332:505 Control Theory I – Spring 2007
Exam II (Final Exam) Potential Questions and Homework Assignments
The final exam will be based on the material  covered in class from the textbook (Chapters 6 and 8 only) and from the class notes (posted on WebCT and/or distributed in class).
60% of the final exam will be on theoretical questions and 40% on problem solving skills.
Final Exam: 8:00-11:00 pm, Wednesday, May 9, 2007, SEC 2003.

Potential Questions for the Final Exam:

1. Derive the observability test rank condition for discrete-time linear time-invariant systems.
2. Derive the controllability  test rank condition for discrete-time linear time-invariant systems.
3. Derive the observability test rank condition for continuous-time linear time-invariant systems.
4. Derive the controllability  test rank condition for continuous-time linear time-invariant systems.
5. Precisely state all four controllability theorems for continuous-time linear time-invariant systems.

6. Prove the theorem that states that the linear continuous-time, time-invariant, system is controllable if and only if its controllability Grammian is nonsingular.

7. Derive the Popov-Belevitch-Hautis rank test from the controllability matrix rank test for continuous-time, time-invariant, linear systems .

8. Derive the equivalence between the Popov-Belevitch-Hautis rank test and the Popov-Belowitch-Hautis eigenvector test for controllability of continuous-time, time-invariant, linear systems (CLASS NOTES).

9. Show that time-invariant linear system controllability is invariant under similarity transformation.

10. Define system stabilizability and state the main stabilizability theorems for linear continuous-time, time-invariant systems.

11. Define system observability and state the main observability theorems.

12. State and prove the Kalman canonical decomposition theorem.

13. State the controllability theorems for discrete-time, time-invariant, linear systems.

14. State the observability theorems for discrete-time, time-invariant, linear systems.
15. State and prove the controllability theorem for continuous-time, time-varying, linear systems.

16. State and prove the controllability rank test for time-varying linear systems when the n-dimensional  system matrices A(t) and B(t) are n-1 times continuously differentiable functions.

17. State and prove the balanced realization lemma.

18. Explain the order-reduction technique based on system balancing.

19. Present the design of full-order observers.
20. State and derive the separation principle for the system-observer configuration.

21. Present the design of reduced-order observers.

22. Present the pole placement technique for single-input single-output systems in phase variable canonical form.

23. Present the technique for pole placement of multivariable (multi-input multi-output) systems using the Sylvester (Lyapunov) equation.

24. Present the reduced-order observer design for multivariable systems using the technique based on the Sylvester (Lyapunov) equation.
Homework Problems:

Chapter 6 Textbook Problems: 6.1, 6.2, 6.3, 6.4, 6.8, 6.11, 6.19, 6.20, 6.21, 6.23  (10 problems) +
1) Assuming that the final state of a discrete-time linear system defined by
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 find the control sequence that transfers the system from 
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2) Determine conditions on the system parameters such that the system is both controllable and

       observable.
                               
[image: image5.wmf][

]

2

1

2

1

,

,

2

0

1

1

c

c

C

b

b

B

A

=

ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

-

-

=


             Assuming that the system input is known, for example equal to the step signal, determine the 

             system initial conditions, when the measured output signal is given by 
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Chapter 8 Homework Problems:    8.1, 8.3, 8.4, 8.11, 8.12.
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