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1. Consider the electrical network shown in Figure 1.
(a) By use of nodal analysis, derive the differential equations modeling the dynamics of

this network. (5%)
e
1—' and the input of the system as u =e¢,.

(b) Define the state of the system as x =[
e, |

Find the state equations of the network. (5%)
(c) Under what condition does the system become uncontrollable? (5%)
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Figure 1. Linear time-invariant network

Consider the following transfer function
Y(s) s +65 +(p+q)s+3

U(s) s +5s2 +gs+2
(a) Draw the block diagram for the system in three-dimensional observer canonical form

2.

and determine F, G, H, and J. (10%)
x=Fx+Gu
{ y=Hx+Ju
(b) For what values of p and g does the transfer function have a one-dimensional

controllable and observable realization? Justify your answer. (5%)
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3. Consider the cascade compensated system in Figure 2.
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Figure 2. Cascade compensated system
(a) Design a compensator G, so that the closed-loop system is a third-order system
with one closed-loop pole at -50 and the other two closed-loop poles 0.7 damped
with an undamped natural frequency of 3 rad/s. In addition, there is a closed-loop
zero at -10, and there should be zero steady state error for a unit step input. (10%)

(b) Introduce a gain K for G,(s)G,(s), and sketch the root locus for variable X,

locating the desired closed-loop poles for K =1. (15%)
4. Consider the control system shown in Figure 3.
(a) Draw the Nyquist plot for the open-loop transfer function. (15%)
(b) Determine the values of positive a and b, if any, for which the closed-loop system
1s stable using only the Nyquist stability criterion. (10%)
(c) Repeat question 4(b) using Routh-Hurwitz criterion. (5%)

\ 4
Q

R(s)+ + * Y(s)

V|
v
| -
y
Qe

Figure 3. A feedback control system
5. w(kT) and y(kT) are the input and the output signals from a sampled-data system
respectively. G(s) is the transfer function of the system that is being sampled.
(a) Derive the discrete transfer function from u(k7) to y(kT). Note that this
sampled-data system is with ZOH and sampling period 7 and the z -transform is
denoted by Z{}. (10%)

(b) Compute the discrete transfer function for the case when G(s)= —% and 7 =1.
s

(5%)
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