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Figure 1: A closed-loop system.

1 Problem

Consider an open-loop transfer function

L(s) =
(s+ 1)

(s+ 2)(s+ 3)(s+ 4)

with a gain k in the negative feedback system in Fig. 1.
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a. Draw the root locus showing open-loop poles and zeros, and asymptotes
(overall shape: 10 points and asymptotes: 10 points).

b. (10 points) Determine if a test point s0 = −4 + j is on the root locus,
where j2 = −1. Justify your answer.

Hint:

L(s0) =
−3 + j

(−2 + j)(−1 + j)(j)
= −0.8 + 0.6j.
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Figure 2: A closed-loop system.

2 Problem

Consider a PI controller

C(s) =
k1s+ k2

s

for a transfer function

G(s) =
1

(s+ 10)
,

in the feedback system in Fig. 2.

a. (10 points) Find the range of (k1, k2) for which the closed-loop system in
Fig. 2 is stable. In particular, draw the range in the-k1 (x axis) and k2
(y axis) plot.

b. (10 points) For values of (k1 = 1, k2 = 1) and a unit step input U(s) = 1
s
,

compute the steady state error ess := limt→∞[e(t) := u(t)− y(t)].

c. (10 points) Under the same set of gains, what is the steady state error ess
for a unit ramp input U(s) = 1

s2
?

d. (20 points) If ess is not zero in c for the unit ramp input, how would you
revise the PI controller C(s) to make ess = 0? Justify your answer.
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3 Problem

Select True or False for the following statements regarding the root locus
plot. Justification is not needed.

a. (5 points) The root locus is symmetrical with respect to the real axis.
[True or False]

b. (5 points) The closed-loop poles starts from the open-loop zeros and ter-
minate at the open-loop poles as k increases from 0 to ∞. [True or
False]

c. (5 points) The relative degree r is the number of the infinity zeros to
which the closed-loop poles will converge. [True or False]

d. (5 points) The closed-loop system is always unstable at some point as
k → ∞. [True or False]
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