Summer 2006 PhD Qualifying Examination
Control Theory

(100 points, 180 minutes)
Closed Book and Closed Notes

1. (15 points) Consider the system with an unstable open-loop transfer function

shown in Figure 1.
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Figure 1: Block Diagram for Problem 1.

Sketch the root locus for 0 < K < oo.

Determine a value of K that results in a stable closed-loop system with
non-repeating, real poles.
Compute the step response of the closed-loop system and verify that the

step response displays an overshoot.

Explain why the closed-loop system with real poles displays an overshoot.

2. (10 points) Consider the system with a prefilter shown in Figure 2.
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Figure 2: Block Diagram for Problem 1.

a. With H(s) = 1, determine the steady-state error to a unit ramp input.

b. Let H(s) = Ky (1 + K;s). Select values for Ky, and K; so that the steady-

state error to a unit ramp in eliminated.



3. (20 points) A second-order LTI system of the form @ = Az has the following
properties. If the initial condition 2(0) = [1 — 2|7, the resulting solution is given
by @(t) = [1 — 2]Te*. For the same system, a different initial condition z(0) =
[0 — 1]7 results in a solution =(t) = [0 — 1]7e~*. Your tasks are:

(a) Find the eigenvalues and eigenvectors of matrix A.
(b) Determine @(t) when (0) = [1 — 3]7.

(c) Is the given information sufficient to determine matrices A and eAt? If yes,

find them or else, explain why you cannot.

4. (20 points) Consider a single-input LTI system

A PO Y P

where z is a real number constant parameter. Perform the following tasks:

(a) Use pole-placement to derive analytical expressions for the feedback gains k;
and k» such that the full-state feedback control law

u=—lk; ko]z
places the poles of the closed-loop system at the roots of the polynomial
8% + 2fwns + wg =0

(b) Use your result from part (a) above to support the following claim: “The
effort required in controlling a system goes up significantly as controllability
is reduced.”

5. (15 points) Consider the following nonlinear vector fields
. 2= %gin(x)
ii. z=2(1-2%)

Identify the equilibrium points, linearize each equation, and discuss the stability
of the equilibrium points.

6. (20 points) Consider the system described by

T = T9+ u,
To =T + U,

where all quantities are scalars.
a. Is the system stabilizable via state feedback?
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