ECE 346: Digital Signal Processing Spring 2021
Soo Min Kwon Week of April 26, 2021

Recitation #11: Spectral Analysis & DFT Properties

Objective & Outline

e Problems 1 — 4: recitation problems

e Problem 5: self-assessment problem

The problems start on the following page.



Problem 1 (Computing DFT). Consider the discrete sequence

x[n]zcos(%n), n=20,1,...,55.

(a) Derive a closed-form expression for the 56-point DFT of z[n].
(b) Provide a labeled stem plot for the magnitude of the 56-point DFT of z[n], | X[k]|.

(c) Will the 56-point DFT of the sequence

Z[n] = cos <§n>, n=20,1,...,49.

be the same as the 56-point DFT of z[n|? Justify your answer.
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Problem 2 (Spectral Analysis). Consider a continuous-time signal z(¢) that is bandlimited to
5kHz. We are interested in carrying out DFT-based spectral analysis of the signal x(t).

(a) What should be the constraint on the sampling period 77

(b) Assuming that the sampling period is T' = m seconds, how many DFT points must we
take to ensure that the continuous-time frequencies are spaced no farther than 5Hz apart?

(c¢) Suppose we wanted our signal to be windowed to 5,000 samples to reduce spectral leakage.
What is the new spectral resolution, assuming the same sampling period and the minimum
number of DFT points?
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Problem 3 (More Spectral Analysis). Consider a continuous-time signal z(t) whose continous-time
Fourier transform (CTFT) is given by

1Q]e=7%, Q| < 1007

0, otherwise.

X(492) = { (3)

It is desired to carry out spectral analysis of x(t) using the N-point DFT X[k| of its samples
z[n] = n(nT).

(a) Provide two unique choices of the pair (/NV,T') that will lead to sampling of the CTFT of x(t)
in which the samples are exactly 5Hz apart.

(b) Assuming T = 1/200 and N = 40 and ignoring the effects of spectral leakage, derive an
expression for the DFT X|[k] for k =0,1,...,39.
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Problem 4 (Properties of the DFT). Consider the discrete-time signal x[n] defined as
x[n] = d[n — 1] — d[n — 3] + 3d[n — 4].

Provide labeled plots of the following sequences.
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Problem 5 (Self-assessment). Suppose that the continuous-time signal z(t) was sampled with a
sampling frequency of 10kHz. Spectral analysis was performed on the resulting length-10 discrete-
time sequence z[n]. The 10-point DFT of z[n] is given by

X[k = 36[k — 1] — 275 [k — 4] + [k — 7] + 4e72 5[k — 9]. (5)
Ignoring spectral leakage, provide solutions for the following:
(a) What is the spectral resolution of this system?

(b) What continuous-time frequencies are present in this signal according to the 10-point DFT?
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