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3.0 Úó

ÄÄÄ���&&&ÒÒÒ������¦¦¦999������©©©ÛÛÛ���{{{

��Ä�ü��&ÒA÷v±e�¦µ

1 ��¦�U{ü§¿�^§��5|ÜU
L«£�¤¤¦�U2
��Ù§&Ò¶

2 LTIXÚéù«&Ò��A´u¦�"

XJ)û
&Ò©)�¯K§Kkµ

if x(t) =
∑
k

akxk(t), xk(t)→ yk(t), then y(t) =
∑
k

akyk(t)

©Û�{µ

ò&Ò©)�±3��?1§��±3ª�½C��?1§�A/Ò�
)
éLTIXÚ���©Û{!ª�©Û{ÚC��©Û{"
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3.1 &Ò���©) 3.1.1 ^δ(t)L«ëY�m&Ò

^̂̂δ(t)LLL«««ëëëYYY���mmm&&&ÒÒÒ

æ^êÆ¥?ØÈ©�g�"
½Âµ

δ∆(t) =

{
1
∆ , 0 < t < ∆

0, otherwise

Kkµ

∆δ∆(t) =

{
1, 0 < t < ∆

0, otherwise

1k�Ý/�±L«�µ

x(k∆)δ∆(t− k∆) ·∆

ù
Ý/S\å5Ò¤��F/
&Òµ

x∆(t) =

∞∑
k=−∞

x(k∆)δ∆(t−k∆) ·∆
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3.1 &Ò���©) 3.1.1 ^δ(t)L«ëY�m&Ò

^̂̂δ(t)LLL«««ëëëYYY���mmm&&&ÒÒÒ

�∆→ 0�§

k∆→ τ, δ∆(t− k∆)→ δ(t− τ),∆→ dτ,
∑
→
∫

u´

x(t) =

∫ ∞
−∞

x(τ)δ(t− τ)dτ

ù�'X��±�âδ(t)�5���í��5µ∫ ∞
−∞

x(τ)δ(t− τ)dτ =

∫ ∞
−∞

x(t)δ(t− τ)dτ

= x(t)

∫ ∞
−∞

δ(t− τ)dτ = x(t)

��§?ÛëY�m&ÒÑ�±�©)¤£ \��ü À-&Ò��
5|Ü"
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3.1 &Ò���©) 3.1.2 ^δ(n)L«lÑ�m&Ò

^̂̂δ(n)LLL«««lllÑÑÑ���mmm&&&ÒÒÒ

é?ÛlÑ�m&Òx(n)§XJzglÙ¥�Ñ��:§Ò�±ò��
&Ò
m5"

zg�Ñ���:Ñ�±L«¤ØÓ\�!ØÓ ��ü óÀ"

u´kµx(n) =
∞∑

k=−∞
x(k)δ(n− k)

ùL²§?ÛlÑ�m&ÒÑ�±�©)¤£ \��ü óÀ&Ò�
�5|Ü"
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3.2 ëY�mLTIXÚ���©Û 3.2.1 òÈÈ©

òòòÈÈÈÈÈÈ©©©£££The convolution integral¤¤¤

XJ��LTIXÚ�ü À-�A�h(t)§KL²�XÚ�Ñ\
�δ(t)�§XÚ�ÑÑ�h(t)"éuLTIXÚ
ó§XJÑ\�δ(t −
k∆)§ÙÑÑA�h(t − k∆)§
XJÑ\�x(k∆)δ(t − k∆)∆§KÑ
Ñ�x(k∆)h(t− k∆)∆ §=µ

x(k∆)δ(t− k∆)∆⇒ x(k∆)h(t− k∆)∆

x̂(t) =

∞∑
k=−∞

x(k∆)δ(t− k∆)∆⇒ ŷ(t) =

∞∑
k=−∞

x(k∆)h(t− k∆)∆

�∆→ 0, k∆→ τ,∆→ dτ�§Kk

x (t) =

∫ ∞
−∞

x (τ) δ (t− τ) dτ ⇒ y (t) =

∫ ∞
−∞

x (τ)h (t− τ) dτ

þª�$�¡�òÈÈ©§{¡�òÈ"§L²§XÚéÑ\&
Òx(t)��AÒ´&Òx(t)�XÚü À-�Ah(t)�òÈ"
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3.2 ëY�mLTIXÚ���©Û 3.2.1 òÈÈ©

òòòÈÈÈÈÈÈ©©©���)))ÛÛÛOOO���

Ï~P�µ y(t) = x(t) ∗ h(t) §ùL²§LTIXÚ�±��d§�ü 

À-�Ah(t)5L�"

~µ®�x(t) = e−atu(t), a > 0; h(t) = u(t)§¦y(t) = x(t) ∗ h(t)"

)µ

y(t) = x(t) ∗ h(t) =

∫ ∞
−∞

x(τ)h(t− τ)dτ

=

∫ ∞
−∞

e−aτu(τ)u(t− τ)dτ =

{
0 t < 0;∫ t

0 e
−aτdτ t > 0.

