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. Explain the following terms.
(a) Gain/Phase margin (5%)  (b) Separation principle (5%)
(c) Linear quadratic regulation (5%)  (d) Equilibrium point (5%)

. For the dynamic system

x(1) = Ax(r)+ Bu(r)

y(t) = Cx(t) + Du(t)’
where x(r)is the state vector and y(f) is the output. Prove that the state feedback law
u(t) =-Kx(t)+r does not affect the controllability. (20%)

. Show that the transformation x = Px converts the sysiém x = Ax+ Bu into

0 1 0 - 0 0
0 0 1 0 0
¥ = Ax+Bu where A=P'AP= : : ,
0 0 0 0 1
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4. For the system

. 0 1 0
x(t)= [_1 0] x(H)+ |: 1Ju(t)

y0)=[0 1]x(®

1. (20%)

(a) Find the zero-input response of x(f) with the init‘ial state x, = x(0) . (10%)

(b) Design an observer that reconstructs the states and pick the observer roots to be at

s=-52%j5.(5%)

(c) Design a state feedback law u(f) =—Kx(¢)+r so that the closed-loop poles are at

s=-1% 1. (5%)

5. Consider the Van der Pol oscillator described by

.

2, .2
X =%, =% (x +x;)

. 2 25"
X, ==X, — X, (X +Xx3)

(a) Find the equilibrium point. (10%)

(b) Examine the stability using Lyapunov approach. (Hint: Consider the Lyapunov

candidate ¥ (x)=x} +x; .) (10%)



