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Discrete Time System
N Gaussian random variables

Definition

Y [n] =−
N

∑
i=1

ai (n)Y [n− i ] +
M

∑
i=0

bi (n)X [n− i ]

Y [n] =−
N

∑
i=1

aiY [n− i ] +
M

∑
i=0

biX [n− i ]
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Unit Impulse
N Gaussian random variables

Definition

δ [n] =

{
1 n = 0
0 n 6= 0

δ [−n] = δ [n]

+∞

∑
n=−∞

δ [n] = 1
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Impulse Response
N Gaussian random variables

Definition

X [n] =
+∞

∑
m=−∞

X [m]δ [n−m]

Y [n] =
+∞

∑
m=−∞

X [m]h[n−m]

=
+∞

∑
k=−∞

X [n−k]h[k]

Young W Lim Discrete Time Linear Time Invariant System



Convolution Sum
N Gaussian random variables

Definition

Y [n] =
+∞

∑
m=−∞

X [m]h[n−m] = X [n]∗h[n]

=
+∞

∑
k=−∞

X [n−k]h[k] = h[n]∗X [n]
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Cascading two systems
N Gaussian random variables

Definition

h[n] = h1[n]∗h2[n] = h2[n]∗h1[n]
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Linear combination of two systems
N Gaussian random variables

Definition

X [n] = a1X1[n] +a2X2[n]

Y [n] = a1Y1[n] +a2Y2[n]
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BIBO Stable
N Gaussian random variables

Definition
+∞

∑
n=−∞

|h[n]|< ∞
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FIR
N Gaussian random variables

Definition

y [n] =
M

∑
i=0

biX [n− i ]

h[n] =
M

∑
i=0

biδ [n− i ] =

{
bn 0< n ≤M

0 otherwise
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Transform Domain
N Gaussian random variables

Definition

SXsXs (ω) = SXsXs (e
jΩ) =

+∞

∑
n=−∞

RXX [n]e−jΩ

Ω = ωTs
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Transfer Function
N Gaussian random variables

Definition

H(e jΩ) =
+∞

∑
n=−∞

h[n]e−jnΩ

Ω = ωTs

h[n] =−
N

∑
r=1

arh[n− r ] +
M

∑
r=0

brδ [n− r ]

Young W Lim Discrete Time Linear Time Invariant System



Transfer Function Properties
N Gaussian random variables

Definition

δ [n]⇐⇒ 1

δ [n− r ]⇐⇒ e−jΩ

h[n− r ]⇐⇒ H(e jΩ)e−jΩ

H(e jΩ) =−
N

∑
r=1

arH(e jΩ)e−jrΩ +
M

∑
r=0

bre
−jΩ

H(e jΩ) =
∑
M
r=0 bre

−jΩ

1+ ∑
N
r=1 are

−jrΩ
+
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