=
1

a
(1− e−at)u(t)

5¿µÏLã/�Ï(½È©«mÚÈ©þe�  ´ék^�"
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3.2 ëY�mLTIXÚ���©Û 3.2.2 òÈÈ©�ã)O�

òòòÈÈÈÈÈÈ©©©���ããã)))OOO���ÚÚÚ½½½

dy (t) =
∫∞
−∞ x (τ)h (t− τ) dτ �±wÑ§x(t) ∗ h(t)�AÛ¿ÂÒ

´¦x(τ)�h(t − τ)�¦�§­�e�¡È§ù�¡È´ëþt�¼ê"
��
ü�ë�òÈ&Ò�Å/§�±|^ã){¦ÑòÈ(J§��
Ú½�µ

1 ��µòx(t)Úh(t)¥�Cþt��τ§�x(τ)Úh(τ)¶

2 �=µòh(τ)±p¶�é¡¶�=��h(−τ)¶

3 ²£µòh(−τ)�ëCþt²£§��h(t− τ)§
et > 0Kòh(−τ)÷τ¶�m²£§et < 0 §K��²£¶

4 �¦µòx(τ)�h(t− τ)�¦¶

5 È©µx(τ)�h(t− τ)¦È­�e�¡È=�t���òÈ�"

$�L§�¢�µë�òÈ�ü�&Ò¥§��ØÄ§,���=
��ëCþt£Ä"
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3.2 ëY�mLTIXÚ���©Û 3.2.2 òÈÈ©�ã)O�

~~~: ^̂̂ããã))){{{OOO���òòòÈÈÈ

1 t < −T, y(t) = 0

2 −T < t < 0, (t− T < −T )

y(t) =

∫ t

−T
(t− τ)dτ =

1

2
t2 + tT +

1

2
T 2

3 0 < t < T, (−T < t− T < 0)
y(t) =

∫ t
t−T (t− τ)dτ = 1

2T
2

4 T < t < 2T, (0 < t− T < T )

y(t) =
∫ T
t−T (t− τ)dτ = −1

2 t
2 + tT

5 t > 2T, (t− T > T ), y(t) = 0
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3.2 ëY�mLTIXÚ���©Û 3.2.3 òÈÈ©�5�

òòòÈÈÈ���������ÆÆÆ!!!©©©���ÆÆÆ

��Æµ

y(t) = x(t) ∗ h(t) =

∫ ∞
−∞

x(τ)h(t− τ)dτ

=

∫ ∞
−∞

x(t− τ)h(τ)dτ = h(t) ∗ x(t)

L²: ��ü À-�A´h(t)�LTIXÚéÑ\&Òx(t)¤�)��
A§�,��ü À-�A´x(t)�LTIXÚéÑ\&Òh(t)¤�)��
A�Ó"

©�Æµ

x(t)∗ [h1(t)+h2(t)] = x(t)∗h1(t)+x(t)∗h2(t)

L²µü�LTIXÚ¿é§Ùo�ü À-�A�u��fXÚ�ü 
À-�A�Ú"
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3.2 ëY�mLTIXÚ���©Û 3.2.3 òÈÈ©�5�

òòòÈÈÈ���(((ÜÜÜÆÆÆ

(ÜÆµ
[x(t) ∗ h1(t)] ∗ h2(t) = x(t) ∗ [h1(t) ∗ h2(t)]

L²µü�LTIXÚ?é�§X
Úo�ü À-�A�u��f
XÚü À-�A�òÈ"

duòÈ÷v��Æ§ÏdXÚ?é�
k�gS�±N�"

x(t) ∗ h1(t) ∗ h2(t) = x(t) ∗ h2(t) ∗ h1(t)
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3.2 ëY�mLTIXÚ���©Û 3.2.3 òÈÈ©�5�

òòòÈÈÈ������©©©���ÈÈÈ©©©

òÈ��©�È©µ

if x(t) ∗ h(t) = y(t), then x′(t) ∗ h(t) = x(t) ∗ h′(t) = y′(t)[∫ t

−∞
x(τ)dτ

]
∗ h(t) = x(t) ∗

[∫ t

−∞
h(τ)dτ

]
=

[∫ t

−∞
y(τ)dτ

]
òÈ�Ù§5�µ

x(t) ∗ δ(t) = x(t)
x(t) ∗ δ(t− t0) = x(t− t0)
