
Homework 4, Due in class on Fri. 2/13 ECE 366, Spring 2015

1. Compute the following convolutions x ∗ h using either the integration and/or the
graphical computation methods. Show all work. [10 points]

(a) x(t) = exp(t)u(−t), h(t) = −δ(t) + 2 exp(−t)u(t)

(b) x(t) = sin(3t)u(t), h(t) = exp(−t)u(t)

(c) x1(t) and x2(t) in Figure P2.4-18 (a) on page 237.

(d) x(t) = t [u(t+ 1)− u(t− 1)], h(t) = u(t) + u(t− 2)− u(t− 4)

(e) x(t) = 2u(t+ 2)− 2u(t− 2), h(t) = exp (−|t|) [u(t+ 4)− u(t− 4)]

2. In this problem you will use MATLAB to numerically compute some convolutions.
Answer all the questions and submit all the plots described below. [5 points]

(a) We want to convolve the rectangular function x(t) = u(t)− u(t− 4) with itself
using MATLAB. To do this, we sample x(t) at t = 1, 2, 3, 4 in order to form
a vector x with four entries, x=[1,1,1,1]. This can be accomplished quickly
by typing

x=ones(1,4)

at the MATLAB prompt. Here we interpret the first entry of x as the value of
x(t) at t = 1, the second entry of x as the value of x(t) at t = 2, etc.. Next,
compute the numerical convolution of the vector x with itself in MATLAB by
typing

y=conv(x,x)

at the prompt. Plot the result, and then describe/interpret each entry of the
resulting vector y as a sample from the convolution function (x ∗ x)(t) at a
particular time. That is, find times t1 < t2 < . . . so that the first entry of
the vector y is equal to (x ∗ x)(t1), the second entry of the vector y is equal to
(x ∗ x)(t2), etc..

(b) Now convolve the vectors x and y from above using conv, and then plot the
result. What is the true time duration of x ∗ (x ∗ x), and how does it compare
to what’s graphed in your plot of conv(x,y)? Describe the plot’s appearance
– does it look more like a constant function, a piecewise linear function, or a
quadratic function?

(c) Now convolve a rectangular function on [0, 1] with itself in the same way as
for part (a). That is, represent this new function x1(t) = u(t) − u(t − 1) as a
vector of its values at the times t = .25, .5, .75, and 1, and consider it to be
zero for times outside of [0, 1]. Use the conv function to plot x1 ∗ x1. What do
you have to do differently in order to make sure that your plot has the correct
maximum height? Why does it make sense?

3. Consider the LTI system, T , with the input and output related by

y(t) = T [x(t)] =

∫ t

0

exp(−τ)x(t− τ) dτ.
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Answer the following questions [5 points].

(a) Find the system impulse response h(t) by letting x(t) = δ(t).

(b) Is this system causal? Why?

(c) Determine the system response y(t) for the input x(t) = u(t+ 1).

(d) Suppose we form a new system, Tnew, by setting Tnew[x(t)] = T [x(t)−x(t−1)].
Find the impulse response of Tnew.

(e) Find the response of Tnew to the input x(t) = u(t+ 1).
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