
ECE382/ME482 Fall 2008 Homework 4 October 14, 2008 1

Homework Assignment 4

Assigned October 8, 2008.

Due in lecture October 16, 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 open-loop transfer function

G(s) =
K(s + 1)

(s− 1)(s2 + 8s + 32)
. (1)

(a) Use the Routh array to determine the range of values of K for which the closed-loop
system with negative unity feedback is stable.

(b) Now select a value of K that produces the least overshoot and plot the step response
of the closed-loop system. Be sure to use a time range that shows the important
aspects of the behavior.

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

G(s) =
K

s((s + 3 + K/3)(s + p) + (K/3))
. (2)

(a) Draw a block diagram, in which each block contains a transfer function having at
most one pole and at most one zero that would implement this closed-loop system.
(There is more than one way to do this. Any correct answer will do.)

(b) Assume that the value p may take any value in the set {1, 2, 3}. Find the range of
values for the gain K that result in a stable closed-loop system regardless of which
of the three values p takes.

3. Consider the Single-Input Single-Output (SISO) system with state space representation

ẋ(t) =

[
0 2
1 −3

]
x(t) +

[
0
1

]
u(t) (3)

y(t) =
[

1 0
]
x(t) (4)

and input u(t) = −Kx(t) + r(t).

(a) Determine the closed loop transfer function y(s)/r(s).

(b) Determine the range of values k1 and k2 for the closed-loop transfer function to be
stable.

(c) Select values of k1 and k2 such that the settling time of the unit step response is 1
second.

(d) For your matrix K, calculate the step response of the state space system. (That
means you need to determine both x(t) and y(t)).