x(t− t1) ∗ δ(t− t2) = x(t− t1 − t2)

XJx(t) ∗ h(t) = y(t)§@o
x(t− t1) ∗ h(t− t2) = y(t− t1 − t2)

x(t) ∗ δ′(t) = x′(t) ∗ δ(t) = x′(t)

x(t) ∗ u(t) =
∫ t
−∞ x(τ)dτ

�)±þ(Ø�cJ^
�µ

1 XÚ7L´LTIX
Ú¶

2 ¤k�9��òÈ
$�7LÂñ"
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3.3 lÑ�mLTIXÚ���©Û 3.3.1 òÈÚ

òòòÈÈÈÚÚÚ£££The convolution sum ¤¤¤

eLTIXÚéδ(n)��A�h(n)§h(n)¡�XÚ�ü óÀ�A§KlÑ
�mLTIXÚéÑ\

x(n) =
∞∑

k=−∞
x(k)δ(n− k)

��A�µ

y(n) =
∞∑

k=−∞
x(k)h(n− k)

þª¡�òÈÚ§Ï~P�

y(n) = x(n) ∗ h(n)

ùL²µ ��lÑ�mLTIXÚ�±��d§�ü óÀ�A5L�"
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3.3 lÑ�mLTIXÚ���©Û 3.3.2 òÈÚ�O�

OOO���òòòÈÈÈÚÚÚ���������ÚÚÚ½½½

d½Ây(n) =
∑∞

k=−∞ x(k)h(n−k)§�±�ÑO�òÈÚ���Ú½µ

1 ��µòx(n)Úh(n)¥�Cþn��k¶
2 �=µòh(k)±p¶�é¡¶�=��h(−k)¶
3 ²£µòh(−k)�ëCþn²£§��h(n− k)§
en > 0Kòh(−k)÷k¶�m²£§en < 0§K��²£¶

4 �¦µòx(k)�h(n− k)�éA:�¦¶
5 ¦Úµò�¦���:��\"

~µx(n) =

{
1, 0 ≤ n ≤ 4

0, otherwise

h(n) =

{
αn, α > 1, 0 ≤ n ≤ 6

0, otherwise
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3.3 lÑ�mLTIXÚ���©Û 3.3.2 òÈÚ�O�

~~~µµµããã))){{{OOO���òòòÈÈÈÚÚÚ

1 n < 0�§y(n) = 0"
2 0 ≤ n ≤ 4�§

y(n) =
n∑

k=0

αn−k = αn
n∑

k=0

α−k

= αn · 1− α−(n+1)

1− α−1
=

1− αn+1

1− α
3 4 ≤ n ≤ 6�§

y(n) =
4∑

k=0

αn−k = αn−4−αn+1

1−α

4 6 ≤ n ≤ 10�§

y(n) =
4∑

k=n−6

αn−k = αn−4−α7

1−α

5 n ≥ 10�§y(n) = 0"

ÜïI (ÜS�Ï�Æ>&Æ�) 13Ù &Ò�XÚ���©Û 2013c 10� 8F 18 / 40

3.3 lÑ�mLTIXÚ���©Û 3.3.2 òÈÚ�O�

kkk������SSS������òòòÈÈÈÚÚÚOOO������ÝÝÝ


LLL«««

~µx(n) = [a b c d]§h(n) = [e f g]"

x(n) ∗ h(n) =
[
e f g

] a b c d 0 0
0 a b c d 0
0 0 a b c d



=
[
a b c d

] 
e f g 0 0 0
0 e f g 0 0
0 0 e f g 0
0 0 0 e f g



x(n) ∗ h(n) =


a 0 0
b a 0
c b a
d c b
0 d c
0 0 d


ef
g

 =


e 0 0 0
f e 0 0
g f e 0
0 g f e
0 0 g f
0 0 0 g



a
b
c
d


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3.3 lÑ�mLTIXÚ���©Û 3.3.2 òÈÚ�O�

kkk������SSS���òòòÈÈÈÚÚÚ���çççªªªOOO���

òòÈúªU��e�/ªµ

dx(n) ∗ h(n) =

(∑
k

x(k)δ(n− k)

