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1. A first-order system is given by the state equations

ax _ 4 x(t) +5 u(?)

dt

y(1)=x(2)

( Hint : Convolution solution X(t) = ®(£)x(0) + E@(r) Bu (-7 )dr)

(1) Determine the Laplace transform of the state transition matrix. (3%)

(2) Determine the state transition matrix. (3%)

(3) If the input u(¢) is a unit step function, with x(0) = 0, find y(), ¢ >0, using the convolution solution.
(5%)

(4) If the input u(¢) is a unit step function, with x(0) = -2, find y(¢), ¢ >0, using the convolution solution.
The results of (2) and (3) are useful. (5%)

(5) Verity the results of (3), using the transfer function approach. (7%)

(6) Verify the results of (4), using the Laplace transform of the state equation. (7%)

2. Consider the system shown in Fig. 1,

FOL— 33— Gus) > Gyls) (G4
H(s) [
Fig. 1
where Gu(s) =2, Gy(s)= 2EF3) nd His) = 0.5
s(s—2)

(1) Determine the root locus of the system. (5%)

(2) Find any points at which the locus crosses the jw axis. (5%)

(3) From (1) and (2), find the range of K for which the system is stable. (5%)

(4) From (1) and (2), find the range of K for which the system is stable and the closed-loop transfer

function poles are real. (5%)
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3. Consider a linear system with the Bode plot of magnitude shown in Fig. 2. Assume this system is
minimum phase.
(1) Estimate the transfer function. (5%)
(2) Sketch the Bode plot of phase. (5%)
(3) Is the unity feedback of control system stable? (5%)
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4. For the control system shown in Fig. 3.

(1) Determine the range of K and the range of K, for a stable system. (10%)

(2) Find the values of K and K, so that the maximum overshoot is 10% and the rise time ¢, is 0.2

sec. (10%)

n

R(s) E(s) Y(s) .

Fig. 3

5. Consider the following state-variables system

X(t) = -1 Ox(t)+ u(t)
0 1

Y= 0k
(1) Is this system controllable? (5%)
(2) Is this system observable? (5%)
(3) Is this system stable? (5%)




