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1. (30%) A PD control system is shown in the following figure. Construct a parameter plane of X, versus Ky ]
(K, is the vertical axis) and show the following trajectories.

(a) Trajectories on which the damping is critical.
 (b) Trajectories on which the parabolic-error constant is 1000.
| (c) Trajectories on which the system is pole-zero cancellation.
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2. (50%) Given a closed-loop unity-feedback control system described by the state equations

-2 -1 0 |
x= 0 0 -1ix
-K 0 -10

(a) Apply the Nyquist criterion to determine the range of X so that the system is asymptotically stable.
(b) Check the answer obtained in part (a) with the Routh-Hurwitz criterion.

(¢) Construct the root locus for K=0.

(d) Find the value of K so that the gain margin of the system is 20 dB.

(e) Find the value of X so that the phase margin of the system is 45°.

3. (20%) Given the system

dX_(tl‘) = Ax(t) + Bu(t), y(£)=Cx(t)

c=[ 1 1]

-1 0 0
| where A= -2 1| B=

0
0 1)
0 0 -2 0

(a) Find the state-transition matrix @(z).
| (b) Transform the state equations into the observability canonical form (OCF) and find the transformation
matrix Q where x(¢)=0x(t).