)
∗ h(n) =

∑
k

x(k)h(n− k)

���Xe�k��S�òÈÚ�çªO��{"

a b c d
* e f g

ga gb gc gd
fa fb fc fd

ea eb ec ed

ea fa+ eb A B gc+ fd gd

Ù¥µA = ga+ fb+ ec,B = gb+ fc+ ed

òÈ(J�e�´ü�S��e��Ú§þ�´ü�S��þ��Ú"
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3.3 lÑ�mLTIXÚ���©Û 3.3.3 òÈÚ�5�

òòòÈÈÈÚÚÚ���555���

òÈÚ�òÈÈ©��§�÷v��Æ!(ÜÆ!©�Æ"

x(n) ∗ h(n) = h(n) ∗ x(n)

[x(n) ∗ h1(n)] ∗ h2(n) = x(n) ∗ [h1(n) ∗ h2(n)]

x(n) ∗ [h1(n) + h2(n)] = x(n) ∗ h1(n) + x(n) ∗ h2(n)

Ó�§�÷v�£!�©9¦ÚA5"

x(n) ∗ δ(n) = x(n) x(n) ∗ δ(n− n0) = x(n− n0)

x(n− n1) ∗ δ(n− n2) = x(n− n1 − n2)

x(n) ∗ u(n) =

n∑
k=−∞

x(k)

if x(n) ∗ h(n) = y(n), then x(n− n1) ∗ h(n− n2) = y(n− n1 − n2)
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3.4 �5�ØCXÚ�5� 3.4.1 =�XÚ�Ä�XÚ

PPPÁÁÁXXXÚÚÚÚÚÚÃÃÃPPPÁÁÁXXXÚÚÚ

LTIXÚ�±d§�ü À-/óÀ�A5L�§Ï
ÙA5£PÁ5!
�_5!ÏJ5!­½5¤ÑA3Ùü À-/óÀ�A¥k¤Ny"

PÁ5: �ây(n) =
∑∞

k=−∞ x(k)h(n− k)§XJXÚ´ÃPÁ�§K3
?Û��n§y(n)Ñ�UÚn���Ñ\k'§=Úª¥�Ukk = n�
�����"§Ïd7Lkµh(n− k) = 0, k 6= n§=h(n) = 0, n 6= 0"

ÏdÃPÁXÚ�ü À-�A�µ h(n) = Kδ(n), h(t) = Kδ(t) "

d�§

x(n) ∗ h(n) = Kx(n)

x(t) ∗ h(t) = Kx(t)

�K = 1�´ð�XÚ"

XJLTIXÚ�ü À-/óÀ�AØ÷vþã�¦§KXÚ´PÁ�"
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3.4 �5�ØCXÚ�5� 3.4.2 XÚ��_5ÚÏJ5

XXXÚÚÚ������___555ÚÚÚÏÏÏJJJ555

�_5:
XJLTIXÚ´�_�§�½�3��

_XÚ§�T_XÚ�´LTIXÚ§§�?
éå5�¤��ð�XÚ"ò�ì!\\ì
Ñ´�_XÚ"

Ïdkµh(t) ∗ g(t) = δ(t), h(n) ∗ g(n) = δ(n)

~µu(n) ∗ [δ(n)− δ(n− 1)] = u(n)− u(n− 1) = δ(n)

ÏJ5:
�ây(n) =

∑∞
k=−∞ x(k)h(n − k)§XJLTIXÚ´ÏJ�§K3?

Û��n§y(n)Ñ�U�ûun��9Ù±c�Ñ\§Úª¥¤kk >
n��Ñ7L�"§Ïdkµh(n− k) = 0, k > n§=h(n) = 0, n < 0"

LTIXÚäkÏJ5�¿©7�^�´µ

h(n) = 0, n < 0 h(t) = 0, t < 0
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3.4 �5�ØCXÚ�5� 3.4.4 XÚ�­½5

XXXÚÚÚ���­­­½½½555

�â­½5�½Â§dy(n) =
∑∞

k=−∞ x(k)h(n−k)§ex(n)k.§
K|x(n− k)| ≤ A§eXÚ­½§Ky(n)7k."d

|y(n)| =

∣∣∣∣∣
∞∑

k=−∞
h(k)x(n− k)

