
ECE431 Homework 3
Sampling and DSP Systems

Due in class Friday, September 21. Submit in WisCEL 410B to the ECE431 lock box.

3.1. Digital Differentiator. The goal is to design a DT filter that approximates

the CT differentiation operation. Assume input x(t), a desired output dx(t)
dt

and ideal

sampling/reconstruction. Hence, the DT differentiator implementation involves sampling

x(t), processing the samples with a DT filter having impulse response g[n], and then re-

constructing a CT signal from the filter output

a) Differentiation is an LTI system. Let H(Ω) be the frequency response of the differenti-

ation operation. Find H(Ω) by comparing the FTs of x(t) and dx(t)
dt

. H(Ω) is the desired

frequency response we wish to approximate.

b) The derivative is defined as

dx(t)

dt
= lim

h→0

x(t) − x(t− h)

h

This suggests the DT approximation

dx(t)

dt
≈ x[n] − x[n− 1]

T
=
x(nT ) − x((n− 1)T )

T

Show that we can implement this approximation in DT with an LTI filter with impulse

response g[n] = δ[n]−δ[n−1]
T

. Use MATLAB to plot the magnitude and phase response of

this filter.

c) Compare the magnitude and phase of G(ejω) to H(Ω).

d) Now consider another DT approximation to differentiation obtained by a system with

impulse response

f [n] =
δ[n+ 1] − δ[n− 1]

2T

Compare the magnitude and phase response of this filter to the desired filter H(Ω). Does

this filter’s phase match the desired phase better than G(ejω)?

e) If x(t) is bandlimited to ±1 kHz, how fast should we sample to guarantee that f [n]

implements a reasonable approximation to the CT differentiator?

3.2. OS 4.31. (Note this is identical to problem 4.25 in the second edition of Oppenheim

and Schafer.)

3.3. See Example 4.13 from Section 4.6.3 of Haykin and Van Veen (attached). Note

that this text uses ω for CT frequency, while in OS and in class we use ω for DT frequency.
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a) Find the design constraints on the analog anti-imaging filter to satisfy the constraint

on the overall zero-order hold reconstruction system given in Example 4.13 assuming four-

times oversampling. Compare four-times oversampling to no oversampling and eight-times

oversampling. You may use MATLAB to plot your design constraints.

b) Now consider the impact of oversampling on the analog anti-aliasing filter. Assume

that the magnitude response in the band of interest (±20 kHz) must lie between 1.01

and 0.99, and that any components that might alias into the band of interest must be

attenuated by a factor of 104, i.e., the gain must be less than 10−4. Find the constraints

on this filter for the standard 44.1 kHz sampling rate and for eight-times oversampling,

i.e., a sampling rate of 8(44.1) kHz.
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