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LINEAR CONTROL Prof. M. Krstic

FINAL June 14, 2006

NAME: SoLUTioNS

e Open books and notes.
e Graphing calculators are not allowed. No borrowing of calculators.

e Present your reasoning and calculations clearly. Random or inconsistent etchings will not
be graded.

e Write only on the paper provided. If you run out of space for a given problem, continue on
the pages at the end of the set and indicate “Continued on page X.”

e The problems are not ordered by difficulty.
e Total points: 60.

e Time: 3.00-6.00 pm.



Problem 1. (7 points)

Consider the feedback system

G(s)

v

Which of the following plants is more likely to be stable in feedback with the gain K when

K is very large, and why?

(o) (96 o) Eifs) = 57551‘3”——3 |
. 1
(b) (3.5 points) Gy(s) = GTIF

(Sketch the root locus for both G; and Gs.)
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Problem 2. (8 points)

Consider the feedback system

K

5

P(s)

v

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

(a) (4 points) P;(s)

(b) (4 points) Py(s) =

s2—92s+2

- s(s+1)(s+3)

s(s+1)

(s?2—2s+2)(s+3)

(Sketch the root locus for both P; and P,.)
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Problem 3. (8 points)

Consider the following feedback system

Controller Plant
i
-4 s-0.25 >
b S+p s+2

Using the idea from the beginning of the lecture notes on Root Locus, sketch the variation
of the closed-loop poles as the controller pole p varies from 0 to +oo.
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Problem 4. (7 points)

The root locus of a system G(s) looks like

tIms

where the symbols ”7” represent open-loop poles and zeros. Replace the 7s by symbols ”x”
and ”0” so that the root locus makes sense. Then, write the expression for G(s). You must
justify your answers.
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Problem 5. (7 points)

Sketch the Bode plots for the system

s(s + 10)
s2+4+04s5+4
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Plj';oblem 6. (7 points)

Sketch the Nyquist diagram for the system from Problem 5.
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Problem 7. (8 points)

Sketch the Bode plots for the system

s+1

P(S) = (8 _ 1)2(1 i 0_13)2
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Problem 8. (8 points)

Sketch the Nyquist diagram for the system from Problem 7. Then, consider the problem of
stability for this system in feedback with a gain K. It turns out that, as K is varied from 0
to o0, stability character changes at some K; > 0, and then again at some Ky > K;. Is
the loop stable for K € (K7, K3) or for K € (0, K1) U (K3, 00)?
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