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The Sampling Process

 FT of Periodic Signal with period T0infinite sequence of delta functions
with f0=1/T0.

 Periodicity in the time domain  sampling the spectrum in the frequency domain

 ?Duality of FT  sampling.

 Sampling process: Analog signal into sequence of samples uniformly
spaced proper sampling rate.
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The Sampling Process

4Web: www.riazulislam.com      E-mail: smr.islam@du.ac.bd

University of Dhaka, APECELecture Materials on APECE-302

Instantaneously sampled

Sampling period

Ideal Sampled Signal,

Poisson’s sum Formula,



The Sampling Process

 The process of uniformly sampling a continuous signal of finite energy
results in a periodic spectrum with a period equal to the sampling rate.

 Another realization:

 Let, signal is strictly band-limited, with no freq contents > W Hz
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Discrete-time FT,

Complex FS representation of the periodic frequency function w.
the sequence of samples {g(nTs)} as coefficients.

Can be applied to any continuous-time signal g(t).



The Sampling Process

 Let, we choose the sampling period Ts=1/2W
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The Sampling Process

 Again,

 Conditions:

 So, if the sample values g(n/2W) of signal g(t) are specified for all time, FT 
G(f) of the signal is uniquely determined by using DTFT.
 {g(n/2W)} has all the information contained in g(t)!
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The Sampling Process

 Reconstruction:
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Interpolation Formula,



The Sampling Process

 Sampling Theorem (For Band-limited signal, pulse modulation sys):
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• Sampling rate of 2W samples per sec, for a signal BW of W Hz, called Nyquist rate
• its reciprocal 1/2W in sec is called Nyquist interval.

Aliasing?; Pre-aliasing filter!slide 13



Pulse Amplitude Modulation

 Amplitude of regularly spaced pulses are varied in proportion to the 
corresponding sample values of a continuous message signal.
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Sample and Hold



Pulse Amplitude Modulation
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Pulse Amplitude Modulation
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Pulse Amplitude Modulation

 ?Reconstruction
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Pulse Amplitude Modulation

 Pass through a LPF, so that the spectrum of the resulting filter output 
M(f)H(f)
 Equivalent to passing the original message signal m(t) through another LPF of H(f)
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Amplitude distortion,
delay of 2/T:

Aperture Effect



Pulse Amplitude Modulation

 Distortion correction using Equalization
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Pulse Position Modulation

BW-Noise Trade-off: PCM



Quantization

 Discrete-amplitude representation
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Symmetric and
staircase 



Quantization Noise
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m, sample value of ZMRV M
q, sample value of Q

Q and V also ZM

Mean Square
Error (MSE) 



Signal-to-Quantization Noise Ratio
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Signal-to-Quantization Noise Ratio
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Pulse Code Modulation (PCM) System
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Q & A
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