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Ts

x(nTs) xs(n) =
x(nTs)

Ts Fs = 1/Ts

{xs(n)}

x(t) X(F )

Fs = 1/Ts xs(n) = x(nTs)

X(F ) �= 0 F ∈ (B1, B2) X(F ) = 0
x(t) (B1, B2) x(t)

X(F ) = X∗(−F )
(−B, +B)

B

x(t) t
xs(n) = x(nTs)

y(t) =
+∞∑

n=−∞
x(nTs)h(t − nTs)



h(t)
x(nTs)

x(t) y(t) x(t)

h(t)

x(t) (B1, B2) {x(nTs)}

Fs = 1/Ts Fs ≥ B2 − B1 x(t)
x(nTs)

x(t) =
+∞∑

n=−∞
x(nTs)h(B1,B2)(t − nTs)

h(B1,B2)(t)

H(B1,B2)(F ) = 1
Fs

1(F ∈ (B1, B2))

Fs = 1/Ts < B2 − B1

X(F ) x(t) nTs

y(t)



x(t) X(F )
Ts

1
Ts

+∞∑
k=−∞

X(F − kFs) =
+∞∑

n=−∞
x(nTs) exp(−2jπnFTs)

F

∑+∞
n=−∞ x(nTs) exp(−2jπnFTs)

{x(nTs)}

h(t−nTs) H(F )e−2jπnF Ts y(t)

Y (F ) =
+∞∑

n=−∞
x(nTs) × H(F )e−2jπnF Ts

= H(F )
Ts

+∞∑
k=−∞

X(F − kFs)

Fs ≥ B2 − B1 X(F − kFs)
H(B1,B2)(F ) = Ts1(F ∈ (B1, B2)) Y (F )

X(F )
B1 = −B B2 = B

transition band



x(t)

Fs ≥ 2B

2B
HB(F ) =

Tsrect2B(F )

hB(t) = sin(2πBt)
πFst

HB(F ) = Tsrect2B(F )
Fs 2B

B h(t) hB(t)

X(F ) Fs

Fs < 2B

(−Fs/2, +Fs/2)



Fs/2 (−Fs/2, +Fs/2)

Fs/2

Fs
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Fs

1
Fs

k F0
F1 = F0 + kFs k ∈ Z F0
Fs x1(t) = sin(2πF0t) x2(t) = sin(2π(F0 + kFs)t) k ∈ Z

Fs

Ts

{x(n)} f 1

X(f) =
+∞∑

n=−∞
x(n) exp(−2jπnf)

FTs = f x(nTs) x(n)

{x(n)}∑
n |x(n)| < +∞

X(f) {x(n)} ∑
n |x(n)|2 < +∞

1
(−1/2, +1/2) (0, 1)

X(f) x(n)

X(f)
1

∫ 1
0 |X(f)|2df < +∞ X(f) =

∑
n x(n)e−2jπnf x(n)

x(n) =
∫ 1/2

−1/2
X(f)e2jπnf df

X(F ) X(f)



+∞∑
n=−∞

|x(n)|2 =
∫ 1/2

−1/2
|X(f)|2df

+∞∑
n=−∞

x(n)y∗(n) =
∫ 1/2

−1/2
X(f)Y ∗(f)df

|X(f)|2

|X(f)| X(f)

|X(f)| |X(f)|2

SdB(f) = 20 log10 |X(f)|

x(n)

f (0, 1)

n f

{x(0) . . . x(P − 1)}
X(f) =

∑P −1
n=0 x(n)e−2jπnf f ∈ (0, 1)

X(f) N
f N

[0, 1[ f = k/N k ∈ {0 . . . N − 1}
N

X(k/N) =
P −1∑
n=0

x(n)e−2jπnk/N



P N N
P

N X(f)
P

P N N ≥ P

x̃(n) =
{

x(n) n ∈ {0, . . . , P − 1}
0 n ∈ {P, . . . , N − 1}

X(k/N) =
P −1∑
n=0

x(n)e−2jπnk/N =
N−1∑
n=0

x̃(n)e−2jπnk/N

x(n) (N − P )
x̃(n)

X(k/N)

{x(n)} N

X(k) =
N−1∑
n=0

x(n)W nk
N , k ∈ (0, 1, . . . N − 1)

WN = e−2jπ/N

N W N
N = 1

{X(k)} {x(n)}

x(n) = 1
N

N−1∑
k=0

X(k)W −nk
N

N



N
2

= N

log2(N)

N = 1,024

SXX(f) = (RXX(n)) =
+∞∑

n=−∞
RXX(n)e−2πjnf

SXX(f)

N
f ∈ (0, 1)

IN (f) = 1
N

∣∣∣∣∣
N−1∑
n=0

X(n)e−2jπnf

∣∣∣∣∣
2

Y (f) = H(f)X(f)

SY Y (f) = |H(f)|2SXX(f)

SY X(f) = H(f)SXX(f)

SY X(f)
{RY X(n)}
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5 x(t) =
cos(2π × 1,336 × t) + cos(2π × 770 × t)

τ1 = 65

ΔFmin = 1,209 − 941 = 268
� τ1 ΔFminτ1 � 1

ΔFminτ1 > 17
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8,000

2 × 1,477 = 2,954
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