i 7~ = o = O 15
SRS FoFF RRAED 2T FUREHY

Fé‘ﬁip 35'; 'J,:lﬁ,f‘fb B t}%-r %iﬁzi e é;ll-ﬁ’r‘i,'—'z'gr
gj{- / ”\ Fé ﬂgﬁj’;é [ m%%ﬁﬁ %:ga;%?uf%’#j_#;m%%?_g go

1. Consider the system shown in Fig. P-1. Let 7;(s) =Y(s)/R(s)|ns)=0 and T>(s) =Y(s)/N(s)|r(s)=0 denote
the transfer functions.

(1) (8%) Derive the transfer functions 7';(s) and 75(s).
(2) (8%) Find the output response y(7) when N(s)=0 and r(¢)=u(¢) (u(¢) is a unit step function).

(3) (10%) Find the values of a and b such that when n(f)=u,(z) and »(£)=0, the system is stable and
the steady-state value of y(¢) is equal to zero.
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2. (8%) Consider the following closed-loop characteristic equation
s?+(3+K)s+4+2K=0

Find those values of K for which all poles have a real part less than -1.

3. Consider the following transfer function, which is the product of two first-order transfer functions.

Y(s) (s+2)s+4
U (s) s+1/){s+3
(1) (8%) Draw the state diagram of the transfer function by direct decomposition. Assign the sate
variables from right to left for x;, x,,....

(2) (8%) Write the dynamic equations from the state diagram and show that the equations are in CCF
(controllability canonical form).
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4. Consider the continuous-time system

X(t) = {8 ;}X(t)+ {cl)}u(t— 7)
y(t) = [1 0].

Assume that the system is sampled with the sampled period # =1, where 0= 7 < A.

(1) (10%) Determine the transfer function, poles, and zeros of the sampled-data system (or
discrete-time) with a time delay z = 0, respectively.

(2) (10%) Determine the transfer function, poles, and zeros of the sampled-data system (or
discrete-time) with a time delay z = 0.5, respectively.

5. (15%) Consider the discrete-time system with the transfer function
z'1-2z7Y
1-3z71

Please determine the controller u(k) so that all the poles of the closed-loop system (as shown in Fig.
P-2) are at the origin and the steady-state error is zero if the reference input signal »(k) is a unit step.
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6. Suppose that the mathematical model of a discrete-time system can be represented as the following
difference equation

y(k+2)—-2y(k+1)+ y(k) = 0.5u(k +1) + 0.5u(k)
(1) (8%) Describe the state space representation of the above discrete-time system.

(2) (7%) Using the result of (1), please determine a state-feedback controller such that the desired
characteristic equation of the closed-loop systemis z° + p z + p, (intermsof p, and p,).
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