
ECE 332
Homework #4

1) For each of the following plants G(s), find the closed-loop transfer function H(s) under unity feedback.
Using Routh-Hurwitz methods, determine the number of RHP poles in H(s). If H(s) is BIBO stable, find
its type number q and the steady-state error essq to an order q singularity function.

a) 20
(s+1)3

b) s+2
(s−1)(s+1)

c) 1
(s+1)(s2+1)

2) For each G(s) in problem 1), draw the Nyquist plot and determine the number of RHP poles in H(s).
Compare your answers to problem 1).

3) For each G(s) in problem 1), draw the Bode plots and determine the number of RHP poles in H(s).
Compare your answers to problem 1).

4) Let

G(s) =
107(s+ 10)5

s(s+ 1)3(s+ 50)5
.

In MATLAB, type “hw44” to display the Bode plots of G(s) as well as the frequency and step response of
the closed-loop system under unity feedback.

a) Print the graphs and find all crossover frequencies ωp and ωg. Verify that H(s) is BIBO stable.
b) Find the type number q and steady-state error essq corresponding to H(s).
c) From the graphs, find φp, Kg, ωb, ωr, Mr, Tr, Tp, and Mp.
d) Compare ωg and ωb.

5) Design a type 1 second-order system H(s) to meet the specifications

i) ωg ≥ 10 rad/s
ii) φp ≥ 60◦

Using the resulting values of ξ and ωn, type “xi = ξ;wn = ωn;hw45” in MATLAB to display the Bode plots
for the corresponding G(s). Verify that your design actually achieves specifications i) and ii).

6) Using your values of ξ and ωn from problem 5), type “xi = ξ;wn = ωn;hw46” in MATLAB to display
|S(jω)| , where S is the sensitivity function corresponding to H. What is the maximum value of |S(jω)| and
at what frequency does the maximum occur?






























