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1. A linear time-invariant system is described by the differential equation |

3 2
d’y()  ,d°y0 d);iﬂ + () = r(®)

dr’ dr®
: _ _ dy(t)
(a) Let the state variables be defined as X A=y , x@=y@O+ it and
2
() =y()+2 & gt) + ddy 2(0 . Write the state equations of the system in vector-matrix form:
4

= Ax+Br, y=Cx, where X =[ ¥ % % 1¥ =[dx,/dt duy/dt duy/dt]". (6%)
(b) Find the state-transition matrix ¢(z) of the state equation obtained in (a). (6%)
“ (4%)

(c) Find the impulse response of the system.

2. The OP-amp circuit implementation of a phase-lead controller is given in Fig. 1, where
C=0.1uF, R =500kQ, R, =40kQ.
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Fig. 1 -
(a) Find the gain of the controller éc (s) = Eo(s) and G,(s) = M)— (12%)
E;y(s) E;,(s)
(b) Find the zero and the pole of G.(s). - (4%)

3.  Given the forward-path transfer function of a negative unity-feedback control system

G(s) = K(s+3.15)
s(s +1.5)(s +0.5)

(a) Determine the type of the system. , (2%)

(b) Determine the step, ramp, and parabolic error constants of the system. (6%)

(¢) Determine the steady-state error for a unit-step input, a unit-ramp input, and a parabolic input,
(t2 /2)u, (). (Note: ug(t) denotes the unit-step function) (6%)
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A controlled process is modeled by the following state equations.
dx; (?) dx, (¢)
dt dt 7
(a) Determine the stability of the process. (6%)
(b) If the control input #(¢) is obtained from state feedback such that
() = —kyx () — kyx,(2)

where k; and k, are real constants. Determine the region in the ki versus k, parameter
plane in which the closed-loop system is asymptotically stable. (Use k&, as the vertical axis’
and k; as the horizontal axis.) (12%)

=x1(t)—2x2(f), =10x1(t)+r(t)

Consider the network system shown in Fig. 2.
(a) Draw a signal flow graph based on the input node v s » the variables node 7, v,, I5 and the

output node v, . (6%)
(b) Find 22 by Mason’s gain formula. | (5%)
vS
I,
(¢) Find —= 7 by Mason’s gain formula. (5%)
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Consider the sampled-data system shown in Fig 3. If the input
1-cos(?) 0<t<l.2sec
r(t) = .
0 otherwise
(a) Find R(z) = 5/[r (1)]. (Note: 5/[7‘ (#)] denotes the Z- transfonn of r (t) ) o (5%)
(b) Draw the waveform of (7). S (5%)
{c) Find the value of y(z/2). | (4%)
(d) Find the value of y(¢f)ast — . (4%)
Ideal y()
sampler
r (t) 1 -
#(t) e—» Zero-order S ) SN
hold S
T=n/6sec
Fig. 3
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