MAE 143B
LINEAR CONTROL . Prof. M. Krstic

FINAL Solutions June 9, 2009

Problem 1. (14 points) Sketch the Nyquist diagrams for the following systems.

a) (2 points) G(s) = g%%
b) (2 points) G(s) = (;;1532
1

c) (2 points) G(s) = 1357 D)
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d) (3 points) G(s) =

e) (5 points) G(s) =

In each case, using Nyquist stability criterion, determine ezactly the interval for the gain K
such that the negative feedback loop of G(s) and K is asymptotically stable.
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Problem 2. (8 points)
Consider the sys.i.::em

G(s) = -

(#) s(s+1)(s+3)

in the negative unity feedback loop.

Using the Nyquist diagram,
(a) (4 points) Find K for which the gain margin (GM) is exactly 2.

(b) (4 points) Find K for which the phase margin (PM) is exactly 45 degrees.
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Problem 3. (8 points) The general form of the lead compensator is

1+T18

G(S) = Kl + Tzs‘) —

where T1 > T5. B
(a) (2 points) Sketch the Bode plots of G(s).

(b) (5 points) From the Bode plots you can see that there is a maximum phase advance at
the particular frequency. Find this frequency and the maximum phase advance.

Hint: First derive the equation tan(¢(w)) = f(w), ¢ being the phase (don’t use the sketch
obtained in (a), derive the exact expression from G(s)); since tan(¢) is monotonically in-
creasing function of ¢, the same frequency maximizes f(w) and #(w), so it is sufficient to
find the maximum of f(w) by differentiating f(w) w.r.t. w and setting the result to zero;
find w from this equation and calculate the corresponding phase.

(c) (1 point) What is the maximum phase advance if T; and T3 are separated by a decade,
ie. Ty = 10157
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