ECE 346: Digital Signal Processing Spring 2021
Soo Min Kwon Week of March 8, 2021

Recitation #6: Sampling Theory

Objective & Outline

e Problems 1 — 3: recitation problems

e Problem 4: self-assessment problem

Problem 1 (Sampling). Consider the following block diagram of a sampling system:

z(t) — C/D ln) > D/C — z,(t)
) )
T T

Suppose T = 1/100 seconds and let the continuous-time Fourier transform (CTFT) of z(t) be
defined as

2 Q| < 507

10072
X(jQ) =201, 507 < |Q| <1207, (1)
0, otherwise.

(a) Provide a labeled plot of X (j2).

(b) Provide a labeled plot of the CTFT of the impulse sampled signal, ,(t), where x,(¢) is defined
as

o0

wp(t) = Y a(t)s(t —nT). (2)

n=—00
(c) Provide a labeled plot of the DTFT of z[n].
(d) Provide a labeled plot of the CTFT of z,(t), the reconstructed signal.

Problem 2 (Sampling). Consider the following block diagram of a DSP system:




where T" = 1/500 seconds and the input to this diagram is

x(t) = 2sin(1007t) — cos(3007t) (3)
and h[n] is an ideal low pass filter with cutoff frequency w, = £
(a) State and plot the continuous-time Fourier transform of z(t), X (j9).
(b) State and plot the discrete-time Fourier transform of x[n], X (e/*).
(d

)
)
(c) State and plot the discrete-time Fourier transform of y[n], Y (e/%).
) State and plot the continuous-time Fourier transform of y(¢), Y (59).
)

Does the “dashed block” act between the input and output as as a linear, time-invariant (LTT)
system? Justify your answer.

(e

Problem 3 (Sampling). Consider the following block diagram of a digital signal processing system:

Suppose T' = 1/500 seconds, while the frequency response of the discrete-time system h[n] is given
by

eIyl < T

0, T<|lwl<m
Let the input signal (¢) be defined by the expression:
2(t) = 3sin(6007t) + 2 cos (100m& - %) — 5cos (407rt - %) : (5)

a) Provide a closed-form expression for the CTFT of z(t).

(a)
(b) Provide a closed-form expression for the DTFT of z[n] for |w| < 7.
(c) Provide a closed-form expression for the DTFT of y[n] for |w| < 7.
(d) Provide a closed-form expression for the CTFT of y(t).

)

Does the “dashed block” act between the input and output as as a linear, time-invariant (LTT)
system? Justify your answer.

(e



Problem 4 (Self-assessment). Consider the following block diagram of a digital signal processing
system:

z(t T|n yn 1 y(t
(t) oD [n] hin] [n] DIC |— (t)
T T
Let z(t) be defined by the following expression:
x(t) = 5sin(5007t) + 7 cos(10007t) + 3 cos(18007t). (6)

Suppose that there was an anti-aliasing block before the C/D block that produces an output x4(t).
Let this anti-aliasing filter be an ideal low-pass filter with cutoff frequency 700 Hz.
Lastly, let 7' = 1/900 seconds and the discrete-time system h[n]| be defined as

hin] = 2sin(Zn) )

™n

Determine the following:
(a) Provide an expression for z,(t) and the CTFT of x,(t), X,(552).

(b) Provide an expression for x[n] and provide a plot of its DTFT, X (e/*).

~

(¢) Provide labeled plots for the DTFT of y[n], Y (¢/“) and the CTFT of the reconstructed signal,
Y (59).

(d) Does the “dashed block” act between the input and output as as a linear, time-invariant (LTT)
system? Justify your answer.
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