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𝜔 = 2𝜋𝑓 = 2𝜋/T
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𝑡

𝑥𝑐 𝑡 = 𝑥 𝑡 𝛿𝑇𝑐 𝑡 = 

𝑛=−∞

+∞

𝑥 𝑛𝑇𝑐 𝛿 𝑡 − 𝑛𝑇𝑐



𝑥 𝑡 = න
−∞

∞

𝑋 𝜔 𝑒𝑖𝜔𝑡𝑑𝜔

𝑋 𝜔 = න
−∞

∞

𝑥 𝑡 𝑒−𝑖𝜔𝑡𝑑𝑡

𝜔 = 2𝜋𝑓



𝛿𝑇𝑐 𝑡 = 

𝑛=−∞

+∞

𝛿 𝑡 − 𝑛𝑇𝑐 ↔ 𝛿𝜔𝑐
𝜔 = 𝜔𝑐 

𝑛=−∞

+∞

𝛿 𝜔 − 𝑛𝜔𝑐

𝑥𝑐 𝑡 = 𝑥 𝑡 

𝑛=−∞

+∞

𝛿 𝑡 − 𝑛𝑇𝑐 ↔ 𝑋𝑐 𝜔 =
1

2𝜋
𝑋 𝜔 ∗ 𝜔𝑐 

𝑛=−∞

+∞

𝛿 𝜔 − 𝑛𝜔𝑐

1

2𝜋
𝑋 𝜔 ∗ 𝜔𝑐 

𝑛=−∞

+∞

𝛿 𝜔 − 𝑛𝜔𝑐 =
1

𝑇𝑐


𝑛=−∞

+∞

𝑋 𝜔 ∗ 𝛿 𝜔 − 𝑛𝜔𝑐

𝑋 𝜔 ∗ 𝛿 𝜔 − 𝑛𝜔𝑐 = 𝑋 𝜔 − 𝑛𝜔𝑐

𝑋𝑐 𝜔 =
1

𝑇𝑐


𝑛=−∞

+∞

𝑋 𝜔 − 𝑛𝜔𝑐



𝑋𝑐 𝜔 =
1

𝑇𝑐


𝑛=−∞

+∞

𝑋 𝜔 − 𝑛𝜔𝑐

𝑥 𝑡
2𝑛𝜋/𝑇𝑐

1/𝑇𝑐



𝑥 𝑡 𝑓𝑠 =𝜔𝑠/2𝜋
𝑋 𝜔 𝜔 >

2𝜋𝑓𝑠
𝑥 𝑛𝑇𝑐 −∞ < 𝑛 < ∞

𝑓𝑐 = 1/𝑇𝑐 𝑓𝑐 ≥ 2𝑓𝑠 2𝑓𝑠

·



𝑥 𝑡
𝑥𝑐 𝑡

𝑇𝑐
𝜔𝐹

𝜔𝑆 ≤ 𝜔𝐹 ≤ 𝜔𝑐 − 𝜔𝑆

𝑓𝑐 <
2𝑓𝑠 𝜔𝑐 < 𝜔𝑓𝑠



𝜔𝑐
𝜔𝐹 𝜔𝑐/2



𝑓𝑐 ≥ 2𝑓𝑠



𝑓𝑠 𝑓𝑐
𝑓𝑠 = 10𝐻𝑧 𝑓𝑐 = 8𝐻𝑧

∆𝑡𝑐𝑎𝑚𝑝 =
1

𝑓𝑠
= 0.125 𝑠

→

𝑓𝑐 < 2𝑓𝑠



𝑓𝑐 = 70𝐻𝑧 > 2𝑓𝑠

𝑓𝑐 = 24𝐻𝑧 = 2𝑓𝑠

𝑓𝑐 = 8𝐻𝑧 < 2𝑓𝑠

Aliasing







𝑠𝑒𝑛 𝑥/𝑥









𝐴 𝐷

𝐴 𝑚 𝐷
𝐴𝐷

𝐴𝐷 =
𝑆

𝑚



𝜀
𝐴𝑟 𝐴 𝐴𝑖

𝜀 ≡ 𝐴𝑟 − 𝐴𝑖

𝐴𝐷 = 𝑆/𝑚

𝜀 ≤
𝐴𝐷
2
=

𝑆

2𝑚

𝑛 𝑏

𝑚 = 𝑏𝑛



𝐴
𝑏 ← 2

𝑛 2𝑛 𝐷

𝑛



𝑚 𝐷 𝑏

𝜀 ≤
𝑆

2𝑏𝑛

𝐴

𝑛



𝑏 𝑛

𝜀 ≤
𝑆

2 ∙ 2𝑛
=

𝑆

2𝑛+1
=
𝑆

29
=

𝑆

512

𝜀𝑟% ≤

𝑆
2𝑛+1

𝑆
100 =

100

29
≈ 0.195%



𝐷

𝐷 = 𝑏𝑛−12
𝑛−1 + 𝑏𝑛−22

𝑛−2 +⋯+ 𝑏12
1 + 𝑏02

0 𝑏𝑛

𝑏𝑘



𝐷 = 𝑏𝑛−12
𝑛−1 + 𝑏𝑛−22

𝑛−2 +⋯+ 𝑏12
1 + 𝑏02

0 𝑏𝑛

𝐷
𝐴𝐷 𝐴

𝑛



𝐴
𝐷

𝐴 𝐷

𝐴𝐷
𝐷

𝐴𝐷



𝐴𝑖 𝐷𝑖

𝐷𝑖 𝐴𝑟 𝐴𝐷

−𝐴𝐷/2 +𝐴𝐷/2

𝐴
𝐴𝐷 −𝐴𝐷/2

𝐴𝐷



𝐴𝐷 𝑚

𝑚

𝑚

𝑚





·

·



÷

· ·

·

·
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•



∆𝑡

𝑓𝑐 =
1

∆𝑡




