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1. (26 %) The block diagram of a feedback control system is shown in Fig. 1.

(a) The controller with the transfer function H{(s) is for the reduction of the effect of the noise N(s). Find H(s)
| so that the output ¥{(s) is totally independent of N(s).

(b) If the maximum overshoot of the unit-step input and the peak time are 10 % and 0.1 sec, respectively.

‘ Find the gains F1 and F> when H(s) is as determined in part (a).
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Fig. 1
| 2. (40 %) The transfer function of a unity feedback control system is
| Crey o F

&)= s(s+1D(s+5)

| (a) Using the Routh-Hurwitz criterion, determine how many roots of the characteristic equation are to the left

of the line s = —1 in the s-plane for F = 10.
' (b) Determine if the point s = —7 is a point on the loci of roots of the characteristic equation for F > 0. Use
| the angle criterion to test this point. If it is a point on a root locus, determine the value of F at this point by

using the magnitude criterion.
(c) Using the Nyquist criterion only, find the number of poles of the closed-loop transfer function in the right

half-plane, if F = 5.
(d) Find the value of F so that the phase margin of the system is 45°.

3. (40%) Given the system ﬂ’xf = Ax(t) + Bu(t), y({)=Cx(t)

where A=[:é (5)],3=[(1)], c=[1 o]

(a) Determine the controllability and observability of the system.

(b) Let u(t) = r(t) — Fx(t), where F = [F1 F2] and r(f) is the reference input. Determine if and how
controllability and observability of the closed-loop system are affected by the elements of F.

(c) Find the value of F1 and F2 suchthat £=0.707 and @,=10 rad/sec.

(d) Find the locus in the F1-versus-F2 plane ( F1= vertical axis) on which the steady-state error due to a

unit-step input is zero.




