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Sampling of Continuous-Time Signals

EEE328 Digital Signal Processing

Lecture 9

Ankara University Electrical and Electronics Eng. Dept. EEE328



Agenda

• Sampling

• Continuous-Time to Discrete-Time (C/D) Converter
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Periodic Sampling

𝑥 𝑛 = 𝑥𝑐 𝑛𝑇 , −∞ < 𝑛 < ∞

T: sampling period

Ankara University Electrical and Electronics Eng. Dept. EEE328

xc(t)

T

x[t]=xc(nT)

Ideal Continuous-Time to Discrete-Time (C/D) Converter



Sampling with Periodic Impulse Train
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Conversion from
impulse train to

discrete-time 
sequence

xc(t) xs(t)

s(t)

C/D Converter

x[n]=xc(nT)



Frequency Domain Representation of Sampling

𝑠 𝑡 = ෍

𝑛=−∞

∞

𝛿(𝑡 − 𝑛𝑇)

𝑥𝑠 𝑡 = 𝑥𝑐 𝑡 𝑠 𝑡 = 𝑥𝑐(𝑡) ෍

𝑛=−∞

∞

𝛿(𝑡 − 𝑛𝑇)

𝑥𝑠 𝑡 = ෍

𝑛=−∞

∞

𝑥𝑐(𝑛𝑇)𝛿(𝑡 − 𝑛𝑇)
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Frequency Domain Representation of Sampling

𝑆 𝑗Ω =
2𝜋

𝑇
෍

𝑘=−∞

∞

𝛿(Ω − 𝑘Ω𝑠)

𝑋𝑠 𝑗Ω =
1

2𝜋
𝑋𝑐 𝑗Ω ∗ 𝑆 𝑗Ω

𝑋𝑠 𝑗Ω =
1

𝑇
෍

𝑘=−∞

∞

𝑋𝑐(𝑗 Ω − 𝑘Ω𝑠 )

Ω𝑠 − Ω𝑁 > Ω𝑁

Ω𝑠 > 2Ω𝑁
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Frequency Domain Representation of Sampling
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𝑋𝑐(𝑗Ω)
1

Ω𝑁−Ω𝑁 Ω

Ω

𝑆(𝑗Ω) 2𝜋

𝑇

Ω𝑠 2Ω𝑠−2Ω𝑠 −Ω𝑠 0

… …



Frequency Domain Representation of Sampling
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𝑋𝑐(𝑗Ω)
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…

𝑋𝑠(𝑗Ω)

Ω𝑁−Ω𝑁

Ω𝑠 −Ω𝑁

Ω𝑠 > 2Ω𝑁



Frequency Domain Representation of Sampling
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𝑋𝑐(𝑗Ω)
1

Ω𝑁−Ω𝑁 Ω

Ω

1

𝑇

−2Ω𝑠 −Ω𝑠 0

…

𝑋𝑠(𝑗Ω)

Ω𝑁−Ω𝑁 Ω𝑠 2Ω𝑠

Ω𝑠 ≯ 2Ω𝑁 Aliasing
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