∣∣∣∣∣
≤

∞∑
k=−∞

|h(k)| |x(n− k)| ≤ A
∞∑

k=−∞
|h(k)|

��§
∑∞

n=−∞ |h(n)| <∞
�A/kµ ∫ ∞

−∞
|h(t)| dt <∞

¢Sþ§T^�´LTIXÚ­½�¿©7�^�"
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3.4 �5�ØCXÚ�5� 3.4.5 XÚ�ü ���A

XXXÚÚÚ���üüü   ���������AAA

3ó§¢S¥§�~^ü ���A5£ãLTIXÚ"ü ���
AÒ´XÚéu(t)½u(n)¤�)��A"=:

s(t) = u(t) ∗ h(t); s(n) = u(n) ∗ h(n)

ü ���A�ü À-�A�'X:

s(t) =

∫ t

−∞
h(τ)dτ h(t) =

d

dt
s(t)

s(n) =

n∑
k=−∞

h(k) h(n) = s(n)− s(n− 1)

��ü ���A��±��L���LTIXÚ"
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3.5 LTIXÚ��©!�©�§£ã 3.5.1 ëY�mLTIXÚ��©�§£ã

���555~~~XXXêêê���©©©���§§§

�±^�5~Xê�©�§£Linear Constant-Coefficient Differential
Equation¤£ã��2���aëY�mLTI XÚ"©ÛùaLTIXÚ§
Ò´�¦)�5~Xê�©�§"

N∑
k=0

ak
dky(t)

dtk
=

M∑
k=0

bk
dkx(t)

dtk

Ù¥§ak, bk�~ê"

¦)T�©�§§Ï~´¦Ñ��A)yp(t)ÚÏ)yh(t)§u´

y(t) = yh(t) + yp(t)

A)yp(t)µ´�Ñ\x(t)Óa.�¼ê"

Ï)yh(t)µ´àg�§
∑N

k=0 ak
dky(t)
dtk

= 0�)§Ïdq¡àg)"

ÜïI (ÜS�Ï�Æ>&Æ�) 13Ù &Ò�XÚ���©Û 2013c 10� 8F 26 / 40

3.5 LTIXÚ��©!�©�§£ã 3.5.1 ëY�mLTIXÚ��©�§£ã

���555~~~XXXêêê���©©©���§§§���ÏÏÏ)))£££àààggg)))¤¤¤

�¦�àg)§��âàg�§ïá��A��§µ
∑N

k=0 akλ
k = 0§

¦ÑÙA��"3A��þ�ü���§��Ñàg)�/ª�µ

yh(t) =

N∑
k=1

Cke
λkt

Ù¥§Ck´�½Xê"�(½Xê§I�k�|^�§¡�N\^�"
=l(½�½Xê��Ý5w§ù�|N\^��±´?¿�§�)N
\^���±9�ÑN\^����Ñ�±´?¿�"

XÚ3vkÑ\=x(t) = 0�§�©�§ÒðC¤àg�§"du
�5XÚäk/"Ñ\¨"ÑÑ0�5�§Ï
£ã�5XÚ��©�
§Ùàg)7L�"§=¤k�CkÑ�""ùÒ�¦(½�½Xê¤I
��|N\^���7L�Ü�""dd��µ"N\^��LCCDE£
ã�XÚ´�5XÚ"
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3.5 LTIXÚ��©!�©�§£ã 3.5.1 ëY�mLTIXÚ��©�§£ã

���555~~~XXXêêê���©©©���§§§���XXXÚÚÚ���555���

XJN\^�3Ñ\�\XÚ�Ó����Ñ§K¡ù|N\^�
�Ð©^�"

XJ�5~Xê�©�§äk"Ð©^�§KLCCDE£ã�XÚØ
=´�5�§�´ÏJ�Ú�ØC�"

(Øµ LCCDEëÓ�|�Ü�"�Ð©^��±£ã��LTIÏJ
XÚ"ù|^�´µ

y(0) = 0, y′(0) = 0, · · · , yN−1(0) = 0 "

XJ��ÏJ�LTIXÚdLCCDE£ã£�§äk"Ð©^�¤§
Ò¡TXÚÐ©´·��½�Ð´tµ�"

