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Homework Assignment 5

1. Consider the system having the open loop transfer function

G(s) =
K

s(s2 + 10s + 20)
(1)

and unity negative feedback. Determine (a) the value(s) of K for which the closed loop
system is stable, (b) the value(s) of K for which s = −5 is a pole of the closed loop system,
(c) the other two poles for this K, and (d) the step response with this gain. Plot (e) the
root locus plot and (f) the Bode plot when K = 10 for this system.

2. Given a closed loop system with unity negative feedback and forward path transfer function

G(s) =
K(s + 1)

s(s + 2)(s2 + 3s + 6)
. (2)

(a) Sketch the root loci and determine the gain K such that the damping coefficient of the
complex poles near the imaginary axis is maximized. (b) Evaluate the roots corresponding
to this value of K. (c) Predict the step response for this value. (d) Determine the actual
response and compare it to your prediction. (e) Plot the Bode plot for this system with
K = 10.

3. Consider the unity negative feedback system whose forward path consists of a controller
having transfer function Gc(s) and a plant having transfer function Gp(s) with

Gp(s) =
1

s(s + 2)(s + 5)
. (3)

Sketch the root loci for the system with the following controllers: (a) Gc(s) = K, (b)
Gc(s) = K(s + 1), (c) Gc(s) = K(s + 1)/(s + 2), and (d) Gc(s) = K(s + 1)(s + 2)/(s + 3).

4. Consider the same unity negative feedback system whose forward path consists of a con-
troller having transfer function Gc(s) and a plant having transfer function Gp(s) with

Gp(s) =
1

s(s + 2)(s + 5)
. (4)

Plot the Bode plots for the system with the following controllers: (a) Gc(s) = 1, (b)
Gc(s) = (s + 1), (c) Gc(s) = (s + 1)/(s + 2), and (d) Gc(s) = (s + 1)(s + 2)/(s + 3).

5. Consider the system having open loop transfer function

G(s) =
K(s + 1)
s2 + 2s

(5)

and unity negative feedback. (a) Find a value of K such that the damping factor of the
closed loop poles is ζ = 0.707. (b) Plot the root loci. (c) Plot the Bode plot for the value
of K chosen in part (a).


