
MAE 143B
Linear Control Prof. M. Krstic

FINAL September 7, 2007

• One page (front and back) of your own handwritten notes.

• No graphing calculators.

• Present your reasoning and calculations clearly. Inconsistent etchings will not be graded.

• Write answers only in the blue book.

• Total points: 65. Time: 2.5 hours.

Problem 1. (9 points)

Consider the feedback system+ _
What type of feedback gains K would you use for these plants, large or small? why?

(a) (4 points) G1(s) =
s2

− 4s + 10

s(s + 2)(s + 8)

(b) (5 points) G2(s) =
s + 15

(s + 6)(s + 3)(s2 + s + 3)

(Sketch the root locus for G1 and G2.)



Problem 2. (9 points)

Consider again the feedback system of Problem 1 (root locus continued).

Suppose that as a feedback designer you are allowed to use only either very large K or unity
K. Which would you choose for each of the following two plants? (If you opt for unity K

you need to justify your answer by Routh’s criterion.)

(a) (4 points) G3(s) =
2(s + 10)

(s + 5)(s2 + 2s − 3)

(b) (5 points) G4(s) =
s2 + 2s + 4

(s2
− 16)(s + 2)(s + 6)

(Sketch the root locus for both G3 and G4.)

Problem 3. (9 points)

The Bode plots of a system G(s) are
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Justifying your answer, write an approximate expression for G(s) (5 points). Then sketch a
Nyquist diagram based on the Bode plot (4 points).



Problem 4. (9 points)

Sketch the Bode plots for the system

P (s) =
s2 + 3s + 9

(s + 0.05)(s2 + 2s + 100)

Problem 5. (10 points)

Sketch the Nyquist diagram for the system from Problem 4.

Problem 6. (9 points)

Sketch the Bode plots for the system

G(s) =
(s + 20)2

(s − 5)2(s + 50)

Problem 7. (10 points)

Sketch the Nyquist diagram for the system from Problem 6. Then, consider the problem of
stability for this system in feedback with a gain K, as in the figure. It turns out that, as K

is varied from 0 to +∞, stability character changes at some points. For which gain range is
the loop stable? (Very large gain, very small gain, or a gain in an interval [K1, K2] for some
positive values K1 and K2?)+ _






















