
A-AE 301 Filtering problems, Fall 2008.

Your work must be neat, easy to read and well

organized. Points will be deducted for sloppy work.

You must work alone, or else you will get zero.

Read the guidelines on the back first.

Due Wednesday December 17 at 12:00 noon

at my office Armstrong 3201.

NAME:
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Problem 1. Consider the input signal

u(t) = cos(t/2) + cos(3t) + cos(12t).

Design a bandpass filter G(s) = p(s)/q(s) to pick out the signal cos(3t) from the

input u. The output for the filter is Y (s) = G(s)U(s). The idea is to design a filter

G such that the steady state output yss(t) ≈ cos(3t + θ) where θ is a phase shift.

One could use the bandpass Butterworth filter. However, this is not necessary. The

Matlab command for the Butterworth filter is

[p, q] = butter(m, [a, b], ’s’) .

Here 2m is the order of the filter and [a, b] is the cutoff frequencies for the filter.

Recall that m is a positive integer. Finally, your filter must be of order 4 or less, that

is, if G(s) = p(s)/q(s) is the transfer function for your filter, then the degree of q(s)

is at most 4.

(i) Find the band pass filter G(s) = p(s)/q(s) to pick out cos(3t) from u(t). Plot

the Bode plot of G, that is, plot bode(p, q).

(ii) Use the lsim command in Matlab with u to see how well your filter G = p/q

picks out cos(3t) from u(t). Notice that the output of lsim is the plot of y(t)

where Y (s) = G(s)U(s).

(i11) Compare the output of lsim to cos(3t), that is, hold on and plot cos(3t).

(iv) Construct a Simulink model for your transfer function. The input u(t) =

cos(t/2) + cos(3t) + cos(12t). Here you need three sine wave generators and

a summer. Use the mux to connect the cos(3t) and the output of your transfer

function to the scope, that is, cos(3t) and y(t) go into the mux, and the scope

is connected to the output of the mux. The mux block allows you to plot the

cos(3t) and the output y(t) of the transfer function on the same graph. Run the

Simulink model for 25 seconds and hand in the plot obtained from the scope.
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Problem 2. Consider the following input signal with period 2π

u(t) = t/π if 0 ≤ t ≤ π

= (2π − t)/π if π ≤ t ≤ 2π .

Now extend u periodically such that u(t) = u(t + 2π) for all t. Notice that u is a

triangular wave.

(i) Plot u in Matlab for 0 ≤ t ≤ 25.

(ii) Find the Fourier series for u, that is,

u(t) = a0 +
∞∑

k=1

αk cos(kt) + βk sin(kt) .

(iii) Design a low pass Butterworth filter G which picks out

a0 + α1 cos(t) + β1 sin(t)

from u(t). In other words, if Y (s) = G(s)U(s), then the steady state output

yss(t) ≈ a0 + α1 cos(t + θ) + β1 sin(t + θ)

where θ is a phase shift. (In Matlab butter(m,c,’s’) where m is the order of the

Butterworth filter and c is the cutoff frequency.) Plot the Bode plot of G.

(iv) Use the lsim command in Matlab to see how well your filter G picks out a0 +

α1 cos(t) + β1 sin(t) from u, that is, plot y(t) and a0 + α1 cos(t) + β1 sin(t) on

the same graph.
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Problem 3. Consider the transfer function G of the form

G(s) =
k

s2 + 2ζωns + ω2
n

. (0.1) gtf

The Bode plot for G is given in Figure 1. Using the Bode plot in Figure 1 find:

(i) Assume that the input u(t) = cos(2t), then the steady state response yss(t) =?

(ii) Assume that the input u(t) = cos(10t), then the steady state response yss(t) =?

(iii) Assume that the input u(t) = cos(11t), then the steady state response yss(t) =?

(iv) Find the values for the gain k, the damping ratio ζ and natural frequency ωn.
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Figure 1: The Bode plot of G(s).
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e-mail transfer functions to ddu@purdue.edu. DO NOT copy me on this

e-mail. The solutions to Problems 1 and 2 are not unique. In other words, everyone

can have a different correct answer. After you have finished your questions, e-mail

the TA with your three transfers functions from Problems 1, 2 and 3. Your transfer

functions should be e-mailed in Matlab form, that is, G = num/den. Here num is a

row vector consisting of the numerator for G while den is a row vector consisting of

the denominator for G. All these e-mails will be ran through a computer program.

Your e-mail should be short and of the form.

(i) subject: A&AE 301 transfer functions

(ii) Name: last, first

(1) num = [∗], den = [∗]

(2) num = [∗], den = [∗]

(3) num = [∗], den = [∗]

Notice that (1) contains your transfer function G from problem 1, while (2) contains

your transfer function G from problem 2, and (3) contains your transfer function G

from problem 3.
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