ECE 301-003, Homework #9 (CRN: 11474)
Due date: Fri 4/05/2024
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Question 84: [Basic] For a LTI system with the impulse response h(t) = <220

it

e Find the frequency response H (jw).
e This LTI system is an ideal low-pass filter. What is the cutoff frequency.

e If the input x(t) = cos(t) + sin(3t), find the output y(t) = h(t) * z(t).

Question 85: [Advanced] Textbook, p. 337, Problem 4.18.

4.18. Find the impulse response of a system with the frequency response

Hijw) = ”

Question 86: [Basic] Textbook, p. 341, Problem 4.26(a).

4.26. (a) Compute the convolution of each of the following pairs of signals x(t) and h(t)
by calculating X(jw) and H{ jw), using the convolution property, and inverse
transforming.

(i) x(r) = re”2u(n), hit) = e Yu(n)
(i) x() = te 2ult), h() = te Yult)
(iii) x(t) = e 'ul(t), hit) = e'ul—1

Question 87: [Advanced] Textbook, p. 341, Problem 4.32(a,b).

4.32. Consider an LT1 system § with impulse response

sin(4(r — 1))

hin) = e T

Determine the output of S for each of the following inputs:
(a) x,(r) = cos(6r + T)
(b) xa(t) = 37 _o(3)* sin(3kr)
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Question 88: [Advanced] Textbook, p. 341, Problem 4.32(c,d).
4.32. Consider an LTI system § with impulse response

_ sin(4(t — 1))
hit) = =D
Determine the output of § for each of the following inputs:

—  sind{r+11
(€) xs(t) = sl

(d) xg(n) = (322

T

Question 89: [Advanced] Textbook, p. 345, Problem 4.33(a). (Hint: You might need to
derive something similar to the following equality.)
1 L 05((B+jw) —(1+jw) 05 05 "
3+4jw—w? (I+jw)(B+jw)  1+jw  3+5w’

and use p. 290, Example 4.1.

4.33. The input and the output of a stable and causal LTI system are related by the dif-
ferential equation

2
de;gr) +ﬁd§(;} +8y(1) = 2x(1)

(a) Find the impulse response of this system.

Let z(t) = e 3U(t). Find out the response of this LTI system.

Question 90: [Basic] Textbook, p. 346, Problem 4.35(b). No need to do the sketch.

4.35, In this problem, we provide examples of the effects of nonlinear changes in phase.
{(b) Determine the output of the system of part (a) with @ = 1 when the input is

cos(t//3) + cost + cos /3.



Question 91: [Basic] Textbook, p. 346, Problem 4.36(a).

4.36. Consider an LTI system whose response to the input
x(1) = (e + e ul)
is
y(£) = [2e = 2 Mult).

(a) Find the frequency response of this system.
(b) Determine the system’s impulse response.

[Optional| If you are interested, find the impulse response (b). In reality, people have
difficulty generating a real “impulse” signal as an input to a LTI system since a real
“impulse” requires infinitely large amplitude. As a result, they try to use a different
input instead. For example, with the input being z(t) as described in Problem 4.36, they
then record the output y(t). This question shows how to derive the impulse response h(t)
from x(t) and y(t) when we cannot directly generate an impulse input.



