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1. (15%) Consider the following system
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{a) Plot its root locus for K > 0. (Please compute and specify break points.)

{b} Compute the K values which correspond to the break points.
2. (15%} Consider a system with characteristic equation
4582 —6s+ K(s+1)=0.
{a) Explain the Nyquist stability criterion.
(b) Apply the Nyquist stability criterion to determine the value of K for system stability.
3. (20%) Consider a unity-feedback system with Gp(s) = :f;“lﬁj and G(s) = Kp + K;1 + Rys
in caseade In forward path.

{a) Design the PID controller parameters Kp, K;, K, such that closed-loop system has a
real pole at -10 and another two dominant poles achieving damping ratio { = 0.5 and
‘ natural tfrequency w, = 4.
(b) Compute the steady-state errors when tracking unit step, ramp (t), and parabola {%’—)
inputs.
4. (10 %) State and prove the separation principle.
5. (20 %) Consider a linear, time-varying system £(t) = A(t)z(t), ,y{t) = C(t)z(t). where

~1 e

A(t):[ 0 _1], C(t)z[{} e"‘].

{a) Find the state transition matrix of the system.

{b) Find the observability Gramian of the system. Is the system observable?
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6. (20 %) Consider a linear, time-invariant system 2(t) = Ax(t) + Bu{t), where
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{a} Is this system controllable? Justify your answer.

{b) Find a static state feedback wu(t) = Fz(¢) so that the poles of the closed-loop system are
jocated at —2 and —1+ 4.

{¢) In part (b), is the feedback gain matrix F unique? Justify your answer.
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