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Homework Assignment 3

Assigned September 30, 2008.

Due in lecture October 7, 2008.

Note that you must include all of your work to obtain full credit. Also the paper you submit
must be your own work. To copy someone else’s homework is cheating, which is not permitted
and will result in a score of 0 for both the original and the copy.

1. Consider the close-loop transfer function

T (s) =
Y (s)
R(s)

=
5(s + 3)

(s + 7)(s2 + 8s + 36)
. (1)

(a) If r(t) is a step input, find the steady-state error.

(b) Suppose that the real pole can be ignored as discussed in the section on the effects
of a third pole and a zero on second order system response. Calculate the overshoot
and 2% settling time for this second order system.

(c) Use Matlab to plot the response of the actual system and the second order system
on the same (properly labelled) plot.

(d) Now, consider

T (s) =
Y (s)
R(s)

=
5(s + 3)

(s + ω)(s2 + 8s + 36)
, (2)

select an ω such that the criterion in the text is satisfied. Plot the ersponse of the
original and second order systems for this case.

2. Consider a unity negative feedback system with forward path (open loop) transfer function

G(s) =
K(s2 + 120s + 110)

s2 + 8s + 7
. (3)

Find the gain K that minimizes the damping ratio of the closed loop system poles and
indicate the resulting damping ratio.

3. Consider the unity negative feedback system with forward path (open loop) transfer func-
tion

Ga(s)Gd(s) =
(

K

s + 7

) (
15

s(s + 3)

)
. (4)

(This is a simple model of an aircraft aileron actuator and airplane dynamics.)

(a) Find the closed loop transfer function.

(b) Find a value of K for which the system has 3 real roots; a value for which the system
has a complex conjugate pair; and a value for which the behavior of the system can
be approximated using the concept of dominant roots.

(c) For this last value of K, calculate the expected peak time and overshoot.

(d) Plot the actual response and the predicted response.
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(e) Find a value of K for which the peak time is reduced by 1/3 (i.e. new peak time is
2/3 of old peak time) if this is possible.

4. Write a Matlab script to generate the plot of transient response of a second order system
for a range of values of ζ as is done in the text (p. 282 of 11th edition). Properly label
the resulting plot. (You must turn in both the script and the plot.)

5. For ζ = 0.2, plot (on the same graph) the step response of a second order system for the
following values of ωn: 1/2, 1, 2, 4, 8 rad/sec. (You must turn in both the script and the
properly labelled plot.)