XJLCCDEäk�|�"�Ð©^�§K�±y²§¤£ã�XÚ
´Oþ�5�"
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3.5 LTIXÚ��©!�©�§£ã 3.5.2 lÑ�mLTIXÚ��©�§£ã

���555~~~XXXêêê���©©©���§§§£££LCCDE¤¤¤

����5~Xê�©�§£LCCDE¤�L«�µ

N∑
k=0

aky(n− k) =

M∑
k=0

bkx(n− k)

��©�§��§§�){��±ÏL¦Ñ��A)yp(n)ÚÏ)£à
g)¤yh(n)5?1§ÙL§�)�©�§��"

�(½àg)¥��½~ê§�I�k�|N\^�"Ó�/§
�LCCDEäk�|�Ü�"�Ð©^��§¤£ã�XÚ´�5!Ï
J!�ØC�"

ÃØ�©�§�´�©�§§duÙA)Ñ�Ñ\&Òäk�Ó�
¼ê/ª§�Ò´`§´��dÑ\û½�§Ï
A)¤éA�ù�Ü
©�A¡�É½�A½r½�A"àg)¤éA�Ü©du�Ñ\&Ò
Ã'§�¡�XÚ�g,�A"
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3.5 LTIXÚ��©!�©�§£ã 3.5.2 lÑ�mLTIXÚ��©�§£ã

���555~~~XXXêêê���©©©���§§§£££LCCDE¤¤¤���SSS���))){{{

Oþ�5XÚ��Ak"G��AÚ"Ñ\�A""Ñ\�A�Ñ
\&ÒÃ'§Ïdáug,�A"

"G��AQ�Ñ\&Òk'§��XÚA5k'§Ï
§�¹

É½�A§��¹k�Ü©g,�A"

�5~Xê�©�§��±æ^S���{¦)§ò�§U��µ

y(n) =
1

a0

[
M∑
k=0

bkx(n− k)−
N∑
k=1

aky(n− k)

]

lT�©�§�±wÑ§�¦Ñy(0)§Ø=���¤k�x(n)§
����y(−1), y(−2), · · · , y(−N)§ùÒ´�|Ð©^�§dd�±�
Ñy(0)"?
§q�±ÏLy(0), y(−1), · · · , y(−N + 1)§¦�y(1), · · ·§
�gaí�±íÑ¤kn ≥ 0 ��)"
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3.5 LTIXÚ��©!�©�§£ã 3.5.2 lÑ�mLTIXÚ��©�§£ã

���555~~~XXXêêê���©©©���§§§���SSS���))){{{

eò�§U��µ

y(n−N) =
1

aN

[
M∑
k=0

bkx(n− k)−
N−1∑
k=0

aky(n− k)

]

K�dy(1), y(2), · · · , y(N)¦�y(0)§?
dy(1), y(2), · · · , y(N −
1)Úy(0) ¦�y(−1)§�d�íÑn ≤ 0��)"

duù«�©�§�±ÏL4í¦)§Ï
¡�48�§
£recursive equation¤"
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3.5 LTIXÚ��©!�©�§£ã 3.5.2 lÑ�mLTIXÚ��©�§£ã

FIRXXXÚÚÚÚÚÚIIRXXXÚÚÚ

N∑
k=0

aky(n− k) =

M∑
k=0

bkx(n− k)

ek 6= 0, ak = 0§K�§C�µy(n) = 1
a0

M∑
k=0

bkx(n− k)

d��§ÃI4í"y(n) = x(n) ∗ h(n)§Ù¥

h(n) =

{
bn/a0, 0 ≤ n ≤M
0, Ù§

w,§h(n)�k��S�§d��§£ã�XÚ¡�k��óÀ�
A(Finite Impulse Response, FIR)XÚ"

ek 6= 0�§akØ��"§K�§�4í.§h(n)�Ã��§¡�
Ã��óÀ�A(Infinite Impulse Response, IIR)XÚ"
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3.5 LTIXÚ��©!�©�§£ã 3.5.3 LTIXÚ��µãL«

lllÑÑÑ���mmmLTIXXXÚÚÚ������µµµãããLLL«««

XÚ©Û���­�8�´�
�O¿¢y÷v�¦�XÚ§Ù¢
�Ò´�¤XÚ�.¤�)��«$�"|^Ä�$�ü�5L«XÚ
�.�$�õU§Ò/¤
XÚ��[µã"§kÏuXÚ�©Û!�
[�ý!�O�¢y"

lÑ�mLTIXÚ��µãL«

dy(n) = 1
a0

[∑M
k=0 bkx(n− k)−

∑N
k=1 aky(n− k)

