ECE 346: Digital Signal Processing Spring 2021
Soo Min Kwon Week of April 19, 2021

Recitation #10: Introduction to the Discrete Fourier Transform

Objective & Outline

e Problems 1 — 5: recitation problems

e Problem 6: self-assessment problem

The problems start on the following page.



Problem 1 (DFT Practice). Recall that the N-point DFT “analysis” and inverse DFT “synthesis”

equations are given by

N-1
XK= zn)Wkn,
n=0
1 N-1
zln] = > XKW R,
k=0

where Wy = e~/ %ﬁ, respectively.
1. Consider the signal discrete-time signal x[n]:
x[n] = 0[n] — 4[n — 2].

(a) Compute the 3-point DFT of z[n], say X;[K].
(b) Compute the 6-point DFT of z[n|, say Xs[K].

(c) What is the relationship between X;[K] and X3[2K] for k =0,1,27

2. Given the sequence

X[K]=1-3Wf + 5wk,

compute the 16-point inverse DFT of X |[K].
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Problem 2 (DTFT & DFT). Let us define the N-point DFT of any sequence as the samples of
2]7{,]“ . Using this definition of the DFT, compute the 8-point DFT of the

its DTFT at points wy =
following sequences:

(a) z1[n] =d[n — 1] + d[n — 2] + 36[n — 5]
(b) w2ln] = (3)" uln]

(c) wan] = 2Em)
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Problem 3 (Computing DFT). Let the discrete-time signal x[n] be defined as

a®, 0<n<N—1,
x[n] = .
0, otherwise,

with |a| < 1.
(a) Provide a closed-form expression for the DTFT of x[n].
(b) Provide a closed-form expression for the N-point DFT of x[n] using the “analysis” equation.

(c) Could you have obtained the N-point DFT of z[n] without having to explicitly use the DFT
formula? Justify your answer.
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Problem 4 (Computing DFT). Let the discrete-time signal x[n] be defined as

edwon 0 <n<N-—1,
x[n] =

0, otherwise.

(a) Provide a closed-form expression for the DTFT of z[n].
(b) Provide a closed-form expression for the N-point DFT of x[n] using the “analysis” equation.

(c) Could you have obtained the N-point DFT of z[n] without having to explicitly use the DFT
formula? Justify your answer.
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Problem 5 (Computation Time of the DFT). Suppose it takes a computer
ColN logy(N) (7)

seconds to compute the N-point DFT of a sequence using an FFT algorithm. It takes a computer
0.5 seconds to compute a 1024-point DFT using the algorithm above. How long will it take the
same computer to compute a 4096-point DFT of the same sequence using the same algorithm?
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Problem 6 (Self-assessment). Compute the N-point inverse DFT of the following sequence for a
fixed wo:

X[K] = e?K (y[K] — u[K — NJ). (8)

Can you express your final answer in terms of a ratio of two sine functions?
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