV[ �[X_]WX[j u

Q



−6 −4 −2 0 2 4 6
−10

−8

−6

−4

−2

0

2

4

6

8

10

exp(−t/3)*(−cos(3*t)+(5/9)*sin(3*t))

t

y
(
t)
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← 1.24226*exp(−t/3)

← −1.24226*exp(−t/3)
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