]
�±wÑ§�§

¥�)n«Ä�$�µ¦Xê!�\!£ £ü ò´¤"ù
$��
±^±eÎÒL«µ
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lllÑÑÑ���mmmLTIXXXÚÚÚ������µµµãããLLL«««

éuªy(n) = 1
a0

[∑M
k=0 bkx(n− k)−

∑N
k=1 aky(n− k)

]
§

XJ-w(n) =
M∑
k=0

bkx(n− k)§Ky(n) = 1
a0

[
w(n)−

N∑
k=1

aky(n− k)

]
ùü�XÚ�±^Xe��µãL«"ò§�?éå5§Xm>��µ
ã¤«§Ò¤�LCCDE £ã�XÚ§§äk��©�§���Ó�$
�õU"ùÒ´lÑ�mXÚ���I.¢y(�"
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3.5 LTIXÚ��©!�©�§£ã 3.5.3 LTIXÚ��µãL«

lllÑÑÑ���mmmLTIXXXÚÚÚ������µµµãããLLL«««

w,§��ü�?é�XÚ§�±N�Ù?é�gS§¿ò£ ü�Ü
¿§��lÑ�mXÚ���II.¢y(�µ
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3.5 LTIXÚ��©!�©�§£ã 3.5.3 LTIXÚ��µãL«

ëëëYYY���mmmLTIXXXÚÚÚ������µµµãããLLL«««

d
∑N

k=0 ak
dky(t)
dtk

=
∑M

k=0 bk
dkx(t)
dtk
�±wÑ§�§¥��)n«Ä

�$�µ�©!�\!¦Xê"�du�©ìØ=3ó§¢yþk(
J§
�éØ�9D(4�(¯§ó§þÏ~¦^È©ì
Ø^�©
ì"

Äk�Xe�½µ

"gÈ©µy(0)(t) = y(t)§

�gÈ©µy(1)(t) =
∫ t
−∞ y(0)(τ)dτ = y(t) ∗ u(t)

�gÈ©µy(2)(t) =
∫ t
−∞ y(1)(τ)dτ = y(t) ∗ u(t) ∗ u(t)

KgÈ©µy(K)(t) =
∫ t
−∞ y(K−1)(τ)dτ = y(t) ∗ u(t) ∗ · · · ∗ u(t)︸ ︷︷ ︸

K�

ò�§£�M = N¤ü>Ó�È©Ng§=�����È©�§µ

N∑
k=0

aky(N−k)(t) =
N∑
k=0

bkx(N−k)(t)
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ëëëYYY���mmmLTIXXXÚÚÚ������µµµãããLLL«««

éd�§��Uìc¡�©�§��{=�����I.¢y(�"

w(t) =

N∑
k=0

bkx(N−k)(t)

y(t) =
1

aN

[
w(t)−

N−1∑
k=0

aky(N−k)(t)

]
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ëëëYYY���mmmLTIXXXÚÚÚ������µµµãããLLL«««

ÏL��?égS§Ü¿È©ì����/.¢y(�"

ØÓ�(�¬3�OÚ¢y��XÚ��5ØÓ�K�µX3XÚ�¤
�!(¯Ý!Ø�9NÁJÝ��¡Ñ¬k�É"
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3.6 �Ù�(

���ÙÙÙ���(((

&Ò���©)¶

LTIXÚ���©ÛòÈÈ©�òÈÚ¶

y(t) =

∫ ∞
−∞

x (τ)h (t− τ) dτ

y(n) =
∞∑

k=−∞
x(k)h(n− k)

LTIXÚ�£ã�{µ
1 ^h(t)!h(n)½ös(t)!s(n)£ãLTIXÚ¶
2 ^LCCDEëÓ"Ð©^�£ãLTIXÚ¶
3 ^XÚ�µã£ãXÚ£�ÓuLCCDE £ã¤"

LTIXÚ�A5�h(t)!h(n)�'Xµ
1 PÁ5!ÏJ5!­½5!�_5�h(t)!h(n)�'X¶
2 XÚ?é!¿é�§h(t)!h(n)��fXÚ�m�'X"
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3.6 �Ù�(

������

1�gµ3.1(a)(c)(e) 3.2(b)(c)(f) 3.3(a)(b)

1�gµ3.4 3.5 3.7 3.8

1ngµ3.10 3.14 3.15
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