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1. The flow of traffic in a single lane can be described by the following equation:

dy(t) - V__Ae-a/y(t)

dt

where
y(¢)=relative distance between two cars,

V = constant velocity of the lead car,
A, a =real positive constants.

(a) Obtain the equilibrium value Y that results in y(z) = 0. (6%)
(b) Obtain the range of V/4 in 0<V/A<o for whichY >0. (6%)
(c) Linearize the equation around Y, and write the resulting linearized equation. . (7%)

2. Find the transfer functions Y;/¥; and Y;/Y; of the signal-flow graph shown in Fig. P-2.  (14%)

Fig. P-2

3. The block diagram of a linear control system is shown in Fig. P-3, where r(¢) is the reference

input.
(2) Find the steady-state value of e(f) in terms of a and K when r(#)=1tu,(t), where
u (¢) is the unit-step function. | (8%)

(b) Find the conditions on a and K so that the solution of (a) is valid. (8%)
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4. A spring-mass-friction system is described by the following differential equation:

a0 )
2 +2 7 +y(@) =r()

Define the state variables as x;(f) = y(f) and x,(t) =dy(t)/dt
(a) Write the state equations of the system in vector-matrix form: x(¢) = Ax(¢)+Br(?),

y(t) = Cx(¢), where x(¢) =[dx;(?) / dt dx,(t) / de 7. (8%)
(b) Find the state-transition matrix ¢(¢) of the state equation obtained in (a). . (8%)

Fig. P-5b shows the block diagram of the network system in Fig. P-5a

(a) Findthe k;,k,,k;,k4,ks and kg shown in Fig. P-5b. (6%)
(b) In problem (a), if R =1Q,k; =1,ky =3,k3 =1,k, =8,ks =1 and kg =1, find the state
equation in vector-matrix form: x(¢) = Ax(¢) + Be(t) , where x(z) =[v;(?) v,(?) 17, (8%)
(c) Find the eigenvalues of this network system. (6%)
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6. Consider the discrete-data system shown in Fig. P-6, where T is an ideal sampler and

r)=e?,t20. (15%)
(a) Find Y(z). (b)Find Y,(z). (c)Find Y%(z2).
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