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1. You are given a nonlinear state model

Z1

T = el—u
To = xir9+1
Yy = T172.

(a) Find all equilibria  when v = > 0.

(b) Using your result from part (a), linearize the nonlinear system about the equilibrium
(T, 1), assuming that 7 = e? (here e = 2.718).

(c) Find the transfer function of the linearized state model from part (b).

(d) Find the poles and zeros of the transfer function in part (c).









2. (a) Consider the following system

RM@H K . 1Y)

S+5 s+10

Find the range of K such that the closed loop system is asymptotically stable.






(b) Consider the following system

R(s) T

— — 25

y
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®» =
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(i) Find a state model with state = (v,y), input r, and output y.

(ii) Compute e4?.






3. Consider the following system

R(s) | Y (s)
K > s(s+10) >
(a) Sketch the Nyquist plot of ﬁ with K = 1.
(b) Sketch the magnitude and phase Bode plots of S(TI(:lo) with K = 1.

(c) Using your Bode plots, determine the gain margin GM and phase margin PM of the
closed-loop system with K = 1.



10



11



12



4. (a) Consider the following system

R T K 1 Y
s (s+1)(s+10)

Y
Y

(i) Find K such that the closed loop system is asymptotically stable and the gain
margin is 2.
(ii) Compute ess = limy_. €(t) assuming R(s) = 2.
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(b) A stable system G(s) has the following Bode plot
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Find a controller C(s) such that:

(i) The closed loop system is asymptotically stable.
(ii) The phase margin of the closed-loop system satisfies PM > 45°.
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5. An unstable plant is described by

r = 2r—u+tw

= z,
where w is an unmeasurable disturbance given by

w(t) = w(0)e* t>0,
and w(0) is an unknown constant. Find a robust regulator which has the property that:

(i) The closed-loop system is asymptotically stable with all poles at —1.
(ii) limy—oo y(t) = 0, for all values of (0) and w(0).

Give your final controller both in state space and transfer function form.
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