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I. Single-Answer Questions: (15 Points in total)

1. Consider the state equation: Xy = x,, X, = sinx,. In the following answers, which one is not an
equilibrium point of the system: (3 Points)

(A) (=1, 0). (B) (0,0). (C) (,0). (D) (1t/2,0). (E) (10w, 0).

2. Asecond order system is represented by the differential equation with the input #(f) and the output
¥(t) as follows: (3 Points)

2 2
d;;gt) +2 dzg) —5y(t) = ddtttgt) + 3u(t) .
Use the method of direct decomposition to find the stat space model of this system, which can be

represented as

X1 = Xy, %, = axy + bx, +cu; y = dxq + ex, + fu.
Determine g=a+ b+ c+d +e + f.(A) g=9. (B) g=10. (C) g=11. (D) g=12. (E) g=13.
3. Given the transfer function ~&2 = ——fil——, determine the value of a so that the system is either
R(s)  s3+as?+42s+2
uncontrollable or unobservable. (3 Points)

(A)a=1. (B) a=—1. (C) a=2. (D) a=—2. (E) a=0.

3
4. Consider a unitary feedback system with the open-loop transfer function G (s) = ﬁ% . When the
system is stable, determine the minimum value » of K. (3 Points)
(A)1.5<b<1.6. (B) 1.6<b<1.7. (C) 1.7<b<1.8. (D) 1.8<b<1.9. (E) 1.9<b<2.
5. For the unity feedback system with the open-loop transfer function G (s) = L apply a feedforward

s2+s’
PD controller G.(s) = ¢ + ds such that the dominant poles of the closed-loop system are located at

—1jV/5. (3 Points) Find e = ¢ — d. (A) e=1. (B) e=2. (C) e=3. (D) e=4. (E) e=5.

IL. Multiple-Choice Questions with Multiple Answers: (15 Points in total)

—s*—552
57+555+4s3—-4 '
Suppose the closed-loop system has L, I, and R poles on the left-hand side, the imaginary axis, and the
right-hand side of the complex plane, respectively. (3 Points) (A) L+I=5. (B) L+R=3. (C) R+I=5. (D)
[-R=2. (E) I-L=2.

6. Consider a unitary feedback system with the open-loop transfer function G(s) =

1

7. Consider a second order system with the transfer function G (s) = s Applying the input
u = cos?(t),
the system produces an unbounded output. Find all possible ¢. (3 Points)
(A) c¢=0. (B) c=1. (C) c¢=2. (D) ¢=3. (E) c=4.
8. Consider a unitary feedback system with the open-loop transfer function G(s) = E_(-s—Z—jer_a) . Let GM

and PM be its gain margin and phase margin, respectively. In the following answers, choose the right
statements. (3 Points) (A) When a<1, the system is stable. (B) GM= -20log;ga. (C) GM=20logq,a.
(D) When PM=45", ¢>1.54. (E) When PM=45", a<1.54.

9. For a LTI (linear time-invariant) system, choose the right statements from the following answers.
(3 Points) (A) When it is asymptotically state under zero input (ZIAS), it is BIBS (bounded-input
bounded-state). (B) When it is BIBO (bounded-input bounded-output), it is BIBS. (C) When it is

ZIAS,itis BIBO. (D) When it is BIBS, it is ZIAS. (E) When it is BIBS, it is BIBO.
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10. For the signal flow graph shown in Figure 1 where Gy = G, = G3 = G4 = Gs = G = H; = H; =1,
let Y, = aY,, Y3 = bY,, Y, = c¥y, Y5 = dYs, Y = e¥,. Choose the right answers from the following
statements: (3 Points) (A) a=3. (B) b=2. (C) c=1. (D) d=1. (E) e=2.

Figure 1.

1

III. The transfer function of a system is given by G(s) = ? (20 Points in total)

5—2)(s—3)(s=7)"
(a) Employ the direct decomposition method to find a state space representation of the system.
(2 Points)

(b) Is the system controllable and observable? If yes, please check your answers. (3 Points)

(c) With x; = y (the output), x, = %, and x3 = X,. design a state control feedback
u=-Kx+vwithK =[K;y K, K;3]sothatwithv = 0, the characteristic roots of the
closed-loop system are located at s = —3 + j and s = —5. (5 Points)

(d) By applying the Luenberger observer: X = A% + Bu + L(y — C&) to estimate the real state x,
design the observe gain L = [L; L, L3]7 so that the roots of the characteristic polynomial
det (sI — (A — LC)) of the error system are located at s = —1 £ j and s = —3. (5 Points)

(e) Using the dynamic output feedback u = —K&% + v with K as in (c¢) where % is a solution of

X = A% + Bu + L(y — C%) with L as in (d), find the transfer function of the new
closed-loop system (from v to y). (5 Points)

K

s(s+1)’

(2) Find the minimum value b of K such that under a ramp input r(#)=t, the steady state error is less
than or equal to 0.05. (2 Points)

(b) With K = 2b, find the phase margin. (3 Points)

(c) With K=2b, design a feedforward phase-lead compensator to meet the following specifications:
Phase margin = 30°; Steady state error < 0.03. (10 Points)

IV. A unitary feedback system has the open-loop transfer function G(s) = (15 Points in total)

V. Consider the nonlinear system: X; = X, X, = cosx;. (10 Points in total)
(a) Find the all equilibrium points. (2 Points)
(b) Find the linearized system at each equilibrium point. (3 Points)
(c) Determine the stability property for each linearized system. (5 Points)
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VI. Draw the root locus for the closed-loop system shown in Figure 2. (15 Points in total)

1

sZ+s+1 > s)

w, = 10 rad/sec. (5 Points)

R(s) +

v | =

Figure 2: The block diagram considered in problem VI.

VII. Consider the feedback system shown in Figure 3. (10 Points in total)
(2) Find the values of K and a to satisfy the following frequency domain specifications: M, = 1.5 and

(b) For the values of K and a determined in part (a), calculate the peak percent overshoot of the step
response and the bandwidth of the closed-loop system. (5 Points)

K
s(s+a)

Y(s)

Figure 3: The block diagram considered in problem VII.
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