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Convolution
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1. Write a function that performs convolution of two vec-
tors v ∈ R

n and u ∈ R
m. Check your result using the

built-in function conv. One (not very efficient, but very
clear) way is to form a Toeplitz matrix as explained in
Lecture 7 (Fig. 7)

2. Convolution can be used to perform polynomial mul-
tiplication. Let P1(t) = t2 + 2t + 3 and P2(t) =
2t3 + 4t2 + 5t + 6. Use your implementation of con-
volution to obtain P1P2

3. Convolution can be used to filter out noise in a signal.
Let f(t) = s(t) + w(t), where the signal s(t) = e−t2/2

and w(t) is white noise. Use a rectangular function
hr(t) = rect(t) and find the signal g(t) = hr(t) ∗ f(t)
(this is called a moving average filter). You can generate
a rectangular function in Matlab using

rt = abs(t) <= 0.5

4. Filter the above corrupted signal f(t) by using ht(t) =
rect(t)∗ rect(t). What is the shape of ht? Compare the
results when using hr(t) and ht(t)

5. Explicitly compute the convolution between the func-
tions u(t) = t and h(t) = t2 (using the definition of
convolution). Next compute the convolution numeri-
cally and compare the results

3

6. In Matlab, define a state-space model of a Mass-Spring-
Damper (MSD) system mẍ(t) + cẋ(t) + kx(t) = f(t),
with mass m = 2, damping constant c = 1.5, and
spring constant k = 3. You can do this using the func-
tion ss

7. Apply a force f(t) = Fsin(t) and simulate the behav-
ior of the MSD system from initial condition (x(0) =
1, ẋ(0) = 0) using the function lsim. Perform the same
simulation using one of the numerical schemes used in
Lab 1 and compare the results

8. Compute the impulse response and step response of the
MSD system using the functions impulse and step

9. Compute the impulse response and step response of the
MSD system using the function lsim

Hint: you can simulate the impulse response directly

by setting appropriate initial conditions x(0),ẋ(0)

10. Compute the zero-state response of the MSD system
using its impulse response obtained with the function
impulse, when

f(t)=(sin(t).*t+0.5).*(t<4)

Use lsim to verify your result.
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